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%’ = CBM Simulations =
* The Compressed Baryonic Matter Experiment is E = ~——_ N
situated within the accelerator facility known as =107 - =
Facility for Anti Proton Ion Research (FAIR) in = - ]
Darmstadt, Germany % 1078 e J il o Bl e "°°m:‘+‘j‘=‘“°“ ™
= = ]l‘m, —cB 7
* The goal of the CBM experiment is to investigate 10-°L i} IM —Stenal |
the phase diagram of strongly interacting matter - I B
under conditions characterized by high net baryon 1010k
densities and moderate temperatures. o 5 2 25

e In-medium modification of light vector mesons,
hyper-nuclei, charm production and their
propagation inside the nuclear matter.

* The particle multiplicity of the particle like w, n, ¢,
p is quite low. STS

* The precision and rare probes need high statistics
with greater efficiency. The signal efficiency
obtained through traditional uni-variate cut method
is low.

* Therefore the need for multivariate analysis for the Wij % TS

dimuon detection is required
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o meson kNN @ 0.88 with

efficiency increase of 2.24 with same S/B
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S/B ratio Efficiency(%) Normalised
Significance

® - P Manual cuts 0.24 0.61 1.00
W - P BDTG @ 0.65 0.22 2.07 1.77
W - P kNN @ 0.88 0.22 1.37 1.47
® - P HMatrix @ 0.18 0.21 0.97 1.19
n -p W Manual cuts 0.01 0.23 1.00
n -p W BDTG @ 0.7 0.01 1.15 2.24
¢ -prp Manual cuts 0.014 2.09 1.00
¢ -p BDTG @ 0.71 0.014 5.27 1.57

* Further investigation of complete dimuon cocktail production and for high mass region for J/w
production is under progress.

* These ML algorithms can also be used to at the digitization and reconstruction level as well for
improving the detector efficiency.

Thank you very much for your Kind Attention !
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Aim: Study the LMV Ms via dimuon decay channel.

Q0 — |J+ IJ- Detector Station
4+ -
n — Py
+ .-
¢ — pp
MuCh Setup:

Detector Stations: 4

GEM: Station1 & Station 2

RPC: Station 3 & Station 4
Absorbers : 4

Absorber 1: Carbon and Concrete
Absorber 2, 3 & 4: Iron Absorber Layer




* Geometry : v23a

e Generator : UrQMD & Pluto

* Beam & Target system : AuAu

* Energy : 8 AGeV

e Centrality : central

e Setup : SIS100_muon_lmvm

e No of Events: 100k

» FairSoft : Apr21p2 & FairRoot : 18.6.7
e Cbmroot: 21.2.99
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Reconstruction of @ meson via dimuon decay
channel using Traditional cut Method

® — LW

 Number of MuCh hits > 11,
 Number of STS hits > 7,

e Number of TRD hit > 1,

e Number of TOF hits > 1,

« Chi Sqaure %o, <3,

e Chi Sqaure x%s <2,

 Chi Sqaure x? .., < 2.5,

* SigmaToFCut=2.
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Multivariate analysis: The signal efficiency obtained through Background rejection versus Signal efficiency
traditional univariate cut method is quite low, hence the need for 1

.= TMVA,

multivariate analysis for the dimuon detection. 5 - .
* The performance of dimuons detection has been enhanced % 0.9 _— : : E
through the utilization of the TMVA root class. . =
d - MVA Method: .
Models covered using TMVA T 08 e BDTG-" E
* Boosted decision trees(BDT): Decision trees facilitate the 3 - = MLP \
separgtipn of da.ta across mpltiple dimgnsions, by E, 0.7 - ——— TMIpANN
combining multiple univariate cuts on input variables. g 06 - - TMIpANN-ARna
@ F L KNN
* KkNN: kNN compares an observed event with reference - i
events from a training dataset. 0.5 = HMattix.......
-~ BoostedFisher
* Hmatrix: HMatrix discriminates between classes (e.g., 7 — Y, :
signal and background) of a feature vector, utilizing - ot
A ; ; - == Likelihood :
Gaussian-distributed correlated elements, with the inverse 0.3 3 B =
being the HMatrix. S bt B R A O
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Signal and background have following variables
* TOF Mass

TMVA response for classifier: BDTG-1

e Momentum

5 [EESighar T T
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BDTG-1 response

e Various ML models like BDTG, KNN, Hmatrix have been tested.
 Among them BDTG model performs the best.




Manual Selection Cuts BDTG-1 response cut at 0.65
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*Following selection cuts were used: Number of MuCh hits > 11, Number of STS hits > 7, Number of TRD hit > 1,
Number of TOF hits > 1, x%\icn < 35 Xs1s < 25 Xverex < 2.9, SigmaToFCut=2.

*Following selection cuts were used for ML: Number of MuCh hits > 8, Number of STS hits > 5, Number of TRD hits > 1,
Number of TOF hits > 1, x?.cn < 20, X515 < 20, X2erex < 20, SigmaToFCut=2.
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* Selected response cut on BDTG is 0.7(dashed red line), S/B = 0.22 & eff=2.07% .



Manual selection cuts & BDTG Manual selection cuts & BDTG with TrueMuon cut
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* Extended phase space coverage with BDTG model in comparison with traditional cut analysis.

* The low rapidity values is absent after applying True Muon cuts. .



Separability kNN(response cut at 0.88)
TMVA response for classifier: KNN invM_ full
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Following selection cuts were used for ML: Number of MuCh hits > 8, Number of STS hits > 5, Number of TRD hits > 1,
Number of TOF hits > 1, x*\uuan < 20, X215 < 20, X2 erer < 20, SigmaToFCut=2.
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Separability

TMVA response for classifier: HMatrix
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Following selection cuts were used for ML: Number of MuCh hits > 8, Number of STS hits > 5, Number of TRD hits > 1,

Number of TOF hits > 1, x%.cn < 20, X215 < 20, X2 enex < 20, SigmaToFCut=2. .



Manual Selection Cuts

BDTG-1 response cut at 0.7
invM__ full inviM_ full
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*Following selection cuts were used: Number of MuCh hits > 11, Number of STS hits > 7, Number of TRD hit > 1,
Number of TOF hits > 1, x%cn <35 Xs1s < 25 Xverex < 1.1, SigmaToFCut=2.

*Following selection cuts were used for ML: Number of MuCh hits > 8, Number of STS hits > 5, Number of TRD hits > 1,

Number of TOF hits > 1, x%.cn < 20, X215 < 20, X2 enex < 20, SigmaToFCut=2. .



Manual selection cuts & BDTG Manual selection cuts & BDTG with TrueMuon cut
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* Extended phase space coverage with BDTG model in comparison with traditional cut analysis.

* The low rapidity values is absent after applying True Muon cuts. .
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*Following selection cuts were used: Number of MuCh hits > 11, Number of STS hits > 7, Number of TRD hit > 1,
Number of TOF hits > 1, X% < 35 Xosts < 25 Xvarer < 1.1, SigmaToFCut=2.

*Following selection cuts were used for ML: Number of MuCh hits > 8, Number of STS hits > 5, Number of TRD hits > 1,
Number of TOF hits > 1, x*\uuan < 20, X215 < 20, X2erer < 20, SigmaToFCut=2.




Manual Selection Cuts BDTG-1 response cut at 0.83
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*Following selection cuts were used: Number of MuCh hits > 11, Number of STS hits > 7, Number of TRD hit > 1,
Number of TOF hits > 1, X% < 35 Xosts < 25 Xoverex < 1.1, SigmaToFCut=2.

*Following selection cuts were used for ML: Number of MuCh hits > 8, Number of STS hits > 5, Number of TRD hits > 1,
Number of TOF hits > 1, x%\..cn < 20, X215 < 20, X2erer < 20, SigmaToFCut=2.




Manual selection cuts & BDTG
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Manual selection cuts & BDTG with TrueMuon cut
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* Extended phase space coverage with BDTG model in comparison with traditional cut analysis.

* The low rapidity values is absent after applying True Muon cuts. .



