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Outline

• Geant4 in CMS
• CMS Physics Lists

• Standalone calorimeter 
test

• Combined calorimeter 
test-beam 2006

• Neutron background 
study

• Summary

• Comparisons versus 
collider data will be 
discussed in the talk of 
S. Banerjee
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Geant4 in CMS

• Run-1 FullSim for 7 - 8 TeV data analysis
• Geant4 9.4p03 (+ CMS patches )
• slc5_amd64_gcc462
• About 7B events produced

• Upgrade TDR
• Geant4 9.6p02 (+ CMS patches)
• slc5_amd64_gcc481
• slc6_amd64_gcc481

• Run-2 FullSim 2015-2016 for 13 TeV data analysis
• Geant4 10.0p02 + CMS patches, sequential mode
• slc6_amd64_gcc491
• About 16B events produced

• Multi-threading mode was prepared but not used for 
massive production 2015-2016
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Migration of CMS simulation to multi-
threading mode

• Sequential and MT schemas are shown
• Main difference is in initialisation
• Arrows show  initialisation relations

• Geometry, physics, user actions, and SD share the same code
• For 2017 MT is the default mode 
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CMS Simulation for 2017 
• Simulation may be updated because previous cannot be used

• New pixel tracker is installed
• see talk of K. Pedro for more details

• Multi-threaded model is the default
• The choice of the Geant4 version 10.2 was made

• MT part of Geant4 was significantly improved
• Many fixes in various parts of Geant4
• Updated compilers 

• Detailed study of Geant4 physics were carried out which will 
be discussed below 
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Geant4 Physics List in CMS
• For Run-1 and Run-2 productions CMS custom Physics List 

QGSP_FTFP_BERT_EML was used
• Custom builders for EM and hadronic physics
• Was validated using test-beam data and the detector data

• Performed before run-1 for 9.4
• Performed before run-2 for 10.0

• EML is special more fast configuration of EM physics for CMS
• For Run-2 2017 FullSim production a new custom Physics List was 

established FTFP_BERT_EMM
• Geant4 10.2p02 + CMS patches
• Based on Geant4 default FTFP_BERT
• Special configuration of EM physics

• Simplified multiple scattering step limit everywhere except HCAL
• Default multiple scattering configuration for HCAL
• CPU performance of QGSP_FTFP_BERT_EML and FTFP_BERT_EMM are 

similar
• FTFP_BERT is about ~20% slower

• This choice was made after substantial validation efforts described in 
the following slides 
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STANDALONE COMBINED 
CALORIMETER STUDY

Vladimir Ivanchenko (CERN)
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Standalone test of combined 
calorimeter

• Standalone Geant4 application (test46) is a part of Geant4 
testing 
• PbWO4 crystals -1st part with sizes approximately of CMS ECAL
• Sampling structure of 17 layers Brass/Scintillator with sampling 

fraction ~0.01
• Various Physics Lists configurations are studied

• Simulated ECAL + HCAL signal
• Evis = EECAL*fECAL + EHCAL*fHCAL

• fECAL  = 1.01, fHCAL  = 95.5 (FTFP_BERT_EMM) 
• Normalisation of HCAL response is done as in TB2006 by 50 GeV 

e- in HCAL
• Results for Geant4 10.2p01 are shown in following slides
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Pion beam
• Geant4 10.2p01
• Strong dependence of 

response on 
• FTF/Bertini transition 
• EM options

• FTFP_BERT_EMM 
• Coincide with 

FTFP_BERT
• increased visible energy

• FTFP_BERT_ATL
• Unphysical shape in 

transition region 
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p/pbar beam

• Geant4 10.2p01
• For protons less 

dependence of response 
on Physics List than in 
the pion case

• Stable results for pbar
• FTFP_BERT_EMM 

• Coincide with 
FTFP_BERT

• increased visible energy
• QGSP_FTFP_BERT_EML

• Lowest visible energy 
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Conclusions on standalone test 
beam study
• New EM option EMM equivalent default EM physics and provide 

the same CPU performance as EML
• The response on EM component of hadronic shower in HCAL is 

increased 
• Difference beween various Physics Lists is seen in the energy 

interval 5-15 GeV
• FTFP_BERT_ATL significantly reduces the response compared to 

FTFP_BERT
• Using standalone test we studied calorimetr response for 

different configurations of FTF model
• Several patches on top of Geant4 10.2p01 and 10.2p02 were tested
• A decision was made to configure FTF in a way to be most close to 

the previous Geant4 version 10.1p02
• This final configuration was used for 2006 test-beam analysis
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COMBINED CALORIMETER TEST-
BEAM 2006

Serguei Bytukov (IHEP), Vladimir Ivanchenko (CERN), 
Sunanda Banerjee (FNAL) reported at CHEP’2016 
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2006 TestBeam Data
• CMS Notes 2008/025, 
2008/034, 2010/007
• CMS collected data with
prototype of barrel HCAL
and barrel ECAL super-
module in the H2 test
beam area at CERN during
2006.
• Special action was taken to

go down to 1 GeV hadron
beam
• Beam particle identification 

from Cherenkov and TOF 
detectors

• Measured mean energy 
deposition, width and 
energy fractions in ECAL 
and HCAL
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Mean response with pions

(GeV/c)Beam
10p1 10 2

M
C

/D
at

a 
(R

es
po

ns
e)

0.9

0.95

1

1.05

1.1

1.15

1.2 2006 Test Beam Data (π-) CMS Preliminary

(GeV/c)Beamp1 10

M
C

/D
at

a 
(R

es
po

ns
e)

0.9

0.95

1

1.05

1.1

1.15

1.2 2006 Test Beam Data (π+) CMS Preliminary

(GeV/c)
Beam

102

p1 10

M
ea

n
of

E M
ea

su
re

d/p
B

ea
m

0.4

0.5

0.6

0.7

0.8

0.9

1 2006 Test Beam Data (π-)
G4 10.0.p02 QGSP_FTFP_BERT_EML 
G4 10.2.p02 FTFP_BERT_EMM

CMS Preliminary

(GeV/c)
Beam

p
1 10

M
ea

n
of

E M
ea

su
re

d/p
B

ea
m

0.4

0.5

0.6

0.7

0.8

0.9

1 2006 Test Beam Data (π+)
G4 10.0.p02 QGSP_FTFP_BERT_EML 
G4 10.2.p02 FTFP_BERT_EMM

CMS Preliminary

06
/2

6/
20

17

14

Main improvement for E > 10 GeV due to use FTFP and EMM

V.
 Iv

an
ch

en
ko

,  
LP

CC
 w

or
ks

ho
p,

 
CE

RN



CHEP2016 S. Bane
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Summary from mean response
• The level of agreement between data and MC improve 

in the new model for pions
• More discrepancies for pbar and kaons

• pp collisions at high energies produce mostly pions
• one expects to have a better agreement between data and 

MC with the new physics list and 10.2.p02

Pi- Pi+ p pbar

G4 10.0p02 
QGSP_FTFP_BERT_EML

(3.6 ± 0.6)% (1.9 ± 0.5)% (4.3 ± 1.0)% (3.5 ± 0.8)%

G4  10.2p02 
FTFP_BERT_EMM

(1.8 ± 0.7)% (1.0 ± 0.5)% (2.2 ± 1.1)% (3.1 ± 0.8)%
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Energy for negative
pions (All)

Total energy measured for negative pion beams of 4 GeV/c and 8 GeV/c
Fairly good agreement (better than 8% on average) observed in the energy
distribution with the data having a slightly longer tail than the MC
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Energy spectra for pions

Energy distribution for protons at 3 and 6 GeV/c
Both versions of Monte Carlo provide a decent (within 10% on average)
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NEUTRON BACKGROUND STUDY

Christian Schnaible, Abhigyan (Riju) Dasgupta, Bob Cousins
University of California, Los Angeles
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CMS FullSim for neutron 
background study
• Simulation of QCD events with time limit 0.1 second instead of 

500 ns
• All time cuts are extended

• Disabled several special shortcuts of simulation
• Russian roulette
• HF shower library
• Tracking cuts

• Special Physics Lists
• Atomic de-exsitation module enabled
• XS Physics List with XS neutron cross sections
• HP Physics List with HP neutron cross sections and final state
• Thermal neutron scattering below 4 eV as an option
• Radioactive decay is not enabled
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Energy of neutrons making hits in CSC 
muon chambers versus time at 13 TeV
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22CMS end-cap Cathode Strip Chamber anode wire hits for the inner ring of the 
first station (ME1/1). Figures compare HP and XS Physics Lists with and without 
a Geant4 thermal neutron scattering routine enabled. Simulated minimum-bias 
proton-proton collisions at 13 TeV and the 2015 CMS simulated geometry
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23CMS end-cap Cathode Strip Chamber anode wire hits for the inner ring of 
the second station (ME2/1). HP and XS Physics List with and without a 
Geant4 thermal neutron scattering routine enabled. Minimum-bias proton-
proton collisions at 13 TeV and the 2015 CMS simulated geometry
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24CMS end-cap Cathode Strip Chamber anode wire hits for the outer ring of 
the fourth station (ME4/2). HP and XS Physics Lists with and without a 
Geant4 thermal neutron scattering routine enabled. Minimum-bias 
proton-proton collisions at 13 TeV and the 2015 CMS simulated geometry
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Summary
• For 2017 simulation production CMS will use Genat4 10.2p02 in multi-

threaded mode
• FTF model configuration is similar to 10.1p02
• FTFP_BERT_EMM Physics List is the current default

• CMS calorimeter consists of two very different parts ECAL and HCAL
• The response is very sensitive to Geant4 hadronic model configuration
• CMS suggests Geant4 hadronic group to use test46 for regular validation 

of Geant4 reference versions
• CMS simulation group will perform regular tests using TB2006

• Results of simulation of hits in CSC muon chambers using XS and HP 
neutron physics agree within factor two
• Simulation of thermal neutron scattering  does not change hits  
• Some details of simulation of neutron background for regular simulation 

will be described in M. Hildreth talk tomorrow 
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Outlook

• CMS has a program of detector upgrade (see talk of K. Pedro)
• For 2018 simulation we consider a possibility of usage future Geant4 

version 10.4
• Expected more performant geometry and tracing in field
• CMS plan to test VecGeom library
• Expected better EM/hadronic physics

• CMS required intensive tests of 10.4 by Geant4 team before the release

• For 2023 the new HGCal calorimeter and other upgrades
• More test-beam data
• CMS expect more Geant4 efforts for validation of EM and hadronic 

physics for new HGCal calorieter

06
/2

6/
20

17

26

V.
 Iv

an
ch

en
ko

,  
LP

CC
 w

or
ks

ho
p,

 
CE

RN


	Status of Geant4 in CMS and combined calorimeter test-beam studies
	Outline
	Geant4 in CMS
	Migration of CMS simulation to multi-threading mode
	CMS Simulation for 2017 
	Geant4 Physics List in CMS
	Standalone Combined Calorimeter Study
	Standalone test of combined calorimeter
	Pion beam
	p/pbar beam
	Conclusions on standalone test beam study
	Combined calorimeter test-beam 2006
	2006 TestBeam Data
	Mean response with pions
	Mean response with p and pbar
	Summary from mean response
	Energy for negative pions (All)
	Energy spectra for pions 
	Neutron background study
	CMS FullSim for neutron background study
	Energy of neutrons making hits in CSC muon chambers versus time at 13 TeV 
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Summary
	Outlook


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


