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Muon Colliders — Neutrino Factories

Significant interest in a new type of muon source

>>

Initial interest in Muon Colliders >> Muon Collider

Collaboration formed in US 1n 199
from BNL. FNAL, LBNL, and man

In 1997: Intense muon storage ring
Factory) >> natural step towards a

5 (> 100 physicists
y Universities)

neutrino source (Neutrino
muon collider

Super-K results >> neutrino oscillations are exciting
>> World-Wide interest in Neutrino Factories
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Neutrino Factories

In the US

— Technical review recommends collat
end study of one thing ... collaborati

In Europe
— Immediate interest >> yellow report
— R&D Group formed >> complement:

In Japan
— Interest in low energy muons >> PR

— Study completely different v-factory
acceptance accelerators

Catch On

oration focus on end-to-
on cheoses v factory

ary technology choices

[SM at the JHF
scheme >> large
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US v-Factory Scheme

RLA 2: 11 - 50 GeV
16 GeV ©
7.5 MeV/m average

Accel Freq: 400 Mhz

Proton Driver
Target Station

com decay/ol E\eg;:m Proton driver: Upgraded FNAL Booster
1;;"’;201:\“9:’ Hnac: 2600 m Carbon targetin 20T capture solenoid
e 50m decay channel (1.25T)
e g N Muon energy spread reduced using
a1 " O = teoom induction linac (phase rotation)
hece Frg 200 e Muons bunched at 200 MHz
e 100m muons Transverse phase space reduced using
B A an 1onization cooling channel
0(1020) Acceleration to 50 GeV in RLAS

V per year

, based on upgraded BNL AGS)

Hg jet target, better induction linac & cooling channel designs
Achieved 6 x Study 1 muon rate >> 2 E20 useful u decays / year
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CERN v-Factory Scheme

ower energy proton driver
LEP cavities >> 2.2 GeV protons)

ion capture with magneticshorn

F for phase rotation(no
induction linac)

ransverse cooling channel at
4/88 MHz (not 200 MHz)
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Japanese v-Facto

(I)Low Freq.(~MHz) & High Gradient RF E> IMV/m NO
(2)Acceptance : Trans.:0.01-0.02nm.rad, LOng.AP/P~+-50%

ry Scheme

PHASE ROTATION OR COOLING

@p=0.3GeV/c (would benefit from some cooling)

gog USE LARGE ACCEPTANCE

p=0.3~16GeV/c

p=lGev{c~3GeVH

p=3GeV/c~10GeV/c

|
|
|
|
|

| mag
100m p=11GeV/c~20(50)Gev/e |

muon storage

ACCELERATORS - FFAGs

R&D Issues: RF,Injection/extraction,
net design, dynamic aperture

POP w R === Proof of Principle § NEXT STEP
- } wnd a3 tested at KEK in \ Under construction
d e 7 4* il | iy, June 200 ‘ At KEK
S RF R&D: US/Japan
" collaboration
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Proton Sourlces

Everyone 41as a viable scheme:

V4l N
0 I B A
. 180 MeV H- linac
A ———— A

\ e i : /
\ ! I } S
NG - },/.

rd
4 .k"'
Grid siw 3000 m] .\'1:::

CERN: 2 GeV SPL -4MW

B SSSLEE NEUTRINO FACTORIES
S8 0 FIT ON EXISTING SITES
— % & CAN USE UPGRADED
EXISTING PROTON
A TN DRIVERS >> PLENTY OF
e CANDIDATE SITES
BNL: Upgraded AGS FNAL: Upgrade d Booster
24 GeV, 1-4 MW 8-16 GeV, 1-4MW
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Producing Pions

175 GeV/e p Cu > w7 + X NEW BNL E910 pion production Results
Cos(6) 0.6-1.0 « 7 — Pion yields peak at few hundred MeV/c

S 400- ¢ E910 MARS
P — Data 1n fair agreement with MARS predictions

(yields may be slightly higher than predicted)

At constant proton beam power, pion

I  viclds vary slowly with proton energy >>
R Rcymmme $broad range of proton driver energies can
be considered.

More particle production data in next few

— Fermilab P907

0

P;oton Enérg); (G;V)
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Target R&D for MW-ScaIéa Proton Beams

Carbon Target tested at AGS (24 GeV, SE12 ppp, 100ns)
— Probably OK for 1 MW beam

Target 1deas for 4 MW: Water cooled Ta Spheres £ S ﬁg@g‘%
(P. Sievers), rotating band (B. King), conducting o e e
target, Front-runner = Hg jet

CERN/Grenoble Liquid Hg jet tests in "'
13 T solenoid :

— Field damps surface tension waves

BNL E951: Hg Jet in AGS beam 0 Tesla 13 Tesla

— Jet (2.5 m/s) quickly re-establishes itself. Will test in 20T solenoid in future.
t=0 0.75 ms 2 ms 7 ms 18 ms

‘\

- Mercury
Jet
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Pion Captdlre

BERCURY JETE 100 WRAD

AN CRYOSTAT SURERCONIUCTING
OUTER BOUNTIARY *’ COiLS

| ————————_——_

‘L' (MER SEGMENT

1 OMER f
EXTRA WG SHELDNG
W SHIELDING — de———BEAW ABSOREER

DRAM LINE

US Design: Ta
which tapers dq

(waist radius =

L O

¥ 3 ! MR Lt ' i
a7
IR !"t_'., S e

. HeHT A
LJ
Ay s
e " it [0 (R

rget in 20T capture solenoid
own to 1.25T

CERN Design: Use magnetic horn

- 4 cm, peak current = 300, kA)
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Target Faéility

Need remote handling target facility —detailed design made for US
neutrino factory studies 1 and 2.

Based on SNS (Oak Ridge) design experience.
Detailed radiation simulations (MARS, N. Mokhov) >> facility lifetime OK
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Reducmg the n Enérgy Spread

Belore
Ty .-' 55 %%

ay [L31 {m)

l:] :
L (ms)

PHASE ROTATION: |
Acceleration (fast particl

US Scheme: use 260m 1
with internal 1.25T sole

ol uu_l‘}' 1
"disoting™

Study 2
2., nen-disiorting™

Drift followed by a time-dependent
es de-accelerated, slow accelerated)

ong (r= 95 cm) Induction Linac

noid:

el Caliles

Balesl Linac section

July 27, 2001

Steve Geer, LPO1

12



Reducing the Transverse Phase Space

Transverse phase space too large lonization Cooling
to fit within normal accelerator

Must “cool” the beam fast —
Before muons decay

Electron cooling & stochastic

Cooling too slow
>> USE IONIZATION COOLING

. T ] Coulomb scattering tries to heat beam
An 1onization cooling channel

Can be thought of as a LINAC
Filled with material
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Cooling Channel Design

3.3 m long section Study 2 Design (R. Palmer)
T Hib ihi
1+ T4y |t'

“ 'f H. _

Channel Length: 108 m

Lattice period: 5.4 m>>3.3 m
High field solenoid : 3T >> 5T
Solenoid radius: 33 cm >> 20 cm

' RF: 17MV/m @ 200 MHz

Transverse & Long Emittance
(Normalized)

GEANT SIMULATION
.. RESULT (P. Lebrun)

Lig H RF LiggH RF LiqgH

21 cm long Liquid hydrogen absorbers in high-field | | .
solenoid with field reversing direction at absorber S e T B

® BE2D(mm.rad) #* ElLongicm. rad)
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MUCOOL RF R&D

Initial R&D at 805 MHz (end of Muon collider cooling channel)

Open cell cavity >>push on surface fields

Need 30 MV/m gradient on.axis
Prototype built & tuned (FNAL)

High power tests in progress

Close aperture with conducting foil/grid
(at fixed peak power this doubles gradient)

Measured —

Model Initial R&D with Be windows

solallebong: g | T E  Window deflection as it heats up measured
" ~+/1 & understood

Displacement (mm)

i | High power test cavity being constructed
Window Displacement vs Power dissipated  (LBNL, Mississippi)

o

200 MHz cavity (v factory) >> 17 MV/m being designed >> high power tests in ~ 2 years
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MUCOOL Liquid H2 Absorber R&D

Need thin windows to minimize scattering Must remove O(100) W heat deposited

125 pm window by dE/dx >> good radial mixing

Made (Mississippi)

& measured (FNAL) TWO CONCEPTS
Pressure test under 1. Forced flow
\WEAA\ILE)) through nozzles:

Prototype being
built by University

Osaka >> test at KEK, Osaka
L design
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~ MUCOOL Test Facilities

ower RF test facility (FNAL Lab G) with
5T solenoid (LBNL) began operation in May 2001)
>> 805 MHz high power cavity tests

>> cooling channelinstrumentation studies

2. FNAL Linac Area: Under construction
>> LH2 filling facility in a few months
>> 400 MeV proton beam in a year
>> 200 MHz high-power test facilit
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CERN Phase Rotation & Cooling

o No Induction Linac — use drift + 44 MHz cavities
for the phase rotation

30m 30x 1m RF
Fetation 40 MHz, 2MV/m, 0°

4x Lmrf Cooling channel based . on 44 MHz & 88 MHz
24 cm H,

44 m
Channel 1 | cavities with some acceleration in middle

o & e same as Cooling |, N " — ——
:'2 m = o ne H‘;drogon " T - - ’

Accel. | 8 x 0.5m rf

II“““ 40 cm H, .‘.—
e same ove,
l 12 m II“IIIII rTEH =:::ry 5 cell
—
E——
=7

Channel 2

Channel 1 = Channel 2 g
Length 46 m 112 m k..

Diameter 60 cm 30 cm 9. \

Solenoid B 20T 26T 5 1 i

RF Freq. 44 Mhz 88 Mhz 7 \Az MW amp. | | |
RF Gradient 2 MV/m 4 MV/m i
Beam Energy 200 MeV 300 MeV 88 MI‘#Z High Power test at CERN next year
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Towards a Cooling Experiment

Dialogue between R&D groups in Europe, US, Japan >> explore possibility of a
World Wide collaboration >> cooling experiment

Need to pursue individual concepts & component development for next 2-3 years,
& then decide on best technical design ... easier to decide if we cross-participate in
each others component development BUT NEEDS ADDITIONAL R&D SUPPORT

Cooling experiment good step toward World Wide Collaboration

H=84 cm -
R=37 cm : RF Cavities (16 such)

R=15 cm :

o B Single particle concept
developed (most
recently) at CERN >>

e R e —T == World Wide effort now
emmittance generation . . .
multiple scattering in lead REQURLH pfi g tottoln 1N progress to see 1if its

INSTRUMENTATION SECTION | INSTRUMENTATION SECTION 1l feasible .

| time of flight measurements

| " " . Electron identification

position measurements
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Muon Acceleration &

After cooling,

SC 200 MHz
Copper) being
Cornell

M 20 GeV/e e %

Japanese Version

1.E20 useful muon decays / year

Storage Ring

early acceleration with Linac,

Later acceleration with RLLAs

cavity (Nioebium sputtered on
built at CERN for tests at

Everyone has a muon storage ring
j design; they come 1n various shapes,
but all have long straight sections

July 27, 2001 Steve Geer, LPO1
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Muon Collider A M*DMUP

C h a I I e n g eS 1 'E-=|1d||1_g mag net
43 deg, B =32 cm
e B0lenoid coils
| ] —= Direction of magnetic field
A M faCtory Would IOVE Us up the 1DT 1 Liguid hydrogen absorber
learning curve towards a multi-TeV % . e
: Tl 25 MHz cavitias
Muon Collider ... but there are Ly LB ‘l M
Additional challenges that must be " o s

met before we have a realistic Muon
Collider design:

X—emit. (cm)

¥ —emit. (cm)

Z—emit. (cm)
s Trans, W/o decay
— Trans. with decay

. V. Balbekov

m’r\‘ﬂh‘,.

Need much more cooling
>> EMITTANCE EXCHANGE

All muons in one bunch

Cost-effective acceleration

Emittance (cm) or transmission

Detector backgrounds (probably OK)

Period number
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Conclusions

Very active v-Factory design & component
prototyping in Europe, US, & Japan

US studies have shown v-Factory feasible after
a few years of R&D

CERN & Japanese studies show alternative technology
choices may be promising ... must be pursued until we
are ready to make a choice

Much interest in World-Wide collaboration in critical
R&D areas .... but will need additional support !

R&D pursued by Lab and University physicists ...
particle physicists & accelerator physicists.
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