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Proton’s energy lossProton’s energy lossProton s energy lossProton s energy loss



Proton’s energy lossProton’s energy lossProton s energy lossProton s energy loss
Th i l ti f dTh i l ti f dThe simulation performance and accuracy The simulation performance and accuracy 

depends on the values of used simulation depends on the values of used simulation 
parametersparametersparameters. parameters. 

We used G4 9.0 We used G4 9.0 
examples/extended/hadronic/Hadr01 to studyexamples/extended/hadronic/Hadr01 to studyexamples/extended/hadronic/Hadr01 to study examples/extended/hadronic/Hadr01 to study 
dependence on parameters. dependence on parameters. 

The target was water cylinder, long enough forThe target was water cylinder, long enough forThe target was water cylinder, long enough for The target was water cylinder, long enough for 
the track to stop in it. It was divided to thin the track to stop in it. It was divided to thin 
slices perpendicular to the beam, and energy slices perpendicular to the beam, and energy 
l d ithi h lil d ithi h liloss was averaged within each slice.loss was averaged within each slice.

Beam energy was 70MeV, 110MeV, 160MeV Beam energy was 70MeV, 110MeV, 160MeV 
d 400M Vd 400M Vand 400MeVand 400MeV



Proton’s energy deposition:Proton’s energy deposition:gy pgy p
dependence on cutdependence on cut

P d ti th h ld (C t) i fP d ti th h ld (C t) i fProduction threshold (Cut) is measure of Production threshold (Cut) is measure of 
lowest energy of secondary particles, from lowest energy of secondary particles, from 
which they are simulated explicitlywhich they are simulated explicitly

For lower energy the effect is even bigger, since for higher For lower energy the effect is even bigger, since for higher –– negligiblenegligible (see Appendix)(see Appendix)



Proton’s energy deposition:Proton’s energy deposition:gy pgy p
dependence linLossLimit (LLL)dependence linLossLimit (LLL)

linLossLimit parameter is sed to chooselinLossLimit parameter is sed to chooselinLossLimit parameter is used to choose linLossLimit parameter is used to choose 
algorithm to calculate energy losses:algorithm to calculate energy losses:

if if ::**

**
Precision of this method is up to second order

else: else: 

Where R(E) and E(R) are calculated Where R(E) and E(R) are calculated 
from corresponding tablesfrom corresponding tables

Step size is 0.1 mm. Step size is 0.1 mm. We see, that for low LLL appear waves.We see, that for low LLL appear waves.
from corresponding tablesfrom corresponding tables

Precision of this method we study



Proton’s energy deposition:Proton’s energy deposition:gy pgy p
waveswaves

To understand, the origin of the waves, let’s see, how secondTo understand, the origin of the waves, let’s see, how secondTo understand, the origin of the waves, let s see, how second To understand, the origin of the waves, let s see, how second 
algorithm works.algorithm works.
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Proton’s energy deposition:Proton’s energy deposition:gy pgy p
dependence linLossLimit (LLL)dependence linLossLimit (LLL)

Each step Each step 
corresponds to samecorresponds to samecorresponds to same corresponds to same 
2 nodes in  the table.2 nodes in  the table.

table nodetable node



Proton’s energy deposition:Proton’s energy deposition:gy pgy p
large number of binslarge number of bins (1200)(1200)

As we could expect, increasing number of binsAs we could expect, increasing number of bins ((default value isdefault value is 120120As we could expect, increasing number of bins As we could expect, increasing number of bins ((default value is default value is 120120
binsbins)) in the table solves the problemin the table solves the problem ::



Proton’s energy deposition:Proton’s energy deposition:gy pgy p
large number of binslarge number of bins



Proton’s energy deposition:Proton’s energy deposition:gy pgy p
conclusionconclusion

D f lt t t bl (d ’tD f lt t t bl (d ’tDefault parameters are stable (don’t Default parameters are stable (don’t 
provide waves)provide waves)
Systematic accuracy of peak position for Systematic accuracy of peak position for 
100MeV proton is about 100MeV proton is about 0.5 mm0.5 mm. . pp
For better accuracy one has to use lower For better accuracy one has to use lower 
LLL and simultaneously increase numberLLL and simultaneously increase numberLLL, and simultaneously increase number LLL, and simultaneously increase number 
of bins in tables for dedx and ranges. of bins in tables for dedx and ranges. 
The same beha ior as obtained also inThe same beha ior as obtained also inThe same behavior was obtained also in The same behavior was obtained also in 
aluminium and lead.aluminium and lead.
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Electron’s energy depositionElectron’s energy depositionElectron s energy depositionElectron s energy deposition



Electron's energy depositionElectron's energy depositionElectron s energy depositionElectron s energy deposition

The studies for electron were almost the same, The studies for electron were almost the same, 
as for proton, but with lower energy: 1MeV.as for proton, but with lower energy: 1MeV.
Bremsstrahlung lowBremsstrahlung low
Significant part of EM showerSignificant part of EM showerSignificant part of EM showerSignificant part of EM shower



Electron's energy depositionElectron's energy depositionElectron s energy depositionElectron s energy deposition

No fluctuations and multiple scatteringNo fluctuations and multiple scattering



Electron's energy depositionElectron's energy depositionElectron s energy depositionElectron s energy deposition

Despite the parameters doesn’t effect the ELoss shape explicitlyDespite the parameters doesn’t effect the ELoss shape explicitlyDespite the parameters doesn t effect the ELoss shape explicitly Despite the parameters doesn t effect the ELoss shape explicitly 
(because of fluctuations and msc), we should take it into (because of fluctuations and msc), we should take it into 
account for simulation in tiny absorbers.account for simulation in tiny absorbers.



Electron's energy deposition :Electron's energy deposition :gy pgy p
conclusionconclusion

Results are similar to that for protonsResults are similar to that for protons
SteppedStepped structure is even with default valuesstructure is even with default valuesSteppedStepped structure is even with default values structure is even with default values 
(see Appendix for more plots)(see Appendix for more plots)
F i lt h t iF i lt h t iFor precise results one has to increase For precise results one has to increase 
binning binning 
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Magnetic monopoleMagnetic monopoleMagnetic monopoleMagnetic monopole



Magnetic monopoleMagnetic monopoleMagnetic monopoleMagnetic monopole

GG 4 l l4 l lGGEANTEANT4 monopole energy losses were 4 monopole energy losses were 
checked and fixedchecked and fixed
New GNew GEANTEANT4 example was created and 4 example was created and 
added to reference tag geant4.9.0.ref01 added to reference tag geant4.9.0.ref01 g gg g
((examples/extended/exoticphysics/monopole)examples/extended/exoticphysics/monopole)

QGSP physics listQGSP physics listQ p yQ p y
Extra builder was createdExtra builder was created

G4Monopole addedG4Monopole addedG4Monopole addedG4Monopole added
standard transportation and G4mplIonisationstandard transportation and G4mplIonisation



Magnetic monopole:Magnetic monopole:
Energy lossesEnergy losses

Ahl ’ f l f l t i (R M d Ph 52 (1980) 121)Ahl ’ f l f l t i (R M d Ph 52 (1980) 121)Ahlen’s formula for monopole stopping power (Rev.Mod.Phys 52.(1980), 121)Ahlen’s formula for monopole stopping power (Rev.Mod.Phys 52.(1980), 121)

g g –– magnetic charge (default magnetic charge (default 68.5e68.5e))
K(|g|)K(|g|) –– Kazama et al. crossKazama et al. cross--section correctionsection correction
B(|g|)B(|g|) –– Bloch correctionBloch correction
δδ density correctiondensity correctionδδmm –– density correctiondensity correction

Main difference from BetheMain difference from Bethe--Bloch formula isBloch formula is ee22 --> g> g22ββ22



Magnetic monopole:Magnetic monopole:
Ranges in aluminium Ranges in aluminium 

and liquid argonand liquid argonand liquid argonand liquid argon
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100GeV Magnetic monopole:100GeV Magnetic monopole:
Energy deposition in AlEnergy deposition in Al



Magnetic monopole:Magnetic monopole:
conclusionconclusion

It was shown how to add an exotic particle It was shown how to add an exotic particle 
to the QGSP physics listto the QGSP physics listp yp y
Example with monopole physics was Example with monopole physics was 
created and included in G4 distributioncreated and included in G4 distributioncreated and included in G4 distributioncreated and included in G4 distribution
We are ready to make RWe are ready to make R--hadron example, hadron example, 
but better understanding of Rbut better understanding of R--hadron hadron 
interactions with media is requiredinteractions with media is requiredinteractions with media is requiredinteractions with media is required



Questions?Questions?Questions?...Questions?...



AppendixAppendixAppendix Appendix 

For low energies the result strongly depend on cutFor low energies the result strongly depend on cutFor low energies the result strongly depend on cutFor low energies the result strongly depend on cut



Proton’s energy deposition:Proton’s energy deposition:gy pgy p
waveswaves

This method is good when s >> rThis method is good when s >> rThis method is good when s  rThis method is good when s  r
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AppendixAppendixAppendixAppendix

Comparison 1200 with 240 bins table resultsComparison 1200 with 240 bins table results



Electron's energy depositionElectron's energy depositionElectron s energy depositionElectron s energy deposition



Electron's energy depositionElectron's energy depositionElectron s energy depositionElectron s energy deposition



100GeV Magnetic monopole:100GeV Magnetic monopole:
Energy deposition in lArEnergy deposition in lAr


