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Goal:
- Build geometry using GEANT4 (g4lbne v3r2p4)
- To run Monte Carlo simulation of spherical array target made of Beryllium and
get neutrino flux for different target and beam positions
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Muon Monitors

Target Hall Evacuated Pipe Beam Stop

/—%/—%

Protons from
Main Injector

MINOS beam line. arXiv:1307.0721 [hep-ex] FERMILAB-PUB-
13-279-PPD
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NuMi Target (slide from J. Hylen)

NuMI Target

At center of Graphite, temperature jumps by
272 deg Cin 10 microseconds, every 2 seconds

Graphite Fin Core, 2 int.

(6.4 mmx 15mmx20mm ) x 47 segments

Water cooling tube also provides mech. support
(steel soldered to graphite)

Anodized Al spacer (electrical msulation

Water turn-around at end of target
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Graphite target: breaks often, water leak

Spherical Array target:

- Made of Beryllium

- Stronger material, better heat conduction
- Cooled by He, larger surface for cooling

- Lower stresses than a cylinder target

* However: Harder to work with, toxic, less elastic
than graphite



Peak stress for a 2 sigma off center beam (worst case design point)

(Study by Rutherford
Appleton Lab)

.E.
[
2
E
m
@
0
1]
=
e
=
a
i
b
(=]
m
E
B
‘i
~
I.E
>
=
]
al
=
m
]
m
%]
]
al
=
)
W
]
2
£
=
=]
=
=
m
Q
[T

Peak stress with off centre beam

0.7 MW s pheres

== 13 Mw spheres
0.7 MW cylinder

—— 2 3 MW cylinder

= = pominalyield strength and
endurance limitfor beryllium

m— Max design stress (as specified

by Fermilab)
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- Calculate effective interaction length as a function of beam position,
weighted by Gaussian distribution of the beam (with o = R/3)

-Two interaction lengths equivalence for Beryllium:




- Using ®17mm/13mm sphere in ®36mm can, and 3 mm radial
clearance from the horn

length outside horn 1 MCO length inside horn 1
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- Estimate probability of interaction of off-center protons and compare
with neutrino flux at of off-center beams
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& ] ] ]

Ny S —E —y=
':_ interaction leneth ['1::,.: ['111,"

interaction [: A :]
Ratio to | 1 0.99973 0.99893 0.99320 097163 0.93215

on-centre beam

TABLE II. Probability of interaction of protons hitting the target at different offset from the target

center




Simulation of Target and Hornl with 1 Proton on Target
(POT)




- 500 runs of 100,000 POT for each configurations:

- @17mm, beam o = 2.83mm, 969 mm target, target
position varies

- @17mm, beam o = 2.83mm, 969mm target, beam
position varies

- @17mm, beam o = 1.7mm, 969 mm target, position
varies
- @17mm, beam o = 1.7mm, 901 mm target, position
varies

- @13mm, beam o = 2.16mm, beam position varies
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At 1300 km

OSCILLATION
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MOVE TARGET. Spheres @17/mm, beam o = 2.83mm,
target, target position varies, Far Detector

X

N

<
N

&)

S
ARRARERRRRSRE
im ‘W

— MNominal

——— Sphares_374_585mm

— Sphares_ 425 Sddmm

—— Gphares_458 510mm
Spheare_ 483 478mm
Sphares_S527_442mm

— Mominal

——— Sphares_374_585mm

— Sphares_ 425 Sddmm

—— Sphares_458 51 Dmm
Sphare 483 478mm

012E s, 27 s

0.1F
0.08
0.06
0.04
0.02F

Im

m
T

-

3
3
25
2
1

-
-

N
III|!IIII!IIIIIn|IIIIIIII

N

I_
O
al
o~
=
>
D
O
—
%
=

>
O
%
O
c
=

Unoscv,s / GeV / m?/ POT

Aoy

o I I I I A
8101214161820 02468101214161820
v, Energy (GeV) v, Energy (GeV)

-




MOVE TARGET. Spheres @17/mm, beam o = 2.83mm, 969 mm
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Beam offset (mm) 0 (.05 0.1 0.2 0.4 | 2 3
Probability of 35.043% 85.042% B85H.04% 85.02% B84.95% 8447 B82.637% T9.2T%
interaction (%)

Ratio to | 0.99998 0.99993 0.99973 0.99893 0.99320 097163 0.93215

on-centre heam
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SMALLER TARGET. Spheres @13mm, beam o = 2.16mm,
beam position varies, Far Detector
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THINNER BEAM: Spheres @17mm, beam o = 1.7mm, 969
mm target, position varies, Far Detector
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SHORTER TARGET. d17/mm, beam o = 1.7mm, 901 mm
target, position varies, Far Detector
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CONCLUSION AND FURTHER STUDY

- Spherical array target besides favorable mechanical properties also
promises higher neutrino flux

- Short target (less than two interaction length) and thin beam (sigma <
R/3) gives higher flux in 0-3.5 GeV and suppresses higher energy tail

Further work:

- More engineering study on the strength of spheres target under thin
beam (sigma < R/3)

- Engineering study on more accurate dimension of cooling can

- Upgrade the source code to move the target to any arbitrary position
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Parameters:

- Material: Beryllium

- First try @17mm and try to reduce
further to ~ 410mm

- Target length: two “effective”
Interaction lengths

-'Beam size 30; beam power 1.2MW

- Try different material ?

36.0000

3.0000

10.0000




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21

