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Outline

APion Production and Collection
AEvent Generators in MARS15
ARecent Benchmarking

ABeam Energy Dependence*

*) For Project -X beams, in comparison with model-independent analysis
of HARP data
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Target System Optimization*

Thorough MARS optimization of target system in 1999-2001 for
maximum yield of pions/muons at the end of decay channel for 4 to 30
GeV proton beams (with many ideas by Bob Palmer):

A
A

o To

Gain from high-Z target materials, especially at the high-energy
end.

Hybrid solenoid at BxR2=1125 Txcm? with B=20T and R,=7.5cm
followed by a matching section (to 19m) and decay channel
(R=30cm, B=125T) to ~50 m with SC coils protected by water -
cooled tungsten -carbide balls.

Open mercury jet (R=5 mm) tilted at 100 mrad with 2\ beam-jet
Interaction region.

Proton beam at 67 mrad with RMS beam spot size of 1.5 mm.
Particle yield Y at z~50 m grows with beam energy E,, while Y/E
has a broad maximumat E, ~ 6 GeV.

*) See several N Mdjsurnal papers of 1999 to 2001.
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MARS15 Event Generators: Option 1 (default)

Inclusive phenomenological model from 3-5 GeV to
tens of TeV and exclusive Cascade Exciton Model
code CEMO3, combined with Fermi break-up model,
coalescence model, and Generalized Evaporation-

fission Model (GEMZ2). Recent multi -fragmentation

extension .
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MARS15 Event Generators: Option 2 (LAQGSM)

The Los Alamos Quark -Gluon String Model code, LAQGSM,
for photon, hadron and heavy-ion projectiles at a few
MeV/A to about a few TeV/A . Shares with CEM similar
models/modules at E <3-5 GeV. Provides a power of full
theoretically consistent modeling of exclusive and inclusive
distributions of secondary particles, spallation, fission, and
fragmentation  products. Substantially improved and
extended (LAQGSMO09) over last 4 months. Just recently
switched to A and N* resonance production and interaction

at E <4.5 GeV with pions produced in A decays.

AHIPA Workshop, Fermilab, October 19-21, 2009 Pion production for nufact/mu-collider - N.V. Mokhov




Inclusive Pion Production (Default)

d’o/dp/d0 in mb/GeV/c

d’c /dp/dQ in mb/GeV/c
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d’c/dpd0l (mb/(GeV/c sr))

MARS15 vs HARP for p+Al

—qnt*X at 12.9 GeV/c
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MARS15 & Geant4 Pion Production vs HARP for pBe at 5 GeV/c
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MARS15 & Geant4 Pion Production vs HARP for pTa at 8 GeV/c

July 22, 2009
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FIG. 20: Comparison of HARP double-differential 7= cross sections for p—Ta at 8 GeV /e with GEANT4 and
MARS MC predictions, using several generator models (see text for details): QGSC model dotted line, QGSP
model black solid line, MARS dashed line.
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MARS15 & Geant4 Pion Production vs HARP for pBe and pTa

July 22, 2009

TABLE VIII: Computed y? between data and MonteCarlo simulations, assuming a 20% systematics on simulation

3 GeV 5 GeV 8 GeV 12 GeV
+ - + - + - + -

™ i T T i ™ ™ T
ndof| 16| 16| 32| 32| 36| 36| 40| 40
model Beryllium

Bertini|181.1|156.8|340.6 |375.8|517.4|342.6|762.7|347.9

Binary|180.8|196.9|272.6|474.5|284.6 | 401.7
LHEP|149.8| 43.2|/115.6|283.5(128.2|118.5|153.7|160.5
QGSP 112.2]210.6]124.9(154.3
FTFP 323.2| 55.7|172.1
MARS| 9.4 46.2| 23.1| 13.9| 26.3| 52.7| 24.2| 26.2
model Tantalum

Bertini|113.8|110.8|165.2 [377.8|328.0{193.9|540.5|248.7
Binary |147.8|145.4]197.9|435.1|224.3 |284.4
LHEP|116.1| 22.0| 94.9|255.8| 91.8| 76.0| 73.2|109.1
QGSP 163.3(169.2| 38.8| 82.9
FTFP 96.4| 69.0| 55.6
MARS| 44.9| 25.9| 83.4| 65.8| 48.8| 20.7| 26.6| 15.9
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MARS15 & Geant4 Pion Production vs HARP for pBe and pTa

TABLE X: Normalization factors data-simulation.

July 22, 2009

model |[Be 3 GeV |Ta 3 GeV |Be 5 GeV|Ta 5 GeV Be 8 GeV Ta 8 GeV Be 12 GeV Ta 12 GeV
at | at x| wt o wt |t x| @t a| At T | T T

Bertini|0.35 1.02]0.45 0.53(0.70 1.12(0.29 0.35]1.22 1.54|0.84 1.08|1.756 1.81|1.27 1.50
Binary |[0.36 0.75[0.28 0.34|0.73 0.88(0.16 0.23[0.99 1.05[0.50 0.56

LHEP|0.40 0.86|0.81 0.91(0.76 0.98]0.36 0.45|0.78 0.91(0.58 0.66/0.75 0.82]0.54 0.59
QGSP 1.40 1.43(0.80 0.75/0.80 0.88|0.64 0.67
FTFP 0.46 0.65(1.00 1.10(0.63 0.77
MARS|[0.83 1.29(1.10 1.16(1.21 1.38|1.17 1.35(1.10 1.21({0.90 0.85/1.02 1.02(092 0.82
*) No inclusive (default) MARS model tuning to HARP data yet (I wish | did).

Also waiting for first MIPP published results (promised by the New Year).
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