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Reconstruction of π0 and η mesons with 
light ECAL 

•  Sergey Kiselev, ITEP Moscow for the ECAL group 
•  Input info 
•  Acceptances 
•  Reconstruction efficiencies 
•  Invariant mass spectra Mγγ 

•  Extracted signals 
•  True signals 
•  S/B 
•  Summary 
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•  CbmRoot package (trunk Sep2010), Geant3 
• UrQMD (b=0 fm) events  simulated and reconstructed in the light 
ECAL by Misha Prokudin: 

106 p+C 30 GeV 
105 C+C 25 AGeV 
104 Cu+Cu 25 AGeV 
104 Au+Au 25 AGeV 

•  STS + Light ECAL (LECAL) 
•  LECAL wall at 6 m from a target 

Size: X x Y = 5.28 x 4.32 m2 , beam hole 0.24 x 0.24 m2  
Central part (ρ < 1 m):       3 x 3 cm2 cells 
Peripheral part ((ρ > 1 m): 6 x 6 cm2 cells 

•  pγ cut: pγ > 0.5 GeV/c 
•  ECAL cluster cut: χ2 < 25 
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γ (Rvtx<0.1cm)          primary π0               primary η → γγ 
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<accep.> :  ~ 90 %                             ~20 %                                ~35% 
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18.34 reco γ/event: 
        18.17 matched with MC tracks 
                16.45 of them Rvtx <0.1 cm 
                        11.81 (72%) of them are photons 
                                 11.30 (96%) of them enter ECAL 
                                 0.51 (4%) “enter” ECAL by e± due to conversion 
                         4.64 (28%) are n, π±, p, … 

42.65 MC tracks/event enter ECAL 
         13.53 of them are photons 
                12.45 of them Rvtx <0.1 cm 

         γ reco efficiency = 11.30 / 12.45 = 91% 
converting part = 0.51 / 11.81 = 4% 



reco efficiency: γ(Rvtx<0.1cm)  
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p+C               C+C               Cu+Cu            Au+Au 
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<reco> :  ~ 96 %                ~91 %                      ~60%                        ~23% 



π0 and η reco efficiency: the example Cu+Cu 
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               π0    

9.0 reco primary/ev.:  
        8.0 (89%): 2γ enter ECAL 
        0.7   (8%): 1γ enter ECAL 
        0.3   (3%): 0γ enter ECAL 

106.8 primary/ev. 
       22.8 enter ECAL 

reco efficiency  = 8.0/22.8 
 = 35 (%)  
converting part: 11% 

         η  γγ              

0.73 reco primary/ev.:  
        0.65 (87%): 2γ enter ECAL 
        0.06   (9%): 1γ enter ECAL 
        0.02   (4%): 0γ enter ECAL 

4.22 primary/ev. 
       1.42 enter ECAL 

reco efficiency  = 0.65/1.42 
 = 46 (%)  
converting part: 13% 



reco efficiency: primary π0 
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p+C               C+C               Cu+Cu            Au+Au 
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<reco> :  ~ 94 %                ~84 %                      ~35%                        ~5% 



reco efficiency: primary η → γγ 
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p+C               C+C               Cu+Cu            Au+Au 
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<reco> :  ~ 96 %                ~87 %                      ~46%                        ~9% 



Mγγ spectra: p+C, C+C 
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p+C                                      C+C 
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Mγγ spectra: Cu+Cu, Au+Au 
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Cu+Cu                                   Au+Au 
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extracted signals: p+C 
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π0                                   η 

      σπ ≈ 6 MeV                              ση ≈ 18 MeV                                  
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C+C: π0                        Cu+Cu: π0 

    σπ ≈ 6 MeV                            σπ ≈10 MeV                                                                

 / ndf 2  48.69 / 12
ampl      8.446e+02! 1.442e+04 
m         0.0005! 0.1409 

    0.00077! 0.01009 
    

2
p  5.863e+05! -1.424e+07 

    
1

p  1.619e+05! 6.013e+06 
    

0
p  1.040e+04! -2.445e+04 

 (GeV)M
0.08 0.1 0.12 0.14 0.16 0.18 0.2 0.22

N
 (1

/b
in

)

100

200

300

400

500

600

310"

 / ndf 2  48.69 / 12
ampl      8.446e+02! 1.442e+04 
m         0.0005! 0.1409 

    0.00077! 0.01009 
    

2
p  5.863e+05! -1.424e+07 

    
1

p  1.619e+05! 6.013e+06 
    

0
p  1.040e+04! -2.445e+04 

signal+background
fit: Gaussian + Poly2
Poly2

t
all p

 / ndf 2  47.17 / 12
ampl      323.2!  6830 
m         0.0004! 0.1398 

    0.000583! 0.008629 
    2p  2.237e+05! -1.421e+06 
    1p  6.128e+04! 9.341e+05 
    

0
p  3929.6! -1364 
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 / ndf 2  47.17 / 12
ampl      323.2!  6830 
m         0.0004! 0.1398 

    0.000583! 0.008629 
    2p  2.237e+05! -1.421e+06 
    1p  6.128e+04! 9.341e+05 
    

0
p  3929.6! -1364 

<0.8 GeV/ct0.4<p

 / ndf 2  25.16 / 12
ampl      85.9!  1537 
m         0.0004! 0.1386 

    0.000580! 0.007829 
    

2
p  54685.7!  1149 

    
1

p  1.487e+04! 4.755e+04 
    

0
p  950.8! 617.1 
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 / ndf 2  25.16 / 12
ampl      85.9!  1537 
m         0.0004! 0.1386 

    0.000580! 0.007829 
    

2
p  54685.7!  1149 

    
1

p  1.487e+04! 4.755e+04 
    

0
p  950.8! 617.1 

<1.2 GeV/ct0.8<p

 / ndf 2  17.65 / 12
ampl      25.8! 241.8 
m         0.0007! 0.1374 

    0.001113! 0.006587 
    

2
p  15479.7!  5168 
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p  4193.6!  2818 
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p  267.9! 106.2 
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 / ndf 2  17.65 / 12
ampl      25.8! 241.8 
m         0.0007! 0.1374 

    0.001113! 0.006587 
    

2
p  15479.7!  5168 

    
1

p  4193.6!  2818 
    

0
p  267.9! 106.2 

<1.6 GeV/ct1.2<p

 / ndf 2  94.42 / 16
ampl      4.711e+02! 7.931e+04 
m         0.0000! 0.1356 

    0.000048! 0.006375 
    

2
p  1.480e+05! -8.484e+06 

    
1

p  3.994e+04! 2.823e+06 
    

0
p  2497.4! -6741 
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 / ndf 2  94.42 / 16
ampl      4.711e+02! 7.931e+04 
m         0.0000! 0.1356 

    0.000048! 0.006375 
    

2
p  1.480e+05! -8.484e+06 

    
1

p  3.994e+04! 2.823e+06 
    

0
p  2497.4! -6741 

signal+background

fit: Gaussian + Poly2

Poly2

t
all p  / ndf 2    103 / 16

ampl      2.021e+02! 2.995e+04 
m         0.0000! 0.1355 

    0.000047! 0.005976 
    

2
p  5.065e+04! -7.019e+05 

    
1

p  1.360e+04! 3.426e+05 
    

0
p  847.2! -6106 
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 / ndf 2    103 / 16
ampl      2.021e+02! 2.995e+04 
m         0.0000! 0.1355 

    0.000047! 0.005976 
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p  5.065e+04! -7.019e+05 

    
1

p  1.360e+04! 3.426e+05 
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p  847.2! -6106 

<0.8 GeV/ct0.4<p

 / ndf 2  43.83 / 16

ampl      71.5!  5695 

m         0.0001! 0.1355 

    0.000069! 0.005495 
    

2
p  1.216e+04! -6.031e+04 
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p  3.254e+03! 2.755e+04 
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 / ndf 2  43.83 / 16

ampl      71.5!  5695 

m         0.0001! 0.1355 

    0.000069! 0.005495 
    

2
p  1.216e+04! -6.031e+04 

    
1

p  3.254e+03! 2.755e+04 
    

0
p  202.2! -923.5 

<1.2 GeV/ct0.8<p  / ndf 2  11.21 / 16
ampl      27.4!   995 
m         0.0001! 0.1354 

    0.000134! 0.005437 
    

2
p  3423.1! -7555 
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p  913.2!  3084 
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 / ndf 2  11.21 / 16
ampl      27.4!   995 
m         0.0001! 0.1354 

    0.000134! 0.005437 
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p  3423.1! -7555 

    
1

p  913.2!  3084 
    

0
p  56.5! -138.3 

<1.6 GeV/ct1.2<p
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π0                                 η 

    σπ ≈ 6 MeV                              ση ≈ 18 MeV                                                           

 / ndf 2   2631 / 5

const     2.626e+02! 1.277e+05 

m         0.0000! 0.1348 

    0.000008! 0.006278 
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 / ndf 2   2631 / 5

const     2.626e+02! 1.277e+05 

m         0.0000! 0.1348 

    0.000008! 0.006278 

sum
/ECAL: 20

/ECAL: 10

/ECAL: 00

t
all p  / ndf 2   1010 / 5

const     1.684e+02! 5.004e+04 

m         0.000! 0.135 

    0.000013! 0.005923 

 (GeV)M
0.05 0.1 0.15 0.2 0.25 0.3

N
 (1

/b
in

)

0

10000

20000

30000

40000

50000

 / ndf 2   1010 / 5

const     1.684e+02! 5.004e+04 

m         0.000! 0.135 

    0.000013! 0.005923 

<0.8 GeV/ct0.4<p

 / ndf 2  56.97 / 3

const     8.174e+01! 1.079e+04 

m         0.0000! 0.1351 

    0.000026! 0.005371 
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 / ndf 2  56.97 / 3

const     8.174e+01! 1.079e+04 

m         0.0000! 0.1351 

    0.000026! 0.005371 

<1.2 GeV/ct0.8<p  / ndf 2  10.64 / 3

const     36.2!  2131 

m         0.0001! 0.1351 

    0.000059! 0.005364 
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 / ndf 2  10.64 / 3

const     36.2!  2131 

m         0.0001! 0.1351 

    0.000059! 0.005364 

<1.6 GeV/ct1.2<p

 / ndf 2   69.3 / 16

const     20.8!  2479 

m         0.0001! 0.5458 

    0.00012! 0.01987 
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 / ndf 2   69.3 / 16

const     20.8!  2479 

m         0.0001! 0.5458 

    0.00012! 0.01987 

sum
/ECAL: 2
/ECAL: 1
/ECAL: 0

t
all p  / ndf 2  38.34 / 16

const     12.8! 935.3 

m         0.0002! 0.5461 

    0.00019! 0.01931 
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 / ndf 2  38.34 / 16

const     12.8! 935.3 

m         0.0002! 0.5461 

    0.00019! 0.01931 

<0.8 GeV/ct0.4<p

 / ndf 2  16.65 / 14

const     7.0! 262.5 

m         0.0004! 0.5474 

    0.00035! 0.01804 
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 / ndf 2  16.65 / 14

const     7.0! 262.5 

m         0.0004! 0.5474 

    0.00035! 0.01804 

<1.2 GeV/ct0.8<p  / ndf 2  15.73 / 12

const     3.57! 61.41 

m         0.0008! 0.5476 

    0.00066! 0.01607 
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const     3.57! 61.41 
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<1.6 GeV/ct1.2<p
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π0                                     η 

    σπ ≈ 7 MeV                              ση ≈ 20 MeV                                                           

 / ndf 2  88.71 / 17

const     15.8!  1463 

m         0.0002! 0.5479 

    0.00016! 0.02079 
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 / ndf 2  88.71 / 17

const     15.8!  1463 

m         0.0002! 0.5479 

    0.00016! 0.02079 

sum
/ECAL: 2
/ECAL: 1
/ECAL: 0

t
all p  / ndf 2  20.98 / 17

const     9.5! 537.1 

m         0.0003! 0.5484 

    0.00025! 0.02031 
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 / ndf 2  20.98 / 17

const     9.5! 537.1 

m         0.0003! 0.5484 

    0.00025! 0.02031 

<0.8 GeV/ct0.4<p

 / ndf 2  35.33 / 17

const     5.1! 138.9 

m         0.0005! 0.5497 

    0.00050! 0.01901 
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 / ndf 2  35.33 / 17

const     5.1! 138.9 

m         0.0005! 0.5497 

    0.00050! 0.01901 

<1.2 GeV/ct0.8<p  / ndf 2  9.084 / 13

const     2.11! 23.74 

m         0.0013! 0.5514 

    0.00108! 0.01732 
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 / ndf 2  9.084 / 13

const     2.11! 23.74 

m         0.0013! 0.5514 

    0.00108! 0.01732 

<1.6 GeV/ct1.2<p

 / ndf 2   2765 / 5

const     1.905e+02! 7.131e+04 

m         0.0000! 0.1358 

    0.000012! 0.006788 
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 / ndf 2   2765 / 5

const     1.905e+02! 7.131e+04 

m         0.0000! 0.1358 

    0.000012! 0.006788 

sum
/ECAL: 20

/ECAL: 10

/ECAL: 00

t
all p  / ndf 2  979.4 / 4

const     1.26e+02! 2.82e+04 

m         0.0000! 0.1357 

    0.00002! 0.00626 
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 / ndf 2  979.4 / 4

const     1.26e+02! 2.82e+04 

m         0.0000! 0.1357 

    0.00002! 0.00626 

<0.8 GeV/ct0.4<p

 / ndf 2  178.1 / 4

const     57.5!  5543 

m         0.0000! 0.1357 

    0.000039! 0.005733 
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 / ndf 2  178.1 / 4

const     57.5!  5543 

m         0.0000! 0.1357 

    0.000039! 0.005733 

<1.2 GeV/ct0.8<p  / ndf 2  30.67 / 4

const     24.6!   971 

m         0.0001! 0.1355 

    0.000095! 0.005601 
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 / ndf 2  30.67 / 4

const     24.6!   971 

m         0.0001! 0.1355 

    0.000095! 0.005601 

<1.6 GeV/ct1.2<p
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π0                                     η 
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π0                                     η 
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pt (GeV/c) 0.4 – 0.8 0.8 – 1.2 1.2 – 1.6 

p+C 4.06(343) 11.60(161) 24.89(73) 
C+C 0.65(184) 2.00(100) 4.24(46) 

Cu+Cu 0.04(33) 0.13(25) 0.24(12) 

primary π0 

pt (GeV/c) 0.4 – 0.8 0.8 – 1.2 1.2 – 1.6 

p+C 0.13(31) 0.29(23) 0.47(11) 

primary η → γγ 
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primary π0 
pt (GeV/c) 0.4 – 0.8 0.8 – 1.2 1.2 – 1.6 

Au+Au 0.27(8) 0.79(7) 1.55(5) 

primary η → γγ 
pt (GeV/c) 0.4 – 0.8 0.8 – 1.2 1.2 – 1.6 

C+C 1.67(9) 3.16(6) 4.77(3) 
Cu+Cu 0.12(1.7) 0.18(1.1) 0.31(0.6) 
Au+Au 0.014(0.5) 0.022(0.4) 0.037(0.3) 
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Statistics (events) 

Yield/event 

Acceptance eff. 

Reconstruction eff. 

Total eff. 

σ (MeV) 

S/B 

Significance 

primary π0               primary η → γγ 
p+C C+C Cu+Cu Au+Au 

106 105 104 104 

0.10 0.53 4.22 14.2 

26 % 34 % 34 % 34 % 

96% 87% 46% 8.8% 

25% 30% 16% 3% 

 18.2  20.8  -  - 

0.11 0.016 0.0011 0.00014 

46 15 2.6 0.8 

p+C C+C Cu+Cu Au+Au 

106 105 104 104 

2.5 13.5 107 365 

17 % 22 % 21 % 21 % 

94% 84% 35% 4.9% 

16% 18% 7% 1% 

 6.1  6.4  10.1  - 

1.65 0.22 0.016 0.0019 

509 207 33 8 


