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MOTIVATION
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accelerators
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Resurgence of interest: Pastrone Panel
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IONISATION COOLING AND MICE



The principle of ionisation cooling

multiple scattering
I{ 7

de, -, <dE> , £(0014 GeV)’

lonisation coolin =
J dX  B°E \dX 2°Em, X,

« Competition between: o Optimum:
o dE/dx [cooling] « Low Z, large X,
o Multiple Coulomb Scattering o Tight focus (small £,)

[heating] « H, gives best performance



Schematic of the experiment
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HIGHLIGHTS OF THE DATA TAKING



ISIS
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* Evolution of normaﬁgiqax!\gne emittance:

der _ er [dEN | B (13.6MeV)?
ds ~  [BZE \ ds 263 Em, Xo
Measured dependence on:

Input emittance:
Vary beam optics/diffuser;

Material: Absorbers:
Absorber LH2; LiH < | 65 mm thick lithium hydride disk
350 mm thick liquid hydrogen vessel
P, E and BZ 45° polythene wedge absorber

Vary beam momentum, optics



Single-particle technique

 Powerful! Fully measure one muon at a time:

Fast instrumentation, matched to beam intenstity:

Measure all 6D phase-space coordinates of each muon

Build muon ensemble offline:

Calculate ensemble
properties

E.g. g;
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CURRENT STATUS AND RESULTS



Emittance and amplltude

80

Phase space, covariance, emittance and amplitude g 3
© 60—
| = wf
Phase space: P = (x,px,y,py) a8 F
Covariance: C = <A73A73T> =
-203—
|C|% o™
Normalised transverse emittance: cr = "—— k=
H -60 —
Transverse amplitude: A7 =e7PTC 1P Wb
.1530'

* Emittance:

Evaluated from RMS beam ellipsoid
 Amplitude:

Distance from core of beam

* Mean amplitude ~ RMS emittance



Effect of absorber

Simulation in good
agreement with data
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Change in amplitude across absorber
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Core-density change across absorber
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NEXT STEPS



1SS DKC'JD i s .)Luuy Wi IVIIIJURGIWVIE

cooling
*MICE has:

Demonstrated principle of 4D ionisation cooling
*Analysis of MICE data will:

Study ionisation cooling as a function of:
Input beam emittance and momentum,;
Lattice optics and absorber material (LiH and LH2);

Study emittance exchange with wedge absorber
Ambitious next step:

Design and implement a 6D cooling experiment

Essential R&D for development of multi-TeV muon collider



Thank you



The Standard Model and bevond

500

s

b (7)

oK

sy [TeV]

Energy frontier: big advantage over
pp because fundamental fermion




