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Introduction

Sources of Neutrinos

0.1-14 MeV ~ 10 MeV
10'%/cm? /s 10°/cm?/s
Extragalactic

10~* eV few MeV
56/cm® 102 /GW,/s
Atmosphere Accelerators

v

~ 1 GeV
few/cm?/s

1-20 GeV TeV-PeV
10°/cm?/s/MW (at 1km) varies




mmooinie  Oscillations of v, — Ve at different baselines

Neutrino
Production
with Proton

Drivers

Bish
B haven
National
Laboratory

1Otidn,

; YAy
|ntr0duct|0n 1000 1500 2000 2500 3000 o o 0.05 0.1 0.15 02 0.25
Baseline (km) Plv —v ). NH
Py, —v ). H At735km
— 0.2 -
% 0.18 %
S 10 ) S 10
Lo 016 z
W Eig 0.14 L
[ 0.12
u.’ 0.1
a
= 0.08
' T |"—o.06 !
0.04
,%e = 0.02 re; olAi n, /
|/' / / 7
500 1000 1500 2000 2500 3000 o o 0.05 0.1 0.15 02 0.25
Baseline (km) P(v,—v), IH

P(vy — ve) maxima: EJ(GeV) ~ Baseline(km)/(515 X (2n — 1))

2 _ -3 2
for Am3; = 2.4 X 10 eV 4/38



BIIDOI(@EII

NATIONAL LABORATORY

Neutrino
Production
with Proton

Drivers

Bish
B haven
National
Laboratory

Introduction

Oscillations of v, — v, at different baselines
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Neutrino
Production o «
with Proton Conventional horn-focused neutrino beams:

Drivers

Target D :
ecay Pipe
Target Hall y P
120 GeV g
protons N
A ==
From CAT J\
Main Injector Horns zt
Neutrinos 10m 30m
from Proton 5m —_
Drivers Hadron Monitor 12m  18m
Source Oscillation Detection

Vi
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>999% H <: Ve
<1% Ve
Ve
Vi

K

Absorber Muon Monitors




soowdinie  Neutrino fluxes with perfect focusing

Neutrino v, fluxes from pion decay-in-flight (DIF) beams assuming perfect
Production H H .
o Paton focusing and charge selection:
Drivers 120 GeV, decay channel lengths from 200m to 1km
Flux at 1000km, perfect focusing, different decay pipe lengths
3 20%30°
= C Pi N Arb. Unit
National E 18 E J— 1£\6‘Ge¥,\jlj?> Iéng'{h IESQSOm
Laborator © 18f — 15B&eV Bo[endih = B3
% 1of — PR R an
® F —— — eV Be engtﬂ Z 48m
- F —_— N 120 GeV, DP length = 280/m
s 14p PSRN — 120 Gev, DP lengith = 150
Neutrinos e 12: /_. N \\\
from Proton P E O N
Drivers % 10F / \ \‘\\ \\,\\
2 ] \\'\\ \Qb—\ -
> o —
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£ af |
s f |
> F
g 2|
> Fd J
s v 1 2 3 4 5 6 7 8 9 10
E, GeV

Gain with longer decay channels, BUT excavation is challenging /expensive
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soowdinie  Neutrino fluxes with perfect focusing

Neutrino v, fluxes from pion decay-in-flight (DIF) beams assuming perfect

J:.Z‘Edéfifél focusing and charge selection:
Drivers 40 to 120 GeV, decay channel length = 400m
Flux at 1000km, perfect focusing, beam energies
o

< 20>7<10
[} C — =
g 18- 120 GeV, DP length = 380 m
< 16 = O\ -~ 60 GeV, DP length = 380 |
< E \ = 40 GeV, DP length = 380 m
g 14

Neutrinos HC-L 12 I

from Proton P E TN

Drivers % 10— // \
s Ef Ane
= 87 Ny
> C \
S /
s 6 —
£ 4f \ ——
s F N
> L N~
o “r TN—
> o b b b b b b by e by 1y
s v

E, GeV

Lower energy flux for benefits at lower P beam energy BUT only at
constant power = more protons.



soowdinie  Neutrino fluxes with perfect focusing

P’:‘:;:gtf;gn v, fluxes from pion decay-in-flight (DIF) beams assuming perfect

with Proton focusing and charge selection:
IDiivEE Neutrino vs anti-neutrino fluxes
Flux at 1000km, perfect focusing, v/v
< 20320
% C = 120 GeV, DP length = 380 m
[T SR T S R S TIPS Anti-neutrinos
9 - /_\ . 60 GeV, DP length = 380 m]
- - Anti-neutrinos
o 16— N —— 40 GeV, DP length = 380 i}
s F \ ....... Anti-neutrinos
c 1414
Neutrinos o - :.':'
fro‘m Proton b 12 E ‘ AT A
Drivers :‘ 10E [ SNy
o i
5 8 — r ’.... 2ob23 » N
z B o, et
s °F . ——
~ C % G N st
E s o S N
= ok I S U U DU S S et S T o
e oY 1 2 3 4 5 6 7 8 9 10
E, GeV

v /v fluxes are more favorable at higher proton beam energies.



BROOKSAEN Expected Appearance Signal Event Rates

The total number of electron neutrino appearance events expected for a given exposure from a muon
neutrino source as a function of baseline is given as

Neutrino
Production
with Proton

Dorot NP (L) = Neargor [ ¥H (Euy 1) X PYH TV (E, 1) X o (EL)dE,

ai Assume the neutrino beam source produces a wide coverage that is flat in energy in the oscillation region

khaven and approximate the probability with the dominant term for P(v,, — ve)
C
OYH(Ey, L) =~ z C = number of uu/mz/GeV//MW/yr at 1 km
PYRTVe(E, L) &  sin® O3 sin 2013 sin*(1.27Am3, L/E,)
Neutrinos Py
from Proton 2, 2
Drivers oV (Ey) = 0.7X107*(m°/GeV/N) X E,, E, >1GeV
Niarget = 6.022 X 10%2N/kt

Assuming constant flux: C =~ 1.2 x 107 u“/mz/GeV/(MW/yr) at 1 km:

.2
'x1 sin(a.
NZPPaT (1) 2 (2 x 10%events/(kt/MW /yr))(km/GeV)? X / ! de,
xq x
x = L/E,, a = 1.271Am3,.
For xg = 100 km/GeV and x; = 2000 km/GeV (1st and 2nd oscillation maxima)
Nggpear(l_) ~ ©O(20) events/(kt /MW /yr)

constant for L > 300 km in vacuum!
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sooinie  Event Rates vs. Baseline Perfect Focusing

Neutrino R = fq)U“ (Ey) X O-(Ey) X P(l/“ — Ve) dEV

Producti perfect
roduction (sin2 2613 = 0.00, sin? B33 = 0.5, 8¢y = 0, [Am3, | = 2.4 X 1073)

with Proton
Drivers Flux: 120 GeV, perfect focusing, ~ 400m decay channel, on-axis
\ai Normal Hierarchy
khaven Appearance rates versus baseline

50

45

Constant flux, no matter effect

40 Constant flux, matter effect, normal hierarchy

Neutrinos 3 Flux with perfect focusing, matter effect, normal hierarchy

from Proton

Drivers 30 .. seree
25 sgwwmnenAnEt

20

VvV, - V. events per kton.MW.yr

15

10

2500 3000
Baseline (km)

500 1000 1500 2000

How well can we focus/collect the pions?
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BROOKENEN  Neytrino Factories/Muon Storage Rings

Neutrino Long baseline experiments
Production Neutrino Beam

with _Proton Proton Driver:
Drivers >— Linac option

Ring option

L
)
\\\

N
O & mamam 5 ™
q X X
Neutrinos . % "
Linac to 0.9 GeV 0.9-3.6 GeV RLA %
from Proton < %

Drivers 3.6-12.6 GeVRLA .- O
( Q > C\

Source Oscillation Detection

Muon Decay
Ring

Laborator

Buncher
Phase Rotation

How many p/p* can be collected?

State-of-the-art from mu2e is ©(10~3) at 8 GeV



BROOKENEN  Neytrino Factories/Muon Storage Rings

Neutrino Short baseline experiments
Production
with Proton

. Neutrino Beam
Drivers

Muon Decay
Ring

94 m

Neutrinos
from Proton
Drivers

Source Oscillation Detection
Vv <: 4

50%/ 2 Ve
T .

50%\ _ Ve
Ve

y
How many p/pt can be collected?

State-of-the-art from mu2e is O(10~3) at 8 GeV
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Neutrinos
from Proton
Drivers

Optimization of NF Baseline and p Energy (P.A.
Huber)

5
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10y
i
[ENTEYS, U S B B
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Baseline [km]

Using MIND (Magnetized Iron Neutrino Detector) and a single
baseline:
The optimal range is 1400-2600km for E,, from 7 - 15 GeV.
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BROOKSAEN Superbeams vs Neutrino Factories

Neutrino From A. Blondel et. al. NIM A 451 (2000) 102-122

Production

with Proton Conventional Neutrino factory
Drivers
Parents n, KT orn™, K™ porp”
v, beam Vy vV = 1i1
Background ~ 2% of v, none
~ 1% of v,
V, beam Vi Voive = 11l
Background ~ 6% of v, none
Neutrinos ~0.5% of V.
from Proton AE/E of neutrino + 10% < 1%
Drivers energy
AR/R of neutrino + 10% < 1%
radius
Neutrino flux +10% <1%
uncertainty
v, /em? 3% 107 3x10°
per year at 732 km for 4.5 % 10" for 10%! injected

400 GeV/c p.o.t. 50 GeV/en

Neutrino factories technologically challenging.

Muon storage rings only viable for short baseline.



sy Neutrino Event Rates - Various Experiments

From arXiv:1307.7335, for 50 kton.years™ of exposure:
P . Super Beams
roduction . .
with Proton Experiment Baseline vy — Uy Vy — Uz Vy —* Ve
Drivers T2K 295km (off-axis)
30 GeV, 750 kW
9 x 1020 POT /year 900 <1 40 - 70
MINOS LE 735km
120 GeV, 700 kW
6 x 1020 POT /year 11,000 115 230-340
NOvA 810km (off-axis)
120 GeV, 700 kW
, 6 x 1020 POT /year 1500 10 120 - 200
Neutrinos LBNE (LBNF) LE 1,300km
fro‘m Proton 80 GeV, 1.2MW
Drivers 1.5 x 102! POT /year 4300 160 350 - 600
LBNE (LBNF) ME 1,300km
80 GeV, 1.2MW
1.5 x 102! POT /year 12,000 690 290 - 430
v Factory at Fermilab
Experiment Baseline Vy = Vy Yy — Vs Ve —> Uy
NuMAX 1| 1,300km
3 GeV, IMW
0.94 x 1020 11 /year 340 30 70 - 120
(no p cooling)
NuMAX 11 1,300km
3 GeV, 3MW
5.6 X 1020 1 /year 2000 300 420 - 700
* Facility duty factor taken into consideration

Neutrino

16 /38



snoocie O PtimMization of Pion Production from the Target

T (FLUKAOB)

Nzt Sample v beam with 120 GeV - s Different Waterials Tn Different Pions Energy Range

o
Production horn focused:
with Proton . E,vsE, N
. x .
Drivers S B4 1<E, <3GeV
hs I_l_r' N 3<E, <6GeV §°
ek - 6<E, <10 GeV E
i S 1 E,>10GeV LR
EoE NN\ T —an
E N\
i H W \ ‘H ! %
il .
i %
J N 5 NG
ey

a6 610

Pions Energy (Gev)

7 production vs proton beam energy, different materials.

Target
Designs o

I
H
H
H
L

]

For pions 3-10 GeV, low-Z materials, beam energies of ~ 40 GeV
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Optimization of Pion Production from the Target
S (FLUKAD5)

Bllllﬂl(ﬁlﬂl

Neutrino Target size optimization for cylindrical geometry, obeam = 1.5mm.

Production e e .
o Paton Target length in interaction lengths

Drivers o

Target
Designs

:
]
»

Longer target lengths preferred, width = 3x beam width
18/38
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Target
Designs

Example targets: NuMI/MINOS

6.4 x 15 mm? graphite segments.
1m long = 1.9 interaction lengths.

O(10) KW beam power at 1 mm beam width.
Water cooled.
Evidence of NT02 damage after integrating 6 x 10 POT:

Events/10'® POT

]

18 Near Detector Data Run | Hm0SA0G05 B Runll Hovor-Jange. ¥ RunV MariCMayin
« RunlSep05Nov0s @ Runlll FebDe-AprlE 4 Run VIMayiGJulio
16 Run|DocOSFeos ¥ Munill MaylS-Julls  +  Run X Octt iHowi 1
14 ) A @ RunlISepdENoviE A&  Runlll AugiE-Sep0s Run X Decid
g = -, - ¥ Run i DocOEJondT  *  Run il Oci0S- N8 Run X Jan12-Fab{2
12 L™ Rl ot Ay = oot s oo = e s s N
10 & Fun I Mayer-Juiy * 1 MINOS Preliminar
8 |
6F Twaw "\." g{ ﬁ n*
: -
2 ﬂ A }' i
s PR R | | I 1 PRI B vy 1
1 3 4 5

Reconstructed v Energy

adiaion e odel | b
—h— Run st
i

5
€, (Data reco, MC true) Gev.

/ 38
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NuMI target operational experience

Nro1 —
Neutrino Nro2 | ‘
Production NT-03 — (XS m— |
with Proton NTos W nroe @
Drivers NTos j— s =3
wros | st use Mand use wros @
NTo7 —— RIS e |
weror | |
o 1 2 3 4 s & 7 o 02 04 05 o8 1

Protons on Target (1020) DPA per NuMi Target

Autopsy of NT-02
(photo courtesy of V.
Sidarov)

. AN
Target
Designs
Vertical stress
component at
the end of the
. I beam spill
) Possible explanation: (t=8microsec)
high tensile stress after
beam pulse
400 kW beam
(T. Davenne/P. -33MPa +32 MPa
Loveridge)

20/38
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mooiiex N uM| /NOvA Modifications

Pions come
out 3 sides
instead of 2

Neutri MINGS beam spot size of 1.1 mm RMS is increasing to 1.3 mm for NOVA,
eutrino imereacing 6 - roat width L 3 -
Production increasing 6.4 mm target th to ™ 7.4 mm
with Proton

Drivers

- reduces the neutrino flux ~ 1%, but eases
alignment tolerance.

Laboratory

sraphite segme

Proton
Beam

Target
Designs

E Al units

For 700kW NOvA beam, 9.9kW in target core, 4.7kW in target cagilng8



BROOKENEN Example targets: Hybrid Target

Neutrino
Production

with Proton Use combination Low-Z/High-Z to increase w production

Drivers

HYBRID GRAPHITE TANTALUM TARGET 1Y-Z

Pion yields from a hybrid C-Ta target at 120 GeV

q
> 9
T I e Totpt 1: C P, 1405 €, Tarye 2 Tar-0.60m, 230m
8 L —— ToptT:Cr-m o, Tapt 2:Ta e
£ 39 5; Topt1:Cr-00cm, -8, Tanpt 2 Tar-0 45, 2%
T e Yol cyine Tyl :C10 15, om, Taget:TarD.m, T2
2
s F el Taet - Cr-0.3m, e, Tl : T Slom 2em
VA &0
T2 !
T —'—1
AL e >
o 20 w0 ) ) 100 2 4
Z(em) 15 -—
Target HYBRID GRAPHITE- TANTALUM TARGET ¥-Z ﬁ W[
> . L
Designs 1 0 [
HELIUM o f
s -
05 w L
- E
E L
2 o GRAPHITE o
=05
TANTALUM i
0s r
L L L L
' ) i 0
100 E,GeV

Zem)
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BROOKSAEN Example targets: Mercury jet

Neutrino uperconducting coils

Production Resistive cols |
with Proton \
Drivers Praton beam

Target
Designs

Mercury poal +
Splash mitigator




Tunable Focusing with Double Parabolic Horns

Bllllﬂl(ﬁlﬂl

Neutrino Absorber Muon Monitors

Production Target )
with Proton Decay Plpe
Drivers 120 GeV Target Hall ‘

protons
I N

. >~
Main Injector H +

orns p 3
10m 30m
. S5m PRI —
Hadron Monitor 12m 18 210m
NuMI Flux at Soudan ‘ (a) PHzhe Hich Eneroy Confiauration
10° — T TP "
M -8 = T A E
a — Perfect Focus — L
b — NuMI LE-10 : -
S5l
x —— NuMI ME-100
o
N; —— NuMI HE-360 ‘ (b) PHEme Medium Eneray Configuration
S20 — T
. 3
Focusing Q = Z = s s £
Designs e ‘ L
15 i -
‘ (©) PH2le Low Eneray Gonfiguration
10l
= ¥ ‘
= A 1 T ¥
s | iy

oL ! H1-H2: LE=10m, ME=23m, HE=40m

10 15 20 25 30

E, GeV Target 29 = -35cm from H1
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""““"'ﬁ""" NuMI Horn Performance

Reuting FNAL MI v beams operational parameters at 120 GeV:

Production
with Proton

Drivers Beam Parameter NuMI LE NOvA PIP 11
) Beam power to target (kW) 400 700 1200
A MI Intensity (PPP) 4.0 x 101° 4.9 x 1013 7.6 x 1013
Nati m" MI Cycle Time 2.1s 1.33s 1.2s
Laborator Target Upstr.eam End(Z,cm) -35 -140 TBD
Horn 2 location 10m 19m TBD
Annual uptime 1.6 x10’s 1.7x10's 1.8 x 107

Horns and striplines are made of Al. Inner conducter is water cooled.
The horn heating loads are:

NuMI 400 kW NOvA 700 kW
Heating Loads (V) Taner Outer Coramic | Clamps | Tamer Outer Ceramic | Clamps | Stripline
FRacuslig | Contuctor  Contuctor  Ring Conductor | Conductor | Ring
. Joule heating 58 85 12
Designs B i 56 138 [ 23 67 15 09 15 21
Hornl | Thermal
Radiation 13 =7
Total 195 382 33
Joule heating i1 is
Hom? | Beam heating 04 4 15 7 017
Total 55 102 14

NuMI/NOvA at 700 kW, 48.4 kW heating load in Horns

25

38
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NuMI Horn Performance

Neutrino
Production
with Proton

Drivers

@w

Very Used, Water 24.2M CO Bay 9R/hr @ 1 ft.
Mary Leak on 5/12/14
N al
Laboratory PH1-02 Used, Still 45.9M CO Bay 35R/hr @ 1 ft.
Operational 400kW on 9/10/14
“Spare”
PH1-03 400kW Spare, 0 MI-8
Upgraded Cooling for
higher beam power
PH1-04 700 kW Horn 27M NuMI Target Pile Must be replaced
Stripline Fracture Very Radioactive
Focusing
Designs PH2-01 Used, Stripline 28.1M C0 Bay Intend to ship off-
Fracture site FY16
PH2-02 In operation 65.1M Pulses NuMI TH Beamline
4/13/2015

Robust design allows for improved facility uptime

26 /38



soodinie T2K 3 Horn Design

] S
(1) Beam window

" (2) Baffle

- (3) OTR

* (4) Target and

horn-1

SN\ : 3 (1) Horn-2
L ——————=> (2) Horn-3

Neutrino
Production
with Proton

Drivers

ai
khaven

Table 1: Typical dimensions of T2K magnetic horns.

i — Parameters horn-1 horn-2 horn-3
hom-1 = ~\ Inner diameter 54 mm 80 mm 140 mm
i ] I Outer diameter 400 mm 1,000 mm 1,400 mm

\/ Length 1.5m 20m 2.5m

Table 2: Summary of heat deposit in cach horn. Heat deposit from beam expo-
sure is based on the design intensity of 3.3 x 10' protons/pulse. Joule heating
for each horn is estimated for pulse widths of 2.4 (horn-1) and 3.6 ms (horn-2
and horn-3). The calculation of the total heat deposit in units of KW is based on
a2.1-s cycle.

Focusing
Designs

horn-1 horn-2 horn-3
inner | outer | inner | outer | inner | outer
Beam (kJ) | 14.7 | 9.7 4.1 7.6 1.1 2.4
Joule (kJ) 1.7 | 0.6 6.1 0.4 4.1 0.2
Total (kJ) 36.7 182 78
Total (kW) 17.5 8.7 3.7

0 ! am For 750kW beam, 30kW deposited in horns



Optimization of focusing for LBNF/DUNE
7 (PRELIMINARY)

BIIDOI(@EII

Reuting Reference design for LBNF/DUNE is NuMlI-like target and 2

Production

with Proton NuMI horns 6.6m apart

Drivers

m Optimized focusing design with 3 horns obtained from a genetic
algorithim with the physics parameter to be measured (CP) used
to gauge fitness.

ha

m Target geometry is optimized at the same time, as well as proton
beam energy with realistic Main Injector power profile (1.07 MW
at 60 GeV to 1.2 MW at 120 GeV).

m Limits on horn diameter and length are imposed based on
experience with T2K and NuMI horn manufacturing

m Limits on horn separation imposed based on size of target chase.

Focusing
Designs

28 /38



Optimization of focusing for LBNF/DUNE

Bllllﬂl(ﬁ:lﬂl

NATIONAL LABORATORY (PRELIMINARY)

Neutrino
Production
with Proton

Drivers

e

Mary Bishai
]

00— frame
E Enires
E Mean x
= Mean y
ome N |RMSx
| | | | | £ MS y
L. S R el S——
EF
Foo—
2k
5 F
Best fitness: 2.01 s
g F
Compared to 1.47 reference and SomF-
Focusing 1.97 (NuMI-style target, optimized) F
Designs So0—
F 1 1 Il Il L Il
1 2 7 4

S.ru Enau;ymew 5
Computationally advanced optimization techniques

= significant gain in flux
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N al
Laborator

Focusing
Designs

Optimization of focusing for LBNF/DUNE
7 (PRELIMINARY)

Hom B: Flg 0 100 37 0 a 1
Horn B: F2; 0 100 12 F 7.° ‘_———a 3 3
Hom B: F3p 0 100 2 ‘
Horn B: Fds 0 100 16 -
HomB:Rlz 50 200 mm 186
Horn B: R2: 0. 50 mm 47
HomB:R3z 50 200 mm 179
Horn B: ROG 200 650 mm 633
HommB: Z position 2000 17000 mm 5453 e
Horn C: L 2000 4500 mm 2694
Horn CFl 0 100 30
Horn C:FX 0 100 21
Horn C:F3 0 100 %
Horn C:F4 0 100 % i
Horn C:RI; 50 550 mm 388
Horn C:R, 20 50 mm 2
Horn C:R3 50 550 mm 306
Horn C: ROG 550 650 mm 620
Horn C: Z Position. 4000 19000 mm 17836
Target Length. 05 20 m 198
Beam spot si: 16 25 mm ik
Tareet Radiu: 5 1 mm
Proton Enerev. 60 120 GeV. 108
Horn Current 150 300 kA 270
Horn Location Length ID oD Current
(m) (m) (mm)  (mm) (kA)
Horn A 0 3.7 66 1260 270
Horn B 5.4 2.6 94 1266 270
Horn C 17.8 2.7 52 1240 270

Target (graphite) L=2m, R=7.8mm, E, = 108 GeV, obcam = 2.1 mm

30/38



mookies The LBNF Beamline

Neutrino Novel concept beam-on-a-hill reduces cost.

Production i

with Proton >". wowrsy :ncu:uunl—‘ fd"
Drivers o SERVICE BUILDING — | /I/’ |

/
= ':Q\;, L
/ x

(LBNF 20}
TARGET HALL.

3 haven
National
Laboratory

DECAY PIPE.
(UNDERG ROU|

LenF 30
ABSORBER
SERVICE BUILDING ——

[ (LBNF 40)
/  MEAR DETECTOR
SERVICE BUILDING

Near Detector Absorber Hall Target Hall Complex
Service Building Service Building (LBNF-20)
(LBNF-40)

Multi-MW
Beamline
Designs

Primary proton beamline: extracts 60-120 GeV designed for 1.2MW
upgradable to 2.3MW 31/38



The LBNF Beamline

NATIONAL LABORATORY

Neutrino Advanced conceptual design with upgraded tunable NuMI focusing:
Production
with Proton i ~ 40% of beam power in target chase
Drivers ~ 30% of beam power in decay pip
DECAY PIPE
UPSTREAM
Cooling panel
ooling panels DECAY
PIPE
VLR Deca.y Pl.pe: 194 m long, "
B . 4 m in diameter, double — ) L
eamline . Inner multi-ply geosynthetic barrier (yellow)
Dectars wall carbon steel, helium Drainage Layer (blue)

filled, air-cooled. ud Slab (tan)




modiie | BNF Decay Pipe

Neutrino

Production
with Proton FLOW PATH #2

Drivers Clean cooling air Vent to atmosphere <
TargetPile supply: 950 scfm
air handler,
35,000 scfm

Water-proof barrier
* Helium purge and fill connections ~ (Geomembrane)

Helium-filled
Decay Pipe

Decay Pipe
Multi-MW air handler, S— n
Beamline NOTE: The target pile air cooling system
L 35,000 scfm . . .
Designs and the decay pipe air cooling system
FLOW PATH #1 are two separate systems.

33/38



smoowineen | BNF Absorber

Neutrino Hadron Absorber The Absorber is designed for 2.4 MW

Production
with Proton

Drivers
Core blocks replaceable

Absorber Cooling (each 1t thick)
Core: water-cooled
Shielding: forced air-cooled

~30% of beam power in Absorber

Muon Alcove

Muon Shielding
(steel)

Spoiler Sculpted (9)

Sculpted Al

Multi-MW
Beamline
Designs

Mask (5) Solid Al (4)

34738



sy | BNF Absorber Energy Deposition

Neutrino
Production

with Proton Baseline NuMI style

Drivers

Optimized with 42cm wings

-220x103

HH ' .1||.|...||b '
“"‘“ u|‘|b
|_IIIIIII.III|||

2.25x10%

-2.24x103

-2.28x10° - -2.28x103 -

-231x103 -231x10%

-234x10% -234x10%

107
erde nsl\ (mV\/ cm”3)

y

g L 0
Multl—MW V' 15333400
Beamline

2esiens PRELIMINARY: Optimized focusing desngn and possible wings added
to target could reduce peak energy deposition in absorber 8-12 Xx.
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BROOKENEN  Summary

Neutrino
Production
with Proton

Drivers

In most long-baseline v expts, 50 kton.MW.yr of running produces
only ©(100)s of v,, — ve CC events in the FD

ishai

m Longer decay channels, smarter focusing designs, novel target
and focusing materials could potentially increase v /p x2 for
equal power on target.

m Facility uptime and efficiency requires robust focusing/targeting
designs - lessons learnt from current beamlines.

m Neutrino factories require more beam power on target than
conventional beams to produce equal statistics of ve — v,
events. But only an NF produces high intensity v. beams.

m The vast majority of the beam power > 70% is deposited in the
target chase and absorber = challenging design.
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