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* Fundamental
The Standard Model _ particles &

forces

* Understanding:
— Symmetries

— Conservation
laws

— Dynamics

I

* And yet ...
Discoverefl completing

the picture ...



... our understanding remains incomplete

* Hypothesis:
— The Standard Model is sufficient

* Test through study of Higgs at LHC, ILC, FCC, MC ... :

— Requires exquisite precision; Vs ] 1 TeV

arXiv:1310.0763v3 [hep-ph] 30 Dec 2013 |
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... our understanding remains incomplete

neutrinos




.. our understanding remains incomplete
The Particle Universe
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“®=—— Dark matter

Galaxy/star
formation

Removal of

anti-matter

Inflation

Improved understanding
will have impact
beyond particle physics



Muon beams have the potential to

* Serve neutrino physics with intense beams that have:
* Precisely known flavour content;
- Precisely known energy spectrum

* Provide multi-TeV lepton-anti-lepton collisions:
* With extremely small energy spread;
- Most cost-effective means to achieve E., > 1. TeV
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MICE and the next generation of muon beams for particle physics

MUON BEAMS
FOR PARTICLE PHYSICS



Muon beams; basis of advantages

* Muon mass:

—m, = 106 MeV/c2 = 200 * m,

* Conseguences:

— Negligible synchrotron radiation during acceleration:

* Rate < m+ = reduction of factor 5 x 10-10 over e

— Strong coupling to Higgs:

* Production rate < m2 = enhancement 5 X 104 over e+e-

per GeV
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Muon Collider:

* Optimum route to multi-TeV
Iepton-anﬁ-lepton CO"iSionS: - Lepton CollidersFigure of Merit:

Total Luminosity per wall plug power

— Muon mass; 200 times that of
the electron mitigates:
* Synchrotron radiation;
* Beamsstrahlung

— Muon rigidity allows efficient

acceleration

* Results in cost-efficient
acceleration to very high energy

o . MAP/MASS
* Luminosity critical:

2.00 3.00 0U
C.M. colliding beam energy (TeV)
~4=IC =m=CLIC =4=PWFA =g=Muon Colliders ==FCC{TLEP)
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A COMPLETE DEMONSTRATOR OF A

OOLED-MUON HIGGS FACTORY

Monday, 18 May 2015 at 3:30 pm
Fermilab, Ramsey Auditorium

In analogy with the discovery of the W and Z with hadrons and the
subsequent study of the Z resonance in the pure s-state with LEP, the
recent discovery of the Higgs particle of 125 GeV has revised the
interest in the so-called second generation Higgs factory. However the
direct production of the H° scalar resonance in the s-state has a
remarkably small, narrow width, since AE/E < 4 MeV / 125 GeV =

3.2 x 105, We describe here a pu*u collider at a modest energy of

62.5 GeV and the adequate cooled muon intensity of about 6 x 10"
muons of each sign, a repetition rate of 15-50 p/s and L = 10% em™ s7,
corresponding to about 10’000 H® for each detector x year. Its partial
widths can be studied with remarkable accuracies. With the help of the
decay frequency of the polarized muon decay electrons, the H° mass
itself can also be measured to about +100 keV, i.e. Am/m = 10°,

The next modest step, prior to but adequate for the subsequent H°
physics programme, could be the practical realization of an appropriate
muon cooling demonstrator. Starting from a conventional pion beam,
the required longitudinal and transverse emittances are achieved with
a cascade of two unconventional but very small muon rings of few
meters radius. Low momentum muons of about 250 MeV/c, initially
with Ap/p = 0.1, are cooled in a first ring, extracted and ionization
cooled to about 70 MeV/c, and cooled ultimately in a second small ring
up to a longitudinal momentum spread of 0.7 MeV/c r.m.s. The
operation of the demonstrators may be initially explored and fully
demonstrated with the help of a modest muon beam already available

NOb el Laure ate in a number of different accelerators.

The additional but relatively conventional components necessary to
realize the facility with the appropriate muon current and luminosity

® should then be constructed only after this initial cooling experiment
rO ar O u 1 a has been successfully demonstrated. The ultimate u*u collider for a
® Higgs Factory may be situated within the existing CERN site or elsewhere.
O Acce/g %,
; & 2.
*:.)

http://map.fnal.gov/events/CarloRubbia.shtml Progras®

ff’g“ U.S. DEPARTMENT OF | Office of

&.@{J’ ENERGY | science

2% Fermilab



Muon beams; basis of advantages
* Muon decay described precisely by SM

) =3
Mass m = 0.1134289267 + 0.0000000029 u
Mass m = 105.6583715 + 0.0000035 MeV
Mean life T = (2.1969811 + 0.0000022) x 106 s
Tu+/'c”_ = 1.00002 = 0.00008
CT = 658.6384 m
Magnetic moment anomaly (g—2)/ 2 = (11659209 + 6) x 10~10
(9,+ = 9,-) / Gaverage = (—0.11+ 0.12) x 1078
Electric dipole moment d = (—0.1 + 0.9) x 10712 ecm

Decay parameters [°]
p = 0.74979 + 0.00026
n = 0.057 + 0.034
6 = 0.75047 + 0.00034
£P, = 100097 $ 416
EPL/ p = 1.00187 3 8055 [c)
£ =100+ 0.04
£ =07+04
a/A=(0+4)x103
a/A=(—10=+ 20) x 103
B/A=(4+6)x1073
B/A=(2+7) x103
n =002+ 0.08 PDG 2014

* Charge to mass ratio tavourable:
— Readily tune neutrino-beam energy
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Neutrino Factory

* Optimise discovery potential for CP and MH:

— Requirements:
e Large v, (v.) flux

* Detailed study of
sub-leading effects

Appearance
Vo — Vg Vo — g
CPT: P(vq — vg) = P(ig = Va);
P(vo = Vo) = P(Dy — Dy)

* Unique: P(va=rvp)=P(ra=v3)

P(va—vg)+P(va—vg)

— Large, high-energy

ve (ve) ﬂux . P(l/a — 1/5'), P(lj(l — 173)
[P ( Vo — UV o )]

P(VQ.' — I/I‘B); P(lja' — 173)

and P(vy — Vo)

— Optimise event rate
at fixed L/E

* Optimise MH sensitivity

* Optimise CP sensitivity 14



arXiv:1112.2853

Neutrino Factory:

* Two approaches:

— Optimise L and E to match magnetised Fe/scintillator
* IDS-NF approach: T alue]

Accelerator facility

o °
- 1 .4 /0 | gn d I Muon total energy 10 GeV
o Production straight muon decays in 107 s 1021
i 20 /0 baCkg rou nd Maximum RMS angular divergence of muons in production straight 0.1/~

Distance to long-baseline neutrino detector 1500-2 500 km

Linac opbon

ng option

) )

o
\-......// ! ® .
Magneti sed Iron neutrino Detector (MIND):
_ 100 kton
Linac to 0.4 - : + Odtagonal plates and toroidal fied

: (asin MINOS)
+ Magneticfield 1.2-2.2 T from 100 kA arrent
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arXiv:1112.2853; 1308.0494v1

Neutrino Factory

* Two approaches:
— Optimise L and E to match detector threshold

* IDS-NF approach: [ Vaue

Accelerator facility
Muon total energy 10 GeV

Production straight muon decays in 10° s 102!
Maximum RMS angular divergence of muons in production straight 0.1/

Distance to long-baseline neutrino detector 1500-2 500 km

— Exploit LAr detector sited 1300 km from FNAL
¢ MAP/MASS approach: Neutrinos from a Muon Accelerator CompleX (NuUMAX)

— Add small amount of 6D cooling
— Neutrino Factory with 5x102° straight muon decays/year @ 5 GeV
— Muon ring at 5 GeV pointing neutrino beam towards Sanford

Detector 1

Detector 2
NuMAX and NuMAXx+

=)
{ se

MAP/MASS

ain Injector

Frontend Tyget Buncher

CPA APA



Bayes, Coloma, Huber

Neutrino Factory

L[]1290 km|

Abatll
B3=40°

LBNETLO

LBNE

LBNE +PIP 2.3MW)
T2HK

o
o)}

NuMAX (commissioning)

Fraction of §

0.4

NuMAX
NuMAX+

10kt
magnetized LAr
34kt

GLoBES 2012

GLoBES 2014

* Assumes surface operation to be equivalent to
deep underground operation for beam physics




Neutrino Factory & Muon Collider concept

Neutrino Factory (NUMAX) |

Proton Driver Front End Acceleration M Storage Ring v Factory Goal:
1021 ut & uper year

within the accelerator
: acceptance

u-Collider Goals:
126 GeV =

Accelerators: ~14,000 Higgs/yr
Single-Pass Linacs Multi-TeV =

Lumi > 1034cm=2s1

ﬁ

Phase Rotator
Initial Cooling

Decay Channel

Accumulator
MW-Class Target
Capture Sol

Share same complex

B |
Muon Gollider l'

Proton Driver Front End Acceleration Collider Ring

, E - c
m :I--- ! coM

Higgs Factory
to
\ ~10 TeV

—
LR

Combiner

Capture Sol.
Decay Channel

Accelerators:
Linacs, RLA or FFAG, RCS

Accumulator
Phase Rotator
Initial Cooling
Final Cooling

MW-Class Target




Accelerator challenges

* High-power, pulsed proton driver:
— Development of high-power, pulsed proton source underway at proton labs

* Pion-production target:

* Proved principle of mercury jet target

* Muon front end:

— MuCool programme at FNAL:
* Study of effect of magnetic field on high-gradient, warm, copper cavities;

— MICE experiment at RAL:
* Proof of principle of ionization-cooling technique

* Rapid acceleration:

at DL:

* Proved principal of non-scaling FFAG technique
19



MICE and the next generation of muon beams for particle physics

IONIZATION COOLING

20



Liguid hydrogen
absorber

lonisation cooling

* Competition between:
— dE/dx [cooling]
— MCS [heating]

* Optimum:
— Low Z, large X,

FoM | cooling

— Tight focus



Neutrino Factory

* Requirement is to maximise rate:
— Transverse (4D) cooling sufficient

L

Cavity l | /.

75 100 125 150§ & oosf
z [cm] -

5746
1060
‘JH JH

i
A&

"o a-la ool
I[ - H - IDS-NF/Accel

= e e k‘JMUM" i

‘ “ ‘ z [m]
HH

| _
Combined Coaling Cell Sections 1 &2
Contains 6coils & 6 cavities = fotal length 5.746m

HH




Requirement is
tiny emittance
— 6D cooling essential

Muon Collider

Incident Muon Beam

Evacuated
Dipole Magnet

23



Muon Collider: cooling system

1on

Initial .
®

) Required for
| TeV Colliders

|
Phase Rotat

—t
<

—— 6D Cooling
to 12 bunches

6D Cooling

o
-

—
=
e

R
v
-
—
4
-

o=
S

L

I

A=

-
-

—
ab
—
o

aal

Required for
Higgs Factory March, 2013

L1 1 111l 1 |
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Transverse Emittance (micron)




MICE and the next generation of muon beams for particle physics

MUON IONIZATION COOLING EXPERIMENT
... MICE

25



MICE:

* MICE approved to: I8 e
— Des|.gn, build, commission and operate a realistic TP o
section of cooling channel oS Y,
. . . WA e e

— Measure its performance in a variety of modes of TR gt Ko, et
operation and beam conditions

* Results will allow Neutrino Factory [and Muon Collider]
complex to be optimised

* Requirements:
— Normalised transverse emittance: 0.1%
* Requires selection of 99.9% pure muon sample

Ry
B Sgnspeinag

T e e L Wi

Bt Fromm e

7th February 2015

Time-of-flight Variable thickness Primary
high-Z diffuser 201 MHz lithium-hydride 201 MHz

hodoscope 1
(ToF 0) Upstream cavity absorber cavity

Downstream

spectrometer module spectrometer module
Electron

Y| [Fecte
S Ranger

Secondary
lithium-hydride Pre-shower
. . absorber (KL)
Focus-coil Focus-coil
module module ToF 2

Secondary
Chere:nkov lithium-hydride
c(%l.:(né:;)s absorber

Scintillating-fibre Scintillating-fibre
tracker tracker

26



Cooling demonstration; performance:

10 February 2015

Preliminary

ICE [simulation]

MICE [S|mulat|on]
I T




MICE Muon Beam

ISIS
Proton
Synchrotron

Q7 Q8 Q9 Diffuser*

|| t 4
|| + L‘
Dipole 2 TOFO BPM TOF1
(D2)
2079 m *Not present

- >




MICE Muon Beam

ISIS
Proton
Synchrotron

*

Diffuser

1 || t 4
i || i
Dipole 2 TOFO BPM TOF1
(D2)
2079 m *Not present

€ >




Beam-line instrumentation

ISIS
Proton
Synchrotron

anoonno
gooooma

Q Q9 Diffuser*
|| isaffi
|| + L‘
Dipole 2 TOFO BPM TOF1
(D2)
2079 m *Not present
< - o




MICE Muon Beam

{75
-------
(e

ISIS
Proton
Synchrotron

Optical
sensors

\‘\
Pneumatic
actuators

T || T 1.
+ || + |
Dipole 2 TOFO BPM TOFA1
(D2)
2079 m *Not present

€ >




Characterisation of the MICE Muon Beam
¥, = A(p.)xo + B(p-)x)

Coefficient 4(p.) [mrad/mm] Coefficient B(p.) [mrad/mm]
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Vertical

g, =dB,(y=0)/c (T/m)
o
(92}

x  Quadrupole centre
Focusing

—— Defocusing
—— Drift
—— Top hat model
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* |terate to determine trace-space parameters: : _ A
— Initial estimate of p, from TOF : . a

— (Xo,Y0), (Xx3,y1) and M, (p,) used to determine trace- L SO S - B e

p at TOF1 (MeV/c) p at TOF1 (MeV/c)

space parameters - GEON Rl

— Updated estimate of p, from trace space parameters

* Corrections applied for energy loss in air and i ) ]
material - 18 T N R T

bt N 2 o
150 200 250 300 350 400 150 200 250 300 350 400
p. at TOF1 (MeV/c) p.at TOF1 (MeV/c)




Mean 11.23+0.01PE

0

OO

* 350 um scintillating-fibre tracker:

— 10 p.e./mip demonstrated with
cosmics

— 470 pum intrinsic resolution per
plane
* MC: delivers per-cent level
emittance measurement

30
Light Yield (PE)

MICE trackers

vl ' I B A

8 6 -4 -2 0 2 4 6 8

Triplet Residual (mm)

FETINRERY FRTTE FET, unlun

3 2 <1 0 1 2 3 4 5
Track Residual (mm)

Residual in Upstream Y-Momentum

I A ANIT AR ST §
-2 -20 -15 -10 -5

residual_py_up
Entries 16531
Mean -0.02044
RMS 1.036

P AT, N AT O A I A AR
0 5 10 15 20 25
Py Residual (mm)

ST

Residual in Downstream Y-Momentum

residual_py_down

Entries 16531
Mean 0.01211
RMS 1.248

TV AN AN VU SO AR, S A wen b Lo L
-20 -15 -10 -5 0 5 10 15 20 25
Py Residual (mm)




Time-of-flight
hodoscope 1
(ToF 0)

Cherenkov
counters
(CKOV)

Variable thickness

high-Z diffuser 201 MHz

cavit
Upstream ¥

spectrometer module

Secondary
lithium-hydride
absorber

Scintillating-fibre
tracker

KL ADC Response

KL ADC Response

Primary
lithium-hydride
absorber

asorber

Focus-coil
module

number of hits [X planes]

Liquid- hydrogen

Focus-coil
module

Calorimetry

201 MHz

cavit
y Downstream

spectrometer module

Electron
Muon

Secondary
lithium-hydride
absorber

Pre-shower
(KL)

ToF 2

Scintillating-fibre
tracker

time over threshold [X planes]

[ | Muon Template
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le cavity module

\ 38 &
X a S 2 v, = |
AP, a ¥ 4
S S v %) | 4
), BT | Ry } bty
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* 14.5 MV/m achieved in |
magnetic field
— MICE requirement




Study of factors that affect cooling:

° Depends on upstream beam Depends on magnetic lattice
* Emittance:

line (mostly diffuser)

lonisation

— MICE Muon Beam optics and Coolng < e g
diffuser settings '_g” aE| ﬁt(l%Mev)

-+
i E”hzi;“;;: ..... ds: BZE x| 2 B3Em XO
¢ Materlal: emittance L £ y

— Absorber Change (LH2; LiH); P_p |- W / B Bepends on material

° p, E and B: =>» depends on D2 selection

— Varv beam momentum. optics

Time-of-flight Variable thickness
hodoscope 1 high-Z diffuser
(ToF 0)

| Depends on particle species = backgrounds!

7th February 2015
Absorber/focus-coil

module
Upstream Downstream

spectrometer module spectrometer module

Electron
Muon
Liquid-hydrogen
Cherenkov ToF 1 absorber
counters Pre shower
(CKOV)

Scintillating-fibre (KL)
trackers ToF 2

Data taking: summer 2015 to summer 2016
Commission has started (in parallel to completion of the build)
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Time-of-flight
hodoscope 1
(ToF 0)
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MICE and the next generation of muon beams for particle physics

HISTORICAL INTERLUDE
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Neutrino & the Standard Model

The
dark
age!



Discovery of muon neutrino: v,

Brookhaven; Alternating Gradient Synchrotron

Lederman,
Schwarz, '
Steinberger



Innovation, the first neutrino beam:

* Increase neutrino flux by order of magnitude:

— Focus 1ti/K produced in proton-target interaction:

* |deally point to parallel;
— Requires toroidal magnetic field

* Requires:
— Extracted, pulsed proton beam "



Innovation, the first magnetic horn:

Simon van der Meer Confirmation:




Discovery of neutral currents:

* Development ...
of beam and detector:

— Improved horn:

* Parabolic; with neck and
downstream toroids

— Improved detector:
* Gargamelle




Neutrino & the Standard Model

CERN IHEP
Horn and bubble chamber
First neutrino beam SKAT, JINR CERN
Gargamelle, Aachen/Padova, CDHS,
CHARM, BEBC, CCFR, NOMAD, CHORUS
BNL BNL/FNAL
first neutrino CERN CITF, HPWF, 7' BC, 15’ BC, E605,
“beam” E613, E734, E776, NUTEV
Horn #2 & Gargamelle A
A\ A A
Vu’ “ )
Y
discovery Development of

Ve/vu Neutral E/W SM, QPM’ QCD
universality current

discovery

The
dark
age! The middle ages
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SK collaboration: PRL 81(8) 1998

eutrino oscillations

Super-Kamiokande
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2.6MeV KamLAND data

- best-fit decay

- best-fit decoherence
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T2K: electron-neutrino appearance:

" +Data
— Best fit
Background component

—

o Data ﬁmﬁ,,:n-l]
M Best fit 2

68% CL
90% CL
—— Best fit
: PDG2012 1o range.]
i MeuTel2015 Daya Bay
e . ke L5 BERDY

Angle (degrees)

||||I|]|||I|||||

IIITIIII[!'II'I1|'I'II'I

500 1000 1500
Momentum (MeV/c)

T2K systematic uncertainty

Bordoni, Neutrino’14

L visample | v.sample

v flux and w/o ND measurement 21.8% 26.0%
cross section w/ ND measurement 2.7% 3.1%

v cross section due to difference of
nuclear target btw. near and far

Qe

2
Am3,<0

5.0% 4.7%

TIIl'Ir1lIIlr1rI'IlTI

Final or Secondary Hadronic Interaction 3.0% 2.4%

| =
Super-K detector 4.0% 2.7% 0 005 0.1 015 02 025 03 035 04
total w/o ND measurement 23.5% 26.8% sin‘jﬂﬂ
w/ ND measurement 7.7% 6.8% 13

Fractional error on number-of-event prediction T2K C0||ab0raﬁ0n, PRL 112.061803 2014
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LBNF/DUNE:
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* Source:
—FNAL MI: 700 kW

—Project X: 2.

3 MW [upgrade]

* Detector: LAr TPC

—Fiducial mass: 10 kTonne
* Upgrade to 34 kTonne

arXiv:1307.7335

—Site: SURF

* On axis; upgrade u/g 4850 ft
* Baseline 1300 km
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v, spectrum
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Long-Baseline Neut Experiment:
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Long-Baseline Neutrino Experiment:

Systematic uncertainty Sensitivity ~ Required Exposure
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Innovation in detectors

Neutrino extension

M. Nessi; CERN Neutrino Platform




S.E. Kopp; Phys. Rep. 439 (2007) 101

Neutrino beams
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Effect of systematics:

TT I| T T T T TTTT
T2HK CPV at 30 CP Violation Sensitivity
l 75% ocp Coverage

— constrainton G, / Su
— 5, @1%

—- 6,@1%

all systematics @ default

- 80 GeV Beam
statistics only Signal/background
uncertainty varied

cosesaor i R
S 0O 200 400 600 800 1000

10~ 10~

sin"26), Exposure (kt.MW.years)

* Performance rapidly degrades if systematic error is
not controlled at the several % level
— Cross section error makes a critical contribution




MICE and the next generation of muon beams for particle physics

VISION FOR A COLD, BRIGHT FUTURE FOR MUON
BEAMS
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Potential

* Posit #1:
— %-level measurement of v_.N cross sections will be required

CP Violation Sensitivity _
75% d¢cp Coverage i sys:20%-20%

Signal/background
uncertainty varied

L ' ' ' _ 1307.1243; Coloma, Huber GLoBES 2013 _
0O 200 400 600 800 1000 3840 42 44 46 48 50 B2
Exposure (kt.MW.years) 023(°]




NUSTORM and cross section measurement:

LOI to FNAL PAC: 1206.0294;
Eol to CERN: CERN-SPSC-2013-015, SPSC-EOI-009,1305.1419;
Proposal to FNAL PAC, May 2013

3.8GeV[210% ]
T
. 10 decayslyr w
! ~2000m

56eV [+10% ] ! 226 m

* nuSTORM event rate is large:
— Statistical precision high:
* Can measure double-differential cross sections

400000 | Events per 100 Tonne
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30 GeV
30 GeV
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400000 200000

200000 100000

Number of Events / 0
Number of Events / 0

Neutrino Energy [GeV] Neutrino Energy [GeV]




CCQE cross sectlon nEENEnEH

* Systematic uncertainties
for CCQE measurement at
NuSTORM:

— Six-fold improvement in
systematic uncertainty
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nNuSTORM serving the CERN Neutrino Platform

under study; M. Nessi et al

100m from the front face of the detector

1400m from the Existing detector-Extension EHN1

upstream limit of CERN land

W
Option 1

(A

100m from the front face of the detector

1400m from the Existing detector-Extension EHN
upstream limit of CERN land /

Option 2

100m from the front face of the detector
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upstream limit of CERN land

Option 3
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Potential

e Posit #1:

— %-level measurement of v.N cross sections will be required

o Posit #2:
— Neutrino Factory capability likely required

 Beyond next-generation precision required to:

— Establish the SvM as the correct description of nature:
* Determine precisely the degree to which 0,; differs from /4
* Determine 0,; precisely
* Determine 0., precisely
— Search for deviations from the SvM:
* Test the unitarity of the neutrino mixing matrix
e Search for sterile neutrinos, non-standard interactions, ...
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International Muon lonization
Cooling Experiment (MICE)
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Potential

* Posit #1:
— %-level measurement of v.N cross sections will be required

* Posit #2:
— Neutrino Factory capability likely required

* Posit #3:
— Capability to deliver

Muon lonization Cooling — 6D Cooling v

multi-TeV [+I- collisions ~ Designs
likely required
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Designs ready for engineering effort.
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Muon lonization Cooling (Design)

Colls: R, =42cm, R =60cm, L=30cm;  RF: f=325MHz, L=2x25cm;  LiH wedges

Initial 6D Cooling: €55 60 cm3a ~50 mms3; Trans = 67%

‘absorber coif cavities TOP VIEW

< o - o

SIDE VIEW
- - - - - —
—_— - = = = - == LB —
Distance, z (m)

6D Rectilinear Vacuum Cooling Channel (supersedes Guggenheim):
Trans = 55%(40%) without(with) bunch recombination

0 100 200 300 400 500

May 18, 2014 M.A. Palmer | MAP 2015 (FNAL, May 18-22, 2015)

» Helical Cooling Channel (Gas-filled RF Cavities):
€:=0.6mm, g = 0.3mm

RF cavities Late Stage w/ Induction Linac,
LH, Absorber

N
Energy phase rotation

e Final Cooling with 25-30T solenoids (emittance exchange):
€r=155um, g = 75mm

May 18, 2014 M.A. Palmer | MAP 2015 (FNAL, May 18-22, 2015)

3.8GeV[+10%]

nuSTORM

T 10" decays/yr

226 m

5GeV[+10%]

AoiTSs13><3 R AoirTssird

EsiFiveos A
2\ M oo <

Vs 2T

- bionslo= —

+ biomnslo=-




Vision

* Posit #1: A proposal for discussion:
— %-level measurement of v_N cross sections will be required

* Posit #2:
— Neutrino Factory capability likely required

* Posit #3:
— Capability to deliver multi-TeV Il colissions likely required

® T+t is proposed to develop an international team
with the aim of designing, financing and
constructing the above described cooling muon
ring for the Initial Cooling Experiment.

® A campaign of extensive measurements,
hopefully confirming the expectations of muon
cooling theory could then be performed,
starting for instance with a single proton bunch
) and the CERN-PS accelerator.

3

'USTORM realized either at the Fermilab Booster, at the
P, 10" decays BNL-AGS or even elsewhere (UK, Switzerland).

56eV [£10% ] 3 226 m ; FNAL_May 2015 Slide# : 60

386V [£10% ] ® Alternatively, this experiment might be
Degrader
Iyr o




MICE and the next generation of muon beams for particle physics

CONCLUSIONS
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Muon accelerators and MICE

* Muon accelerators have the potential to:

— Serve the next generation long- and short-baseline programmes by:
* Making precise measurements of electron- and muon-neutrino nucleus cross sections

— Revolutionise the study of neutrino oscillations:
* And make searches for sterile neutrinos of exquisite sensitivity

— Provide a route to multi-TeV lepton-antilepton collisions;

* Development of the capability to deliver the Neutrino Factory is required:
— To study CP-invariance violation in detail if it is discovered; or
— To continue the search of it is not; and
— To deliver precision sufficient to elucidate the underlying physics

* MICE will unlock the exploitation of muon accelerators by providing the essential
demonstration of ionization cooling:

— Starting now:
* Investigation of the effect of material, emittance, momentum on the cooling effect

— Starting 2017:

* Demonstration of ionization cooling;
* Systematic study of factors that affect cooling performance

* Basis for executing the vision! 1
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