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Data and event selection

Data and software

Data

CERN 2007 test beam data, positive hadrons @ 30-80 GeV,
10 runs from software compensation study (see CAN-035) + run 331337 (50 GeV)
Runs taken at the same energy were merged.

v

Software

calice_soft v04-05
GEANT 4.9.4p02, Mokka v07_06p02 (many thanks to Lars Weuste)

Event selection

HadronSelection processor (see CAN-035)
@ muon separation
@ shower starting layer

@ primary track coordinates

Events with shower start at the beginning of AHCAL were selected for the analysis.
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Reconstructed energy and resolution

Reconstructed energy: Data

Ereco = ES3S% + £ . (Eauncar + Ercmr)
the same procedure as described in CAN-035 Purity of proton sample
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Reconstructed energy and resolution

Reconstructed energy: Data and MC (the same scaling)
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Reconstructed energy and resolution

Energy resolution: MC and Data
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Reconstructed energy and resolution

Energy resolution: software compensation
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Ratio

Longitudinal proton/pion

Longitudinal proton/pion

Shower profiles

Longitudinal profiles: proton/pion ratio
of longitudinal profiles proton/pion
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Longitudinal MC/Data (pion)

Longitudinal MC/Data (pion)

For pions, profile predicted by FTF_BIC is

Shower profiles

Longitudinal profiles: MC/Data

11}

+
s
A
1 2 3 4 s
T T T T
12 ke E
Y P S S
W '.M»A-« AhAA g P9
¢ 5 ¢
Eﬂm—« 'W'.,-“! - “"'"»l.gﬁ
3 30Gev E

--Data # QGSP_BERT -+ FTF_BIC

L
g 16 15 26 25 36 3
layer from shower start

A

ke
A

"‘imaw"l!m'“' -

80 GeV
--Data # QGSP_BERT - FTF_BIC

| . L
g 16 15 20 2% 3% 3
layer from shower start

shifted but better follows data.
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Longitudinal MC/Data (proton)

Longitudinal MC/Data (proton)

Proton
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Shower profiles

Longitudinal profiles: position of shower maximum L.y

To find Lmax, fit a longitudinal profile with

dE 2 al e—z/)\l 2 a2 —z/Xp
Pl (f (71) M T (1—1) </\72) izr(az))’
where Ej is an integral under longitudinal curve,

f, a1, A1, a2, X2 are free parameters
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QGSP_BERT reproduces a shower maximum
position observed for data within 2% for pions and
within 1% for protons.

FTF_BIC overestimates Lya.x by ~15%.
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Shower profiles

Radial profiles: proton/pion ratio

Ratio

Radial proton/pion

Radial proton/pion

of radial profiles proton/pion
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QGSP_BERT well reproduces
the relative proton/pion
behavior observed for data.

FTF_BIC predicts bigger
difference between proton and
pion energy density. This
model overestimates pion
energy density w.r.t. that of
protons in the core region.
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Shower profiles

Radial profiles: MC/Data

Radial MC/Data (pion)

Radial MC/Data (pion)
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pions, both models overestimate energy

density in the shower core region.
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Shower profiles

Mean shower radius
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Conclusion

Conclusion

Pions and protons in data
@ 7 decreases from 1.07 (at 30 GeV) to 1.03 (at 80 GeV)
@ Oreco for protons better by ~5-10%
@ shower maximum positions coincide within 2%

@ mean shower radius for protons is larger by ~10%

MC to data comparison
QGSP_BERT FTF_BIC

™

@ - agrees with data @ - overestimated

@ E,co overestimated by ~3-5% @ E,co for protons within 2%

° % agrees with data ° % overestimated

@ Oreco Overestimated up to 12% @ Oyeco OVerestimated up to 25%

@ L.y agrees with data within 1-2% @ Lmax overestimated by ~15%

@ R underestimated by ~8% @ R; for protons within 2%
Better prediction for pions Better prediction for protons
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Conclusion

Backup slides

Marina Chadeeva (ITEP) CALICE Analysis meeting February 20, 2012 15 / 16



Conclusion

Nuclear interaction length

Estimates from found shower starting layer

at Proton
Beam energy, GeV | Az, mm Beam energy, GeV | A, mm
Data Data
30 264 + 5 30 225 + 4
40 266 + 5 40 216 + 4
50 268 + 5 50 218 £ 5
60 272 + 5 60 217 + 4
80 272 + 5 80 221 + 4
QGSP_BERT QGSP_BERT
30 272 £ 5 30 221 £ 4
40 271 + 5 40 219 £ 4
50 271 + 5 50 216 + 4
60 273 + 5 60 218 £ 4
80 277 £ 5 80 218 £ 4
Reference values
GEANT4: A\!™¢(80 GeV) = 259 mm PDG data: X = 231 mm
(CAN-026: estimates from true shower (from Angela’s description of the Sc-Fe
start, averaged over physics lists) AHCAL geometry for Mokka)
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