
K. Long, 20 February, 2019

Welcome and introduction
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PAPERS
Status of MICE
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Accepted by EU J Phys C
… awaiting proofs

Submitted to JINST
… referees’ comments received



Papers
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Title Contact Comments

Preliminary Final Jan-19

Phase-space density/emittance evolution; rapid communication C. Rogers Apr18 w/s Apr19 4th referees meeting before around CM53 (21, 22Feb19, RAL)

Measurement of multiple Coulomb scattering of muons in lithium hydride J. Nugent Jun18; CM51 Apr19 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

First particle-by-particle measurement of emittance in the Muon Ionization 

Cooling Experiment
V. Blackmore Jun18, CM51 Accepted by EU Phys. J C; awaiting referees

The MICE Analysis and User Software framework D. Rajaram May18 w/s Jun18, CM51

RAL-P-2018-007; 1812.02674;  

submitted to JINST; referees comments received

Target date



New & updated results for IPAC18
• Emittance evolution paper:

– Rogers, Drielsma: proceeding to paper
• 3 referees’ meetings; 4th in next week

• LiH scattering paper:
– Nugent et al: 

• Unfolding issues, perhaps being resolved; will review at CM 53 21, 22 Feb 19
• Nugent now 50% T2K

• System performance paper:
– Franchini et al: almost full draft available

• Franchini now ~50% SuperNEMO

• Field-on scattering:
– Young et al:

• Processing being transferred to the GRID, progress being made

• Emittance exchange (wedge absorber):
– Brown:

• Student of Rogers and Kyberd; making progress

• Long cooling paper:
– Hunt, Jurj et al:

• Analysis underway, hampered by uncertainty created by imminent end of Hunt’s contract
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Cooling: rapid communication
• Many details have been tidied addressing issues raised by referees
• Substantive points at last 

PSAG:
– Behaviour of data as Amp->0;
• Resolved 

– Improved correction algorithm

– Track-finding efficiency, especially in 
d/s tracker:
• Resolved:

– Track chi2/NDF cut too tight
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MICE LEGACY
Status of MICE
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Legacy…
• Agreed with STFC to work together to publicise the MICE legacy at the 

time of the submission/publication of first cooling results in Nature 
Physics

• Examples of impact to bring forward:
– Scientific:

• Papers, conference proceedings, theses, talks, …

– Impact:
• Direct:

– E.g. g-2 ring may use wedge absorber to improve beam

• Legacy:
– Muon Collider, nuSTORM, novel neutrino-beam discussions in ESPPU

• Impact:
– Investment in high-tech, UK, local, EU and other industry (quantifiable);
– Outreach (e.g. national competition for schools organised on the back of Neutrino 2016)
– Trained personnel: technical, engineering (cryo, mech., elec, electronic, s/w), analysis, accelerator 

scientist 

• Topic for EB tomorrow; please be ready to become involved
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European Strategy for Particle Physics Update
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113 authors; 45 from the UK
47 groups; 13 from the UK



European Strategy for Particle Physics Update
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Proton Driver Acceleration Collider Ring

Accelerators:    
Linacs, RLA or FFAG, RCS

Cooling
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AccelerationLow EMmittance Muon 
Accelerator (LEMMA): 
1011 µpairs/sec from 

e+e− interactions.  The small 
production emittance allows lower 
overall charge in the collider rings 
– hence, lower backgrounds in a 

collider detector and a higher 
potential CoM energy due to 

neutrino radiation.

Fig. 2: Schematic layoutsof Muon Collider complexesbased on theproton driver schemeand on thelow emittance

positron driver scheme emphasizing synergies.

R&D to address their feasibility is summarized in Ref. [1]. Their basic layouts are shown in Figure 2,

emphasizing synergies. The idea of muon colliders was first introduced in the early 1980’s [14, 15]

and further developed by a series of world-wide collaborations [16, 17] culminating in creation of the

US Muon Accelerator Program (MAP) [18] in 2011. MAP developed the concepts of a proton driver

scheme and addressed the feasibility of the novel technologies required for Muon Colliders and Neu-

trino Factories [19]. In the scheme (see section 3.2), the muons are generated as tertiary particles in the

decays of the pions created by an intense proton beam interacting a heavy material target. In order to

achieve high luminosity in the collider, the resulting initial low energy muon beam with short lifetime,

with large transverse and longitudinal emittances, has to be cooled by five orders of magnitude in the

six-dimensional phase-space and rapidly accelerated to minimize the decrease of the intensity due to

muon decays.

A novel approach of the Low Emittance Muon Accelerator (LEMMA) based on muon pair pro-

duction with apositron beam impinging on electrons at rest in a target [20] was recently proposed and is

now under conceptual study [21]. The corresponding positron driver scheme is described in section 3.3.

Themuonsproduced in thee
+

e
−

interactions close to threshold areconstrained into asmall phase-space

region, effectively producing a muon beam with very small transverse emittances [22], comparable to

those typically obtained in electron beams without necessitating any cooling. These muon pairs are pro-

duced with an average energy of 22 GeV corresponding to an average laboratory lifetime of ⇠ 500µs,

which mitigates the intensity losses by muon decay and eases the acceleration scheme. Potentially high

luminosity could bereached with relatively small muon fluxes, reducing background and activation prob-

lems due to high energy muon decays, and thus mitigating the on-site neutrino radiation issue. Conse-

quently, the LEMMA scheme, although not appropriate for a Higgs Factory due to a too large beam

energy spread, is very attractive for a collider in the multi-TeV range, extending the energy reach of

muon colliders which can be limited by neutrino radiation.

3.2 Proton dr iver scheme

3.2.1 Design status

In theproton driver scheme [17,18] muons areproduced as tertiary particles from decay of pionscreated

by a high-power proton beam impinging a high Z material target. The majority of the produced pions

havemomentaof afew hundred MeV/ c, with a largemomentum spread and largetransversemomentum

components. Hence, the daughter muons are produced at low energy within a large longitudinal and

transverse phase-space. This initial muon population must be confined transversely, captured longitudi-

nally, and have its phase-space manipulated to fit within the acceptance of an accelerator. These beam

manipulations must be done quickly, before the muons decay.
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MUON COLLIDER W/S
Status of MICE
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Next w/s

• Not yet announced, but, it will be at CERN on 
10/11Apr19
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ADMINISTRATION
Status of MICE
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Office in R1
• Have now been asked to reduce footprint:

– Slim by factor of 2:

• Have prepared to ask for partition to be replaced;
– MICE retained half by the door marked ‘MICE Office’

• Please remove any items you wish to retain before 
you leave!
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Request to remain a CERN Recognised experiment
• Granted!

– More precisely RE Committee will recommend continuation to CERN Research Board

– For final 3-year 
period.

• CERN Grey Book:
– Needs to be updated:

• Records collaboration 
members

– Required support for a 
pitch to Nature Physics 
for open access publishing:
• Condition of funding by (at 

least) UK and US funding agencies
• Paul Kyberd is working to do the update through the CB
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Request to CERN

• MICE requests the extension of Recognized Experiment status:

– Muon Collider continues to be of interest for CERN:

• Pastrone Panel; “Muon Colliders”, i
/p to the European Strategy for Particle Physics Update:

–
Proton-driven and positron-driven options

– MICE is the muon “initial cooling experiment”

– 6D-cooling demonstration a natural next step:

• Recommended by the Pastrone Panel

• Benefits of Recognized Experiment status for MICE:

– Facilitates personnel exchange, enhances ability of MICE collaboration to organise its work;

– Continued use of:

• Computer accounts, Team accounts, access to (e.g.) In
dico, etc.

–
Exploitation of GRID resources essential to data processing, analysis, and Monte Carlo production

• Office space currently occupied by MICE members for necessary work at CERN

• Looking forward:

– Wealth of data now being analysed; continuing need for peer-to-peer discussion and advice

– MICE personnel are engaged in future development of muon beams for particle physics;

• A possible option for CERN
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Over to you!

If you haven’t paid, please
pay me (or Colin) in cash
at coffee or lunch!


