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Title Contact Target date Comments

Preliminary Final Jan-19
Phase-space density/emittance evolution; rapid communication C. Rogers Aprl8 w/s Aprl9 4th referees meeting before around CM53 (21, 22Feb19, RAL)
Measurement of multiple Coulomb scattering of muons in lithium hydride J. Nugent Junl18; CM51 Aprl9 Unfolding issues; perhaps resolved; CM53, 21,22Feb19, RAL
Performance of the MICE diagnostic systems P. Franchini Feb19; CM53 Almost complete draft
Phase-space density/emittance evolution review paper C. Hunt TBD Analysis now advancing
Phase-space density/KDE/6D-emittance evolution C. Brown TBD Thesis published on initial analysis; taken over by C.Brown
Measurement of multiple Coulomb scattering of muons in LH2 J. Nugent TBD Awaits completion of LiH paper
Field-on measurement of multiple Coulomb scattering A. Young TBD Analysis underway
Flrst. part|c|e-.by-part|cle measurement of emittance in the Muon lonization V. Blackmore Junis, CM51 e oy s, ) G xeffing rezaiass
Cooling Experiment

RAL-P-2018-007; 1812.02674;

The MICE Analysis and User Software framework D. Rajaram May18 w/s |Jun18, CM51 submitted to JINST; referees comments received
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First particle-by-particle measurement of emittance in the Muon
Ionization Cooling Experiment

MICE Collaboration

D. Adams'®, D. Adey” 4, R. Asfandiyarov!®, G. Barber!
V. Blackmore'52, A. Blondel'?, J. Bochm!%, M. Bogomilov!, M. Bonesini’, C. N. Booth, D. Bowring?
3 ‘< G. Chamle)".(}‘ T L'hmmmdorms 6.21

A. de Bari®, R. Bayes'®, V. Bayliss'*, R. Bertoni®,

5

5. Boyd™,

P,Franchini . B. 1rc:tmln:' AL (.a]lauhcr
J. . Greis™, 8. Griffiths', P. Hanle
12 B, B. Jurj'®, D. M. Kaplan®",
P. Kyberd™, J-B. Lagrange'*, I. [angﬂands W, Lau'?, D. Li% K. Inn];
€. Macwaters'*, . Maletic'”, B. Martlew'*, J. Martyniak'*, R.an s Middlﬂm LT A Mﬂmai—
, D Neuffer™, A. Nichols'”, J. C. Nug:m
M. Pa]mcr-‘.J Pmemsk“

. Overton™, P. Owens', V. Palla
5, R Preece!”, S. Prestemon®, . Mm

K. Ronald?!,
mith?, F. J. P. Solert,

o 'nngJ Tarrant'’, L Taylor™?,
rtora’, Y. Torun”’, R. Ts %, G. Vankova-Kirilova',
Rwarhnnnu“ 5. Wilbar™, A. Wilson'*, H. Witte™, C. White'’, C. G. “h)tc" X. Yang'”, A. R. Young?!,

NS i Roma Tre and Dipusimento di Matcmatics « Fi
2 I:n.pdnrn.n of Physi c Science, Osaka Uni

sh Encrgy .ﬁ..\clu—.mlr Research Organization (KEK), Institule o Taricte and Nueleas Studies, Tasksba, harel Japan
1% NIST, Ulsan, Kore

? Institute of Physics, of Belgrade, Belgrade, Serbia
" DPNC., Section de rhy-uu nivers L:tfl sive, E(mm
¥ STFC Daresbury Laboratory, mxm_
15 STFC Rutherford Applcton Labr

1€ Sl of Physics and A
" Department of Physics, U
13 Hlackett Laboratory, Departmen
¥ Depastment of Physics, U ty of Oixfond, Denys Wilkinson Bu
2 Department of Physics and Astronomy, University of Shefficld, Shefficld, U
SUPA and the Departiment of Physics, University of Strathclyde, Glasgow, LK
2 Department of Physics., Ui
B Brunel University, Uxbridge, UK

* Brockhave hmon Labaratary, Upton, NY, USA
= lnb, Bata UsA

ceny, The University of Gla ng, Glasgow, UK
ty of 1 u-p()ul] r-pz'nl UK

o Physics, Imperial Col

cadon, London, UK
<)x od, UK

&) Springer

Joursal: 152 MS: 6674 [] TYPESET [ DISK [JLE []CP Disp 3019220 Pages: 15 Layout: Large,

B R EEBHBS2HE &

ERCI ]

B R E2EB

_##R_ Page2of15

Fur. Phys. 0 S s _

ssttute of High Encry Physics

Abstract The Muon lonization Co
AICE) seeks to demonstrate the feasibility of ionization
cooling, the technique by which it is proposcd fo cool the
muon beam at a future neutrine factory or muon collider. The
emittance is measured from an ensemble of muons assembled
from those that pass through the experiment. A pure muon
ensemble is selected using a particle-identification system
that can reject efficiently both pions and clectrons, The posi-
tion and momentum of cach muon are measured using a high-
precision scintillating-fibre tracker in a4 T solenoidal mag-
netic field. This paper presents the techniques used to recon-
struct the phase-space distributions in the upstream tracking
detector and reports the first particle-by-particle mcasurc-
ment of the cmittance of the MICE Muon Beam as a function
of muon-beam momentum.

1 Introduction

Stored muon beams have been proposed as the source of
neutrinos at a neatrino factory [1.2] and as the means to
deliver multi-TeV lepton-antilepton collisions at a muon col-
lider [3,4]. In such facilities the muon beam is produced
from the decay of pions gencratcd by a high-powcr pro-
ton beam striking a target. The fertiary muon beam occu-
pies a large volume in phase space. To optimise the muon
yield for a neutrino factory, and lominosity for a muon col-
lider, while maintaining a suitably small aperture in the
system requires that the muon beam be
‘cooled” (ic.. ilts phas ¢ volume reduced) prior (o
acceleration. An alternative approach to the production of
low-emittance muon beams through the capture of p+p
pairs close to threshold in clectron—positron annihilaion
has recently been proposed [S]. To realise the luminosity
required for a muon collider using this scheme requires the
substantial challenges presented by the accumulation and

A muon is short-lived, with a lifesime of 2.2 ps in its rest
frame. Beam menipulation at low energy (< | GeV) must
be carricd out rapidly. Four cooling techniques arc in usc at
particle accelerators: synchrotron-radiation cooling [6]; laser
cooling [7-9]: stochastic cooling [10]; and electron cool-
ing [11]. In each case, the time taken to cool the beam is
long compared to the muon lifetime. In contrast, ionization
cooling is a process that occurs on a short timescale. A muon
beam passes through a material (the absorber), loses cncrgy,
and is then re-accelerated. This cools the beam efficiently
with modest decay losses. lonization cooling is therefore the
technique by which it is proposed to increase the number
of particles within the downstream acceptance for a ncu-
trino factory, and the phasc-space density for a muon col-
lider [12-14). This technigue has never been demonstrated
elplnmrn(atl) and such a demonstration is essential for the

lop of future high-brigh muon accelerators or
intense muon facilities.

The intcrnational Muon lonization Cooling Experiment
(MICE} has been designed [15] to perform a full demon-
stration of transverse ionization cooling. Intensity effects are
negligible for most of the cooling channels conceived for the
neutrino factory or muon collider [16]. This allows the MICE
cxperiment to record muon trajectorics one particle at a
time. The MICE collaboration has constructed two solenoidal
SPECLromet one placed upstream., the other downstream,
of the cooling cell. An ensemble of muon trajectories is
assembled offline, selecting an initial distribution based on
quantitics measurcd in the upstrcam particle-identification
detectors and upstream spectrometer. This paper describes
the techniques used 1o reconstruct the phase-space distribu-
tions in the spectrometers. It presents the first measurement
of the emittance of momentum-selected muon ensembles in
the upstream spectrometer.

20 ion of

acceleration of the intense positron beam, the high-f
‘muon-production target, and the mucn-capture systems to be
addressed.

I, Cline, M. ¥isman: Deccased.
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Emittance is a key parameler in assessing the overall perfor-
mance of an accelerator [17]. The luminosity achicved by a
collider is inverscly propertional to the cmittance of the col-
liding beams. and therefore beams with small emittance are
required.
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Progress CM53; impressive detail

miance Paper

LiH Scattering Analysis

- r Institutes
al Alignment
LH2 scattering analysis

Discussio

10:30 - 11:00
Field on scattering analysis

er Instiur

4D amplitude Evolution - Rapid Communication C Energy loss analysis

Collaboration Board summary
14:00 - 14:45

4D emittance evolution - detailed paper
Closing remarks

Optics evolution in the cooling channel

Wedge and 60 Emittance Evolution




Future meetings

* 2019:

— CMS53:
* February 2019: 21st and 22nd February 2019

— CMb54:
* June 2019: 27th and 28th June 2019

— CM55:
* October 2019: 24th and 25th October 2019

* Analysis workshops:
— April 16t 17t in Glasgow
— Subsequent meetings to be announced by C. Rogers

 Video conferences:
— 18April9
— 16May19



Thanks to:
You all for coming, presenting and arguing!

The local team:
— Trudi, Gill, Debbie

See you at CM54 at RAL in Junl9

... my best wishes for a safe journey home ...



