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* Escape the fireball undisturbed S i T ermalradaton Geeer
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* Emitted throughout whole evolution % I =
<1 03 o, |
Z107¢ L) .
* Mass spectrum Ao .
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e Thermal radiation = No QGP at /Syy =3.19 GeV 5 i
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« Temperature measurement in intermediate mass range 0 02040608 1 12141618 2
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* New simulations T. Galatyuk
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Simulation

Used Geometry

Beampipe: v21d:v24e
Magnetic field scaling: 0.5
Platform: v22b

Magnet: v22a

STS: v22d

 New Simulations (CBMROQOT: jul_24patches)

* Two event generators are used

 UrQMD (collision simulation)

/lustre/cbm/users/Ifaber/urgmd/auau/4.5gev/4p5gev/centr03

MVD: v20d_tr
TOF: v21a_le
TRD: v20b_1e
RICH: v24a

* Pluto event generator to increase rare dielectron decays

- Embedded and scaled by expected yield per event

/lustre/cbm/users/ameyerah/fseck_pluto/zips/VM_4p5/

4 )
Particle generation
UrQMD
Pluto
\_ ¢ _J
4 )
Transport (GEANT 3)
Digitization
Reconstruction
g J

¥

10m events, Au+Au 4.5 AGeV, b=0-3 fm

Au+Au 12 AGeV, impact parameter b=0 fm

(Adrian Meyer-Ahrens PhD thesis)
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e Pair analysis carried out with “Pair Analysis Package” (PAPA) in

cbmroot = | | |
o ¢ I =
. . . oo ]
* Pairing all positive and negative tracks = 0 ]
_E‘) 10 E
o e . . © = 3
e All originating from primary vertex = F .
* Reconstructed thermal radiation and meson freeze-out cocktail F 3
* Reduction of background 10k -
* Misidentified hadrons : :
102 3
= | | | | =

E/eC[ E/GC[ E/GC[ p/O/) rof, KaO

° " o) o) 'S On, s
Electrons (olugy ns o, n, (COnl/e,S/On) Particle

 Combinatorical Background 4
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Analysis

Quality cuts to ensure quality of the tracks

PID Cuts

Reduce hadronic background

e
C 102 =
G>J - —— Acceptance 3
LUl - ]
o 10 preCuts -
x = -
&) - 7]
©
b 1 —-
el = =
107" —] E
102 E
10°g E
ectrey,  ctry,, e,  Fong o, Kaong
(,O/Ufo ) (Uerd) ( Cop '/e,-'S io/?) P a I"[ | C I e

10m events, Au+Au 4.5 AGeV, b=0-3 fm

-

PID cuts

\ ( Quality cuts \

¥? to vertex

é— Number of Hits in

different detectors

J \_ J
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PID Cuts : W
0:4 | Electrons

* Momentum dependent cuts o
* RICH: Ellipse parameters 0

e Use ANN
* TRD: Energy loss in detector layers ;o;

e Use Likelihood é
 TOF : Time-of-flight information Pions

* Use A,Belectron

107

e STS: Energy loss in detector layers

* Use Median energy loss (only rejects low momentum protons)
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Result of PID Cuts

o[ T T ‘ ‘ _
10 —— preCuts |
10 —— PID Cuts *
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i ong Tong 'S On, s
('O/U’O) “ram ) on"e’slo )
" PID cuts
RICH Ellipse
TRD Likelihood
TOF Algelectron
QTS energy loss
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10m events, Au+Au 4.5 AGeV, b=0-3 fm

( Quality cuts
¥? to vertex

é— Number of Hits in

different detectors
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Electron Background rejection

Target ‘ |
\\
WD STS |
. — RICH
e Photon conversions y —ete R e
* Use invariant mass and position Global track
: Segment
* Incomplete pairs P
. 00A Frag(ment H
* Tracks leaving the detector B
_—1 [ 11
- Rejected by PID cuts 1T
: Target
— Tracks without partner are background J MVD
U _ | STS
* Use opening angle
RICH TRD
TOF
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Results so far

* Reconstructed invariant mass spectrum

* Higher masses: thermal contribution

* Multiplicity values for ./ Syy =2.9 GeV used
—> Pluto signals slightly underestimated (~ factor 1.4)
* Improve statistics

* Rebinning

 Additional simulations
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Random event background

T | =
) ) ) ) ) o BG (file)
e Fast simulation approach introduced by Cornelius Feier- & | e
&) anaom-even
Riesen > [
S .
= 10
1. Run full simulation <
B 102
N 2
2. Run analysis (File)
107
— Save Multiplicity and three-momentum distribution for
107
each particle Y
~ 1.2
g 1.1
L. L o9
3. Randomly sample multiplicity and three-momentum 2|
distribution (RE) ° > 1 " ° “W (GoVIcH)

« Difference to background in file > Under investigation

10
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Summary and Outlook

Simulation and analysis chain implemented

Increase statistics for high momenta

Additional background simulation in progress

@Iectron Backgrouna

Conversion electrons
Incomplete pairs

( PID cuts
RICH Ellipse

é— TRD Likelihood

TOF AIBElectron

\ J

STS energy loss
\_

~

4 )
Particle generation
PLUTO
UrQMD
g ¢ J
4 )
Transport (GEANT 3)
Digitization
Reconstruction
g J

¥

10m events, Au+Au 4.5 AGeV, b=0-3 fm

( Quality cuts
¥? to vertex

é— Number of Hits in

different detectors

J

\_

~

11
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Backup

12
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Background simulation
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[2] —
S 250/ Eries 1064575
© - Mean 0.1937
- - Std Dev 1.003
200
Likelihood Calculation o
1003—
 Shift in electron efficiency e .
. . . . O:IZ . .—1.5. = .—I1. — .—OI.5. — (lr Oj5l — 1
* Negative energy loss leads to negative Likelihood P(PIDT™)
° LOSing gOOd tracks 10° Track.SE+-_PrimElectron
3’2 180:_ TRDPidLikeEL
, , S 160 R s
* lIgnoring negative energy loss ~ b SidDev 03043
1205—
1005—
Likelihood: -1.500 Likelihood: 0.9631 “E
60—
eloss 0: 67.97 : 67. Wb
eloss 1: -1.000 =1L 20 )
O:|2. . .—1l.5. = .—I1. — .—OI.5. — 0 — I0.5I — 1
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Future improvement by using TRD2d

 Wrong energy loss
e Hits positioned in the center
- TRD2d

* |[ssue reported and old geometry used

m

g

WMH

L L L L I R TR T L L L
0 2 4 6 8 10 12 0 2 4
Energy Loss (keV)

N I
8 10

12
Energy Loss (keV)

TRD Hits/Event

Energy Loss MC (keV)

x107°

70

60

50

40

30

20

10

o

8
Energy
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10 12
Loss (keV)

8 10 12
Energy Loss (keV)
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UrQMD problem

e Particles with partners without MC track

Track SE+-_Pi0Dalitz Track SE+-_etap
. . . " O (2] F
 Comparison to PHQMD simulation 2 b 2 coonol-
© E o E
. 12000} 50000;
10000; 40000 -
8000 F
F 30000 —
6000 — s
E 20000 {—
4000 [— -
Track.SE+-_PiODalitz r -
) — 2000/ 10000
g obp o B T R Y v
C 10°
g £ Frag/Seg/Full Frag/Seg/Full
»n o
S~
o
S o
w F W
_1:—
Il
: 10
_3}
_4:_
- | |

‘ ‘1‘0‘ - ‘1‘5‘ - ‘20‘
Detector Hits Partner

o
(&)}
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RICH

* Ring Imaging Cherenkov detector

* Cherenkov light production pions

* Fromp = 4.65?

* Reject tracks without ring

e Further reduction: Input ring parameters
into ANN

17
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RICH PID Cut

PID Cuts: Fix electron efficiency

Cherenkov light production pions

From p = 4.65 GeV/c

ou’[ANN

outANN

052

-15

107

107

107

Electrons

Pions

18
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RICH PID Cut

PID Cuts: Fix electron efficiency

Cherenkov light production pions

From p = 4.65 GeV/c

o
©

o
@
[22)
LI ‘ 1 T ‘ 1 T ‘ 1 T ‘ 1 T I T

Electron cI)Efficiency

0.84

0.82

0.8

|

ou’[ANN

outANN

(o-lllllllllllllll

107

107

Electrons

Pions

19
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RICH PID Cut

e PID Cuts: Fix electron efficiency

* Cherenkov light production pions

* Fromp = 4.65 GeV/c

o
©

Electron Efficiency
: s

0.84

0.82

0.8
0

ou’[ANN

outANN

0.5

-1.5

107

107

Electrons

N
w
N
[6)]
o
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o
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S~
\gmllll

107
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RICH Cut

* Reject tracks without ring

Tracks/Event

—— Protons, After preCuts
—— Protons, After Ring Cut
—— Protons, After ANN Cut

* Further reduction: Input ring parameters into ANN

* Cherenkov light production pions

* Fromp = 4.65?

* Ring cut below

* Fake ring matches

* Distance between track and ring

* Lower momenta

10°

Suppression Factor

—_
o
™
U TTTH“'

10

T TTTTHW

— Protons
— Pions

Kaons

o.,

Tracks/Event

Tracks/Event

I AR
—— Pions, After preCuts
—— Pions, After Ring Cut 73
—— Pions, After ANN Cut 7

—— Kaons, After preCuts
—— Kaons, After Ring Cut
—— Kaons, After ANN Cut

21



m— T — Universitit
Miinster

TRD Cut

 TR-production depending on y

Target ‘ ‘ |
MVD
STS

- More likely for electrons

* Higher energy deposit of electrons

e Likelihood L,

e Less TR at low momenta

TRD

TOF

Electron Efficienc

I
3
T

o

)

©
T

o

)

)
T

© o ©o !
N N N 2 »
A& O ® ® N

T T T T T

o

3

N
T

O TP e

Likelihood L,

Likelihood L,

—

Electrons

107

107

107

. Pions

10

107°

107 22
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=~ =
@ —— Protons, After Ring Cut @ —— Pions, After Ring Cut
(@] O
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TRD Cut

 TR-production depending on y

- More likely for electrons

. . € L T T T T ]
* Higher energy deposit of electrons 2 — Kaons, Atter preCurs
_§ %’10 —— Kaons, After Ring Cut
e Likelihood L @ @ E
& s — E
S E
* Less TR at low momenta @ .
O —
. g :
* Low suppression = 5
\\“\“\H\\H\H
6 7 8
P (GeV/c)

23
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Belectron

A

TOF Cut ™= H|
MVD STS

. Electrons
—03|
RICH TRD -
TOF - -
 Arrival time of charged particles = =
05 - ::l_.i—;::;_._:_._l-:f et T 10°
e A = — 0 05 1 15 2 25 3 35 4 45 5
.Belectron ,Btrack ,Belectron p (GeV/c)
 Mass dependence
S o = 102
-> Low momenta 5 =
% B :i 10
* Mismatches for ABgjoctron = 0 == -
= = - = = 107
DRI — =
B = = - - 108 Protons
03[~ ==n -
e -_ _ 10
—0.4_— E_ = - B 107
_ - = I=0iND Lol | Ll [ 8
%005 1 15 2 25 3 35 45 5 24
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TOF Cut

* Arrival time of charged particles
AIBelectron — ﬁtrack o .Belectron
 Mass dependence

- Low momenta

* Mismatches for ABgiectron = 0

Tracks/Event

—— Protons, After TRD Cuts

—— Protons, After TOF Cuts

Tracks/Event

—— Pions, After TRD Cuts

—— Pions, After TOF Cuts

w
N
(&)}
(o)}
v@

Suppression Factor

T T 1 T 7T

Tracks/Event

—— Kaons, After TRD Cuts

—— Kaons, After TOF Cuts

3 4 “5””6‘ ‘7”‘

vo‘
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STS C u t Target

MVD

e Silicon strip detectors

* Energy loss

* High proton stopping power forp < 1.5 in

silicon

STS

o

8
p (GeV/c)
T
I :
8 9

107

1077

1078

107

1077

Electrons

Protons

26
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STS Cut

Silicon strip detectors

Median in each station used
because of Landau shape

High proton stopping power for
p < 1.5 insilicon

= High suppression for low
momenta

Tracks/Event

10°E

—— Protons, After TOF Cuts

—— Protons, After STS dE/dx Cut E

(GeV/c)
p - T T T { T T { LI { L { LI [ T T T [ L [ L
o) B ]
© — Protons
©
3| ]
w 10°F — Pions 3
[ = ]
g [ —— Kaons i
% N i
2 [ -
s UF E
o u .
5 B ]
0p] — ]
10 E
1 _il_rzlfﬁ I I IR I 1 | 11 =
0 2 3 4 5 6 7 8
p (GeV/c)

Tracks/Event

10°° g

-

St
L
[

—— Pions, After TOF Cuts

—— Pions, After STS dE/dx Cut

Tracks/Event

10°E

10°E

i

S
L
\

—— Kaons, After TOF Cuts

—— Kaons, After STS dE/dx Cut
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Electron Background rejection

« Photon conversions
y>ete”

* |nvariant mass cut
e Assuming all tracks as electrons
 Created in detector

* x? to vertex

* MVD hits

Tracks/Event

”/
—’/
| T
Target |
\\
WD STS e
RICH TRD
TOF
: |||||||||||||||| | L | |||||||||||||||| :
10 —— preCuts =
¥? to Vix .
1072 —— recMVD =
107 1 E
| ]
| .
10 | =
| -
10 § =
H .!T'l YN
. ]
0l Nl
| ]
10—7 ‘ Ll 1 | Ll 1 | Ll 1 | Ll 1 | L1l | I | ‘ * 'll Iu | L1 | I |

3 4 5 6 7 8 0
) 28
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Electron Background rejection

* Incomplete Pairs

* Track type using MC
 OOA: Out of acceptance
* Fragment: Less than 4 Hits in MVD+STS
* Segment: 4 Hits in MVD+STS

* Global: 4 Hits in MVD+STS and TOF, TRD, RICH

Target

* Global Tracks with rejected partner are background

* Segments for low M;,,,, decays

Segment
Fragment /%
o rPg
L | L]
T H
MVD
STS

RICH

TRD

Global track

TOF

29
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Segment
A
Fragment ye
Electron Background rejection [_Hatl 1]
* Incomplete Pairs Target
MVD STS
* Track type using MC RICH
TRD
 OOA: Out of acceptance
I M Before CLLt
* Fragment: Less than 4 Hits in MVD+STS &j PF e E
L 1 ——aleyete =
e Segment: 4 Hits in MVD+STS Ic_ié1o-1 el 5
10°E EE——— E
e Global: 4 Hits in MVD+STS and TOF, TRD, RICH 10? — N
* Global Tracks with rejected partner are background EZ z
 Segments for low M;,,,, decays ‘0 —
g o y 107 - OO0A ‘ Fragment Segment Global -

TrackType

Global track

TOF

30
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Electron Background rejection

* Incomplete Pairs

* Low mass decays = small opening angle

@
Minv o ZSIHE\/plpZ

* Match smallest opening angle

True Match

Fake Match

31
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* |ncomplete Pairs 005
: 0 107
* Low mass decays = small opening angle
Miny, = 2 Sinzvplpz
—~ 03T T T T T T T T T T T 107
8 [ - ) ]
* Match smallest opening angle S o T - =
_e'_é Z:E_—___ _ - _ ] 104
* True matches shows correlation between 02 =7 = -~ E
\/P1P2 and ¢ 0.153— = = —f 0° y > et e”
- Low mass decays 011 - g
- 1 107°
0.05 = - -
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Electron Background rejection

* Incomplete Pairs

* Low mass decays = small opening angle
¢
Minv ~ 2 Slna\/plpz
* Match smallest opening angle

* True matches shows correlation between
\JP1P2 and ¢

= Low mass decays

* Reduction of segments as partners

10%

107

1072

107

Tracks/Event

10E

F —— PID Cuts E
—— Opening Angle Cut .
| | | | | —
E/eC{ro”s( E/eCtrOns( E/G'Ctro . P/o"s rO’On /\'ao,7
D/U[ Ur, Con
o) am, Verg;, )

E ! T E
- Before Cut After Cut &
% +Y_>e+e- R R ete’ %
? — JT,O—> Y e+e' R - T TCO—> ,Y e+e' E
 ——o—e'e e o— e'e B
;—-—-—-—-—-—--a-------- i
S rememnes E
e B ——— 3
e i
= ‘ E

OO0A

Fragment Segment Global

TrackType
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| | ]

preCuts =
i recPID Cuts N
. — PID Cuts IE
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