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@ A Basic Concept for a ?‘i"y[

Neutrino Factory
[1 Proton driver

[ High-power proton beam onto atarget

[] System for collection of the produced pions and their decay products, the
muons.

[1 Energy spread and transverse emittance may have to be reduced: “phase
rotation” and ionisation cooling

[] (Fast) acceleration of the muon beam with alinac and “RLAS’ (Recirculating
Linear Accelerators) or FFAGs (?)

[] Muons are injected into a storage ring (decay ring), where they decay in long
straight sections in order to deliver the desired neutrino beams.
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The* CERN scheme’

I k

A PUSEihlE H" linac 2.2 GeV, 4 MW -ﬂmu:ﬂnwh
T m
layout of a compressor

neutrino factory o Magneti
Target

lonizntion
coaling

Linac - & Ge¥

Reciroulating
Linacs 2 < 50 GeV

De%ring— 50 Ge¥
=3 m eircumference

e v leam o near detector

=
T
—
-
-
-
-

Goal: 10E21 muons/year

BMEL5- 16 = Fetar Oruber. CERN-P3

.-__.-"- w beam to far debector

WA+

TR

H. Haseroth for the NFWG at CERN
Thursday, April 18, 2002

MCOC Meeting at CERN




X R
Schematic Layout of the SPL
(4 MW of Beam Power)
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The SPL on the CERN gite
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@AV Accumulation & Compression: 5.,"_ /
No Major Problems with 2.27x10 ppp
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y
C@q Non Proton Driver Activities %}7

Target and collection (magnetic horn) work, i.e. simulations of pion

production, simulations of capture and experimental work on target
Issues

Simulation of the phase rotation (energy reduction), of the cooling
channel and of the acceleration in the first linac. Concept of cooling
experiment and simulations: Muon International Cooling Experiment
(MICE).

Simulation the RLAs (Recirculating Linear Accelerators) and of the
Decay Ring

Work by ST for layout on the site

Detector |ocations being investigated
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Oms, 27*101 p*
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FProton impact <= 0
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@ Protons on Mercury ‘J”%

ISOLDE GPS, Aug. 2001 PSB (NUFACT CERN)
: — pulseintensity
40 single pulse events at 1.4 GeV 1-28 1012 p*

(230 10%* p+)
— pulse length
0.6-8 s
(3.2 ms)
— height scan
— p-beam size
0=1.2-3.5 mm
(7.5 mm)

— Beam density
1.3-8.5 p*/mm?
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Detailed electrical parameter table of Horn HA40-400 TEST PROGRAM

Linats Havrm FIAO-4000

5.1 Construction of a test stand in BA7

Peak current in hom kA Wi
:}”IL-‘_“_"L'“_ Hz . to study the vibrational behaviour and the mechanical
nductance hom pH 0.41 . : :
fatigue due to electrical pulsing
Inductance additional pH 0.2l
FOTAL inductance pH .62 )
PETTrY e TE Two branches are under construction
1w X Space in BA7 seems convenient (to be confirmed
sistance addi 237 . .
oo L with final thyristor arrangement )
TOTAL resistance uil 470
lotal capacitance pF 1453
fior | switching section
Pulse duration HE 03
et s 5.2 Construction of horn prototype
Skin depth i 1.25 "
Charging voltages Y GZRD
Encrgy stored in kl My
Capacilor 2eclion oy o . ..
Efficiency 0.64 Rigid end plate on neck side of inner conductor
Voltage on clemenl \ 200 Flexible end plate on the other side
s tinl kA 14.5 . 'PT . .
M prores dimsipmi 1= Dual water circuit (inner conductor with double skin)
i T Ry cocrnl Horn ordered with central workshop.
Woister Mow needied Iiman 1K . . .
in V'min with 68 w= 15°C * Estimated construction time
T power distipases due 1o beam abscaption has o be sided = Cnd ',-}f FCbru}jr}" 2002
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I@v Ionization Cooling: Background /‘f%

dE dE dE

dx E dx
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[ NS g Lty :
W T 1
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F—} FE— <d >!"||.. Wy = pf e

AE £y (MeV g lem®)

«  Absorbers:

.‘::.__. L 1|'_| . I'_'I-I I”:ill]u:l . I]II'ID:'I
Musan manassbam (L

0= 0+060,

» RF cavities between absorbers replace AE
* Net effect: reduction in p, w.r.t. p, .., transverse cooling:
dey | dE, ey  B.(0014 GeV):  want strone
@ B ds 'E. | 2BE.m.X,  endlowE,
Note: The physics is not in doubt
= in principle, ionization cooling has to work!
. but in practice it is subtle and complicated so a test is important
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Layout of 40/80 MHz Cooling Channel %

beam in

dxim o @40 MHz,
2MVim, 0°
MemH

4dm
Coaling |
same as Codling |, ' ' ' ' '
o Hydgen Decay | Rotation | Cooling-l | Acceleration | Cooling-11 | Acceleration
32m
Act.

s05md meo vz, (Lengh m 30 30 46 3 112 45

4MVim, 0°
Diometer, mm | 600 | 600 | 600 600 300 200

d0cmH
5AMa &5 aAhova, Solenoid flﬁld, T 18 1§ 20 Al 26 26

30

o Hin pwery B cel

Frequency, MHz - H = 88 86-176

112m
Coaling I Gradient, MV/m 2 ) ) 4 4-10
Encrgy, MeV 200 Al 300 2000

Table 3 Main parameters of the capture, phase rotation, cooling and acceleration sction

beam out
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88 MHz test cavity
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« An 88 MHztest cavity for high gradient is being prepared
(2 MW amplifier driving a modified 114 MHz PS cavity)
— High RF gradient without solenoid: end 2001
— RFtest with solenoid: mid-2002

R

Cavity with closed gap:
E, =4 MV/m
fep = 1Hz
r'Q =113 Q

T =180 us
Loulse =10.5ms
P eak =1.4 MW
P ean =15 kW
Kilp. =2.3

gap =280 mm
length =1m
diameter =1.77m
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Asymmetric 88 MHz cavities
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X

RLA1 RLA2
Injection energy, GeV 2 10
Extraction energy, GeV 10 50
Number of tumns 4 4
Length of linacs (2), m 680 3813
Rf frequency, MHz 352 352
Bending radius 1n arc, m 5 25
Mean arc radius, m 20 100
Circumference, m 806 4442
Peak voltage gradient per linac, MV/m 7.4 7.4
Normalised admittance, mm rad 16.47 18.80
Normalised rms emittances, mm rad 1.83 2.09
Design momentum, GeV 50
Muon fluence, s 107
Configuration Triangular
Normalised beam divergence in SS at 6., mrad 0.1
Normalised beam emittance (G¢), mm rad 1.67
Aperture limit 3 O
Relative rms momentum spread 0.005
Bunch spacing, mm 851
Dipole field, T 6
Total length of straight sections, m 1500
Average radius in the arcs, m 46
Circumference, m 2075

H. Haseroth for the NFWG at CERN
Thursday, April 18, 2002

MCOC Mesting at CERN

o

Parameters of Recirculating
Linacs (RLAS)

Parameters of Decay Ring
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CERN Site
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) U.S. VFac Feasibility Studies
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@ Argumentsfor an International Muon y
S\ Cooling Experimental Demonstration %{
There are quite different opinions about the necessity to do a cooling experiment,
however, the majority believes strongly that there is a need to demonstrate that
lonisation cooling is indeed technically feasible. Some people feel that even the
relevant programs need checking by experiments. One remark to answer criticism like
"we know Moliere scattering and Maxwell’'s laws' is that in spite of knowing
Maxwell’s laws and the properties of superconducting cable one has built not only one

but several magnet prototypes for the LHC. Muon ionisation cooling is by no means
more trivial.

As a by-product of the discussions in the context of the cooling experiment several
new ideas came already up, which were the result of stimulating exchange of ideas,
not limited to the SPL and the target:

»>The idea of "Beta - beams’, i.e production of neutrino beams by decay of
radioactive isotopes

»>Very important findings about the H, absorber heat load due to electron
beams from the cavities, safety issues, LiH option

» Reduction of cost due to better adjustment of absorbers

> Experimenters and accel erator physicists working together

H. Haseroth for the NFWG at CERN . 25
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A possible Muon Cooling Experiment

The main hardware is composed of the following items:

] RF cavities

[] RF transmitters, modulators and charging supplies

] Cavity sc solenoids

] Hydrogen absorbers

[] Measuring lines at input and output including sc solenoids and data acquisition

H. Haseroth for the NFWG at CERN . 26
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Cooling experiment at PS|?

Unofficial: “ Will be
difficult to host
experiment” , “ Has held
discussions with RAL to
ensure that experiment
takes place somewhere’

H. Haseroth for the NFWG at CERN
Thursday, April 18, 2002
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Cooling experiment at RAL? ‘j’%

ISIS

« 800 MeV synchrotron; 240kW

* 50 Hz, =100 _s at close to maximum
energy, 800 MeV
= |SIS is cw for cooling experiment!

* 2 bunches, each 100ns long, separated
by 230ns

* Each makes 200 turns during 100 _s

« Target in ring could see SOMW for
cooling experiment!

Unofficial: “ Will encourage submission of proposal
with technical help from RAL”

CLERC
H. Haseroth for the NFWG at CERN . 29
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Cooling experiment at RAL? @

« Capture at 20/30°
*15-20m long

* Main change: 57, 10m, 20cm
>C solenoid

* Muon transmission 2.0-2.5%

* Pion transmission ~0.1%
Simulations

For 107 protons at 800 MeV:
€ ~50/60 muons/bunch/turn

€ background ~2.5 pions
at 300 MeV/c = 1./1.2 x 10° muon/s

CLRC
H. Haseroth for the NFWG at CERN . 30
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Cooling experiment at RAL?
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‘@v Cooling Experiment Simulations %

Lay-Out
El) entry absorber {45 cm LH) exlt absorber (45 cm LH)
i
input diagnostics _ output diagnostics
(sol. lattice ctd.) (sol. lattice ctd.)
8 cav/sol solenoids of 45 cm
cooling length with 15 cm spacing

b) entry absorber (22.5 cm LH) exit absorber (22.5 cm LH)

%input diagnostics m output diagnostics

4 cav/sol

cooling

Klaus Hanke
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A Achromatic arc 180 MeV, 280 MHz H™ Linac l
3Ly

for collimation
r = =W UW‘
:ii‘l _|" \&l-\.
- %

’ f
Momentum ramping f] 2 GeV. 50 “\"\

z
Booster
Synchrotron

J wo rings, each,

*\\\{; -11:1-. ked vertically
5 GeV, 25 Hz Rapid

Cycling Synchrotron. J'J Accelerator studiesfor a
4 bunches of 2.5 10" ; : ' '
unchea o 7 neutrino factory Proton driver design

protons

- !.iﬂ —rl—_'\—-_L;L

i

.,:':-ﬂ'r':l
.
.___.F"

. G:.-" G.H.Reesand C.R.Prior
'&:\Q . (1SIS Dept, CLRC RAL)

Schematic of the 5 GeV, 50 Hz RCS Design
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Target Transport System
P.V.Drumm and J.R.J.Bennett (1SIS Dept, CLRC RAL) and

High power target studies
C.J.Densham (Engineering Dept

H. Haseroth for the NFWG at CERN
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PoP proton FFAG model (1 MeV)

Y oshitaka Kuno
Osaka University

H. Haseroth for the NFWG at CERN
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@ Y oshitaka Kuno
A Osaka University

Magnet of 150-MeV proton FFAG
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@ Y oshitaka Kuno
A Osaka University

Accelerator Scenario - FFAG Option

(1)Low Freq.(~MHz) & High Gradient RF E> IMV/m
(2)Acceptance : Trans.:0.01-0.02rxm.rad, Long.AP/P~+-50%
@p=0.3GeV/c
p=0.3~1GeV/c
p=1GeV/c~3Ge

' g

p=36eV/c~106eV/c

[
100m p=11GeV/c~20(50)GeV/c

N
muon storage
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@ Y oshitaka Kuno
CAi Osaka University

Parameters
Conventional New Scheme
Study 1 | no phase rotation,no cooling
proton driver 50GeV(1-4MW) proton driver 50GeV(1-4MW)
phase rotation 80MeV/c Accelerator
cooling 100m FFAG-O(PRISM) 0.3-1GeV
acceleration FFAG-1 1-3 GeV
linac 2GeV FFAG-2 3-10 GeV
FFAG 2-11GeV FFAG-3 10-20 GeV
RCL 11-20(50)GeV storage ring  C~800m
storage ring C~1000m
Intensity Intensity

phase 1  10°° muon/y (1MW ) phase 1 3x10?° muon/v(1MW)
phase 2 4x10°° muon/y (4MW)  phase 72 1 ix] 02! muon/v(4MW)
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