HSSWO06: MARS15

Fermilab

Recent Verifications in MARS15

Nikolai Mokhov,
Sergei Striganov

Fermilab

Hadronic Shower Simulation Workshop
Fermilab
September 6-8, 2006




OUTLINE

» Benchmarking Stages

» Inclusive Nucleon Production

* Inclusive Pion and Kaon Yields

* Nuclide Yields and Heavy-Tons

* Thick Target Yields for Heavy Ions

» Coulomb Scattering

* Three KEK Experiments with 12-GeV protons
* Photo-Neutron Yields

+ 120-GeV CERF Experiment at CERN
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Code Benchmarking

1.Debugging: Code should calculate what is
supposed to calculate

2.Validation: Results should agree with
established (analytic) result for specific
cases

3.Comparison: Two codes should agree if the
model is the same

4 Verification: Code should agree with
measurements
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MARS15 Benchmarking

Debugging, validation and comparisons are done for the
MARS code continuously once new model or algorithm is
implemented, new problem is attacked, a colleague
provides interesting results from his/her code.

Numerous verifications were performed at Fermilab
over last two decades in accelerator, shielding, targetry
and detector applications.

This talk is about very recent verifications.
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DPMJET, LAQGSM and MARS15 for pp—pX
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LOW-ENERGY NUCLEON PRODUCTION
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PROTON AND PBAR PRODUCTION
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MARS15 vs E910 Experiment for 12.3 GeV/c pA~ ©-
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K- and K, Production
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MARS15/LAQGSMO3 for Au+Au at 8 GeV/A
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Yields / mb/eq.q.

Nuclide Production

Bremsstrahlung (Emax=1 GeV) on gold

: . ; ; : : = 4
' I I | ! | | I | | ! g 1 O 11yt rrrrpreorirp T rihrTr] g
Y7 A target ] H 124 208 =
E | 8 R s I i 1 GeV/IA " Xe+ PDb ;
CEM03 fo [y -
i thi
10' fission S " i E 103 J l'; o GSI data :
= = E| . — LAQGSMO3.01 E
o IS B ||‘| i == LAQGSMO03.S1 -
3 7 = B o .
fragmentation "6 5 =N E LAQGSMO3.G1, no tdelay -
|()'*; ] ﬂ - % 1 O 3 ‘I‘"ﬂ"":. =
3 “ . eIl :
i " 3 1 MW ]
e T-' photopion / = O i \ 7
§7Be ii s : 5 1 = i -
(AW . 10 E 3
107 'Jr} :7--' 1 E E E
MNE'%T } I T N T T T N N T M N NN AN M BN BN S B B [
i i A R v T T — O 30 60 90 1 20
Product mass number
A
See comprehensive talk on CEM and LAQGSM by S. Mashnik
HSSWO06, Fermilab, September 6-8, 2006 Validation in MARS15 - N.V. Mokhov

15



Neutron Yield from Lead Absorber for p, d, o and C
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172 MeV/c Muon Coulomb Scattering: LH, and Li
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Angular distribution of 172 MeV/c muon after 6.415 mm of lithium
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172 MeV/c Muon Coulomb Scattering: CH, and Fe
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EP1 Labyrinth at KEK: 12-6eV p on Cu-Target
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12-GEV Protons on K2K Target

Au sample : 50cmL X 50cmH
Experiment: 0.001cm thickness
Calculation: 1cm thickness
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Courtesy: H. Matsumura
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Foil Activation at K2K Target Station
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12-GeV Protons on KEK Copper Target

12-GeV protons on copper target
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Photo-Neutron Yields from Thick Targets for 2-GeV e-

Detector
Cu 10 Xo, 90 degree
3
Ph Shield 1.00E-03

10.4 m
1.00E-04
€ | o008
n g
2
ot
Pb Collimat 5
imafor 0.67m § 100808
T T ]
i
4
[T 1.00E-07
|
|
New Iron 59m | :
Shadow Bar ! C‘&“"‘“"g p——
ar | oom 10 100
Pb Attenuator 1 Neutron Energy [MeV]
I
|

\ N I s
| 1.00E-03

.

Concrete
Shield
1.00E-04 ® PoEw
~—= Pb_Fluka2005
— Pb_MCNPX2.5d
——Pb_MARs15
) —— Pb_EGS4+PICA
% 1.00E-05
| 2
l:l = . _:_socm 3
2GeV e = s | =
‘[ | T Target . g 1.00E-08
Beam Current Beam Profile 1.95m Beam 1.00E-07

Monitor Monitor Dump

1.00E-08

Courtesy H.S. Lee o e

HSSWO06, Fermilab, September 6-8, 2006 Validation in MARS15 - N.V. Mokhov

1000




-
[@)]
T

Exdd/dE (cm?)

Exdd/dE (cm™)
=)

(&)}

120-GeV p/m on CERF Cu-Target: Concrete, 80cm _|

E (GeV)

AS2VVUO, Ferllan, dSeplelrivel 0-o, ZUvo

FLUKA o
MARS +—a— concrete
PHITS +—— .
Exp. _ §|‘ — §8({(_be_tw9§n ta__rﬂ_et A_tO}B_)_ - _li;fgﬂi:
P - - - arget- - | ':IJ
: B ' 13—
4 Bl \I3¥ e
A7) — i —
fi [ ll' 500
A QA*, g . concrete 2.4g/em3
o detector *‘i"ir‘ 250
. 160
/ s[ concrete |
/ ! NE213 detector
Top vigw 12.7-cm diam.x12.7-cm long
A 4
1.2 ——
FLUKA —e—
s
——
1F A1, 133° s |
e 0.8 <108 ¢
L
5 06
=)
o
X 0.4
w
0.2
; 0 ;
0 107 107" 10"
E (GeV)

validation in MARSLS -

N.V. MOKnO&OUf‘TCSYZ S. Roesler & N. Nakao 24



120-GeV p/n on CERF Cu-Target:

Concrete, 80cm _|

Exd®d/dE (cm™)

S

w
(3]
T

w
T

n
o

M

—
w

—

0.5

BS5, 13°

TS
MARS s
PHITS +—v— 7

Exp. —a—

P
2 . etl]
- ] B3
L 160 |

concrete
%"[‘ 580 (between target *_‘Fth}E)__ e
- - arget- S m=.- ---r- ‘-;13
. = I 13° ':
4t o 137 —
I: =
y —= -

MAEBB QM - .: concess 2.4giemd
NE213 detector +LM 250 .

NE213 detector

Top vigw 12.7-cm diam.x12.7-cm long

10 . ————
FLUKA e
MARS +—»
PHITS + v
8 Exp. =&
o : _
§ 6 s x10°
N HL :
=]
S 4 i— ‘. -
*
V0]
L ]
2 N .
.._
7, L2l
0 M M M M MR | N M M _‘.t—l.‘vlT:TF.%_
0 10? 107" 10°

ion in MARS15 - N.V. Mokhov o5
Courtesy: S. Roesler & N. Nakao




Exdd/dE (cm?)

Exdd/dE (cm™)

120-GeV p/n on CERF Cu-Target:

Iron, 40cm

S FLUKA i ‘ FLUKA o
[I'\f!Alf?S —— MARS
HITS , o PHITS
Exp_i |11' 130 Exp. &
1.5 F .
o s |°
><1OG | ,S, x 10
I -
9 &
©
X
L
2 05 F I .
e : _
10[) - 1-.'"&-'»...:-...-..:._._
10°
10 . ———r—r
FLUKA —e—
A
HITS
8 Exp. —a—
Q
6 x 10 4|
T
Z target i
0 i . ldiam.x%0leng : L €—Q
?_‘ -1 target-A target-B Beam
2 - 1
31, concrese floor Unit:[cm]
Li—L‘:I+ Sidel view
0 PR | L i _I,:.‘IILE
2 1 0
10 10 10%tion in MARS15 - N.V. Mokhov 26
E (GeV) Courtesy: S. Roesler & N. Nakao



Recent Benchmarking at SATIF-8 by H. Hirayama

Dose equivalent attenuation for

Attenuation Length of Iron (g cm'z)
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Fig. 15 Comparison of the neutron attenuation length of iron for secondary neutrons
emitted to 90 degrees from iron and Hg (24 GeV) targets with protons.
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MODELING BEAM ACCIDENT AT TEVATRON

Figure 5: Damage to D49 5-mm thick tungsten primary collimator.
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4 Figure 18: Top: evolution of the front and back surfaces of the tungsten collimator plate from
— — t=0.4 ms (1) through t=1.6 ms (7) with At=0.2 ms. Bottom: shape of the hole in the collimator plate
at 1 ms.
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