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HADES detector
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•  Installed at GSI SIS 18, in operation 
since 2001  

• Studying baryonic matter in light and 
heavy systems 

• Part of FAIR – phase 0 program.  

•Used Ag+Ag collision data with kinetic beam energy 1.58A GeV produced in March 2019 .
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Motivation
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Schematic view of the expected sources of dilepton production as function 
of the invariant mass in relativistic heavy-ion collisions.  

•   Dilepton spectrum provides insight into fireball 

evolution. 

•  Main Background in  region  

coming from - and -Dalitz decays. 

•   Precise - and  - yields necessary for proper 

background subtraction.

ρ/ω

π0 η

π0 η
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Motivation
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Schematic view of the expected sources of dilepton production as function 
of the invariant mass in relativistic heavy-ion collisions.  

Main channels of 0  decay:π

Main channels of  decays:η

π0 → γγ (98.8%)
π0 → γe−e+ (1.2%)

η → γγ (38.8%)

η → γe−e+ (0.5%)

η → 3π0 (31.9%)
η → π0π−π+ (23.6%)
η → γπ−π+ (4.88%)
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Conversion method 
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Two methods to detect photons: 

• Directly(Electromagnetic calorimeter). 

• Conversion method.

The main idea of the conversion method is to measure 
photons indirectly by detecting e+e− pairs from 

conversion of γ → e+e− in the target or in the material of 
the detectors.  
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Reconstruction algorithm
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Lepton identification: 
Candidate momentum: p<1000 MeV/c 

0.93< <1.2β

Gamma selection: 
Opening angle( ) <5o 

 <100 MeV/c2 

Distance at point of closest approach <4mm

e−e+

m(e−e+)

Inside target: 

Vertex cut(-70mm<Zvertex<50mm) 

Rich radius cut(18mm<R<30mm) 

Outside target: 

Vertex cut(50mm<Zvertex<800mm) 

No Rich rings required 

Meson selection: 
10o <Opening angle ( )<40o  for  

40o <Opening angle ( )<110o  for  

γγ π0

γγ η
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Title Text
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Background approximation using event mixing
Mixing e+/e- pairs from 
different events with same 
centrality and target segment. 

Mix every 10000 events( mixed 
events  are close together in time).

Scaling of background distribution 
estimated using data in range:  
      30 MeV/c2<Mee<100 MeV/c2  
& 160 MeV/c2<Mee<600 MeV/c2
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Background approximation  
using event mixing

 centrality and target segment
same

.

Combinatorial background is wrong pair combinations( particles from different decays).   
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Invariant mass spectrum of e-e+e-e+
Number of events(0-40% centrality): 4.81*109 
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Raw  yield  in Ycm  and Pt binη
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Experimental data

• Small statistics  hard to use Pt-Y bin. 

• More statistics are reconstructed in [-0,2;0,2] for Y and [0,2;0,4] GeV/c for Pt-bin.
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Centrality classes

Centrality class determined based on hit 

multiplicity in HADES
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Berhuz Kardan.Event Characterization II Ag+Ag gen4. 
 Low level meeting.(08.12.20)

Centrality is the fraction of total cross section in 
relation to impact parameter: 
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Centrality vs Yield

• Yield decreasing with 
increasing centrality class. 

• Reconstructed   signal 
more pronounced in the 
most central collisions.

π0
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Centrality vs S/B

• Background decreasing 
with increasing centrality 
class. 

• Large statistic error for 
most peripheral class - low 
statistics for precise fit. 
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Conclusion
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Raw 0 and  signal  have been reconstructed in 1.58A GeV Ag-Ag collisions in 0-40% centrality class. 

 Raw IM spectrum has been extracted as a function of y, pt  for and  . 

(before  acceptance / efficiency correction). 

Centrality dependance of /   has been determined (before  acceptance / efficiency correction). 

Signal / background ratio is rising in larger centrality classes .  

Derive efficiency correction for the data (as function of pt / y). 

 Derive acceptance correction for the data (as function of p / / ). 

π η

π0 η

π0 η

θ ϕ
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Back up
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Background approximation using event mixing
Mixing e+/e- pairs from 
different events with same 
centrality and target segment. 

Mix every 10000 events( mixed 
events  are close together in time).

Scaling of background distribution 
estimated using data in range:  
      30 MeV/c2<Mee<100 MeV/c2  
& 160 MeV/c2<Mee<600 MeV/c2
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Background approximation  
using event mixing

 centrality and target segment
same

.
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Invariant mass spectrum of e-e+e-e+
Number of events(0-40% centrality): 4.81*109 
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Invariant mass of e-e+e-e+ in centrality bin

100 200 300 400
)2 (MeV/c-e+e-e+eM

0

2000

4000
spectr

Entries  94190
Mean    207.9
Std Dev     81.79

h3
Entries  200
Mean    199.1
Std Dev     162.4

Exp. data
Raw sim events
Mixed event BG
BG subtracted

 0.0 MeV± = 133.2 0π
µ 

 0.0 MeV± = 5.7 0πσ 

 129 ±  = 5955 0π 

 0.853 %±S/B = 36.003 

 = 2.55 GeVNNsAg+Ag, 
HADES work in progress

 peak0π0-10% centrality

100 200 300 400
)2 (MeV/c-e+e-e+eM

0

1000

2000

spectr
Entries  35166

Mean    202.5

Std Dev     80.29

Exp. data
Raw sim events
Mixed event BG
BG subtracted

 0.0 MeV± = 133.5 0π
µ 

 0.0 MeV± = 5.2 0πσ 

 82 ±  = 3495 0π 

 1.510 %±S/B = 51.520 

 = 2.55 GeVNNsAg+Ag, 
HADES work in progress

 peak0π10-20% centrality 20-30% centrality

30-40% centrality 40-50% centrality 50-60% centrality



300 400 500 600 700 800 900
)2 (MeV/c-e+e-e+eM

0

50

100

spectr
Entries  1450
Mean    490.1
Std Dev     122.1

Exp. data
BG subtracted

 fitη

 3.2 MeV± = 539.4 
η
µ 

 2.6 MeV± = 11.2 ησ 

 15±  = 50 η 

 6.825 %±S/B = 22.002 

 3.2 MeV± = 539.4 
η
µ 

 2.6 MeV± = 11.2 ησ 

 15±  = 50 η 

 6.825 %±S/B = 22.002 

 = 2.55 GeVNNsAg+Ag, 
HADES work in progress

 peakη

300 400 500 600 700 800 900
)2 (MeV/c-e+e-e+eM

0

200

400
spectr

Entries  7046
Mean    492.7
Std Dev     125.8

Exp. data
BG subtracted

 fitη

 4.4 MeV± = 535.3 
η
µ 

 6.5 MeV± = 10.0 ησ 

 31±  = 114 η 

 3.198 %±S/B = 11.452 

 4.4 MeV± = 535.3 
η
µ 

 6.5 MeV± = 10.0 ησ 

 31±  = 114 η 

 3.198 %±S/B = 11.452 

 = 2.55 GeVNNsAg+Ag, 
HADES work in progress

 peakη

300 400 500 600 700 800 900
)2 (MeV/c-e+e-e+eM

0

200

400

600
spectr

Entries  14665
Mean    496.5
Std Dev     127.6

Exp. data
BG subtracted

 fitη

 17.0 MeV± = 535.0 
η
µ 

 1.2 MeV± = 10.0 ησ 

 45±  = 160 η 

 2.243 %±S/B = 7.967 

 17.0 MeV± = 535.0 
η
µ 

 1.2 MeV± = 10.0 ησ 

 45±  = 160 η 

 2.243 %±S/B = 7.967 

 = 2.55 GeVNNsAg+Ag, 
HADES work in progress

 peakη

300 400 500 600 700 800 900
)2 (MeV/c-e+e-e+eM

0

500

1000

1500
spectr

Entries  27975

Mean    504.4

Std Dev     131.4

Exp. data
BG subtracted

 fitη

 3.5 MeV± = 541.3 
η
µ 

 6.5 MeV± = 10.0 ησ 

 61±  = 222 η 

 1.642 %±S/B = 5.970 

 3.5 MeV± = 541.3 
η
µ 

 6.5 MeV± = 10.0 ησ 

 61±  = 222 η 

 1.642 %±S/B = 5.970 

 = 2.55 GeVNNsAg+Ag, 
HADES work in progress

 peakη

300 400 500 600 700 800 900
)2 (MeV/c-e+e-e+eM

0

1000

2000

spectr
Entries  62192

Mean      510

Std Dev     133.7

Exp. data
BG subtracted

 fitη

 1.9 MeV± = 535.0 
η
µ 

 0.9 MeV± = 10.0 ησ 

 98±  = 477 η 

 1.019 %±S/B = 4.942 

 1.9 MeV± = 535.0 
η
µ 

 0.9 MeV± = 10.0 ησ 

 98±  = 477 η 

 1.019 %±S/B = 4.942 

 = 2.55 GeVNNsAg+Ag, 
HADES work in progress

 peakη

300 400 500 600 700 800 900
)2 (MeV/c-e+e-e+eM

0

2000

4000

6000

spectr
Entries  169117
Mean    518.5
Std Dev     138.2

Exp. data
BG subtracted

 fitη

 3.2 MeV± = 541.9 
η
µ 

 8.3 MeV± = 10.4 ησ 

 147±  = 954 η 

 0.679 %±S/B = 4.395 

 3.2 MeV± = 541.9 
η
µ 

 8.3 MeV± = 10.4 ησ 

 147±  = 954 η 

 0.679 %±S/B = 4.395 

 = 2.55 GeVNNsAg+Ag, 
HADES work in progress

 peakη

Invariant mass of e-e+e-e+ in centrality bin
0-10% centrality 10-20% centrality 20-30% centrality

30-40% centrality 40-50% centrality 50-60% centrality



 Invariant mass of e-e+e-e+ in Pt and Ycm bin(0-40% centrality)

100 200 300 400
)2 (MeV/c-e+e-e+eM

0

1

2

3

)2
dN

/d
M

 (1
/M

eV
/c

 400 MeV/c≤ 
t

 -0.2 and      200 < p≤ 
cm

  -0.6 < y
spectr

Entries  136
Mean    105.4
Std Dev     34.72

Exp. data
Raw events
Mixed event BG
BG subtracted
 0.3 MeV± = 129.9 0π

µ 
 13.2 MeV± = 1.0 0π

σ 
 4 ±  = 3.03 0π 

 25.545 %±S/B = 18.907 

 400 MeV/c≤ 
t

 -0.2 and      200 < p≤ 
cm

  -0.6 < y

100 200 300 400
)2 (MeV/c-e+e-e+eM

0

10

20

30

40

)2
dN

/d
M

 (1
/M

eV
/c

 600 MeV/c≤ 
t

 -0.2 and      400 < p≤ 
cm

  -0.6 < y
spectr

Entries  2254
Mean    139.1
Std Dev      45.1

Exp. data
Raw events
Mixed event BG
BG subtracted

 0.5 MeV± = 134.2 0π
µ 

 0.6 MeV± = 5.2 0πσ 
 26.3 ±  = 324 0π 

 4.521 %±S/B = 46.833 

 600 MeV/c≤ 
t

 -0.2 and      400 < p≤ 
cm

  -0.6 < y

100 200 300 400
)2 (MeV/c-e+e-e+eM

0

10

20

30

40

)2
dN

/d
M

 (1
/M

eV
/c

 800 MeV/c≤ 
t

 -0.2 and     600 < p≤ 
cm

  -0.6 < y
spectr

Entries  2319
Mean    169.2
Std Dev     59.17

Exp. data
Raw events
Mixed event BG
BG subtracted

 0.4 MeV± = 135.4 0π
µ 

 0.4 MeV± = 4.9 0πσ 
 25.7 ±  = 409 0π 

 5.536 %±S/B = 62.131 

 800 MeV/c≤ 
t

 -0.2 and     600 < p≤ 
cm

  -0.6 < y

100 200 300 400
)2 (MeV/c-e+e-e+eM

0

10

20

30

40

)2
dN

/d
M

 (1
/M

eV
/c

 800 MeV/c≤ 
t

 -0.2 and     600 < p≤ 
cm

  -0.6 < y
spectr

Entries  2319
Mean    169.2
Std Dev     59.17

Exp. data
Raw events
Mixed event BG
BG subtracted

 0.4 MeV± = 135.4 0π
µ 

 0.4 MeV± = 4.9 0πσ 
 25.7 ±  = 409 0π 

 5.536 %±S/B = 62.131 

 800 MeV/c≤ 
t

 -0.2 and     600 < p≤ 
cm

  -0.6 < y

100 200 300 400
)2 (MeV/c-e+e-e+eM

0

20

40

60
)2

dN
/d

M
 (1

/M
eV

/c

 400 MeV/c≤ 
t

 0.2 and      200 < p≤ 
cm

   -0.2 < y
spectr

Entries  4585
Mean      137
Std Dev     41.55

Exp. data
Raw events
Mixed event BG
BG subtracted

 0.5 MeV± = 131.4 0π
µ 

 0.5 MeV± = 5.1 0πσ 
 36.8 ±  = 508 0π 

 3.010 %±S/B = 37.572 

 400 MeV/c≤ 
t

 0.2 and      200 < p≤ 
cm

   -0.2 < y

100 200 300 400
)2 (MeV/c-e+e-e+eM

0

100

200

300

)2
dN

/d
M

 (1
/M

eV
/c

 600 MeV/c≤ 
t

 0.2 and      400 < p≤ 
cm

   -0.2 < y
spectr

Entries  23035
Mean    167.9
Std Dev     59.97

Exp. data
Raw events
Mixed event BG
BG subtracted

 0.2 MeV± = 133.0 0π
µ 

 0.2 MeV± = 4.9 0πσ 
 73.8 ±  = 2.41e+03 0π 

 1.574 %±S/B = 44.198 

 600 MeV/c≤ 
t

 0.2 and      400 < p≤ 
cm

   -0.2 < y



 Invariant mass of e-e+e-e+ in Pt and Ycm bin(0-40% centrality)

100 200 300 400
)2 (MeV/c-e+e-e+eM

0

50

100

150

)2
dN

/d
M

 (1
/M

eV
/c

 800 MeV/c≤ 
t

 0.2 and     600 < p≤ 
cm

   -0.2 < y
spectr

Entries  14951
Mean    208.5
Std Dev      78.7

Exp. data
Raw events
Mixed event BG
BG subtracted

 0.2 MeV± = 134.0 0π
µ 

 0.2 MeV± = 6.1 0πσ 
 58.4 ±  = 1.9e+03 0π 

 2.231 %±S/B = 55.654 

 800 MeV/c≤ 
t

 0.2 and     600 < p≤ 
cm

   -0.2 < y

100 200 300 400
)2 (MeV/c-e+e-e+eM

0

20

40

60)2
dN

/d
M

 (1
/M

eV
/c

 1000 MeV/c≤ 
t

 0.2 and      800 < p≤ 
cm

   -0.2 < y
spectr

Entries  5397
Mean    235.1
Std Dev     87.09

Exp. data
Raw events
Mixed event BG
BG subtracted

 0.4 MeV± = 134.3 0π
µ 

 0.4 MeV± = 6.1 0πσ 
 34 ±  = 711 0π 

 4.134 %±S/B = 61.434 

 1000 MeV/c≤ 
t

 0.2 and      800 < p≤ 
cm

   -0.2 < y

100 200 300 400
)2 (MeV/c-e+e-e+eM

0

50

100

)2
dN

/d
M

 (1
/M

eV
/c

 400 MeV/c≤ 
t

 0.6 and      200 < p≤ 
cm

   0.2 < y
spectr

Entries  14532
Mean    180.8
Std Dev     64.41

Exp. data
Raw events
Mixed event BG
BG subtracted

 0.3 MeV± = 132.6 0π
µ 

 0.3 MeV± = 4.6 0πσ 
 46.4 ±  = 843 0π 

 2.412 %±S/B = 39.164 

 400 MeV/c≤ 
t

 0.6 and      200 < p≤ 
cm

   0.2 < y

100 200 300 400
)2 (MeV/c-e+e-e+eM

0

100

200

300

)2
dN

/d
M

 (1
/M

eV
/c

 600 MeV/c≤ 
t

 0.6 and      400 < p≤ 
cm

   0.2 < y
spectr

Entries  39638
Mean    207.4
Std Dev     80.28

Exp. data
Raw events
Mixed event BG
BG subtracted

 0.2 MeV± = 133.0 0π
µ 

 0.2 MeV± = 5.5 0πσ 
 89.2 ±  = 3.38e+03 0π 

 1.285 %±S/B = 42.524 

 600 MeV/c≤ 
t

 0.6 and      400 < p≤ 
cm

   0.2 < y

100 200 300 400
)2 (MeV/c-e+e-e+eM

0

50

100

150

)2
dN

/d
M

 (1
/M

eV
/c

 800 MeV/c≤ 
t

 0.6 and     600 < p≤ 
cm

   0.2 < y
spectr

Entries  18945
Mean    230.8
Std Dev     85.78

Exp. data
Raw events
Mixed event BG
BG subtracted

 0.2 MeV± = 133.9 0π
µ 

 0.2 MeV± = 5.6 0πσ 
 60.2 ±  = 2.04e+03 0π 

 2.179 %±S/B = 56.191 

 800 MeV/c≤ 
t

 0.6 and     600 < p≤ 
cm

   0.2 < y

100 200 300 400
)2 (MeV/c-e+e-e+eM

0

10

20

30)2
dN

/d
M

 (1
/M

eV
/c

 1000 MeV/c≤ 
t

 0.6 and      800 < p≤ 
cm

   0.2 < y
spectr

Entries  4991
Mean    255.6
Std Dev     82.19

Exp. data
Raw events
Mixed event BG
BG subtracted

 0.5 MeV± = 134.7 0π
µ 

 0.4 MeV± = 5.2 0πσ 
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Title Text

Check acceptance of  
both leptons (need  signal 
in all of MDC layers).

Photon is accepted if  
both of leptons are  
accepted.

Acceptance =

 
Nacc(P, Φ, Θ)
Nall(P, Φ, Θ)

Generation of six photons 
(one per sector)   
using HGEANT.

Choose only photons which  
convert into lepton pair.

Acceptance derivation  based on photon level

 4

Acceptance correction factor =  
1

Accaptance(P, Φ, Θ)AAcceptance correction factor = 
1

Acceptance(P, Φ, Θ)

Generation photos using  
HGEANT simulation.

Check acceptance of both leptons 
(need signal in all tracking system).

Choose only photons which 
convert into lepton pair.

Photon is accepted if  
both leptons are  
accepted.

Acceptance = 
Nacc(P, Φ, Θ)
Nall(P, Φ, Θ)
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 800 MeV/c≤ 
t

 0.6 and     600 < p≤ 
cm

   -0.6 < y
Sim. data

Raw real events

Mixed event BG

BG subtracted

 fit0π

 0.7 MeV±  = 133.0 
0π

µ 

 0.7 MeV± = 5.0 0π
σ 

 1910±  = 1190113 0π 

 0.08 %±S/B = 49.18 

25

Efficiency corr. factor = 
1

Eff(Y, Pt)

Full URQMD simulation 

Build invariant mass spectrum 
IM( ) as a function of y, ptγ1γ2

Apply full reconstruction 
algorithm  on simulated data 

Find yield with respect to 
y and pt after Acceptance 
correction. 

Eff= 
Nacc,rec.corr.(Y, Pt)

Nall(Y, Pt)

Deriving  
reconstruction efficiency


