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Plan
New default CHIPS physics in Geant4 8.3/9.0

G4QEl ti f t d tG4QElastic for protons and neutrons
Quasi-Elastic (G4QuasiFreeRatios) in FTF/QGS
N (G4QC A R )New muon-capture (G4QCaptureAtRest)

New processes not yet in the default physics
Muon-nuclear interaction process (G4QCollision)
Tau-nuclear interaction process (G4QCollision)
A(ν,μ): neutrino-nuclear interaction process (G4QCollision)
G4QLowEnergy process for inelastic interactions of 
fragments (including p & n) and hyper-fragments with nuclei
Detailed CHIPS process for pA interactions below 150 MeV
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R d h i tRed arrows show improvement

CHIPS (fit)( )
CHIPS (simulation)
SAID   (G4Lnp)
G4LElastic (LHEP)
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CHIPS (w Coulomb)
CHIPS (hadronic)
SAID   (G4Lpp)
G4LEl ti (LHEP)G4LElastic (LHEP)
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Fit (w Coulomb)Fit (w Coulomb)
8.2 (simulation)
G4HadronElastic(8.2p2)
G4LElastic (8.2)

Increased QE

Stops at 900 (CM)
Continues to 1800

QEQE QE
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Fit of elastic (red) over integrated (black) cross-sections
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Improvement of nA elastic with respect to integrated pA elastic and dataFit of elastic (red) over integrated (black) cross-sections
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Fit of elastic (red) over integrated (black) cross-sections
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Fit of elastic (red) over integrated (black) cross-sections
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Fit of elastic (red) over integrated (black) cross-sections
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Fit of elastic (red) over integrated (black) cross-sections
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Fit of elastic (red) over integrated (black) cross-sections
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Fit of elastic (red) over integrated (black) cross-sections
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Quasi-Elastic at high energiesg g

A part of inelastic cross-section is a quasi-p q
elastic scattering (elastic scattering of the 
projectile on a quasi-free nucleon of nuclei)projectile on a quasi free nucleon of nuclei)
G4QuasiFreeRatios class provides a part of 
h i l i i h i l i ithe quasi-elastic in the inelastic cross-section

The Scatter member function provides theThe Scatter member function provides the 
quasi-elastic scattering on the basis of Elastic
Th CHIPS i l i i i l d iThe CHIPS quasi-elastic is implemented in 
all 8.3/9.0 FTF/QGS Physics Lists (default)
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New muon capture at restp
The atomic muon decay is improved, using 
th t l l ti (N l D t T bl )the recent calculations (Nuclear Data Tables)
A precise approximation of the decay rateA precise approximation of the decay rate
and the capture rate are provided
Atomic e-/γ cascade is simulated
Spectra of protons neutrons and fragmentsSpectra of protons, neutrons and fragments 
in the nuclear muon capture reaction are 
fitted using the μ-→duνμ CHIPS decay 
[Published in M Kossov EPJ A33 (2007) 7]
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[Published in M.Kossov, EPJ A33 (2007) 7]



(test29)

G4MuonMinusCaptureAtRest

CHIPS G4QCaptureAtRest
G4MuonMinusCaptureAtRest

Atomic x-rays

CHIPS G4QCaptureAtRest
Data Tables 54(1993)165
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CHIPS:G4QCaptureAtRest(test29,μ-Ca)

N t fill d i t

+ +d

Neutrons: filled points
Protons: open points

(μ-→π-)

μ-+u→νμ+d

(μ →π )

μ-+p* ν +n (8 2)
μ-→νμ+ u+d

_

μ-+p*→νμ+n (8.2)
G4MuonMinusCaptureAtRest
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New process for muon-nuclear reactionsp

CHIPS μ-nuclear process is G4QCollisionμ p Q
It is based on the generalized theory of lepto-

l i t ti [ ]nuclear interactions [M.Kossov, EPJ A14 (2002) 377]
With respect to the old model it doubles theWith respect to the old model it doubles the 
scattering angle of muons on nuclei and the 

f d h l A lenergy transferred to the nucleus. As a result 
the number of produced neutrons is doubled.t e u be o p oduced eut o s s doub ed.
Simulates secondary π→μ penetrating muons
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(ν,μ)-nuclear and τ-nuclear interactions( μ)

The neutrino nuclear interactions are not veryThe neutrino-nuclear interactions are not very 
important for the LHC physics simulation, 
but can be important for simulation of 
neutrino detectors The small cross-section ofneutrino detectors. The small cross section of 
νA interaction can be biased.
The τ-nuclear interactions can be important 
for calculation of the τ-efficiency on 1% levelfor calculation of the τ-efficiency on 1% level
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CHIPS calculation of total and quasi-elastic (ν,μ) reactions
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R&D of hadronic CHIPS processesp
First steps of the hadronic CHIPS project 
have been done:have been done:

G4QEvaporation class making an isotropic final 
evaporation of excited residual nucleievaporation of excited residual nuclei
It was used in the G4QLowEnergy class, which 
can be applied for inelastic interactions of lowcan be applied for inelastic interactions of low 
energy fragments and hyper-fragments
CHIPS cross sections for nucleon nuclear andCHIPS cross-sections for nucleon-nuclear and 
nuclear-nuclear interactions have been fitted
Hadronic G4QCollision inelastic process isHadronic G4QCollision inelastic process is 
made for pA and nA interactions in the pre-
compound energy range (E<m )
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compound energy range (E<mπ)


