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ά¢ƘŜ Compressed Baryonic Matter (CBM) Experiment at C!Lwέ
K. Agarval, Tuesday31. August, 17:30, Room1



Dimuonphysics: highlights

ÅThermal radiation

ÅCharmproduction at threshold energies in cold 
and dense matter:
sub-thresholdcharmproductionvia
Nϝ Ҧ ɽc + D
Nϝ Ҧ b Ҍ Wκ˕
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Thermal Dileptonsas Fireball 
Thermometer and Chronometer 
Ralf Rapp, Hendrik van Hees
arXiv:1411.4612
Fireballmodel 
T. Galatyuk et al. 
Eur. Phys. J. A 52 (2016) 131

Sub-threshold charm production in nuclear collisions
J. Steinheimer, A. Botvina, M. Bleicher, arXiv:1605.03439

caloric curve ?



Muon setup

Silicon Tracking System 
(STS)

Muon Chamber System 
(MUCH) 

Transition Radiation 
Detector(TRD) 

Time of Flight Detector
(TOF)    4

track, vertex and 
momentum reconstruction 

global tracking,muon identification via hadron 
absorption in massive material

global tracking

particle identification via time measurement  

magnet
with STS

MUCH
TRD

TOF

RICH in parking 
position



Configurations

TRD

TOF

magnet
with
STS

MUCH

TRD

TOF

magnet
with
STS

MUCH

TRD

TOF

magnet
with
STS

MUCH

low beam energies
(up to 4 AGeVfor Au beam)

low 
invariant mass region

intermediate and high
invariant mass region

MUCH:
2 GEM stations
absorbers:
58 cm C + concrete
(20+20) cm Fe

MUCH:
2 GEM + 2 RPC stations
absorbers: 
58 cm C + concrete
(20+20+30) cm Fe

MUCH:
2 GEM + 2 RPC stations
absorbers: 
58 cm C + concrete
(20+20+30+100) cm Fe

beam energies 
above 4 AGeVfor Au beam
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µ reconstruction chain
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STS track 
reconstruction

Ҩ
extrapolation 
of the tracks 

through 
downstream 

detectors up to 
TOF

selection of the 
muon track 
candidates

calculation of 
the invariant 
mass spectra



Parameters for muontrackcandidate
selection

ÅVertex
Å̝2/NDF

ÅSTS 
Ånumberof hits

Å̝2/NDF

ÅMUCH
Ånumberof hits

Å̝2/NDF

ÅTRD
Ånumberof hits

Å̝2/NDF

ÅTOF*
Åmasscut
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* rejection of punch through hadrons

p,µ
K

p

P/q, GeV/c

˖Ҧµµ + centralAu+Au@ 8 AGeV/c



Cut optimization

ÅManual:
Åc2 of the reconstructedtracks

Åmasscut in TOF

ÅArtificial Neural Network 
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µ (S)

background(B)
ὛȾὛ ὄ

c2
MUCH



¢Ŝǎǘ ƻŦ !bb ŦƻǊ ˖Ҧҡҡ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ
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Background: central UrQMDevents @ 8 AGeV/c
˖Ҧҡҡ ŦǊƻƳ t[¦¢h ƎŜƴŜǊŀǘƻǊ
TMultiLayerPerceptronhttps://root.cern.ch/doc/master/classTMultiLayerPerceptron.html

signalmuons background

manualcuts manualcuts

c2
MUCH vs. c2

STS



ANN input: 
preselection                         input parameters

Å̝2/ndf
Åin primary vertex < 10

Åin STS < 10 

Åin MUCH < 10

Åin TRD < 10

ÅNumber of hits
Åin STS > 5

Åin MUCH > 8

Åin TRD > 0

Åin TOF > 0
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˖+ central Au+Au@ 8 A GeV/c

Å̝2/ndf
Åin primary vertex 

Åin STS 

Åin MUCH

Åin TRD 

Åmomentum

ÅmTOF

p,µ
K

p

P/q, GeV/c

positive and negative tracks separately



ANN output

Positive tracks Negative tracks

background

signal

background
signal

efficiency

purity

efficiency = signal passing ANN cut / total signal
purity       = signal passing ANN cut / (signal+backgroundpassing ANN cut)

efficiency

purity

˖+ central Au+Au@ 8 A GeV/c
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ANN ANN



Analysis results

significance ˖efficiency, % /̟ backgroundratio

ANN+ ANN+ ANN+

A
N

N-

A
N

N-

A
N

N-
˖+ central Au+Au@ 8 A GeV/c
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cuts ʶ̟%
˖

background
ratio

norm. 
significance

manual 1.21 0.016 1

ANN ± 1.21 0.040 1.58

Comparison with manual cuts

manualcuts
2̝
Vertex<3, ̝ 2

STS<3, ̝ 2
MUCH<3

STS>6, MUCH>9, TRD

T̀OF=3

manualcuts

ANN cuts

˖+ central Au+Au@ 8 A GeV/c

13



Comparison with manual cuts 
(for same efficiency)

manual cuts (1) ANN cuts(2) 1-2

˖+ central Au+Au@ 8 A GeV/c
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