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Primary proton beam

100 GeV protons from SPS

Fast extraction at LSS6

Use of existing facilities, no show stopper identified

Extraction system upgrade needed to meet POT goal (4x1019 protons/year)
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nuSTORM siting at CERN

• Extraction from SPS through existing tunnel
• Siting of storage ring:

– Allows measurements to be made ‘on or off axis’
– Preserves sterile-neutrino search option
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Proton beam transfer line
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FODO beam transfer line (875 m) to target

Use of existing tunnels TT60 and TT61

New cavern and tunnel (585 m) to be constructed

nuSTORM siting at CERN

• Extraction from SPS through existing tunnel
• Siting of storage ring:

– Allows measurements to be made ‘on or off axis’
– Preserves sterile-neutrino search option
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Proton target

Similar scheme than FNAL proposal

~200 kW proton beam power

Magnetic horn focusing system

Graphite target

Expertise at CERN (CENF, BDF, AD)

Target-horn configuration to be 
optimised

Radiation protection study needed

!7

Target Design
CENF Study

X Fast extraction from the SPS,

X New extraction beamline,

X Compartmentalised target 
infrastructure,

X Full radiation protection study,

X Optimized for 5GeV pion energy,

X ~1.8GeV Neutrino Beam

X Far Detector: ~1M νµ per year,
and ~20k νe per year.
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NuSTORM - The Next Steps6

LAGUNA-LBNO project 
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Pion beam transport line

Short pion beam line from target to  
the decay ring

Capture, transport and match of the 
beam

Minimise residual dose in main 
cavern

Beam line to be optimised
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Transfer Line Design
Basic Components

1. Initial Capture

X Quadrupole FODO Channel & Capture

X Phase advance per cell: 0.1 rad

2. Primary Bend

X Double-bend achromat

X Dipole Field strength: 1.23T

X Bending Angles: 0.1 rad 

3. Matching Section

X Dipole used to induce dispersion for the injection

X Quadrupole dispersion and optics matching

2.

1.

3.

X Modular design to allow greater flexibility during 
design stage,

X Total length approx. 55m,

X First estimates of shielding wall locations 
included in the design,

X Ring displaced from target axis to reduce 
radiation,

X Plenty of areas for further optimisation!

NuSTORM - The Next Steps13

(C. Hunt, 22/10/19, CERN)
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Injection in decay ring

Stochastic injection (D. Neuffer’s concept, 1980)

Pions injected without kicker
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Injection section

• Injection system will use septum magnet and NO kicker 
(stochastic injection)

• Special optics allows to introduce  a sufficient straight section length

SC FFA Magnet
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Decay ring

Several options considered

FODO solution

FFA solution

Hybrid solution
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FODO decay ring

Pros: 
Straight forward solution: large bore conventional magnets, no R&D required
Large transverse acceptance (limited by magnet size)

Cons:
Small momentum acceptance (limited by beam dynamics)
Large and uncontrolled losses
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FODO ring design for nuSTORM 

Ring Layout 

Optics in the FODO ring 

�FODO ring design is based 
on SC separated function  
magnets  in the arc 
 
� Only quads are used in the 
straight sections 
 
� Zero dispersion is kept in  
straight section. 

Addition of carefully adjusted sextupoles in the arcs: ~10% improvement 
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FFA decay ring
Pros:

Very large momentum acceptance with zero-
chromaticity (limited by magnet size)

Large transverse acceptance (limited by beam 
dynamics and magnet aperture)

Cons:
Larger magnets

Superconducting combined function magnets: 
R&D required

Scallop in production straight

Dispersion in production straight (reduced pion 
capture)

!13

ID
S-

N
F, 

O
ct

. 1
7-

18
, 2

01
1,

 W
ah

in
gt

on
D

C

R
A

C
E 

T
R

A
C

K 
FF

A
G

 R
IN

G

20
11
年
10
月
18
日
火
曜
日



UK MC & nuStorm 07/08/20 - JB Lagrange

Hybrid decay ring
FODO solution in production straight, FFA magnets in the rest of the ring

No scallop in production straight

Efficient pion capture (zero-dispersion in production straight)

Large momentum acceptance (small chromaticity in the ring)

Large transverse acceptance (same than FFA solution)

But

Large magnets

Superconducting combined function magnets: R&D required
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Hybrid decay ring
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Summary

nuStorm facility has no show stoppers

Significant work already done, limited but critical remaining R&D

Technology demonstration platform towards a muon collider facility
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