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Accelerator WG summary
and

Preparations for the IDR
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Overview
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Proton driver - Project X
 Chuck Ankenbrandt
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Illustrative Staging Scenario
 Chuck Ankenbrandt

α

β

3

4

4 GeV
NF

25 GeV
NF

4MW multi-GeV
Proton Source

Accumulation &
Rebunching



J. Pozimski     IDS plenary meeting @ Fermi Lab.  10th April 2010 , P 5 / 12

Conclusions & Recommendations
 Chuck Ankenbrandt

The most promising design approach for a proton driver
consists of a full-energy H- linac, a pair of storage
rings, and an external bunch combiner.

A kinetic energy of 6 GeV is high enough to support the
4-MW proton driver capabilities required for NF and
MC applications.

The linac should be hybrid (if IC-2.2 is adopted):
the RF power should be CW;
the beam current should be pulsed at a high frequency.

The proton driver complex can be staged:
the first stage supporting a modest neutrino factory,
the second stage supporting the ultimate NF,
the third stage supporting a high-luminosity muon collider.

5
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NF- Proton driver and ISIS upgrade
 Jaroslaw Pasternak

• Based on MW ISIS upgrade with 0.8 GeV linac and 3.2 GeV RCS.
• Assumes a sharing of the beam power at 3.2 GeV between the two facilities
• Requires additional RCS machine in order to meet the power and energy
  needs of the Neutrino Factory
• Both facilities can have the same ion source, RFQ, chopper, linac, H- injection,
accumulation and acceleration to 3.2 GeV

ISIS MW upgrade
Additional RCS
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Preliminary design of the second RCS
 Jaroslaw Pasternak

Number of superperiods 6

Circumference 708.788 m

Harmonic number 6

RF frequency 2.4717-2.5289 MHz

Betatron tunes ( QH, QV) (7.81, 7.78)

Gamma transition 7.9056

Beam power at 6.4 GeV 4 MW for 2 bunches

Bunch area 1.8 eVs

Δp/p at 3.2  GeV 5.3 10-3

Injection / extraction energy 3.2 / 6.4 [10.3] GeV

Repetition rate 50 Hz

Max B field in dipoles 1.2 T ( at 10.3 GeV)

Length of long drift 12 m

• Lattice may allow for flexibility in gamma 
  transition choice (even with beam).
• Ring is overdesigned in order to allow for
  10.3 GeV.
• Optimised solution for 6.4 GeV is
  in preparation!

Parameters of 6.4 (10.3) GeV RCS
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Proton driver & bunch compression
 Jaroslaw Pasternak

RCS
3.2 GeV,

50 Hz

800 MeV H- linac

Small Compressor 
Ring

NF target, 4 MW, 
3 bunches

Neutron
target, 2.6 MW

• Fast phase rotation in the dedicated compressor ring 
  (most economic from the RF point of view, but another ring is needed).
• Bunches will be extracted one by one from the RCS.
• Compressor ring works above transition, but the rotation is very fast.
• The bunches in the RCS will wait uncompressed for 200 us, 
   but they will come with different energies.
• We do not have a design for the compressor ring at the moment, 
  but CERN design can be adopted.

RCS
6.4 GeV,

50 Hz
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Liquid mercury target -Energy
deposition in the target area

 X. Ding

Enhanced shield can decrease the power deposition in SC1 coil 
from 22.1kW to 4.8kW. By replacing the Res Sol by WC shield,
 the power deposition in SC1 coil can be decreased further to 1.3kW.
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Liquid mercury target Hardware design

Liquid mercury target -Hg Circulation System
V. Graves

-Windows
-Mercury dump and drain
-Mercury vapour and condensation
-Waste disposal

Liquid mercury target -Nozzle Development
R. Ladeinde

-Simulation of flow started
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Solid target- lifetime tests
  Rob Edgecock

More than sufficient lifetime demonstrated:More than sufficient lifetime demonstrated:
> 10 years for 2cm diameter target> 10 years for 2cm diameter target
> 20 years for 3cm diameter target> 20 years for 3cm diameter target

Focus now:Focus now:
Measure stress;Measure stress;
Confirm modelling.Confirm modelling.

Better at lower temperature!Better at lower temperature!

SEM imagingSEM imaging
BegbrokeNanoBegbrokeNano, Oxford Materials, Oxford Materials
Characterisation ServicesCharacterisation Services  

The aim to observe any surface The aim to observe any surface 
damage which might indicate the damage which might indicate the 
presence of thermal fatiguepresence of thermal fatigue  
Results: inconclusiveResults: inconclusive
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Solid target - Youngs modulus
  Rob Edgecock
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Solid target station
  Rob Edgecock

• Current option: a wheel – being investigated now

• Several already used, but most relevant: design study

Horizontal for compatibility with baseline target station
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Harp data comparison
 P. Soler

Includes NF muon
aceptance!

Comparison to MARS
simulations (S.Brooks)

Reweighted Harp results
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Muon front end
 D. Neuffer
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• ISS study based on nB = 18 (280 MeV/c to 154 MeV/c)
– Buncher 0 to 12MV/m; Rotator 12.5MV/m, B=1.75T

(201.25 MHz)

– Long system,
• Try shorter version - nB = 10 (233 MeV/c to 154 MeV/c)

– slightly lower fields  (1.5T, 15MV/m)
– Buncher 0 to 9 MV/m, Rotator 12MV/m
– Shorter bunch train
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Muon front end - bunch train length
 D. Neuffer
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Study 2A nB =12
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Shielded RF cooling lattice
C. Rogers
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Shielded RF cooling lattice
C. Rogers
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Higher momentum beam
C. Rogers
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Higher momentum beam
C. Rogers
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44 / 88 MHz lattice
G. Prior
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44 / 88 MHz lattice
G. Prior
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High pressure RF
 M. Zisman
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High pressure RF implementation
 M. Zisman



J. Pozimski     IDS plenary meeting @ Fermi Lab.  10th April 2010 , P 25 / 12

High pressure RF - window material
 M. Zisman
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Linac & RLA’s
 A. Bogacz

0.6 GeV/pass
3.6 GeV

0.9 GeV244 MeV

146  m

79  m

2 GeV/pass

264  m
12.6 GeV

IDS Goals:

Def ine beam lines/latt ices for all components

Resolve physical interferences,  beam line crossing s etc

Error sensit ivity analysis

End-to-end sim ulation (m achine acceptance)

Component count and costing

1 st part of talk

2 nd part of talk
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Matching from cooling to linac
 A. Bogacz

 upper −> m idd le linaccooling   −>  upper
linac
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Longitudinal phase space
A. Bogacz
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Yves Rob lin

Alex Bog acz
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MATLAB

Morteza
Aslaninejad

Kevin Beard



J. Pozimski     IDS plenary meeting @ Fermi Lab.  10th April 2010 , P 29 / 12

Multipass FFAG arc
A. Bogacz

60°

300°

sim ple closing  of
g eometry
when using  sim ilar cells

r =  3 8 .5
meters

C =  3 0 2  m eters

Vasiliy Morozov
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Hardware design magnets
 C. Bontoiu
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Hardware design RF cavities
 C. Bontoiu / J. Pozimski
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Particle tracking
 C. Bontoiu

Intital distribution from cooling channel

Energy spread in the linac
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Scaling FFAG alternative for RLA 2
 T. Planche
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Scaling FFAG alternative for RLA 2
 T. Planche
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Scaling FFAG alternative for RLA2
 T. Planche
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NS-FFAG Lattice parameters
 S. Berg

Most promising due to longer dirfts for RF and kickers : FDFCC
Minimum E 12.6 GeV
Maximum E 25 GeV
Cells 64
Circumference 546 m
Cavity cells 88
RF Voltage 1119 MV
Decay 5.6%
Turns 11.8
D Radius 11.5 cm
F Radius 15.3 cm
D Field 6.5 T
F Field 3.6 T
D Length 1.96 m
F Length 1.29 m
Long drift 3 m
Short drift 0.5 m
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NS-FFAG cromaticity correction
 S. Berg

❍ Reduces time of flight dependence on 
transverse amplitude 

❍ Downsides 

❑ Reduction in dynamic aper ture 

❑ Increase in magnet aper tures (cost) 

❑ Modification of time of flight vs. energy 

❍ Still studying optimal choice for this 

❑ Some modest correction likely included 
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Extraction particle dynamics
 J. Pasternak

D. Kelliher
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Extraction particle dynamics
 J. Pasternak

Effects of special magnets

• Beams close to septum push the magnet aperture.
• Special magnets with higher aperture is needed in injection/extraction regions.
• Those magnets introduce the ring lattice symmetry breaking, which
  can cause accelerated orbit distortion.
• Current studies show that the effect is not dramatic, but more simulations are
needed.
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Kicker electronics simulations
 J. Pasternak

0µs 1µs 2µs 3µs 4µs 5µs 6µs 7µs 8µs
-3KA

0KA

3KA

6KA

9KA

12KA

15KA

18KA

21KA

24KA

27KA

30KA
I(x4:L1) I(x4:L2) I(x4:L3)

1.65033µs,29.4126KA

64.3745ns,22.5797mA

3.55816µs,29.5101KA

Current pulses in 3 kicker sections – „travelling wave” 
using PSPice
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Kicker magnet simulations in COMSOL
 J. Pasternak

• 2D simulation to estimate the current, which is needed.
• Ferrite 3c11 is assumed for the yoke.
• Field quality is OK and it can still be improved.
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Ring instrumentation - Energy
 M. Apollonio

9/4/2010 5th IDS-NF meeting - Fermilab 44

- Energy can be measured using the Polarisation of the Muon Beam
  [ Raja-Tollestrup – FERMILAB-Pub-97 / 402] IF some P is saved
after all the massage in the machines ...

- Spin precesses in a ring due to coupling with magnetic fields
  (bending magnets).

- At every turn spin precession is determined by the SPIN TUNE:
                 ω = 2 π γ a
                 a = 1.16E-3
This determines a modulation in P
- NB: if ΔE/E   =0    γ same for all muons  P keeps oscillating
          if ΔE/E !=0    P goes to 0 after n turns

e+ spectrum from µ-decay is a function of P :
                  d2N/dx dcosθ = N0[(3-2x)x2 – P(1-x)x2 cosθ]              (CM)
- I have modelled the behaviour of a beam (> 1E5 muons) all   with
their spin and energy (ΔE/E =[0.01-0.05])

- Lorentz Boost
- Modulation in P produces  a modulation in E(e+)

-  I assume P = 27% or 18% is left when filling the DK ring

Sz(0)Sz(1)

turn0turn1

Sz(2)

turn2
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Simulation results
 M. Apollonio
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Implementation
 M. Apollonio

It has been suggested  [Blondel – ECFA 99-197(1999)] to use the first bending
magnet after the decay straight section to SELECT electron energy bins: what
does that mean today with a realistic lattice (25 GeV)?

In fact electron is emitted ~parallel to µ (due to the high γ)

The spectral power of the 1st magnet depends on its FIELD and LENGTH

A G4Beamline simulation can tell us where electrons impinge after decaying
somewhere along the orbit
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IDR preparations - status
● Define Reference Beam
● Redefine Solenoid Taper (for 1.25 T vs 1.5 T vs 1.75 T)
● Best Guess of achievable RF Voltage vs B @ 200 MHz
● Modified FS2A Front End
● Different Lithium Hydride mixtures, physics process

model
● Tapering beta function
● Improved longitudinal and transverse matching
● Optimised buncher & phase rotation
● Buncher variations on a theme (shorter bunch train, etc)
● Buncher & rotator length vs gradient study
● Cooling performance degraded with different RF

voltages
● Shielded cavities or Bucked coils
● High pressure RF
● Magnetically Insulated Lattice (BxE = 0)
● Low Frequency Scheme
● Helical FoFo Snake
● Helical Cooling Channel
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IDR preparations - to do list

n Description of baseline 

n ICOOL Optics Lattice 
n 2D magnet designs 
n 
Current densities, J vs B, tracking through field map 
n 2D RF cavity designs 
n 
Q­Factor for power supply costing 
n LiH absorber heat load, decision on active cooling 

n Description of one backup option for RF peak field mitigation? 

n Optics only 

n Costing 

n Hardware inventory 
n Cost scaling 

n Preliminary estimate shielding/collimation issues + requirements 

n Preliminary estimate civil engineering issues 

n How does the requirement for a CERN design study match 
available manpower? CERN must provide resources...
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IDR preparations

• Sub groups presented detailed plans for
convergence.

• How do we organize the decision making process ?
• How do we handle alternatives and fall back options

in the IDS ?
• IDR chapters should be prepared to be ready for

submission to editors after RAL plenary (1st
October)

• For IDS “mixed” costing according to readiness of
the hardware design (global to detailed)


