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Existing CBM KFParticle

Evt Gen

|

GEANT

l run_tra.C

Digitisation

l run_digi.C

L1 reco.

l run_reco.C

KFparticle

Input files form simulation and reconstruction chain

total 1.5
-rW-r--r--.
-rW-r--r--.

-r'w-r--r--.
-r'w-r--r--.
-r'w-r--r--.

zyingjie 262K Oct 14:39 00001.geo.root
zyingjle /61IM Oct 14:39 00001.tra.root
zyingjle /3M Oct 14:39 00001.par.root
zyingjle 290M Oct 14:39 00001.raw.root
zyingjle 483M Oct 14:43 Q0001.reco.root

Code location: cbmroot/reco/KF

CMakelL1ists.txt
CbmKF . cxx

CbmKF . h
CbmKFFieldMath. cxx
CbmKFFieldMath.h
CbmKFH1t.cxx

CbmKFH1t.h
CbmKFMaterial . cxx
CbmKFMaterial.h
CbmKFMath. cxx
CbmKFMath.h

CbmKFParticleFinder.h
CbmKFParticleFinderPID. cxx
CbmKFParticleFinderPID.h
CbmKFParticleFinderQa. cxx
CbmKFParticleFinderQa.h
CbmKFParticleInterface. cxx
CbmKFParticleInterface.h
CbmKFP1ixelMeasurement. cxx
CbmKFP1ixelMeasurement.h
CbmKFPrimaryVertexFinder. cxx
CbmKFPrimaryVertexFinder.h

CbmKFParticleFinder.cxx CbmKFSecondaryVertexFinder.cxx

CbmKFSecondaryVertexFinder.h KF.cmake
CbmKFTrackInterface.cxx KFLinkDef .h
CbmKFTrackInterface.h KFParticleInterface.cmake
CbmKFUMeasurement. cxx KFParticleInterfacelLinkDef.h
CbmKFUMeasurement.h KFQA
CbmKFVertexInterface.cxx KFQA. cmake
CbmKFVertexInterface.h KFQALinkDef .h
ComKfFitTracksTask. cxx ParticleFitter
CbmKfFitTracksTask.h obsolete
CbmKfTrackFitter.cxx

ComKfTrackFitter.h

Interface




Existing CBM KFParticle

kf_kfparticle.C

cbmroot/macro/KF/kf_kfparticle.C

s
s

s
Y, //WY tune for SIS300

+}
i3

kfParticleFinderPID->SetCuts(cutsSIS100);
}

GEANT

run traC kKfParticleFinderPID->UseMCPID();

}

. g . ->AddTask(kfParticleFinderPID);
Digitisation o |

- - KF Particle Finder
ru n d Ig I . C CbmKFParticleFinder* kfParticleFinder = new CbmKFParticleFinder();
T kfParticleFinder->SetPIDInformation(kfParticleFinderPID);
if (1Decay > -1) kfParticleFinder->UseMCPV();
1f (superEvent) kfParticleFinder->SetSuperEventAnalysis(); // SuperEvent

L1 reCO- run->AddTask(kfParticleFinder);

KF Particle Finder QA
run reCO.C CbmKFParticleFinderQa* kfParticleFinderQA =
— new CbmKFParticleFinderQa( , U, kfParticleFinder->GetTopoReconstructor(), histoFile.Data());
. kfParticleFinderQA->SetPrintEffFrequency(nEvents);
KFpart|C|e if (superEvent) kfParticleFinderQA->SetSuperEventAnalysis(); // SuperEvent

kfParticleFinderQA->SetEffFileName(effFile.Data());

if (1Decay > -1) {
TString referenceResults = srcDir +
if (useDetectorPID) referenceResults +=

kf_kfpartiCIelC elrsﬂzferenceResults += ;

kfParticleFinderQA->SetReferenceResults(referenceResults);
kfParticleFinderQA->SetDecayToAnalyse(iDecay);
kfParticleFinderQA->SetCheckDecayQA();

¥
run->AddTask(kfParticleFinderQA);
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Existing CBM KFParticle

CBM Class used:
Event: ComEvent, CbmVertex,
FairMCEventHeader

PID: CbmStsTrack, ComTofHit, ComTrdTrack

Environment:
CBMRoot installation required

Pl D \ CbmKFParticleFinderPID.h
k CbmKFParticleFinderPID.cxx
tracks
l : : CbmKFParticleFinder.h : _
- KF ticl k Particle Finder CbmKFParticleFinder.cxx external KFParticle:
' F)Eaj‘ IC: 63 ....... e/cbmroot_kfcbm/cbmroot/external/KFParticle > 1
reco. particles KFLinkDef . f
‘ CMakelL1ists.txt
it
LI Ctxt
k (:)/Q\ KFParticleTest

: KFParticle
8 KFParticlePerformance




Output: Histograms

Existing CBM KFParticle

CBM Class used:
' Evt Gen Event: CbmEvent, CbmVertex, —
1 FairMCEventHeader g
PID: CbmStsTrack, ComTofHit, ComTrdTrack
GEANT ~
-

J Environment:
CBMRoot installation required

Digitisation

1 { PID > | CbmKFParticleFinderPID.h

CbmKFParticleFinderPID.cxx
- L1 reco. tracks
l : : l CbmKFParticleFinder.h
. t Part|C|e Flnder CbmKFParticleFinder.cxx
- KFparticle |-------

reco. particles

v

Q A CbmKFParticleFinderQa.h
l | ) CbmKFParticleFinderQa.cxx

_
]
_
_
]
]
]

\_




CBM AnalysisTree

® Reduce amount of used disk space - store only needed information for analysis

-rw-r--r--. 1 nobody cbm 105M Sep ©6 21:41 00001.analysistree.root

® |[nclude analysis-level information not available at the reconstruction stage

Detector PID
Centrality Centrality integration to AnalysisTree

Event plane

e Centrality estimator based on selected track multiplicity (simple 1D slicing)

Day-1, GEANT3 ar:;i;es 150809928 *M.inimtzxm tl;a;:k quality selection:
Std Dev 100.6 X Vertex
¢ NMVD+STS >4
: e Indf<3 o . .
¢ GOal : develo P code to . 02<y<6 first iteration: to be improved!

read AnalysisTree for
KFParticle
reconstruction

*Renaming convention:

° rTee, RecEventHeader — aTree, AnaEventHeader

e additional field: AnaEventHeader.centrality_tracks (centrality %)

1 1 I 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1
100 200 300 400 500 600 700
M ood

° AT files including centrality estimator can be found here:
[/Iustre/cbm/users/fkornas/mc/data/reIease/juI25_patches/phq md52_winn/geant3/auau/pbeam12agev/mbias/small_clusters/day-1 ]

/lustre/cbm/users/fkornas/mc/data/release/jul25 patches/phgmd52_winn/geant3/auau/pbeam12agev/mbias/small_clusters/cfv
/lustre/cbm/users/fkornas/mc/data/release/jul25 patches/phgmd52_winn/geant4/auau/pbeam12agev/mbias/small_clusters/day-1
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AnalysisIree + KFParticle

e Code adapted from Oleksii Lubynets:

Environment: cbmroot/analysis/common/at_kfpf_interface

AnalysisTree, KFParticle

e.g. Event: ComEvent, ComVertex,
FairMCEventHeader
PID: CbmStsTrack, ComTofHit, ComTrdTrack

J Current version includes:
Transferred to e MC and Detector PID
AnalysisTree framework e KFParticle Reconstruction
Event: RecEventHeader ® MC-reconstructed matching
PID: SimParticles, VtxTracks, TofHits e QOutput: Tree and histograms




| H
AnaIySIS I ree + KI I al l ICIe void run_at_kf(int nEntries = -1, const std::string& dataset = "00001", const std::string&

ATTree = "aTree")

{
ATKFParticleFinder man;
std::string Dir = "/lustre/cbm/users/fkornas/mc/data/release/jul25_patches/phgmd52_winn/geant3/

E nvi ro n m e ntl auau/pbeaml2agev/mbias/small_clusters/day-1/AT/" + dataset;
u std::cout << Dir.c_str() << std::endl;

- - const std::string ATFile = Dir + "/" + dataset + ".analysistree.root";

AnaIySISTree KF Pa rtlcle man. SetOutputFileName(dataset) ;
9y man.InitInput(ATFile.c_str(), ATTree.c_str());

man.InitOutput(std::string(dataset + ".kfpftree.root"));
man.SetPIDMode(2);
man.AddDecayToReconstructionList
man.AddDecayToReconstructionList( 3122);

man.AddDecayToReconstructionList( -3122);

( 310 );

(

(
man.AddDecayToReconstructionList( 3312);

(

(

(

e.g. Event: ComEvent, ComVertex,
FairMCEventHeader
PID: CbmStsTrack, ComTofHit, ComTrdTrack

Tra n Sfe rred to man AddDecayToReconstructionList

man.AddDecayToReconstructionList( -3312);
man.AddDecayToReconstructionList( 3334);
man.AddDecayToReconstructionList( -3334);

3003
3103
3004
3005

man.AddDecayToReconstructionList

3007
3008
3009
3012

A I = T f k man.AddDecayToReconstructionlList
na ySIS ree ramewor man.AddDecayToReconstructionList
man.AddDecayToReconstructionlList
man.AddDecayToReconstructionlList

( N
( -
( -
( -
man.AddDecayToReconstructionList( 3006);
( -
( -
( -
( -

Event: RecEventHeader
PID: SimParticles, VixTracks, TofHits

man.AddDecayToReconstructionList( 7003112);
man.AddDecayToReconstructionList( 7003222);
man.AddDecayToReconstructionList( 7003312);

man.AddDecayToReconstructionList( 113 );
man.AddDecayToReconstructionList( 333 );

Easily to run: root -l run_at_kfpf.C v
Input: analysistree.root

.SetChi2Cut2D(3.);
SetLdLCut2D(5.);

Output. Reconstructed particle topological +
.SetChi2TopoCutCharmManybodyDecays(5.);
- . .SetChi2CutCh M bodyD (6.);
daughter + MC information et oy a2
.SetPrintEffFrequency(999);
.Run(nEntries);




Result from AnalysisIree + KFParticle
e Qutput histograms (same as CBMKFParticle)

streamernfog M@ IM1g[M1g[MigIMigIvig|viigIvigvig|vi1g v XI- M
M
x10° Lambda M 3000 Entries 29526
M B Mean 1.422
B Entries 8142306 B Std Dev 0.1807
300+ Mean 1.295 -
B Std Dev 0.2042 2500__
. B i
- 2501~ 2000}
i B u
= - u
~ B - H3L i M
200 1500 | v
- - - Entries 710
150 B Lambda/Efficiency/Reconstructed daughters p, [GeV_/c 1000 u 90 Mean 3296
- - N n Std Dev 0.3202
= %) - i Ent - .
™ c 1 i 80—
— ) — Me: . ~
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B EOQ — Me: - 70 B
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- 0.8 Std B _
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Result from AnalysisTree + KFParticle

Tree:
e Option to save data in the same structure as the PFSimple
tree (AT format)

4 HeavylonAnalysis / PFSimple ' Public

8, (5, 5. S
o

Ongoing...

L)
L)
0 -

e (Option to store an additional ROOT tree containing:
- Mother MC information: Primary or secondary

- Daughter MC information

- Daughter track IDs

PF Simple

chi2geo

chi2_prim_first

chi2_prim_seond

chi2_topo

cosine_first

cosine_second

cosine_topo

distance dca betwen daug
l decay lenght

dl uncert. of

PX vO0 momentum

Py

Pz

X dca of VO

y

Z

pid mc pid (assumed|
daulid id of first daughte
dau2id id of second daug

*Table from Daniel
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Results from AnalysisIree + KFParticle

e |Lambda at different centrality

AT: /lustre/cbm/users/fkornas/mc/data/release/jul25_patches/phgmd52_winn/geant3/auau/pbeami12agev/mbias/

small_clusters/day-1 - Yields are consistent with model

x10° x10° x10°
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8 (o) 15 -~
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4F o 3 -
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Results from AT + KFParticle

e |nput from UrQMD AT testing file from Frederic
dataset: ~100*1000 events

unigen: /lustre/cbm/users/tkornas/mc/data/release/jul25_patches/urgmd/day-1/unigen
AT: /lustre/cbm/users/fkornas/mc/data/release/jul25_patches/urgmd/day-1/AT/

35000

TOF m2 PID (I)

30000

25000

20000

15000

10000
PID, Reco

- —— MC, N=162 0

|III|I
.06 1.08 11

R T N T CH N TR NN U MO T WO RV

-10

-5

0

5

10

p (GeV/c)

|

—
o
N

—
o
w

—
o
n

10

¢ candidates daughters’ MC PDG

EPEERVEERL. Significant combinatorial

background and mis-PID

- K‘ T eefu’ tt K*
§I_ | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
~300 —200 ~100 0 100 200 300
PDG ID
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Results from AT + KFParticle

e |nput from UrQMD AT testing file from Frederic

dataset: ~100*1000 events
unigen: /lustre/cbm/users/tkornas/mc/data/release/jul25_patches/urgmd/day-1/unigen
AT: /lustre/cbm/users/fkornas/mc/data/release/jul25_patches/urgmd/day-1/AT/

14000
i MC PID cl)
12000+
10000 e
: /" gaus + pol2 . . .
8000¢ A J P The fit overestimates the yield
6000 S compared to MC input —
; results not reliable
4000
_ MC PID, Reco /
2000 ——— N=287049.7:536.
- TR 7500 A more robust background
B A I R, R l L] _|| IVIICI, IY=:|301861.0

R estimation is heeded

_ L0 L1 1 L1
098 1 1.02 1.04 106 1.08 1.1 112 1.14 1.16



Background from Event Mixing

e Create an event buffer outside the main event loop

All tracks 7 3
Current Event
except A

Last Event

Current Event
Track A

l eg AN—=>prn B - prx

K(S) — 7t77 . 3H = 3Henx™

Randomly replace one
> A

event when the buffer
IS full

Buller Event

Centrality 8:

e Mix tracks from events with similar characteristics (e.g., centrality, event-plane
angle)

15



Background from Event Mixing

 Flexible Boolean flags to enable or disable mixed-event analysis ‘/
e Configurable event-pool parameters (e.g., how many events)

kfParticleFinder->SetMixEventAnalysis() // e.g. default is close
kfParticleFinder->SetMixEventTrkPID( A ) // e.g. 321 for ¢, K*, -211 for A, = etc.
kfParticleFinder->SetMixEventBuffer( N ) // e.g. 5

— ) —— s %) — T

. R Q - o 2 140 P
50000: - Same Event O = 160+ same Event = - - Same Event 3
40000 — IX EvVen i ? i S 1 20 - ven i i - IX EVe E +| E A

- o — A 100~ A
30000F- . 100F 801 : +:

: 0 :
20000/~ 60 -
10000 405— i

_ 20 B

0" 035 04 045 05 055 06 0.65 01.06 1.08 11 112 114 1.16 0 294 296 298 3 3.02 3.04
Ks [GeV/c?] Lambda [GeV/c?] H3L [GeV/c?]

e The mixed-event background smoothly reproduces the shape of the true-
event background
e Validated by Krzysztof



Summary and Outlook

v Common AnalysisTree + KFParticle
e More then 100 decays

e All reconstructed
simultaneously in one go

e Implemented and validated
within STAR, ALICE, and
PANDA

e.g. STAR has advanced KFParticle
version for hypernuclei analysis

Charged particles: e+, p+, n*, K+, p*, d+, 3He*, 4He*

Dileptons

Charmonium
Jy —ete
I —ptp

Low mass
vector mesons
— et e
— put
— et e
md
— et e

— pt

e 8 8OO

7T\

Y

Gamma
Yy —ete
Gamma-decays
m =Yy
n —=vy

Light mesons
and baryons

—

]!

Tt — Uty
T — WV
p —TT
AV —pm
AV —pmt
A — p Tt
A~ —>pm

Open-charm

Y

Do
Do
Do
Do
Do
D+
D+
D+

Open-charm

particles
— K-ntt+
— K-ttt -
— K+K-
— KOs T+ 7
— K+K-KO0
— K-ttt

— KO 7t+ tt 7t

SN KOS n+

Dy — K+ K-m

DS+ — KO0 K+t 71-

D — K% KOs m+
D +— Ko%K
Af—pKn*
Ac+_) p KO,

A — p K%nt @
AFf—Awnt
Af—Antnt

+ antiparticles

Y

Open-charm

esonances

Y

D*0 — D*n-
D*0 — D-w*
D*t — DO+
D* — DOxr-

v
Neutral particles: vy, vy, 0, n, 1, A, A, 29, Z0
Strange particles Hypermatter
K0, — wr 7t
K+ — pt vy AHypernzllfle_l
Ko = pwy B —>Am tAn} — drm
K+ — r+ 0 5+ S5 At {An} —>d=n
= A S+ 0 (Annj — tro
K- — 7o = AR ~ —PT Ann t-mt
=t —> Ant > —»pno {Ann} — tm
A —pmn - p SAH — 3Hen
< — Q- —- AK 20 - Ay - —
—> A —pnt > . — « — — < 3\ H —3Hent <
QO — AK* 20 - A
2t —pmnd o Y ] “\H —4Hem
_ - Q- —-AK =0 — Ao 4 e
. —pn Q+— AK+ 20 — A 70 A T oHen
>t —nwt QO — Eo0q “aHe —Hepm
- —1nn O+ —s T0 g+ 4\He —3Hepn*
’AHe — 4Hep 7
sl S\He — 4Hep m*
2t —>nmnt
A ! A 4 |
Strange resonances
J J Double-A
hypernuclei
20 — =-qt ‘asH —4Hem |
K** — KO0 &+ N 20 — =+ T L ‘anH — 37H pmT
. ’ Q- 5> =5 K-t K*+ — K+ 70 SanH — SpAHe
K* — Ko n- Q+ - ErK+n K*- — K- 70 aaHe — 5 He p*
" —Ant K*0 — KO 70
> X - An b 30 5 A 70 <
L - Awm T*0 5 A 0
X —> Ant K* — K*7- RN~ gy -
= —AK- K0 — K-+ = = Heavy multi-
Sy A K+ 6 —KK- = —aTT strange objects .
A* _)pK_ > {AA} —>Ap7['
A" pK* {E0A} > AA
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Summary and Outlook

v Common AnalysisTree + KFParticle

e Read Input include PID, Centrality ...
 Provides Output for femtoscopy, flow ...

Charged particles: e+, u+, n+, K#, p*, d+, 3He*, 4He*
Pid ' Public v —
T 71 Neutral particles: vy, Vy, ©°, n, 1, A, A, E0, E0
®c++ w0 % 3 @ o (%90 Updated on Feb 6, 2024 Dileptons Open-charm Strange particles Hypermatter
- KO, — 7t 7
Charmomum Open-charm Hypernuclei
Jw —ete - K+ — ptv
A4 particles T B (An} — d*m
Centrality ' Public Ty = prp DO — K-m* K= 5o AT (Af} —dnt
Low mass BE) _)ngn_ K* > n md . :[/tz S p 0 {Ann} — t" 7
) 5 KK - K- - 0 =" B ~ )
@®cC++ ﬁ 2 289 2 @ 0 I‘l 1 Updated on Mar 27 . VZCtOeréis:Tls DO —s KO, t+ 7t- A : g; =t > Ant Y- —pnd {/\rll{n} :: gé‘gn_
A
p —utp D0 — K+K-K0 > A —pnt > Q2 —>AK « 20 =AY < 3\ H —3Hemt <
© — et e D+ — K-ttt y —>p7[0 Ot > AK* B 2.0 —>An/ N s H — 4Hem
L D+ — KOt 1t 1t - Q- > AK 50 — A 70 4‘FI He 1+
f; e D+ — KO+ X —pmw O+ — AK* B0 — Amd e sHen
: — €7 € 8 n ) — AHle — ep
QnTools ' Public O — > Dj"— K K@t ; o g _’53“ “\He — 3Hepn*
A " i B 1 ' =0t n
Framework for flow analyses in heavy-ion collisions. Dy — Ko Rrarm > —nm o "AHe — “Hep m-
D +— K% KOs+ - ‘’AHe — 4Hepn*
Gamma D+ Ko, K+ >t —nmnt
@®c++ Y5 3BgPL30 % 7 @ 3 (2 issues need help) § 0 Updated on Feb 23, 202 y —ete A —pK-mt I J i ) i
E > \ S
. Gamma-decays ] A — p KO Strange resonances J
0 —yy A+ — p Ko7 1 ! Double—A'
n —>vyy AL Aot hypernuclei
c AT =0 — H- 7t is\H — 4 \Hem- -~
+ art+ A7- — = 3 ) - ~
g Ao Ammn K* —>Komt | p = =T = oatp
lght mesons + antlpartlcles (5 0O - = K-t K*+ — K+ 10 SanH —5AHemn
tl fe mtoscopy/ hal and baryons K =K w O _y B+ Kt K* —s K- 70 saaHe — SaHe p
} . i Z —A nf K*0 —s KO 70
A T L > X7 —Am b  X*¥0 — Aq0 <
T — WV Open-charm X > Am T*0 —y A 7r0
p ot resonances > S At K*0 — K+71- —. = 0 .
LS A —pr D* — D* - =+ > AK- K*0 — K-7 S Heavy multi-
- > - - 27— =t strange objects
A —prr D*0 — D-m* = — AK ¢ —KK Sranee o) <
AT —pmt D* — DOgx+t A" —-pK- B \‘,AA’ —ApT
A —Br D* — Do A* —pK-+ (E0A} — AA



Summary and Outlook

v Common AnalysisTree + KFParticle

e Read Input include PID, Centrality ...
e Provides Output for femtoscopy, flow ...

Next steps:

Currently compiling AnalysisTree + KFParticle within the CBMRoot environment
e Need to prepare a standalone compilation script

e Check the output PFSimple structure together with Susanne

v Event Mixing Method for background estimation

Next steps:
e Implement many-body background (e.g., two-step decays in double-A hypernuclei)
e Transfer newly added code from CBM KFParticle to the AT+KFParticle framework
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89K urgmd events

unigen: /lustre/cbm/users/fkornas/mc/data/release/jul25_patches/urgmd/day-1/unigen
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Background from Rotation Track Method

rotate daughter 7 180° Tt c|> distribution

Au+Au, \/ =49 GeV b<15fm
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e Rotate tracks randomly Before reconstruction ]

 Non-uniform and not periodic phi distribution (e.g., not
symmetric under 90° or 180° rotation)— this simple
rotation background method not work
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