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Muon Facility Examples:

e Neutrino Factory:

(Feasibility Study-II) T_ proton driver

O

[nduction linac No.1 I target

100 m mini—cooling |
drift 20 m 3.5mof LH, 10 m dnift
[nduction linac No.2 bunching 56 m

80 m :
drift 30 m cooling 108 m
Induction linac No.3
80 m Linac 2 GeV

recirculator Linac

220 GeV

%_ﬂ_ storage ring
e ) 20 GeV

neutrino beam
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Muon Facility Examples:
e Neutrino Factory: o u+u- Collider:

(Feasibility Study-I

proton driver (Muons, Inc.)

750 GeV 1
target beam
mini—cooling

Induction linac No.1

100 m ‘
drift 20 m 3.5mof LH, 10 mdri
lndélgtion linac No.2 bunching 56 m 2 km - 51.5 GeV Linac
m "
drift 30 m cooling 108 m 750 GeV H.E. RILA
Induction linac No.3 Recirculat .
; 2km-51.5GeV L
80 m Linac 2 GeV arcs (7 © v Anac
ircul Li Coalesci 1/ Tzll:] Cff’e l\l + cool/ace
recirculator Linac ring p- coolace || L.E.RLA ] p

2-20GeV

M- cap/cool w+ cap/cool

storage ring
20 GeV

ey (Id

neutrino beam

e Common features:
1. w production: p on tgt — 1 — p, collected in focusing channel
2. u cooling & acceleration

— then

3. ustorage, neutrino beam via - — e~ v, Ve —or— u* - collisions
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Why Muon Colliders?

* A pathway to high-energy lepton colliders

. . . e Also...
— unlike e*e-, Vs not limited by radiative effects

— s-channel coupling of Higgs to
lepton pairs o< Miepton?

Separation of A% & H° by Scanning
[Barger et al., hep-ph/0110340

/\ \ VLHC 100 Tev pp L T T T T | T T T T | T T T T | T T T T | T T T T ]
/ = N (11 — 17 TeV) i |
| FNAL I ——R=0.01% |
N SSC 40 TeV\pp N i A A R=0.06% 1
\/ pr—
(4.4 — 6.7 T&V) - . m,=350 GeV €=0.5 i
Q0 - i
Gt B i
~
S . i
. - 4
[ 1)
NLC e*e” (0.5—1 TeV), E’ i ]
S . i
\ = Higgs utu™ (0.1 Tev) / :q>,) 20 — ]
O wu @aten) 7 = i 1
N pu” (3 Tev) 7 - - §
~ s I BNL \ i i
\ ~ -~ / ‘ - / O 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
1 km - == ~ 348 349 350 351 352 353
U
Pipetron 100 TeV pp \/_S (GeV)
[Ankenbrandt et al., PRST-AB 2, 081001 (1999)] (11 — 17 TeV)

* E.g., u-collider resolution can separate

near-degenerate scaler and pseudo-scalar
Higgs states of high-tan 3 SUSY
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Why a Neutrino Factory?

e Neutrino mixing raises fundamental questions:

1. What is the neutrino mass hierarchy? [sgn(Am?31)]

“natural’ “inverted”
V- v
‘ v,
OR?
v
.V
Vi

2. Why is the pattern of neutrino mixing so different from that of quarks?

CKM matrix: PMNS matrix: L SOV ) P ST S
o o 2 2 /13 €
912 =128 hierarchical 912 =30 (SOlaI') 1 1 ﬁ
0, =2.2° p&nearly 6. =45° (atmospheric) g ™M -
g, =040 Jdiagonal g 130 (Chooz limit) ~1 1 2

3. How close to zero are the small PMNS parameters 013, 07

= are they suppressed by underlying dynamics or symmetries?

* These call for a program to measure the PMNS elements as well as possible

e Goal: overdetermine the matrix!
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Neutrino Factory Physics Reach

e 30 contours [ISS Physics Group Report, arXiv:0710.4947v2]:

1
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Why Muon Cooling?

e VF physics calls for ~ 0.1 wp-
on-target

= very intense W beam from 7t
decay

= must accelerate large (~1075
mm-.rad rms) beam emittance

* But large-aperture acceleration
systems are expensive!

m» cost-effective to cool the muon
beam

e uC: L =« /ooy
=> big gain from smaller beam
= t0 achieve useful collider

luminosity, necessary to cool
the muon beam
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D. M. Kaplan, IIT

The Challenge:

Q: What cooling technique works in microseconds?

A There is only one, and it works only for muons:

Ionization Cooling

w” dE dE dE
dx dx dx
r.f. r.f. r.f. r.f.

G. |. Budker and A. N. Skrinsky, Sov. Phys. Usp. 21, 277 (1978)
A. N. Skrinsky and V. V. Parkhomchuk, Sov. J. Part. Nucl. 12, 223 (1981)

Muon Cooling and Future Muon Facilities DPF2009,Wayne State




Tonization Cooling:

® Two competing effects:

Jun
=

4 6— H, liquid _
ol N ]
u” dE dE dE = F W
dx dx dx 3 CEr
S 2f ) B e e :
/ /’/' dE / EL W i
E % E o AS 11 IIIIII| 11 IIIIII| 1 IIIIIII| 11 IIIIII| | - IIIIII|

— Absorbers: dx

0.1 1.0 10 100 1000
\ Muon momentum (GeV/ie)

9 — 0 + QSZ"Zlf:e\ ionization energy loss
multiple Coulomb scattering

— RF cavities between absorbers replace AE
— Net effect: reduction in muon Ap, at constant py, 1.€., transverse cooling

de 1 <dEM> N 31(0.014 GeV)?
E,  2B83E,m,Xo

ds B2
Note: It’s just Maxwell’s equations, so in principle it has to work!

But in practice it’s subtle and complicated...so a test is essential!
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Some Ionization Cooling Details

1. Effect is transverse only E i
— might hope to cool longitudinally via P 6: H, liquid :
dE/dx curve’s slight positive slope above = af-
ionization minimum s sf
= L
. § o W T T e T
— but dE/dx “straggling” tail leads to heating =~
2. To optimize cooling requires: CE R """ioﬁ' o0 000 10000
v =p/Me
— low 3. (strong focusing) — Muenléomozztui({(‘chhlgo o

— large Xo (low Z)

— low Ey (typ. 150 < pp <400 MeV/c)
Dipole (bend)

3. Can “rotate” portion of effect L
into longitudinal phase plane | _peam 0
via “emittance exchange = 5p

—>

— allows all 6 phase-space dimensions

to be cooled introduces
dispersion (n)
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Preparing for Ionization Cooling

Example: International Scoping Study (ISS) VvF design [JINST 4, P07001,
(2009)]

e Muons born with small Az but large AE

e |st bunch, then phase-rotate:

&
&
&
‘ Dr\RF Buncher .. RF Rotation . i . § . . .
..
@
®

ct

AE

e Bunching via RF “vernier” [D. Neuffer]

— several RF frequencies starting at =300 MHz, decreasing to 200
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Tonization Cooling

ISS scheme: [JINST 4, PO7001 (2009)]

’g COOLING LATTICE
e Alternating-solenoid " SC 106 Amm?
focusin
. 50~ f cavity E
e Thin, Be-coated LiH absorbers 201.25 MHz
double as RF-cavity windows > J Ll i m] h.._-
0.10 |

0 25 50 75 100 125 150 Z(cm)

Cool

0.08 -

e 80m-long cooling channel
increases muon intensity x 1.6

0.06 -

Phase-rotate

w/p

004 |7t Capture & decay

e Accepts and cools pu* and p-

simultaneously
0.02 -

0-00 T l T l T l T l T l T l T l
0 50 100 150 200 250 300 350

z [m]
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Rapid Muon Acceleration

NFMCC
e Conventional synchrotrons too slow
e Following cooling, muons at = 200 MeV/c FS-II: Linac 2 GeV
oy 1 2000
= must start with linac ( )
Recirculating Linac
e Subsequent stages: 2 x 2.3 GeV
— previously (FS-I and -II) racetrack RLAs
— now favor dogbone RLAs
and novel, non-scaling FFAGs ISS: Cooling
— also very-RCS considered: ( ) RLA '6'35(‘;;\‘/’
S D D —
4 N\ @:} = T
Modify the 400 GeV Main Ring I =
e 70 — 750 GeV in 68 orbits (1.4 ms). 3.6-12.6 GeV RLA
10 GeV of 1.3 GHz, 30 MV /m SRF. T
Muon Survival = 79%. r=1000m. 12.6-25 GeV FFAG

e FODO Lattice 30.45 m Long Half Cell.
3.3m, 160 Hz, 30 T/m Quadrupoles.
3.2m, 8 Tesla Superconducting Dipoles.
5.7m, 360 Hz, 1.8 Tesla Dipoles.

Dipoles oppose, then act in unison.

Eddy Currents: Thin copper wire and (from D. Summers,“Muon Acceleration to 750
.28mm grain oriented Si steel laminations. GeV in the Fermilab Tevatron Tunnel’” NFMCC

:F1.8T 48T | F18T | 48T :F1.8T mtg, UCLA, 2/1/07)
F | | Dipole

Dip. | | Dipole| | Dip. | | Dipole
D. M. KaplanJIIT , Muon Cogling and Future Muon Facilities DPF2009, Wayne State 14




Non-Scaling FFAG Acceleration
J.S.Berg (BNL), C. Johnstone (FNAL)

* Fixed-field lattice includes both in- & out-bends for large Ap/p acceptance

extraction energy

e Beam trajectories
move from inside
ring at injection

to outside at = —
extraction __ D/2
injection energy = (“non-scaling”
* Seems lower-cost o in that trajectories at
than other approaches g2 different momenta dissimilar)

¢ Beam timing s.t. synchronization with RF buckets impractical
=> use “serpentine” acceleration, between buckets

— 5[
1 gt
3 4 E
0.8 (;)
g 3r E
0.6 S ok
©
< 3
0.4 a
z
>
0.2 L
o
o
£
|_

0 Il

| T — o oy by _:\\\\\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\7

-0.5n -0.25n On 0.25w 0.5n 2IO 12 14 16 18 20
phase Kinetic Energy (MeV)
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New FFAG Idea (NuFact(9)
Y. Mori, T. Planche, et al. (Kyoto)

e Scaling FFAGs have attractive features

— fixed field = no ramping, allows rapid acceleration
— zero chromaticity = constant tunes

e But also drawbacks: large dispersion = large orbit excursion
— large-aperture magnets & RF cavities = low frequency
— short straight section = injection/extraction difficult

— limited space for cavities

k+1 n 5

. PR B, =B exp|—x
e “Advanced” scaling FFAGS:  jjseftion/ ; p[
— sol’n for straight insertion ~ Matching Q O
with dispersion suppression . dispersion suppressor
ring
RN -
— eases above problems B-B, (L) x‘ln(po)(no nl)
To

— allows harmonic-number-
jump acceleration

D. M. Kaplan, IIT Muon Cooling and Future Muon Facilities DPF2009,Wayne State
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Towards Muon
Colliders
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Towards Muon Colliders

e < xI10 transverse cooling sufficient for VF

18

Combine — 1 bunch
201 MHz
RFOFO Gugg i
Phase Rot— 20 bunches

50 m S2a Linear
Cooling 200 MHz

ISS

1/2 Scale RFOFOQ | Neutrino Factory
Guggenheim 402 MHz Front End

B T
v S
24—Woy—20D4
. 103 3
e But uC requires ~ 106 : )
emittance reduction L |z =z
— both transverse and - S <3
E . cs
longitudinal £ : L3
s g 100 [ \\ 0.E
E L / N \
LI:D H in 50 T Solenoids
;,g L0 E (W|th Muons Inc) N
1 1 1 1 11l

0.1

Trans emittance (mm mrad)
D. M. Kaplan, IIT Muon Cooling and Future Muon Facilities

>4
0? 10*
DPF2009,Wayne State

I8




Quad+Dipole Ring

radius 13 m

circonf.=84.4 m

A. Garren, Cline, al (UCLA)

D. M. Kaplan, IIT

6D Cooling Approaches

\\\\
........

.......

K Yonehara (FNAL),
R Johnson (y, Inc.),
Ya. Derbenev (JLab)

Helical FOFO “Snake”

Y.Alexahin (FNAL)

Muon Cooling and Future Muon Facilities

e Transverse ionization cooling self-limiting due to longitudinal-emittance
growth, leading to particle losses

— caused e.g. by energy-loss straggling plus finite dE acceptance of cooling channel

= need longitudinal cooling for muon collider (could also help for NF)

e Variety of wedge-absorber, 6D-cooling ring, & spiral lattices explored:

RFOFO “Guggenheim”

- B\ R
L 1o
_ GhriariEg,

A 1 Iilv"';_\__E_:lﬁ

R. Palmer (BNL), P. Snopok (UCR)

—> Helices avoid injection/extraction kickers & allow matching [3 to &(s)

DPF2009,Wayne State 19




Muon Collider Parameters

e What performance can then be

Muons, Inc. (LEMC strawman):

envisioned for a muon collider? : (TeY com ?
Average dipole field (T) 10
NFMCC examples: Radius of Arcs (m) 500
4 TeV Collider R.ing Parameters from 98 Study, 8 TeV pushed Length of Straight Sections (m) 350
Circumference (m) 3842
Phase 1 Phase 2 Revolution frequency (Hz) 78093
C of m Energy 4 8 ,, ~ Revolution period (s) | 28053E-05
Luminosity 4 8  (10** cm?sec! Nomber of IPs 2
Tune Shift 0.1 1
Muons/bunch 2 2 1012 Number of Py+ bunches 10
Ring <bending field> 518  10.36 T bunch intensity | 00E+11
Ring circumference 8.1 8.1 km tune-shift parameter 6.00E-02
Beta at intersection 3 3 mm B* (cm) 5.00E-01
rms momentum spread 0.12 0.06 % Peak Luminosity/IP (1/(s cm"2)) .
Muon Beam Power 9 9 MW Average Luminosity 3.53E+34
Required depth for v rad | 135 (ILC) 540 m U lifetime (s) 3.08E-02
Repetition Rate 6 3 Hz rep rate (Hz) 32
Proton Driver power ~ 1.8 ~ 0.8 MW Required Norm trans emittance (um) 2.1
Trans Emittance 25 25 p? mm mrad Aplp (%) |
Long Emittance 72,000 72,000 | pi mm mrad Bunch length (cm) 0.5
Bunch emittance width in arcs (cm) 0.1

e Assumes ~10°in 6D cooling

D. M. Kaplan, IIT

Muon Cooling and Future Muon Facilities

Bunch Ap/p width in arcs (cm)

DPF2009,Wayne State
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Cooling for a Muon Collider

Phase Rot — 20 bunches

©
e Also other possibilities: - =
= v
= £ _ 5
108 g <3 G o 2 &
Strawman LEMC o E £ L 2 S
x s 2o L2 g 3
N - u’-_f o= - S 2 EE -
3 1{]9 - - £ - % — —) =
‘\ — - -] o o = ELI_ U"l
\E = e afd T o o
£ : o = oo & pul
REMEX-2 X - - Peo 5 B
B = m
£10.0 = 5 P
E \\ * "-.-I -
E '\\ 'I-“ (’('I 52
L "\ \ ~THCC ::u::nlmg EUIU ME2
= *s
s 1.0 g " .
REMEX-1 é \\* PIE‘I:EW Ri*ﬂgﬁ/"’ 1/2 SCT[?Z%QFO Guggenheim
{]1 L L1 1 il L L 1 1 1aul L L1 1 1aul L L1
: 2 4 b6 ; 2 4 b8 2 4 68 2 4
— More than one way 10 . 107 10
(o skin this cat Trans emittance (mm mrad)
D. M. Kaplan, IIT Muon Cooling and Future Muon Facilities DPF2009,Wayne State
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“Extreme Cooling”

Ya. Derbenev (JLab), R. Johnson (Muons), R. Palmer (BNL)

e (Can cool beam yet further with new approaches:

— Parametric-resonance Ionization Cooling (PIC)...

ZS

N
X
A

\\/

X' (REMEX):

e—-

'&‘x —CO}’?Sf Incident \fluons A
- L)
=

.
—-

r/r Wedge Absorber

Evacuated Dipole — |

. & Reverse Emittance Exchange

".| sorber plate | | Parametric resonance lenses "
"
] i
il S :'__‘- H — | o
IIIH-\H:_I{H l;ll.l""-. __.-"".-- IJ -.""--;I_..-"'-#l_ 50 I T | | | — | |
B I_ij_l__.-'”.; - ~ . -:l-l!l__.e’.- - ..H-ﬂ. - .J-.lLllil____.-' "-.____._._-.-.- ) w0 _]O[ﬂOﬂO 0[“0(“0(] 100 OGEOOROCHOCHOQIILOP Nb3Sn pancakes
E w_u il G il iU
— or with HTS 50 T solenoids: o b .
RF Linacs ¢ %
50T . . 20 89 HTS Layers
-> 73
sol. %
= = 10 | 100
LH: ¥
abs. 0 ' :
-1 0 1
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Muon Collider/Neutrino Factory R&D
NFMCC & Muons, Inc.

e Operation of high-gradient RF cavities in strong solenoidal fields

— to cool large initial muon beam, want high-gradient,

moderate-frequency, normal-conducting RF cavities
operable in high focusing magnetic fields

tests in progress at Fermilab MuCool Test Area
(MTA) near Linac, with full-scale (201 MHz)

and 1/4-scale closed-cell (pillbox) cavities
RF cells closed with Be windows

for higher on-axis field) AT

_ feed
: i i i III -i-. "
. | ! i 1__:_11— T -

. jl.‘ !n'.‘*_ ‘r.._.‘_ -

al " ] o 1 P e e - e - e
] 201 MHz st - =20 Lk r— s ¢ T
- B Supercondusting.s 201 MHz cavity

5T solenoid
“"‘.l i

’1[_&

EEIE MH= cawt:,r

Prototype 201-MHz cavity _
D. M. Kaplan, IIT Muon Cooling and Future Muon Facilities DPF2009, Wayne State 23




RF Cavity R&D

L 40 - 4040 (ERROSIng)
* Tests at 805 MHz show diminished | %3766 R
cavity performance in few-tesla field: 3 [ == (Single Coll)
= 5 DIECK
€ 25 7'21515_. 255 X
= 2535 50
 Muons, Inc.: pressurizing the &2 ' e
cavity helps! (Paschen effect) F " . i
805 MHz Test Cell High-P Electrode Structure " 10 e
L _ e T : 5
e oo I I 0 1 2 3 4 5
E}h @‘rm M{L::FI B i} ' Peak Magnectic Field in T at the Window
oL b — Pressure (psia) at T=293K
B 7; I.Dﬂﬂ 20 400 600 00 1000 1200 1400 1600
1 : S %0 CuData: max gradient 49.9 MV/m
0 Mo Data: max gradient 63.8 MV/m
e Plan further investigation & | BeDw max gradients2.3 MVim R
: : : adient 65.5 MV/mat B=: s
Of mateflals, COatlngS, & E &0 Mo Data: max gradient 65.5 MV t B=21 L]
Surface preparatlonsu. l; =0 5 [ : % ............  ——— &
= 40 E AN
| S |
e Also work on lattices w/ @ !
low field at cavities wh
1]
o- '

0 0001 0.002 0003 0.004 0005 0006 0007 0.008 0009 0.01
D. M. Kaplan, IIT Muon Density (g/cm’) _ 24




Muon Facility Feasibility Demonstrations

Multi-MW targets: MERIT @ CERN nTOF facility

e Transverse ionization cooling: @ RAL ISIS synchrotron
e Non-scaling FFAG acceleration: EMMA @ DL

D. M. Kaplan, IIT

6D helical cooling: MANX proposal

Muon Cooling and Future Muon Facilities DPF2009,Wayne State

25




MERIT (MERcury Intense Target):
H. Kirk (BNL), K. McDonald (Princeton), et al.

e Proof-of-principle demonstration of Hg-jet target for 4-MW proton beam,
contained in a 15-T solenoid for maximal collection of soft secondary pions

15-T NC pulsed solenoid:

S

24

IO k==~

— Key parameters:
— 14 & 24-GeV p beam, up to 3 x 1013 p/2-us spill in < 8 bunches (“pump/probe”)
— 0y of proton bunch < 1.5 mm, beam axis at 67 mrad to magnet axis
— Hg jet of 1 cm diameter, v = 20 m/s, jet axis at 33 mrad to magnet axis
— Each proton intercepts the Hg jet over 30 cm = 2 interaction lengths

e Ran Oct. 22 — Nov. 12, 2007; conclude:
— 20 m/s operations allows for 70Hz operations
— 115kJ pulse containment demonstrated
— Hg jet disruption mitigated by magnetic field
— Hg ejection velocities reduced by magnetic field
— Pion production remains viable up to 350 ps after previous beam impact
— 170 kHz operation possible for sub-disruption-threshold beam intensities

D. M. Kaplan, IIT Muon Cooling and Future Muon Facilities DPF2009, Wayne State 26
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Muon Ionization Cooling Experiment (MICE)
A. Blondel (U. Genéve), M. S. Zisman (LBNL), et al. (www.mice.iit.edu)

* Goals:
1. show feasibility of cooling channel giving desired performance
for a Neutrino Factory;

2. operate in y beam, measure performance in
various modes and beam conditions.

S Final PIL
- ina :
- ';":-:| .1“ -
N | TOF
Calorimeter

e - I — SciFi solenoidal spectrometers
measure emittance to 1%o.
(muon by muon)

u beam
~200 MeV/c

e [arge international, interdisciplinary collaboration:
>100 particle and accelerator physicists and engineers from Belgium, Bulgaria,
China, Italy, Japan, Netherlands, Russia, Switzerland, UK, USA

Muon Cooling and Future Muon Facilities DPF2009,Wayne State
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Avatars of MICE

MICE Schedule as of April 2009 Caveats: -- cost and schedule review
-- funding issues in UK

fac
M STEP1 - - technical hurdles
Run: Sep09

*|I<|I____j______ [l step im0 00

II STEP IV Run: Q2 2010

----------- ISIS shut-down (provisional) Aug 2010-Apr 2011 -----------

e~
He=mm ]ﬁ’_ﬂfi_;‘[’i“ mm=n 5] II STEPV

a||<|! @ & Run: 2011

NUFACTO9 IIT Chicago 20-07-2009 Alain Blondel ‘
D. M. Kaplan, IIT Muon Cooling and Future Muon Facilities DPF2009, Wayne State 28




EMMA (Electron Model of Muon Accelerator)

R. Edgecock (RAL) et al.
* Proof of principle demo of non-scaling FFAG using electron beam

e Applications envisioned in muon acceleration, cancer therapy,...

* Needed to verify novel acceleration, including
rapid resonance crossing

 Now approved and funded to run at Daresbury Lab:
e Int’l collaboration: UK/US/CERN/FR/CA/GE

 Have completed:

— lattice design

— tracking studies

— hardware specs

— hardware outline design

— costing
e Status:
~t
— funding from UK Basic !
Technology program |
— Ist beam before end 2009a a

D. M. Kaplan, IIT Muon Cooling and Future Muon Facilities DPF2009, Wayne State 29




MANX (Muon collider And Neutrino factory eXperiment)

R. Johnson (Muons, Inc.) et al.

e Short HCC designed as “precooler” can also be adapted as 6D cooling

demonstration experiment

. . Muon collider and Neutrino factory eXperiment (MANX)
° Requlres short, praCtlcal (white: reference orbit, )

input & output matching

Tracker

Al window
(1.0 mm Thickness

— Liquid He absorber ¢
_  No RF cavities ) Upstream Matching Section
— Length of cooling channel: 3.2 m |
— Length of matching section: 2.4 m
— Helical pitch x: 1.0

— Helical orbit radius: 25 cm

— Helical period: 1.6 m _.
— Transverse cooling by ~30% 24 Dowmstream Matching Section
— Longitudinal cooling by ~10% (Vacuum or Gascous He)

— 6D cooling: ~50 %

{Vacuum or Gaseous He)

e Could be run at RAL using MICE beam & spectrometers

e Also sites at FNAL under consideration

D. M. Kaplan, IIT Muon Cooling and Future Muon Facilities DPF2009,Wayne State

30




Outlook

e Around 2012, should know

— whether 3 low-mass Higgs &/or SUSY
= whether ILC will proceed
— cost & feasibility of v Factory & 1 Collider

e Will be ready to proceed with final design & construction of one or both
of these muon facilities

e Each appears considerably cheaper than ILC

* Given the will, and the resources, either or both could be operational by
2020

D. M. Kaplan, IIT Muon Cooling and Future Muon Facilities DPF2009, Wayne State 31




Summary

* Muon storage rings are potentially a uniquely powerful option for future
HEP facilities

* Proof of principle accomplished for high-power targetry at >4 MW!

e After much R&D, muon cooling looks feasible

— both in transverse and longitudinal phase planes
 MICE should establish feasibility of 1onization cooling by ~2012
e New techniques could yield muon emittances comparable to ILC values

e Future looks bright for muon colliders and neutrino factories!

D. M. Kaplan, IIT Muon Cooling and Future Muon Facilities DPF2009,Wayne State

32




Neutrino Factory Feasibility:

* Much work on Neutrino Factory design has convinced us that it is feasible
* Feasibility Study I (1999):
— 6-month study sponsored by Fermilab, led by Norbert Holtkamp

— many person-years of effort, including detailed simulation studies and engineering of
conceptual designs

— goal: based on assumed technical solutions, estimate relative costs of subsystems to see
which ones are “cost drivers” for further R&D

— main cost drivers were acceleration, cooling, longitudinal phase-space manipulation

e Feasibility Study II (2000-01):
— l-year study sponsored by BNL, led by Bob Palmer (BNL) and Mike Zisman (LBNL)
— again many person-years of effort, including simulation and engineering

— goals: improve FS-I performance and reduce estimated facility cost

— undertaken as part of APS Multi-Divisional Neutrino Study

— goal: use new ideas to tweak FS-II design to reduce cost while maintaining performance

* International Scoping Study (2005-6)
— under auspices of CCLRC/RAL, lay groundwork for multi-year Int’l Design Study

* International Design Study in progress — next mtg Mumbia, Indial2—-14 October

— see https://www.ids-nf.org/wiki/FrontPage
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““A Brief History of Muons”

* Muon storage rings are an old idea:
— Charpak et al. (g —2) (1960), Tinlot & Green (1960), Melissinos (1960)
* Muon colliders suggested by Tikhonin (1968), Neuffer (1979)

* But no concept for achieving high luminosity until ionization cooling
— O’Neill (1956), Lichtenberg et al. (1956),
— applied to muon cooling by Skrinsky & Parkhomchuk (1981), Neuffer (1983)

e Realization (Neuffer and Palmer) that a high-luminosity muon collider might be feasible
stimulated series of workshops & formation (1995) of Neutrino Factory and Muon Collider
Collaboration

— has since grown to 47 institutions and >100 physicists

®* Snowmass Summer Study (1996)
— study of feasibility of a 2+2 TeV Muon Collider [Fermilab-conf-96/092]
* Neutrino Factory suggested by Geer (1997) at the Workshop on Physics at the First Muon Collider

and the Front End of the Muon Collider [AIP Conf. Proc. 435]; Phys. Rev D 57, 6989 (1998)
[D59:039903,1999(E)]; also CERN yellow report (1999) [CERN 99-02, ECFA 99-197]

* Formation of ICAR (1998), then Muons, Inc. (2002)

®* Fermilab Muon Collider Task Force established (2006)
* See also:
— Neutrino Factory Feasibility Study I (2000) and II (2001) reports;
— Recent Progress in Neutrino Factory and Muon Collider Research within the Muon Collaboration,
Phys. Rev. ST Accel. Beams 6, 081001 (2003);
— APS Multidivisional Neutrino Study, www.aps.org/neutrino/ (2004);
— Recent innovations in muon beam cooling, AIP Conf. Proc. 821, 405 (2006);
— www.cap.bnl.gov/mumu/; www.fnal.gov/projects/muon collider
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