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Chapter 1General InformationThe program espa
e 
an analyze experiments performed with one or two high-resolutionspe
trometers. In this manual we will dis
uss the implementation spe
i�
 to the setup inhall A at tjnaf.espa
e 
an �lter, histogram and/or 
alibrate variables of the experimental setup whileapplying 
onditions on the in
oming data. The variables range from raw dete
tor signals,like the value of a s
intillator td
 
hannel to mu
h more elaborate ones like the 
oordinatesof the rea
tion point in the target.The program interfa
e is supplied by the kuip 
ernlib and, therefore, the program hasa paw-like look. Details about this interfa
e 
an be found in the 
ern do
umentation of [1℄and [2℄.1.1 Program Con
eptLet's try to explain the history and the 
on
epts behind the analysis program espa
e1. Theprogram is build up in three layers where ea
h layer on top of the lower one adds moreinformation spe
i�
 to the experiments.The �rst layer performs operations on variables de�ned in higher layers, for ea
h eventinput. These operations 
an be histogramming, �ltering, evaluating 
onditions and/or a
-
umulating data for an optimization 
y
le. The routines are 
olle
ted in the 
oolhands2-library. The �rst version of this pa
kage was written by Joe Mandeville [3℄. In 
oolhands itis possible to de�ne 'on the 
y' new variables as a fun
tion of existing ones with a fortranexpression evaluator 
ontained in the f
al
-library (also written by Joe).Figure 1.1 shows how the data 
ow from a 
oolhands perspe
tive. After initializationin 
oolhands and possibly in a routine supplied by the upper espa
e-layer, 
ommandssupplied through the kuip interpreter are exe
uted. The most important ones are:� de�nition of an ntuple or histogram through the save 
ommand whi
h triggers a 
allto the mbook4d library, an interfa
e to the 
ern hbook-library.1espa
e: Experiment S
anning Program for hall A Collaboration Experiments2
oolhands: Command Oriented O�-Line Histogramming AND S
anning program1
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ESPACE_HALLAMBOOK4DFigure 1.1: Diagram showing the 
ow of data around the 
oolhands library.� the s
an 
ommand whi
h 
alls in the espa
e library the input routine. It opens allthe ne
essary �les and 
alls on its turn the raw data de
oding routine in the top layer,whi
h is experiment spe
i�
 (Here at tjnaf it is a set of 
oda routines [4℄). Afterre
eiving data, input will 
all the routine s
ansub, the 
entral routine of 
oolhands.This routine �rst evaluates all the logi
al de�nitions, and then stores the data throughmbook for histogramming and optimization, applying all the 
uts de�ned. To analyzethe logi
al de�nitions and to store the appropriate values, s
ansub has to 
all theespa
e-routine variable where the di�erent variables have been de�ned.The story looks a bit di�erent from an espa
e-perspe
tive (Fig. 1.2). After the s
an
ommand has been issued, 
oolhands 
alls the espa
e routine input whi
h takes overtill the data �le has been analyzed. The data �le and some other ne
essary �les are openedand in pro
ess_data a loop is started over all data events. This is the 
enter pie
e of thetwo-spe
trometer analysis in espa
e.pro
ess_data will 
all for ea
h spe
trometer the routine pro
ess_spe
trometer whi
hdigests all the dete
tor information and for instan
e, evaluates all the tra
ks through thewire 
hamber pa
kage. The tra
k that made the trigger signal is determined and tra
edba
k through the magnet to the spe
trometer entran
e. Next, the rea
tion point in thetarget is determined with the vertex information of both spe
trometers and the informationof the beam position monitors for the in
oming beam (rea
tion_z). Having the rea
tion
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decode_datainput process_data

process_spectrometers

reaction_z

calc_kinematics

correct_cointime

Figure 1.2: Diagram showing the 
ow of data in the espa
e library.point and the target geometry, 
orre
tions 
an be made for the energy losses of in
omingand outgoing parti
les in the target. This is 
oordinated by the routine 
al
_kinemati
s,together with 
al
ulation of numerous kinemati
al variables (kinemati
s library). After
orre
ting the 
oin
iden
e time between the two spe
trometers for 
ight-path di�eren
eswrt. the 
entral ray (
orre
t_
ointime), 
ontrol is given ba
k to the routine input whi
hwill 
all the 
oolhands-routine s
ansub to evaluate all the logi
als, histograms, . . .1.2 How to Start?The espa
e Makefile supports the operating systems hp-ux, sunos, osf1 and linux.Nowadays, most development is done on linux. Before submitting a new version, the 
odeis also 
he
ked on hp-ux and sunos (both onsite) and osf1 ma
hines.1.2.1 The espa
e binary1.2.1.1 System installationOnsite, espa
e binaries are stored in the /work/halla/software/bin/$OSNAME dire
tories.Here $OSNAME stands for either hp-ux, sunos or linux. To exe
ute espa
e, you have tomodify your shell initialization (r
) �le3. For bash and sh, you should add/modify the3If you 
hoose to edit your login �le (either ~/.bash profile, ~/.bash login or ~/.profile for bashand sh, ~/.login for t
sh and 
sh) you get the de�nitions for an intera
tive shell but not for an non-intera
tive (bat
h) shell, where only the r
 �le is exe
uted. For bash and sh there is the additional problem,that for an intera
tive shell only the login �le is exe
uted. However, in a standard installation the ~/.bashr
should be 
alled by the login �le. Che
k your login �le for that.



4 CHAPTER 1. GENERAL INFORMATIONfollowing lines in ~/.bashr
:export HALLA_DIR=/work/halla/softwareexport OSNAME=`uname -s`export PATH=$HALLA_DIR/bin/$OSNAME/bin:PATHFor t
sh and 
sh, you should add/modify the following lines in ~/.t
shr
 or ~/.
shr
(you should have exa
tly one of those):setenv HALLA_DIR /work/halla/softwaresetenv OSNAME `uname -s`setenv PATH $HALLA_DIR/bin/$OSNAME/bin:PATHThe de�nitions of HALLA_DIR and OSNAME4 are needed5 to run espa
e. Appending theespa
e binary dire
tory to the PATH is not really ne

essary. Calling espa
e by typing$HALLA_DIR/bin/$OSNAME/espa
e (either exa
tly that way or with HALLA_DIR and OSNAMEexpanded) does the job too. Though it works it is not re
ommended too 
opy the binary tothe dire
tory were you (think you) need it. In a multi-OS environment like the CUE youwill loose tra
k for whi
h OS that parti
ular �le was 
ompiled. To 
on
lude, the only twode�nitions you really need are HALLA_DIR and OSNAME, PATH is for 
onvenien
e.1.2.1.2 Private installationIf you want to have your own version of espa
e, you will �nd online help by 
li
king onespa
e on the Hall A web page. Currently, this will lead tohttp://www.jlab.org/Hall-A/data_redu
/
alibrations/software.htmlDownloading the sour
e distribution You have to de
ide where you want to storeyour espa
e sour
es. Generally, users 
reate an espa
e dire
tory in their $HOME, butthis is not ne

essary. Whatever you do, de�ne this dire
tory as your HALLA_DIR. Onthe espa
e web page you will �nd a link to download the latest espa
e version6 as agnu-zipped tar �le. The default �lename is distribution-2.6.1-sr
.tar.gz (I will use2.6.1 in this example), save it into your $HALLA_DIR. To unpa
k, you 
an either use�rst gnu unzip (type gunzip distribution-2.6.1-sr
.tar.gz), and then extra
t thesour
e �les with tar -xvf distribution-2.6.1-sr
.tar, or dire
tly using gnu-tar (typetar -zxvf distribution-2.6.1-sr
.tar.gz). On linux systems, the binary tar is a
tu-ally gnu-tar. You 
an 
he
k by typing tar --version. gnu-tar will give you the version4OSNAMEmay be already de�ned by the system-wide login or initialization �le. Che
k with e
ho $OSNAME.5espa
e reads the masses of parti
les from binary �les. espa
e sear
hes for �les 
alled$HALLA DIR/db/masses $OSNAME.dat, with the shell environment variables HALLA DIR and OSNAME expandedinto their prede�ned values. The origin of those binary �les is un
lear, they were probably obtained fromthe \Parti
le Data Group". Things would be mu
h easier if this �le would be a text �le.6At date of print, 2 is the major, 6 the minor version number and 1 the pat
h level.



1.2. HOW TO START? 5number, the normal tar program does not understand --version and will produ
e a warningmessage, 
ontinued by a Usage line.The espa
e sour
es you will �nd in sr
/r2-6. Additionally, you need to de�ne OSNAME7.Compilation and installation To 
ompile, go into the dire
tory $HALLA_DIR/sr
/r2-6.To a
tually 
ompile espa
e, you need several things:� gnu-make. The standard make 
annot parse the espa
e make�le. However, thebinary make on most systems is a
tually gnu-make. You 
an 
he
k with make -v. Ifmake is not gnu-make you 
an try if you �nd gnumake or gmake. Compilation workswith version 3.74 (installed at jlab), but probably older versions too.� 
ernlib. You may have it installed anyway if you use paw.� A vax-style fortran 
ompiler whi
h understands stru
tures and unions. It has to beinstalled as f77. On sunos, hp-ux and osf1 su
h a 
ompiler is ususally part of theinstallation. If not, bug your system manager. For linux, there are two 
ommer
ial
ompilers that may work. The Absoft FORTRAN F77 v4.4 
ompiler does work. ThePortland Group f77 
ompiler may work but was not tested.Also, for linux you have to take 
are whi
h 
ernlib you are using and whi
h linux youa
tually have installed. See for referen
e the \Linux installation notes" you �nd on theespa
e web page. Depending on your system you have to modify the master make�le($HALLA_DIR/sr
/r2-6/Makefile). Simple modi�
ations, and you will �nd instru
tionsthere. Di�erent linux distributions and versions 
ome with di�erent f2
 libraries. Also,if you have a Pentium pro
essor or less, you need to disable the PentiumPro spe
i�
optimizations. If this is done, type make espa
e or simply make.While you drink a 
o�ee8 espa
e 
ompiles everything, and �nally you should have anoutput likef77 -X -defsym -X MAIN__=main -X -defsym -X open_database_=open_database__-X -defsym -X 
lose_database_=
lose_database__ blo
k_data_de
ode.o 
al
_
harge.o 
buff
hk.o 
fp.o 
oda.o 
onfig_parse.o 
orrupt_syn
h.o detmap_datastream.o det_sub_user.o espa
e.o filter.o filter_til_eof.o get_b
m.o get_epi
s_bpm.o get_fpd_vertex.o get_pos.o get_wires.o index_range_user.o ini_rawdata.ointerpret_bpm_rast.o interpret_event_
oin.o interpret_event_e.o interpret_event_h.o open_database.o option.o pulser_fired.o rawdata_til_eof.o read_arglist.o read_
her_e.o read_
her_h.o read_fpp_h.o read_heli
ity_h.o read_s
int_e.o read_s
int_h.o read_show_e.o read_spare.o read_vd
_e.o read_vd
_h.o s
aler_history.o s
aler_update.o sh
al.o superperiod_
he
k.o tot_shower.o variabl7For sunos, previous manuals requested to add the path to the motif libraries to the shared librarypath, e.g. with export LD LIBRARY PATH=/usr/dt/lib for bash. This is not ne

essary anymore sin
e theroutines of espa
e whi
h require x-libraries are disarmed.8Depending on your system, you should drink fast (few minutes) or take the time (1).



6 CHAPTER 1. GENERAL INFORMATIONe_user.o variable_user_init.o kludge.o ../espa
e_lib/blo
k_data_
onst.o ../espa
e_lib/blo
k_data_var.o /home/kees/espa
e/lib/Linux/
oolhands.o -L/home/kees/espa
e/lib/Linux -lespa
e -lkinemati
s -lspe
tra -lf
al
 -lmbook4d -lplot -lstat -lutil -lvms -levio -L/app/
ernlib/98eg
s/lib -lgraflib -lgrafX11 -lpa
klib -L/usr/X11R6/lib -lXt -lX11 -lm -lU77 -lg77 -o espa
emake[1℄: Leaving dire
tory `/home/kees/espa
e/sr
/r2-6/espa
e_halla'and ls -l espa
e_lib/espa
e should show something like-rwxrwxr-x 1 kees kees 3697023 Mar 22 20:49 espa
e_halla/espa
eIf there is no espa
e binary with your a
tual system date, and the last lines of your 
om-pilation session does not look like the above, they even show some error messages, thensomething went wrong. Reasons 
an be:wrong or missing HALLA DIR: The espa
e sour
es are grouped (the term organized wouldbe 
attering) into several sour
e dire
tories. The master make�le loops over all thosedire
tories and 
alls lo
al make�les whi
h a
tually do the 
ompilation. In
lude �lesneeded by the fortran �les are sear
hed �rst lo
ally, and if not found there in thedire
tory path de�ned in the Makefile by $FINCLUDE (path in
ludes 
urrently only$HALLA_DIR/sr
/r2-6)9 . A
tually, the most lu
ky 
ase is that HALLA_DIR is unde�ned.You will qui
kly get an error message likef77 -I/sr
/r2-6 -N22 -N90 -B108 -f -o dynaparams dynaparams.fFORTRAN 77 Compiler 4.4, Copyright (
) 1987-1997, Absoft Corp.error on line 13 of parameter.h: invalid INCLUDEmake[1℄: *** [dynaparams.h℄ Error 1make[1℄: Leaving dire
tory `/home/kees/espa
e/sr
/r2-6/espa
e_lib'make: *** [subdire
tories℄ Error 2In this example, it indi
ates that the �le to be in
luded in line 13 of parameter.h(in
luded by dynaparams.f) 
ould not be found. As an experien
ed human 
ompileryou will also noti
e that the dire
tory after the -I 
ag is not 
orre
t, it should be$HALLA_DIR/sr
/r2-6, i.e. /home/kees/espa
e/sr
/r2-6 and not /sr
/r2-6.If $HALLA_DIR is de�ned but wrong the results are unpredi
table. If there is a sour
edistribution at that pla
e, some of your in
lude �les will be in
luded lo
ally and somevia the $FINCLUDE path. Also, the same in
lude �le may be in
luded either lo
allyor via the path, for di�erent fortran sour
e �les. Most likely something will bein
ompatible, and you will get at least some errors for some �les. In worst 
ase,
ompilation may be su

essful, you even get no runtime errors, but your results willbe strange.9Let's distinguish two 
ases. Files in
luded via #in
lude <filename> are sear
hed lo
ally (in .), thosewith #in
lude <dire
tory>/<filename> in the $FINCLUDE path.).



1.2. HOW TO START? 7wrong or missing perl: espa
e uses the s
ript util_notsour
e/sfmakedepend whi
hparses through the entire fortran sour
es and 
reates in ea
h subdire
tory the de-penden
y �les .depend. It does not matter if you don't know what this is all about.Important is that this s
ript is written in the s
ript language perl. Depending on yoursystem manager it is installed in /usr/bin, /usr/lo
al/bin, elsewhere or not at all.If you have the wrong path you will �nd an error message like that:make[1℄: /home/kees/espa
e/sr
/r2-6/util_notsour
e/sfmakedepend: Command not foundmake[1℄: *** [.depend℄ Error 127make[1℄: Leaving dire
tory `/home/kees/espa
e/sr
/r2-6/espa
e_lib'make: *** [subdire
tories℄ Error 2Important is the �rst message . . . Command not found. It may mean that the 
ommandutil_notsour
e/sfmakedepend 
ould not be found, but more probable the �rst linein that �le spe
i�es a wrong path to perl. Che
k with type perl if and whereperl is installed, 
orre
t the �rst line of util_notsour
e/sfmakedepend and tryagain. If you don't have perl you should install it. As a workaround you 
an repla
eutil_notsour
e/sfmakedepend by a simple �le whi
h 
ontains two lines only:#!/bin/she
ho>.dependThis �le 
reates a phony .depend �le. Compilation will then work, and if you edita fortran sour
e �le make will still re
ognizes this (be
ause those dependen
ies arede
lared in the Makefiles) and re
ompiles the �le. However, if you edit an in
lude�le make has no tra
k whi
h fortran sour
e �les need that and thus have to bere
ompiled, and thus does nothing. If you really de
ide for some dirty ha
k like thatyou should remove all non-sour
e �les with make real
lean and re
ompile everythingagain. Get perl!Besides 
ompiling the espa
e binary more �les were 
reated. You will �nd several librariesin $HALLA_DIR/lib/$OSNAME, ea
h re
e
ting one of the sour
e dire
tories. Really useful isonly one of them, libevio.a. It 
ontains the routines needed to open and 
lose a data �leand extra
t the event headers and 
ontents.If the 
ompilation was su

essful, you may want to install espa
e. Type make install10.It will 
opy the espa
e binary into $HALLA_DIR/bin/$OSNAME and the masses_$OSNAME.datinto $HALLA_DIR/db. Thus, after installation you will have four subdire
tories in your$HALLA_DIR, bin, db, lib and sr
. To invoke espa
e by simply typing espa
e you shouldadd $HALLA_DIR/bin/$OSNAME to your environment path.10A
tually, make espa
e is a dependen
y of make install, thus it would have exe
ute make espa
e ifneeded.



8 CHAPTER 1. GENERAL INFORMATION1.2.2 Getting readyBefore starting, you need a few additional �les.detmap �le: You won't want to 
reate this �le by yourself. Usually, it is inherited from thepre
eeding experiment. In the detmap �le, ususally 
alled detmap.
onfig, the physi
aldete
tors are des
ribed. It is spe
i�ed by whi
h \Read Out Controller" (ROC), 
rate,slot and 
hannel a parti
ular dete
tor information 
an be a

essed. The detmap �le isanalyzed by espa
e, and the information is used by the event de
oder to �ll internalvariables with the raw dete
tor information. It is not really needed, be
ause it is storedin every data �le. If no detmap �le is spe
i�ed by the user, espa
e will read thisinformation and writes it to the 
urrent working dire
tory as detmap_temp.
onfig.However, if the information in that detmap �le is not a

urate, it has to be modi�edand espa
e has to be instru
ted to use the 
orre
t �le. The header of the detmap �legives enough information to modify it.database: You don't want to 
reate this �le by yourself. Usually, it is inherited from thepre
eeding experiment. The database 
ontains two sets of information. At �rst, it
ontains the lo
ation of your dete
tors, going down to the position of ea
h wire in thevd
s, for example. Additionally, it 
ontains all the parameters whi
h are assumed tostay 
onstant for a 
ertain hardware setup. Those parameters are, e.g.� matrix elements whi
h are used to transform from the fo
al plane to the target
oordinate system.� pedestals and gains of ad
s, 
oeÆ
ients for walk 
orre
tion.� o�sets for td
s.� ranges of ad
s and td
s, td
 resolutions.� drift speeds in the vd
s, light propagation speeds and attenuation lengths in thes
intillators.� 
oeÆ
ients to 
onvert drift time into distan
e.See App. B for a 
omplete referen
e.header �le: The header �le 
ontains information whi
h may vary run by run, but arespe
i�
 to that run. They are either 
reated separately for ea
h data �le or, more
lever, for one parti
ular setting. See App. A for a full des
ription of the header �le.Parameters it 
ontains are, e.g.� spe
trometer angle, momentum (dipole ~B-�eld) and pointing o�set.� parameters spe
ifying the target, des
ribing its geometry, position, 
ompositionand thi
kness.� beam energy.



1.2. HOW TO START? 9� rea
tion to analyze.Some parameters, like the rea
tion, are not 
ompliant to the above mentioned. In afuture espa
e version, all parameters whi
h are related to a spe
i�
 analysis shouldbe spe
i�ed in kuma
 �le. Examples are the rea
tion (one may want to analyze (e; e0),(e; p) and (e; e0p) for the same run) or the question whether or not use the beam positionmonitors for beam re
onstru
tion. Essentially, those parameters are 
ags spe
i�ed bythe user but no parameters des
ribing the hardware.espa
e kuma
 �le: A
tually, now you would be able to start an espa
e session and useall the 
ommands des
ribed in App. D to analyze your data �le. However, this is notvery 
onvenient. It is more pra
ti
al to group all ne

essary 
ommands in a s
ript�le whi
h is then exe
uted from within the espa
e session. To parse this s
ript �leespa
e is using the kuip[1℄ interpreter. Thus, the �les look like a kuma
 �le and theextension is .kuma
, but users should keep in mind that espa
e and paw kuma
 �lesare two di�erent things.For �les taken before De
 1, 1999 you need additionally:rast
onsts.dat �le: The rast
onsts.dat �le is a weird way to implement the 
alibrationof the fast raster and the beam position monitors (bpm). The bpm information is notsyn
hronized with the event but shows a (fortunately 
onstant) delay (phase slippageof the bpm versus raster). The rast
onsts.dat �le provides the tools to 
orre
t forthat. Data �les taken after De
 1, 1999, 
ontain the Stru
k 7510 ADCBe
ause the espa
e kuma
 �le is the heart of what the ordinary user has to program inorder to analyze his data �le, an example should be given.********************* define FILES ************************set/file/output 
arbon_1434.hbookset/file/database db_845_eset/file/header hdr_1434set/file/detmap detmap.
onfig********************** define CUTS *************************define/
ut/1d spe
_e.th_tg-1 -0.03 0.03define/
ut/1d spe
_e.ph_tg-1 -0.06 0.6define/
ut/1d spe
_e.p_kin-1 825.0 850.0define/
ut/1d spe
_e.gas.ad
-1 0.0 150.0define/logi
al a

ept_e spe
_e.th_tg-1&&spe
_e.ph_tg-1********************* spe
trometer E *******************



10 CHAPTER 1. GENERAL INFORMATION*set/hitbits (+spe
_e.gas)set/auto_window onset/spe
trum/bins/x1 1spe
tra/save spe
_e.s1.hp_r,spe
_e.s2.hp_rspe
tra/save spe
_e.s1.ad
_r,spe
_e.s1.ad
_l, _spe
_e.s2.ad
_r,spe
_e.s2.ad
_l a

ept_eset/ntuple onspe
tra/save spe
_e.s1.ad
_r/spe
_e.s2.ad
_r/spe
_e.s1.ad
_l/ _spe
_e.s2.ad
_l a

ept_eset/ntuple offset/auto_window offset/spe
trum/bins/x1 300set/spe
trum/window/x1 -0.15 0.15spe
tra/save spe
_e.th_tg-1,spe
_e.ph_tg-1 a

ept_e&&spe
_e.p_kin-1set/spe
trum/bins/x1 100set/spe
trum/window/x1 -0.025 0.025spe
tra/save spe
_e.y_tg-1set/spe
trum/bins/x1 250set/spe
trum/window/x1 825.0 850.0spe
tra/save spe
_e.p_kin-1 a

ept_e&&spe
_e.gas.ad
********************* s
anning and output ******************file/s
an 
arbon_1434.dat FIRST=1 LAST=10000spe
tra/writequitIn the �rst few lines the names of the hbook, database and header �le are given. Filenames 
an be referen
ed either with an absolute path or a relative (des
ending from the
urrent working dire
tory) path. Here the detmap �le is spe
i�ed expli
itly, overriding thedetmap 
ontained in the data �le.The next lines 
ontain the de�nition of 
uts on espa
e variables. A 
omplete list of validespa
e variables 
an be found in Se
. 2. Here are used variables like the ad
 value of thegas �Cerenkov in the ele
tron spe
trometer (spe
_e.gas.ad
) or the re
onstru
ted angles ofthe s
attered ele
tron, �tg (spe
_e.th_tg) and �tg (spe
_e.ph_tg). Logi
al de�nitions 
anbe de�ned by 
ombining 
uts and logi
al 
onditions de�ned previously. Here, the two 
utson the angles are 
ombined to a 
ut on solid a

eptan
e.In the next part histograms and ntuples are de�ned through spe
tra/save 
ommandsof espa
e variables. The �rst parameter is a list of espa
e variables, the se
ond (optional)parameter a logi
al or a logi
al 
ondition. Histograms and ntuples in the list are separatedby ','s, two-dimensional histograms (y/x) and ntuples 
an be de�ned by separating espa
evariables by '/'s. To store variables into a ntuple you a
tually have to set a 
ag with



1.2. HOW TO START? 11set/ntuple on and return to histogram mode with set/ntuple off.To start a s
anning session type the 
ommand espa
e. The prompt espa
e> has ap-peared and 
ommands 
an be typed in, or the espa
e kuma
 
an be exe
uted by typingexe
 <filename>.1.2.2.1 Runtime Errorsunit 98 is the fortran unit assigned to the masses-database �le. Su
h an error is issuedif this �le 
annot be found. The parti
ular error message depends on the 
ompiler,e.g. on sunos you get a 
lear statement, from Absoft only something with a 98 in it.There are three steps ne

essary for the masses db �le:� HALLA_DIR has to be de�ned� OSNAME has to be de�ned� the masses db �le was installed previously. By default, espa
e installs it in$HALLA_DIR/db.If everything is 
orre
t, the �le $HALLA_DIR/db/masses_$OSNAME.dat should exist andis readable. Che
k with ls -l $HALLA_DIR/db/masses_$OSNAME.dat.
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Chapter 2VariablesAs was pointed out in Se
t. 1.1, the 
oolhands subroutine s
ansub evaluates logi
al ex-pressions and in
rements histograms by obtaining the variable values through the routinesvariable in the espa
e library or variable_user in the experiment-spe
i�
 espa
e_hallapart. The di�erent lo
ations where the variable 
an be de�ned is not important for the us-age of the program, however, for maintenan
e/
hanges of the program 
are should be takenwhere one installs them. If the variable is of interest to may users, it should be installed inthe espa
e library. However, if it is only useful for testing purposes, installation should bedone in variable_user.In the �rst se
tion an overview is given of the variables that have already been installedin the espa
e library, followed by a se
tion giving instru
tions for implementing new onesin the 
ode. Finally, it is shown how new variables 
an be de�ned on-the-
y in a 
ommand�le.2.1 Units of the VariablesBefore dis
ussing whi
h variables are installed in espa
e and how to install new ones, a fewwords about the unit de�nition in espa
e. We have tried to express variables that are goingin and out of the program in one 
onsistent set of units, as shown in Tab. 2.1.However, from Tab. 2.1 it is 
lear that for the angle variables, besides degrees, an otherunit is also used. The angles of the parti
le vertex as measured at the target or in the dete
orhut are a
tually tangents of angles, so dimensionless. Sin
e the angles are fairly small, thetangents of an angle is 
lose to the angle when expressed in radians.2.2 Overview of Pre-De�ned VariablesIn this se
tion we want to give an overview of the variables that are de�ned in the programand, therefore, 
an be histogrammed and used in the de�nition of logi
als. Most of thevariable names are pre
eded by a string indi
ating to whi
h spe
trometer and/or dete
torthey belong. Figure 2.1 gives an overview of the variables and a tree-like stru
ture guiding13



14 CHAPTER 2. VARIABLESTable 2.1: Set of units used for espa
e variablesquantity purpose unitslength target parameters metersangles vertex angles at target and degreesfo
al plane wrt. spe
trometer dimensionless
entral axismomenta MeV/
energy MeV�eld kGtime se
onds

kinematic

th_tg,
p_kin,
……

coincidence

e_miss,
th_xq,
……

spectrometer

spec_e,
spec_h

detector

cer,
u1,
……

level 1

level 2

level 3u1 plane

hpat
nclus
……Figure 2.1: Stru
ture guiding the user how to 
ompose the variable string.the user how to 
ompose the variable string.Starting at the top of the tree, the user has two options: 
hoose a variable whi
h isa fun
tion of the output of both spe
trometers or sele
t a variable linked to one of thespe
trometers. In the �rst 
ase there is no string, so the missing energy is simply referen
edby e_miss. However, in the se
ond 
ase the string will start with the spe
trometer name:spe
_e or spe
_h. The bla
k dot at the bottom of the box indi
ates that the user shouldgo at least one level deeper to have a valid variable name. The next 
hoi
e is between
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 variable or a variable 
onne
ted to one of the dete
tors, e.g. spe
_e.p (themomentum of the parti
le dete
ted in the ele
tron spe
trometer) or spe
 e.s1. In the last
ase the user has to go one level deeper, indi
ating the variable of that dete
tor.Below we will dis
uss four tables in whi
h the variables are grouped a

ording to thenumber of levels in the variable string. In Tab. 2.2, we start with the variables givingTable 2.2: Level one variables, giving 
oda and epi
s information.variable 
lass type sub dim des
ription
lo
k e* i s no s time sin
e 
oda start
lo
k h* i s no s time sin
e 
oda startrun number* i s no 
oda run numberevent type* i s no 
oda event typeevent nr* i s no 
oda event number
ur 
av e* r s no 
urrent (uns
aled) in the upstream (?) beam 
avity
ur 
av h* r s no 
urrent (uns
aled) in the downstream beam 
avity
ur 
av 
al* r s no 
urrent (
alibrated) in Unser monitor???det mon e* r s no ele
tron spe
trometer dete
tor pa
kage rate (???)det mon h* r s no hadron spe
trometer dete
tor pa
kage rate (???)information about the 
oda properties of the event. For ea
h variable the parameters 
lass,type, size and sub have been de�ned. The meaning of the parameters is the following:
lass : The 
lass of a variable is either real or integer. Its value will determine the result ofthe 
ommand set/spe
trum/bins. In 
ase of a real-variable, it means the number ofbins of the histogram, otherwise the number of 
hannels that will be grouped together.type : The type of a variable is either s
alar or array. If a variable has a type value ofs
alar, a histogram of this variable 
an only be in
remented on
e for ea
h 
oda event.However, an array variable 
an be in
remented multiple times. An example of ans
alar variable is event_type. td
 (td
 values of drift times in a vd
 wire plane)is an array variable and will 
ontain the drift time of ea
h wire exited by the tra
kspassing through this parti
ular wire plane.sub : Finally one 
an add to some variables a sub-dete
tor number in order to be morespe
i�
 when de�ning a 
ut or a histogram of a variable. For example, one 
ouldhistogram the td
 times of wires 100 up to 200 of the u1 plane in spe
trometerspe
_e with the 
ommand spe
tra/save spe
_e.u1.td
[100;200℄. The 
ommandspe
tra/save spe
_e.u1.td
 would have saved the td
 spe
trum of the whole u1plane. Table 2.3 gives a summary of what the meaning of the sub dete
tor number isfor the di�erent dete
tors.



16 CHAPTER 2. VARIABLESTable 2.3: Meaning of sub-dete
tor numbers for the variables of di�erent dete
tors.dete
tor sub-dete
torwire plane wire numbers
intillator paddle number�Cerenkov mirror numbershower blo
k numberTables 2.4, 2.5 and 2.6 list the level-one variables. Contained are in Tab. 2.4 the variableswhi
h are independent of the spe
trometers, in Tab. 2.5 whi
h are re
onstru
ted with theele
tron spe
trometer only, and in Tab. 2.6 whi
h are re
onstru
ted with both spe
trometers.Table 2.4: Level one variables, involving no spe
trometer.variable 
lass type sub dim des
riptionpb r s no MeV beam energy, after energy loss 
orre
tionpb loss r s no MeV beam energy-lossrastad
r i a yes 
urrent in the raster de
e
tion magnets, read us-ing the burst mode Stru
k 7510 ad
. The �eldhas a dimension of 32, the storage is equivalentto a fortran (4,8) �eld, i.e. the �rst eight �eld ele-ments 
ontain the readings for x, the next y, and�nally the signs (high/low) of the derivatives of xand y. E.g., rastad
r[20:20℄ is the fourth readingof the derivative of x. Please be aware that in the
urrent 
on�guration per trigger only six valuesare read.bpmaad
rbpmbad
r i a yes readings of the bpm antennas, read using theburst mode Stru
k 7510 ad
. The �elds havea dimension of 32, the storage is equivalent to afortran (4,8) �eld. The �rst eight �eld elements
ontain the readings for Xp, the following Xm,Yp, and Ym. Please be aware that in the 
urrent
on�guration per trigger only six values are read.rastad

bpmaad

bpmbad

 i a yes rastad
r, bpmaad
r, and bpmbad
r, 
orre
ted forpedestals
ontinued on next page . . .



2.2. OVERVIEW OF PRE-DEFINED VARIABLES 17Table 2.4: . . . 
ontinued from previous page . . .variable 
lass type sub dim des
riptionbpmaxrotbpmayrotbpmbxrotbpmbyrot r a yes m �elds of length 6, 
ontaining the beam positionsin the bpms, in the rotated 
oordinate systembpmaxrawbpmayrawbpmbxrawbpmbyraw r a yes m �elds of length 6, 
ontaining the beam positionsin the bpmsa�txposa�typosb�txposb�typos r i no m position from the �t to the burst mode readingsa�txampa�tyampb�txampb�tyamp r i no m amplitude from the �t to the burst mode readingsa�txphsa�typhsb�txphsb�typhs r i no m phase from the �t to the burst mode readingsbpma xbpma ybpmb xbpmb y r s no m beam position in the bpms, 
orre
ted for thephase shiftbeam xbeam y r s no m beam position at the Hall 
enter (pra
ti
ally thetarget), derived from the bpm positionsbeam phbeam th r s no rad tangents of the beam angles in the hl
s (seeSe
. 4.1.1 on p. 37rast xrast y r s no m beam position, derived from the raster 
urrentrast1ad
rast2ad
 i s no 
urrent in the raster de
e
tion magnets, in x (1)and y (2) dire
tion, read with vmi
3123 ad
rast3ad
rast4ad
 i s no derivative of the rast1ad
 and rast2ad
 signals,same de�nition as for rastad
r derivativesrast5ad
rast6ad
 i s no 
urrent in the raster de
e
tion magnets, in x (1)and y (2) dire
tion, read with LeCroy1182 ad

ontinued on next page . . .



18 CHAPTER 2. VARIABLESTable 2.4: . . . 
ontinued from previous page . . .variable 
lass type sub dim des
riptionrast ad
 i a yes raster ad
 values, with the same meaning asrastiad
rast2 xrast2 y r s no m raster amplitude, derived from the LeCroy1182read-outbpma1ad
bpma2ad
bpma3ad
bpma4ad
 i s no beam position monitor 
avity ipm1h03a read-outbpmb1ad
bpmb2ad
bpmb3ad
bpmb4ad
 i s no beam position monitor 
avity ipm1h03b read-outrastxphsrastyphs r s no rad absolute phase of the horizontal/verti
al rasterbpmaxphsbpmayphs r s no rad absolute phase of the read-out in ipm1h03a, hor-izontal/verti
albpmbxphsbpmbyphs r s no rad absolute phase of the read-out in ipm1h03b, hor-izontal/verti
alTable 2.5: Level one variables, involving one spe
trometer.variable 
lass type sub dim des
riptionomega r s no MeV energy transferq r s no MeV/
 momentum transferq2 r s no (MeV/
)2 four-momentum transfer squaredw2 r s no (MeV/
2)2 Mandelstam variable smandelt r s no (MeV/
2)2 Mandelstam tmandelu r s no (MeV/
2)2 Mandelstam us
attang r s no deg ele
tron s
attering angleepsilon r s no virtual photon polarizationTable 2.6: Level one variables, involving both spe
trometers.variable 
lass type sub dim des
riptione miss r s no MeV missing energy (in the de�nition of the oldele
tron s
atterer)
ontinued on next page . . .



2.2. OVERVIEW OF PRE-DEFINED VARIABLES 19Table 2.6: . . . 
ontinued from previous page . . .variable 
lass type sub dim des
riptionemiss r s no MeV missing energy (energy of the missing par-ti
le)p miss r s no MeV/
 missing momentump missx r s no MeV/
p missy r s no MeV/
p missz r s no MeV/
m miss r s no MeV/
2 missing massm miss2 r s no (MeV/
2)2 missing mass squaret
 r s no td
 
han 
oin
iden
e timet
 
or r s no td
 
han 
oin
iden
e time 
orre
ted for path lengthdi�eren
e wrt. the 
entral raysts td
 i a yes td
 
han td
 time of the �rst hit in the multi-hittd
ts patt i s no hitpattern of the multi-hit td
ts mult i a yes multipli
ity of 
hannel i in the multi-hiytd
tstd
all i a yes td
 
han all td
 times of all hits in the multi-hit td
.The jth hit in the ith 
hannel is at position6�(i-1)+j.th xqph xq r s no deg spheri
al angles between momentum of par-ti
le x and the momentum transfer in therea
tion A(e; e0x)B. The z-axis is de�ned bythe momentum transfer and the x-z planeby the ele
tron s
attering plane.th xq 
mph xq 
m r s no deg same angles, but in the 
.m. systemth bqph bq r s no deg spheri
al angles between momentum of par-ti
le B and the momentum transfer inA(e; e0x)Bth bq 
mph bq 
m r s no deg same angles, but in the 
.m. systemrea
t x r s no m x-
oordinate of rea
tion point in the targetgiven in the laboratory framerea
t y r s no m y-
oordinaterea
t z r s no m z-
oordinate
ontinued on next page . . .
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ontinued from previous page . . .variable 
lass type sub dim des
riptionmlu in1*mlu in2*mlu in3*mlu in4*mlu in5* r s no 
oin
iden
e event rate into the di�erent
hannels of the memory lookup unit mlu.For 
oin
iden
es, only 
hannel 5 is mean-ingful.mlu out* r s no 
oin
iden
e event rate 
oming out of themludead time* r s no dead time in 
oin
iden
e eventsA '*' behind the variable name of the Tabs. 2.2, 2.5, 2.6, 2.7 and 2.8 indi
ates that thehistogram of this parti
ular variable is updated even when the ne
essary dete
tors did not�re. For instan
e, the number of hits in a s
intillator would be updated even when thisdete
tor did not �re. For level-three variables whi
h dete
tor had to �re is obvious from thevariable string. Level-two variables are a bit more 
ompli
ated variables whi
h are 
omposedout of the response of several dete
tors. Here, the histogram is updated when the triggerdete
tor of the spe
trometer �red. For level-one variables either the trigger dete
tors of bothspe
trometers should have �red in 
ase of 
oin
iden
e variables or no dete
tor is ne
essaryat all like for the variable event_type.Table 2.7: Level two variables, involving one spe
trometer.variable 
lass type sub dim des
riptionomega r s no MeV energy transferq r s no MeV/
 momentum transferq2 r s no (MeV/
)2 four-momentum transfer squaredw2 r s no (MeV/
2)2 Mandelstam srea
tx r s no m x-
oordinate of the 
rossing of the beamand one spe
trometer vertexrea
ty r s no m y-
oordinaterea
tz r s no m z-
oordinatetwoarm x r s no m x-
oordinate of the 
rossing of the two spe
-trometer verti
estwoarm z r s no m z-
oordinatexeb xhb r s no m spe
 e.rea
tx-spe
 h.rea
txxeb xeh r s no m spe
 e.rea
tx-twoarm xxhb xeh r s no m spe
 h.rea
tx-twoarm xzeb zhb r s no m spe
 e.rea
tz-spe
 h.rea
tzzeb zeh r s no m spe
 e.rea
tz-twoarm z
ontinued on next page . . .



2.2. OVERVIEW OF PRE-DEFINED VARIABLES 21Table 2.7: . . . 
ontinued from previous page . . .variable 
lass type sub dim des
riptionzhb zeh r s no m spe
 h.rea
tz-twoarm zx rot r s no m dispersive position x of the \golden tra
k"in the u1 plane in the rotated 
.s. 1th rot r s no tangent of angle � of the parti
le tra
k inthe fo
al plane in the dispersive dire
tionwrt. the lo
al 
entral rayy rot r s no m non-dispersive position y in the u1 plane inthe rotated 
.s.ph rot r s no tangent of angle � of the parti
le tra
k inthe non-dispersive plane at the fo
al planexr abr r s no m dispersive position x_rot 
orre
ted forspe
trometer aberationsxr kin r s no m dispersive position x_rot 
orre
ted forspe
trometer aberations and for deviationsof the nu
lear re
oil momentum 2x trath tray traph tra r s no 
oordinates of the golden tra
k de�ned asabove but now in the transport 
.s.beta r s no � of the parti
le, as 
al
ulated by the time-of-
ight between s1 and s2.beta ratio r s no beta, divided by the � as derived from theparti
le momentum.p r s no MeV/
 momentum of the parti
le after exiting thetarget 
orre
ted for spe
trometer abera-tionspx r s no MeV momentum of the parti
le, after energy loss
orre
tionpx loss r s no MeV parti
le momentum-lossp kin r s no MeV/
 momentum of the parti
le after exiting thetarget 
orre
ted for spe
trometer abera-tions and for deviations of the nu
lear re
oilmomentumdp r s no like p but relative to the 
entral ray
ontinued on next page . . .1The golden tra
k is de�ned as the tra
k having a tzero av 
losest to zero, therefore, most likely beingthe parti
le tra
k that made the trigger.2This 
orre
tion is di�erent for ele
trons and protons. It makes only sense to use it for the hadron armin 
ase of H(e; e0p).
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ontinued from previous page . . .variable 
lass type sub dim des
riptiondp kin r s no like p_kin but relative to the 
entral raydp 
or r s no momentum relative to the 
entral ray 
or-re
ted only for spe
trometer aberationsth tg r s no tangent of angle �tg of the parti
le tra
k inthe dispersive plane at the s
attering pointat the targetph tg r s no tangent of angle �tg of the parti
le tra
k inthe non-dispersive plane at the s
atteringpoint at the targety tg r s no the non-dispersive position y_tg at thes
attering point at the targetx sieve r s no m dispersive position at the position of the
ollimatory sieve r s no m non-dispersive position at the position ofthe 
ollimatorpath di� r s no m di�eren
e in path length between this tra
kand the 
entral ray through the spe
trome-tertra
k* i s no number of re
onstru
ted parti
le tra
kstzero av* i s no td
 
han average time o�set of td
 times in the 
lus-ters of the di�erent planes that are in thetra
kmlu in1*mlu in2*mlu in3*mlu in4*mlu in5* r s no single event rate into the di�erent 
hannelsof the memory lookup unit mlu; only 
han-nels 1 and 2 are meaningful for spe
_e and3 and 4 for spe
_h.mlu out* r s no pre-s
aled single event rate 
oming out ofthe mludead time* r s no dead time in pre-s
aled single



2.2. OVERVIEW OF PRE-DEFINED VARIABLES 23Table 2.8: Level three variables, involving dete
tors in the spe
trometers. spe
 s 
an beeither spe
 e or spe
 h.variable 
lass type sub dete
tor dim des
riptionhit type* i s no spe
 s.u1spe
 s.v1spe
 s.u2spe
 s.v2 hitpattern of wire plane, seedes
ription in se
tion ??
lus i s no spe
 s.u1spe
 s.v1spe
 s.u2spe
 s.v2 number of 
lusters in thewire planetd
 i a yes spe
 s.u1spe
 s.v1spe
 s.u2spe
 s.v2spe
 s.aerospe
 s.gas
td
 
han td
 values of drift times inwire plane or of photo mul-tipliers in �Cerenkovtd
 
 i a yes spe
 s.u1spe
 s.v1spe
 s.u2spe
 s.v2 td
 
han td
 values of drift timesin wire plane, 
orre
ted for
ommon stop shifts dueto path length di�eren
es tothe time de�ning s
intilatorand for drift to path length
onversiontd
 
or i a yes spe
 s.u1spe
 s.v1spe
 s.u2spe
 s.v2 td
 
han 
orre
tion to td
 values ofdrift times in wire planetd
 di� i a yes spe
 s.u1spe
 s.v1spe
 s.u2spe
 s.v2 td
 
han drift time di�eren
e de-termined by 
omparingmeasured drift time tothe distan
e between wireplane and global �t dividedthrough the drift velo
ityobtained from the databasewire i a no spe
 s.u1spe
 s.v1spe
 s.u2spe
 s.v2 wire numbers that �red inwire plane
ontinued on next page . . .
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ontinued from previous page . . .variable 
lass type sub dete
tor dim des
ription
oars i a no spe
 s.u1spe
 s.v1spe
 s.u2spe
 s.v2 wire number with the short-est drift time in ea
h 
lusterslope r a no spe
 s.u1spe
 s.v1spe
 s.u2spe
 s.v2 slope of tra
k through wireplane, determined for ea
h
lusterpos r a no spe
 s.u1spe
 s.v1spe
 s.u2spe
 s.v2 m position where tra
k passedthrough the wire planegiven in the lo
al wire plane
oordinate system, deter-mined for ea
h 
lustertzero r a no spe
 s.u1spe
 s.v1spe
 s.u2spe
 s.v2 td
 
han time o�set of td
 times in
luster
hisq r a no spe
 s.u1spe
 s.v1spe
 s.u2spe
 s.v2 redu
ed �2 of �t to the drifttimes in the wire plane forea
h 
lusterdrift r a no spe
 s.u1spe
 s.v1spe
 s.u2spe
 s.v2 m/s ????redu
ed �2 of �t to thedrift times in the wire planefor ea
h 
lusterangle di� r a no spe
 s.u1spe
 s.v1spe
 s.u2spe
 s.v2 di�eren
e in slope as deter-mined from the drift timesin one plane and two planes
ontinued on next page . . .
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ontinued from previous page . . .variable 
lass type sub dete
tor dim des
riptionmult* i s no spe
 s.u1spe
 s.v1spe
 s.u2spe
 s.v2spe
 s.s1spe
 s.s2spe
 s.aerospe
 s.gasspe
 e.preshowspe
 e.showspe
 h.s3
number of hits on dete
tor

hp l*hp r* i a yes spe
 s.s1spe
 s.s2spe
 h.s3 paddle hit pattern for photomultipliers on the left/rightsidead
 i a yes spe
 s.aerospe
 s.gasspe
 e.preshowspe
 e.show ad
 
han ad
 
hannel of �Cerenkovmirrors or (pre)showerblo
ksad
 
 i a yes spe
 s.aerospe
 s.gasspe
 e.preshowspe
 e.show ad
 
han ad
 
hannel of �Cerenkovmirrors or (pre)showerblo
ks 
orre
ted forpedestal and gain,ad
 lad
 r i a yes spe
 s.s1spe
 s.s2spe
 h.s3 ad
 
han ad
 
hannel of s
intillatorpaddles on the left/rightsidead
 l 
ad
 r 
 i a yes spe
 s.s1spe
 s.s2spe
 h.s3 ad
 
han ad
 
hannel of s
intillatorpaddles on the left/rightside 
orre
ted for pedestaland gainad
sum t r s no spe
 s.gasspe
 s.aero sum of all ad
 
hannels,
orre
ted for pedestal andgaintd
 ltd
 r i a yes spe
 s.s1spe
 s.s2spe
 h.s3 td
 
han td
 
hannel of s
intillatorpaddles on the left/rightside
ontinued on next page . . .
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ontinued from previous page . . .variable 
lass type sub dete
tor dim des
riptiontd
 l 
td
 r 
 i a yes spe
 s.s1spe
 s.s2spe
 h.s3 td
 
han td
 
hannel of s
intillatorpaddles on the left/rightside, 
orre
ted for timingo�setx dety det r s no spe
 s.u1spe
 s.v1spe
 s.u2spe
 s.v2spe
 s.s1spe
 s.s2spe
 s.aerospe
 s.gasspe
 e.preshowspe
 e.showspe
 h.s3
m 
oordinates of 
rossingpoint of vd
 tra
k withdete
tor plane, given in thedete
tor's lo
al 
oordinatesystem and manipulated ifthe parti
le tra
k ex
eedsthe dete
tor dimensionsspe
i�ed in detmap.
on�gxdetgeomydetgeom r s no spe
 s.u1spe
 s.v1spe
 s.u2spe
 s.v2spe
 s.s1spe
 s.s2spe
 s.aerospe
 s.gasspe
 e.preshowspe
 e.showspe
 h.s3
m 
oordinates of 
rossingpoint of vd
 tra
k withdete
tor plane, given in thedete
tor's lo
al 
oordinatesystem

rate r a yes spe
 s.aerospe
 s.gasspe
 e.preshowspe
 e.show 
ount rate in mirrors andblo
ks, resp.rate lrate r r a yes spe
 s.s1spe
 s.s2spe
 h.s3 
ount rate in paddles on theleft or right side, resp.A word of 
aution is ne
essary for the usage of variables that give the rates of the s
alersin the experimental setup. Realize that the whole histogramming pro
edure in espa
e isevent-interrupt driven. So if you would save a one-dimensional histogram of, for instan
e,the 
oin
iden
e rate in paddle 3 of s
intillator s1 and its value is always 100Hz and 1000events are s
anned, you will end up with a sharp spike at 100 
ontaining 1000 entries. This



2.3. CODING NEW VARIABLES 27is probably not very useful. If you are interested in the time evalution of this rate, its betterto save a 2-dim ntuple of rate versus time.2.3 Coding New VariablesIn this se
tion we dis
uss how to install in the 
ode a new variable. It is assumed that thenew variable is installed in the espa
e library. Installation in the espa
e_halla part wouldpro
eed along the same lines. The routines that should then be modi�ed will have the samenames as the ones shown below, however, the extension user has to be added.In our example, we want to install the ad
 value of the left side of the s
intillator paddlein both spe
trometer spe
_e and spe
_h. Realize that per interrupt the s
intillator's leftside 
ould have more than one entry and that one would like to spe
ify the paddle number ofthe s
intillator. In other words, this variable will be an array and 
ould be spe
i�ed with asub-dete
tor number. The 
onsequen
e is that the last two routines below (index_range.f,for array variables and det_sub.f, for variables with sub-dete
tor numbers) need to bemodi�ed.The following routines have to be 
hanged in the espa
e library:blo
k data var.f : In this �le the string array var_txt is initialized. It 
ontains all thene
essary parameter input for ea
h variable. Ea
h variable should have an entry of oneline in the data statement:data (var txt(i),i=1,199)............> 'ad
_l 5-6,21-22,49 none none 0.0 4095.0 i a y',! 49............The des
ription of these entries (possible values between square bra
kets):name [alphabeti
 
hara
ters in
luding ' ' and '-'℄ Variable name.dete
tor [numeri
 
hara
ters or all or none℄ String of numbers indi
ating whi
hdete
tors have a

ess to this variable. A '-' in the string indi
ates a 'from-to', so5-7 means 5,6,7. The 
orrespondan
e between number and dete
tor string isgiven by the array det_txt, also initialized in blo
k_data_var.f. As you 
ansee in Tab. 2.8 with the ad
_l entry, the string 5-6,21-22,49 
orresponds todete
tors spe
_e.s1, spe
_e.s2, spe
_h.s1, spe
_h.s2 and spe
_h.s3.optimize [numeri
 
hara
ters or all or none℄�re string [numeri
 
hara
ters or all or none℄ String of numbers pointing at de-te
tors that should have �red in addition to the one whose variable is asked for.This is a useful feature if a variable is referen
ed that has a dete
tor in bothspe
trometers, like all variables of Tab. 2.6.



28 CHAPTER 2. VARIABLESrange [numeri
 
hara
ters℄ Default range of the variable whi
h is used when the
ommand set/auto-window on was given.
lass [i,r℄ integer- or real-variabletype [s,a℄ s
alar or array variablesub [y,n℄ sub-dete
tor number allowed, y(es) or n(o)variable.f : The fun
tion variable.f should return the value of the variable pointed at byispe
 and det txt. ispe
 
orresponds to the entry number in the array det_txt, seeroutine blo
k_data_var.f.indx is the hit number on the dete
tor and its value is given by the routine det_sub.f,see below.............else if (ivar.eq.49) thenif (ip_s
.ne.0) thenip_pad = spdete
tor.sp(ispe
tro).trigger.> s
(ip_s
).padnr(indx).ad
.leftip_hit = spdete
tor.sp(ispe
tro).trigger.> s
(ip_s
).hitnr(indx).ad
.leftdvar = dble(spdete
tor.sp(ispe
tro).trigger.> s
(ip_s
).pad(ip_pad).val(ip_hit).ad
.left)endifelse............In the example given above, �rst the pointers to the 
orre
t s
intillator paddle andposition in the array 
ontaining the di�erent hits (ip_pad and ip_hit) have to bedetermined. Then the variable dvar is �lled.index range.f Changing this routine is only ne
essary for array variables. This subroutineshould return through imax the number of entries for the variable pointed at by ivar.............else if (ivar.eq.49) thenif (ip_s
.ne.0) thenimax = spdete
tor.sp(ispe
tro).trigger.s
(ip_s
).nhits.ad
.leftendifimax = max(1,imax)else............The example above shows how imax is set if ivar equals 49.



2.4. DEFINING NEW VARIABLES 29det sub.f This routine has to be 
hanged only for variables with subdete
tor indi
es. Itshould return the sub-dete
tor number pointed at by ivar and indx.............else if (ivar.eq.49) thenif (ip_s
.ne.0) thendet_sub = spdete
tor.sp(ispe
tro).trigger.> s
(ip_s
).padnr(indx).ad
.leftendifelse............2.4 De�ning New VariablesInstead of 
oding a variable into espa
e, a new one 
an also be de�ned on the 
y throughthe 
ommand interfa
e. For example, suppose the missing mass has to be de�ned for therea
tion H(e; e0p). This would be done through the following steps:espa
e > m_proton=938espa
e > e0 = 845espa
e > omega:e0-spe
_e.pespa
e > tx:sqrt(spe
_e.p**2+m_proton**2)-m_protonespa
e > m_miss:sqrt((omega-tx)**2-p_miss**2)Noti
e that 
onstants are assigned through an equal sign: m_proton=938. Variables areassigned through a 
olon: omega:e0-spe
_e.p. After this assignment the new variable 
anbe used, like the 
oded ones, in logi
al statements, histograms and ntuples.Before summarizing the syntax for these assigments, noti
e the following restri
tion:In the de�nition of a new variable, only s
aler variables 
an be used.New variables are de�ned by 
ombining existing variables through the following opera-tions:( ) + - * / **and intrinsi
 fun
tionsabs a
os a
osd asin asind atan atand 
os
osd 
osh deg exp log log10 rad sinsind sinh sqrt tan tand tanhThe de�nition string should look like, NEW : operation(OLD1,OLD2,...). Noti
e the as-signment with ':'. Constants are de�ned by a string like, PI=3.142. Noti
e the assignmentwith '='.
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Chapter 3De�ning Histograms, Logi
als andFiltersIn the previous se
tion was des
ribed how to a

ess a parti
ular variable. What still has tobe explained is how to histogram that variable and how to use it in the de�ning a 
ondition.3.1 HistogramsA histogram is de�ned with the 
ommand:spe
tra/save variable_string 
ondition_stringThe variable_string 
an be any variable or 
ombination of variables (for multi-dimensionalhistos and ntuples) as de�ned in Tabs. 2.2, 2.5, 2.6, 2.7 and 2.8 The 
ondition string stringis dis
ussed in the next se
tion.A multi-dimensional histogram or ntuple (give 
ommand set/ntuple on) is 
reated bymaking a variable string like var2/var1. For a histogram this has to be limited to twovariables, an ntuple 
an 
ontain upto 12 variables. The �rst variable mentioned in thevariable_string is the last one in the histogram, so var2/var1 will result in a 2-dimhistogram with x=var1 and y=var2.A group of variables 
an be saved several times with di�erent logi
al 
onditions. In this
ase the user has to supply at the end of the variable string either a 
ounting index or leaveit up to the program espa
e to in
rement it internally. For instan
e,spe
tra/save spe
_e.dp 
ondition1spe
tra/save spe
_e.dp 
ondition2 or spe
tra/save spe
_e.dp-1 
ondition1spe
tra/save spe
_e.dp-2 
ondition2will have the same result, however in the se
ond 
ase the user has expli
itly given the 
ounternumbers and has, therefore, its values under 
ontrol. As shown in the previous 
hapter, avariable has several parameters whi
h 
an in
uen
e the spe
tra/save 
ommand. Beforehistogramming a variable one should 
he
k whether its 
lass is real or integer. In the31
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ommand set/spe
trum/bins/x1 10 makes a histogram of the real-variable spe
_e.th_tg 
ontaining 10 bins between 100.0 and 200.0 while for the integer-variable spe
_e.u1.td
 it means that a histogram running from 100 to 200 should be madewith a bin size of 10.set/spe
trum/window/x1 100 200set/spe
trum/bins/x1 10spe
tra/save spe
_e.th_tg or set/spe
trum/window/x1 100 200set/spe
trum/bins/x1 10spe
tra/save spe
_e.u1.td
The sub-dete
tor parameter for the variable allows to spe
ify a subset of the dete
torfor whi
h the variable should be stored (see Se
. 2.2 for the meaning of sub-dete
tor forthe di�erent dete
tors). The syntax for the sub-dete
tor range isspe
tra/save var[start;stop℄ 
onditionThis 
an be used to 
reate an ad
 spe
trum for the read-out of every paddle on the rightside of s
intillator s1 (noti
e the usage of the do-loop as implemented in the kuip 
ommandinterpreter):do i=1,6spe
tra/save spe
_e.s1.ad
_r[[i℄;[i℄℄ 
onditionenddo3.2 Logi
alsThe de�nition of logi
als 
an be done in two di�erent ways:� De�ne logi
als by making 
uts on the variables, either one- or two-dimensional.� De�ne new logi
als by 
ombining the previously de�ned logi
als through logi
al oper-ators.The syntax of the 
ut 
ommand in one dimension isdefine/
ut/1d variable string start_value stop_valueThe syntax of the variable_string is exa
tly along the lines of de�ning a variable stringin the spe
tra/save 
ommand. The logi
al value of the 
ut is .true. if start_value �variable_string � stop_value.In two dimensions a 
ut 
an be de�ned in two ways:� De�ne a 
urve with a 2nd-order polynomial, and demand that a point is below or aboveit. The syntax isdefine/
ut/2d variable_string dire
tion p0,p1,p2



3.2. LOGICALS 33Here the variable_string has the same syntax as for a 2-dim histogram, so var2/var1.The parameters p0, p1 and p2 are polynomial 
oeÆ
ients des
ribing the linevar2=p0+p1�var1+p2�var12. The parameter dire
tion should have the value above(var2�p0+p1�var1+p2�var12) or below (var2�p0+p1�var1+p2�var12).� De�ne a region with a polygon and demanding that the data point is inside the polygon.Syntax for this 
ommand is:define/
ut/polygon variable_string file_namefile_name is the name of a �le 
ontaining the 
oordinates of the polygon 
orners. Thenumbers of points is limited to 20!A way to make su
h a �le is by plotting the appropriate 2-dim histogram or ntuple inpaw and then exe
ute the following lines in paw:ve
tor/delete x,yvlo
ate x y -LPSwrite x,y file_name '(g13.7,2x,g13.7)' 'OC'This 
ommand sequen
e will generate a �le 
alled �le name in whi
h the x- and y-
oordinates are written on ea
h left-button mouse-
li
k. It stops after a right-buttonmouse 
li
k.In both 1-dim and 2-dim 
ut 
ommands one is allowed to use variables of type array.This 
an make 
uts more spe
i�
, e.g. define/
ut/1d spe
_e.s1.ad
_r[2;2℄ 100 200 isonly .true. when paddle 2 of s1 has a value between 100 and 200. A statement likedefine/
ut/1d spe
_e.s1.ad
_r 100 200 is .true. if any of the paddles had a valuebetween 100 and 200. New logi
als 
an be de�ned by 
ombining existing ones throughlogi
al operands. A list of the implemented operands is given in Tab. 3.1. The order ofTable 3.1: Logi
al operands allowed in espa
e.symbol operation! negation&& and|| oroperations 
an be guided by bra
kets. For the moment, a logi
al de�nition 
ontaining an orshould be surrounded by quotes be
ause the kuip 
ommand interpreter will otherwise stopreading at the appearan
e of a | 
hara
ter. It is important to realize that logi
al de�nitionsare expanded only upon exe
ution, so during s
anning an event �le. For example,



34 CHAPTER 3. DEFINING HISTOGRAMS, LOGICALS AND FILTERSdefine/logi
al new 'old1 && old2'spe
tra/save spe
_e.th_tg-1 newfollowed bydefine/logi
al new 'old1 || old2'spe
tra/save spe
_e.th_tg-2 newwill result in two th_tg spe
tra stored under identi
al 
onditions, namely the logi
al or ofold1 and old2.3.3 FiltersA �lter is de�ned with the 
ommand:file/filter file_name 
ondition_string ,where �le name is the �le into whi
h the data will be stored if it ful�lls 
ondition_string.Currently the �ltered data is stored again in 
oda format so that it 
an be replayed withthe same input routines as the raw data. However, the user 
an 
hange that; all it takes is a
hange of the routines in the �le �lter.f in the espa
e_halla pa
kage. The 
urrent versionis shown below:subroutine filter_event(ihandle)

----------------------------------------------------------------------
 impli
it nonein
lude '
oda.h'integer ihandle
hara
ter filename*(*)integer evopeninteger istatus
 Write CODA event
all evwrite(ihandle,evbuffer)returnentry filter_open(ihandle,filename)
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 Open CODA fileistatus = evopen(filename,'w',ihandle)if (istatus.ne.0) then
all derror('FILTER_OPEN: error opening CODA output file')endifreturnentry filter_
lose(ihandle)
 Close CODA file
all ev
lose(ihandle)returnendThe �le should 
ontain the routines�lter open This routine opens the �ltered data �le.�lter event This routine is 
alled for ea
h event that ful�lls the �lter 
ondition. In it isde�ned what data is stored and in whi
h format.�lter 
lose The 
losing of the data �le is performed here.If the user prefers a format di�erent from 
oda and wants to be able to replay it lateragain with espa
e, the input routines, 
ontrolled by filter_til_eof.f (espa
e_halla)should be 
hanged too. When s
anning the �le, one should not forget to give the f op-tion with the s
an 
ommand so that filter_til_eof.f 
ontrols the input instead ofrawdata_til_eof.f.3.4 Global ConditionsIn the previous se
tions was dis
ussed how to provide sele
tion 
riteria when saving his-tograms or de�ning �lters through the 
ommand_string. It is also possible to de�ne moreglobal 
onditions, meaning that it is applied to all following 
ommands. This global 
onditionis de�ned with the 
ommand:set/hitbits (+dete
tor1,-dete
tor2,...) ,



36 CHAPTER 3. DEFINING HISTOGRAMS, LOGICALS AND FILTERSwhere one 
an �ll in the list any dete
tor as mentioned in Tab. 2.8. Ea
h dete
tor shouldbe pre
eded by a + or -. A + means that the 
ondition is only .true. if the dete
tor has�red while a - means just the opposite, so .true. if the dete
tor did not �re. The total
ondition is the obtained by and'ing the result of ea
h dete
tor in the list.3.5 When is What Stored?For 
al
ulating absolute numbers, it is important to understand what is stored in a histogramor the �lter �le when or a 
ondition is not ful�lled or a dete
tor does not �re. If the 
onditionfor a parti
ular operation in espa
e is not ful�lled, then it will not be exe
uted for that event.So if the operation was histogramming a variable, saving data in a �lter �le, a

umulatingdata for an optimization, et
., it will not be performed for this event. After a global 
onditionall further operations are skipped up to the point where a new global 
ondition was de�ned.If a dete
tor did not �re either of the following 
an happen:� The variable of this dete
tor is well de�ned even when the dete
tor did not �re. Forexample, the multipli
ity of the dete
tor event, being zero. These variables have an '*'in Tabs. 2.2, 2.5, 2.6, 2.7 and 2.8 behind their name.� The variable of the dete
tor is unde�ned, espa
e puts it on a very large number (109).In either 
ase, the number of entries in the histogram/ntuple should re
e
t the number oftimes the 
ondition was ful�lled. For variables not dire
tly linked to one parti
ular dete
tor(so level-one and level-two) it is not immediately 
lear whi
h dete
tors should be 
he
ked.For the moment the following 
onvention has been adapted. Level-two variables are linked tothe trigger dete
tors (s1 and s2) in the appropriate spe
trometer (see Tab. 2.7 while part ofthe level-one variables are linked to the trigger pa
kages in both spe
trometers, see Tab. 2.6,some depend on the ele
tron spe
trometer only (Tab. 2.5), and the rest is 
ompletely dete
torindependent, see Tab. 2.2.



Chapter 4Coordinate Systems
4.1 De�nition of Coordinate SystemsIn this se
tion �ve 
oordinate systems are dis
ussed. One 
oordinate system is 
onne
ted tothe hall while a se
ond one is a 
oordinate system in the hall that is 
onne
ted to ea
h of themagneti
 spe
trometers. Coordinate systems three, four and �ve are linked to the dete
torpa
kages in the fo
al planes of the spe
trometers.4.1.1 Hall A Laboratory Coordinate SystemThe origin of the hall A laboratory 
oordinate system (hl
s) is de�ned by the interse
tion(or at least the point of 
losest approa
h) of the non-rastered ele
tron beam and the axis ofrotation of the solid-target system. The non-rastered ele
tron beam dire
tion is de�ned bythe last two beam-position monitors. The in
ident uns
attered beam leaves the target alongthe positive z dire
tion. The y-axis is pointing upward as de�ned by gravity.Angles are de�ned with respe
t to this origin and a ray pointing along the positive z-axis.Convenient is the use of geographi
al angles. Here, the angle � is 0 along z and 
overs a 0 to180 deg range in the x-z plane. � is the out-of-plane angle formed between the ve
tor under
onsideration and its proje
tion on the x-z plane. In 
ontrast to the spheri
al angle system,geographi
al angles 
an be added and subtra
ted, see Se
. 4.2.3. In App. C an overview isgiven of available algorithms that translate between the di�erent systems.4.1.2 Spe
trometer Re
onstru
ted Coordinate SystemThe origin of the spe
trometer re
onstru
ted 
oordinate system is de�ned as a point at adistan
e of 1.25m from 
enter of the 
entral sieve-slit hole. The line going from the originto the 
enter of this hole is perpendi
ular to the sieve-slit surfa
e and de�nes the z-axis.The x-axis is the line going through the 
enter sieve-slit holes and points downward. Underoptimal 
ir
umstan
es this origin should 
oin
ide with the origin of the hall A laboratory
oordinate system and the 
enter of rotation of the spe
trometer. The x-z plane and the yaxis of the hall system should be parallel. 37
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Figure 4.1: Hall A laboratory 
oordinate system.
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Figure 4.2: Spe
trometer re
onstru
ted 
oordinate system



4.2. CALCULATION OF COORDINATES 394.1.3 Spe
trometer Dete
tor Coordinate SystemThe origin of the Spe
trometer Dete
tor Coordinate System (sd
s) is de�ned by the inter-se
tion of wire 184 in the �rst wire plane and the proje
tion on the �rst wire plane of wire184 in the se
ond plane (assuming 368 wires in ea
h plane). The z axis is perpendi
ular tothe wire planes and its dire
tion is �xed by demanding that its produ
t with the 
entralspe
trometer ray (see Se
. 4.1.4) is larger than zero. The x axis is de�ned as the proje
tionon the �rst wire plane of the ve
tor di�eren
e between the the spe
trometer 
entral ray anda ray for whi
h the momentum has been in
reased by an in�nitesimal amount. Its dire
tionis �xed by requiring an in
rease in momentum. It would be optimal if the x-z plane would
oin
ide with the spe
trometer symmetry plane. In Se
. 4.2 we will dis
uss how these 
o-ordinates 
an be 
al
ulated with the wire 
hamber information and how 
orre
tions 
an beperformed for misalignments of the dete
tor pa
kage.4.1.4 Spe
trometer Fo
al-Plane Coordinate SystemThe Spe
trometer Fo
al-Plane Coordinate System sfp
s shares its origin with the dete
torsystem and the x-z planes 
oin
ide. However, its z-axis (and therefore also its x-axis) hasa di�erent orientation. The z axis is is de�ned as the proje
tion of the lo
al 
entral ray onthe x-z plane. The 
onsequen
e is that x and z axis are a fun
tion of the fra
tional parti
lemomentum �p/p.4.2 Cal
ulation of CoordinatesIn this se
tion is dis
ussed how the 
oordinates are 
al
ulated in the di�erent 
oordinatesystems. We will start in the dete
tor system and will �nish with the parti
le vertex inthe hall A system. Along the way o�sets are introdu
ed to 
orre
t for misalignments. Of
ourse, there are many ways in whi
h parameters 
an be introdu
ed to make these 
orre
-tions, however, it is our goal to 
hoose that set that ful�lls the following two importantrequirements:1. The parameter set that 
orre
ts for the misalignments should be as small as possible.2. There should be a 
lear pro
edure how to determine ea
h of them in a unique way.After this se
tion the experimental pro
edures will be dis
ussed with whi
h the parameterswill be 
alibrated.
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Figure 4.3: Spe
trometer fo
al plane 
oordinate system.4.2.1 Dete
tor VertexA parti
le tra
k p in the dete
tor pa
kage of a magneti
 spe
trometer 
an be written in thedete
tor 
oordinate system as0B� pxpypz 1CA = 0B� xdsyds0 1CA+ �0B� sin �ds 
os�dssin�ds
os �ds 
os�ds 1CA ; (4.1)where �ds and �ds are geographi
 angles, see Se
. 4.1.1. The four unknowns (xds, yds, �dsand �ds) are determined with four measurements in the drift-
hamber pa
kage.In Fig. 4.4 the wire dire
tion in the �rst plane is shown making an angle of �� with they-axis of the dete
tor 
oordinate system. Indi
ated also is a parti
le tra
k through the plane.The drift 
hamber 
an measure the proje
tion of this tra
k on a plane perpendi
ular to itswire plane. The proje
tion of an arbitrary ve
tor v = (vx; vy; vz) is0B� vxvyvz 1CA proje
tion�! 0B� vx 
os2 � � vy 
os � sin �vy sin2 � � vx 
os � sin �vz 1CA : (4.2)The proje
tion is 
hara
terized by two quantities: the angle � (see Fig. 4.4 and theposition pvd
 where the proje
ted tra
k 
rosses the wire plane relative to the proje
tion of
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Figure 4.4: Spe
trometer dete
tor 
oordinate system. Two tra
k angles �ds and �ds areindi
ated together with the angle � that is measured with one or two wire plane(s).
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Figure 4.5: Con�guration of the wire 
hamber pa
kage.the origin of the dete
tor 
oordinate system on this wire plane. Using Eq.(4.2), the expressionfor � and pvd
 in terms of the unknowns of Eq.(4.1) are:tan �n = tan�ds sin �n + tan�ds 
os �npvd
,n = px 
os �n � py sin �n (4.3)where the index n refers to the wire-plane number.Equation 4.3 shows that two independent measurements of � will give �ds and �ds. This
an be done with two drift 
hamber planes with di�erent wire angles. However, in this
on�guration the �-resolution is limited to typi
ally 8mrad (FWHM). This 
an be improvedby adding two more drift 
hamber planes, resulting in a 
on�guration with two wire laneswith wire angle �1 and two with wire angle �2. In Fig. 4.5 the spatial 
on�guration of thewire planes is sket
hed.Using only the position information pvd
,n, n=1. . . 4, we 
an 
al
ulate the vertex param-eters in the sd
s as follows:tan �1 = pvd
,3 � pvd
,1d2tan �2 = pvd
,4 � pvd
,1d2tan �ds = tan �1 sin �2 + tan �2 sin �1sin(�2 � �1)tan�ds = tan �2 
os �1 + tan �1 
os �2sin(�2 � �1)tanxds = pvd
,1 sin �2 � (pvd
,2 � d1 tan �2) sin �1sin(�2 � �1)tan yds = pvd
,1 
os �2 � (pvd
,2 � d1 tan �2) 
os �1sin(�2 � �1)Note that the 
oordinates of the point where the parti
le 
rosses the �rst plane are
al
ulated with information mainly 
oming from the �rst two planes. This minimizes thee�e
ts on xds of multiple s
attering in the drift 
hambers. A 
orre
tion has been applied to
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Zfp
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ρ

wire plane

Figure 4.6: Spe
trometer fo
al plane 
oordinate system whi
h is rotated over an angle �along the y-axis wrt the sd
s. � is a fun
tion of the relative momentum.the position pvd
,2 for the fa
t that the �rst two planes are separated by a distan
e d1. Someassumptions have been made in this derivation:� Wire angles are known and 
onstant.� Wires are positioned in planes.� Planes are parallel and at known distan
es.� Lo
ation of the 
enter of the wire planes wrt. the sd
s origin is known.Deviations from the nominal values will lead to o�sets in the sd
s 
oordinates. In orderto 
orre
t for these deviations at least four o�sets have to be introdu
ed. In prin
iple one
ould introdu
e o�sets to 
orre
t for ea
h of the items mentioned above, however, this wouldresult in a set of highly 
orrelated parameters. Therefore, we prefer to have one o�set for ea
hof the 
oordinates, xds, �ds, xds and �ds. The o�sets will be introdu
ed in this two se
tionsdes
ribing the transformation of the vertex to the spe
trometer fo
al plane 
oordinate systemand the spe
trometer re
onstru
ted 
oordinate system (sr
s). Some of the o�sets 
an be
ombined with parameters des
ribing these transformations.4.2.2 Fo
al-Plane VertexBefore re
onstru
ting the parti
le vertex at the spe
trometer entran
e the parti
le vertexin the dete
tor system is transformed to the spe
trometer fo
al-plane 
oordinate system (aname slightly misleading as one will see further on). This 
oordinate system is obtained byrotating sd
s along its y-axis over an angle �, where � is the angle between the proje
tionof the lo
al 
entral ray (�tg = �tg = 0), see Se
. 4.1.4 on the x-z plane and the z-axis of the
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s1. So the new z-axis rotates as a fun
tion of the relative parti
le momentum �p/p. Themain advantage of expressing the vertex in this system is the fa
t that the dispersive angle� will be small making the expressions for the re
onstru
ted vertex 
onverge faster.Writing down the expressions for the new 
oordinates, the following points should benoted:1. O�set 
orre
tion and rotation 
an be 
ombined in one parameter.2. Sin
e the parti
le momentum is the variable with the highest resolution (and thereforemost sensitive) we do not want to apply a rotation to this 
oordinate that is not 
on-stant. Then, a new 
alibration of the momentum dependen
e of � would immediatelyhave 
onsequen
es for the dispersion 
onstants, see Eq.(6.4) on p. 57.The o�set for xds will be introdu
ed when 
al
ulating the parti
le momentum and the�ds o�set will be absorbed in the transformation to the spe
trometer fo
al-pane 
oordinatesystem. So up to here we have: xfp = 
os �0(xds � xo�set)yfp = yds � yo�settan �fp = tan �ds � tan �1� tan �ds tan �tan�fp = tan�0ds
os �� sin � tan �dstan�0ds = tan�ds � tan�o�set1 + tan�ds tan�o�set4.2.3 Hall A Laboratory VertexSuppose the normal to the sieve slit surfa
e that goes through the 
entral hole is given by thegeographi
al angles �0 and �0 in the hall A laboratory 
oordinate system2. The geographi
alangles of the parti
le vertex in the hl
s is given by:�hl
s = �0 � �tg�hl
s = �0 + �tgThe question whether to add or subtra
t �tg depends on the position of the spe
trometerwith respe
t of the beam line. In order to 
al
ulate the rea
tion point (x; y; z) additional1Under ideal 
onditions, su
h as spe
trometer mid-plane symmetry, the lo
al 
entral ray is in the x-zplane.2I guess some of you will argue that to de�ne the orientation of the spe
trometer uniquely in spa
e alsothe rotation around this normal should be spe
i�ed. I guess you are right but usually spe
trometer 
an not(or better formulated should not) perform this motion.
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trometer, dete
ting a parti
le in 
oin
iden
e, and/orthe beam position from the rastering system.4.3 Calibration of CoordinatesUp to now we have de�ned the di�erent 
oordinate systems and dis
ussed how the parti
levertex as determined in the spe
trometer dete
tor pa
kage leads to the vertex of the parti
leemerging from the rea
tion point in the target. However, the usefulness of all this stands orfalls with the existen
e of pro
edures to 
alibrate these 
oordinates.In the following dis
ussion it is assumed that the orientation of the sieve slit with respe
tto the hl
s is aligned 
arefully through opti
al pro
edures. At this point we assume alsothat the hl
s itself 
an be 
he
ked through a straightforward pro
edure. So starting witha well 
alibrated system of sieve slit and magnet positions wrt. the hl
s, elasti
 ele
trons
attering measurements should be performed so that a sharp peak in momentum is dete
ted.This measurement should be repeated after 
hanging the magneti
 �eld, thereby after several
hanges 
overing the whole momentum a

eptan
e. The 
entral hole of the sieve slit providesus with data to determine the o�sets introdu
ed in the sd
s for �, y and �. The o�set in x isabsorbed in the dispersion 
oe�
ient d0 of Eq.(6.4) on p. 57. Determination of this 
oeÆ
ientneeds di�erent type of measurements as dis
ussed in [5℄
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Chapter 5Tra
kingIn this 
hapter we will dis
uss the tra
k re
onstru
tion with the spe
trometer vd
 pa
kage.This is the most important part in the data analysis with a high-resolution spe
trometer,justifying a whole 
hapter about this subje
t. First, the program 
ow for tra
king willbe dis
ussed, followed by an explanation of the minimum spanning tree algorithm, used indisentangling multiple tra
ks. We �nish with showing the tra
king eÆ
ien
y of the algorithmby analyzing simulated 16O(e; e0p) data.5.1 Program Flow for Tra
king5.2 Minimum Spanning Tree Algorithm5.3 De�nition of Wire Chamber Hit Type HPCHEa
h wire 
hamber hit is assigned a hit type. At the moment the following seven di�erent
onditions are being distinguished:Table 5.1: Hit types for a wire 
hamber hit.HPCH value Des
riptionde
 bin2 00000010 a nohit or all 
lusters are of ERR1 type.4 00000100 number of wires hit is �648 00001000 some drift times resulting in drift distan
es larger than1.25 times the distan
e between wire plane and 
athode16 00010000 some drift times are 
orre
ting for the stop o�set negativeFor an error 
ondition HPCH has a value �2. In this 
ase the hit type 
an be a 
ombi-nation of several error 
onditions. 47
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Chapter 6CalibrationThe resolution and position of several variables 
an be optimized. To start an optimizationgive the 
ommandoptimize/
alibrate variable_string 
ondition_stringThe 
ondition_string 
an be any valid logi
al statement. The variable 
ombinationsthat 
an be optimized are given in Tab. 6.1.Table 6.1: Variable 
ombinations that 
an be optimized. spe
 s 
an be either spe
 e orspe
 h, snum either s1 or s2, and side 
an be either l (left) or r(right).variable 
ommentsspe
 s.th tg/spe
 s.ph tg Re
onstru
ted � and � target 
oordinates. These angles 
anonly be optimized for a measurement with a sieve 
ollimator.Both of them are optimized at the same time, see Ref. [6℄.spe
 s.y tg Re
onstru
ted ytg 
oordinate. The non-dispersive position
an be optimized after a series of measurements have beenperformed in whi
h the beam spot has been put at di�erentpositions.t
 
or Coin
iden
e time between hrse and hrsh after 
orre
tion forpath length di�eren
es wrt. the 
entral rays and time o�setsbetween the s
intillators.e miss Missing energy for (e; e0x).e miss/p miss Missing energy and momentum for H(e; e0p).spe
 s.snum.ad
 side 
 S
intillator ad
 values 
orre
ted for pedestals and attenua-tion.spe
 s.beta parti
le � as 
al
ulated by the time-of-
ight between s1 ands2.There, spe
 s 
an be either spe
 e or spe
 h, snum either s1 or s2, and side 
an be eitherl (left) or r (right). Ex
ept for the optimization of t
 
or, an additional input �le has to49



50 CHAPTER 6. CALIBRATIONbe supplied. Sin
e the sele
tion of events used in the optimization pro
edure is usuallytoo 
ompli
ated to be a

omplished through a series of 
uts de�ned in espa
e, this �le
ontains information for the event sele
tion. The �le 
an be assigned through the 
ommandset/file/fit input, see Se
. D (pp. 81).For the di�erent optimization options this �le has a di�erent format. First we dis
uss the
ase that the vertex re
onstru
tion of a spe
trometer is optimized, so dp_kin, th_tg/ph_tgand y_tg. Then this �le should 
ontain in the �rst line the number of positions along thefo
al plane where one wants to optimize, followed by a line for ea
h position 
ontaining the
enter of this region, its new position (only useful when dp_kin is being optimized) and thehalf-width of this region.If one wants to optimize th_tg/ph_tg or y_tg additional data have to be supplied. In
ase of th_tg/ph_tg this should be the number of holes in the sieve 
ollimator. It has to befollowed by a line for ea
h hole giving the 
enter of the hole in th_tg before optimization,th_tg hole position after optimization and half the width of the ellipse in the � dire
tionwhi
h will be put around the initial 
oordinates of the hole 
enter. The same should be givenfor ph_tg. Only those events are used whi
h have their initial values inside one of the ellipses.The beginning of a �t-�le for optimizing th_tg/ph_tg with a 77-hole sieve-
ollimator wouldlook like77 (theta_ini, theta_final, dtheta, phi_ini, phi_final, dphi)-0.04500 -0.07024 0.0075 -0.08600 -0.09757 0.0050The input for optimizing y_tg would 
onsist out of �rst a line with the number of beam-spot positions whi
h is being used in the optimization. It is followed by a line for ea
hbeam-spot position with the initial position, �nal position and half the width of the regionaround the initial position 
ontaining the events that are a

epted for the optimization.An important parameter in the optimization pro
edure is the variable that 
ontrols thenumber of events per peak per �le that is being used (
ommand set/fit/npts). With thisvariable one 
an prevent that the data used in the �t is 
oming from just the �rst few �lesbeing s
anned.If e_miss is optimized the �le should 
ontain in the �rst line the number of peaks in themissing energy spe
trum that one wants to optimize. This is followed by a line for ea
h peak
ontaining the 
enter of this region, its new position and the half width of this region. Allin units of MeV.6.1 ADC Gains and PedestalsThe �rst 
alibration that has to be done is the 
alibration of the pedestals and gains for thes
intillator ad
s. This has to be done whenever any repla
ement of phototubes took pla
eor at the begining of an experiment.Let us 
onsider what determines the ad
 value for a given event. An ionizing parti
lepasses a s
intillator paddle. The amount of light produ
es is proportional to the energy losstimes the pathlength in the paddle. For good events, the pathlength is somewhat a 
onstant,
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ause they interse
t the paddle planes almost perpendi
ular. The light propagates throughthe s
intillator to the pmts. Be
ause of non-100% transparen
e and re
e
tion at the paddlesurfa
es the signal is attenuated. This is usually, though not exa
tly 
orre
t, des
ribed by aexponential. This attenuation 
onstant is somehow empiri
al, one �nds di�erent 
oeÆ
ientsfor paddles made of the same material, but, e.g., di�erent thi
knesses. Furthermore, youget a signal loss 
oupling the s
intillator paddle to the light guide and to the pmt window.The quality of the 
oupling may vary and may 
ause di�erent losses for di�erent paddles.The remaining photons kno
k ele
trons o� a photo kathode whi
h are multiplied by thepmt. This resulting signal is 
onverted by an ad
 into a digital signal and fed into thedata stream. All these e�e
ts 
ause an per pmt individual redu
tion of the deposited signal,additionally to a statisti
al broadening. The goal of the optimization is to 
orre
t for thepedestals and all these losses to re
onstru
t the di�erential energy loss of the parti
le, e.g.for parti
le dis
rimination purposes. Currently, espa
e 
orre
ts for pedestals and gainonly and 
alls this new variable ad
_<side>_
1. Calibrating pedestals and gain may bedone separately using the /Espa
e/SEt/Fit/Ad
/Pedestal (see des
ription on p. 85) and/Espa
e/SEt/Fit/Ad
/Gain (p. 85) 
ommands. The attenuation is not 
orre
ted.For normal data a
quisition mode the pedestals are supressed. Consequently to do s
in-tillator ad
 optimization, one has to take data with pedestal unsupressed. This 
an be doneby setting the pedestal position at zero in a �le that is read by 
oda. It might be useful topoint out that this is not what is usually 
alled a pedestal run. The pedestal run purpose isto �nd the position of the a
tual pedestal to write it in the �les that 
oda uses for pedestalsuppression. Data used for the purpose of �tting the pedestal and the gain 
an be either
osmi
s or beam data, the only 
ondition is to 
over the whole plane.A typi
al phototube ad
 spe
tra 
onsists from a peak for the pedestal and a physi
alsignal zone; the purpose of �nding the pedestal position and set a gain is to apply a 
orre
tionto the physi
al signal so that the maximum of the physi
al signal zone to 
orrespond to samead
 value (
ompare Figs. 6.1 and 6.2). By representing ad
_<side>_
 we 
an 
he
k if the
alibration/optimization was su

essful or not. The optimization 
an be done simultaneouslyfor the left and right phototubes in ele
tron or hadron arm.Choosing an appropiate data set for optimization one has to distinguish two 
onditions:pedestals: If one is interested in the pedestals only (whi
h are important for the time walk
orre
tion) and does not 
are about parti
le identi�
ation, any data (without pedestalsuppression) are good. If you have produ
tion run data only, most of the pedestalsare suppressed, and you will �nd only the tail extending to higher energies plottingthe ad
 spe
tra. Identify the threshold. The pedestal position should be 10 
hannelsbelow that threshold. Put this number into the database, by hand.gain: Best suited for gain 
alibration are real data illuminating the whole fo
al/dete
tor1The ad
 value in not used in espa
e ex
ept in 
al
ulating the time walk 
orre
tion for the timing. Forthat one should use the raw ad
 value, subtra
ted by the pedestal. This is the \real" ad
 value that wasfed into the dis
riminator and ad
. Thus, in future the de�nition of ad
 <side> 
 should be 
hanged tore
e
t ad
 <side>-pedestal, and the full 
orre
tion should be stored in a variable 
alled dEdx <side>.
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Figure 6.1: �Cerenkov ad
 signal before optimization.
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Figure 6.2: �Cerenkov ad
 signal after optimization.



54 CHAPTER 6. CALIBRATIONplane. Good are singles, but not from elasti
 s
attering, and quasi-elasti
 data. Elas-ti
 s
attering data show a 
orrelation between momentum and s
attering angle, i.e.between paddle number and ydetgeom where the paddle is hit. Thus, the attenuation
orre
tion is folded into the gain, and the resulting data base may not be appli
ableto any other kinemati
al setting. Cosmi
s may be good to, espe
ially for uniform il-lumination, but depending on whi
h other 
onditions may be applied, the interse
tionwith the paddle may not be perpendi
ular nor the mean uniform in paddle number.Thus, di�erent individual path lengths may be �tted into the gain.To 
lean up the events on should 
onsider a few 
uts:� No multi hits in ad
, e.g. define/
ut/1d spe
_e.s1.mult 0.5 1.5� 
oin
iden
e of s1 and s2, i.e.define/logi
al one_s
_hit_e spe
_e.s1.mult&&spe
_e.s2.mult� adding the vd
s, 
utting on one 
luster def/
ut/1d spe
_e.u1.
lus 0.5 1.5and good multipli
ity define/
ut/1d spe
_e.u1.mult 1.5 7.5� Using the vd
 re
onstru
ted tra
k a 
ut on the interse
tion angle with the s
in-tillator plane 
an be applied.The more 
uts you apply, the more reliable your 
alibration will be, but 
onsider e.g.using 
osmi
s you may need a lot of events getting a small sample of good events.Thus, an espa
e kuma
 �le for ad
 
alibration 
ould look like:set/fit/ad
/pedestal offdefine/
ut/1d spe
_e.s1.mult 0.5 1.5define/
ut/1d spe
_e.s2.mult 0.5 1.5define/logi
al one_s
_hit_e spe
_e.s1.mult&&spe
_e.s2.mult
alibrate/optimize spe
_e.s1.ad
_l_
 one_s
_hit_e
alibrate/optimize spe
_e.s2.ad
_l_
 one_s
_hit_e
alibrate/optimize spe
_e.s1.ad
_r_
 one_s
_hit_e
alibrate/optimize spe
_e.s2.ad
_r_
 one_s
_hit_eAfter the optimization, of the database the lines 
ontaining the o�sets (pedestal positions)and ampli�
ation fa
tors (gains) for the paddles in the respe
tive hrs should have beenaltered.6.2 �Cerenkov ADC6.3 Shower and Pre-Shower CalibrationPlease see Ref. [7℄.
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Figure 6.3: Spe
trometer transport 
oordinate system.6.4 S
intillator Timing6.5 VDC Time O�ets6.6 VDC Time to Distan
e6.7 Vertex Re
onstru
tionWell, one 
ould devote a whole 
hapter to this topi
, a
tually a whole book. But let's notget 
arried away and just explain the basi
s to get you prepared to do your spe
trometer
alibration.The basis for magneti
 design and dis
ussion is a six dimensional ve
tor and the 
orre-sponding transfer tensor 
al
ulated by su
h programs as transport [8℄. The 
omponentsof this ve
tor in
lude position and tangent of angle in the dispersive plane (usually desig-nated x and �), the nondispersive 
oordinates (y and �), and the fra
tional deviation of themomentum from the 
entral design momentum (Æ). A sixth dimension des
ribing ray pathlength variations is in
luded, but it is ignored in our dis
ussion for simpli
ity. Note that alltensor elements in this do
ument with subs
ript '5' 
orrespond to the transport elementwith subs
ript '6'.The positions x and y are de�ned in a right-handed re
tangular 
oordinate system with ẑalong the parti
le dire
tion and x̂ dire
ted away from the 
enter of 
urvature in the bending



56 CHAPTER 6. CALIBRATIONplane. Thus, for upward bending spe
trometer like hrs, at the target x̂ points downward.The angles � and � are measured from the z-axis to the proje
tion of the parti
le ve
toronto the x-z and y-z planes, respe
tively. At any position through the spe
trometer, these
oordinates are measured with respe
t to the 
entral ray (i.e., ẑ points along the 
entralray), where the 
entral ray is de�ned to be that ray with all initial 
oordinates equal to zeroat the target.The form of the �rst-order forward transfer tensor is shown in Eq.(6.1). tg designates ave
tor at the target, and fp designates a ve
tor measured in the fo
al plane region.0BBBBBB� xtan �ytan�Æ
1CCCCCCAfp =

0BBBBBB� hxjxi hxj�i 0 0 hxjÆih�jxi h�j�i 0 0 h�jÆi0 0 hyjyi hyj�i 00 0 h�jyi h�j�i 00 0 0 0 1
1CCCCCCA0BBBBBB� xtan �ytan�Æ

1CCCCCCAtg (6.1)Noti
e that symmetry in the x-z plane is enfor
ed by making several tensor elements zero.We 
an easily �nd the inverse matrix whi
h is shown in Eq.(6.2). Again, those elementswhi
h are expli
itly zero result from midplane symmetry. In the notation below, hajbi�1means (hajbi�1)ij and not (hajbiij)�1.0BBBBBB� xtan �ytan�Æ
1CCCCCCAtg =

0BBBBBB� hxjxi�1 hxj�i�1 0 0 hxjÆi�1h�jxi�1 h�j�i�1 0 0 h�jÆi�10 0 hyjyi�1 hyj�i�1 00 0 h�jyi�1 h�j�i�1 00 0 0 0 1
1CCCCCCA0BBBBBB� xtan �ytan�Æ

1CCCCCCAfp (6.2)The representation above is not adequate, however, to des
ribe the re
onstru
tion oftarget variables from measured ones. The full �ve-dimensional ve
tor is not dete
ted bythe fo
al plane instrumenation, whi
h measures only positions and angles; the momentuminformation Æ, is absent. Thus, only two (Æ and ytg) of the three dispersive 
oordinates 
anbe re
onstru
ted. The third dispersive target 
oordinate must in prin
iple be �xed to allowa solution for the problem. The logi
al 
hoi
e is to 
onstrain, of 
ourse, xtg.A matrix representation appropriate to the re
onstru
tion pro
edure is trivially relatedto the above matrix by usingÆfp = xtg � hxjxi�1xfp � hxj�i�1 tan �hxjÆi�1whi
h results in the relation0BBBBBB� xtan �ytan�Æ
1CCCCCCAtg =

0BBBBBBB� 0 0 0 0 1h�jxi�1� h�jÆi�1hxjÆi�1 hxjxi�1 h�j�i�1� h�jÆi�1hxjÆi�1 hxj�i�1 0 0 h�jÆi�1hxjÆi�10 0 hyjyi�1 hyj�i�1 00 0 h�jyi�1 h�j�i�1 0� hxjxi�1hxjÆi�1 � hxj�i�1hxjÆi�1 0 0 1hxjÆi�1
1CCCCCCCA0BBBBBB� xfptan �fpyfptan�fpxtg

1CCCCCCA(6.3)



6.7. VERTEX RECONSTRUCTION 57This will hereafter be referred to as the reverse tensor (as opposed to the inverse tensorabove). The dependen
e of Æ and �tg on xtg is expli
it.In pra
ti
e, espa
e pro
eeds a bit di�erent. Only the the lower left 4�4 part of Eq.(6.3)
an be 
alibrated for a known xtg position (hopefully zero). In the analysis the xtg positionis determined with the information of the beam position on target and the re
onstru
ted �,y and � position in the target of one or two spe
trometers. This value of xtg is used togetherwith Eq.(6.3) to 
orre
t the fo
al plane 
oordinates to values 
orresponding to xtg = 02Realize that one has to obtain part of the tensor 
oeÆ
ients in Eq.(6.3) from a program likeraytra
e [9℄ or 
osy [10℄. The new fo
al-plane vertex is used in the 
al
ulation of there
onstru
ted target vertex.The transformation from the fo
al plane to the spe
trometer entran
e is des
ribed witha set of tensors, Dijkl, Tijkl, Yijkl and Pijkl:�pp = XijklDijklxifp tanj �fp ykfp tanl �fptan �tg = XijklDijklxifp tanj �fp ykfp tanl �fpytg = XijklDijklxifp tanj �fp ykfp tanl �fptan�tg = XijklDijklxifp tanj �fp ykfp tanl �fpIf the spe
trometer has a symmetry plane that 
oin
ides with the x-z plane of the sr
s,the following restri
tions should be imposed on the tensor 
oeÆ
ients: only 
ombinations ofpowers of yfp and tan�fp with even values for the power sum k + l o

ur in the 
al
ulationof �p=p and tan �tg, while only odd values for k + l are in the 
al
ulation of ytg and tan�tg.It is important to noti
e that �p=p for parti
les entering the spe
trometer with �tg =�tg = 0 only depends on xfp. The expression for the absolute momentum of these parti
lesis given by: pf = p
entr 0�1 + nXj=1 djxjfp1A ; (6.4)where p
entr is the 
entral momentum setting of the spe
trometer and dj the spe
trome-ter dispersion 
oeÆ
ients. Under ideal 
ir
umstan
es its dependen
e on the spe
trometermagneti
 �eld is linear. However, saturation e�e
ts will introdu
e non-linear terms:p
entr = mXj=0�jBjThis simple relation is due to the 
hoi
e of our fo
al-plane 
oordinate system. In the nextse
tion where the 
alibration of the di�erent 
oordinates is dis
ussed we will see that as aresult of this 
hoi
e a spe
ial 
alibration pro
edure will give information about the importantspe
trometer dispersion 
oeÆ
ients.2So, this xtg 
orre
tion is only 
orre
t upto �rst order.
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x =x0 + ∆x

p =f(x0)

∆x = < x | θ > tan(θ)

focal plane

θ ∆x

x0

Spherical aberrations

Figure 6.4: Explanation of spheri
al momentum aberations in the fo
al plane of a magneti
spe
trometer. The dashed line is made by a ray with momentum p and �tg = 0.6.7.1 Non-Dispersive Position ytg6.7.2 Angles6.7.3 Momentum AberrationsTo give you some idea how a s
anning session with optimization will look like, an exampleis dis
ussed in whi
h the transfer tensor for 
al
ulation of momentum aberations is beingoptimized. In Fig. 6.4 the dispersive proje
tion of the fo
al plane is drawn. Imagine thatthe spe
trometer momentum setting is su
h that we observe the elasti
 peak of 12C(e; e).The ray with momentum p and �tg = 0 is indi
ated by a dashed line. The position whereit 
rosses the �rst wire plane is indi
ated by x = 0. Rays with the same momentum andan in�nitesimal small �tg 
ross this wire plane at the same spot and a relation 
an beestablished between momentum and x-position in that wire plane. However, rays enteringthe spe
trometer 
ollimator with the same momentum but a larger �tg will typi
ally 
ross thewire plane at a di�erent spot. In other words, the parti
le momentum 
an not be dedu
edsolely from the dispersive position x, unfortunately all the fo
al plane vertex parameters(�fp, yfp, �fp) are involved. It is now our task to des
ribe this deviation �x as a fun
tionof the fo
al plane vertex, the so-
alled transfer tensor for the momentum aberrations. Mostspe
trometer designs are su
h that the dependen
e on �fp is the most important one.Below an example of a kuma
-�le is given in whi
h the transfer tensor for the momen-tum aberrations is being optimized. Seven measurements of an elasti
 ele
tron s
atteringpeak have been made at di�erent values of �p=p. After the assignment of the di�erentinput �les and de�nitions of 
ut's, histograms and s
atter plots are de�ned. Espe
iallythe th_tra/dp_kin (�fp/dpkin) plots around the seven elasti
 peak positions are of interestsin
e they will reveal the momentum aberration as a fun
tion of �fp. This is followed by
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ommand indi
ating that at the end of the event-by-event s
an an optimization of themomentum transfer tensor has to be performed.define/bat
h onset/file/output 
12_full 
onv1.hbookset/file/database db_hrs_7x7set/file/opt database db_hrs_7x7_optset/file/detmap detmap.
onfigset/file/fit_input fit_full_
onv1.inp********************* Define 
uts ************************define/
ut/1d spe
_e.y_tra-1 -0.144 0.144define/
ut/1d spe
_e.x_tra-1 -0.749 0.749define/
ut/1d spe
_e.th_tg-1 -0.07 0.07define/
ut/1d spe
_e.ph_tg-1 -0.030 0.030define/logi
al vd
_hole spe
_e.y_tra-1&&spe
_e.x_tra-1define/logi
al a

ept_e spe
_e.th_tg-1&&spe
_e.ph_tg-1********************* spe
trometer HRS *******************set/hitbits (+spe
_e.s1)set/auto_window offset/spe
trum/bins/x1 560set/spe
trum/window/x1 -0.07 0.07spe
tra/save spe
_e.th_tgset/spe
trum/bins/x1 320set/spe
trum/window/x1 -0.04 0.04spe
tra/save spe
_e.ph_tgset/spe
trum/bins/x1 500set/spe
trum/window/x1 -0.065 0.065spe
tra/save spe
_e.dp-1spe
tra/save spe
_e.dp_kin-1set/spe
trum/window/x1 -0.7 0.7spe
tra/save spe
_e.x_tra-1set/ntuple 5000**** dp-aberration plotsset/spe
trum/window/x2 -0.5 0.5set/spe
trum/window/x1 -0.06 -0.04spe
tra/save spe
_e.th_tra/spe
_e.dp_kin-1set/spe
trum/window/x1 -0.035 -0.0275
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tra/save spe
_e.th_tra/spe
_e.dp_kin-2 vd
_holeset/spe
trum/window/x1 -0.025 -0.0175spe
tra/save spe
_e.th_tra/spe
_e.dp_kin-3 vd
_holeset/spe
trum/window/x1 -0.015 0.015spe
tra/save spe
_e.th_tra/spe
_e.dp_kin-4 vd
_holeset/spe
trum/window/x1 0.015 0.0225spe
tra/save spe
_e.th_tra/spe
_e.dp_kin-5 vd
_holeset/spe
trum/window/x1 0.0225 0.030spe
tra/save spe
_e.th_tra/spe
_e.dp_kin-6 vd
_holeset/spe
trum/window/x1 0.040 0.060spe
tra/save spe
_e.th_tra/spe
_e.dp_kin-7 vd
_hole***** optimize momentum resolution in ele
tron spe
trometer
alibrate/optimize spe
_e.dp_kin******************** s
anning and output *****************set/file/header hdr_
12_dpm5.prmfile/s
an ../monte_
ar/data_full_
onv1_dpm5 LAST=1000 FIRST=1set/file/header hdr_
12_dpm4.prmfile/s
an ../monte_
ar/data_full_
onv1_dpm4 LAST=1000 FIRST=1set/file/header hdr_
12_dpm3.prmfile/s
an ../monte_
ar/data_full_
onv1_dpm3 LAST=1000 FIRST=1set/file/header hdr_
12.prmfile/s
an ../monte_
ar/data_full_
onv1 LAST=1000 FIRST=1set/file/header hdr_
12 dpp3.prmfile/s
an ../monte_
ar/data_full_
onv1_dpp3 LAST=1000 FIRST=1set/file/header hdr_
12 dpp4.prmfile/s
an ../monte_
ar/data_full_
onv1_dpp4 LAST=1000 FIRST=1set/file/header hdr_
12 dpp5.prmfile/s
an ../monte_
ar/data_full_
onv1_dpp5 LAST=1000 FIRST=1 CHOPT=-ospe
tra/writequitWhi
h parts of the tensor should be optimized is indi
ated in the database, see App. B.The �rst number in ea
h line of the tensor elements indi
ates whether it is kept �xed or isbeing �tted. A summary of the �tting is listed in a �le whi
h name is dedu
ed from the
ommand fit_input, f.i. fit_full_
onv1.inp produ
es fit_full_
onv1.res.In Fig. 6.5 the result of su
h an optimization is shown. On the left side the s
atter plot ofth_rot/dp_kin is shown for elasti
 12C(e; e) s
attering without any aberration 
orre
tions.On the right is shown the same data but now after 
orre
tion for momentum aberations.
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Figure 6.5: Two s
atter plots showing �rot versus dp/p for elasti
 12C(e; e) s
attering. Inthe one on the left side, no aberration 
orre
tions have been performed on the 
al
ulatedmomentum. The plot on the right is the result of an optimization like the example shownin this se
tion.6.8 Coin
iden
e Time6.9 Missing Energy6.10 Adding a new Optimization6.11 Beam Position DeterminationThis se
tion will des
ribe two aspe
ts. The �rst is the 
alibration of the beam positionmonitors (bpm) versus the harps, the se
ond de
ribes the 
orre
tion of the \phase slip" ofthe bpm readout. Major parts of this se
tion were taken from ref. [11℄.6.11.1 The Beam Position MonitorsA sket
h of the beam position monitor and of the read-out ele
troni
s is shown in Fig. 6.6.Ea
h bpm has four antennas whi
h are labeled Xp and Xm, and Yp and Ym. They pi
k upthe signal of the beam, whi
h is 
onverted by ad
s. In De
ember 1999, Stru
k 7510 ad
'swere installed. Sin
e, the beam position is not only read out on
e per trigger but six times,separated by 4�s. The importan
e of this will be
ome 
lear in Se
. 6.11.4.



62 CHAPTER 6. CALIBRATIONThe beam position is 
omputed in the routine espa
e halla/interpret bpm rast.f.Depending on the parameter beam vertex in the header �le (see App. A), either the bpmor raster information is used, or no 
orre
tion is done at all.Here will be des
ribed only how the 
al
ulation of a single beam position for a bpm isdone. Table 2.4 on p. 16 lists the new additional espa
e variables. The beam position inthe rotated 
oordinate system of the bpm is given by:xrot = �Xp,
or � �XXm,
orXp,
or + �XXm,
or (6.5)The equation for yrot is 
omputed in a similar way. The ad
 values are 
orre
ted forpedestals, e.g. Xp,
or is given by Xp,
or = Xp �Xp,ped (6.6)Hall A BPM Readout
Yp YmXpXmBeampipe Looking Downstream

0 or20 dB Mixer
1495� 45 MHz 1 MHzBWFilter

�40 to+60 dB
Detector0 dBG.I.F.sin!=!3 dB at3:1� sY0

Multiplexer125 kHzDemultiplexerS/HS/H30 kHz30 kHz30 kHz30 kHzFilter
+Yp HAPPEX�Yp CODA+Ym HAPPEX+Ym CODA

XY to EPICS 62.5 kHzMultiplexer X0
Figure 6.6: Sket
h of the Hall A beam position monitors. The �gure was taken from Ref. [11℄.
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orre
ts for di�erent gains in the antennas, and � 
onverts the ad
 value into a length,here meters.The 
onversion from the rotated, left handed into the right handed Hall A 
oordinatesystem is done via xraw = xpos + �Xp2(yrot � xrot) (6.7)yraw = ypos + �Yp2(yrot + xrot) (6.8)(6.9)All the 
alibration 
oeÆ
ients have to be spe
i�ed in the data base, see App. B.6.11.2 Beam Position Monitor CalibrationThe beam position monitors 
an be 
alibrated by a so-
alled \bull-eye" s
an. For unrasteredbeam, the beam position is measured using the harps, and at the same time a 
oda run isdone. Typi
ally, this is done for various horizontal and verti
al displa
ements of the beam.A favorite s
heme, e.g., is to displa
e the beam by �2mm horizontally and verti
ally, butalso other s
hemes 
an be 
onsidered. Important is, that both horizontally and verti
ally anas wide as possible range is 
overed, at least to the extents of the running experiment. Thejob is now to modify �X , �Y , �X , and �Y so that the beam position 
alu
lated by espa
eagrees with the harps analysis. For the other parameters, � is 
anoni
al and should not be
hanged (it is redundant anyway, and 
ould be multiplied into �X and �Y ), the pedestalshave to be obtained from a spe
ial pedestal 
alibration run, and the positions are taken froma survey.An optimization routine does not exist, it is more like trial and error. However, it is notne

assary to rerun espa
e over and over again, instead an external s
ript 
an be used, likethe one for the analysis of the 3 Feb 2000 bulleye s
an:#!/bin/sh#
at antenna.dat | gawk 'BEGIN {getlineA
alibRotXm = 1A
alibRotYm = 1B
alibRotXm = 1B
alibRotYm = 1
alibRot = 18.87
alibX = 1.1714
alibY = 1.2921A
alibX = 1.12
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alibY = 1.12B
alibX = 1.02B
alibY = 1.02AposX = -0.9AposY = +0.35BposX = -0.15BposY = -0.3print "
oda bpma x y bpmb x y"}{ Arotx = 
alibRot * ( $2 - A
alibRotXm * $3 ) / ( $2 + A
alibRotXm * $3 )Aroty = 
alibRot * ( $4 - A
alibRotYm * $5 ) / ( $4 + A
alibRotYm * $5 )Brotx = 
alibRot * ( $6 - B
alibRotXm * $7 ) / ( $6 + B
alibRotXm * $7 )Broty = 
alibRot * ( $8 - B
alibRotYm * $9 ) / ( $8 + B
alibRotYm * $9 )Ax = AposX + A
alibX / sqrt(2) * ( -Arotx + Aroty )Ay = AposY + A
alibY / sqrt(2) * ( Arotx + Aroty )Bx = BposX + B
alibX / sqrt(2) * ( -Brotx + Broty )By = BposY + B
alibY / sqrt(2) * ( Brotx + Broty )printf "%4d %+6.3f ; %+6.3f %+6.3f ; %+6.3f\n", $1, Ax, Ay, Bx, By}'This s
ript reads the 
entroids of the separate antenna readings from antenna.dat, whi
hneeds to be 
reated only one time:
oda ax+ ax- ay+ ay- bx+ bx- by+ by-1741 1188 1160 1177 1170 1184 1102 1191 11051744 1187 1132 1177 1145 1183 1076 1191 10801745 1188 1133 1178 1145 1184 1077 1192 10801746 1071 1183 1178 1140 1160 1152 1192 11471747 1061 1182 1178 1128 1002 1151 1192 9791748 1065 1182 1177 1142 997 1151 1192 9831749 1075 1182 1177 1132 1004 1151 1192 9831750 1115 1183 1165 1179 1184 1026 1035 11851751 1187 1103 1177 1030 1183 1011 1191 9921752 962 1182 1040 1178 992 1152 1049 1184Modifying the 
alibration parameters in the s
ript, after some trying, espa
e and harpanalyses should agree. It should be mentioned that also �X , �Y , �X , and �Y have physi
almeanings and should be obtained from a hardware 
alibration, in prin
iple (
he
k Ref. [11℄).However, in reality one �nds that a better des
ription 
an be a
hieved with slightly alterednumbers. Also, it may be ne
essary to modify the devi
e's position to avoid too unreasonable�s. This 
an be seen in analogy to the transfer matrix, whi
h in prin
iple, also 
an beobtained from a magnet opti
s simulation.



6.11. BEAM POSITION DETERMINATION 656.11.3 Phase ShiftPlotting the beam position obtained from the raster (or just the ad
 value) versus thedetermined beam position (raw position), one would expe
t a linear 
orrelation (having the
orre
t 
alibrations, a 45Æ line). E.g., for maximum raster 
urrent maximum elongation inthe bpms should be expe
ted. Instead, one obtains something ellipti
al, whi
h indi
ates thatboth values are not read at the same time, but that the time di�eren
e is 
onstant. Thinkingin terms of the raster frequen
y, one 
an also speak of a phase shift. The general assumptionis that the raster is read at the trigger, but that the bpm readings are delayed. This 
anbe veri�ed for the horizontal raster plotting raster or bpm versus y tg, for pointlike targets.Indeed, within resolution, raster and y tg show a linear 
orrelation (take 
are of the signs),while bpmx and y tg show an ellipse. For the verti
al, in pri
iple, several 
he
k are possible,however they are not very sensitive. For verti
al beam displa
ement, the verti
al angulara

eptan
e varies, and one also should obtain a 
orrelation with E miss (having the verti
al
orre
tion re
onstru
t r 1 2 swit
hed o�, see App. A). One 
an also here use a trial anderror method to extra
t the phase shifts, however Ref. [11℄ des
ribes a method to obtainthem by �tting.6.11.4 Stru
k 7510 \Burst Mode" ad
A 
ompli
ated, a
kward and error prone pro
edure was used to 
orre
t the read beam posi-tion to the real beam position, using the determined phase shifts, the raster ad
 values andtheir 
orresponding derivatives. The 
alibration 
onstants had to be determined frequentlyand had to be stored in the notorious rast
onsts.dat �le. It is not the s
ope of this se
tionto des
ribe this method, this was before the Stru
k 7510 ad
.The Stru
k 7510 ad
 allows to read a given number of values for ea
h event. This enablesa burst mode for the raster and bpm readings, i.e. it was 
hosen to read the ad
 valuessix times per trigger, separated by 4�s. The six readings allow to pre
isely tra
k the beammotion due to raster for ea
h event trigger, and 
orre
t the beam position for the phaseshift. Essentially, instead to determine 
oeÆ
ients for a sample of events and su
essivelyread them from rast
onsts.dat, they 
an be obtained for ea
h single event.The task 
ooks down to �t a trigonometri
 fun
tion into a given number of data pointsai, here 6, whi
h are read at times ti. The fun
tion is given bya(t) = a0 + A 
os (!t+ �) (6.10)! is 2��, � the raster frequen
y. We are sear
hing for a0, A and �, (o�set of the beam, beammotion amplitude due to the raster, phase of the raster motion), whi
h minimize6Xi=1(ai � a(ti)) (6.11)This minimization has to be done eight times per event (eight antennas). It is 
lear thatthe (Eq.6.10) is not linear, and that a minuit optimization would take too mu
h time.
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torizing the 
osine givesa(t) = a0 + A 
os!t 
os�� A sin!t sin� (6.12)or a(t) = 3Xj=1�j(t)zj (6.13)whi
h follows from (Eq.6.12) using the following substitutions:j �j zj1 1 a02 
os!t A 
os�3 sin!t �A sin� (6.14)(Eq.6.13) is linear, and we 
an perform a �2 minimization (�i is short for �(ti))�2 =Xi (ai � a(ti))2 =Xi (ai �Xj (�ijzj))2 = min (6.15)i.e. 
ompute the derivatives ��zk�2 = 0 =Xi (ai �Xj (�ijzj)�ik) (6.16)for k = 1 : : : 3. This system of three equations 
an be displayed as a matrix equation0B� Pi(�i1)2 Pi �i2�i1 Pi �i3�i1Pi �i1�i2 Pi(�i2)2 Pi �i3�i2Pi �i1�i3 Pi �i2�i3 Pi(�i3)2 1CA0B� z1z2z3 1CA = 0B� Pi ai�i1Pi ai�i2Pi ai�i3 1CA (6.17)Substituting the �j of (Eq.6.14) follows:0B� 6 Pi 
os!ti Pi sin!tiPi 
os!ti Pi 
os2 !ti 12 Pi sin 2!tiPi sin!ti 12 Pi sin 2!ti Pi sin2 !ti 1CA0B� z1z2z3 1CA = 0B� Pi aiPi ai 
os!tiPi ai sin!ti 1CA (6.18)The solutions for zj are given by zj = det(Mj)det(M) (6.19)M here stands for the 3�3 matrix in (Eq.6.18),Mj is 
onstru
ted by repla
ing the jth 
olumnof M by the ve
tor on the right hand of (Eq.6.18). The rest is trivial, one gets:a0 = zi (6.20)A = qz22 + z23 (6.21)� = ATAN2(�z3; z2) (6.22)



6.11. BEAM POSITION DETERMINATION 67and the beam position a(ttrigger) = a0 + A 
os (�+ �delay) (6.23)at the assumed trigger time follows.Figure 6.7 shows an example of a �t to the burst mode bpm readings. A good �t shouldshow no 
orrelations in pos%phs and amp%phs. In this 
ase, there is a 
orrelation for xand a smaller one for y. This is a hint that the \timing" is not 
orre
t. What is this?Be
ause also �tting the frequen
y of the 
osine would make the system non-linear, the rasterfrequen
y is a input to the �t. Spe
i�
ally, the produ
t of raster frequen
y and �t betweenthe 
onse
utive readings, goes into the �t. A 10% higher raster frequen
y has the same e�e
tas a 10% shorter �t. The solution here is empiri
ally. The �eld for the raster frequen
y inthe data base 
an be 
hanged (see App. B). If the \
orre
t" one is 
hosen, there should beno remaining 
orrelation.
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Figure 6.7: Example result for the �t to the burst mode bpm readings. A good �t shouldshow no 
orrelations in pos%phs and amp%phs. See further explaination in text.
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Appendix AHeader File Des
riptionThe header �le 
ontains information whi
h is needed during the s
an to 
onstru
t some ofthe variables. At the end of the s
an this information is saved with ea
h histogram. Thisway it is available to the next programs in the analysis 
hain. An example of a header �lefor analyzing 12C(e; e) at 845MeV is given below:rea
tion 
 (e,e)e0 r 1 845.0parti
le e 
 leptonspe
e r 5 3.4730 +16.00 0.0 0.030 0.060target r 5 0.05580 2.20 2 1 1tar_angle r 1 +8.00isotope1_name 
 12Cisotope1 r 3 0.989 12.000 6isotope2_name 
 13Cisotope2 r 3 0.011 13.003 6The order of the lines is not important. They are built up in the following way. The �rststring indi
ates the name of the item. It is followed by a 
hara
ter whi
h should be either
 whi
h stands for 
hara
ter string or r whi
h indi
ates that real-number will follow. Thenext number gives the number of �elds if a real-number follows. Finally, the values of theitem should be given. Table A.1
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70 APPENDIX A. HEADER FILE DESCRIPTIONTable A.1: Des
ription of header �le items.item type �eld units des
riptionrea
tion* 
 rea
tion string. Possible entries are:g (photon), n (neutron), p (proton), d(deuteron), t (triton), h+ (3He+), h++(3He++), a+ (4He+), a++ (4He++, �), pi+(�+), pi0 (�0), pi- (��), mu+ (�+), mu-(��), e or e- (ele
tron), e+ (positron), k+(K+), k0 (K0), k- (K�).e0* r MeV ele
tron beam energyparti
le e* 
 parti
le in hrseparti
le h* 
 parti
le in hrshspe
e* r parameters of the ele
tron spe
trometer�eld kG magneti
 indu
tion of the dipoleangle deg angular position of spe
trometer in-planedeg angular position of spe
trometer out-of-planesolid spe
trometer 
ollimator a

eptan
esrad half horizontal a

eptan
erad half verti
al a

eptan
espe
e o�set r position of the ele
tron spe
trometer opti-
al point in the hall 
oordinate systemx m x 
omponenty mz mspe
h* r parameters of the hadron spe
trometer�eld kG magneti
 indu
tion of the dipoleangle deg angular position of spe
trometer in-planedeg angular position of spe
trometer out-of-planesolid spe
trometer 
ollimator a

eptan
esrad half horizontal a

eptan
erad half verti
al a

eptan
espe
h o�set r position of the hadron spe
trometer opti
alpoint in the hall 
oordinate systemx m x 
omponenty mz mtarget* r target parameters
ontinued on next page . . .



71Table A.1: . . . 
ontinued from previous page . . .item type �eld units des
riptiond g/
m2 (
m) total target thi
kness (model 1), target ra-dius (model 2), target length (model 3). Isignored for model 1 if foils are spe
i�ed.rho g/
m3 target densityniso number of isotopesisop isotope being investigatedmodel target model (1:foil; 2:
ir
ular; 3:
ylindri-
al)diam 
m diameter of 
ylinder (only model 3)foil r target foil parametersd g/
m2 target thi
knesswidth 
m foil widthpos xpos ypos z 
m distan
e of foil from target 
entertar angle* r target angle parameters; only for model=1tangle deg angle between target 
oordinate system z-axis and hl
s z-axisfangle deg angle between normal to target foil andtarget 
.s. z-axistar o�set r position of target 
enter in the hall 
oordi-nate system; it is assumed that this is alsothe 
enter of rotation for the target.x m x 
omponenty m ignored for target model 1z misotope1 name* 
 name of isotope 1isotope1* r f abundan
e (�1.0)A amu atomi
 massZ isotope 
hargeisotope2 name* 
 name of isotope 2isotope2* r f abundan
e (�1.0)A amu atomi
 massZ isotope 
hargere
onstru
t r parameter 
ontroling extended target 
or-re
tions
ontinued on next page . . .



72 APPENDIX A. HEADER FILE DESCRIPTIONTable A.1: . . . 
ontinued from previous page . . .item type �eld units des
ription0 It is assumed that the rea
tion happenedin the 
enter of the target. No x_tg 
or-re
tion is applied.1 The position information of the beam andthe vertex re
onstru
ted with the spe
-trometers are used to 
al
ulate the rea
-tion point in the target. This informationis used to 
al
ulate the energy loss of thebeam before and of the emitted parti
lesafter the rea
tion.2 In addition to option 1 the verti
es of allspe
trometers are 
orre
ted for the fa
tthat the parti
le did not emerge from theopti
al point1.beam vertex r parameter 
ontrolling the beam positiondetermination. Se
tion 6.11 des
ribes howthe beam position is 
omputed.0 It is assumed that the beam is on the idealaxis, i.e. the positions and angles are 0.1 The position information of the bpms isused to 
ompute the beam ve
tor (x, y, �,and �) at the Hall A 
enter (z=0).2 The de
e
tion information of the rasteris used to 
ompute the beam position (x,y) at the Hall A 
enter. The angles areassumed to be 0. Please note that thismethod does not give the real beam posi-tion, but the deviation of the 
urrent beamposition from the ideal one.eloss r energy loss, additional to the energy lossin the target . . .loss b MeV . . . of the beam before the rea
tionloss e MeV . . . of the parti
le dete
ted in hrse
ontinued on next page . . .1This is realized in the following way: a) the matrix elements are used to transform the fo
al plane
oordinates into target 
oordinates. b) x tg, the verti
al position at the target, is 
al
ulated and repla
es dp.
) \forward matrix elements" (determined from a snake simulation) are used to transform those 
oordinatesba
k into the fo
al plane. d) those manipulated fo
al plane 
oordinates are transformed into the �nal target
oordinates.



73Table A.1: . . . 
ontinued from previous page . . .item type �eld units des
riptionloss h MeV . . . of the parti
le dete
ted in hrshIf only three parameters are spe
i�ed, es-pa
e does not distinguish between passingthe 
ylinder wall or the end 
ap of the tar-get 
ell (model 3). Two optional parame-ters, useful for 
ylindri
al targets. For theother target models they are ignored. Herethe two latter parameters are used only ifthe parti
le exits trough the 
ylinder wall.loss e MeV . . . of the parti
le dete
ted in hrse, ifpassing the end 
aploss h MeV . . . of the parti
le dete
ted in hrsh, ifpassing the end 
apgives a des
ription of ea
h item and its entries. Note that items followed by an '*' aremandatory, you will have to give it in the header �le, otherwise an error message will appear.All values are initialized on zero. Although spe
e and spe
h are mandatory items, entryof one will suÆ
e, the same is true for the isotope information.In Fig. A.1 the 
on�guration of the three target models is shown. Indi
ated are thedi�erent parameters des
ribing the target. Realize that if target model 1 is 
hosen and afoil 
ard is not given, the number of foils is assumed to be 1 with a target thi
kness as givenin the target 
ard. When the foil 
ard is given, the target thi
kness in the target 
ard isignored.



74 APPENDIX A. HEADER FILE DESCRIPTION
x

z
zoff

xoff

target
angle

foil
distance

1 x

z
zoff

xoff

radius

2

x

z
zoff

xoff

radius

3

d

Figure A.1: Shown are the various target models and their parameters.



Appendix BDatabase File Des
riptionThe database �le 
ontains 
onstants of the spe
trometers and their dete
tors.The data base is separated into a se
tion de
ribing the hrse, and into a se
tion des
ribingthe hrsh. For the beam position re
onstru
tion, it was ne
essary to in
lude informationabout the raster magnet and the bpm too. Usually, this pre
eeds the hrse se
tion, ex
eptfor single hrsh data a
quisition..Ea
h se
tion 
ontains te
hni
ally two kinds of re
ords, those whi
h are pre
eeded by akey, and those whi
h are not. Re
ords with a key are identi�ed by this re
ord, and thefollowing �elds are stored in spe
i�
 variables The order of this re
ords 
an be arbritrary,in pri
iple, though it wouldn't be very 
ollegial. To a
tually read a re
ord, espa
e uses the
ern pa
kage ffread. One draw ba
k of ffread is, that it reads only up to 80 
hara
tersper line. Thus, eventually a line has to be broken up into several lines, like in the examplein Se
. B.1. Be aware that in 
ase of an optimization the new data base is written in aspe
i�
 format, so that the original line may suddenly ex
eed the 80 
hara
ter limit and mayget trun
ated. Following the subse
tion 
ontaining the \key" re
ords, 
omes a long list ofnumbers. These are read sequential, and adding or removing a line or even a single �eldmesses things up. This feature of the data base makes modi�
ations and 
ompatibility ofdi�erent espa
e versions extremely diÆ
ult.B.1 Raster and Beam Position InformationI will des
ribe the �rst three (�ve lines) in the header �le, whi
h 
ontain the informationespa
e needs to determine the beam position.For espa
e version 2.9.0 or higher, the �rst three keys of the data base des
ribe theraster and the two bpms, e.g:raster 0.0 0.0 -23.0 18.3 22.6 2065 2054 1.6E-6 1.1E-6bpma -0.0009 +0.00035 -7.607 2105 2104 2098 2098 1.0 1.0 0.01887 1.12 1.121.1 1.35bpmb -0.00015 -0.0003 -1.370 2090 2085 2085 2086 1.0 1.0 0.01887 1.02 1.021.1 1.35 75



76 APPENDIX B. DATABASE FILE DESCRIPTIONFor ea
h key, the �rst three �elds xpos, ypos, and zpos des
ribe the lo
ation of the devi
e inthe Hall A 
oordinate system, in meters.For the bpms, �elds 4-7 Xp,ped, Xm,ped, Yp,ped, and Ym,ped are the pedestals of the ad
sfor the individual antennas, 8 �x and 9 �y the relative gains of the opposing antennas, 10 �(m/ad
 
hannel) the 
onversion of ad
 value into a length, 11 �x and 12 �y the attenuationof the ad
 signal due to the 30 kHz Filter, and 13 �x and 14 �y (rad) the phase di�eren
eof the bpm read-out versus the event trigger.For the raster, �elds 4 �x and 5 �y (kHz) are the raster frequen
ies, 6 Xped and 7 Ypedthe pedestals, and 8 �x and 9 �y (m/ad
 
hannel) the 
onversion of the ad
 value into alength.B.2 The other Stu�Unfortunately, the data base 
hapter was never updated sin
e February 1997, and probablynever will. From here, it needs a serious revision. Sorry1.We des
ribe here how the part for spe
trometer hrse looks like, the part for the otherspe
trometer has the same stru
ture.The �rst seven lines of the database �le 
ontain drift 
hamber information and shouldlook as follows:10.0 10.0 10.0 10.05.7e+04 5.7e+04 5.7e+04 5.7e+044096. 4096. 4096. 4096.5.0e-10 5.0e-10 5.0e-10 5.0e-102.0 0.0 0.0 0.0 -4.479051e-5 1.588897e-4 3.861646e-4 -6.223269e-5The meaning of these lines is:line Des
ription1 estimate of drift time resolution (
han)2 ele
tron drift velo
ity (m/s)3 range of the vd
-td
4 vd
-td
 resolution (s/
han)5 
oeÆ
ients of a polynomial for drift length 
orre
tion in the vd
(m)Next lines 
ontain for ea
h wire plane and ea
h wire, the wire number and the td
o�sets. Ea
h line 
ontains information for �ve wires, f.i.:1 503.0 2 503.0 3 503.0 4 503.0 5 503.0If the wire number is negative then this wire will not be used in the analysis. This shouldbe followed by lines 
ontaining wire number and position:1Mi
hael Kuss, August 9, 2000



B.2. THE OTHER STUFF 771 1.42057 2 1.41557 3 1.41057 4 1.40557 5 1.40057Now information about the trigger dete
tors 
omes (�rst s1, followed by the same infor-mation for s2)0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.01.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.00.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.00.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.00.7001.9e+81.0e-100.00 42.46 37.18 36.65 39.97 36.0230.57 16.25 37.34 18.28 74.78 66.880.00.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.00.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0The meaning of these lines is:line Des
ription1-2 Parameters for 
orre
tion of ampli�
ation of the ad
 signal for ea
h �Cerenkovmirror. For ea
h mirror �rst the o�set is given and then an ampli�
ation fa
tor.3 Inverse of attenuation length of light in the s
intillator (m�1)4 Speed of light in s
intillator (m/s)5 td
 resolution in s
intillator plane (s/
han)6-7 Time o�set of ea
h s
intillator paddle on both sides (
han)8 Parameter for 
orre
tion timewalk e�e
ts in the s
intillator timing with the ad
signal9-10 Parameters for 
orre
tion of ampli�
ation of the ad
 signal for paddle on the rightside, followed by the left side. For ea
h paddle an o�set and an ampli�
ation fa
toris given.At the end of the database the transport information of the spe
trometer is given. The�rst number is the radius of the 
entral ray through the dipoles. Then the 
oeÆ
ients forpolynome of the spe
trometer 
onstant � (in MeV/kG) are given and it is followed by thedispersion 
onstants di whi
h together link dispersive position xfp and momentum p throughthe relation: p =  2Xi=0 �iBi! 6Xi=1 dixifp!The number following the dispersion 
onstants indi
ates the de�nition of the transportmatrix:



78 APPENDIX B. DATABASE FILE DESCRIPTION# Matrix de�nition1 Transport elements using fo
al plane 
oordinates de�ned wrt. the lo
al 
entral ray2 Transport elements using fo
al plane 
oordinates de�ned wrt. the dete
tor system1.40041.972 0.0 0.01.2063E-01 1.1105E-02 -1.0599E-03 -1.1160E-04 -1.2408E-04 0.02 It is 
ompleted with a list of the transfer elements. Ea
h line 
ontains the followinginformation. The �rst integer tells whether the transfer element will be �tted when anoptimize 
ommand has been given. A 0 means keep �xed, a 1 means �t it and -1 indi
atesthat when re
onstru
ting the vertex at the target the �rst time use the values in the databasebut keep them �xed on zero during the �t. This is followed by the xfp dependen
e of theparti
ular transfer 
oeÆ
ient and its name:M(xfp) = 6Xi=1MixifpFor example, the line for h�j�i looks like1 1 0 0 -5.748E-1 1.254E-3 -1.028E-5 6.655E-8 0.000E+0 -1.21E-12 'T100'



Appendix CTransformation between Di�erentCoordinate SystemsIn this se
tion we will use the following abbreviations for the di�erent 
oordinate systems:sd
s Spe
trometer Dete
tor Coordinate Systemsfp
s Spe
trometer Fo
al Plane Coordinate Systemsr
s Spe
trometer Re
onstru
ted Coordinate Systemhl
s Hall A Laboratory Coordinate SystemIn Tab. C.1 a set of fortran routines is des
ribed that transforms a ve
tor between thedi�erent 
oordinate systems. These routines are part of the kinemati
s pa
kage. Sour
esare lo
ated in the dire
tory $HALLA_DIR/sr
/kinemati
s and the library is in the dire
tory$HALLA_DIR/lib/$OSNAME.
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80APPENDIX C. TRANSFORMATION BETWEEN DIFFERENT COORDINATE SYSTEMS

Table C.1: fortran routines used to transform ve
tors between the di�erent espa
e 
oor-dinate systems.Routine Des
riptionbeam_to_transport This routine transforms a hl
s-ve
tor in spheri
al 
o-ordinates to the sr
s in transport 
oordinates. Thistransformation is de�ned by a 
all to the routinedefine_beam_to_transport.define_beam_to_transport Initialization routine for the transformation used in beamto transport.transport_to_beam This routine 
onverts a sr
s-ve
tor in transport 
oordi-nates to the hl
s in 
artesian 
oordinates. This transfor-mation is de�ned by a 
all to the routine define_trans.define_transport_to_beam Initialization routine for the transformation used in trans-port to beam.
trans Routine transforming geographi
al angles to spheri
al an-gles and vi
e versa.spherang Routine transforming geographi
al angles to spheri
al an-gles and vi
e versa. This routine gives also the option toswit
h hl
s and a variant of the hl
s with the z-axis alongthe momentum transfer q.newang



Appendix DESPACE Referen
e ManualEvent S
anning Program for hall A Collaboration Experiments
D.1 Espa
e/DebugThis menu 
ontains several swit
hes 
ontroling output for debugging purposes. At the mo-ment the CODA event stream and the VDC tra
ks 
an be monitored.vd
 [ vd
 ℄ vd
 C \vd
 tra
king" D='off'Possible vd
 values are:offonSwit
h the VDC debug mode. In the VDC debug mode, a graphi
s window will pop up andfor ea
h CODA event a tra
k will be shown for ea
h 
luster in the U1,V1,U2 and V2 plane.
oda [ 
oda ℄ 
oda C \
oda" D='off'Possible 
oda values are:offonSwit
h the CODA debug mode. In the CODA debug mode, part of the raw CODA data isdisplayed.syn
 [ syn
 ℄ syn
 I \syn
hronization" D=0 R=0:3Swit
h the syn
hronization debug mode. In the SYNC debug mode, CODA information isdisplayed together when syn
hronization problems appear.81



82 APPENDIX D. ESPACE REFERENCE MANUALhbook [ hbook ℄ hbook C \hbook" D='off'Possible hbook values are:offonSwit
h the HBOOK debug mode. In the HBOOK debug mode, HBOOK memory headersare displayed.D.2 Espa
e/SetMenu to assign parameters to ESPACE variables.test [ test ℄ test C \test mode" D='off'Possible test values are:onoffSwit
h the test mode. If the test mode is on, the 
ommand syntax and the existan
e of data�les is 
he
ked. No s
anning or optimizing is performed.auto window [ awind
 ℄ awind
 C \auto-windowing" D='on'Possible awind
 values are:onoffSwit
h the automati
 histogram windowing. If the auto-window mode is on, the LOW X,HIGH X and NUM X parameters are put on the default values for the parti
ular variableto be histogrammed.hitbits hitbits hitbits C \hitbits" D=' 'Choose the 
ondition, whi
h dete
tor should have �red or not, that is imposed on all his-tograms de�ned after this point.ntuple [ ntuple ℄ ntuple C \NTUPLE format" D='off'Possible ntuple values are:onoffIf the NTUPLE swit
h is on, the data are store in NTUPLE format, otherwise it will be amulti-dimensional histogram.



D.2. ESPACE/SET 83
osmi
 rays [ 
osmi
 rays ℄ 
osmi
 rays C \
osmi
 
orr." D='off'Possible 
osmi
 rays values are:onoffIf COSMIC RAYS is swit
hed on, the VDC TDC drift times are 
orre
ted with an oppositesign sin
e the 
osmi
 rays drift from timing s
intillator to VDC.D.2.1 Espa
e/Set/�leAssign �le names.header hdr �le hdr file C \header �le" D=' 'Set the name of the header �le.database db �le db file C \database �le" D=' 'Set the name of the database �le.opt database optdb �le optdb file C \opt database �le" D='datab opt'Set the name of the optimized database �le in whi
h results are stored of an optimizationtriggered with the FIT 
ommand.detmap detmap �le detmap file C \detmap 
on�g �le" D='tstand detmap.
onfig'Set the name of the dete
tor 
on�guration �le. This �le des
ribes how the raw data of thedata a
quisition 
ode CODA should be interpretted.�t input �t �le fit file C \�t input �le" D='fit.inp'Set the name of the input �le 
ontaining parameters for optimization. This �le 
ontainsstarting parameters for �tting th tg, ph tg, y tg, t 
, e miss and e miss/p miss.output output �le output file C \output �le" D='espa
e.hbook'Set the name of the HBOOK output �le 
ontaining histograms and Ntuples.D.2.2 Espa
e/Set/timingAssign trigger de�nition parameters.



84 APPENDIX D. ESPACE REFERENCE MANUALe plane [ side ℄ plane C \s
intillator plane" D='s2'side C \paddle side" D='right'Possible plane values are:s1s2Possible side values are:leftrightChoose the number s
intillator plane and the paddle side that will de�ne the trigger timingfor e-spe
trometer.h plane [ side ℄ plane C \s
intillator plane" D='s1'side C \paddle side" D='left'Possible plane values are:s1s2Possible side values are:leftrightChoose the number s
intillator plane and the paddle side that will de�ne the trigger timingfor h-spe
trometer.D.2.3 Espa
e/Set/typeAssign CODA event typese type type C \e-spe
 type" D='1,2'Choose the CODA event type for single e-spe
trometer event.h type type C \h-spe
 type" D='3,4'Choose the CODA event type for single h-spe
trometer event.
oin type type C \
oin type" D='5'Choose the CODA event type for 
oin
iden
e event.s
al type type C \s
aler type" D='140'Choose the CODA event type for s
aler event.



D.2. ESPACE/SET 85D.2.4 Espa
e/Set/�tAssign �t parameters.npts npts �le npts file I \max points/�le" D=10000 R=0:5000000Set the maximum number of data points a

umulated in one �le for optimization.D.2.4.1 Espa
e/Set/�t/Ad
Assign 
ontrol parameters for the s
intillator ADC value 
alibration.Pedestal [ �t pedestal ℄ fit pedestal C \�t ad
 o�sets" D='on'Possible fit pedestal values are:onoffFit the ad
 o�sets of the s
intillators when ad
 hsidei 
 is being optimized.Gain [ �t gain ℄ fit gain C \�t ad
 gains" D='on'Possible fit gain values are:onoffFit the ad
 gains of the s
intillators when ad
 hsidei 
 is being optimized.D.2.4.2 Espa
e/Set/�t/timeAssign 
ontrol parameters for the spe
trometer path length �t.paddle e [ �t paddle e ℄ fit paddle e C \�t time-o�set paddles spe
 e" D='off'Possible fit paddle e values are:onoffFit the time o�sets of the s
intillator used in the trigger of the ele
tron spe
trometer whent
 
or is being optimized.paddle h [ �t paddle h ℄ fit paddle h C \�t time-o�set paddles spe
 h" D='off'Possible fit paddle h values are:onoffFit the time o�sets of the s
intillator used in the trigger of the hadron spe
trometer whent
 
or is being optimized.



86 APPENDIX D. ESPACE REFERENCE MANUALtime walk [ �t timewalk order ℄ fit timewalk C \�t time walk 
oeÆ
ients" D='off'order I \order of polynome" D=1 R=1,2,3Possible fit timewalk values are:onoffFit the time walk of the timing s
intillator signals. It is assumed that it is the same for alls
intillators of the ele
tron and hadron spe
trometer when t
 
or is being optimized.D.2.4.3 Espa
e/Set/�t/momentumAssign 
ontrol parameters for the spe
trometer momentum �t.gamma e [ �t gamma e ℄ fit gamma e C \�t gamma spe
 E" D='off'Possible fit gamma e values are:onoffFit the ele
tron spe
trometer 
onstant de�ning the 
entral momentum.gamma h [ �t gamma h ℄ fit gamma h C \�t gamma spe
 H" D='off'Possible fit gamma h values are:onoffFit the hadron spe
trometer 
onstant de�ning the 
entral momentum.D.2.5 Espa
e/Set/spe
trumSet histogram parameters.D.2.5.1 Espa
e/Set/spe
trum/windowSet range.x1 low high low R \x1 lower limit"high R \x1 upper limit"LOW and HIGH value of the x1 variablex2 low high low R \x2 lower limit"high R \x2 upper limit"LOW and HIGH value of the x2 variable



D.2. ESPACE/SET 87x3 low high low R \x3 lower limit"high R \x3 upper limit"LOW and HIGH value of the x3 variablex4 low high low R \x4 lower limit"high R \x4 upper limit"LOW and HIGH value of the x4 variableD.2.5.2 Espa
e/Set/spe
trum/binsSet number of bins.x1 num num I \number of bins x1" D=1Number of X1 bins for REAL variable, binsize for INTEGER variable.x2 num num I \number of bins x2" D=1Number of X2 bins for REAL variable, binsize for INTEGER variable.x3 num num I \number of bins x3" D=1Number of X3 bins for REAL variable, binsize for INTEGER variable.x4 num num I \number of bins x4" D=1Number of X4 bins for REAL variable, binsize for INTEGER variable.D.2.6 Espa
e/Set/vd
Assign VDC analysis parameters.iterate iterate vd
 iterate vd
 I \iterate VDC" D=1 R=1:4Choose the number of iterations in the determination of a tra
k through a VDC plane. IfITERATE VDC i 1 the global angle 
oming from two wire planes is used in the 
al
ulationof several 
orre
tions.trig 
or [ trig 
or ℄ trig 
or C \vd
 COMMON STOP 
orr." D='on'Possible trig 
or values are:onoffIf TRIG COR is swit
hed on, the VDC TDC drift times are 
orre
ted for time of 
ight tothe timing s
intillator and signal propagation through this s
intillator.
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tx 
or i
or [ spe
tro tx table ℄ i
or I \vd
 t-x swit
h" D=1 R=0:3spe
tro C \spe
trometer" D='e'tx table C \t-x HBOOK lookup table" D='tx table.hbook'Possible spe
tro values are:ehThe TX COR parameter 
ontrols the drift time to position 
orre
tion in the VDC's.td
 
ut td
 
ut td
 
ut I \TDC 
ut option" D=0 R=0,1,2With the TDC CUT 
ommand the range of drift times that will used in the VDC analysis
an be 
ontrolled. The default setiing is zero. The di�erent 
ut options are (larger numbermeans more restri
tive 
ondition):0: For ea
h wire only the largest TDC value is stored. In COMMON STOPmode this 
orresponds (no noise !) to the shortest drift time.1: 0 + TDC values larger than the TDC o�set are not used (
orrespondingto negative drift times)2: 0 + 1 + TDC values 
orresponding to drift distan
es 50% larger thanthan the wire plane / 
athode distan
e are not used.Noti
e that in options 1 and 2 the TDC o�set for the 
orresponding wire is used. So anin
orre
t o�set will result in loss of data !!

D.3 Espa
e/De�neMenu to de�ne logi
als and variables.init Set all parameters ba
k on their default values.bat
h [ bat
h ℄ bat
h C \bat
h mode" D='off'Possible bat
h values are:onoffStop exe
ution if an error 
ondition has o

ured.



D.3. ESPACE/DEFINE 89reset hist hist C \hist list" D='all'Empty 
ontents of histograms in list. Corre
t syntax for the list is e.g. all: empty allhistograms, 1-3,10: histograms 1,2,3 and 10. The numbers refer to the histogram HBOOKidenti�er.logi
al name str name C \logi
al name"str C \logi
al expr"De�ne a new logi
al by 
ombining existing logi
al through the following operations:! negate&& logi
al AND|| logi
al ORThe order of operations 
an be guided by bra
kets.variable str str C \expression"With this 
ommand, 
onstants and new variables 
an be de�ned.New variables are de�ned by 
ombining existing variables through the following operations:( ) + - * / ^ **and intrinsi
 fun
tionsabs a
os a
osd asin asind atan atand 
os
osd 
osh deg exp log log10 rad sinsind sinh sqrt tan tand tanhThe de�nition string should look like, NEW : operation(OLD1,OLD2). Noti
e the assign-ment with ':'.Constants are de�ned by a string like, PI=3.142 . Noti
e the assignment with '='.
D.3.1 Espa
e/De�ne/
utDe�ne 
uts n varaibles 
al
ulated on a event-by-event base.
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1d var 1d xmin xmax var 1d C \1d variable string" D=' 'xmin R \low range" D=-100.xmax R \high range" D=100.De�ne a window on a variable. This de�nition results in a logi
al whi
h is TRUE if thevariable value is inside the window and FALSE otherwise. The variable 
an be a s
alar oran array. If it is an array the logi
al is TRUE if the 
ontents of the whole array ful�ll the
ondition.Examples:s
alar 
ut: define/
ut/1d spe
_e.ph_tg -0.03 0.03array 
ut: define/
ut/1d spe
_e.u1.td
 2000 2500define/
ut/1d spe
_e.u1.td
[100;200℄ 2000 2500The last 
ut is performed on the TDC values of wires 100 upto 200.2d var 2d dire
tion par var 2d C \2d variable string" D=' 'dire
tion C \
ut dire
tion" D='above'par C \polynome parameters" D='1,0,0'Possible dire
tion values are:abovebelowDe�ne a region in 2 dimensions. This de�nition results in a logi
al whi
h is TRUE if the
ombination of the values of the 2 variables is on the right side of the given polynomial,whi
h is either ABOVE or BELOW. Again variables 
an be s
alars or arrays.Example:define/
ut/2d spe
_e.ph_tg/spe
_e.th_tg above 0.,1.,0.polygon var 2d �le var 2d C \2d variable string" D=' 'file C \
ut data �le" D='
ut.dat'De�ne a polygon in 2 dimensions. This de�nition results in a logi
al whi
h is TRUE if the
ombination of the values of the 2 variables is inside this polygon.Example:define/
ut/polygon spe
_e.ph_tg/spe
_e.th_tg a

eptan
e.dat

D.4 Espa
e/Spe
traHistograms 
ommands.



D.5. ESPACE/FILE 91save spe
 [ 
ondition ℄ spe
 C \spe
trum list " D=' '
ondition C \logi
al expr" D=' 'De�ne a histogram of a parti
ular variable. In this 
ommand several histograms 
an bede�ned by giving a list of variables separated by 
ommas. After the the variable list a logi
alexpression 
an be given whi
h has to be ful�lled for in
rementing the histograms.Examples:1-dim histogram: spe
tra/save spe
_e.p_kin spe
_e.ph_tg&&spe
_e.th_tg2-dim histogram: spe
tra/save spe
_e.th_fp/spe
_e.p_kinspe
_e.ph_tg&&spe
_e.th_tga 'set/ntuple on' before the last save statement would result in antuple instead of a histogram.1-dim histogram of an array variable:spe
tra/save spe
_e.u1.td
[100;200℄This results in 1-dim histogram 
ontaining the TDC values of wires 100-200.DO I = 1,368ISTA = [I℄ISTO = [I℄spe
tra/save spe
_e.u1.td
[[ISTA℄;[ISTO℄℄ENDDOThis will give you a TDC histogram of ea
h wire in the U1 VDC plane of theele
tron spe
trometer. Noti
e that the KUIP ma
ro language has been used.rotate list rot list C \list of spe
tra" D='1-100'rot I \rotation number" D=1Do not use this 
ommand.write [ list ℄ list C \list of spe
tra" D='1-4999'Save the de�ned spe
tra to a �le. Corre
t syntax for the spe
tra list is e.g. all: save allhistograms, 1-3,10: histograms 1,2,3 and 10. The numbers refer to the histogram HBOOKidenti�er.
D.5 Espa
e/FileMenu 
ontaining 
ommands related to the data �le.
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s
an �le [ �rst last 
hopt rvf ℄ file C \�le name" D=' 'first I \�rst event" D=1last I \last event" D=-1
hopt C \options" D=' 'rvf C \review �le" D='review.dat'Possible 
hopt values are:' 'o �t : Start �tting after s
anning �ler review : review �lew write review : write review report after this �lef format : not rawdata inputl loop : Do not open the �le again but 
ontinue s
anS
an a �le. Start a s
anning session in whi
h the previously de�ned histograms and logi
alsare updated event-by-event with the spe
i�ed �le. In the s
an 
ommand parameters like the�rst interrupt, last interrupts and several options 
an be spe
i�ed.Among the options are for instan
e the possibility to in
orporate the data from this �le inan optimization (spe
i�ed before through a 
alibrate/�t statement) or to spe
ify the formatof the in
oming data.Example:file/s
an file.dat 1 1000 -fIn this example the �rst 1000 interrupts of the �le '�le.dat' are analyzed. The data is not inraw format but spe
i�d by the routine FILTER TIL EOF
review �le [ �rst last 
hopt rvf ℄ file C \�le name" D=' 'first I \�rst event" D=1last I \last event" D=-1
hopt C \options" D=' 'rvf C \review �le" D='review.dat'Possible 
hopt values are:' 'w write review : write review report after this �lef format : input data formatReview the dete
tor 
oin
iden
es. Issueing this 
ommand results in a review �le in whi
ha summary is given of the hit pattern of the dete
tors: how many times did a dete
tor �reand how many 
oin
iden
es and between whi
h dete
tors are there.



D.6. ESPACE/CALIBRATE 93option name name C \option name" D=' 'Exe
ute a USER de�ned 
ommand. The 
ommand �le/option NAME exe
utes the partin the user subroutine OPTION DO linked to the string NAME as de�ned in the usersubroutine OPTION DEFINE.
�lter �le 
ondition file C \�le name" D=' '
ondition C \logi
al expr" D=' 'The name of the �le in whi
h the �ltered data are stored is de�ned here and the LOGICAL
ondition for the �ltering. The data format of the �le is the same as the one of the inputdata.

D.6 Espa
e/Calibrate
This menu 
ontains 
ommands de�ning the optimization to be performed after s
anning aCODA data �le.



94 APPENDIX D. ESPACE REFERENCE MANUALoptimize spe
 [ 
ondition ℄ spe
 C \spe
trum name" D=' '
ondition C \logi
al expr" D=' 'Start an optimization. Possible variables that 
an be optimized:--------------------------+----------------------------------------------spe
_e.dp_kin | Relative momentum after 
orre
tion for| aberations and kinemati
 broadening.spe
_e.th_tg/spe
_e.ph_tg | Re
onstru
ted theta and phi target 
oordinate| of the ele
tron spe
trometer.spe
_h.th_tg/spe
_h.ph_tg | Re
onstru
ted theta and phi target 
oordinate| of the hadron spe
trometer.spe
_e.y_tg | Re
onstru
ted y target 
oordinate of the| the ele
tron spe
trometer.spe
_h.y_tg | Re
onstru
ted y target 
oordinate of the| the hadron spe
trometer.t
_
or | Coin
iden
e time between e and h spe
trometer| after 
orre
tion for time-of-flight and paddle! offsets.e_miss | Missing energy.e_miss/p_miss | Missing energy and momentum for H(e,e'p).spe
_e.s1.ad
_l_
 |spe
_e.s1.ad
_r_
 |spe
_e.s2.ad
_l_
 |spe
_e.s2.ad
_r_
 |spe
_h.s1.ad
_l_
 |spe
_h.s1.ad
_r_
 |spe
_h.s2.ad
_l_
 |spe
_h.s2.ad
_r_
 |spe
_h.s3.ad
_l_
 |spe
_h.s3.ad
_r_
 |spe
_e.s1 |spe
_h.s2 |--------------------------+----------------------------------------------A LOGICAL 
ondition 
an be spe
i�ed for sele
tion of the data to be used in the optimiza-tion.



Appendix EFlow DiagramThe espa
e sour
es were analyzized with the sour
e 
ode analyzer for
he
k. From thatoutput this 
ow diagram was 
reated automati
ally. To date, there are several problemswith that automati
 generation.� external statements and fun
tion de
larations (like real sqrt) in a 
alling routineare treated as a 
all to that fun
tion.� Fun
tions whi
h are parameters in a 
all of another fun
tion are treated as if both are
alled sequentially, rather that the 
alled is exe
uted by the 
alling.� The 
ow diagram may be misleading be
ause due the usage of the kuip interpreter inespa
e routines are not 
alled sequentially. One 
an 
onsider this as an if . . . elseif. . . else . . . endif 
onstru
t.� Some fun
tions should be skipped due to non-relevan
e, e.g. like nospa
 (strippingblanks o� a string).The tree of a 
alled fun
tion is shown only on
e. For subsequent 
alls is referen
ed theposition where the 
omplete tree 
an be found. The literals !"#$%&'()*+,- are used toindi
ate the 
all level and to guide the eye s
rolling through the 
ow diagram.ESPACE 1! READ_ARGLIST 2" IARGC 3" GETARG 4! ESPACE_REG 5" INIT_COOLHANDS 6# NR_ITEMS 7$ GETPIECE 8% NSP1 9% NSP2 10% NSP1 (see 9)95



96 APPENDIX E. FLOW DIAGRAM% NSP2 (see 10)# VARIABLE 11$ VARIABLE_USER 12# MINIT 13# INIT_REVIEW 14# FF_INIT 15$ FF_DEFVARF 16% EXMATCH 17& NOSPAC 18' NSP1 (see 9)' NSP2 (see 10)' NSP1 (see 9)' NSP2 (see 10)% FF_LOCIND 19& EXMATCH (see 17)& VOFCALC 20' CODE_VAR 21( CODE1 22) CONDENSE 23* NOSPAC (see 18)) EXMATCH (see 17)) NON_ANUMERIC 24* NOSPAC (see 18)) NOSPAC (see 18)) NON_ANUMERIC (see 24)) CONDENSE (see 23)) NOSPAC (see 18)) EXMATCH (see 17)( CODE2 25) CONDENSE (see 23)) REVERSE 26) EXMATCH (see 17)) NON_ANUMERIC (see 24)) NOSPAC (see 18)) NON_ANUMERIC (see 24)) CONDENSE (see 23)) REVERSE (see 26)) NOSPAC (see 18)) EXMATCH (see 17)) NOSPAC (see 18)) EXMATCH (see 17)% FF_EVAL 27



97& VAR_FCALC 28' USERVAR 29( FF_EVAL (see 27)( VARIABLE (see 11)( FF_EVAL (see 27)( VARIABLE (see 11)& RPOP 30& VAR_FCALC (see 28)& RPUSH 31% NOSPAC (see 18)% VOFCALC (see 20)% EXMATCH (see 17)% FF_LOCIND (see 19)% FF_INTCHAR 32& EXMATCH (see 17)& FF_LOCIND (see 19)& NOSPAC (see 18)& EXMATCH (see 17)& FF_LOCIND (see 19)% FF_TESTRANK 33& FF_RANK 34% FF_RPN 35& CPOP 36& IPOP 37& FF_IPF 38& FF_RANK (see 34)& FF_SPF 39& FF_IPF (see 38)& FF_SPF (see 39)& IPOP (see 37)& CPOP (see 36)& FF_IPF (see 38)& FF_SPF (see 39)& FF_RANK (see 34)& IPUSH 40& CPUSH 41% FF_ELFUN 42% FF_EVAL (see 27)$ DINFO 43$ FF_DEFVARF (see 16)$ DINFO (see 43)# DEFINE_VAR 44



98 APPENDIX E. FLOW DIAGRAM$ NR_ITEMS (see 7)$ READSET 45% CONDENSE (see 23)% NON_ANUMERIC (see 24)% CONDENSE (see 23)% NON_ANUMERIC (see 24)% DERROR 46# NR_ITEMS (see 7)# USER_INIT 47$ RAN2 48$ CPUBGN 49% INIT_TIMER 50% STAT_TIMER 51% INIT_TIMER (see 50)% STAT_TIMER (see 51)$ RESET_ALLSCALERS 52% RESET_SCALER 53& EXMATCH (see 17)$ RAN2 (see 48)$ VARIABLE_USER_INIT 54% DEFINE_VAR (see 44)# NOSPAC (see 18)# DERROR (see 46)! NOSPAC (see 18)! KUWHAT 55" DEBUG_PARAMETER 56# SETLOG 57$ COMPAR 58% NOSPAC (see 18)$ NOSPAC (see 18)$ COMPAR (see 58)# DERROR (see 46)# SETLOG (see 57)# PLOT_INIT 59# SETLOG (see 57)" SET_PARAMETER 60# GETERR 61# SETLOG (see 57)# CONDENSE (see 23)# DERROR (see 46)# SETLOG (see 57)# SET_BITS 62



99$ CONDENSE (see 23)$ EXMATCH (see 17)$ NON_ANUMERIC (see 24)$ CONDENSE (see 23)$ DERROR (see 46)$ NON_ANUMERIC (see 24)$ DERROR (see 46)$ NOSPAC (see 18)$ EXMATCH (see 17)$ DERROR (see 46)# SETLOG (see 57)# CONDENSE (see 23)# NOSPAC (see 18)# OPEN_FILE 63$ DERROR (see 46)# CLOSE_FILE 64# OPEN_FILE (see 63)# CONDENSE (see 23)# READSET (see 45)# GETERR (see 61)# SETLOG (see 57)# CONDENSE (see 23)# OPEN_FILE (see 63)# DINFO (see 43)# CLOSE_FILE (see 64)# SHORTSTRING 65# DERROR (see 46)# SETLOG (see 57)" DEF_PARAMETER 66# SETLOG (see 57)# DERROR (see 46)# INIT_COOLHANDS (see 6)# SETLOG (see 57)# CRESET 67$ COMPAR (see 58)$ GETERR (see 61)$ MEXIST 68$ COMPAR (see 58)$ MRESET 69% MIDENT 70% MEXIST (see 68)% MERROR 71



100 APPENDIX E. FLOW DIAGRAM% MIDENT (see 70)$ READSET (see 45)$ GETERR (see 61)$ MEXIST (see 68)$ DERROR (see 46)$ MRESET (see 69)# DEFINE_LOGIC 72$ EXMATCH (see 17)$ GETERR (see 61)$ DERROR (see 46)$ CODE_VAR (see 21)$ DERROR (see 46)$ READ_LOGIC 73% EXMATCH (see 17)% GETERR (see 61)% INDX_CUT_SP 74& SAMESPEC 75& DERROR (see 46)% CONDENSE (see 23)% NOSPAC (see 18)% CONDENSE (see 23)% DERROR (see 46)% EXMATCH (see 17)% NOSPAC (see 18)% DERROR (see 46)% CODE_VAR (see 21)% DERROR (see 46)% CODE_VAR (see 21)% DERROR (see 46)% INDX_CUT_SP (see 74)% GETERR (see 61)% DERROR (see 46)% RPN 76& IPF 77& IPOP (see 37)& IRNK 78& ISPF 79& DERROR (see 46)& IPF (see 77)& ISPF (see 79)& IPOP (see 37)& IPF (see 77)



101& ISPF (see 79)& DERROR (see 46)& IRNK (see 78)& DERROR (see 46)& IPUSH (see 40)& DERROR (see 46)$ GETERR (see 61)$ EXMATCH (see 17)$ NOSPAC (see 18)# DEFINE_VARF 80$ FF_INT 81% FF_ELALLFUN 82& FF_ELFUN (see 42)$ FF_LOCIND (see 19)$ DERROR (see 46)$ FF_DEFVARF (see 16)$ DERROR (see 46)$ FF_INT (see 81)$ DERROR (see 46)$ FF_LOCIND (see 19)# GETCUTS_1D 83$ GETERR (see 61)$ CODE_CUT 84% SAMESPEC (see 75)% INDX_CUT_SP (see 74)% CODE_VAR (see 21)% DERROR (see 46)% CODE_VAR (see 21)% DERROR (see 46)% SAMESPEC (see 75)% INDX_CUT_SP (see 74)% DERROR (see 46)$ GETERR (see 61)# GETCUTS_2D 85$ COMPAR (see 58)$ GETERR (see 61)$ CODE_CUT (see 84)$ GETERR (see 61)$ COMPAR (see 58)# GETCUTS_POLYGON 86$ GETERR (see 61)$ SHORTSTRING (see 65)



102 APPENDIX E. FLOW DIAGRAM$ NOSPAC (see 18)$ DERROR (see 46)$ CODE_CUT (see 84)$ GETERR (see 61)" DEF_SPECTRA 87# GETERR (see 61)# CONDENSE (see 23)# DERROR (see 46)# CONDENSE (see 23)# SAVE_IT 88$ GETERR (see 61)$ READ_LOGIC (see 73)$ GETERR (see 61)$ NOSPAC (see 18)$ CODE_SAVE 89% INDX_SAVE_SP 90& SAMESPEC (see 75)% SAMESPEC (see 75)% DERROR (see 46)% CODE_VAR (see 21)% DERROR (see 46)% SAMESPEC (see 75)% INDX_SAVE_SP (see 90)$ GETERR (see 61)$ MAP_CURRENT 91% CH_FUN 92% CH_SP 93& NOSPAC (see 18)% REVERSE (see 26)% MGETERR 94% OUTFILE 95& REVERSE (see 26)& NOSPAC (see 18)& REVERSE (see 26)% CH_FUN (see 92)% CH_SP (see 93)% NOSPAC (see 18)% REVERSE (see 26)% NOSPAC (see 18)% REVERSE (see 26)% DERROR (see 46)% NOSPAC (see 18)



103% MBOOK1 96& MEXIST (see 68)& MIDENT (see 70)& MERROR (see 71)& MROOM 97& MEXIST (see 68)& MIDENT (see 70)& MERROR (see 71)& MDELETE 98' MEXIST (see 68)' MIDENT (see 70)' MINIT (see 13)' MEXIST (see 68)' MERROR (see 71)' MIDENT (see 70)& MERROR (see 71)& MCOMMENT 99' MEXIST (see 68)' MERROR (see 71)% MBOOKN 100& MEXIST (see 68)& MIDENT (see 70)& MERROR (see 71)& MROOM (see 97)& MEXIST (see 68)& MIDENT (see 70)& MDELETE (see 98)& MCOMMENT (see 99)% MBOOK2 101& MEXIST (see 68)& MIDENT (see 70)& MERROR (see 71)& MROOM (see 97)& MEXIST (see 68)& MIDENT (see 70)& MERROR (see 71)& MDELETE (see 98)& MERROR (see 71)& MCOMMENT (see 99)% DERROR (see 46)% MGETERR (see 94)% DERROR (see 46)



104 APPENDIX E. FLOW DIAGRAM$ GETERR (see 61)$ ASSIGN_SPECTRUM 102# GETERR (see 61)# CONDENSE (see 23)# ROTDET 103$ READSET (see 45)$ DERROR (see 46)# CONDENSE (see 23)# WRITEOUT 104$ GETERR (see 61)$ READSET (see 45)$ GETERR (see 61)$ NOSPAC (see 18)$ PREPARE_INFO 105% ICHFUN 106% RCHFUN 107% CH_RPN 108& CH_SPEC 109' CH_FUN (see 92)' CH_SP (see 93)' CH_FUN (see 92)' NOSPAC (see 18)& DERROR (see 46)% CH_SPEC (see 109)% CH_RPN (see 108)% CH_SPEC (see 109)% RCHFUN (see 107)% ICHFUN (see 106)% RCHFUN (see 107)% ICHFUN (see 106)% MCOMMENT (see 99)$ INSERT_HEADER 110% RCHFUN (see 107)% CHANGE_HEADER 111% MCOMMENT (see 99)% NOSPAC (see 18)% RCHFUN (see 107)% NOSPAC (see 18)% MCOMMENT (see 99)# CLOSE_FILE (see 64)# OPEN_FILE (see 63)# GETERR (see 61)



105# MAKE_ALIAS 112$ GETERR (see 61)$ CH_FUN (see 92)$ CONDENSE (see 23)$ NOSPAC (see 18)$ READSET (see 45)$ GETERR (see 61)$ CONDENSE (see 23)$ CH_FUN (see 92)$ NOSPAC (see 18)$ DERROR (see 46)# DINFO (see 43)# DERROR (see 46)" SCAN_FILE 113# GETERR (see 61)# CONDENSE (see 23)# DERROR (see 46)# CONDENSE (see 23)# DERROR (see 46)# DINFO (see 43)# FF_ELALLFUN (see 82)# DERROR (see 46)# INPUT 114$ GETERR (see 61)$ READ_DATABASE 115% NR_ITEMS (see 7)% GETERR (see 61)% SHORTSTRING (see 65)% OPEN_DATABASE 116% CLOSE_DATABASE 117% DINFO (see 43)% DERROR (see 46)% OPEN_DATABASE (see 116)% READ_GEOMETRY 118& CH_FUN (see 92)& DERROR (see 46)& COPY_GEOM_GL 119& COPY_GEOM_SB 120% GETERR (see 61)% CLOSE_DATABASE (see 117)% DERROR (see 46)% NR_ITEMS (see 7)



106 APPENDIX E. FLOW DIAGRAM% DINFO (see 43)% DERROR (see 46)% NR_ITEMS (see 7)% DINFO (see 43)% NR_ITEMS (see 7)% DINFO (see 43)% DERROR (see 46)$ READ_HEADER 121% EXMATCH (see 17)% GETPIECE (see 8)% INI_HEADER 122& GETPIECE (see 8)& READ_HDRLINE 123' GETPIECE (see 8)' DINFO (see 43)' GETPIECE (see 8)' DINFO (see 43)& GETPIECE (see 8)& DINFO (see 43)& GETPIECE (see 8)& DINFO (see 43)& DERROR (see 46)% READ_HDRLINE (see 123)% INI_HEADER (see 122)% DERROR (see 46)% SHORTSTRING (see 65)% DINFO (see 43)% MCGIVE 124& MEXIST (see 68)& MIDENT (see 70)& MEXIST (see 68)& MERROR (see 71)& MIDENT (see 70)% GETPIECE (see 8)% DERROR (see 46)% READ_HDRLINE (see 123)% EXMATCH (see 17)% DERROR (see 46)% EXMATCH (see 17)% DERROR (see 46)$ SETUP_DET_LOGIC 125% EXMATCH (see 17)



107$ DERROR (see 46)$ READ_HEADER (see 121)$ DERROR (see 46)$ HEADER_TO_PROGRAM 126% NOSPAC (see 18)% PROCESS_REACTION 127& REACTION 128' NOSPAC (see 18)' CAPITALIZE 129' SPSET 130' GET_MASS 131( CAPITALIZE (see 129)( ORDERNAME 132( LOOKUP 133' LOOKUP (see 133)& DERROR (see 46)$ SETUP_DET_LOGIC (see 125)$ GETERR (see 61)$ DERROR (see 46)$ READ_DATABASE (see 115)$ GETERR (see 61)$ DERROR (see 46)$ INI_RAWDATA 134% DETMAP_DATASTREAM 135& NOSPAC (see 18)% NOSPAC (see 18)% LOAD_DETMAP 136& INIT_DECODER 137% LIST_DETMAP 138% DETMAP_DATASTREAM (see 135)% DERROR (see 46)% LOAD_DETMAP (see 136)% LIST_DETMAP (see 138)% INIT_RUNCOUNTERS 139$ INI_SPEC_DETECTOR 140% FPP_INIT 141$ INI_SPEC_TRANSPORT 142% POLY 143% CTRANS 144% POLY (see 143)$ SHORTSTRING (see 65)$ NOSPAC (see 18)



108 APPENDIX E. FLOW DIAGRAM$ RESET_ALLSCALERS (see 52)$ PROCESS_DATA 145% FILTER_TIL_EOF 146& INTERPRET_EVENT_COIN 147' READ_CHER_E 148( WHICH_CHER_MIRROR 149' READ_SCINT_E 150( WHICH_SCINT_PADDLE 151' READ_SHOW_E 152( WHICH_SHOW_BLOCK 153( READ_SHOW_COEF 154) SHCAL_COEF_IO 155* NOSPAC (see 18)( WHICH_SHOW_BLOCK (see 153)' READ_VDC_E 156( SELECT_PADDLE 157( GET_FPD_VERTEX 158) CALC_MATRIX 159* POLY (see 143)( GET_POS 160( GET_WIRES 161) RANGAUSS 162* RAN2 (see 48)) HUNT 163) RANGAUSS (see 162)( TDC_COR_INI 164( TDC_COR_TRIG 165) DIST_DET_VERTEX 166) POLY (see 143)) CALC_MATRIX (see 159)) DIST_DET_VERTEX (see 166)) POLY (see 143)( TDC_COR_TX1 167) POLY (see 143)' READ_CHER_H 168( WHICH_CHER_MIRROR (see 149)' READ_FPP_H 169' READ_SCINT_H 170( WHICH_SCINT_PADDLE (see 151)' READ_VDC_H 171( SELECT_PADDLE (see 157)( GET_FPD_VERTEX (see 158)



109( GET_POS (see 160)( GET_WIRES (see 161)( TDC_COR_INI (see 164)( TDC_COR_TRIG (see 165)( TDC_COR_TX1 (see 167)' PULSER_FIRED 172' READ_HELICITY_H 173( SUPERPERIOD_CHECK 174' READ_SCINT_E (see 150)' READ_CHER_E (see 148)' READ_SHOW_E (see 152)' READ_VDC_E (see 156)' READ_SCINT_H (see 170)' READ_CHER_H (see 168)' READ_VDC_H (see 171)' READ_FPP_H (see 169)' READ_HELICITY_H (see 173)' PULSER_FIRED (see 172)& INTERPRET_EVENT_E 175' READ_CHER_E (see 148)' READ_SCINT_E (see 150)' READ_SHOW_E (see 152)' READ_VDC_E (see 156)' PULSER_FIRED (see 172)' READ_SCINT_E (see 150)' READ_CHER_E (see 148)' READ_SHOW_E (see 152)' READ_VDC_E (see 156)' PULSER_FIRED (see 172)& INTERPRET_EVENT_H 176' READ_CHER_H (see 168)' READ_FPP_H (see 169)' READ_SCINT_H (see 170)' READ_VDC_H (see 171)' PULSER_FIRED (see 172)' READ_HELICITY_H (see 173)' READ_SCINT_H (see 170)' READ_CHER_H (see 168)' READ_VDC_H (see 171)' READ_FPP_H (see 169)' READ_HELICITY_H (see 173)' PULSER_FIRED (see 172)



110 APPENDIX E. FLOW DIAGRAM& NOSPAC (see 18)& DERROR (see 46)& INTERPRET_EVENT_COIN (see 147)& INTERPRET_EVENT_E (see 175)& INTERPRET_EVENT_H (see 176)& DERROR (see 46)% GETERR (see 61)% RAWDATA_TIL_EOF 177& INTERPRET_EVENT_COIN (see 147)& INTERPRET_EVENT_E (see 175)& INTERPRET_EVENT_H (see 176)& CORRUPT_SYNCH 178' NOSPAC (see 18)' DERROR (see 46)& INTERPRET_BPM_RAST 179& NOSPAC (see 18)& DERROR (see 46)& NOSPAC (see 18)& CORRUPT_SYNCH (see 178)& CONFIG_PARSE 180& SCALER_UPDATE 181' SUPERPERIOD_CHECK (see 174)' CALC_CHARGE 182' SUPERPERIOD_CHECK (see 174)' DERROR (see 46)' CALC_CHARGE (see 182)& DERROR (see 46)& GET_BCM 183' GET_VALUE 184& INIT_EVENTCOUNTERS 185& EVENT_DECODER 186& DERROR (see 46)& INTERPRET_BPM_RAST (see 179)& INTERPRET_EVENT_COIN (see 147)& INTERPRET_EVENT_E (see 175)& INTERPRET_EVENT_H (see 176)& READ_SPARE 187% DOT3 188% REACTION_Z 189& YTG_ERROR 190' POW 191& TRANSPORT_TO_BEAM 192



111' DERROR (see 46)& YTG_ERROR (see 190)% RAWDATA_TIL_EOF (see 177)% FILTER_TIL_EOF (see 146)% GETERR (see 61)% DERROR (see 46)% FILTER_EVENT 193& DERROR (see 46)% PROCESS_SPECTROMETER 194& SPECTROMETER_RECONSTRUCT 195' VDC_PRESORT 196( ORDER_VDC_WIRES 197( FIND_CLUSTERS 198( VDC_PATTERN 199' VDC_TRACKS 200( FIND_TRACKS 201) SETUP_TREE 202* FIT_TRACK 203+ FDERIV_CLUS 204, DERROR (see 46)+ FUNCTN_CLUS 205, DERROR (see 46)+ CURFIT 206, FCHISQ 207, MATINV 208- DERROR (see 46)- LUDCMP 209- LUBKSB 210, PROTECT 211, FCHISQ (see 207)+ FDERIV_CLUS (see 204)+ FUNCTN_CLUS (see 205)) CLIMB_TREE 212* SAVE_PATH 213) ORDER_PATHS 214) FILL_TRACK 215* LAYER_TO_WC 216+ DERROR (see 46)( TDC_COR_INI (see 164)( TDC_COR_TRIG (see 165)( TDC_COR_TX1 (see 167)( TDC_COR_TX2 217



112 APPENDIX E. FLOW DIAGRAM) POLY (see 143)( TDC_COR_TX3 218( FINECH_FIT 219) POLFIT 220* MATINV (see 208)( FINECH_INTER 221( FINECH_FIT_CL 222) FDERIV_CLUS (see 204)) FUNCTN_CLUS (see 205)) CURFIT (see 206)) FDERIV_CLUS (see 204)) FUNCTN_CLUS (see 205)) CURFIT (see 206)) FDERIV_CLUS (see 204)) FUNCTN_CLUS (see 205)( FIND_TRACKS (see 201)' VDC_VERTEX 223' VDC_VERTEX_GLOB 224' CHERENKOV_PARAMETERS 225( DET_VERTEX 226' SCINT_CORRECTIONS 227( POLY (see 143)( DET_VERTEX (see 226)( POLY (see 143)' SELECT_PADDLE (see 157)' VDC_PRESORT (see 196)' VDC_TRACKS (see 200)' VDC_VERTEX (see 223)' VDC_VERTEX_GLOB (see 224)' CONSISTENT_SC_VDC 228' FP_VERTEX 229( CALC_MATRIX (see 159)' SCINT_CORRECTIONS (see 227)' UPDATE_SCINT_TDC 230' BETA_CALC 231( DIST_DET_VERTEX (see 166)' CHERENKOV_PARAMETERS (see 225)' UPDATE_SCINT_TDC (see 230)' BETA_CALC (see 231)' PLOT_TRACKS_GLOB 232( DERROR (see 46)( DEFINE_TRANSFORMATION 233



113( FRAME 234( LABEL 235' TG_VERTEX 236( CALC_VAR_TG 237( POLY_INV 238) POLY (see 143)( POW (see 191)( CALC_MATRIX (see 159)( CALC_VAR_TG (see 237)( POLY_INV (see 238)( DERROR (see 46)' CALC_COVARIANCE_FPD 239' CALC_COVARIANCE_FPR 240( POW (see 191)' CALC_COVARIANCE_FPT 241( POW (see 191)' ADD_MS_COVARIANCE 242( DIST_PLANE_VERTEX 243( CALC_COVARIANCE_MS 244( DIST_PLANE_VERTEX (see 243)( CALC_COVARIANCE_MS (see 244)( DIST_PLANE_VERTEX (see 243)( CALC_COVARIANCE_MS (see 244)' FPP_TRACK 245( FPP_DRIFT_DIST 246( TRK4 247) TRACKIT 248* SETI 249( FPP_ALIGN_CORR_FRONT 250( FPP_ALIGN_CORR_REAR 251( FPP_ALIGN_SUMS 252( FPP_PLOT_TRACKS 253) DEFINE_TRANSFORMATION (see 233)) FRAME (see 234)) LABEL (see 235)' TOT_SHOWER 254( DET_VERTEX (see 226)( SH_CLU_FIND 255( SH_PRESORT 256% REACTION_Z (see 189)% TRANSPORT_TO_BEAM (see 192)% DOT3 (see 188)



114 APPENDIX E. FLOW DIAGRAM% BEAM_VERTEX 257& ELOSS_ELECTRON 258& ELOSS_HADRON 259& TRANSPORT_TO_BEAM (see 192)& CTRANS (see 144)& NEWANG 260' ROTATE 261( ROTATE3V 262' CTRANS (see 144)' ROTATE (see 261)' CTRANS (see 144)' DERROR (see 46)& EXT_TAR_COR 263' CORRECT_FP 264( CALC_VAR_FP 265( POW (see 191)( CALC_VAR_FP (see 265)( POW (see 191)( CALC_VAR_FP (see 265)' TRANSPORT_TO_BEAM (see 192)' BEAM_TO_TRANSPORT 266( DERROR (see 46)' CORRECT_FP (see 264)' FP_VERTEX (see 229)' TG_VERTEX (see 236)& TARGET_EXIT 267' FLAT_TARGET 268' CIRCULAR_TARGET 269' CYLINDRICAL_TARGET 270& ELOSS_ELECTRON (see 258)& TARGET_EXIT (see 267)& ELOSS_ELECTRON (see 258)& TARGET_EXIT (see 267)& ELOSS_HADRON (see 259)% CALC_KINEMATICS 271& ELECTRON_CALC 272' CONTRACT 273' PMAG 274' PUT4V 275' CONSERVE 276' CONTRACT (see 273)' PMAG (see 274)



115' BOOST 277' PMAG (see 274)' EXTANG4V 278' PMAG (see 274)' CONTRACT (see 273)& SECONDARY_CALC 279' PMAG (see 274)' PUT4V (see 275)' NEWANG (see 260)' CONSERVE (see 276)' EXTANG4V (see 278)' NEWANG (see 260)' PMAG (see 274)' PUT4V (see 275)' ROTATE4V 280( ROTATE3V (see 262)' BOOST (see 277)' EXTANG4V (see 278)' PMAG (see 274)& CORRECT_KINEMATICS 281' POLY (see 143)' POLY_INV (see 238)' DERROR (see 46)' POLY (see 143)% CORRECT_COINTIME 282& CALC_PATHDIFF 283& POW (see 191)& CALC_PATHDIFF (see 283)% REVSUB 284% SCANSUB 285& BOUNDS_I 286& BOUNDS_R 287& INSIDE_POLYGON 288' ANGLE_BETWEEN 289& STACK_CRAWL 290' LPOP 291' DINFO (see 43)' DERROR (see 46)' LPUSH 292' DINFO (see 43)' DERROR (see 46)& USERVAR (see 29)



116 APPENDIX E. FLOW DIAGRAM& DET_SUB 293' DET_SUB_USER 294& VARIABLE (see 11)& INDEX_RANGE 295' INDEX_RANGE_USER 296' DERROR (see 46)& DET_SUB (see 293)& BOUNDS_I (see 286)& USERVAR (see 29)& BOUNDS_R (see 287)& DET_SUB (see 293)& BOUNDS_I (see 286)& USERVAR (see 29)& INSIDE_POLYGON (see 288)& STACK_CRAWL (see 290)& SAVESPEC 297& VARIABLE (see 11)& STACK_CRAWL (see 290)& FILTER_EVENT (see 193)& OPTIMIZE_EVENT 298' IN_EM_WINDOW 299' IN_SP_WINDOW 300( STACK_CRAWL (see 290)' SPECTROMETER_RECONSTRUCT (see 195)' DIST_DET_VERTEX (see 166)' POLY_INV (see 238)' DERROR (see 46)' SPECTROMETER_RECONSTRUCT (see 195)' IN_SP_WINDOW (see 300)' IN_EM_WINDOW (see 299)' POLY_INV (see 238)' DIST_DET_VERTEX (see 166)& INDEX_RANGE (see 295)& DET_SUB (see 293)& BOUNDS_I (see 286)& SAVEDIM 301& USERVAR (see 29)& MFILL 302' MEXIST (see 68)' MIDENT (see 70)' MEXIST (see 68)' MERROR (see 71)



117' MIDENT (see 70)' MLOCK 303( MIDENT (see 70)( MEXIST (see 68)( MERROR (see 71)( MIDENT (see 70)% SHCAL_EVENTS 304% FILTER_EVENT (see 193)$ ACCUMULATE_RUNS 305$ WRITEOUT_ALLSCALERS 306% EXMATCH (see 17)% NOSPAC (see 18)% EXMATCH (see 17)% WRITEOUT_SCALER 307& EXMATCH (see 17)& RCHFUN (see 107)& EXMATCH (see 17)& RCHFUN (see 107)& EXMATCH (see 17)& RCHFUN (see 107)& EXMATCH (see 17)& RCHFUN (see 107)$ ACCUMULATE_RUNS (see 305)$ WRITEOUT_ALLSCALERS (see 306)$ ACCUMULATE_RUNS (see 305)$ WRITEOUT_ALLSCALERS (see 306)$ ACCUMULATE_RUNS (see 305)$ WRITEOUT_ALLSCALERS (see 306)$ PROGRAM_TO_HEADER 308$ DERROR (see 46)# GETERR (see 61)# OPTIMIZE_DO 309$ DERROR (see 46)$ OPTIMIZE_TRANSPORT 310% POLY_INV (see 238)% DERROR (see 46)% FILENAME 311& NOSPAC (see 18)% POLY_INV (see 238)% DERROR (see 46)% CALC_MATRIX (see 159)% TRANSPORTFIT 312



118 APPENDIX E. FLOW DIAGRAM& ALLOCATE_MEM 313& DEALLOCATE_MEM 314& DPKIN_ERROR 315' POW (see 191)& PHTG_ERROR 316' POW (see 191)& THTG_ERROR 317' POW (see 191)& YTG_ERROR (see 190)& FCHISQ_TRANSP_INDV 318& FTEST 319' BETAI 320( BETACF 321) DERROR (see 46)( GAMMLN 322( DERROR (see 46)( GAMMLN (see 322)( BETACF (see 321)& ALLOCATE_MEM (see 313)& NOSPAC (see 18)& DERROR (see 46)& DEALLOCATE_MEM (see 314)& CURFIT_TRANSP 323' FCHISQ_TRANSP 324' PNTR2 325' ALLOCATE_MEM (see 313)' DEALLOCATE_MEM (see 314)' ALLOCATE_MEM (see 313)' DERROR (see 46)' FUNCTN_TRANSP1 326( CALC_VAR_TG (see 237)( POW (see 191)( CALC_MATRIX (see 159)( POW (see 191)( CALC_VAR_TG (see 237)' FUNCTN_TRANSP2 327( CALC_VAR_TG (see 237)( POW (see 191)( CALC_MATRIX (see 159)( POW (see 191)( CALC_VAR_TG (see 237)' FCHISQ_TRANSP (see 324)



119' FDERIV_TRANSP1 328( CALC_VAR_TG (see 237)( FOC_DERIV 329( POW (see 191)( PNTR2 (see 325)( CALC_MATRIX (see 159)( POW (see 191)( CALC_VAR_TG (see 237)( PNTR2 (see 325)( FOC_DERIV (see 329)( PNTR2 (see 325)( FOC_DERIV (see 329)( PNTR2 (see 325)( FOC_DERIV (see 329)( PNTR2 (see 325)( FOC_DERIV (see 329)( PNTR2 (see 325)( FOC_DERIV (see 329)( PNTR2 (see 325)' FDERIV_TRANSP2 330( CALC_VAR_TG (see 237)( FOC_DERIV (see 329)( POW (see 191)( PNTR2 (see 325)( CALC_MATRIX (see 159)( POW (see 191)( CALC_VAR_TG (see 237)( PNTR2 (see 325)( FOC_DERIV (see 329)( PNTR2 (see 325)( FOC_DERIV (see 329)( PNTR2 (see 325)( FOC_DERIV (see 329)( PNTR2 (see 325)( FOC_DERIV (see 329)( PNTR2 (see 325)( FOC_DERIV (see 329)( PNTR2 (see 325)' PNTR2 (see 325)' MATINV (see 208)' PROTECT_TRANSP 331' FUNCTN_TRANSP1 (see 326)



120 APPENDIX E. FLOW DIAGRAM' FUNCTN_TRANSP2 (see 327)' FCHISQ_TRANSP (see 324)' DEALLOCATE_MEM (see 314)& DERROR (see 46)& DEALLOCATE_MEM (see 314)& DPKIN_ERROR (see 315)& THTG_ERROR (see 317)& YTG_ERROR (see 190)& PHTG_ERROR (see 316)& DPKIN_ERROR (see 315)& THTG_ERROR (see 317)& YTG_ERROR (see 190)& PHTG_ERROR (see 316)& CURFIT_TRANSP (see 323)& FTEST (see 319)& CURFIT_TRANSP (see 323)& FCHISQ_TRANSP_INDV (see 318)& DEALLOCATE_MEM (see 314)% DERROR (see 46)% POLFIT (see 220)% LINSOLV 332& DERROR (see 46)& LUDCMP (see 209)& LUBKSB (see 210)% TRANSPORTFIT (see 312)% WRITE_DATABASE 333& DERROR (see 46)$ OPTIMIZE_COINTIME 334% DERROR (see 46)% FILENAME (see 311)% DERROR (see 46)% PATHLENGTH_FIT 335& TC_ERROR 336' POW (see 191)& ALLOCATE_MEM (see 313)& DEALLOCATE_MEM (see 314)& ALLOCATE_MEM (see 313)& NOSPAC (see 18)& DERROR (see 46)& DEALLOCATE_MEM (see 314)& DERROR (see 46)& DEALLOCATE_MEM (see 314)



121& TC_ERROR (see 336)& CURFIT_PATH 337' FCHISQ_PATH 338' PNTR2 (see 325)' ALLOCATE_MEM (see 313)' DEALLOCATE_MEM (see 314)' ALLOCATE_MEM (see 313)' FUNCTN_PATH 339( CALC_PATHDIFF (see 283)( POW (see 191)( CALC_PATHDIFF (see 283)( POW (see 191)( CALC_PATHDIFF (see 283)' FCHISQ_PATH (see 338)' FDERIV_PATH 340( POW (see 191)( PNTR2 (see 325)( POW (see 191)( PNTR2 (see 325)' PNTR2 (see 325)' MATINV (see 208)' PROTECT_PATH 341' FUNCTN_PATH (see 339)' FCHISQ_PATH (see 338)' DEALLOCATE_MEM (see 314)& DERROR (see 46)& DEALLOCATE_MEM (see 314)% WRITE_DATABASE (see 333)$ OPTIMIZE_EM 342% FILENAME (see 311)% DERROR (see 46)% EM_FIT 343& POLY (see 143)& ALLOCATE_MEM (see 313)& DEALLOCATE_MEM (see 314)& ALLOCATE_MEM (see 313)& NOSPAC (see 18)& DERROR (see 46)& DEALLOCATE_MEM (see 314)& CURFIT_EM 344' FCHISQ_EM 345' PNTR2 (see 325)



122 APPENDIX E. FLOW DIAGRAM' ALLOCATE_MEM (see 313)' DEALLOCATE_MEM (see 314)' ALLOCATE_MEM (see 313)' FUNCTN_EM 346( POLY (see 143)' FCHISQ_EM (see 345)' FDERIV_EM 347( POLY (see 143)( PNTR2 (see 325)( POLY (see 143)( PNTR2 (see 325)( POLY (see 143)( PNTR2 (see 325)( POLY (see 143)( PNTR2 (see 325)' PNTR2 (see 325)' MATINV (see 208)' PROTECT_EM 348' FUNCTN_EM (see 346)' FCHISQ_EM (see 345)' DEALLOCATE_MEM (see 314)& DERROR (see 46)& DEALLOCATE_MEM (see 314)& POLY (see 143)& DEALLOCATE_MEM (see 314)% WRITE_DATABASE (see 333)$ OPTIMIZE_HEEP 349% FILENAME (see 311)% DERROR (see 46)% HEEP_FIT 350& POLY (see 143)& ALLOCATE_MEM (see 313)& DEALLOCATE_MEM (see 314)& ALLOCATE_MEM (see 313)& NOSPAC (see 18)& DERROR (see 46)& DEALLOCATE_MEM (see 314)& CURFIT_HEEP 351' FCHISQ_HEEP 352' FUNCTN_HEEP 353( POLY (see 143)' WEIGHT_HEEP 354



123( POLY (see 143)( DERROR (see 46)( POLY (see 143)( MATINV (see 208)' FCHISQ_HEEP (see 352)' FDERIV_HEEP 355( POLY (see 143)' WEIGHT_HEEP (see 354)' MATINV (see 208)' PROTECT_HEEP 356' FUNCTN_HEEP (see 353)' WEIGHT_HEEP (see 354)' FCHISQ_HEEP (see 352)& DERROR (see 46)& DEALLOCATE_MEM (see 314)& POLY (see 143)& DEALLOCATE_MEM (see 314)% WRITE_DATABASE (see 333)$ OPTIMIZE_ADC_SC 357% DERROR (see 46)% NOSPAC (see 18)% WRITE_DATABASE (see 333)$ OPTIMIZE_BETA 358% ALLOCATE_MEM (see 313)% DEALLOCATE_MEM (see 314)% PNTR2 (see 325)% DERROR (see 46)% ALLOCATE_MEM (see 313)% NOSPAC (see 18)% POLFIT (see 220)% PNTR2 (see 325)% FILENAME (see 311)% CURFIT_BETA 359& BOUNDARY_BETA 360& FCHISQ (see 207)& PNTR2 (see 325)& ALLOCATE_MEM (see 313)& DEALLOCATE_MEM (see 314)& ALLOCATE_MEM (see 313)& DERROR (see 46)& FUNCTN_BETA 361' POLY (see 143)



124 APPENDIX E. FLOW DIAGRAM& FCHISQ (see 207)& FDERIV_BETA 362' PNTR2 (see 325)& PNTR2 (see 325)& BOUNDARY_BETA (see 360)& PNTR2 (see 325)& MATINV (see 208)& PROTECT_BETA 363& FUNCTN_BETA (see 361)& FCHISQ (see 207)& DEALLOCATE_MEM (see 314)% DERROR (see 46)% DEALLOCATE_MEM (see 314)% WRITE_DATABASE (see 333)$ OPTIMIZE_VDC_T0 364% NOSPAC (see 18)% DERROR (see 46)% WRITE_DATABASE (see 333)$ OPTIMIZE_VDC_DRIFT 365% NOSPAC (see 18)% WRITE_DATABASE (see 333)$ OPTIMIZE_VDC_TX 366% ALLOCATE_MEM (see 313)% DEALLOCATE_MEM (see 314)% ALLOCATE_MEM (see 313)% OPEN_FILE (see 63)% NOSPAC (see 18)% ALLOCATE_MEM (see 313)% DEALLOCATE_MEM (see 314)% CLOSE_FILE (see 64)$ OPTIMIZE_ADC_CH 367% NOSPAC (see 18)% WRITE_DATABASE (see 333)$ DERROR (see 46)# DINFO (see 43)# SHCAL_DOFIT 368$ SHCAL_COEF_IO (see 155)$ READ_SHOW_PEDS 369$ FUMILI 370% SGZ 371& ARITH1 372& ARITH2 373



125& ARITH3 374% MCONV 375% MONITO 376$ SHCAL_COEF_IO (see 155)$ READ_SHOW_COEF (see 154)# WREV 377# GETERR (see 61)# NOSPAC (see 18)# WRITE_CUT_SUM 378$ NOSPAC (see 18)# CONDENSE (see 23)# FF_ELALLFUN (see 82)# DERROR (see 46)# INPUT (see 114)# GETERR (see 61)# CONDENSE (see 23)# FILTER_IT 379$ GETERR (see 61)$ READ_LOGIC (see 73)$ GETERR (see 61)$ ASSIGN_FILTER 380# GETERR (see 61)# NOSPAC (see 18)# WRITE_CUT_SUM (see 378)# DERROR (see 46)" DEF_CALIBRATION 381# GETERR (see 61)# CONDENSE (see 23)# DERROR (see 46)# CONDENSE (see 23)# OPTIMIZE_IT 382$ GETERR (see 61)$ READ_LOGIC (see 73)$ GETERR (see 61)$ ASSIGN_OPTIMIZE 383% DERROR (see 46)% CODE_VAR (see 21)% DERROR (see 46)% OPTIMIZE_INI 384& DERROR (see 46)& READFIT 385' NR_ITEMS (see 7)



126 APPENDIX E. FLOW DIAGRAM' GETERR (see 61)' SHORTSTRING (see 65)' DERROR (see 46)' NR_ITEMS (see 7)' READ_LOGIC (see 73)' GETERR (see 61)' DERROR (see 46)' NR_ITEMS (see 7)& NOSPAC (see 18)& OPEN_FILE (see 63)% DERROR (see 46)# GETERR (see 61)" PLOTIT 386" USER_EXIT 387# EXVERIFY 388$ NOSPAC (see 18)# CLOSE_FILE (see 64)# WRITEOUT_ALLSCALERS (see 306)# SCALER_HISTORY 389$ NOSPAC (see 18)# OPTIMIZE_END 390$ NOSPAC (see 18)$ CLOSE_FILE (see 64)$ NOSPAC (see 18)# FPP_LAST 391$ DT 392# FPP_PULS_OUT 393# TOD 394# DINFO (see 43)



Appendix F
oolhands Programming Guide
F.1 Con
eptThe 
oolhands[12℄ system is designed to atta
k the problem of s
anning and histogram-ming event-mode data in a 
exible and general way. The program assumes only that thedata 
ontain events in whi
h one 
an de�ne1. the number of words in the event,2. the dete
tor �ring sequen
e (or hitbit pattern),3. a set of variables whi
h the user may wish to histogram and make 
uts upon.If the data 
an be represented in these general terms, then it 
an be s
anned with
oolhands by atta
hing a few simple subroutines. The program is designed so that a user-programmer needs to know very little about the bulk of the program to interfa
e a parti
ularsystem to it.F.2 fortran ComponentsThe exe
utable s
anning program is formed by linking several obje
t �les together. Some ofthe 
omponents have been made into libraries. The following shows the make�le whi
h isused to obtain the exe
utable of a program 
alled analyzer.LOC_HALLA_LIB = /work/halla/
om96/offerman/halla/lib/SunOSLDFLAGS = -L$(LOC_HALLA_LIB)LIBS = $(LOC_HALLA_LIB)/
oolhands.o -l
ool default -lf
al
-lmbook4d -lutil -lvmsFC = f77LINKER = f77MAKEFILE = MakefileOBJS = analyzer.f 127



128 APPENDIX F. COOLHANDS PROGRAMMING GUIDEPROGRAM = analyzerSRCS = analyzer.fall: $(PROGRAM)$(PROGRAM): $(OBJS)$(LINKER) $(LDFLAGS) $(OBJS) $(LIBS) -o $(PROGRAM)The sour
e �le analyzer.f should 
ontain the main program and a group of subroutinesdes
ribing the pro
essing of an event. Further on in this do
ument is des
ribed the 
ontentsof the analyzer.f �le. If the user is not interested in de�ning some of the routines one hasto in
lude the library 
ool_default.f at the end of the library list. It 
ontains a defaultset of user subroutines and by in
luding it in the linking pro
ess, routines not found in theuser �les, will be pi
ked up from here.The obje
t �le 
oolhands.o 
ontains the important routines for s
anning, 
utting andhistogramming the event stream. The user-supplied �le analyzer.f 
ontains all routineswhi
h are spe
i�
 to the data a
quisition of the event stream. In
luded here are an in-put subroutine to read data and interpret the event format and a routine to de�ne andreturn variables for s
anning and histogramming. These routines are des
ribed later in thisdo
ument.The library of default routines 
ool default exists so that options may be added whi
hthe user need not know about. Many of the subroutines whi
h may be in
luded in the userset are not essential and the default routines may suÆ
e. Sin
e obje
t libraries su
h asthis only look for routines whi
h have not been found in the linking pro
ess, the user maysuper
ede any or all of these routines in the user set.The histogram manipulation library mbook4d provides an interfa
e to the 
ern hbookpa
kage for initializing, de�ning, �lling, and storing histograms. The util library 
ontainsvery general routines whi
h are used in many programs. Most of the routines in this libraryare all simple `independent' routines whi
h do not require routines from other libraries.F.3 fortran Unit Numbers and Common Blo
ksThe fortran 
omponents of 
oolhands, ex
luding the user-written subroutines (e.g.,analyzer.f), use the following fortran unit numbers:5 standard program input (stdin)6 standard program output (stdout)29 graphi
al 
ut info are being usedThe following named 
ommon blo
ks are used in the 
oolhands system and should notbe rede�ned by the user.
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ommon �le
ool i 
oolhands/
oolhands.h
ool r
ool 

ool l
ool re
defvars 
oolhands/defspe
.hmbook i mbook4d/mbook.hmbook lmbook smbook 
ommmenu util/util.hf
al
1 f
al
/f
al
.hf
al
passThe problem of dupli
ating subroutine names should be taken 
are of by the 
ompiler.F.4 User-Supplied SubroutinesThe 
oolhands user-programmer must supply a set of routines. All but the �rst two of theselisted below may be in
luded by linking to the default set 
ool_default.f.� input� variable� det_sub.f� filter_
lose� filter_event� filter_open� index_range.f� insert_header� optimize_do� optimize_event� optimize_ini� option_do� option_setup



130 APPENDIX F. COOLHANDS PROGRAMMING GUIDE� user_exit� user_initThe input routine reads the event format for a �le name whi
h is passed. It is 
alledafter a s
an 
ommand. This routine should read a blo
k of data and, for ea
h event, 
all oneor both of s
ansub and revsub. s
ansub makes 
uts and in
rement histograms, whereasrevsub a
quires statisti
s on the data. The routines s
ansub and revsub, whi
h are foundin the main set of 
oolhands routines, 
all the se
ond required user routine variable toget information for a given spe
trum from ea
h event. This routine should 
ommuni
atewith the input routine via user-de�ned 
ommon blo
ks. The routine user_init is 
alledupon program entry and after the 
ommand initialize. Its fun
tion is to initialize thehistogram pa
kage or to begin a 
pu 
lo
k or de�ne names needed for the option 
ommandto work. The routine user_exit is 
alled only after the exit 
ommand and may be used bythe user for mis
ellaneous purposes. For instan
e, one might stop the 
pu 
lo
k and printthe elapsed time. After the return from this routine to the main 
oolhands program, afortran stop is en
ountered. The filter_event and filter_open routines allow the userto a

omplish �ltering.What follows now are examples of the routines the user has to provide to 
oolhandsfor some �
titious data stream.F.4.1 inputSUBROUTINE INPUT(SCANFILE,TEST,SCAN,REVIEW,LOOP,FIRST,LAST)CHARACTER SCANFILE*(*)LOGICAL TEST,SCAN,REVIEW,LOOPINTEGER FIRST,LASTThe fun
tion of this routine is to read the data, interpret the event format, and 
all theproper 
oolhands routines to perform the a
tion desired. s
anfile is name of the data�le to be s
anned. test is a logi
al telling the routine that it is to simply open the �leto test for its existen
e and output an error message if ne
essary before 
losing the �le andreturning. s
an tells whether or not to 
all a 
oolhands routine for ea
h event to s
anthe �le, make 
uts, and a

umulate histograms. review tells whether to 
all the proper
oolhands routine for reviewing ea
h �le to a

umulate statisti
s. See the referen
e 
hapterfor explanations of these fun
tions.The routine should be organized to �rst open the �le, then to return if test is .true. orotherwise to read in a blo
k of data. This data should then enter a loop in whi
h ea
h eventis interpreted and pla
ed into a 
ommon blo
k (e.g., 
ommon /event/) whi
h is shared withthe user-supplied fun
tion variable des
ribed below. This 
ommon blo
k should 
ontainthe number of words in the event, the hitbit pattern, and a list of variables required bythe fun
tion variable. The hitbit pattern is a 32 bit integer in whi
h ea
h bit represents adete
tor and is set if that dete
tor �red. An example of su
h a 
ommon is shown in theexample routine below.



F.4. USER-SUPPLIED SUBROUTINES 131After an event has been de
oded into the 
ommon blo
k within this loop, the user should
all the appropriate 
oolhands routines:IF (SCAN) CALL SCANSUBIF (REVIEW) CALL REVSUBAn example of an input subroutine is shown below.SUBROUTINE INPUT(SCANFILE,TEST,SCAN,REVIEW,LOOP,FIRST,LAST)IMPLICIT NONECHARACTER SCANFILE*(*)LOGICAL TEST,SCAN,REVIEW,LOOPINTEGER FIRST,LASTC This routine reads and interprets the event buffer from interruptC FIRST upto LAST and sends events toC subroutines SCANSUB or REVSUB to either exe
ute desired 
uts in spe
traC or get statisti
s on the data, respe
tively.C SCANFILE........ the name of the event file to be s
annedC TEST ........... a logi
al whi
h, if true, tells the routine toC simply try to open the file, 
lose it, and returnC SCAN ........... a logi
al whi
h, if true, tells the routine toC 
all for ea
h event the routine SCANSUBC REVIEW ......... a logi
al whi
h, if true, tells the routine toC 
all for ea
h event the routine REVSUBC LOOP ........... a logi
al indi
ating whether the routine INPUTC is being 
alled in a loop and therefore the inputC file should not be opened at ea
h entry.C FIRST .......... first interrupt to be analyzedC LAST ........... last interrupt to be analyzedINTEGER NRECORDPARAMETER(NRECORD=500)C The data will be read into the following arrayINTEGER IBLOCK(NRECORD)C To make the example simple, suppose we have fixed re
ords of 500 I*4C words per re
ord and events with a 
onstant length of 100 words. TheC event format will be (1) the number of words in the event, (2) the eventC type, (3) the event hitbit pattern, (4) 32 ad
 words, ea
h 
orresponding



132 APPENDIX F. COOLHANDS PROGRAMMING GUIDEC to a bit in the hitbit pattern, (5) 32 TDC words, ea
h 
orresponding toC a bit in the hitbit pattern, (6) 33 ele
tron words, where the first ele
tronC word is the on-line 
al
ulated fine momentum and other ele
tron words mayC be drift times, ...et
. Ea
h event will be pla
ed into the followingC 
ommon blo
k to be passed to fun
tion VARIABLEINTEGER NWIE,TYPE,HITBIT,ADC(0:31),TDC(0:31),ELE(0:31),FINE_MOMCOMMON/EVENT/NWIE,TYPE,HITBIT,ADC,TDC,ELE,FINE_MOMC mis
ellaneous de
larationINTEGER IWORD,JEVENT,J,NR_EVENTC open the event file to be s
annedOPEN(1,FILE=SCANFILE,FORM='UNFORMATTED',STATUS='OLD',READONLY,&ERR=1000)C if the "test" 
ommand is in effe
t, then it is enough to open the file andC make sure it is there; in this 
ase, 
lose and return.IF (TEST) THENCLOSE(1)RETURNENDIFNR_EVENT=0C read in an event re
ord10 READ(1,END=100,ERR=2000) (IBLOCK(J), J=1,NRECORD)IWORD=0C de
ode the 5 events in the re
ord and "s
an" or "review" ea
h eventDO JEVENT=1,NRECORD/100NR_EVENT=NR_EVENT+1IF (NR_EVENT.GE.FIRST) THENNWIE=IBLOCK(IWORD+1)TYPE=IBLOCK(IWORD+2)HITBIT=IBLOCK(IWORD+3)DO JDETECTOR=0,31ADC(JDETECTOR)=IBLOCK(IWORD+JDETECTOR+4)TDC(JDETECTOR)=IBLOCK(IWORD+JDETECTOR+36)ELE(JDETECTOR)=IBLOCK(IWORD+JDETECTOR+69)ENDDOFINE_MOM=IBLOCK(IWORD+68)C The event is de
oded, now s
an or review:IF (SCAN) CALL SCANSUBIF (REVIEW) CALL REVSUBC move onto the next event in the re
ordIWORD=IWORD+NWIE
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ordIF (NR_EVENT.LT.LAST) GOTO 10C100 RETURNC the following 
alls are to a routine in the MLIB library.1000 CALL DERROR(' Error opening the event file.')RETURN2000 CALL DERROR(' Error reading the event file.')ENDF.4.2 variableREAL FUNCTION VARIABLE(IVAR,IDET,INDX,NWORDS,EVENT HBIT,SETBIT,WEIGHT)INTEGER IVAR,IDET,INDX,NWORDSLOGICAL*1 EVENT_HBIT(*)LOGICAL SETBITREAL WEIGHTThis routine is the fun
tion whi
h returns event variables.ivar spe
i�es the variable type to return by indi
ating the index in 
hara
ter array goodspbelow. The variable type ad
, for example, would be named in goodsp and assignedwithin the routine as variable=ad
(idet), where the ad
 array is 
ontained in theevent 
ommon blo
k. There are two spe
ial 
ases. If ivar is 0, intvar should returnthe number of words in the event. If ivar is less than 0, intvar should return thehitbit pattern.idet is the dete
tor number.intvar returns the integer-variables whi
h spe
ify the hit pattern and the number of wordsin the event.setbit is an output logi
al whi
h tells the 
alling routine if the bit idet was set in the hitpattern for the event. Additionally, spe
ial 
uts may be a

omplished by using setbit.weight is the weight to give the event in a histogram.The variables returned are de�ned in the 
ommon blo
k defspe
, whi
h is the only
ommon blo
k shared with the main program 
oolhands. This 
ommon blo
k is 
ontainedin the in
lude �le defspe
.h.



134 APPENDIX F. COOLHANDS PROGRAMMING GUIDEstru
ture /var_type/
hara
ter*12 nameinteger intbinlogi
al arraylogi
al subdetlogi
al*1 all_det(32),all_det_opt(32)logi
al*1 enf_det(32)real range(2)end stru
turestru
ture /det_type/
hara
ter*80 stringinteger numberend stru
turere
ord /det_type/ defdet(32)re
ord /var_type/ defvar(10)
hara
ter var_txt(10)*80,det_txt(32)*80
ommon /defvars/ defdet,defvar,var_txt,det_txtgoodsp de�nes the names of the spe
tra as they will be identi�ed in input by the user.iadet is an array of integers whi
h spe
i�es allowed dete
tors for ea
h spe
trum; e.g., ifdete
tor 7 is allowed to be asso
iated with spe
trum 4, then bit 7 of iadet(4) will beset.iadetopt is an array of integers whi
h spe
i�es allowed dete
tors for ea
h spe
trum whi
h
an be optimized.range provides low and high limits for ea
h spe
trum. The spe
trum range is used only bythe review fa
ility and as a window for the spe
trum when auto-window is .true..Out-of- bounds variables are not 
orre
ted to the nearest window.intbin is an array whi
h types ea
h de�ned spe
trum as an integer or a real one. If the ithelement of intbin is 1, the 
orresponding spe
trum will be de
lared to be an integerone and thus integer-binning will be done. Otherwise, real-binning will be used. If thespe
trum is set up as an integer one, the values will still be returned in the real variablebut should be trun
ated to an integer number. See the 
oolhands user manual[12℄for a des
ription of ea
h type of binning.The variable ivar in the 
alling sequen
e 
orresponds to the index of dimension NSTYPESfor ea
h of these arrays. Sample data statements to de�ne the spe
tra are:
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','td
','fm','mom',26*' '/DATA IADET / -2 , -2 , 1 , 1, 26*0 /DATA IADETOPT / 30*0 /DATA INTBIN /1,1,1,0,26*0/DATA RANGE / 0.,2047. , 0.,2047. , 0.,2047. , 0.,5. , 52*0. /The above data statements de�ne 4 variables:ad
 is an integer variable within an allowed range of 0 to 2047; it may 
orrespond todete
tors 1-31 but not to dete
tor 0td
 is an integer variable within an allowed range of 0 to 2047; it may 
orrespond todete
tors 1-31 but not to dete
tor 0fm is an integer variable within an allowed range of 0 to 2047; it may 
orrespond to dete
tor0 but not to dete
tors 1-31mom is a real variable with an allowed range of 0. to 5.; it may 
orrespond only to dete
tor0An example of the fun
tion isREAL FUNCTION VARIABLE(IVAR,IDET,INDX,NWORDS,EVENT_HBIT,> SETBIT,WEIGHT)C input: ivar,idet
 output: variable,intvar,setbit,weightIMPLICIT NONEINTEGER IVAR,IDET,INDX,NWORDSLOGICAL*1 EVENT_HBIT(*)LOGICAL SETBITREAL WEIGHTC in
lude the 
ommon blo
k /defspe
/INCLUDE 'DEFSPEC.H'C the following 
ommon blo
k should be shared with the input routineINTEGER NWIE,TYPE,HITBIT,ADC(0:31),TDC(0:31),ELE(0:31),FINE_MOMCOMMON /EVENT/ NWIE,TYPE,HITBIT,ADC,TDC,ELE,FINE_MOMC mis
ellaneous de
larationsREAL UNBIN,CALC_MOMINTEGER ISEEDDATA ISEED/536543/C define the spe
tra
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','Td
','Fm','Mom',16*' '/DATA IADET / -2 , -2 , 1 , 1, 16*0 /DATA IADETOPT / 20*0 /DATA INTBIN /1,1,1,0,16*0/DATA RANGE / 0.,2047. , 0.,2047. , 0.,2047. , 0.,5. , 32*0. /C initialize returned valuesWEIGHT = 1.0VARIABLE = 0.INTVAR = 0.C did the dete
tor IDET fire for this event?SETBIT = BTEST(HITBIT,IDET)C return the appropriate variable for ea
h spe
trum typeIF (IVAR.EQ.0) THENINTVAR = NWIEELSE IF (IVAR.LT.0) THENINTVAR = HITBITELSE IF (.NOT.SETBIT) THENCC Dete
tor did not fire.C ELSECC Dete
tor fired.C IF (IVAR.EQ.1) THENVARIABLE = ADC(IDET)ELSE IF (IVAR.EQ.2) THENVARIABLE = TDC(IDET)ELSE IF (IVAR.EQ.3) THENVARIABLE = FINE_MOMELSE IF (IVAR.EQ.4) THENC the variable unbin spans one 
hannel and simply "unbins" data toC prevent problems asso
iated with binning dis
rete data with bin sizesC not the same as the original binning done by the td
's and ad
's.C Note that a se
ond 
ourse of a
tion 
ould have been taken here. TheC variable "fine_mom" 
ould have set up as an integer variable byC multiplying the a
tual 
al
ulated momentum by a number suffi
ientlyC large to gain the desired pre
ision and then trun
ating it to anC integer value.UNBIN = 0.5*( 1 -2.*RAN(ISEED))FINE_MOM = FINE_MOM+UNBINC the routine "
al
_mom" below should be a routine to take the fine
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trometer field and generate the ele
tron momentumVARIABLE = CALC_MOM(FINE_MOM)ELSESTOP 'Illegal spe
trum type in module s
an'ENDIFENDIFC RETURNENDF.4.3 user initUSER_INIT is 
alled upon program entry and simply de�nes default values for some programvariables upon entry. Other fun
tions (like beginning the 
pu 
lo
k or de�ning names forthe option 
ommand) may be in
luded here. The default routine whi
h is provided in the
ool default library is shown below.SUBROUTINE USER_INIT(AWIND,NDIM,W1,W2,NBIN,DO_NTUPLE)

----------------------------------------------------------------------
 IMPLICIT NONE
 all passed variables are outputLOGICAL AWIND,DO_NTUPLEINTEGER NDIM,NBIN(*)REAL W1(*),W2(*)LOGICAL firstINTEGER jdimSAVE FIRSTDATA FIRST /.true./
 for the 1st time through...IF (FIRST) THEN
 
all a routine to begin a

umulating 
pu and real time (this routine is
 in MENU library)CALL CPUBGN
 set up the names for the option 
ommandCALL OPTION_SETUPFIRST = .FALSE.ENDIF
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 assign default values for windows, \# bins, and as
ii logi
alAWIND = .FALSE. ! autowindowDO JDIM = 1,NDIMW1(JDIM) = 0. ! lower windowW2(JDIM) = 2048. ! upper windowNBIN(JDIM) = 50 ! number of binsENDDODO_NTUPLE = .FALSE. ! multi-dim histograms, no ntuple formatRETURNENDF.4.4 user exitUSER_EXIT is 
alled upon a quit 
ommand and may be used for any purpose. The defaultroutine whi
h is provided in the 
ool default library is shown below.SUBROUTINE USER_EXITIMPLICIT NONEREAL TIMCPU,TIMCLKCHARACTER TIME*8,DAY*8,TEXT*80C find the time of day and stop the 
pu 
lo
k (these routines are in MLIB)CALL TOD(TIME,DAY)CALL CPUEND(TIMCPU,TIMCLK)C WRITE(TEXT,100) TIMCPU/60.,TIMCLK/60.WRITE(6,110) TIME,DAY,TEXTC100 FORMAT(' CPU time (min):',F6.2,' Real time (min):',F6.2)110 FORMAT(' Ending time: ',A,' Ending day: ',A,/A)C RETURNENDF.4.5 filter open, filter event and filter 
loseIf one wishes to �lter data based upon 
ertain 
uts, these routines 
an a

omplish that.filter_open is 
alled to allow the user to open the �lter �le. filter_event is 
alledea
h time an event has passed the spe
i�ed 
uts for that �lter. Multiple �lters may bea

omplished simultaneously. The default routines supplied in the 
ool default libraryare shown below.



F.4. USER-SUPPLIED SUBROUTINES 139SUBROUTINE FILTER_EVENT(IUNIT)IMPLICIT NONEINTEGER IUNITCHARACTER*(*) FNAMEC this entry is 
alled only when the event has passed the 
onditionsC pla
ed upon the filter spe
ified by IUNITRETURNC ENTRY FILTER_OPEN(IUNIT,FNAME)C this entry opens filter filesRETURNC ENTRY FILTER_CLOSE(IUNIT)C this entry 
loses filter filesRETURNENDF.4.6 option doIf the user wished to provide himself with options given during normal 
oolhands input,he may supply this routine to a

omplish that. Calls to option de�ne (a 
oolhands libraryroutine) de�ne the option names (one per 
all), and this routine exe
utes them. The defaultroutine supplied in 
ool default library is shown below.SUBROUTINE OPTION_DO(IOPTION,ARGUMENT)IMPLICIT NONEINTEGER NOPTIONS,IOPTIONPARAMETER (NOPTIONS=20)CHARACTER OPTION(NOPTIONS)*80,ARGUMENT*(*)INTEGER*4 JODATA OPTION/20*' '/C IOPTION gives the option number, and ARGUMENT is its argumentRETURNC ENTRY OPTION_SETUPC This entry should be 
alled from USER_INITC DO JO = 1,NOPTIONS
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