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COSY -TOF

- atypical (medium energy) nuclear physics experiment -

- 40 collaborators from 6 universities

- 1500 channels (ADC, TDC, scaler, clock)
- 100 GB per year

- 2 times 3 weeks of beam time/ year

- variable detector setup

Many parameters change frequently!! Flexibility needed !!




Our Work

Detector development
Detector setup +
Electronics
Trigger
EventBuilder
Online Monitor
RAW-Datato tape +

Nuclear Physics:

- many different skills required
- ‘'nowhere perfect’

Data Calibration .
Data Reduction P
Data Analysis t

PhysRev/Conferences ‘\

Where | have contrib@




Software development : specific problems

different languages (Fortran, C, C++)

many different data samples of varying structure
mini-teams (1-3 persons) working on different beam times
coordination?

how to use, maintain and improve existing code?

how to avoid parallel development?

how to combine the work of al efficiently?
documentation!!



TofRoot

Summer 1999, after a mgjor detector upgrade:

For data calibration and analysis we need more
efficient programming, more team work and more
complex algorithms than in the past.

and how can we achievethis? ...



TofRoot : Aim

1. Main decision:
- ROOT asthe fundamental framework
2. Createa, TOF-framework® with :
- one data format (adefinition) for all beam times
- divide data analysis into (natural) substeps (programs/functions)
- modular code : container classes for each subdetector
- ONE data-base for calibration data (for each beam time)
3. And thisshould be:
- supporting teamwork
- easy to use
- robust
- well documented!!

... who isinthe TofRoot team? ...



of Root : Our Team

Developer and user :
Martin Schulte-Wissermann
Christoph Plettner

User and developer :
Leo Karsch
all new diplomaand PhD students

... what havewe done so far? ...



Our Classes

Index

Ecmbination __.________.
SucheEineSpur .. ..
SucheiweiSpuren ..
AN e RS R S R
Tl=tte ...
TofBazcel ... 2
TofBarrelHit _ ... ______.
TofCal o ii i e -
TofCallata .. ... ........
TofELa=t ot somhrum
TofElasticParticle .
TofEwent
TofEwent Tk .
TofGecData ..
TofHeader
TofHodo
TofHodeClu=ter ... .....
TofHodoHit
TofHodoll=n
TofHodellzullusters

TofHodollzuHit .. ..
TofHodolleuPisxel .. _ ...
TofHodePixel ... ... .....
TofMycrolluster ..
TofMhycroPixel ... ______.
TofMycroStrip ... ... ..
TofMycroStripHit .. ...,
TTORL ST - o oo Al wmempne waaepe
Tofllu=Hit ...
TofObjlouble .
TofParticle .
TofCuicl ...
TofQuiclHit ..
TofChiirlFPiwel

TeERL A e e e
TofRingHit ... ..........
TofRingPixel

TofRStart ...
TofRitartHit

TofScaler _ ... __.__._.
TofScalerData ... ... ...
TofTorte =
TofTorterit ooz il
TofTrackParticle .. ... ..
TafToacks  -2oin sad-dadin]
=14 417 ) of - R Rt DS
TofVet cHit
UFimel
IweiesrRombination ___ ...

Cla== used by UPixel [Pixel reconstruction)
Finds a pixel £rom UPixel and returns pisxel position
Finds two pisels frxom UPiwkel and cetuzns piael positio
Table used by UPixel [Pixel reconstruction)
TH=tte, die Funkticn=s=ammlung

COSY Tof Barrel Detectox

COSY Tof Barrel Detector: Hits

Base class of COSY Tof Calibraticon data base
Data Container of C03Y Tof Calibration data base
2 Particle=s Einematic

Barrel Particle with calilk functs

COSY Tof Event

COSY Tof Event: Tracks

llamed Container for geomtrical constants

CO53Y Tof Event Heade:x

COSY Tof Hodo Detector

min TofHodolluster X- und Y-Lage

COSY Tof Hodo Detector: Hits

COSY Tof Hodoll=u Detector

ezin TofHodolleulluster - X- und ¥-Lage

COSY Tof Hodolleu Detector: Hits

COSY Tof Hodolleu Detector [Cluster giwve Pixel]
COSY Tof Hodo-Detector [Cluster give Pixel)

ein Mycoolluster [(Ring oder Tortel

COSY Tof MycroStrip Detector [(Cluster giwve Pixel)
COSY Tof MycroStrip Detector

CO8Y Tof MycroStzip Detecotr: Hits

COSY Tof lleutron Detector

COSY Tof lleutron Detector: Hit in one =cintillator
Container for collectable doubles

Particle descrition, used by TofElastic

COSY Tof Cuircl Detector

COSY Tof Cuirl Detector: Hits

COSY Tof Cuirl Detector: Pissl

COSY Tof Ring Detector

C08Y Tof Rina Detector: Hits

COSY Tof Ring Detector: Pisel

COSY Tof Mars Detector

COSY Tof Mars Detector: Hits

COSY Tof TofScaler

COSY Tof Scaler: Data

COSY Tof Torte Detector

COSY Tof Torte Detector: Hits

infc on tarack and particle properties

COSY Tof Event =* the tzacks

CO8Y Tof Veto Detectors

COSY Tof Veto Detectors=: Hits

COSY Tof Fisel reconstruction

Cla== used by UPixel [Pixel reconstruction)

Lot apfote: Tha fum 7 17:53:31 2008

containers
calibration data base
function collection
event & track
helpers

... What is TofRoot? ...



ICI

off

private

TofRoot

N

... let'slook at some details ...

ROOT-classos TofRoot-clesses m{ 4 m! on nctions pmgraml' Tools
TObjact TofHsrrg!
TFig TofBsrre it
TTrog Toffing
; TofBnohit TofCail Tofldstin -fon1{_) BAWN ST | Bawliow
TDiractory TofRnoP ivel ControlBsr .
TChain ?%ﬂ.‘ﬁt NbFunctions.so LET2CAL bR
o ; losd ibs.C
TCanvas ToFQuirlPixe! ACahb i
TDsdg TofStart TolCslib skaloton &
TofStartn 2 h
FH1F Toflbvoro Sisrt0Sci| | hisiSloo.C
TGraph Tofléycroldit aAcslib
TofbbyoroPivet |+ -+ +
il Tottiodotit
7L iz Voo [4] o
| | e
THior oftiodo :
TofFodoMouliit
FStopwaich TofHodoMau Pival
T TofMNcuiron
TEvorlist TofMaor onlit
Tofleio
THrowser ToiViotoHit ] /
TofScakar
CINT TofHesoar /ﬁ'
8 e
| fum:tiuns] [ programs [ Macros ]




Container Classes

TofBarrel : public TObject

private :

int t NofBarrel
static TClonesArray fgBarre{Hit

public :
TClonasArray™ GetHits{) const

Double t GetlQdofint t position)

int t GetBarreiTolall)

TClonesArray™ GetHits() const

int t MakeBarreiArray{Double t* car
void Addtiit{Doubie ttdeY, Double t

7, Double t tdc2, Double tqde2, int trss)

Getters for data in ClonesArray

simple functions

.

TofBarreibit
private

Double & frdoi /

Double ¢ fidcZ

Double ¢t  fogdot!

Double t+  Ffgdc2

Double + 5=
public :

ft_t GetSsf)

frt_t GetTdcif)

data

_ only getters

JJ

... what about the calibration data base? ...



... let'slook at our file format ...

TofCa — our data base

TofCal : public TObject l

TFile J
(dallcalib |
void  SetGeometry(Text t*, Doublo. ) dGeometry ]
Double t GetGeomotry(Text_*) dEventLi Stj
int t CreateData(Text t* run, Text_t* name, Int_tentries, Double t* array) r ARunb01 ]
Int t GetDatafText t* run, Text t* name, Double t* array) [ drRun502 ]
int_t AddFunction{Text _t* run, Text t* name, TF1* fun) f AdRun-503 ]

TF1*  GetFunction{Text_t* run, Text_t* name) = =

void  SetEventlList{ TEventList™ inlist) 4[ AdRun/ 04 J

TEventl ist* GoetEventListiToxt t* name)

data are named doubles” and "'named arrays of doubles’
retrieving data through directory and variable "name’




Data Format

TDirectorys storing control histo

| Run574/LST.roof
iz ooy TTrH TLST
| Corx=olFiaeon
| |Pre ToMing TofCuit -1 I = O O I = -
—_ o Do Erowe! BB kgt L] P T i i ¥ ; ? | $
n ...]:l;_f\.-f.l:a:\.l ! P Coarr oy P BT} BN oL e ) E a R T
=1 Rafa =1} g I Erowiit P R v oy E T g‘ E‘
Y T i TofTight hr=1,r LLET, .1
Thicwcc o=y a1 PekT: Luur Pk |l |
I = A i L [t ::: Ty s e
F L I| e [k | e k| dpls
z - e | s | e
H oD s ooy ENCEECNES : EE'
Sl Co--w loe o ' L
1
1
‘ G v o i Lo Ay
Tooi. ol b=l BLETo T
] ol | bl bl
il gt | [rrry
=2 ) P ]e=]

One fixed format for different levels of calibration :
RAW : raw data
LST : (LIST) — some calibration lists applied
CAL : (CALibrated) —al calibration lists applied

... How does this all work together? ...




i progl.C r—m= Walk—, Pedestal-, Binning—data

(raw2lst Je

N\
N

E piog2.C i—pe Barrel Decorrelation data
/f/ (_preg3.C J—me simple cut data

TofCal.root |
Y
T —-
TLS T // Q@—h— subdetector calibration data
M _Pogb T )—im
[ Ist2cal |
TCAL Everything is organized by run number

\\\‘ ... how to manage al these programs ?..

Tracks

Analysis



... high quality of programsis needed, so ...

of Root : Raw2C4d

if [ 666 -eq 1] ; then
RunRAV2LST 551
RUNnRAVRLST 552
RUnRAV2LST 553
RUNRAWRLST 554
RUnRAV2LST 555

RunLeosQui rl Ri ngNus 551 555

cd ./LST2CALt enp

RunLST2CALt enp 551
RunLST2CALt enp 552
RunLST2CALt enp 553
RunLST2CALt enp 554
RunLST2CALt enp 555

e |

N\

#! | bi n/bash

raus=0

nun=$1

if [ -z $num ]
t hen
echo
echo " du MUSST schon ei ne runnumrer angeben!!
raus=1
fi
if [ $raus == 0]
#if [ ! $raus ]
t hen
i npat h="/data | eo/ Jan00_rootfil es/R’
out pat h="/data_martin/Jan00_rootfil es/ R
RAVWE" _RAW r oot "
inﬂle%ﬂmmh$nunN%W
echo
echo ich werde $infile |l esen
LST="_LST.root"

out fi | e=$out pat hEnunsLST

echo und heraus wird $outfile komren

| ogpat h="./ Appl yLi st _l ogfiles/r"
AL="_AL. | o0g"

| ogfi | ename=$l ogpat h$nuntbAL

rm $l ogfi | enane

echo I ogfilename wird $l ogfil ename sein

echo " OK, starte ApplyList_conp fuer run nr. $num*
Appl yLi st _conp $num 0 999999999 $infile SPoutfile > $logfil enamre
f
# das ist der ganze befehl
# Appl yList_conp 599 0 22210000
../ xd2root_nmsw Rootfil es/ R599 RAW root outfile.root intree outtree > r599 AL.lo




TofRoot : set of rules

use ROOT conventions (kXyz, gXyz, fXyz, ...)

use TOF conventions (evXyz, gTofXyz, ...)

robustness is more important than speed

write comments

provide debug info (#ifdef DEBUG ...) in every official code
use official includes, use official libs

nothing hardcoded (get all info out of TofCal-data base)

run number as the ruling parameter

avoid parallel development : converge !!

... but people are lazy ...



TofRoot : set of “enforcements’

e Code development :
fromasimple macro into the official TofRoot environment

1. Macro using rootcint
2. Convert toafull program :
a) provide control histosin xxxlog.root
. b) provide output for logfile
onfiot ceme c) write macrosto easily examine histos
ﬂeeded d) HTML-documentation

3. Implementation into the official TofRoot environment

... thisdl leadsto ...



TofRoot : set of standards

today (June, 2001) we have “frozen* .

e ~ 200 functions
e ~50classes
e fixed file format

..thiswasthe tak on TofRoot. Our wishes...



Our wishes

crossreferencing of THtml output into different directories using
source code which comes from different directories

better info on important changes (e.g. const in v3.00)
(search button for old release notes)
better search method for root homepage

... 0k, let"'scometoan ...



ROOQOT isvery nice, ...
havealot of fun, ...
have a nice workshop, ....

*** Break *** segmentation violation




THE END



What we have learned :

Use C++ featuresfor organisation of software.
Use C++ featuresfor items of general interest (e.g. tools, modules, interfaces,...)

Avoid C++ features when writing calibration and analysis programs (functions) !
example: avoid while((detector->Next())->Eval())

(unlessyou (and all the others) are absolutely sure)

DOCUMENTATION (THtml, but also comments and some written notes)
use ROOT-featureswhere possible (TMath, Histos, random numbers, ...)




