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The Near

Absorber Hall

Near Detector Target Hall Complex
Kirk Service Building Service Building (LBNF-20) Ny B.ea.m
Road (LBNF-40) (LBNF-30) — N Building

l i } Absorber fall
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How to make a neutrino beam

NuMl Ta Hall Pi
rget Ha Evacuajtsd IP€  Beam Stop
N\ ™
Target muon (") \
pion (1*) o~ _ &8 ep -~ - —2=-—"f

Protons from >_\ f \

Main Injector

Horn 1 Horn 2
10m 30m 675 m

Muon Monitors
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Protons/cycle @60-120 GeV
= = 1.2 MW era: 7.5x1013
Primary Beam Line 214 MW era: (15-2.0x10"

0.7 —1.2sec rep. rate

3D model of the primary proton beamline  The beam lattice
« 25 dipoles

Ve

W+ « 21 quadrupoles
R « 23 correctors
Target Hall . 6 kickers
(not shown) « 3 Lambertsons
Beam size at target " * 1 C magnet
tunable between
1.0-4.0 mm
MI-10
Start of Primary Beam enclosure
Recycler LBNF exits MI enclosure
\ J LBNF Lambertson magnets
‘:C‘ .l’. s -
. . / mat .
Main Injector -

LBNF kicker magnets are further upstream and not shown in this view.
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Target Hall

DECAY PIPE
UPSTREAM
WINDOW

Cooiing panels

DECAY
PIPE
SNOUT

Inner multi-ply geosynthetic barrier (yellow)

Drainage Layer (blue)
ud Slab (tan)
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Target and Horns

47 graphite segments, each 2 cm long

XC
C e

0.2 mm spacing

Two interaction lengths, 95 cm

i«
Velocity w (Velocity in z direction) [m s?-1]
Plane 1

Targetlength=1m
Beryllium sphere diameter = 13mm
Helix outer diameter=18mm

Heat depositionin beryllium = 10.5kW
Helium mass flow rate = 24grams/s
Helium outlet temperature =110°C
Maximum helium velocity =210m/s
Maximum helium Mach number=0.18

Titanium outercan diameter=30mm

Outlet pressure = 10bar
Pressure drop = 1.4bar
Maximum steady state beryllium
temperature = 197°C

7 7
Sy %

1 ]

(€

Temperature
Plane 1

Strong R&D programin place

Inner Conductor of NuMI Horn

New Horn power supply needed to
reduce the pulse width to 0.8 ms.
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Porous cellular

Decay Pipe -

* 194 m long, 4 m inside diameter
Heliumfilled

double-wall decay pipe, 20 cm annulargap
5.6 m thick concrete shielding

concrete drainage

It collects ~30% of the beam power, removed by

TR /— Concrete shielding

o “€——— Water-proof barrier
) (Geomembrane)

4 - 28"¢ cooling air
return pipes

....

Cooling air supply in the
annular gap of the
double-wall decay pipe.

e e

‘}’ VR

<

32 clean cooling air
pipes (8 pipes on
each side). 950
scfm airflow total.

S

an air cooling system

Clean cooling air

Vent to atmosphere <A

Target Pile supply: 950 scfm
. Water-proof barrier
A > air handler’ —_ * Helium purge and fill connections (Geomembrane) d
35,000 scfm
b KSR e A0 AN jTE_J‘
' 32 cooling ‘s LA
20 cm annular gap —
Beam . .
— Helium-filled Downstream
Decay Pipe window
20 cm annular gap
<€

Decay Pipe

air handler,
35,000 scfm [€

NOTE: The target pile air cooling system
and the decay pipe air cooling system
are two separate systems.
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Hadron Absorber Hall

Cooling
* Core: water
Designed for 2.4 MW * Shielding: forced air

Modular design

Core blocks replaceable
(each 1 ft thick)

Muon Alcove o \

€
/ Muon Shielding ”
/ (steel)

Spoiler Sculpted (9)

Mask (5) SolidAl (4)  Steel (4)
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Instrumentation

« Beam instrumentation is essential safety and physics

» Target/Absorber * Primary Beamline

- Hadron/muon Monitor - Beam Position/Profile Monitor
- Info 2" beam alignment - Current Monitor
=>horns & target

0 0 Anode foil: Cathode strips:
sweep electrons emit electrons

/ CURRENT
m (PROTON BEAM)

N
Ml e
Y _
(I,'i‘ M ”l y beam N
TG N (
':‘: :' -/ |<—v->‘
GAS-FILLED RF RESONATOR ) .: (INDUCED  VOLTAGE)
Y-plane \

i | ' ; /A
\% HH v : Y
— ) HV f :
L : i | |
| AN ) p— g
N signal
B T ~ secondary X Jroripbi

\\ - emission
Hadron beam \\ T T
Xy XE'-‘ c D c
D/ane —
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Neutrino Production System

 Original (CDR, CD1R) .
- 2 horns (NuMI-like)

- 1 m target

Graphite fins

- Target chase atmosphere
Air as default
- Hadron Absorber

Sculptured core blocks

Optimised (under study for CD2)
- 3 horns (new design)
- ~2 m target

Graphite fins or rod

Beryllium spheres

- Target chase atmosphere
N, or He or air

- Hadron Absorber

simplified
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Beam Optimisation

* Neutrino flux and spectrum and detector define physics reach
- Optimize neutrino flux for the physics
« Handles
- Proton beam power and energy
- Target material and shape
- Focussing elements (horns)
- -Deeay-volume-
« Use genetic algorithm to optimize CP-sensitivity

- Choose parameters at random

- Evaluate fitness (CP-sensitivity) €

- Pick best configurations and mate them

- Generate new configuration derived from parent configuration
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Horn Parameters
Optimisation with 3 horn system

rOCc

rOCa

—— b

Fl.’\

LA
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Beam Optimization (preliminary)

¢ o 0-"
o000 oo 20014000 e 0 (! o"’
Best fitness: 1.97 —

Compared to 1.47 reference

« CP Fitness: fraction of 30 CP coverage
« Significant number of iterations
« Each with O(100k) events
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Final Optimum

Parameter Lower Lim Upper Lim Early Optimum

Horn A: La 1000 4500 mm 2612 2815 m m m
i S CEE 5 O ptl mization
Horn A: r1a 20 50 mm 38 34
Horn A: r2a 20 200 mm 109 145
Horn ArOCa 200 650 mm  [563 630 R e S u I t
Horn B: Le 2000 4500 mm 2361 3229
Horn B: F1s 0 100 % 29 20
Horn B: F2s 0 100 % 18 21
Horn B: F3s 0 100 % 1 1
Horn B: F4s 0 100 % 20 22
Horn B: R1s 50 200 mm 163 191
Horn B: R2s 20 50 mm 48 47
Horn B: R3s 50 200 mm 189 204
Horn B: ROCs 200 650 mm 628 630
HornB: Z position 2000 17000 mm 4269 3637
Horn C: Lc 2000 4500 mm 2723 2816
Horn C: F1c 0 100 % 45 36
Horn C: F2¢c 0 100 % 13 16
Horn C: F3c 0 100 % 1 3
Horn C: F4c 0 100 % 16 5
Horn C: R1c 50 550 mm 365 398
Horn C: R2c 20 50 mm 49 45
Horn C: R3c 50 550 mm 277 310
Horn C: ROCc 550 650 mm 637 643
Horn C: Z Position 4000 19000 mm 17440 17478
Target Length 0.5 20 m 20 2.00
Beam spot size 1.6 25 mm 1.68 1.62
Target Fin Width 9 15 mm 12.6 134
Proton Energy 60 120 GeV 64 62
Horn Current 150 300 kA 298 296
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Parameter Scan
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Conclusion

* Flux can be substantially improved
» 3 horns, long target

 Largely independent of target details
CP violation sensitivity

x1 0_1 2 9 Reference
- 2 Horn
8 == 3 Horn C Fi
— 60 —— Nominal R 3Hg:: Be Fri'n
@) —— 2Hom 7 3 Horn C Cylinder
a 50 - —— 3HomNuMI -
~ — ~— 3HornSphere
°é 40 —— 3HomnCyl
> WEC B
o —
wn —
§ 20 |
10_- ]
0'....1....|....|....|....
o 1 2 3 4 5 6 7 8

v, Energy (GeV)
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Target & Hadron Absorber

« Hadron Absorber and Target design are closely coupled

- Larger target length
- More protons interact = lower peripheral energy deposition
- Larger target radius

« More beam “halo” protons interact =» lower central energy deposition

0.800- 0.800

S
.
o
o

0.400-

horizontal direction (cm)

horizontal direction (cm)

=
=
=)
=)

-0.400

-0.800 , , : -0.800 , ‘ ,
30 60 90 -0.500 0 0.500

direction along beam (cm) vertical direction (cm)
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Particle Flux at Absorber
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Hadron Absorber Energy Dep.

Additional neutrino
production
target/decay volume
1% ND neutrinos

2 horns, short target 3 horns, long target, wings
cm cm
L 1 - L 1
‘ 1 e ] —
- [ HH | e : i
-2.00x103 -2.00x103 UHHTHRH PR H L
HESE= ) 1Y fela
] i £ g ] ] -
-2.20x103 - . -2.20x103 ’ e L
2.40x103 -5 |-, 240x103- 1| -
A ~ ~ 5
13 L 15
2o e T L L oo [T o
£ & i mh_l g LW e T—=,: =3 = REX 4] P e oy ﬂ.{:
-2.60x103 260x103- T LT T R
l [ i cm , h | | cm
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v | de+iis I T— T I 1 v fbesd |
y K 1 il - -2 -3 - Y ) ' 2 3 I
t,, w' o w0 w0 w0’ ' et ot ot o, w0t w0 w0’ e et et
Viz = 1:1.337e+00 ¥z = 1:11.337e+00

* Peak energy deposition reduced by factor 10-20
« Simplified absorber design
» Also reduced muon flux after absorber
- Reducedradiological impact
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Simulations

« Simulation are an important tool to design the LBNF facility

» Beam optimisation
- Define the optimal placement, shape and form of components
- GEANT4 based toolset available
- FLUKA under development
* Energy depositions
- Need to understand cooling requirements
- Based around MARS (could be GEANT or FLUKA)
« Radiological impacts

- High radiation environment, need to understand where radiation is
produced and how to deal with activation
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Opportunities for Collaboration

« non-DOE contribution essential

« Ample opportunities depending on interest and capabilities
- Design, R&D, eventual construction

 Examples
- Primary beam
- Dipole and corrector magnets, PS, beam monitors, ...
- Neutrino beam

« Target, instrumentation, hadron/muon monitor, shielding, cooling, horns, horn
PS, remote handling, support modules, beam windows, absorber, ...

- Infrastructure
« hot cell, cooling, atmosphere, ...
- Simulations

- Energy depositions, radiological implications, beam optimisation
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Summary
 LBNF beamline

- Highest power (neutrino) beam world wide
 Variety of important tasks

- Simulation, engineering, production

- Scope from k$ to several M$

- Something for everybody

- You have an idea how to contribute or take a lead?

Almost anything can be accommodated

* Critical to success of LBNF/DUNE

- Physics ~ flux * detector
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NuMI-style Parameter Scan

» 2 0 2
& E I e F I
=4 =4 -
Z1.95F + £1.95F +
. = 1+ 1 % R = 1t 1
1.95 T T 1.9E I I3
B T [ T T
= P it = i1 i
1.85F 1.85F : 3
= = R
1.8 t 1 185 1
- P : g 1t
1.75F i 1.75F I
1-7: % 1 7: 2 T. kY {_ ‘I’ _}
C E t
— — _I, ; 'I'
1655 I 165 +
1.6F i 1.6F
1551 ¥ 1551
Et s g
157000 1500 2000 2500 3000 3500 4000 _ 4500 5 0.2 0.4 0.6 0.8 1
HornALength HornAF1
@ 2 @ 2 7
£y osE S £y osE £ yaty
e i T 1 It 3 = TFTit t T
19F IR Fodti 19F gl
£ 3t 1 t g 11
— 1. F [ I
1851 F o 1851 i T T
18F i 18E £
= 11 = F
1.75F 1.751
Fo1 = 1
1.7 1.7
E = £
1.:55E 1.:55E I
1‘6: 1.6: _l_
1555 1.55 =y
15 20 25 30 35 40 45 50 15 20 40 60 80 100 120 140 160 180 200
HornARadius1 HornARadius2

26 7-Apr-2016  Alfons Weber| The LBNF Beamline Q.



NuMI-style Parameter Scan
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Fitness

Fitness

NuMI-style Parameter Scan
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NuMI-style Parameter Scan
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Fitness

NuMI-style Parameter Scan
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