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The Neutrino Factory
EUROnu and IDS-NF



EUROnu and the IDS-NF
• EUROnu is the European contribution to the IDS-NF

EUROnu

SB BB

NF

IDS-NF

 The Americas

 Canada

 USA

 Asia

 Japan

 India

 (in the future: China …)

 Europe

 EUROnu



IDS-NF mandate from NuFact07:





• Substantial improvements in:
– Target, front-end and muon acceleration sub-systems

• Other sub-systems have undergone incremental improvement
– Indicative of the degree of maturity of the design

Progress highlights: accelerator:

A. Laing



• MIND:
–Re-optimised sampling fraction
–Cuboid in 1 T dipole field

• More realistic field configuration 
in hand

–Detector mass:
• Intermediate detector 

[2500—5000 km]: 100 kT
• Far detector 

[7000—8000 km]: 50 kT

• Near detector:
– No near detector specified in 

initial IDS-NF baseline [i.e. ISS 
Detector W/g report]:
• Known to be a shortcoming

– IDS-NF near detector concept 
(baseline 2010/2.0)

Progress highlights: detector:

n beam
3 m

3 m

B>1 T

~20 m

High Res Detector
Mini-MIND

Vertex

Detector



IDS-NF baseline 2010-2.0: 
• Migration matrices (see IDR):

– Significant improvement over IDS-NF baseline 2007/1.0



Neutrino Factory performance:
• Discovery reach at 3σ extends down to sin22 θ13 ~ 5 x 10-5

– Should θ13 to be shown to be > 0 before start of Neutrino Factory project:
• Re-optimisation of baseline:

– 10 GeV muon energy serving a single 100 kTon MIND at a baseline of 2000 km

gives excellent performance
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Accelerator facility:

The Neutrino Factory:





Proton driver:
• Challenges:

– High power; short proton-bunch length
at ~10 GeV

• IDS-NF approach:
– Consider two 

‘generic’ options:
• LINAC: 

– Possible development 
option for SPL (CERN) 
or Project-X (FNAL)

– Requires accumulator &
compressor rings

• Rings:
– Development option for J-PARC or RAL or possible ‘green-field’ 

option
– Requires bunch compression

Garoby, Gollwitzer, Thomason



Target/capture:

• Baseline: 
– Mercury jet, tapered solenoid for 

pion capture:
• 20 T tapering to 1.5 T in ~13 m

• Radiation shielding:
– Found to be inadequate
– Progress towards improved design 

being made

• Alternatives:
– Solid and powder jet maintained to 

mitigate technical risk

Iron
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Neutrino Factory Study 2 Target Concept

ORNL/VG
Mar2009

Splash
Mitigator

IPAC10: WEPE101,
THPEC092

Kirk, Densham, Back, Graves



• 20 m/s liquid Hg jet in 15 T 
B field 

• Exposed to CERN PS 
proton beam:
– Beam pulse energy = 115 kJ

– Reached 30 tera protons at 
24 GeV

• ‘Disruption length’: 28 cm
• ‘Refill’ time: 14 ms

– Corresponds to 70 Hz

• Hence:
– Demonstrated operation at:

• 60 kJ  70 Hz = 8 MW

Baseline target: proof of principle: MERIT:
IPAC10: WEPE078



• Solid target:
– Lifetime limitation from beam-

induced shock:
• Investigated using rapid rise-time 

(kicker) power supply and thin wire

– Measurements imply:
• 2 cm diameter tungsten rod will 

survive > 10 yrs

– Measurements of properties of W 
and Tn being prepared for 
publication

– Working on rod-exchange 
mechanism

• Tungsten-powder
jet:
– (Jet) advantage:

• Avoids issue of 
shock

– (Solid) advantage:
• Avoids issue of Hg handling

– ‘Bench-test’ system under evaluation
– Proof of principal system under consideration

Solid and powder jet-targets:

1

2

3

4

1.  Suction / Lift

2.  Load Hopper

3.  Pressurise Hopper

4.  Powder Ejection and Observation

Contained stable jet

IPAC10: THPEC089,
THPEC091

R. Edgecock,
R. Bennett,

G. Skoro

C. Densham
et al.



Muon front-end:
IPAC10: WEPE050, WEPE051,

WEPE068, WEPE074, WEPE076

Key R&D:
• Ionisation cooling:

• MICE; 
proof of principle

• RF in magnetic field:
• MuCool in MTA 

at FNAL

Neuffer, Rogers



Muon front-end:
• Optimised bunching, 

phase-rotator, and ionisation-cooling lattice is reduced

Liquid hydrogen

absorber
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Status of MICE:

Target

Upstream
beam line

MICE Local 
Control Room

Decay solenoid

Downstream beam line

Linde refrigerator

Instrumentation in place:
Beam profile monitors
Trigger/rate scintillators
CKovA&B, TOF0,1, & 2, KL



• MICE: proof of principle:
– Design, build, commission and 

operate a realistic section of cooling 
channel

– Measure its performance in a variety 
of modes of operation and beam 
conditions
• Results will allow Neutrino Factory 

complex to be optimised



Electron Muon Ranger (EMR):



Cooling channel:



Absorber/focus-coil module:
• Focus coil module:

– Under construction at 
TESLA

– Presently preparing for 
winding first set of coils

– First module, Q3 2011
• Absorber:

– Prototype tested at KEK
– Production underway:

• Will match (be ahead of!) 

focus-coil schedule

–Windows in 
production at 
Mississippi

Oxford, RAL,
KEK, Mississippi



RFCC module: cavities:LBNL




STEP I

STEP II

STEP IV

STEP V

STEP VI

STEP III/III.1

Step IV:
2 solenoids, AFC, ~Q2 2012



Muon acceleration: [1]:Rapid acceleration!
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Muon acceleration: [2]:Rapid acceleration!

ns-FFAG

Injection Extraction

Berg, Machida, Kelliher, Pasternak



• EMMA; almost complete at Daresbury Lab.
– Electron Model of Muon Acceleration

• Aka:
– Electron Model of Many Applications

• Installation 
complete;

• Commissioning 
underway

• First extracted 
beam: 15Mar11

Muon acceleration: proof of principle:
DL, RAL, CI, BNL, 

TRIUMF, FNAL, JAI 
CERN, GRENOBLE



Muon storage ring:

• Detailed studies of:
– Dynamic aperture
– Instrumentation:

• Stored muon energy measurement 
via beam polarisation;

• Divergence and current

Apollonio, Johnstone, Prior



Conclusions:

Neutrino Factory:
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Conclusions:• The Neutrino Factory:
– Best discovery reach
– Best precision:

• But need to define agreed figure of merit

– Best sensitivity to non-standard interactions

• The International Design Study for the Neutrino Factory:
– Collaboration energetic and ambitious! 

• IDR 2011; RDR 2012/13

– EUROnu: encompasses and coordinates European 
contributions

• Baseline established and documented in the IDR
– Alternatives to baseline retained to mitigate risks

• Scientific imperative: 
– Make the Neutrino Factory an option for the field!


