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workshop at the Cockcroft 
Institute Daresbury inInstitute, Daresbury, in 
April 2008
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MotivationMotivation

A stand-alone optimised muon facility could 
deliver x100 intensity gains in pulsed modedeliver x100 intensity gains in pulsed mode 
and comparable intensity to PSI in CW mode

A 1Gev, 0.5mA Fixed Field Alternating Gradient 
proton accelerator at KHz frequencies wouldproton accelerator at KHz frequencies would 
be an appropriate and cost effective driver
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MotivationMotivation

A stand-alone optimised muon facility could 
deliver x100 intensity gains in pulsed modedeliver x100 intensity gains in pulsed mode 
and comparable intensity to PSI in CW mode

A 1Gev, 0.5mA Fixed Field Alternating Gradient 
proton accelerator at KHz frequencies wouldproton accelerator at KHz frequencies would 
be an appropriate cost effective driver

Simulations of (multiple) pion/muon production 
targets and accelerator/target/collection/beam 
optics combinations are necessary

......But first the codes have to be benchmarked
- against the ISIS target?  

......could the ISIS target geometry/muon 
collection system be optimised as part of thecollection system be optimised as part of the 
same programme?  

GEANT 4
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GEANT4GEANT4
Geant4 is a toolkit for the
simulation of the passage of
particles through matter

Developed and maintained at
CERN

Originally intended for high
energy physics experiments 
(eg LEP)

Now wide range of uses including 
medical, nuclear, and space science

Di t ib t d t f CDistributed as a set of C++
libraries
GEANT4 is already used in 
simulations of µSR experimentssimulations of µSR experiments
eg, Prokscha, Shiroka, Lancaster, Sedlak ........

Can GEANT4 accurately simulate 
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proton/target interactions ?



GEANT4: hadronic model inventoryGEANT4: hadronic model inventory
After: Aatos Heikkinen
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GEANT4: eg LEP vs BertiniGEANT4: eg LEP vs Bertini
After: Aatos Heikkinen

Bertini cascade model pion productionGean3.21 based Geant4 LEP model pion
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Bertini cascade model pion production 
from 730 MeV proton on Carbon. 

Gean3.21 based Geant4 LEP model pion
production from 730 MeV proton on Carbon. 



The ISIS muon targetThe ISIS muon target

Proton beam:Proton beam:

800MeV with ~1MeV energy spread

Focused to Gaussian “waist” at target with rms g
half width and rms half height of 5mm: 

rms x’ = 6mrad     rms y’=5mrad

Target:

Graphite plate 50*50*7 mm3

Oriented at 45o to proton beam (rotated around 
vertical axis)

Effective path length through target ~10mm

G hit d ti t t

Effective path length through target ~10mm
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Graphite muon production target



Simulation geometrySimulation geometry

Muons
and 

Proton beam
2.5x1013 p per double 

pulse
Transmitted 

beam

pions

Beam window
8cm diameter

15 cm from target 16000µ+

Collimators

15 cm from target

Muons
d

16000µ+

Collimators
0.9m downstream of target

and 
pions

S ti l t ( ) ti l f t t ithi 0 5 ti ll d 3 h i t ll

8000µ+

Spatial cut:  (a) particles emerge from target  within ±0.5cm vertically and ±3cm horizontally
(b) particles must be parallel to beamline axis with 180mrad in horizontal direction

and 35 mrad in vertical direction 

Momentum cut:  momentum bite must be between 25.175 and 27.825 MeV/c  (ie 10% around 26.5MeV/c)
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GEANT4 simulationsGEANT4 simulations

GEANT4 and three  physics models have 
been used: 
Bertini model
Binary Cascade Model 
INCL-ABLA model. 

Initial simulations of 2x1013 protons 
(corresponding to an ISIS double pulse) took a(corresponding to an ISIS double pulse) took a 
prohibitively long time to run

Shorter simulations of  4x107 protons resulted in 
much poorer statistics but in agreement with themuch poorer statistics, but in agreement with the 
longer runs and experiment, give the equivalent 
of 20000-40000 µ+ with the correct momentum 
and spatial cuts entering the beam window per 
ISIS double pulse. 
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INCL-ABLA model. 

Initial simulations of 2x1013 protons 
(corresponding to an ISIS double pulse) took a

M

(corresponding to an ISIS double pulse) took a 
prohibitively long time to run

Shorter simulations of  4x107 protons resulted in 
much poorer statistics but in agreement with the an

d 
an

gl
e 

cu
t

much poorer statistics, but in agreement with the 
longer runs and experiment, give the equivalent 
of 20000-40000 µ+ with the correct momentum 
and spatial cuts entering the beam window per en

tu
m

, s
pa

ce
 a

ISIS double pulse. 

The simulations showed a reasonably isotropic distribution of muons from the target – this was 
used to speed up the simulation procedures by separating pion production from muon transport
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used to speed up the simulation procedures by separating pion production from muon transport



GEANT4 simulationsGEANT4 simulations

Each model generates the final state for hadron inelastic scattering by simulating the 
intra-nuclear cascade. 

The Bertini model: 
The target nucleus is treated as an 
average nuclear medium to which 
excitons (particle-hole states) are added 
after each collision.

The Binary Cascade model:

INCL

The Binary Cascade model:
The target nucleus is modelled by a 3-D 
collection of nucleons, as opposed to a 
smooth nuclear medium. 

The INCL-ABLA model
The intra nuclear cascade is based upon ABLA
the Liege cascade model (INCL) and the 
de-excitation is based on ABLA
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Bertini Cascade ModelBertini Cascade Model

- simulations are for  2.5 x 1011 protons  on targetp g

- for 2.5 x 1013 protons  there are 84200 positive muons entering the beam window 
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Binary Cascade ModelBinary Cascade Model

- simulations are for  2.5 x 1011 protons  on target

- for 2.5 x 1013 protons  there are 62700 positive muons entering the beam window 
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INCL-ABLA ModelINCL-ABLA Model

- simulations are for  2.5 x 1011 protons  on targetp g

- for 2.5 x 1013 protons  there are 27500 positive muons entering the beam window 
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INCL-ABLA: pions at rest in targetINCL-ABLA: pions at rest in target
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INCL-ABLA: muon productionINCL-ABLA: muon production
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Unwanted particlesUnwanted particles
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Target materialTarget material
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Next stepsNext steps

C it t t ( Ni t d B )Composite targets (eg Ni coated Be)

Complex geometries (eg small xsection pencil/conical target) 

Proton loss calculations

Thermal load calculations

Improvement of collimators and collection geometries

With implications for

Neutrino factoryNeutrino factory

Stand-alone dedicated muon facility  (protons?)
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Carbon ion beamsCarbon ion beams

Beam π+π

p 0.0339

d 0 0337d 0.0337

C 0.190

Pion yield at       

30 < E < 230 MeV

Carbon seems a 
promising projectile

Simulations  by N. MokhovPion spectra from 400 MeV/A projectiles on an Hg nucleus
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(From Shiroka)


