Modeling Pion Production at 3 GeV

How to Compare Particle Production at Different Beam Energies

In the staging scenarios, we consider various proton beam energies and beam powers.

We have come to desire particle production rates quoted in a manner that scale simply
with beam power.

Beam Power = Protons/s x Beam Energy;

So, if we are interested in, say, "useful” muons per beam power, this is equivalent to
("useful” muons/s) / (proton/s) / beam energy.

In the following we abbreviate this to
Muons / proton / GeV
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Soft-Pion-Production Modeling Issues

MARS15 simulation (X. Ding) with 3 GeV protons and C target shows large production of soft
pions (and 2" peak at 300 MeV KE). Are these features real?
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LAQGSM Mode < Better MARS Model below 5 GeV
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MARS in LAQGSM Mode Agrees Well with FLUKA @ 3 GeV

400 prevreeerr rrevrrreer S Laaas L Lt rrerrrreer
380 F C,3 GeV, Om sum MARS (MCNP+LAQGSM) -
C,3 GeV, 50m sum,MARS(MCNP+LAQGSM)
360 - C,3 GeV,0m,sum,FLUKA —— -
340 | C,3 GeV,50m,sum,FLUKA

320 -
300 -
280 | -
260 |- -
240 F |
220
200
180
160
140
120
100

80

60

40

20

0
O 01 02 03 04 05 06 07 08 09 1

v Kinetic Energy, GeV
u KT McDonald MAP Weekly Meeting September 13,2013 4

Mesons/10MeV/GeV




Summary

Models of particle production below 5 GeV are delicate, but MARS in LAQGSM Mode
seems robust enough for us to proceed.

At 3 GeV, a carbon target is favored over a mercury one in terms of rate alone (and a
carbon target is very viable in a 1 MW beam).

Pion/muon production at 3 GeV, 1 MW with a carbon target will be about 1/5 that with a
mercury target at 8 GeV and 4 MW.

Delivering a short pulse in a single proton beam will be difficult at 3 GeV, so we may need
to consider multiple beams (onto a single target).

Optimization for the configuration of carbon target, capture solenoid magnets, and
possible multiple proton beams should begin now.
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