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BACKWARD EMC STUDIES WITH BABAR-LIKE
FRAMEWORK
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Geometry for simulation

CALORIMETER:
20 cm long crystals with a front face (24.4× 24.4) mm2.

Rmin = 182 mm, Rmax = 406 mm, z= −594 mm from target position (0, 0, 0).

Angular range covered: 146◦-167◦.
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Geometry for simulation

DEAD MATERIAL:

STT: 2 cm thick Al plate with
Rmin = 150 mm, Rmax = 418 mm and
z= −400 mm from target ∼ 0.5 · X0

MVD: Estimation done based in
the results for dead material by
T. Würschig (Dec 09 PANDA
Collaboration meeting):

4 Cu boxes: (14.5 × 14.5 × 22) mm3 ∼ 1.8 · X0

10 Cu boxes: (21.73 × 21.73 × 22) mm3 ∼ 1.8 · X0

Thin Cu cylinder ∼ 0.5 · X0

For more information look at my talk in the PANDA Collaboration meeting in March 2010.
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Geometry for simulation
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Simulated cases

E: 30 MeV, 100 MeV, 250 MeV, 500 MeV, 700 MeV

φ: 314◦, 319◦, 324◦, 329◦, 334◦, 339◦, 344◦, 349◦, 354◦, 359◦.

θ: 150◦, 151.5◦, 153◦, 154.5◦, 156◦, 157.5◦, 159◦, 160.5◦, 162◦, 163.5◦.

50.000 events each

Simulation done in the new computer cluster in Mainz
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Event selection

CUTS:

Bump with highest energy per event
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Fit function

NOVOSIBIRSK FUNCTION + CONSTANT:

f (E) = A exp

{
−1

2

[
ln2 [1 + Λτ(E − E0)]

τ 2
+ τ 2

]}
+ C

with

Λ =
sinh

(
τ
√

ln (4)
)

στ
√

ln(4)
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Energy resolution and efficiency definitions

Energy resolution of the backward end cap:

Eres =
2.35σ

µ

Efficiency of the backward end cap:

Eff =
1

50000

∫ µ+2σ

µ−3σ
f (E)dE
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Typical spectrum: E=250 MeV, φ = 324◦,
θ = 159◦
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 / ndf 2χ  620.7 / 495
p0        1.5± 215.3 
p1        0.0001± 0.2542 
p2        0.000051± 0.007375 
p3        0.0067± -0.2614 
p4        0.435± 7.885 

SinglePhotonSingleE250Ph324degTh159Mvd2cmAl-1.root

Novosibirsk function plus constant gives better χ2 results.
Fixed fit range for each energy.
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250 MeV
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 / ndf 2χ  442.7 / 466
p0        0.62± 55.11 
p1        0.0002± 0.2412 
p2        0.00037± 0.01518 
p3        0.0283± -0.4625 
p4        0.243± 1.065 
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 / ndf 2χ  471.2 / 481
p0        0.63± 38.07 
p1        0.0002± 0.2511 
p2        0.000141± 0.008609 
p3        0.0179± -0.3737 
p4        0.212± 1.456 
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 / ndf 2χ  568.1 / 482
p0        0.65± 40.87 
p1        0.0002± 0.2523 
p2        0.000126± 0.007547 
p3        0.0155± -0.2939 
p4        0.211± 1.627 
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 / ndf 2χ  608.8 / 494
p0        1.0± 107.4 
p1        0.0001± 0.2527 
p2        0.000073± 0.007686 
p3        0.0091± -0.3088 
p4        0.269± 3.235 
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 / ndf 2χ  555.5 / 492
p0        1.3± 205.3 
p1        0.0001± 0.2507 
p2        0.000049± 0.008208 
p3        0.0059± -0.2621 
p4        0.313± 2.575 
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 / ndf 2χ    575 / 495
p0        1.5± 216.8 
p1        0.0001± 0.2532 
p2        0.000050± 0.007585 
p3        0.0063± -0.2811 
p4        0.390± 5.462 
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 / ndf 2χ  531.3 / 495
p0        1.5± 213.2 
p1        0.0001± 0.2535 
p2        0.000052± 0.007566 
p3        0.0065± -0.2685 
p4        0.430± 6.635 

SinglePhotonSingleE250Ph344degTh159Mvd2cmAl-1.root

Energy (GeV)
0.05 0.1 0.15 0.2 0.25 0.3

#e
n

tr
ie

s

0

50

100

150

200

250

300

350

400

SinglePhotonSingleE250Ph344degTh160Mvd2cmAl-1.root

EnergyAfterSelection
Entries  49853
Mean   0.2493
RMS    0.01711

 / ndf 2χ  449.5 / 495
p0        1.5± 239.8 
p1        0.0001± 0.2539 
p2        0.000048± 0.007807 
p3        0.0062± -0.2292 
p4        0.450± 4.064 
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 / ndf 2χ  526.6 / 495
p0        1.1± 168.4 
p1        0.0001± 0.2491 
p2        0.00007± 0.01031 
p3        0.0083± -0.3376 
p4        0.374± 1.843 
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 / ndf 2χ  482.2 / 476
p0        0.9± 128.5 
p1        0.0001± 0.2422 
p2        0.00016± 0.01363 
p3        0.0154± -0.3939 
p4        0.288± 1.671 
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 / ndf 2χ  399.7 / 418
p0        3.19± 57.06 
p1        0.0019± 0.2234 
p2        0.00407± 0.02905 
p3        0.0779± -0.6337 
p4        0.241± 1.257 
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 / ndf 2χ  496.3 / 477
p0        0.77± 66.84 
p1        0.0002± 0.2487 
p2        0.00014± 0.01122 
p3        0.0165± -0.4448 
p4        0.322± 1.762 

SinglePhotonSingleE250Ph339degTh152Mvd2cmAl-1.root

Energy (GeV)
0.05 0.1 0.15 0.2 0.25 0.3

#e
n

tr
ie

s

0

50

100

150

200

250

300

350

400

SinglePhotonSingleE250Ph339degTh153Mvd2cmAl-1.root

EnergyAfterSelection
Entries  49134
Mean   0.1188
RMS    0.0755

 / ndf 2χ  472.1 / 487
p0        0.65± 40.59 
p1        0.0002± 0.2521 
p2        0.000125± 0.007737 
p3        0.016± -0.304 
p4        0.206± 1.701 
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 / ndf 2χ    655 / 494
p0        1.3± 155.1 
p1        0.0001± 0.2527 
p2        0.000060± 0.007687 
p3        0.0078± -0.3096 
p4        0.334± 4.836 
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 / ndf 2χ  567.2 / 494
p0        1.4±   212 
p1        0.0001± 0.2512 
p2        0.000048± 0.007808 
p3        0.0060± -0.2612 
p4        0.319± 3.929 
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 / ndf 2χ  582.6 / 495
p0        1.5± 216.6 
p1        0.0001± 0.2536 
p2        0.000050± 0.007431 
p3        0.0064± -0.2643 
p4        0.411± 6.514 
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 / ndf 2χ  534.7 / 495
p0        1.5± 211.7 
p1        0.0001± 0.2538 
p2        0.000053± 0.007381 
p3        0.0070± -0.2564 
p4        0.454± 9.086 
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 / ndf 2χ  518.1 / 495
p0        1.5± 243.2 
p1        0.0001± 0.2536 
p2        0.000046± 0.007813 
p3        0.0058± -0.2223 
p4        0.403± 2.633 
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 / ndf 2χ  512.9 / 495
p0        1.2± 188.3 
p1        0.0001± 0.2516 
p2        0.000069± 0.009144 
p3        0.0066± -0.3054 
p4        0.511± 2.596 
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 / ndf 2χ  513.2 / 494
p0        1.1± 176.5 
p1        0.0001± 0.2487 
p2        0.00007± 0.01057 
p3        0.0085± -0.3335 
p4        0.438± 1.965 
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 / ndf 2χ    469 / 452
p0        0.90± 69.31 
p1        0.0003± 0.2353 
p2        0.00080± 0.01837 
p3        0.0380± -0.4907 
p4        0.25±  1.26 
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 / ndf 2χ  559.8 / 487
p0        0.9± 108.5 
p1        0.0001± 0.2482 
p2        0.0001± 0.0106 
p3        0.0110± -0.3716 
p4        0.26±  1.36 
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 / ndf 2χ  597.2 / 495
p0        1.1±   133 
p1        0.000± 0.252 
p2        0.0001± 0.0081 
p3        0.0081± -0.3136 
p4        0.297± 3.183 
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 / ndf 2χ  657.4 / 495
p0        1.4±   208 
p1        0.0001± 0.2518 
p2        0.000048± 0.007973 
p3        0.0059± -0.2838 
p4        0.311± 3.023 
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 / ndf 2χ  586.6 / 495
p0        1.5± 214.8 
p1        0.0001± 0.2526 
p2        0.000048± 0.007603 
p3        0.0061± -0.2773 
p4        0.353± 4.816 
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 / ndf 2χ  561.1 / 495
p0        1.4± 214.2 
p1        0.0001± 0.2529 
p2        0.000050± 0.007633 
p3        0.0063± -0.2645 
p4        0.392± 5.441 
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 / ndf 2χ    605 / 495
p0        1.4± 209.8 
p1        0.0001± 0.2534 
p2        0.000054± 0.007649 
p3        0.0065± -0.2709 
p4        0.445± 7.021 
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 / ndf 2χ  529.2 / 495
p0        1.5± 243.8 
p1        0.0001± 0.2537 
p2        0.000045± 0.007758 
p3        0.0059± -0.2196 
p4        0.396± 2.917 
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 / ndf 2χ  518.3 / 495
p0        1.3± 188.1 
p1        0.0001± 0.2525 
p2        0.000076± 0.008938 
p3        0.007± -0.315 
p4        0.609± 4.398 
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 / ndf 2χ  447.7 / 494
p0        1.1± 175.7 
p1        0.0001± 0.2488 
p2        0.00007± 0.01058 
p3        0.0083± -0.3236 
p4        0.449± 1.442 
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 / ndf 2χ  484.5 / 453
p0        1.12± 59.25 
p1        0.0005± 0.2323 
p2        0.00137± 0.02109 
p3        0.0468± -0.5177 
p4        0.214± 1.092 
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 / ndf 2χ    549 / 489
p0        0.9± 103.3 
p1        0.0001± 0.2479 
p2        0.0001± 0.0108 
p3        0.0122± -0.3892 
p4        0.3±     2 
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 / ndf 2χ  647.3 / 494
p0        1.1± 132.4 
p1        0.0001± 0.2524 
p2        0.000067± 0.008164 
p3        0.0084± -0.3342 
p4        0.296± 3.237 
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 / ndf 2χ  557.1 / 494
p0        1.4± 206.7 
p1        0.0001± 0.2515 
p2        0.000050± 0.008012 
p3        0.0059± -0.2608 
p4        0.353± 3.223 
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 / ndf 2χ  600.8 / 495
p0        1.5± 216.8 
p1        0.0001± 0.2532 
p2        0.000048± 0.007335 
p3        0.0065± -0.2591 
p4        0.386± 6.842 
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 / ndf 2χ  575.2 / 495
p0        1.4± 214.8 
p1        0.0001± 0.2533 
p2        0.000051± 0.007636 
p3        0.0062± -0.2718 
p4        0.40±  5.27 
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 / ndf 2χ  637.4 / 495
p0        1.4± 212.4 
p1        0.0001± 0.2526 
p2        0.000051± 0.007871 
p3        0.006± -0.281 
p4        0.364± 3.848 
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 / ndf 2χ  550.5 / 495
p0        1.5±   245 
p1        0.0001± 0.2545 
p2        0.000045± 0.007717 
p3        0.006± -0.224 
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Energy resolution 250 MeV
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Efficiency 250 MeV
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Efficiency
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Results

E (MeV) E Res Best Eff Worst Eff Mean Eff
30 25% 94% 30% 85%

100 12% 93% 20% 83%
250 7% 94% 15% 82%
500 5% 94% 15% 84%
700 4% 92% 13% 82%
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Expected values from simulation

1

Energy (GeV) σ
E
|MySim

σ
E
|EMC−TDR

0.03 0.110 ?
0.10 0.051 0.054
0.25 0.029 0.032
0.50 0.021 0.022
0.70 0.017 0.018

1Plot 9.4 from EMC - TDR
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STATUS OF SIMULATIONS ON p̄p → e+e−
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p̄p → e+e− with Panda-Root (by D. Khaneft)

Already analysed with the old Babar-like framework2.

Event generator fully developed for PandaRoot.

First simulation done.

Analysis under development.

SOME PLOTS: Angular distribution in CMS at true level for e+ and e− for R = Ge
Gm

= 0, 1 or 3.
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2M. Sudo l et al., Eur. Phys. J. A 44, 373-384 (2010)
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STATUS OF SIMULATIONS ON p̄p → e+e−π0
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Physical processes

COMPTON-LIKE FEYNMANN
AMPLITUDES3:

3C. Adamušč́ın et al., Physical Review C75,
045205 (2007)

TDA’S APPROACH4:
4J. P. Lansberg et al., Physical Review C76,

111502(R) (2007)

Study FF’s in the unphysical region.

We are mainly interested in
simulations at low energies.

Event generator5 ready but still not
integrated in the frameworks.

5See M. Zambrana’s talk

Study the validity of TDA’s.

Approach valid at high energies.

Event generator developed for
Babar-like framework.
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p̄p → e+e−π0 with Babar-like framework

STUDY OF UNPHYSICAL REGION:

The event generator has to be implemented for Babar-like framework.

FEASIBILITY OF TDA’S STUDY WITH PANDA:
First simulation for 4 specific scenarios done: Still under testing process.

W 2 =5 GeV2, 10 GeV2.
π0 in forward or backward direction.

BACKGROND CHANNELS (Also for Panda-Root):

Mainly p̄p → π+π−π0.

Angular distribution still to be determined.
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W 2=5 GeV2; π0 Forward direction
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W 2=5 GeV2; π0 Backward direction
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W 2=10 GeV2; π0 Forward direction
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W 2=10 GeV2; π0 Backward direction
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Conclusions and Outlook

BACKWARD EMC STUDIES:

Best approximation of MVD dead material to reality with Babar framework.

Dead material structures of MVD and STT can be recognized in the Efficiency
map.

Good efficiency except for specific φ and θ angles.

EFFICIENCY AND ENERGY RESOLUTION ARE GOOD ENOUGH TO DO
PHYSICS WITH THE BACKWARD END CAP CALORIMETER!!

SIMULATIONS ONGOING:

p̄p → e+e− ready for simulation and analysis in PandaRoot.

p̄p → e+e−π0 getting started to analyse the process in Babar-like framework.

Outlook:

Background distribution is still unknown. We need it for develope the event
generator for the simulation.
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BACKUP

Qmin Qmax W 2 fw/bw p(p̄)
1.9 2.3 5 1 1.45
1.9 2.3 5 0 1.45
2.4 3.2 10 1 4.29
2.4 3.2 10 0 4.29
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