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A few words about me

* Joined AD three weeks ago
*  Worked at INFN, PSI, SLAC, FNAL
* Experience in particle physics, detector R&D, operations, projects:

> BaBar (Data analysis of semileptonic B—=>D° | v decays with ML techniques)
> MEG (offline framework)

> |ILC (Physics and detector studies for the Lol and the TDR)

> ADRIANO multiple readout calorimeter (R&D,Test Beams,data analysis)
> CDF (Data analysis with ML techniques)

> Muon Collider (Physiscs and detector studies for Snowmass 2013)

> ORKA (Simulations for proposal and for Snowmass 2013)

> REDTOP (proponent)

> OPOS (Group Leader)

> POMS (Project Manager)

> Cl (Project Manager)

> Liaison (Experiments, Directorate)

> Affiliations DB (Manager, Admin)
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Outline

* The Physics of Pion/Muon Production

* Classes of Particle-Matter interaction MC Simulations
* Monte Carlo Simulation Frameworks

* Geometry Implementation/Visualization

* Target Studies

* Shielding Assessment Addendum

* Summary
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Outline

Introduction

Target Studies
Shielding Assessment Addendum
Summary
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Outline

* The Physics of Pion/Muon Production

* Classes of Particle-Matter MC Simulations |

* Monte Carlo Simulation Framework Introduction
* Geometry Implementation/Visualization

* Target Studies

* Shielding Assessment Addendum

* Summary

Studies
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Outline Detailed

* The Physics of Pion/Muon Production * Target Studies
* Classes of Particle-Matter Frameworks > Implemented geometries
> Particle transport programs vs Particle-nucleus > Simulation strategy

hadronic scattering models
> Momentum and origin of produced 1
> Limitations of particle-nucleus hadronic
scattering models > Momentum and direction of 1t at the entrance

of the MTA secondary beamline

Shielding Assessment Addendum

Monte Carlo Simulation Frameworks

>  GenieHad > MTA Facility
> SLIC > Working plan
*  Summary

> JAS3/ROOT
Geometry Implementation/Visualization

> LCCD/GDML

> ROOT

2% Fermilab
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The Physics of the Pion/Muon Production

* Single pion production thresold is 280 MeV,

for pair is 600 MeV

TABLE XII. Total cross sections for =t and 7~

Element a* o~ Ratio
. . . .
The single production cross section |r.1creases . 15.5020.1 0032001 45
with the energy of the beam and begins to level D 11.42£0.55 1124006  10.2
Be 27.30+1.40 6.49%+0.37 4.3
around 800 MeV. c 35.00+1.80 6.64%0.41 5.3
* Two facilities at Fermilab are candidates at producing Al 53.10£2,90  13.17+0.90 4.0
. . . Ti 67.00+3.60 21.20+1.60 3.2
high-intense pion/muon beams: Cu 77.3044.30  25.20%2.0 31
Ag 91.60£5.10 35.00+£3.0 2.6
> H Ta 101.00+5.60 51.40£4.70 2.0
800 MeVPIPII Ilnac ‘Pb 104.20£5.80 53.70+4.90 1.95
Th 107.90+£5.90 60.40%+5.50 1.9

> 400 MeV MTA linac

20 T T T T T T

P_
- PSI
TRIUMFJ

MTA |

lead.

o

i x target material.
- * o/ —
B l pp—~ppm
I 1 1 1 | ]
%50 500 750 1000 1250 1500
T, (MeV)
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Charged pions production cross section were measured
using the 730-MeV proton beam from the Berkely LBNL
cyclotron 6 on various target nuclei, from hydrogen to

*  Heavier targets favor both it* and it "production as
shown in the table of total cross sections

*  For the pion production at MTA, Tungsten is used as

2% Fermilab



Classes of Particles-Matter Frameworks for
Hadronic Interactions

Particle transport programs

Each particle is transported trough the material and interacted
continuously

Scattering takes into account the surrounding material
Interactions at each steps need to be parametrized to limit CPU
Few frameworks available

Particle-nucleus hadronic scattering models
Single interaction between two particles (i.e. proton and nucleus)
Nucleus is isolated and in vacuum

Probe is propagated inside the nucleus: very slow programs not suited
for transport code (except for Incl++ which is parametrized)

Many models available (usually developed by nuclear theorists)

2% Fermilab
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Particle transport programs

Geant4
Largest share of users
Relatively fast
Multiple nuclear interaction models available trough physics list
Choice of physics list depends on applications
Open source

For HEP applications, generally considered OK for simulations of energy deposited inside
the detectors, not for the study of hadronic interaction products

MARS15
Based on LAQGSM (Los Alamos version of the quark-gluon string model)
Nuclear interaction of probe-target very well described
Source not available
For HEP applications, generally considered excellent for study of hadronic interaction
products

FLUKA
Same as MARS15, but based on DPMJET-III model
Source not available

2% Fermilab
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Particle-nucleus hadronic scattering models

Multiple models available:
-  Urgmd
—  Dpmijet-lll
— Incl++
—  Gibuu
- Jam
—  Phsd
— Pythia
-  QGSM/LAQGSM
— PHITS

Probe is transported inside the nucleus: usually very slow
Very accurate determination of scattering products

Mostly used by intermediate energy experiments (<5 GeV) where the nuclear interaction
is very complex (non-perturbative, presence of intranuclear-resonances, string theory

not well applicable)

Models act differently: in general experimenters use multiple models and get a range of

predictions
All open source except for LAQGSM

10
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Limitations of particle-nucleus
hadronic scattering models

The target is a standalone nucleus surrounded by vacuum rather than
being part of the materials in the apparatus;

No geometry aware: the target nucleus is positioned in the origin of the
reference frame, rather than everywhere in the apparatus;

The beam and the target are well-defined species, while the beam and
the materials in the experimental apparatus are composed of multiple
species;

Except for the Incl++ case, the nucleons in the final state are returned to
the user as a list of free (un-aggregated) particles rather than physical
fragments.

Output format is non-standard

2% Fermilab
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Overcoming the limitations — GenieHad

* GenieHad was developed for overcoming the limitations of standalone particle-nucleus
hadronic scattering event generators

* |t consists of a collection of interfaces to several external generators

* It uses the description of the geometry and the beam, and the 1/0 systems (both based
on the ROOT framework) of the well established GENIE event generator.

* Several libraries interface the generation process to external nuclear scattering engines
and to clusterization, evaporation/de-excitation programs.

* The user selects the nuclear and the evaporation models at run time via xml-based input
cards.

* Event output in several formats:
* Stdhep
* Slcio
* Hepevt
* Lhe
* root

2% Fermilab
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MC Simulation Framework — Steps and Toolkits

* The simulation of the interaction of the projectile on target (event simulation) is efficiently
factorized in steps.

* Each step can be processed by the appropriate program that takes into account the specific case and
complexity

e — i —-

2% Fermilab
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Simulation Strategy for Thin Targets:

* The simulation of the interaction of the projectile on target (event simulation) is efficiently
factorized in steps.

* Each step can be processed by the appropriate program that takes into account the specific case and

G — s —-

complex
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* Generation of the primary interaction

Transport of the secondary particles
Analysis of the data
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Simulation Strategy for Thick Targets

* Combination of EM, inelastic hadronic scattering and coherent process (charge exchange, capture,
fission, etc.) needs to be continuosly taken into account when a particle traverses matter

* Correct simulation of thick targets requires a full particle trasport framework

g —— 8- e

i
-
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Geometry Implementation and Visualization
LCCD/GDML

* The detector geometry is described using the Linear Collider Detector Description

(LCDD). This system allows end users to create complex detector geometries in a
standard XML format.

* The LCDD is based on the Geometry Description Markup Language (GDML) that is
supported by GEANT4 and ROOT both as imput and output

ROOT

* ROOT has a geometry package for building, browsing, navigating and visualizing detector
geometries.

2= Fermilab
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Target Studies - Implemented Geometries

* Latest implementation of the geometry (bottom
picture)

*  Cylindrical production chamber
* Secondary beamline @146.5° angle
*  Solid W target (1.5x9x8)cm?® (80% IL)

Linac beam

*  Early implementation of the geometry before defined
officially (top picture)

*  Spherical production chamber
* Secondary beamline @135° angle

* Three W slices (20x20x3.3)mm?®each (~10% IL)
oriented 45° to the proton beam

Linac beam

/V

2% Fermilab
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Summary of implemented geometries and simulation models

Version Target Extraction line Chamber

V3.1 3x3.3mm -45° Spherical, 20mm thick
(slanted)

V3.2 3 x10 mm -33.5° Spherical, 20mm thick
(slanted) Incl++

V4.0 1 x 80 mm -33.5° Cilindrical 1/8” thick

*For reference only

18 08/23/21

A. Mazzacane | Targetry/Shielding

Simulations Simulations

Geniehad

Urgmd
Incl++
Gibuu
Jam
Phsd

Incl++*

Urgmd
Incl++*

Geant4

Shielding
FTPF_INCL

Shielding
FTPF_INCL
FTPF_INCL_HP

Shielding
FTPF_INCL
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UrRQMD (inelastic only)

Magenta:p, Green:m, Orange:n, Yellow:y, Red:e, Gray:v, Blue:y

2% Fermilab
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Three 3.3 mm Slices W Target Studies — " Momentum

pions - momentum

90— == muscat.gibuu2019.0.v3.1.onlymuonspions.1 2801 0evts. aida
= muscat.jaml9.0.v3.1.onlymuonspions. 12801 0evts.aida
g5+ = muscat. shielding.0.v3.1. onlymuonspions, 1000000evts.aida
= muscat.urgmd.0.v3.1. onlymuonspions. 1 2801 0evts.aida
80T
Friuscat. gibuu2019.0.v2. L onlyrnusnspions. 122801 0evts. sids
754 Entries : 636
. x Mean : 0.12635
xRms: 0.048066
0T rnuscat.jam19.0.v3. L onlymuonspions. 128010evts. aida
Ertrias : 402
65T * Mean : 0.12368
xRms: 0.0435044
504 muscat. shielding. 0.v3. 1. onlymuonspions. 1000000evts. aida
Entries : 512
x Mean : 0.11213
55T | | xRms 0.046654
muscat.urgrd. 0.v3. 1. onlymuenspions. 128010evts. aida
5o+ Entries : 1212
* Mean : 0.15013
] Bms: 0.0455
45T
40__ d—; e - o .
& - GIBUU
35T —I_L R
30T |
25—+ . i:
. .
ol il GA(shielding
15T
1071 =
5__ __
= e e = == = = =
0.00 o002 004 008 008 010 012 014 016 018 020 022 024 0268 028 0230 032

P [GeVI/c]

Beam:
Ek:(400 + 1) MeV

oxzcy:SOO Mm
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Three 3.3 mm Slices W Target Studies — " Momentum
at the entrance of the transport line

hits - momentum

==muscat.gibuuz019.0.v3.1.onlyhitsmuonspions_withmapclean. 12801 0ewvts. aida

10:0
muscat.jaml19.0.v3.1.onlyhitsmuonspions_withmapclean.128010evts.aida
95T muscat.shielding. 0.v3. 1. onlyhitsmuonspions_withmapclean, 1000000evts. aida
muscat.urgmd.0.w3. 1. onlyhitsmuonspions_withmapclean 12801 0evs. aida
9.0 B
1 rriuscat. gibuu2019.0.v3. L onlyhitsrnusnspions_withrmapeclean. 12801 0avts. sida
8.5 Entries : 56
x Mean : 0.12552 B ' ' l "
8.0T * Rrns 0.025112 e a -
muscat.jaml.0.v2 L onlyhitsmuonspions_withrapclean. 128010evts. aida —
: E,=(400 * 1) MeV
x Mean : 0.12919 k
7.0+ * Rms 0.027862
ruscat. shielding. 0.v2. 1. onlyhitsmusnspions_withmapelean. 10000 00evts. aida p— j— 500 I I l
B.5T Ertries : 25 0 G
' % Mo - 0.11896 X Yy
6.0+ x Rms: 0.027666
' muscat.urgrnd. 0.v3. 1 onlyhitsmuenspions_withmapclean. 12801 0=vts. aida
1 Ertries : &3
5.5 *® Mean: 0.13074
Bms 0.0 09
=0T
a5+ P G ~
IBUU
4.07T ] T —
3.5
30T m | .
2.5
2070 i
Lo
lLo07T ]
Ols | H H
0.0+ f ; f f f f f f f f } } f f
002 004 008 008 010 012 014 016 018 020 022 024 026 028 030 032

P [GeVic]
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Three 3.3 mm Slices W Target Studies — 1t" Origin

startX vs startZ

startx
8T 5
- S Ea
g . % 2 y . “:‘ : :
E1N 2 ar et K
aT . ;1“ e
s+ e A
o Fas
o+
2
T +
e ‘
B+ T K
o

-8 — } } } } } 1 } } 1 1

-25 -20 -15 -10 -5 4] 5 10 LD 20 25

startZ
startX vs startZ

startx
g+
6+
a+
>+
o4+
o e
A+
£T
-8 } } } } } } 1 } } } }

-25 -20 -15 -10 -5 0 5 10 15 20 25

3.3 mm thick target slices
93% W, 6.1% Ni, 0.9% Fe (17.8 g/cm?®) (~ 10 A, )

startZ
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Three 10 mm Slices W Target Studies — m" Momentum

260
250
240
230
220
210+
200+
190+
180
170
160
150
140
1307
120
110+
100+
90
80
70
60
50
40
30
20
107

pions - momentum

i ==muscat.gdinclx 0.v3.2.onlymuonspions. 1000000, evts. aida
= muscat.gdinchxhp.0.v3.2, onlymuonspions. 1000000, evts. aida
= muscat.inchoe. 0.v3.2. onlymuonspions. 384030, evts. aida

mus cat. g4inclxoc 0.w3. 2. onlymuonspions. 1000000, evts. aida

Entries : 1538
*® Mean : 0.099529
* Rms : 0.043354

rruscat. g dinchochp. 0.v3. 2. onlyrnucnspions. 1000000, evts. aida
Entries : 1581
x Mean : 0.10086
* Rms: 0.049641

muscat.incho, 0. w3, 2. onlymuenspions. 384030, evts. aida

Entries : 3561
x Mean : 0.10434
x Rms : 0.054087

G4(FTPF_INCL)

4(FTPF_INCL_HP)

T T T T T T T T T T T T T T T T T T
0.02 004 006 008 010 012 014 016 018 020 022 024 026 028 030 032 034 0.36

P [GeVI/c]

Beam:
Ek:(400 + 1)MeV

O'X:O'y:5OO|Jm
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Three 10 mm W Slices Target Studies — 1t Origin

startX [mm]
30T

25T
201
15T
10
5L
e
5
10T
15+
20T
25T

startX vs startZ

Entries :
x Mean :
x Rms

y Rms :

15238
-10.615
13.857

y Mean : 7.7115E-2
0.87733

o

-30

- - 0 10 20 30
G4(FTPF_INCL) riz imm)
startY vs startZ

Entries : 1538

starty [mm] xMean: -10.615

30T xRms: 13.857

551 y Mean: 0.063277

v Rms: 0.94883
2071
JB
10T
54
o+
54
107
s
20T
25T

30 : f f f f I

.30 -20 -10 0 10 20 30

startZ [mm]

startX [mm]
30T

25T
20
15T
10

51

0 st

5
10T
15
20T
25T

startX vs startZ

Entries : 1581
xMean: -10.528
xRms: 14.085
y Mean: 0.018890

yRms: 0.95934

-30
-30

start¥ [mm]

startX vs startZ

startZ [mm]

Ertries : 1581
x Mean: -10.528
xRms: 14.085
y Mean : 0.018850
yRms: 0.95924

startZ [mm]

20 30
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Three 10 mm Slices W Target Studies — 1t at the entrance of the transport line

2% Fermilab

momentum momentum
Entries : ] Enrtries : 12
2001 T 7T x Maan 0.12424 x Maan : 0.12103
x Rms: 072197 x Rms : 0.033054
181
llﬁ__ _
1471
1.2
1.0
0.8
0.6
0.471
0.27
0.0 } T } } } } } } }
0.05 0.10 0.15 0.20 0.25 0.30 0.05 0.15 0.20 0.25 0.30
F [Gevic] P [Gewv/c]
G4(FTPF_INCL) 4(FTPF_INCL_HP)
“costheta PBcostheta
357 Er&rel:w 0.024102 357 Enn:r:a.s-. o zéi
xRms: 0.52374 xRms: 0.:@1?2
30T
257
20T
15T
1.0T i i
OIS__ } H } {l H
0,0+ e f f
-1.0 -0.5 0.0 0.5 1.0
cos B cos B
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Solid 80 mm W Target Studies* — m Momentum

pions - momentum

== muscat.ftfpinchoe.0.v4.0. onlymuonspions. 1000000evts. aida

= muscat.inchxablad?. 0.4, 0.onlymuonspions. 7381 85evts. aida

= muscat.inchxablad 0.vd. 0. onlymuonspions. 7381 85evts. aida

== muscat.urgmdabla0?.0.v4.0.onlymuonspions. 738185evts. aida

== muscat.urgmdcoalescence.0.v4.0. onlymuonspions. 7381 85evts. aida
=T muscat.shielding. 0.v4.0.onlymuonspions. 1 000000evts. aida

1 muscat. fefpincho:. 0.v4. 0. onlymucnspions. L00000 Devts. aida
I Entries : 1474

* Mean : 0.10078
A ‘v|j * Rms : 0.050660

muscat.inclxxabla0?. 0.v4. 0. onlyrmuonspions. 73818 5evts. aida
Entries : 5853
¥ Mean : 0.10597
® Rms 0.054218

rriuscat.inclexablass. 0.v4. 0. onlyrnusnspions. 738185evts. sida

Entries : 6326
x* Mean : 0.10577
xRms: 0.053866

ruscat. urgrmicablad?. 0.v4.0.onlymucnspions. 738185evts. aida

Ertrias : 8242
* Mean : 0.15063
* Rms : 0.045786
rmuscat. urgmecoalescence. 0.v4. 0. onlymueonspions. 738185avts. aida

Entries : 8202
x* Mean : 0.14288
x Rms: 0.045318

Beam:
Ek:(400 + 1)MeV

g:3mm
0'y=24 mm
cut at 95%

rnuscat. shielding. 0.v4. 0.onlyruonspions. 1000000evts. aida
Entries : 827
* Mean : 0.10808

Eros .

0.045642 |

P [GeVI/c]

*For reference only
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Solid 80 mm W Target Studies — 1 Origin

startX vs startZ

starty vs startZ

Ertries : 1474 Entries : 1474
start-imm] x Mean: -25.887 sEarL¥:(mm|] ¥ Mean: -25.887
74 *Rms 11.323 ® Rms : 11323
1 v Mean : -0.042578 40 v Mean : -D.18745
6 y Rims : 3.0232 y Rms: - 19.774
S 30T
a+t
3+ 20T
2T : 10T 3
I $
0T i 0T S
g ) . 104
27 G4(FTPF_INCL)
3T 20T I
4=+
5 -30T
5T
il AT
#] ! : | - | ! :
-40 -20 1] 20 40 -40 -20 4] 20 40
startZ [mm] startZ [mm]
startX vs startZ startY vs startZ
Entries : 827 Entries : 827
startx [mm] ®* Mean: -26.593 starty [mm] x Mean: -26.593
71 ’ xRms: 12670 xRms: 12670
54 y Mean : 0.015506 a0+ y Mean: -0.92468
1 y Rms : 2.9501 y Fmnis : 19,952
5 3n4- x
a4+
3IT - 20T -
2T :
1+ o3 101 . .
1 1 ol ; G4(shielding)
A9
2+ 10T
-3T . "
A+ : 207
5T # 30T
BT
SR ) 40T
1 1 ! 1 1 1 !
T T T T T T T
-0 -20 0 20 40 4] 20 40
startZ [mm] startZ [mm]
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Solid 80 mm W Target Studies* — 1t at the entrance of the transport line

momentum momentum momentum
Entries 3
20T x[Mean: 0.13146 5.07 s.oT
ol x|Rms : 0.060802 i s
L6 4.0 4,017
14T 3.57 o
LT 3.07 307
1o 2.5 2571
081 2.0 2.0
0.6 PEEE] 155
047 1.0 1.0
02T 0.57 0.5
0.0-+— t t } t t 0.0+ 0.0+
0.05 0.10 0.15 0.20 0.25 0.30 0.1 0.2 0.3 0.1 0.2 0.3
P [GeWic] P [GeV/c] P [GeWic]
momentum momentum momentum
Ent)
2.0 e 7.5 10T
x Rrms : 0.035450 7.0T
181 8-
6.5T
16T 6.0 8T
HEE
1.4 504 7
1271 45T BT
4.01
1.0 B:F
ER-EE
081 3.07 a1
257
06T 3T
20T
047 15T 2T
10T
02T L=
0.5T
0.0-+— t t t t 0.0 t 0 t t t t
0.05 0.10 015 020 0.25 0.1 0.2 0.3 0.1 0.2 0.3 0.4
P [Gewvic] P [GeV/c] P [GeVv/c]

Geant4 (FTPF_INCL)
mm |NCL++ & abla07
mm [NCL++ & ablat++
mm Geant4 (shielding)
== UrQMD & abla07
UrQMD & coalescence

*For reference only

PBcostheta PBcostheta PBcostheta
Entries 3 Entries :
20T x Mean 858 s.0T 35T *Mean: 0.4
" x Rms 277 g xPRms: 0.58745 %Rms: 0.5620f
3.0T
1.6+ 4.0+
14T FET 2T
1271 3.0T 2.0+
101 T 2571
0.8 2.0 L7
0.6+ 1.5H 1.0
047 1.0
0.5
02T 0.57
0.0 t t t t o.04 t 0.0 t t f
1. 0.5 0.0 0.5 1.0 1.0 -0.5 0.0 0.5 1.0 1.0 0.5 0.0 0.5 1.0
cos 8 cos B cos 8
PBcostheta PBcostheta PBcostheta
Entries : Entries : L)
35T x Mean : 0,630 2T o7 % Mean : 0.63801
% Rms : 0.598 11T xRms: 0477238
gt
3.0T 4
10 ot
25T 5 4
8+
201 7T 5T
6T 5T
1571 5+ et
g
1o+ 3T
3t
a1
05+ 2
1T =
0.0 : | 04 } : L 0 ‘
1. 0.5 0.0 0.5 1.0 1.0 0.5 0.0 0.5 1.0 -1.0 0.5 0.0 0.5 1.0

cos 8
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Solid 80 mm W Target Studies —
U at the entrance of the Transport Line
produced within 3 cm of taraet

momentum momentum momentum
- Entries 3 254 25+
181 =
3.0 3.0T
1.6+
14T 2.57 25+
L2 2.0 201
10T
0.8 1.5 L5
G 1.0 Lot
047
0.5 05T
02T
0.0-+— t t + t t 0.0 y t t 0.0 t t
0.05 0.10 0.15 0.20 0.25 0.30 0.1 0.2 0.3 0.1 0.2 0.3
P [Gevic] P [Gevic] P [Gevic]
momentum momentum
Entrias 4
207 *Mean: 0.10561 5.07 8.0T
1.84 x Rms : 0.035450 2.5 551
L6+ 4.0+ =07
45T
1.4 3.5 o
121 3.0 3.5+
10T 2.5 30T
0.8 2.0 257
0.6+ 1.5+ 207
15T
0.4 1.0 =4
02T 0.57 0.5+
0.0+— t t 0.0 t t t 0.0 } t t t

! !
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Shielding Assessment Addendum - MeV Test Area (MTA)

* The MTA provides 400 MeV proton beam at high average rate for irradiation studies on
material and particle detectors

* The beamline is the same as for the previous MuCOOL facility with the addition of an
electron stripping foil

* The beam emerges at the end of the beamline from a metal vacuum window and
continues through air into a Shielding Cave

* Target material can be irradiated in this volume surrounded by three feet of concrete

shielding blocks

Parameter
Kinetic Energy
Energy Spread

RF Structure
Bunch Length
Max Pulse Length

Max Particles Per Bunch (28 mA)

Max Particles Per
Peak Current
Avg Current

Pulse

Max Beam Power

Beam Emittance (

99%)

Value
401.5

1

201.24
0.208

80
0.88x10°

1.6x10%
28

38

15.7

Vacuum window

’ @~ S EEAM DUMP
nit ..r'-"'""!‘-.—

_» . TANTALUM TARGET |

MeV

MeV Experiment
MHz » Hall

ns

s

Stripping Foil

mA
HA
kw
mm-mrad
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Working Plan

* The analysis of the MTA shielding will be done using MARS

* Calculations will be performed under normal operations conditions and accident
scenario (beam trajectory and beam intensity accident)

X/ ©® MARS1516 (2017) GUI (11/14/2019) 26-Jan-2021 Task: " m1516 extended wit...

* Work already started to implement

y(m)
the needed geometry in MARS
*  Willinclude the new target station 00
and secondary beamline o

10.0

15.0 z(m)
-20.0 -10.0 0.0 10.0 20.0

z
q Aspect Ratioz/y= 1.5333;x0= 0.0000 cm
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Summary Yield at the entrance of the transport line

Beam Parameters

Kinetic Energy MeV 400+1
Number of Proton/Pulse - 1.4E+13
Frequency Hz 15

TU yield for G4 simulations

3 x 3.3 mm slices —v3.1

Gibuu2019 1176E+6 1i/sec
Jam19 357E+6 T11/sec
Geant4(shielding) 525E+6 Tt/sec
UrQMD 1323E+6 11/sec
3 x10 mm slices — v3.2
Geant4(FTPF_INCL) 168E+6 11/sec
Geant4(FTPF_INCL_HP) 252E+6 T11/sec
8 mm solid — v4.0
Geant4(FTPF_INCL) 61E+6 11/sec
Geant4(SHIELDING) 81E+6 T11/sec
32 08/23/21 A. Mazzacane | Targetry/Shielding
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Simulation Strategy — Work in Progress - Plans

The simulation strategy has been defined as follows.

Primary interactions are simulated using GENIEHad and comparing four different models
of nuclear interactions (for details see: https://redtop.fnal.gov/the-geniehadevent-
generation-framework/):

* GiBUU 2019

* INCL++ (the last version, released a few months ago)
e PHSD 4.0

 UrQMD 3.4

* DPMjet-lll (future plans)

* JAM (future plans)

Primary particles are then fed into GEANT4 for particle transport and decay (complex
magnetic field can be included with a field map).

New GDML geometry of the beam pipe, production chamber, solenoid and target is in
place. Work already started to include the geometry of the entire enclosure (thanks to the
previous work with MARS - Jason St))

Goal is to compare with MARS when the new version is available (per communication with
Nikolai M.)

2% Fermilab
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Comparison of Models

INCL++ 6.3
UrQMD 3.4 (2015)
GiBUU 2019
PHSD 4.0 (2018)
JAM 1.9 (2020)
DPMijet Il

35 08/23/21
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NO
NO
NO
YES
YES
NO

ABLA++
COALESCENCE(GEM)
COALESCENCE(GEM)
ABLA 0.7
COALESCENCE(GEM)
COALESCENCE(GEM)
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Implemented Geometry

The entrance of the solenoid is 0.4064 m from the center of the target @135 deg angle
The solenoid is physically 14 cm long

2& Fermilab
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Thin Slices Target Studies — m" Momentum

pions - momentum

100+ == muscat.gibuu2019.0.v3.1.onlymuonspions. 1 2801 0evts. aida
== muscat.inche. 0.v3.2. onlymuonspions.1 2801 Devts. aida
95 muscat.jaml9,0.v3.1. onlymuonspions. 12801 0evts.aida
muscat.shielding.0.v3.1.onlymuonspions. 12801 evts. aida
0T == muscat.urgmd.0.v3.1. onlymuonspions.1 2801 0evts.aida
85

T
T | |
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¥ Rms: 0.055112

muscat.jaml. 0.vE Lonlymuonspions. 128010evts. aida
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x Mean : 0.12368
= Rms: 0.045044

rnuscat. shielding. 0.v3. 1. onlyruenspions. 12801 evt s. aida

Ertries : 512
% Mean : 011213
xRms: 0.046654

muscat.urgrmd. 0.v3. 1 onlymucnspions. 128010evts. aida

Entries : 1212
* Mean : 0.150139
Brms - 0 045578 |

_Til% J
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Summary

The machinery is in place and working
Possibility to compare different hadron models and simulation with data

The first step is to optimize the target material, geometry and orientation,
number of slices and distances.

Only INCL++ and UrQMD will be used for the optimization (10x faster that other
models)

Other models used only to estimate the range of the results
Gdml geometry is implemented
Several scores detectors added to control particle fluxes

Momentum distribution of produced pions is consistent among models, but
DPMijet (under investigation)

Preliminary simulation doesn’t include the solenoid magnetic field, more work
needs to be done

Preliminary studies indicate the solenoid is too far.
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JAS3 and ROOT

* JAS3%is a flexible, extendable,
experiment-independent interactive
data analysis framework

* JAS3is written in Java and makes
extensive use of FreeHEP libraries

H
g .
e 5

* ROOT’ is a framework for data
processing, born at CERN

* ROOT is written in C++ and it is widely
used by experiments

2% Fermilab
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