CRMC: an interface to cosmic ray event generators

Ralf Ulrich, Colin Baus, Tanguy Pierog

Karlsruhe Institute of Technology, Germany

Forward Physics WG Meeting CERN, August 2013



@ Link between cosmic ray air showers and CERN

@ Extensive air showers as Minimum-Bias laboratories

The tool to run almost all cosmic ray event generators: CRMC

Possible application: Resampling

Impact of LHC measurements on air shower observables
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Extensive Air Sh r

Hadrons Tron, lgEfeV = 16
Muans t=0ps
Electrons
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Extensive Air Shower

Hadrons Iron, lgE/feV = 16
Muons t =245 pus
Electrons

@ CORSIKA+COAST

@ Billions of interactions

@ All energies

@ No energy is lost, just
transported

@ Forward physics
matters
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Interactions in Extensive Air Shower

- @ Energies beyond accelerators

Extensive Air Shower, proton, 10" eV

@ However, mostly in SPS range

Peak of Muon
Production In EAS

@ Uncertainty: extrapolation of
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“Astrophysics” at LHC — Air-Showers + Forward Physics

-
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rophysical Neutrinos

@ The first two real astrophysical neutrino candidates
@ PeV energies

@ Electron neutrino structure

@ Atmospheric prompt charm production ?
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FIG. 4. The two observed events from (a) August 2011 and 1w
(b) January 2012. Each sphere represents a DOM. Colors 10
represent the arrival times of the photons where red indicates
early and blue late times. The size of the spheres is a measure l(l‘:;
for the recorded number of photo-electrons. )

ICECUBE: Phys. Rev. Lett. 111, 021103 (2013)

ralf.ulrich@kit.edu CRMC, an interface to cosmic ray event generators



Direct Sensitivity to Particle Physics

@ Measure cross sections in extensive air showers from fluctuations
@ TeV to PeV energies

@ Possible with high quality air shower observations
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Auger: Phys. Rev. Lett. 109, 062002 (2012)
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Cosmic Ray Models and First LHC Data
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Astropart.Phys. 35 (2011) 98-113
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Cosmic Ray Models and Recent LHC Data: LHCb
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Comparison on event generator level:
o Forward energy flow
@ Forward Lambda production, strangeness

@ More in preparation...

Eur.Phys.J. C73 (2013) 2421
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Cosmic Ray Models and Recent LHC Data: CMS

Very forward underlying event:
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JHEP 1304 (2013) 072

In CMS:

@ Used for pPb and PbPb (and forward pp) detector studies and
correction factors

@ Where relevant, also event generator comparisons are performed
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Cosmic Ray Models and Recent LHC Data: TOTEM
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Forward charged multiplicities: Europhys.Lett. 98 (2012) 31002
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@ Good description of main hadronic particle production

o Constrains from Modeling (mainly Glauber+Gribov) AND extensive
air shower data work and are useful at LHC

@ Models work over wide range in primary energies and for a variety
projectile/target combinations (without re-tuning)

o Widely used already now: CMS, LHCb, also ATLAS, TOTEM (and
ALICE ?)
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Technical Information

@ Available event generators:
QGSJet01, QGJSetII.3, QGSJetII.4, EP0S1.99, EP0S1.991hc,
SIBYLL2.1, DPMJETIII, and some others

@ Example to generate 100 4.4 ATeV pPb collisions with QGSJetll-04:
bin/crmc -o hepmc -p3500 -P-1380 -n100 -m7 -i2112 -I822080

e Output: hepmc, hepmc.gz, lhe, lhe.gz, root

@ Authors: Colin Baus, Tanguy Pierog, Ralf Ulrich
email to: colin.baus@kit.edu

@ Package also available by default in the:

o From: http://www.auger.de/~rulrich
o CMSSW framework as GribovGlauberlnterface

o In the genser package:

/afs/cern.ch/sw/lcg/external/MCGenerators_lcgemt65/crmc/1.0/x86_64-s1c5-gccaT-opt/bin/crme
o Via genser in the ATLAS offline software

@ Paper as documentation in preparation
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colin.baus@kit.edu
http://www.auger.de/~rulrich
/afs/cern.ch/sw/lcg/external/MCGenerators_lcgcmt65/crmc/1.0/x86_64-slc5-gcc47-opt/bin/crmc

Resampling (e.g. Elasticity)
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@ Redistributing of energy among the leading particle and the other
secondaries.

@ Algorithm changes the interaction elasticity while conserving the
total energy
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Impact on Air
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— SIBYLL, original
- SIBYLL, elasticity(10!%eV) x 0.6
-= SIBYLL, elasticity(10'°eV) x 0.2

e Auger (PRL2010)
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Observables

e Modifying the elasticity

@ Observe impact at LHC
AND

@ in Extensive Air Showers

— SIBYLL, original
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Model Differences in the Forward Detectors
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Connectio Air Shower Physics
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Summary

o Extensive air shower data constrains event generators

@ Cosmic ray models flexible and well suited to describe hadronic bulk
particle production

@ Cosmic ray models can be used at LHC for efficiency corrections

e Furthermore: many measurements can be compared directly to these
models

@ With CRMC the production of events is almost trivial

@ Already used in many analyses

"

ralf.ulrich@kit.edu CRMC, an interface to cosmic ray event generators 18



	0.0: 
	0.1: 
	0.2: 
	0.3: 
	0.4: 
	0.5: 
	0.6: 
	0.7: 
	0.8: 
	0.9: 
	0.10: 
	0.11: 
	0.12: 
	0.13: 
	0.14: 
	0.15: 
	0.16: 
	0.17: 
	0.18: 
	0.19: 
	0.20: 
	0.21: 
	0.22: 
	0.23: 
	0.24: 
	0.25: 
	0.26: 
	0.27: 
	0.28: 
	0.29: 
	0.30: 
	0.31: 
	0.32: 
	0.33: 
	0.34: 
	0.35: 
	0.36: 
	0.37: 
	0.38: 
	0.39: 
	0.40: 
	0.41: 
	0.42: 
	0.43: 
	0.44: 
	0.45: 
	0.46: 
	0.47: 
	0.48: 
	0.49: 
	0.50: 
	0.51: 
	0.52: 
	0.53: 
	0.54: 
	0.55: 
	0.56: 
	0.57: 
	0.58: 
	0.59: 
	0.60: 
	0.61: 
	0.62: 
	0.63: 
	0.64: 
	0.65: 
	0.66: 
	0.67: 
	0.68: 
	0.69: 
	0.70: 
	0.71: 
	0.72: 
	0.73: 
	0.74: 
	0.75: 
	0.76: 
	0.77: 
	0.78: 
	0.79: 
	0.80: 
	0.81: 
	0.82: 
	0.83: 
	0.84: 
	0.85: 
	0.86: 
	0.87: 
	0.88: 
	0.89: 
	0.90: 
	0.91: 
	0.92: 
	0.93: 
	0.94: 
	0.95: 
	0.96: 
	0.97: 
	0.98: 
	0.99: 
	0.100: 
	0.101: 
	0.102: 
	0.103: 
	0.104: 
	0.105: 
	0.106: 
	0.107: 
	0.108: 
	0.109: 
	0.110: 
	0.111: 
	0.112: 
	0.113: 
	0.114: 
	0.115: 
	0.116: 
	0.117: 
	0.118: 
	0.119: 
	0.120: 
	0.121: 
	0.122: 
	0.123: 
	0.124: 
	0.125: 
	0.126: 
	0.127: 
	0.128: 
	0.129: 
	0.130: 
	0.131: 
	0.132: 
	0.133: 
	0.134: 
	0.135: 
	0.136: 
	0.137: 
	0.138: 
	0.139: 
	0.140: 
	0.141: 
	0.142: 
	0.143: 
	0.144: 
	0.145: 
	0.146: 
	0.147: 
	0.148: 
	0.149: 
	0.150: 
	0.151: 
	0.152: 
	0.153: 
	0.154: 
	0.155: 
	0.156: 
	0.157: 
	0.158: 
	0.159: 
	0.160: 
	0.161: 
	0.162: 
	0.163: 
	0.164: 
	0.165: 
	0.166: 
	0.167: 
	0.168: 
	0.169: 
	0.170: 
	0.171: 
	0.172: 
	0.173: 
	0.174: 
	0.175: 
	0.176: 
	0.177: 
	0.178: 
	0.179: 
	0.180: 
	0.181: 
	0.182: 
	0.183: 
	0.184: 
	0.185: 
	0.186: 
	0.187: 
	0.188: 
	0.189: 
	0.190: 
	0.191: 
	0.192: 
	0.193: 
	0.194: 
	0.195: 
	0.196: 
	0.197: 
	0.198: 
	0.199: 
	0.200: 
	0.201: 
	0.202: 
	0.203: 
	0.204: 
	0.205: 
	0.206: 
	0.207: 
	0.208: 
	0.209: 
	0.210: 
	0.211: 
	0.212: 
	0.213: 
	0.214: 
	0.215: 
	0.216: 
	0.217: 
	0.218: 
	0.219: 
	0.220: 
	0.221: 
	0.222: 
	0.223: 
	0.224: 
	0.225: 
	0.226: 
	0.227: 
	0.228: 
	0.229: 
	0.230: 
	0.231: 
	0.232: 
	0.233: 
	0.234: 
	0.235: 
	0.236: 
	0.237: 
	0.238: 
	0.239: 
	0.240: 
	0.241: 
	0.242: 
	0.243: 
	0.244: 
	0.245: 
	0.246: 
	0.247: 
	0.248: 
	0.249: 
	0.250: 
	0.251: 
	0.252: 
	0.253: 
	0.254: 
	0.255: 
	0.256: 
	0.257: 
	0.258: 
	0.259: 
	0.260: 
	0.261: 
	0.262: 
	0.263: 
	0.264: 
	0.265: 
	0.266: 
	0.267: 
	0.268: 
	0.269: 
	0.270: 
	0.271: 
	0.272: 
	0.273: 
	0.274: 
	0.275: 
	0.276: 
	0.277: 
	0.278: 
	0.279: 
	0.280: 
	0.281: 
	0.282: 
	0.283: 
	0.284: 
	0.285: 
	0.286: 
	0.287: 
	0.288: 
	0.289: 
	0.290: 
	0.291: 
	0.292: 
	0.293: 
	0.294: 
	0.295: 
	0.296: 
	0.297: 
	0.298: 
	0.299: 
	anm0: 
	0.EndLeft: 
	0.StepLeft: 
	0.PlayPauseLeft: 
	0.PlayPauseRight: 
	0.StepRight: 
	0.EndRight: 
	0.Minus: 
	0.Reset: 
	0.Plus: 


