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2009: hadronic models in Geant4 in a
wide range of energies

Vladimir Grichine

Unphysical 
step between
model validity 
range new phys. lists created to avoid

LHEP as stop-gap and improve 
transition regions  

from 2009   

EUDET meeting
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Improvements in FTF

Vladimir Uzhinsky

from the last 

EUDET meeting
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Mikhail Kosov

Important open issue: 

Expected too high reconstructed energy 

from the last 

EUDET meeting
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fEM should be more accurate then in other models

Mikhail Kosov

Expected too long shower (as opposed to other lists which predict 
Too short showers since they don’t include diffraction) 

Additional recommendation emerged during discussion
Check the multiplicity of particles after the first interaction

!!! Possible on very highly segmented calorimeters

from the last 

EUDET meeting
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Energy deposited in AHCAL

Different behavior at low 
and high energy

PhD thesis 
B. Lutz

As expected CHIPS over 
estimates reconstructed E
but no E-dependent 
transition region 

Alexander Kaplan

transition region between 
models visible as step
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Energy deposited in ECAL
Show trend of <E(MC)>/<E(Data)> vs beam energy

• Steps seen as Geant4 makes transitions between models
• Most models within 10% of data, but tend to overestimate at high energies
• Closest overall seems to be FTF_BIC

• FTF_BIC and QGSP_BERT much closer in HCAL
• QGSP_FTFP_BERT and FTFP_BERT show no E-dependence (like CHIPS)

to be confirmed for HCAL

errors?
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• different “meaning” of energy deposited in ECAL / HCAL 
ECAL much larger leakage

• start to work on the determination of e/π and present the fraction of 
energy deposited to the total

• put more emphasis to model without steps in transition region   
(QGSP_FTFP_BERT, FTFP_BERT, CHIPS)

work with the authors to get scale right

remarks on energy deposited

first bin suppressed

ECAL HCAL 
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Longitudinal shower profile (HCAL) 
shower development from first hadronic interaction

Alexander Kaplan

Most models are ok <20 GeV, >25 GeV models predict too short shows 

8GeV 18GeV 80GeV
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Longitudinal shower profile (HCAL)

As expected from (un-tuned) diffractive processes CHIPS too long shower 

shower development from first hadronic interaction

Alexander Kaplan

8GeV 18GeV 80GeV
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longitudinal shower profile (ECAL)

David Ward
Too many protons 

Too few protons 
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comparing results ECAL/HCAL

HCAL ECAL

QGSP_BERT: in HCAL better agreement than in ECAL W / Fe ?!
will be soon validated by WHCAL

- similar enhancement of protons after first interaction

desirable to express x axis in units of λ
1 ECAL layer ~0.03 λ

1/3 E

need to add bin size

<1/5 E

/ 0
.1

 λ

need definition of 
λπ = XX cm
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comparing results ECAL/HCAL

HCAL ECAL

QGSP_BERT: in HCAL better agreement than in ECAL W / Fe ?!
will be soon validated by WHCAL

- proton/meson content decreases faster in HCAL, in ECAL flat ?!
- need to show fractions 

provide same energy 
where possible
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comparing results ECAL/HCAL
HCAL ECAL

FTF_??: hard to compare one-to-one, maybe 
BIC lower then BERT after first interaction

provide comparison 
to same models
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remarks on longitudinal shower profile 

• FTF_BERT get new transition range 
• more detailed studies comparing FTF_BIC/FTF_BERT

• more work on comparison ECAL/HCAL needed
are there biases on shower shape from event selection?
are there differences due to W / Fe ?

• try to develop a common plot style (useful for comparison)
• try to compare same models and same energies

• LHEP fails badly everywhere, let us leave it out !!!

• CHIPS: quite promising, work with author to provide a new tune of 
diffractive processes
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Transverse shower profile (ECAL)

FTFP_BERT best 
try new FTF_BERT [TR 3-8 GeV] and CHIPS

R95%
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Transverse shower profile (HCAL)

GEANT 4.9.2 used

bug in CHIPS corrected in 

G 4.9.3.p01

do not show!

old analysis with 
known problems
(see next slide) 

FTF_BIC closest to 
data 

don’t look at CHIPS 
(C) in this version 
need update

R95%
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EM transverse shower profile

ECAL paper [NIM A608 (2009) 372]
“… 95% of the shower energy is contained 
within 30.5 mm (i.e. less than four pads), to be 
compared with 29.9 mm in the case of the 
simulated showers.“
~2% agreement data/MC

HCAL                                                    ECAL

~20% too large shower in data 
unsolved instrumental effect
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AHCAL Track multiplicity 

Count number of track segments in AHCAL 
hadronic shower 

try detailed 
comparison with 
ECAL (ongoing) 

request from G4:
multiplicity after 
the first hard 
interaction
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Conclusions

• out of the discussion with G4 people:
- test CHIPS new version and try to improve tuning
- investigate multiplicity of tracks after first hard interaction
- use variables sensitive to proton/neutron content to compare 
CHIPS and models with HP package turned on
- show improvement vs time, i.e. compare G4.9.3 to G4.9.2(1)

• internal for us:
- work more on ECAL/HCAL comparison (and comparability) 
- pin down differences between W / Fe physics
- keep up to date with newest models 

run “standard” analysis author independent ?
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• Very successful JRA3 + NA2 session 

• Fruitful exchange between model authors and calo analyzers

• New suggestions and ideas for MC validation with CALICE data

Thank you to all participants !!!

All are hybrids of several models; random selection between alternatives 
in the transition region in order to smooth behaviour.
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