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# Outline 5%((

Muon Collaboration

e Lecture | -Introduction- Optics and Capture
e General introduction
- v—Factory; uy—u- Collider
- Optics review
e Muon capture for cooling
- v—Factory and p*-u- Collider
e variations

e Lecture Il - Cooling
e |onization cooling concepts
e Cooling for a neutrino factory
e Muon collider —cooling
e Experiments
lon cooling



# Neutrino Factory - Study 2A

Rl

Muon Collaboration

Proton driver Proton Driver

e Produces proton bunches

e ~10GeV, ~10'5p/s, ~50Hz bunches Hg Target
_ Capture
Target and drift Drift v # beam
e n>p (> 0.2 u/p) Buncher

Buncher, bunch rotation, cool

Bunch Rotation 1 Storage

Cooling Ring

Accelerate pn to 20 GeV or more

_ Acceleration
e Linac, RLA and FFAGs

Linac

Store at 20 GeV (0.4ms)

/\10-20 GeV
u—> € +v, + v’ |

Long baseline v Detector
>1020v/year




# Overview of pt—u~ Collider

)
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Muon Collaboration

Proton Driver (1-4 MW) —
proton bunches on target
produce ©'s

Front-end: ndecay > u+vVv
collect and cool u's:

(phase rotation + ionization
cooling)

Accelerator - to full energy
(linac + RLAs to TeV)

u - Collider Ring

Store pu’s until decay (~300 B
turns)

uw—u > X
high-energy collisions

Proton
Driver

Decay |
Channel | |

Pre Accel Cooler

-erator

% Hg-Jet Target

ation

Collider
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ut—u- Collider

Collider Parameters

C of m Energy 15 4 TeV
Luminosity 1 4 [10* emsec!
Beam-beam Tune Shift 01 | 01 0.
Muons/bunch 2 2 1012
Ring <bending field> 52 | 5.2 T
Ring circumference 3 8.1 km
Beta at IP = o, 10 3 mm
rms momentum spread 01 | 012 %
Muon Beam Power 75 9 MW
Required depth for v rad (1)| 13 | 135 m
Muon survival (*) 0.07 | 0.07
Repetition Rate 12 6 Hz
Proton Driver power ~4 |~ 18 MW
Trans Emittance 25 25 | pi mm mrad
Long Emittance 72,000 (72,000 pi mm mrad
O = 6.0t 20 p

Muon Collaboration

Project X i l ]
S~ 8 GeV SC Linac
Same as | . .
Neutrino : O Main Injector to 60 GeV
Factory : Hg Target
=] 20 T Capture Solenoid
P
O Phase Rotation to |12 bunches
. 0 Linear Transverse Cooling
Partial + —_
Simulations FE EF 6 D Cooling
\ N ®) Merge 12 to One Bunch
HH 6 D Cooling
Transverse Cooling in 50 T

Linac
Magnet

Study RLA((s)

Preliminary Pulsed Synchrotron(s) ?

Collider Ring 1.5/4 Te

g
g
[
L
Ring Designs
- O

Highareregy mamin sscbriabe e



# Primary limitation: u-Lifetime  T&/

)

Muon Collaboration

Muons decay in time:
® y1y=17y 2.2 US

Or in a distance:
e PBycty= Py 660 m

Need acceleration, and
cooling, much faster than
decay:

m02

0 —£—=016MV/m
e CTO

Need > ~10MV/m

e Must bunch, cool, and
accelerate

aN _
ds Py crg

1

Z

N

N =Nge Aremo

E: EO +eVr’fS

N

No

|

Eo
E

2
m,.C

} Cr eV
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2eld  Beam Optics: Basic Equations  fi¢
e Maxwell's equations: e Transport/focusing uses
v.E_L magnetic fields
¢ e Dipoles, quads, solenoids, ...
V-B=0 e Horns, Li lens, ...
- 0B
VXEJFE:O e Acceleration uses electric fields
B 58E_j e rf cavities
VX;_ ot e Induction modules

e Equation of motion:
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Magnetic motion-Bending

A
R

Muon Collaboration

d(myv)
dt

Bending radius:

= (|(V x B)
n_Myv _Bp
gB B

P (GeV/c)

Bp (T-m)= 03

Force is perpendicular to
motion

v, p=v/c, P remain constant

If v, B are perpendicular,
motion is circular

myv/q = BR =P/q is called the
magnetic rigidity or Bp

1 GeV/c particle has
Bp=10°c=3.33 T-m

Bending angle in magnet with
field B, length L is 6=BL/ Bp
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Muon Collaboration

# Betatron Functions-focusing

e Assume focusing is linear e Focussing forces:
around the orbit: ) i e Quads: k(s) = =B"(s)/Bp
agnet |
—+k (s)x=0 WY “ml _ e Solenoids: k(s) = (B/2Bp)?
ds {213 K] . .
DIROY - With x-y rotation
AN ==

e ~Harmonic oscillator ( k(s)) e Need starting amplitude and

e Solution: derivative to specify motion

X = A IB (S) e|¢(s) o BX(O)9 Bx'(o)

In periodic structure these are
set by requiring that B (s) be
periodic.

’ 1
JB.(S)) +k (B, (5) - =0
WA®) (VA.)

\ A = \/ gamplitude
#,(3) =_[ & At equilibrium B, =(1/k)”

£.(8)

Exercise: show that these equations are consistent

cos@+asing fsing

= l+a’

sing —cosg+asing

9
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Muon Collaboration

# Solenoidal Focussing

e Magpnetic field e Change to R-¢ notation
e Cylindrical symmetry

X+iy =Re"
. roB(2). _
B=-5 5 ot B,(2)€, o Solution is rotation in &,
focussing in R:
B B! =
X" _ 2z yr . z y = 0 ¢ 2 Bp
Bp~ 2Bp B, |
. B ., B =i g5
y'+—2 X+ X=0
Bo 2Bp

(x-y view)

10
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# Comparison of focussing N8
e Quadrupole: B’
e Focuses x ory X"=-B X
e Proportional to 1/P P
e Solenoid . (BY
e Focuses both x and y T 2Bp x

e Focuses both u* and p-
e Proportional to 1/P?

e Solenoid better for low-energy
e ForBp<~B,a (~1T-m?)

11
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# Betatron function discussion i«

Muon Collaboration

e Beam optics typically described in terms of betatron

functions
e Use “‘rms” Emittance (beam phase space area)
S)E
6)2( = Bi,xgx,geom. - BL,X( ) =
Py

e Emittance also defined as:

2 2 ) r\2 2 2 _[y2 2\ 2
gx,geom :<X ><X >_<XX> (mOC) gX,N _<X ><pX > <X pX>
e References are often unclear on whether normalized or
geometric emittance is used; also

e Fermilab convention: = 6TTe,

e CERN convention: eqggy= 41Te/me

12
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¥ @ Adiabatic damping and normalized emittance s« s

e Under acceleration:
e OX Op, remain constant (normalized emittance)
e OX OX' = dx op,/p is proportional to (1/p)
e geometric emittance decreases (beam size decreases)

_\/B_L,XSN,X
GX—

o Py
e Similarly,

e Oct OFE remain constant
e 0z Op/p decreases as 1/p (acceptances set by dp/p)

e Acceptances improve as beam is accelerated
e Use higher-frequency rf, weaker transverse focusing

13



# Longitudinal motion T

X\
fac:}([

e Choose variables for longitudinal

motion: (dz, dP,)— (0P, OF)

dAE

——=¢eV'(cos(p+¢,)—cosg,) = —€eV'sing, ¢

ds

d_¢_(1 1j2z~ 1 27 AE

ds \ B, B)4  BY & me

1. IR S I
{ap:F mImac} {O‘p /7 ]/tz}nrmg

ﬂ:_ a, 2z eV'sin s 5
ds* By A, mc’

E,(§) = Vg cos(3%(22,)) = Vi cS(4— ¢,))

ﬂ’r

14
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Muon Collaboration

# Longitudinal motion stuff

e Distance for oscillation e Rf Bucket energy width

B yAome
Mosc =2 — eV'A mc’ B’ :
\/27'COLPGV sin AE = i\/ M Ay \/2¢S sin ¢, — @, cos @,
o Adiabatic (if L > ~\_.) e,

0SC

ANAN
ARV VAY

N /A 1IN /A
X)) BXC)
® YNNI XS

15
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Muon Collaboration

# Target for 1t production

e Typical beam: 10 GeV protons up to 4 MW

e 1m long bunches up to 4x10'3/bunch, 60Hz
e Options:

e Solid targets

- C (graphite targets) (NUMI)

olid metal (p-source) - rotating Cu-Ni target
e Liquid Metal targets

- SNS - type (confined flow)

AT Graplare Targer

10cm diam. - 12em length

A\

Mercury
Jet

16
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Muon Collaboration

# T capture from target

e Protons on target produce large
number of 1T’s

e Broad energy range (0 to 10+GeV)
e More at lower energies

e Transverse momentum N
(Up to "'OBGEV/C) Protons

secondary
Particlos

Collection
Lens

e Capture beam from target
e Options:
e Lilens

Meson Production - 16 GevVv p + W

N
I

JC—

N

e Magnetic horn

NICKE (LIGEVinteracting proton)

e Magnetic Solenoid

o.8 a1 1I.2 1!4 1I.6 1!8
Pion Kinetic Energy, GevVvv

17
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Magnetic Horn after target

Baseline capture for superbeams/NUMI
Magnetic field from | on wall
B, (r) = 0 1inside conductor

I total
2r

By(r)=n,

Lenses can be tuned to obtain narrow
band or broad-band acceptance

Pulsed current, thin conductors

focus 3.331)7[/“

_B,L

path

@80

e Breakage over many pulses

e Beam lost on material
focuses + or — particles

= 1 spill everv 1.9 seconds
- 4el3 protons/ 10 usec spill

= 3.8¢20 protons/year

1500

600 kA (outer horn)
1000

@2000

NUMI beam line
Decay Pipe

A\
R

Muon Collaboration

I=677m r=1m
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Solenoid lens capture

A\
R

Muon Collaboration

e Target is immersed in high field solenoid

e Particles are trapped in Larmor orbits
Produced with p = p, p,

Spiral with radius r = p, /(0.3 B,,)) =Bp,/B
Particles with p, < 0.3 B,,R,, /2 are trapped

P max < 0.225 GeV/c for B=20T, Ry, = 0.075m
Focuses both + and - particles

lshielding
matching solenoids @

|
|
|
|
|
| | ‘'superconducting sclenoid |
| 1"'eS819C01vVe sSClellold

I
I
I
I eais ;
; liquid metal target
protons

I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 l

Idecay solenocids

4]
meters

20 N

Magnetic Field Bz, T

o

Palmer Solenoid Taper

151 4

=
o
T

[$2)
T

5 10 15 20
Axial Length, m

P solencid
(x-y view)

19
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# Target to Cooling channel match

e Transverse match: 20T to ~2T solenoid

e P,=0.225— 0.07GeVic o0y
e R= : 6,~0.1m; 0, = 0. . o
R .25ch| 6,~0.1m; 6, = 0.1 z o [ SR
e Longitudinal match: ol N~ |
e rf ~200 MHz (A=1.5m) V' >10 MV/m ¢ k et Kt
e Optimum cooling is: ; § e ;
- "'M awer because not pi 1%
— P =~200MeVic, dP/P ~10% 2 ;L,-f;.fm o mm} Laer bécané ot pill o
e Want both signs (p+, u’) o Tee 06
Lo Frequency
500 e MeV/c
MeV/C| rums =102 1 1 Pt 026006 - i e 5000
0o D.ﬂ; 1000 c-
-10m 10m h

20
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TT— MV decay in transport

2N

n-lifetime is 2.60x108y s

o L=7.8Bym
Form —> utv,

<Pt ms> is 23.4 MeV/c, E =0.6 to 1.0E,
Capture relatively low-energy © >

)
e 100 — 300 MeV/c
Beam is initially short in length
e Bunch ontargetis 1to 3 ns rms
length
As Beam drifts down beam
transport, energy-position (time)
correlation develops: L

Cz-arrival -

04G

Teld

Muon Collaboration

-/ T
>V i region 4 7043 paricles 0.4000
Films) =1 8139-%8 = 0.600m
o =0.2214Gey g Ehar = 0.3090GeY
0401695 Cey 56’ Prms = 0,089189Gevie
s =0 031118 ex =0.002775 m-Gevic
4
L=0m
-20.00 &2 40.00 100,00
i l | 0.0000
o T I
};‘?‘ region 11 6210 particles 0.4000
Fitrms) =1.8141%%" L = 35,620 m
oE =0 2004Ge e Enar = 0.2498GeY
0.363425 Gev Y‘,@ Pt rms = 0. 024433GeViE
Ams = 01015448 ex=0.002408 m-Gevic
L=36m
-20.00 100,00

00000

" 100m
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Phase-energy rotation

X\
R

Muon Collaboration

To maximize nhumber of

~monoenergetic u's, neutrino factory
designs use phase-energy rotation

Requires:
e "short" initial p-bunch
e Drift space

e Acceleration (induction linac or rf)

- at least £100 MV
Goal:

e Accelerate "low-energy tail"
e Decelerate “high-energy head:

e Obtain long bunch

- with smaller energy spread

L

SL=86——
B(p,)

region 6 -~ articles 0.5000) O-5GeV/C
Fifrms)=1.8101 L= 1.000m 3
dE =0.2343 GeV Ebar= 0.3385GeV N
¥rms= 0.041418m  Px,rms = 0,099926GeVic ; 3
L=1m
.
L
50,00 o003 50.00
' 0.0000 0
JS5 “region 109 7163 particles 0.6000
Filrms) =1.8127 L= 1122386, 2888 between
dE=0.1917 GeV Ebar= 0. 748
Xrms=0086866m  Px,rmé 53577 GeVic
L=112m
Wiy
: 'r}:qf“? X ;.','",\':
Fwsivg
50,00 0.00 §0.00
) 0.0000
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# Phase Energy rotation options i

Muon Collaboration

e Single bunch capture
e Low-frequency rf (~30MHz)
e Best for collider (?) (but ~ only u* or ")

e Induction Linac
e Nondistortion capture possible
e Very expensive technology, low gradient
e Captures only u* or pu-

e “High Frequency” buncher and phase rotation
e Captures into string of bunches (~200MHz)
e Captures both u* and p-

23
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Phase/energy rotation

X\
R

Muon Collaboration

Low-frequency rf; capture
into single long bunch

e 25MHz — 3MV/m

o +25% 50MHz

e 10m from target to 50m

But:

e Low-frequency rfis very
expensive

e Continuation into cooling and
acceleration a problem

(200MHz?)
dT vs P
<
[=] I Jq': I
-

- gi
sl e T
: o | % :':\.;:'Z i

= g &

A " | I .
—2x10™° 0 2x10°® 4x1072

Yield[MaerbanPIT]

325 MHz

Only captures one sign ...

dT v P

o 7= 50

= T T o
—_ L .
HE- =]
8
B 02| FE il : 4

L=

12 m
i " [l
TRl 0 2100 4107
dT [s]
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Muon Collaboration

# High-Frequency bunch and ¢-E rotation

e Base Line Neutrino factory Solution:
e Usesonly f > 200MHz rf
e Captures both signs (u+, u°)

B Rotate
unch 52m)
u Drift (110.7m) (51m ( Cool (to 100m)
- -
AE
L ]
.'l
Dirift ri-Buncher '.. 1'f—Hn:itmin:|11' ' ' ' ' ' '
]
L ]
L ]
L
L 25




# Adiabatic Buncher overview

X\
R

Muon Collaboration

e Want rf phase to be zero for
reference energies as beam
travels down buncher

e Spacing must be N A
=A\sincreases (rf frequency
decreases)

e Match to A= ~1.5m at end:

e Gradually increase rf gradient
(linear or quadratic ramp)

5L =5——

B(p,)

0.1250 GeV | R 0.30
SErms & 0.05872 GeV 6000 parficles GeV
act (r';f!'-!= 1.500 m
er‘ni’r’rdnglég: 0.4350 m—GeV Z = 150.00 m
-20m 20m  som
0.00

Example: A : 0.90—>1.5m
For s =90 to 150m

26
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Adiabatic Buncher example

y
T

Muon Collaboration

e Adiabatic buncher (z=90—150m)

® SEt To, 8(1/B)
e 125 MeV/c,
e In buncher:

7\“rf (Z) = ZS(%)

e Match to A=1.5m at end:

0.01

1 1
Lot (Bl B Boj = Ltotg(%): Arp =1.5m

e zero-phase with 1/p at integer
intervals of 5(1/B) : R

E:EMS(%)

Adiabatically increase rf gradient:

0.1250 GeV | R 0.30
SErms 3 0.05672 GeV 6000 particles GeV

act (r';f!'-!= 1.500 m
er‘ni’r’rdm%;; 0.4350 m—GeV Z = 150.00 m
=20m 20m 8 0

| 0.00
At 1 0.90-1.5m
2
l—17 l—17
Erf(Z):2 ( D) +6( D)ZMV/m
(Ltot_ZD) (Ltot_ZD



2\)
3F $-SE Rotation e

Muon Collaboration

0.1250 GeV 0.30

o Atend of buncher, change rf to s 2 005509 ooy 5000 porfives
decelerate high-energy bunches, ez osss7m=oey Z= 15874 m

accelerate low energy bunches

e Reference bunch at zero phase,
set A less than bunch spacing

(increase rf frequency)

D T B . . C
- T T T Act =10.1 Ay _ ; o S |

—20m 20m ' T BOm
0.00

e Place low/high energy bunches at
accelerating/decelerating phases

e Can use fixed frequency (requires
fast rotation) or

e Change frequency along channel
to maintain phasing

28




# Study2A June 2004 scenario

@

Teld

Muon Collaboration

e Drift -110.7m

e Bunch -5Tm
e V5(1/B) =0.0079

e 12 rffreq., T1T0MV
+ 330 MHz - 23OMHZ\
e ¢-E Rotate - 54m - (416MV total) -

e 15 rf freq. 230— 202 MHz

e P,=280,P,=154 8N, = 18.032
e Match and cool (80m)

e 0.75 m cells, 0.02m LiH
e “Realistic” fields, components
e Captures both u*and u-

e ~0.23 u/p within reference
acceptance at end

e Rms emittance cooled from €, =
0.0185 to €, = ~0.008m

P (MeV/c)

Drift (110.7m)

Rotate
(52m)

(51m Cool (to 100m)

- 340

ro4dd
- 320
— - 300
E W
; 6= =
= i -ZBOEE
Q 4
4 - 260
24 4 240
0 220
170
1000 4———~L——! : |
% f '
% i
: ¢
800 | 1 § _ -
iy © End of Drift
: : End of Buncher
. End of rf—retator
End of coolin
600 + i g L
i
N
400 | i u

ggg i B8
Ll

P [Ueve

T
250
ct (m)

T
200

T
300

|
350

e
400 450



Jt. 2N
"""' Features/Flaws of Study 2A Front End MT—"Q

e Fairly long section — ~300m long

e Produces long bunch trains of ~200 MHz bunches
e ~80m long (~50 bunches)

e Transverse coolingis ~2%inxandy
e No cooling or more cooling ?

e Requires rf within magnetic fields

e in current lattice, rf design
e 12MV/matB =1.75T

30
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Muon Collaboration

# Shorter Bunch train example

e Reduce drift, buncher, rotator to get = Target
shorter bunch train: ori
e 217/m = 125m 5?r:n

e 57m drift, 31m buncher, 36m rotator
e Rf voltages up to 15MV/m (x2/3)

e Obtains ~0.25 p/p,, in ref. acceptance
e Slightly better ?

31.58m

- ~0.23 y/p for Study 2B baseline otator
e 80+ m bunchtrain reduced to < 50m Hm
e An: 18 ->10
o T O =200MeV/c Cooler
et PasmaRIEICH pto 100 m

txtidsgne

-30 40m 31
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Simulations (N;=10

Fel/

Muon Collaboration

500 Me

i | T
region & .,W particles 0.5000 4474 particles 0.5000
Fi(rms) =1.8146 L= 1.000m %;ﬁ!&lf between 0.0800 and 0.2600GeV Fi{rms) =1.8209 1767 between 0.0800 and 0.2800GsV
dE =0.2348 GeV Ebar= 0.3385GeV e, dE =0.1956 GeV
Xrms= 0.040935m Px,rms = 0.100230GeVic Xrms= 0.087066m
— J
s=1m s = 89m
Drift 2
-30.00 30.00
0.00001
‘ 4395 particles 0.5000 region 1122 2435 particles 0.5000
2624 betwesn 0.0800 and 0. v - Fifrms) =1.1679 L=219621m 2113 between 0.0800 and 02500GeV
:dE =0.0739 GeV Ebar= 0.1660GeV
" Xrms=0.051081m Px,rms =0017211GeVic —
s =125 - S = m
- m -
y g -
P : :
f s { :
xE { i
. {2 3 = L
H
30,00 0.00 30.00 0.0 00 3000
0.0000 ' 0.0000

32
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Muon Collaboration

# Example: N; = 10, H, cooling

0.6 02

. Transverse emittance
ﬂ1a£&”N
u/p Al y's
(24GeV) ,——-—v/ \ 016 (m)

014

012
15ZM o3/
I u/p within
acceptance

.01

008

006

004

002

0
50 100 150 200
=
= E s 3
= ey = 2
o & “ =

5fm
Iﬁm

33
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3¢ o Summary T

Muon Collaboration

e Front end for v-Factory
e Target

e Initial $—0E Rotation for neutrino factory discussed
e High-frequency (multibunch)

e Matches into cooling and acceleration for neutrino
factory and collider

e Captures both y* and y- bunches

34
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Summary slide

Rl

Muon Collaboration

DID YOU HAVE A
CHAMNCE TO REVIEL
MY POLWJERPOINT
PRESENTATION?

wwnaLdilbert.com  ecotisdame@®aclecom

ITS FULL OF TECHNICAL
JARGON ANMD IT'S LAY
TOO ILDHG.

Faboe o008 Scan Adand, Inc/Dist by UFS, Inc.

LWJHY LWJOULD
I LOOK AT
SOMETHING
LIKE THAT?

~

1]

—————————— |

© Scott Adams, Inc./Dist. by UFS, Inc.

36



A\
R

Muon Collaboration

Extra Slides
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# Li Lens properties el

Muon Collaboration

e Current-carrying conducting cylinder

Benyllium End Waer Cooing Suppl Tube

e Focusing Field: = ey o
r Jg ] S
BB (l’) —u OItotal 27'CR02 : Cyinas vokme _, ,_“%
- P Ej i p I
. gl oy Septum f*ssenw/ Stee! Bodv/
e Fermilab values:
e Ry=1cm, I=0.5MA, L=15cm, B(Ry))=10T Focusing angle:
e Focuses 9GeV/c p with p, < 0.45 GeV/c ©=(0.3B(n L)/P
e Problems
e Pulsed at <1Hz, need liquid for 10* H secondary

Particles

Collection
Lens

e Absorbs particles (11,p-bar)
e Forward capture
e Captures only one sign man
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ut—u- Collider Parameters

)
Rl

Muon Collaboration

4TeV low emittance

Parameter 4TeV(2000)
Collision Energy(2E,) 4000
Energy per beam(E,) 2000
Luminosity(L=fonsnsN,2/4c?) 10%

Source Parameters 3.8 MW

4000 GeV
2000 GeV
10* cm?s™

1.0 MW p-beam
8 GeV
2x2x1013

20 Hz

Higheanesgy mmssn sorkonair

1000 m
2x10"

2

2000

Proton energy(Ep) 16

Protons/pulse(Np) 4x2.5x1013

Pulse rate(fo) 15
Collider Parameters

Mean radius(R) 1200

u founch(N, ) 1.25x10"

Number of bunches(ng) 4

Storage turns(2ns) 1500

Norm. emittance(en) 6x107

Geom.. emittance(e; =en/yP) 3x107

IR Beam size ¢ =(gf30)*

2.5x10 ad
1.3x10% cm-rad

39
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# Study 2: Induction Linacs Feld

Muon Collaboration

proton | beam

Drift to develop Energy- phase correlation

matching drif

st induction linac

minicooling

2nd induction linac

e Accelerate tail; decelerate head of beam, non-
distortion (280m induction linacs (1))

9s

= I o
E’ " Jrd induction linac
- 1.0 .-'i %
t/ . . . \ buncher
L1} . ]i.](?(llo {“52;](} 300 400 ﬁ
e Bunch at 200 MHz -
e ~0.2 u/p cooling
2
e Inject into 200 MHz cooling system 8 o

e Cools transversely (to g,.= ~0.002m
40



Muon Collaboration

# Induction Linac for ¢-E Rotation

e Induction Linac can provide long

o R —%
pulse for ¢-E rotation 10 5
e Arbitrary voltage waveform e
possible

MEOEC Madole

e Limited to < ~IMV/m S N f
e need > ~200MV, > 200m S

e Very expensive, large power
requirements

e Only captures one sign
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# Another example: ~88 MHz

e Drift - 90m mm Target
e Buncher-60m
e Rf gradient 0 to 4 MV/m
e Rf frequency: 166—100 MHz ALl
e Total rf voltage 120MV
e Rotator-60m
e Rf gradient 7 MV/m - 100—-87 MHz
e 420MV total .
e Acceptance ~ study 2A (but no cooling yet)
e Less adiabatic
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dE =0.1969 Ge ’g _:a 0.2542GeV dE=0.1716 e\” Eb = 0.2534GeV
Xrms= 0.08694! ¥ P,x rms = 0.033388GeVic Xrms=0.086630m,t Px,rms= =0.033529GeVic
B Lfrais
¥ 3 Jriirees
P HEAT RN D
- B A £ H H i it Lt
) - H % i 3 i ral g i
b I ER R i
F | AR B
RS EE
B
Y s
RS F] [
ST i&s
-50.00 25.00 100.00 | 50.00 25.00 100.00 42
i ‘ ‘ ooooo] () QeV/e




	NuFACT08 Summer School�  Muon Capture, Phase-Energy Rotation and Cooling 
	0utline
	Neutrino Factory - Study 2A
	Overview of  Collider
	μ+-μ- Collider
	Primary limitation: μ-Lifetime
	Beam Optics: Basic Equations
	Magnetic motion-Bending
	Betatron Functions-focusing
	Solenoidal Focussing
	Comparison of focussing 
	Betatron function discussion 
	Adiabatic damping and normalized emittance
	Longitudinal motion
	Longitudinal motion stuff
	Target for π production
	π capture from target
	Magnetic Horn after target
	Solenoid lens capture
	Target to Cooling channel match
	π→μν decay in transport
	Phase-energy rotation 
	Phase Energy rotation options
	Phase/energy rotation
	High-Frequency bunch and φ-E rotation
	Adiabatic Buncher overview
	Adiabatic Buncher example
	 Rotation
	Study2A June 2004 scenario
	Features/Flaws of Study 2A Front End
	Shorter Bunch train example 
	Simulations (NB=10)
	Example: NB = 10, H2 cooling
	Summary
	References
	Summary slide
	Extra Slides
	Li Lens properties
	 Collider Parameters
	Study 2: Induction Linacs 
	Induction Linac for φ-E Rotation
	Another example: ~88 MHz 

