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At top RHIC and LHC energies, QCD
matter 1s studied at very high temperatures
and very low net-baryon densities.

CBM will play a unique role in the
exploration of the QCD phase diagram.
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Temperature T

Courtesy of T. Halsuda

Baryon Chemical Potential us

For larger net-baryon densities and
lower temperatures, it 1s expected that the
QCD phase diagram exhibits:

* arich structure such as a critical point;

* the predicted first order phase transition
between hadronic and partonic matter;

* new phases like quarkyonic matter.
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The RICH detector 1s designed to provide identification of electrons and pions.

CBM-RICH foresees three main parts: CO2 gaseous radiator, focusing mirror system

and photon detector system.

- Detector will be positioned after magnet.

- The gas radiator 1s 1.7m long.

- The mirror plane 1s split horizontally into two
spherical mirrors (4m x 1.5m), curvature 3m.

- Ring Cherenkov radiation will be projected onto

photon detector planes.
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© S.Sarkar

CBM is designed for precision n°,n Dalitz-decays
measurements of many observables including
particles with very low production cross
sections, like:
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As leptons are not affected by final-state

interactions, the di-leptonic decay offers the '
possibility to look into the fireball.
~>_Drell-Yan
The main background contribution comes 3 | — | R
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How accurate one can reconstruct ’ via double conversion and estimate its background

contribution to the dilepton spectrum?
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KFParticleFinder

Take all found gammas

: Invariant mass(IM) < 10Meyv; 1
' Opening angle(OA) < 1% .
1 at least 1 track identified in RICH like ¢” or €7 !
: ZPD:. of gamma (not necessary) -

)

CUTS

Gamma from target Gamma from outside

Combine in 7

Gamma from target + Gamma from target = 1’
Gamma from target + Gamma from outside = 7’
Gamma from outside + Gamma from outside = 1’ 5
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| Track |

] Fit to the target —

Negative charge | + Positive charge Negative charge | + Positive charge I

Only secondary vertex finder from KFParticle

: Invariant mass(IM) < 10Meyv;
CUTS ! Opening angle(OA) <17
' at least 1 track identified in RICH like " or ¢

» Invariant mass(IM) < 10Meyv;
' Opening angle(OA) <17
I at least 1 track identified in RICH like e” or €

Gamma from the target Gamma from outside I

g e —
— —
— —

Combine in T

Gamma from the target + Gamma from the target =1’

Gamma from the target + Gamma from outside = 7’

Gamma from outside + Gamma from outside = 1’
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particle, rq

Daughter F = F(s,r1,r2),
article decay s = s(r,r2)
points initial position

~~
‘ Vert
Mother particle X @
decay point guess
© M.Zyzak .\ particle, r2
Ry o (€ e) +( +e) 4

© M.Zyzak

Put two tracks into KFParticle and extract their common intersection point.

r and r may be any particles. It is based on pure geometrical searching. Only one necessary
condition is required — particles should have different charges (one +, second —).

False gammas reconstructed from: —m +e’; — 7w +e; —p+e
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After gamma conversion it is very improbable, that both e'e” will hit the RICH. More
probably it will be a case, that only one particle hit the RICH, and second will not.

(et+e-)(e+e-) invariant mass

Both leptons of each pair identified in the RICH > =] lepton of each pair identified
fPi0lnvMassReco_two_Both fPi0lnvMassReco_onetwo_Both
fPi0iInvMassReco_two_Both fPi0lnvMassReco_onetwo_Both
* - Entries 69553 i E Entries 2242820
300 — Mean 0.577 9000 — Mean 0.5566
= RMS 0.3308 E RMS 0.3406
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250 — | =
E I 70002—
20— eoooi—
- i 5000 =
150 — { |
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OOI“IOEI‘I“II“I‘“S AEIMIIZﬁstwls 00|\\|0ﬁ5|\|\‘||\\|\1!5\| ) -wuzﬁsuwwus
invariant mass in GeV/c? invariant mass in GeV/c?

This approach helps to reconstruct ~10 times more 7°, than when one requires both e'e
from gamma conversion to be registered in the RICH.
Of course 1t will also increase amount of background.
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Invariant mass spectrum of all
reconstructed candidates on gamma

GammasinvMass_candidates_Both

- x10° Entries  3.336988e+09
Mean 0.08378
7000 RMS 0.02479
6000
5000
4000‘

3000

2000

-

Cuts:
Opening angle:
<1’
<2’
<3
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0.08 0.09 0.1
invariant mass in GeV/c?

Invariant mass:
<10 MeV
<20 MeV
<30 MeV
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Invariant mass spectrum of reconstructed

signal gammas (from 7°)
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100 H

GammaslinvMassBoth

x10° GammaslnvMassBoth
Entries 6483688
Mean 0.01314
RMS 0.01738
Reconstructed tracks.
i Monte Carlo selection of
3 signal events
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invariant mass in GeV/c?

Opening angle spectrum of reconstructed
signal gammas (from 7°)
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GammasOABoth
x10° GammasOABoth
e Entries 6483688
Mean 1.34
RMS 1.711

Reconstructed tracks.
Monte Carlo selection of
signal events
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§ : veans 174 N For’ — yy — (¢ + ) + (e¢' + ¢) the probability:
20— , ' i gmg M 19.28 800
- y 5.267 . .
E . I 700 * 25%: both y have conversion in the target,
- ! | 600 o . .
o | | ‘ L 0 e 25%: both y have conversion in the detector material,
Sof : & i - * 50%: 1 vy convert in the target and 1 y convert outside.
a 1 [ =
_20; 1" i‘!l 200
L Ey 100
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o RMS 19.28
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fPi0InvMassReco_onetwo_Both
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Entries 2242820
Mean 0.5566
RMS 0.3406

IR
25 3

invariant mass in GeV/c?

fPi0InvMassReco_onetwo_Both
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EMT spectrum:
1) Save all gammas after cuts from the last 500 events.
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mejsisis e ey
2.5 3
invariant mass in GeV/c?

«1 03 EMT_InvMass_onetwoInRICH_Both
H* e v
= Entries 1.023981e+09
1000 = Mean 0.5633
3500 E— RMS 0.3426
3000 —
2500 —
2000 —
1500 =
1000 |5
500
o ) | | Al bt 610 R RS eiS
0 0.5 1.5 2 25 3
invariant mass in GeV/c?
fPi0InvMassReco_onetwo_Both
b = Entries 11491
1200 — A Mean -0.7407
i | RMS 1.358
E X2/ ndf 1142/20
1000 — 1 p0 1087 +23.4
C p1 0.1344 +0.0001
800 — p2 0.00483 + 0.00009
C | p3 1162428
- gounts 4387 +78.7
600 — /B 7.88 +0.15%
400 7

-200

o
II|IH

L . L L | L . .
0.6 0.8 1

invariant mass in GeV/c?

2) Mix them together into n’ with only one condition — gammas should be from different events.

Normalize spectrum from EMT (I choose the range 0.2-1.0 GeV/c) and then subtract it from invariant
mass spectrum.
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fPi0InvMassReco_onetwo_Both
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200

-100

fPi0lnvMassReco_onetwo_Both

Entries 3710
Mean 0.1102
RMS 0.2629
%2/ ndf 754.8 / 20
p0 501+ 13.7
p1 0.1338 + 0.0001
p2 0.004068 + 0.000066
p3 —0.6511+0.9834
Counts 1703 +27.8
S/B 10.08 £ 0.18 %
| II| My
| L L L
0.8 1

After separation of background for some different subgroups,

o

\‘\I\
o H
i :

invariant mass in GeV/c?

it was found, that this peak comes from special case:

e v are wrongly combined;

* Those n" m come from the target. e
70 1 RMS 0.08066
60 ;
30;
20%
ol g :
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invariant mass in GeV/c?
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BG6_InM_onetwo_Both
Entries 486
Mean 0.1696
RMS 0.1622

R 1
invariant mass in GeV/c?
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OA<1%IM <10 MeV

fPi0lnvMassReco_two_Both

fPi0InviMassReco_two_Both

OA <2% IM < 20 MeV

fPi0InvMassReco_two_Both

Entries 80
Mean -2.402
RMS 2.809
42/ ndf 456.2 /20
po 372.2+14.0
p1 0.1336 £ 0.0001
p2 0.004099 + 0.000110
p3 -1.857 + 0.599
Counts 1275 + 34.1
S/B 14.80 £ 0.46 %

Two in RICH
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invariant mass in Gevic
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fPi0InvMassReco_onetwo_Both

{Pi0InvMassReco_onetwo_Both

Entries 1130
Mean 0.553
BMS 0.3753
%2 f ndf 502 /20
po 570.8 £154
p1 0.1345 = 0.0001
p2 0.004793 £ 0.000087
p3 -2.314 £ 0.588

nts 2286 + 417‘-':
S 1296 £0.27 %

‘ I ‘ I 0-BH- |
1y P
1 1 ‘ 1 1
0.8 1

invariant mass In GeVic®

fPi0InvMassReco_onetwo_Both

Entries 13319
Mean -0.01337
RMS 0.4696
%2 / ndf 1516/ 20
p0 1564 +26.9
p1 0.1336 + 0.0001
p2 0.004993 + 0.000068
p3 81.04 £2.59
Counts 6524 + 89.4
S/B 8.77 £ 0.13 %

At least one in RICH

:

o
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invariant mass in Gevic
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12051

Entries 20412
Mean -0.6722
BMS 1.218
%2 f ndf 1805/ 20
po 2554 £33.2
pl 0.1344 = 0.0001
p2 0.005518 £ 0.000058
p3 1246 £33

nts 11778 +123.2
gl 4.78 £ 0.05 %

08 1
invariant mass In GeVic®
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* Reconstruction of n’ include conversion of gamma inside and outside the target.

e Three different requirements for particle identification were studied: ==2 / >=1 / >=0 leptons for

gamma identification.

e For optimized cuts the UrQMD simulation with 5Mio events central Au+Au collision was done and

number of reconstructed n” together with their signal to background ratio were calculated.

24000

- 'first way' of analysis for gammas
- 'second way’ of analysis for gammas

Signal
Background

22000
20000
18000 —

ratio

16000 — Opening angle < 1°
14000
12000
10000

Number of reconstructed n°

6000
4000

8000 —
2000 —

2 in RICH

>=11in RICH

Ievgenii Kres

>=0 in RICH

1,9 %

Opening angle < 2°
gamma invariant mass < 20MeV
+ more strict cuts at high rapidity and low P,

4,9 %

13,2 %

13,5 %

2in RICH >=1in RICH >=0in RICH

28.03.2017

Signal
Background
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ratio
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—u— 'first way'

—o— 'second way'

(=)

2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

Number of reconstructed n®
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