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What for ? 
neutrinos - FNAL (PIP II), JPARC but also ESS

neutrons – SNS, ESS, ISIS-RAL, PSI.

muons – ISIS-RAL, PSI, TRIUMF, JPARC, FNAL….

Accelerator Driven Systems – ChineseADS, MYRRHA

Radioactive Ion Beams - TRIUMF
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Non exhaustive list!!

Just a collection of examples



Muons – what you can do with them
Surface muons (from “stopped”  pions in the target, best energy of the impinging protons is 
around 500 MeV) are low energy high polarisation muons  that can be used for 

◦ Mu2e

◦ Mu2egamma

◦ Mu2 triple e

◦ g-2, spin precession experiment

High energy muons (from decay in flight of pions exiting the target, the energy of the impinging 
protons has to be above 4-5 GeV, production rate is depending on the power)  can be further 
manipulated to obtain muons under controlled conditions of emittance, at high energy (50GeV),  
energy spread and directionality – not in this talk. 
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“surface muons, coming 
from pion decaying in 
the target ,near the 
surface. High 
polarization, very 
monochromatic

2014 
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Proton beams used to produce muons
energy power time structure

PSI Cyclotron 590 MeV 1.4MW DC

TRIUMF 
Cyclotron

500 MeV 0.005
DC 

FNAL-present 
Linac + Synchr

400MeV + 
8 GeV

0.025MW Pulsed 

FNAL -
upgrade Different options 8GeV

0.06 to 
3.8MW

Pulsed to DC

JPARC
Linac + Synchr

400MeV +
3 GeV

1MW Pulsed 

ISIS
Linac + Synchr 800MeV 0.05 Pulsed

Only 5% of protons used to 
produce muons
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PSI – world’s most intense continuous  µ source
2 carbon targets

6 muon experiments

Possibility of SLOW muons 
(decelerated) 

Protons : 2.4 mA at 590 MeV , 1.4 MW 
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FNAL  PIP-II 
800 MeV SC linac based on ILC technology

8 GeV Booster

Neutrino Facility :LBNF and DUNE
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FNAL - upgrades
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• Staged increase in proton throughput 

• Aimed at long baseline neutrinos

• 8GeV linac is the solution to achieve 
multi MW beam power



g-2 at FNAL
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Back to CERN – year 2007
In its June 2007 session the CERN Council has approved the White Paper "Scientific Activities and Budget Estimates for 2007 and Provisional Projections for the Years 2008-2010 and 
Perspectives for Long-Term", which includes construction of a 160 MeV H- linear accelerator called LINAC4, and the study of a 5GeV, high beam power, superconducting proton Linac (SPL).

Expectations :

LINAC4  
◦ Rejuvenation of the LINAC (Linac2 dates from 1978)

◦ Higher performance  from the PS Booster ( 2 X brightness) 

◦ space charge tune shift decreased by 2;

◦ low loss injection process , 

◦ Better longitudinal injection (chopping and “energy painting”)

LP-SPL (+PS2)
◦ Rejuvenation of injectors (PBS,PS date from 1972 and 1559)

◦ Higher performance from SPS and more… 

◦ SPS could deliver 2.2X the ultimate LHC beam;

◦ Potential to increase the intensity per pulse , 

◦ 50% of the LP-SPL pulses are available for other physics (ISOLDE/EURISOL, LHeC…)

SPL
◦ High power (4MW) beam available for neutrino factory,…
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SPS+

Linac4
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160 MeV

1.4 GeV
4 GeV

26 GeV

50 GeV

450 GeV

1 TeV

7 TeV

~ 14 TeV

Linac250 MeV

(LP)SPL: (Low Power) 
Superconducting Proton 
Linac (4-5 GeV)

PS2: High Energy PS
(~ 5 to 50 GeV – 0.3 Hz)

SPS+: Superconducting SPS
(50 to1000 GeV)

SLHC: “Superluminosity” LHC
(up to 1035 cm-2s-1)

DLHC: “Double energy” LHC
(1 to ~14 TeV)

Proton flux / Beam power

PS2

Upgrade with a look to the future

2010 :decision to 
upgrade the existing 
injectors (LIU project)



can we have more than 1011 µ/sec , 
continuously ?

Continuous is not possible at the LINAC4-SPL 

12

1 ms

19 ms



If we wanted a continuous beam 

othe design approach for CW linac is different than the one we used for LINAC4/SPL

owe should redesign the  SC part of the HP-SPL with lower gradient (from 25MV/m to 17MV/m)

oin the same foot print of the SPL ( 600m ) we could achieve 2 or 2.5 GeV , 2MW 

owe can capitalise on R&D done for SPL / synergy with ESS linac
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Use what we have , e.g. PS  
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• To re-use the tunnel, the target 
and decay tube of the old 
neutrino oscillation experiment 
in the TT7 tunnel of the PS

• PS can provide 2-3x1013 protons 

per pulse (1.2sec) of 20GeV/c

• Already proposed for a short 
baseline neutrino experiment, could 
be used for muons.

• We need to look into the details…..



Protons drivers followed by nu-factories

GeV         Multi Megawatt     Pulsed 
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Forget proton drivers! 
Positron beam (45 GeV) interacting on a plasma target 

Could produce Muons with E around 20 GeV (γ=200; lifetime about 500µsec) 

And very small emittance
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….and also 

M.W. Krasny

muon production using gammas

Tomorrow at 14:20
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Conclusions
There is a lot of very advanced activity on muons outside CERN 

In this talk I presented first ideas/options  not in the baseline 
◦ SPL like LINAC

◦ Using PS and TT7

This is not the end….. Listen to Ken Long’s  talk on Nu – STORM 
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