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the simplest HBT analysis

D. Antonczyk, thesis intro

@ Joop over events @ mix events
® make pi-pi- pairs ® make pi-pi- pairs @ divide tru/mix
@ fill a p2-p1 histogram @ fill a p2-p1 histogram
a true pairs 8 mixed pairs . correlation
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real analysis

@ p2-p1is a vector = correlation function is 3-dim
@ pair-y and pair-pt dependent
@ finite two-track resolution - suppress close pairs

@ correction for Coulomb and momentum resolution
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Why experiment-independent?

typical analysis involves:

@® particle momentum and id

@ event, track, pair cuts } 10%
pairing, event mixing )
kinematics
histogramming
projecting, fitting } 90%
Coulomb correction

momentum resolution correction
analysis of HBT radii etc. J

® @ @ @ @ @ @

- Advantage 1: save work
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Why experiment-independent?

Switching between experiments becomes easy, Sso...

® a new method proposed within one experiment

can be immediately applied to others

@ a new analysis can be tested on old data, for which
one knows what should come out

- Advantage 2: cross-semination
and cross-checking
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Why experiment-independent?

Comparing between experiments gets easier because

® same variables

® same representations of results
® same analysis bugs

- Advantage 3: easier comparison
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analysis scheme

result.root
(histograms)

DAnal
DAnalGlobal
DAnalSingle
DAnalCorrel

iESDs.
['24’\' ,’_':,%Est:g;t AlIESDEvent DEvent

DEventAliceESD

Experiment-independent HBT analysis, D. Miskowiec, 19.09.2008 7



event format independence idea inspired

by Alice way handling ESD/AOD

» analysis
o :
\0&\ AliVEvent
o)
)
\’\OQ’ AlIESDEvent AliAODEvent
> ESD events 2 T
AOD events
\\"L\0
o ESD events ——»| AIIESDEvent DEvent analysis

DEventAliceESD
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can at present handle ALICE, CERES, and CBM data

(CERES step3c2 tree) CSEvent DEvent
DEventCeres3c2

[ runxxx_burstyyy.root

(histograms)

result.root ]

AliESDs.root DAnal
[ (ALICE tree) AlIESDEvent DEvent DAnalGlobal
] DAnalSingle
DEventAliceESD DAnalCorrel
[ auau.25gev*.reco.lit.root DEvent
(CBM tree)
DEventCbm
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will be extended to some others

| FOPI tree (FOPI Experiment at SIS)
runxxx_burstyyy.root
(CERES step3c2 tree) CSEvent DEvent
DEventCeres3c2 result.root
(histograms)
AlIESDs.root ] DAnal
[ (ALICE tree) AlIESDEvent DEvent DAnalGlobal

DAnalSingle

DEventAliceESD DAnalCorrel

auau.25gev*.reco.lit.root DEvent
(CBM tree)
DEventCbm

[ UEvent tree ]7 (United Generators)
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United Generators project at GSI, 2005-2008

00
00

ascii

root file

ascii

asci

asci

Yenus file

root file

Pythia
in raagt

root file

roat file

root file

root file

i

Hijing

root file

roat file

in raat
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translates outputs from various
event generators to a common
event format

Pythia decay

HBT
afterburner

marm resol
acceptance
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http://wiki.gsi.de/cgi-bin/view/Personalpages/UnitedGenerators
http://wiki.gsi.de/cgi-bin/view/Personalpages/UnitedGenerators

analysis part

result.root
(histograms)

DAnal
DAnalGlobal
DAnalSingle

< \ DAnalCorrel

| DEvent I
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pair loop and histogramming in DAnalCorrel

£# loop over pairs

for (int i=0; i<evl-:NParticles(); i++) {

1f (lewl-:ParticleGood(1i, fP1d0)) continue;

for (int 7=0; j<evl-:NParticles(); J++) {
if (evl==ewvl &% phirot==0 &% j==1) continue;
1f (ewl==evl %% phirot==0 && j<1 &% fPi1d0==fP1dl ) continue;
1f (lewl-:ParticleGood(j, fPidl)) continue;
ftPa. Setl(fMass0, evl-:ParticleF (1), evl->ParticleThetaii), ewl->ParticlePhi(1));
fPa. Setl (fMassl, evl-:ParticleP (j). evl-:ParticleTheta (). evl->ParticlePhi () +phirot) ;
1f (ewl==evl %% phirot==0 && fPi1d0==fPi1dl &% ran. Rndm()>=0.5) fPa. Swap();
fPa. CalcLaE () ;
fPa. bheta = fPa.heta; // CM will mean palr c.m. s.
tPa. CalcCH() ;

| double phi = TWectorZ::Phi mpi pi(fPa-:p.Phi () -cpphi);
fPair->Fill(flag, A4 0 for tru, 1 for mix, 2 for rot
cent, £ centrality
fPa->p. Rapidityi), A4 pair rapidity
phi, £f pair phi wrt reaction plane
fPa-»p . PE() /2.0, /74 half of pair pt
fPa- »QCMTheta ). £# polar angle of 0
tPa-»QCHFhi (), A/ azimuthal angle of 0
fPa->QCH ), AL pe-pl] 1n c.om. s,
1.0%; £f weigth
ki
h
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Resulting correlation functions are stored

in an 8-dimensional histogram

tru/mix/rot 3 bins
centrality 5 bins
pair y 4 bins
pair phi wrt. event plane 8 bins
pair pt 7 bins
qg-polar angle 8 bins
q-azimuthal angle 16 bins
q-magnitude 64 bins

P. Danielewicz's dream: two-particle tensor!
Complete info, like pair ntuple -- but binned.

27,525,120 bins, 210 MB. Too big?

Experiment-independent HBT analysis, D. Miskowiec, 19.09.2008 14



for comparison: traditional way of histogramming

for (fl=0; f£fl<Z; fl++) {

for (pp=0; pp<5; pp++) |

for (th=0; th<3; th++) {

for (ph=0; phil; ph++) {
sprintf (myst, ' %S%d%d%d%S%S Zs", trm1 [£1], pp, th, ph, pnam [10], pnam[11]. "qinw") ;
hl[fl][pp][th][ph][1D][11][D] = new TH1D(myst, myst, 500, 0,5);
sprintf (myst, "Es%dididEs%s %s", tomi[£1], pp. th, ph, pnam [10], pnam[11], "minw") ;
hl[fl][pp][th][Ph][lﬂ][ll][l] = new THID (myst, myst, 500, 0,5 ;
sprintf (myst, "Es2d2d2d%s%s =", trma [£1]. pp. th. ph, pnam [10], pnam[11], "dtheta:dphi") ;
hE[fl][pp][th][Ph][1D][11][D] = new TH2D (myst, myst, 50, -250, 250, 50, -50, 50} ;
sprintf (myst, "Fs2dedzdzsss %=, tomi [£1]. pp, th, ph, pram [10], pnam[11], "gper: gpac");
hE[fl][pp][th][ph][1D][11][1] = new TH2D (myst, myst, 20, 0.0, 0. 2, 40, D.E,D.E};
sprintf (myst, "Es%d2d2dEs%s %s", tomi [£1], pp. th. ph, pnam [10], pnam[11], "gout: gside: glong") ;
h3[f1] [pp] [th] [ph] [10] [11]T0] = new TH3D(myst, myst, 30, -0.15, 0,15, 30, -0. 15, 0. 15,30, -0. 15, 0. 15} ;

et et Mt

array of histograms, same size, less convenient handling
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some results

® CERES/SPS PbAu 158 AGeV exp 24k

® ALICE/LHC pp sqrt(s)=10 TeV sim 400k

® CBM/SIS300 AuAu 25 AGeV sim 44k
disclaimer:

® no (serious) particle identification
@ no two-track cut
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ALICE global variables
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Qy (Ga\v)

CERES global variables
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CBM global variables

Enfries

|| I.i. ...i. I..i.. 1 I..i. I..i. ..I. -| L L
O 500 1000 1500 2000 2500 3000 3500 4000 4500 ¢ 01 02 03 04 05 06 0¥ 0B 008 1
multiplicity centraliby

Qy (Ga\v)

1 w5 _© 05 1
normalized z-vartax

Experiment-independent HBT analysis, D. Miskowiec, 19.09.2008 19



ALICE singles
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CBM singles
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ALICE correlations (projections)
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CERES correlations (projections)
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CBM correlations (projections)
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CERES correlations (denominator by event mixing)

kuku.root'cnn
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CERES correlations (denominator by rotating)
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ALICE correlations (denominator by rotating)

(1.2 M event, actually)
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CBM correlations (denominator by event mixing)

chm-interac150-199 rooticnn

30 0.50=y=1.25 1.35ay=2.00 2.00=y=275 2 75=y=3.50 all y's

c2

Et { 0.00<kt<0.10

{ 0.10<kt<0.20

{ 0.20ki<0.30

{ 0.30<kt<0.50

| 0.50<ki<1.00

N S TR S— E S TS S E SU— AU S S— TR S— E S— TR S—

T R S e T S T e I

c2

Y] T S — G — S S— E S— S S S— S — L — S —

ﬂ.Duuuuiuuuuluuuu:uuuu ||||I||||:|||| ||||I||||:|||| ||||I||||:|||| ||||I||||:
0 0.1 0.2 0 0.1 0.2 0 0.1 0.z 1] 0.1 0.2 1] 0.1 0.2 0.3

q (Ge\ic) q (GeV/ic) q (Ga\Vic) q [(GaVic) q (GeWic)

Experiment-independent HBT analysis, D. Miskowiec, 19.09.2008 29



summary: main features of this analysis

@ experiment independence > easy comparison
® multidimensional histograms > efficient storage of results

@ simplicity - easy debugging, good for quick start
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what | like most in this analysis: it is short

® analysis part: 1397 lines of code
® ceres3c2 interface: 143 lines of code
@ alice ESD interface: 99 lines of code
+ analysis task 130 lines of code

® cbm interface: 131 lines of code
1900 lines of code
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DEventAliceESD

o

ESD events ——»| AIIESDEvent DEvent analysis

DEventAliceESD

class DEwventAliceESD : public DEwvent, public AliESDEwent |

public:
DEventaliceESD () ;
wirtual ~IEwventhliceEsSD () ;

wold attachTree (TTree *tr) {ReadFromTree(tc);}

void CopyFromiconst AliESDEvent& source); /F shallow import of ewvent

Bool t Good() const;

Double £ Centrality() {return 0 9999+exp (-NParticles () /20.0);} /f OE for pp

wold EP (Double t &gz, Dovble t &gy) const {ge=0; gy=0;}

Double £ Zwer () const {return ALiESDEwvent::CGetPrimaryVertex() -:>Getiw () 5. 0;}

Int t NParticles() const {return AliESDEvent: :GetMumber0fTracks () ;}

Bool t ParticleGood (Int £ 1, Int £ pidi) const;

Int t ParticleSign{Int t 1) const {return 1; /S to be fixed}

Dovhle t ParticleP (Int t 1) const {return AliESDEwvent: :GetTrack (i) -:GetConstrainedPacam () ->P () ;}

DnublE:t ParticlePhi (Int t 1) const {return AliESDEwvent: :GetTrack (1) -:GetConstrainedParam() -:Phi();
Double ParticleTheta(Int t 1) const {return Al1ESDEwvent::GetTrack(i)-:GetConstrainedParcam()->Theta();}

ClassDef (DEventAliceEsD, O)
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DAnalCorrel.h

class DAnalCorrel : public Danal |

public:
DanalCorrel (Char t *nam="correl", Int t pid0=0, Int t pidl=0); S/ constructor
virtual ~DAnalCorrcell); Ff destructor

£ process one (tru) or two (mix) events
vold Process(Int t tmr, DEwvent *ewvl, DEwent *ewl, Double t phirot);

protected:

Int t fE1d0; A# particle species 0

Int & fP1dl; A4 particle species 1

Double t fMassl; A& mass 0

Douvble t fMassl; A4 mass 1

DPaic____ fPa; A4 pair buffer for calculations

A& pair multi-histogram

nt_t flag, Double £ cent, Double &£ rpphi, DPair +pa);
A4 £111 pair histograms

alCorrel, 1)

8-dimensional histogram
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multidimensional histogram class DHN

424 lines of code

class DHN : public THID {

public:

DHN () ; £ default constructor

ODHN (Char t *nam. Int t ndim, Thxis **ax); /S constructor from scratch
DHM (Char t *filename, Char t *name); £f constroctor from file
wirtual ~DHN() ; Ff destructor

Int t GetNdim() {freturn £Ndim; }

Taxis *Getdxis (Int £t 1) freturn &fhxis[i];}

vold Fi1ll{Dovble &£ *xzx, Double t y=
void Fill(Doukle t x=0=0, Double t x1
Double t x%2=0, Double t 3

Double t x4=0, Double £ =G

Lt =T

£t =0

|—I.

i nnn=—

I:ll:lI:ll:lI:l"-

A4 £11l histo

Dovhle t xA=0, Douhle
Double t x8=0, Double
Douvble t =x10=0) { A4 F11l histo; fWNdim-th arg i1s weight
Double t zoc[fMacdldim+l] = {=0,=x1, =2, x3, x4, =6, =6, =7, =8, =9, =10} ;
Fill (7o, zoc[fNAim] ) ;
Int £ Write(); FfF sawe histo and axis on file
Int t Write(const char *, Int t, Int t) freturn Write();}
A4 project along (integrate owver) one axis
DHM *Projectilong(char *nam, Int t dim, Int £ first=-1, Int £t last=-1);
Af project on 1-dim histogram
TH1D *ProjectOn{char *nam, Int t dim, Int £t *first=0, Int t *last=0);
A4 project on 1-dim histogram
THI1D *ProjectOn{char *nam, Int t dim, Double £ *first, Double £ *last);
A4 project on 2-dim histogram
THZD *ProjectOn{char *nam, Int £ dim0, Int t diml, Int t *first=0, Int t *last=0;
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pt fluctuation intro, CERES data

Pb+Au at 158 GeV per nucleon Georgios Tsiledakis
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CBM pt-fluctuations
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