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ESS → ESSnuSB
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3 ms

~ 2 µs
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Why an alternative?
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We want a pion-focusing system that can accept the nominal 
2.86 ms pulse of the ESS linac. That would mean

 point-to-parallel (roughly) focusing within X meters

 pion charge separation within ~1 m

The pion collector must be able to provide

 no accumulator ring

 no H- operation

We cannot afford to lose in efficiency 
compared to the conventional horn.
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Solenoid pros and cons
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 … focusing capabilities need demonstration.

 … focuses pions of both charges 

‒ additional charge-separation scheme needed 

 ... requires adequate shielding of superconducting coil.

 … can be operated in DC mode, and therefore

‒ accept full ESS pulse, no need for accumulator ring and 

H- operation.

‒ longer lifetime expected and reduced operational 
complexity

A superconducting solenoid ...

But ...
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Preliminary feasibility study

6  (18)

 There is a preliminary magnetic field map for a 16 T 
solenoid (Remo Maccaferri).

 FLUKA simulations of 1 GeV pions indicate shielding will be 
a major issue (not surprising to most).

 Can we focus the pions towards the far detector?

➔ Literature indicates it can be done.

 Can we separate      and      early enough to avoid 
contamination?

Focus on fundamentals

Technical aspects not covered, but.... 
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Lessons Learned Early On
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 Pion distribution very wide both in azimuthal angle and in 
momentum.

‒ Must place target inside a strong solenoid.

‒ Must decrease magnetic field strength successively to 
maintain focusing.

Focus first, separate after

target
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Focusing

8  (15) * S. Kahn, Comparison of solenoid and horn focusing systems, July 2006.

 Tapered solenoid system, called adiabatic device, can 
efficiently collect pions. At low energy, even more so than  
a conventional horn*.

Increasing bore radius

Increasing magnetic field strength

 Quarter-Wave Transformer (QWT) can transform small, 
highly divergent beam into large, quasi-parallel beam.

protonspions

protons
pions

target

strong, short solenoidweaker, long solenoid
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Beam and magnet parameters 

beam size 

beam divergence

momentum

momentum spread

Strong magnet: 

Weak magnet: 

Dipole field:  →  Dipole kick:  

Dipole superimposed:

Strong magnet: 

Weak magnet: 

Dipole kick:  

Dipole in between solenoids:
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Initial beam:

I have used the
transfer matrix formalism

to propagate pions
through the system.



Quarter-Wave Transformer

QWT transforms a small, highly divergent beam to a large, quasi-parallel beam.

strong solenoid weaker solenoid
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QWT + dipole kick in between

QWT + dipole kick transforms a small, highly divergent beam to a large, 
quasi-parallel beam + separates the charges.

dipole fieldstrong solenoid weaker solenoid
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QWT + dipole + energy spread

The momentum spread leads to a charge contamination 
and to a larger final divergence.

dipole field 10% energy 
spread

m
om

en tum
 (M

eV
/c)

Total length of system:  ~3 m

weaker solenoidstrong solenoid
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QWT + dipole superimposed

The charge contamination can be lifted or reduced by superimposing 
a dipole field on the weaker solenoid field. Divergence remains large.

10% energy 
spread

m
om

en tum
 (M

eV
/c)

dipole field + weaker solenoid

Total length of system:  ~1 m

strong solenoid
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QWT + dipole superimposed

The charge contamination can be lifted or reduced by superimposing 
a dipole field on the weaker solenoid field. Divergence remains large.

10% energy 
spread

m
om

en tum
 (M

eV
/c)

dipole field + weaker solenoid

Total length of system:  ~1 m

strong solenoid
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Results
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  Demonstration of focusing capabilities.

➔ Extensive studies done in the past. Results are positive.

  Charge-separation scheme in combination with focusing.

➔ Works for limited momentum spread and limited 
divergence.

  Shielding of superconducting coil.

➔ 0.4 m of lead is needed to absorb most of the energy 
from a 1 GeV pion.

x

?
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Summary and Outlook

 We have done many tests and calculations. The number of 
options for numerical parameters (fields, lengths, 
distances) is huge.

 Adiabatic device with dipole field superimposed the most 
promising scheme.

― Still: works for well-behaved beams, but for realistic 
distributions?

 Environment for continued calculations with FLUKA 
prepared by project worker Patrik Simion. Lacking man 
power to perform them.

‒ Another master student in the spring?
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Next step

 Alternative magnet “Discrete horn” now implemented in FLUKA. 
Magnetic field map from J.-P. Koutchouk.

‒ Under test by master student Patrik Simion
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magnetic field lines

“Discrete horn” built in FLUKA.
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Questions?
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