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Simulation characteristics: Single gamma.

Energies: 0.03, 0.1, 0.25, 0.5 and 0.7 GeV

Angles:
- θ: 145◦, 150◦, 155◦, 160◦ and 165◦

- φ: 1◦, 22.5◦ and 45◦

1◦ 22.5◦ 45◦
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Simulation characteristics: Single gamma.

Calorimeter: 20 cm long crystals (2.24 cm×2.24 cm), rmin =182 mm,
rmax =406 mm, at z= -594 mm.
Full angular range: 145.65◦, 167.09◦.

Dead material:
- Nothing.
- 2 cm Al rmin =150 mm, rmax =418 mm, at z= -400 mm from the target. Behind
STT.
- 4 cm Al rmin =150 mm, rmax =418 mm, at z= -400 mm from the target. Behind
STT.
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Hits: No dead material, 250 MeV, φ =45◦,
θ =145◦
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Hits: No dead material, 250 MeV, φ =45◦,
θ =150◦
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What is the circular structure?
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Hits: No dead material, 250 MeV, φ =45◦,
θ =155◦

X (mm)
-80 -60 -40 -20 0 20 40 60 80

Y
 (

m
m

)

-80

-60

-40

-20

0

20

40

60

80

SinglePhotonSingleE250Ph45degTh155NoDead-1.root

Entries  54395

Mean x   22.11
Mean y   22.46
RMS x   5.185
RMS y   5.131

1

10

210

3
10

410

SinglePhotonSingleE250Ph45degTh155NoDead-1.root

Entries  54395

Mean x   22.11
Mean y   22.46
RMS x   5.185
RMS y   5.131

SinglePhotonSingleE250Ph45degTh155NoDead-1.root

8 / 66

P̄ANDA Backward Electromagnetic Calorimeter Studies with BaBar-like framework



Introduction Analysis done Comparison with PandaROOT Conclusions and outlook

Hits: No dead material, 250 MeV, φ =45◦,
θ =160◦
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Hits: No dead material, 250 MeV, φ =45◦,
θ =165◦
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Analysis

NOVOSIBIRSK FUNCTION:
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Analysis

CUTS:

Bump with highest energy per event

ANALYSIS:

Energy resolution of the backward end cap:

Eres =
2.35σ

µ

Efficiency of the backward end cap:

Eff =
1

50000

Z µ+2σ

µ−3σ
f (E)dE
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Phi =45◦, θ =145◦;
Outside the calorimeter
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Phi =45◦, θ =150◦;
Partially inside the calorimeter
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Phi =45◦, θ =155◦;
Fully inside the calorimeter
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No dead material 30 MeV
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30 MeV; No dead material
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30 MeV; No dead material
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No dead material 100 MeV
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100 MeV; No dead material
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100 MeV; No dead material
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No dead material 250 MeV
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 / ndf 2χ   1504 / 1217
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 / ndf 2χ   1622 / 1234
p0        1.4±   207 
p1        0.000± 0.254 
p2        0.000037± 0.007989 
p3        0.0057± -0.2923 
p4        0.1±   3.9 
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No dead material 500 MeV
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 / ndf 2χ   2039 / 1975
p0        0.30± 37.52 
p1        0.0005± 0.4225 
p2        0.00042± 0.04726 
p3        0.0116± -0.4938 
p4        0.136± 1.058 
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 / ndf 2χ   2016 / 2185
p0        1.1± 164.7 
p1        0.0001± 0.5033 
p2        0.00004± 0.01014 
p3        0.0055± -0.2356 
p4        0.038± 2.119 
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 / ndf 2χ   2361 / 2217
p0        1.0± 154.3 
p1        0.0001± 0.5034 
p2        0.00005± 0.01076 
p3        0.0057± -0.2785 
p4        0.040± 2.379 
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 / ndf 2χ   2188 / 2073
p0        0.36± 45.79 
p1        0.0004± 0.4446 
p2        0.00033± 0.03914 
p3        0.008± -0.489 
p4        0.139± 1.141 
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 / ndf 2χ   1881 / 2176
p0        1.1± 167.1 
p1        0.0001± 0.5039 
p2        0.00004± 0.01004 
p3        0.0054± -0.2363 
p4        0.038± 2.075 
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 / ndf 2χ   2332 / 2204
p0        1.1± 160.6 
p1        0.0001± 0.5068 
p2        0.00005± 0.01031 
p3        0.0058± -0.2771 
p4        0.040± 2.421 
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 / ndf 2χ   2213 / 2049
p0        0.39± 55.42 
p1        0.0003± 0.4477 
p2        0.00023± 0.03272 
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p4        0.119± 1.018 
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 / ndf 2χ   2004 / 2150
p0        1.0± 162.9 
p1        0.0001± 0.5025 
p2        0.00004± 0.01032 
p3        0.0053± -0.2268 
p4        0.037± 2.015 
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 / ndf 2χ   2273 / 2203
p0        1.0± 156.9 
p1        0.0001± 0.5054 
p2        0.00005± 0.01065 
p3        0.0059± -0.2884 
p4        0.040± 2.316 
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500 MeV; No dead material
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500 MeV; No dead material

0

5

10

15

20

25

30

35

40

 0.23±
26.28

 0.02±
4.74

 0.02±
5.02

 0.17±
20.68

 0.02±
4.68

 0.02±
4.78

 0.12±
17.18

 0.02±
4.83

 0.02±
4.95

)o(θ
145 150 155 160 165 170

)o (φ

0

5

10

15

20

25

30

35

40

45

50

EresolutionEresolution

2 cm Al 4 cm Al

27 / 66

P̄ANDA Backward Electromagnetic Calorimeter Studies with BaBar-like framework



Introduction Analysis done Comparison with PandaROOT Conclusions and outlook

No dead material 700 MeV
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 / ndf 2χ   2973 / 2773
p0        0.22± 25.23 
p1        0.0008± 0.5703 
p2        0.00064± 0.06626 
p3        0.0124± -0.4872 
p4        0.107± 1.111 
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 / ndf 2χ   2174 / 2989
p0        0.9± 143.2 
p1        0.0001± 0.7033 
p2        0.0000± 0.0116 
p3        0.0054± -0.2307 
p4        0.028± 1.744 
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 / ndf 2χ   2359 / 2965
p0        0.9±   133 
p1        0.0001± 0.7026 
p2        0.0001± 0.0126 
p3        0.0056± -0.2654 
p4        0.029± 1.759 
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 / ndf 2χ   3032 / 2935
p0        0.25± 30.96 
p1        0.001± 0.605 
p2        0.00052± 0.05545 
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p4        0.1157± 0.9855 
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 / ndf 2χ   2063 / 2996
p0        0.9± 145.4 
p1        0.0001± 0.7042 
p2        0.00005± 0.01151 
p3        0.0053± -0.2345 
p4        0.028± 1.705 
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 / ndf 2χ   2464 / 3001
p0        0.9± 139.9 
p1        0.0001± 0.7078 
p2        0.00005± 0.01195 
p3        0.0058± -0.2792 
p4        0.029± 1.756 
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 / ndf 2χ   2990 / 2895
p0        0.3±  39.6 
p1        0.0004± 0.6138 
p2        0.00032± 0.04351 
p3        0.0072± -0.4119 
p4        0.087± 1.129 
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 / ndf 2χ   2140 / 2978
p0        0.9± 139.6 
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 / ndf 2χ   2358 / 2998
p0        0.9± 134.2 
p1        0.0001± 0.7054 
p2        0.00005± 0.01253 
p3        0.0057± -0.2747 
p4        0.029± 1.731 
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700 MeV; No dead material
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700 MeV; No dead material

0

5

10

15

20

25

30

35

40

 0.27±
27.31

 0.02±
3.88

 0.02±
4.21

 0.20±
21.54

 0.02±
3.84

 0.02±
3.97

 0.12±
16.66

 0.02±
4.01

 0.02±
4.18

)o(θ
145 150 155 160 165 170

)o (φ

0

5

10

15

20

25

30

35

40

45

50

EresolutionEresolution

2 cm Al 4 cm Al

30 / 66

P̄ANDA Backward Electromagnetic Calorimeter Studies with BaBar-like framework



Introduction Analysis done Comparison with PandaROOT Conclusions and outlook

2 cm Al 30 MeV
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 / ndf 2χ  542.5 / 245
p0        3.2± 421.9 
p1        0.00004± 0.03147 
p2        0.00003± 0.00428 
p3        0.0078± -0.4549 
p4        0.490± 5.663 
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 / ndf 2χ  615.7 / 245
p0        3.3± 455.9 
p1        0.00003± 0.03199 
p2        0.000021± 0.003453 
p3        0.0067± -0.3371 
p4        0.535± 9.486 
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 / ndf 2χ  342.2 / 245
p0        3.1± 448.1 
p1        0.00003± 0.03205 
p2        0.000021± 0.003444 
p3        0.0062± -0.2658 
p4        0.609± 9.332 
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 / ndf 2χ  594.9 / 245
p0        3.2± 444.4 
p1        0.00004± 0.03181 
p2        0.000024± 0.004049 
p3        0.0072± -0.4286 
p4        0.513± 6.218 
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 / ndf 2χ  706.7 / 245
p0        3.6± 474.9 
p1        0.00003± 0.03228 
p2        0.000021± 0.003343 
p3        0.0074± -0.3786 
p4        0.59± 13.03 
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 / ndf 2χ  404.8 / 245
p0        3.3± 482.1 
p1        0.00003± 0.03231 
p2        0.000018± 0.003239 
p3        0.0058± -0.2664 
p4        0.495± 7.725 
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p0        3.1± 433.1 
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 / ndf 2χ  618.2 / 244
p0        3.1± 429.6 
p1        0.00003± 0.03167 
p2        0.000023± 0.003729 
p3        0.0069± -0.3562 
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 / ndf 2χ  358.2 / 245
p0        3.3± 481.7 
p1        0.00003± 0.03231 
p2        0.00002± 0.00324 
p3        0.0061± -0.2796 
p4        0.512± 8.256 
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30 MeV; 2 cm Al
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30 MeV; 2 cm Al
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2 cm Al 100 MeV
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 / ndf 2χ  378.7 / 340
p0        1.3± 169.5 
p1        0.0001± 0.0964 
p2        0.000124± 0.009796 
p3        0.0149± -0.4474 
p4        0.26±  1.29 
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 / ndf 2χ  595.9 / 362
p0        2.0± 278.3 
p1        0.0000± 0.1024 
p2        0.000030± 0.005542 
p3        0.0065± -0.3047 
p4        0.242± 2.702 
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250 MeV; 2 cm Al

50

55

60

65

70

75

80

85

90

95

100

73.10 72.26 77.00

79.57 72.25 76.81

81.85 72.97 77.11

)o(θ
145 150 155 160 165 170

)o (φ

0

5

10

15

20

25

30

35

40

45

50

EfficiencyEfficiency

No Material 4 cm Al

38 / 66

P̄ANDA Backward Electromagnetic Calorimeter Studies with BaBar-like framework



Introduction Analysis done Comparison with PandaROOT Conclusions and outlook

250 MeV; 2 cm Al

0

5

10

15

20

25

30

35

40

 0.29±
27.19

 0.04±
6.91

 0.04±
7.30

 0.18±
22.18

 0.04±
7.04

 0.04±
7.03

 0.14±
19.94

 0.04±
7.23

 0.04±
7.30

)o(θ
145 150 155 160 165 170

)o (φ

0

5

10

15

20

25

30

35

40

45

50

EresolutionEresolution

No Material 4 cm Al

39 / 66

P̄ANDA Backward Electromagnetic Calorimeter Studies with BaBar-like framework



Introduction Analysis done Comparison with PandaROOT Conclusions and outlook

2 cm Al 500 MeV

θ =150◦ θ =155◦ θ =160◦

φ
=

1
◦

φ
=

2
2

.5
◦

φ
=

4
5
◦

Energy (GeV)
0.1 0.2 0.3 0.4 0.5

#e
n

tr
ie

s

0

20

40

60

80

100

120

140

160

180

200

220

SinglePhotonSingleE500Ph1degTh1502cmAl-1.root
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 / ndf 2χ   2388 / 1772
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500 MeV; 2 cm Al
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500 MeV; 2 cm Al

0

5

10

15

20

25

30

35

40

 0.55±
28.80

 0.02±
4.85

 0.03±
5.17

 0.25±
22.86

 0.02±
4.79

 0.02±
4.89

 0.15±
18.38

 0.02±
4.97

 0.02±
5.07

)o(θ
145 150 155 160 165 170

)o (φ

0

5

10

15

20

25

30

35

40

45

50

EresolutionEresolution

No Material 4 cm Al

42 / 66

P̄ANDA Backward Electromagnetic Calorimeter Studies with BaBar-like framework



Introduction Analysis done Comparison with PandaROOT Conclusions and outlook

2 cm Al 700 MeV

θ =150◦ θ =155◦ θ =160◦

φ
=

1
◦

φ
=

2
2

.5
◦

φ
=

4
5
◦

Energy (GeV)
0.1 0.2 0.3 0.4 0.5 0.6 0.7

#e
n

tr
ie

s

0

20

40

60

80

100

120

140

160

180

200

SinglePhotonSingleE700Ph1degTh1502cmAl-1.root

 / ndf 2χ   2221 / 2282
p0        0.23± 24.28 
p1        0.0009± 0.5695 
p2        0.00100± 0.06975 
p3        0.0199± -0.5119 
p4        0.122± 1.191 

SinglePhotonSingleE700Ph1degTh1502cmAl-1.root

Energy (GeV)
0.1 0.2 0.3 0.4 0.5 0.6 0.7

#e
n

tr
ie

s

0

20

40

60

80

100

120

140

160

180

200

SinglePhotonSingleE700Ph1degTh1552cmAl-1.root

 / ndf 2χ   2763 / 2755
p0        0.9± 121.4 
p1        0.0001± 0.7031 
p2        0.00006± 0.01218 
p3        0.0063± -0.2868 
p4        0.038± 2.637 

SinglePhotonSingleE700Ph1degTh1552cmAl-1.root

Energy (GeV)
0.1 0.2 0.3 0.4 0.5 0.6 0.7

#e
n

tr
ie

s

0

20

40

60

80

100

120

140

160

180

200

SinglePhotonSingleE700Ph1degTh1602cmAl-1.root

 / ndf 2χ   2610 / 2643
p0        0.9± 124.8 
p1        0.0001± 0.7029 
p2        0.00006± 0.01307 
p3        0.0063± -0.3165 
p4        0.035± 2.051 

SinglePhotonSingleE700Ph1degTh1602cmAl-1.root

Energy (GeV)
0.1 0.2 0.3 0.4 0.5 0.6 0.7

#e
n

tr
ie

s

0

20

40

60

80

100

120

140

160

180

200

SinglePhotonSingleE700Ph22degTh1502cmAl-1.root

 / ndf 2χ   2543 / 2433
p0        0.27± 29.31 
p1        0.0007± 0.6062 
p2        0.00059± 0.05879 
p3        0.0124± -0.5472 
p4        0.123± 1.133 

SinglePhotonSingleE700Ph22degTh1502cmAl-1.root

Energy (GeV)
0.1 0.2 0.3 0.4 0.5 0.6 0.7

#e
n

tr
ie

s

0

20

40

60

80

100

120

140

160

180

200

SinglePhotonSingleE700Ph22degTh1552cmAl-1.root

 / ndf 2χ   2798 / 2736
p0        0.9± 124.2 
p1        0.0001± 0.7043 
p2        0.00006± 0.01206 
p3        0.0066± -0.3176 
p4        0.036± 2.437 

SinglePhotonSingleE700Ph22degTh1552cmAl-1.root

Energy (GeV)
0.1 0.2 0.3 0.4 0.5 0.6 0.7

#e
n

tr
ie

s

0

20

40

60

80

100

120

140

160

180

200

SinglePhotonSingleE700Ph22degTh1602cmAl-1.root

 / ndf 2χ   2610 / 2615
p0        0.9± 130.4 
p1        0.0001± 0.7078 
p2        0.00006± 0.01255 
p3        0.0065± -0.3335 
p4        0.034± 1.993 

SinglePhotonSingleE700Ph22degTh1602cmAl-1.root

Energy (GeV)
0.1 0.2 0.3 0.4 0.5 0.6 0.7

#e
n

tr
ie

s

0

20

40

60

80

100

120

140

160

180

200

SinglePhotonSingleE700Ph45degTh1502cmAl-1.root

 / ndf 2χ   2475 / 2428
p0        0.29± 35.84 
p1        0.0005± 0.6137 
p2        0.0004± 0.0467 
p3        0.0092± -0.4728 
p4        0.115± 1.331 

SinglePhotonSingleE700Ph45degTh1502cmAl-1.root

Energy (GeV)
0.1 0.2 0.3 0.4 0.5 0.6 0.7

#e
n

tr
ie

s

0

20

40

60

80

100

120

140

160

180

200

SinglePhotonSingleE700Ph45degTh1552cmAl-1.root

 / ndf 2χ   2921 / 2756
p0        0.8± 119.4 
p1        0.0001± 0.7025 
p2        0.00006± 0.01261 
p3        0.0062± -0.2874 
p4        0.037± 2.495 

SinglePhotonSingleE700Ph45degTh1552cmAl-1.root

Energy (GeV)
0.1 0.2 0.3 0.4 0.5 0.6 0.7

#e
n

tr
ie

s

0

20

40

60

80

100

120

140

160

180

200

SinglePhotonSingleE700Ph45degTh1602cmAl-1.root

 / ndf 2χ   2624 / 2612
p0        0.9±   126 
p1        0.0001± 0.7052 
p2        0.0001± 0.0131 
p3        0.0061± -0.3226 
p4        0.034± 1.955 

SinglePhotonSingleE700Ph45degTh1602cmAl-1.root

43 / 66

P̄ANDA Backward Electromagnetic Calorimeter Studies with BaBar-like framework



Introduction Analysis done Comparison with PandaROOT Conclusions and outlook

700 MeV; 2 cm Al
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30 MeV; 4 cm Al
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100 MeV; 4 cm Al
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250 MeV; 4 cm Al
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250 MeV; 4 cm Al
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4 cm Al 500 MeV
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 / ndf 2χ   1393 / 1470
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 / ndf 2χ   2894 / 1773
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p0        1.0± 124.2 
p1        0.0001± 0.5042 
p2        0.0001± 0.0117 
p3        0.0083± -0.4556 
p4        0.076± 4.679 

SinglePhotonSingleE500Ph1degTh1604cmAl-1.root

Energy (GeV)
0.1 0.2 0.3 0.4 0.5

#e
n

tr
ie

s

0

20

40

60

80

100

120

140

160

180

200

220

SinglePhotonSingleE500Ph22degTh1504cmAl-1.root

 / ndf 2χ   1587 / 1557
p0        0.4±  39.3 
p1        0.0006± 0.4406 
p2        0.00055± 0.04571 
p3        0.0169± -0.5696 
p4        0.158± 1.152 

SinglePhotonSingleE500Ph22degTh1504cmAl-1.root

Energy (GeV)
0.1 0.2 0.3 0.4 0.5

#e
n

tr
ie

s

0

20

40

60

80

100

120

140

160

180

200

220

SinglePhotonSingleE500Ph22degTh1554cmAl-1.root

 / ndf 2χ   2904 / 1785
p0        1.1±   121 
p1        0.0001± 0.5047 
p2        0.00009± 0.01073 
p3        0.0057± -0.4421 
p4        0.071± 4.951 

SinglePhotonSingleE500Ph22degTh1554cmAl-1.root

Energy (GeV)
0.1 0.2 0.3 0.4 0.5

#e
n

tr
ie

s

0

20

40

60

80

100

120

140

160

180

200

220

SinglePhotonSingleE500Ph22degTh1604cmAl-1.root

 / ndf 2χ   2660 / 1787
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500 MeV; 4 cm Al
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500 MeV; 4 cm Al
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700 MeV; 4 cm Al
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700 MeV; 4 cm Al
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Comparison with PandaROOT

First comparison
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Comparison with PandaROOT

Second comparison
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Mean moves 6.3 MeV to the right
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Comparison with PandaROOT

First comparison
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Comparison with PandaROOT

Second comparison
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What is the reason for the difference

Physics quantities due to different simulation packages?

Production cuts used in the simulation?

Different digitization algorithm?

TO BE CHECKED...
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Conclusions and outlook

CONCLUSIONS

First results for energy resolution and efficiency using Babar-like framework have
been presented for the backward end cap calorimeter

Energy Efficiency RE Estimated RE

30 MeV 70% 25% 24%
100 MeV 66% 13% 16%
250 MeV 65% 7% 9%
500 MeV 67% 5% 7%
700 MeV 70% 4% 6%

The values in the table are roughly values for the cases in which the trajectories are fully contained inside the BWEC

Comparison of the results with the BaBar-like software and with the
PandaROOT framework have been done

Gross features are comparable but there are still details to investigate.

OUTLOOK

Include other dead materials front of the calorimeter (MVD)

Single π0 study

Phisics channel: e+e−π0
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