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See Christina Volpe, Beta-beams, hep-ph/0605033v2, Nov. 2006 and references
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Elektron-Neutrino Disappearance
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Big Bang
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Phys.Lett. B532:166, 2002
•http://beta-beam.web.cern.ch/beta-beam
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R&D for beta-beams 

Elena Wildner, CERN
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Crucial importance for physics

Energy spectrum
Flux
Distance from production (neutrino oscillation)
Neutrino and antineutrino pairs
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Parameters for physics

Energy spectrum
Reaction energy Q (a few MeV, ion dependent)
Relativistic boost factor γ

Flux
Accelerator issues (apertures, intra beam scattering, space charge…)
Relativistic boost factor γ: forward focusing of neutrinos:  θ ≤ 1/γ
Life-time of chosen ion
Decay losses in accelerator chain
Ion beam collimation

Neutrino and anti-neutrino beams
Ion choice limited: life time, similar Q-value, β+ & β- , Z/A, chemistry…

γ=100
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Options
Baselines, L (Distance from production to detector)

Short ≤ 300 km (Genuine CP asymmetry measurements)
Medium
Long ~ 7500 (Matter effects)
Magic (most optimal sensitivities for physics reach)

Neutrino energy and angle (γ boost and Q value)
Sets optimal L and flux in detector

Interacting νμ  in detector
Merit factor M ~ γ / E0  ; 

Long Baselines
Higher γ or higher ion Q, needs more decays 

6

Not evident: physics, budget, existing infrastructures give boundaries
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Ion Choice, β+ emitters (νe)

7

Isotope Z A A/Z T1/2 Qβ  (gs>gs) Qβ  eff. Eβ  av. Eν  av. <E_LAB> (MeV)
s MeV MeV MeV MeV (@450 GeV/p)

8B 5 8 1.6 0.77 17.0 13.9 6.55 7.37 4145
10C 6 10 1.7 19.3 2.6 1.9 0.81 1.08 585
14O 8 14 1.8 70.6 4.1 1.8 0.78 1.05 538
15O 8 15 1.9 122.2 1.7 1.7 0.74 1.00 479
18Ne 10 18 1.8 1.67 3.4 3.4 1.50 1.86 930
19Ne 10 19 1.9 17.34 2.2 2.2 0.96 1.25 594
21Na 11 21 1.9 22.49 2.5 2.5 1.10 1.41 662
33Ar 18 33 1.8 0.173 10.6 8.2 3.97 4.19 2058
34Ar 18 34 1.9 0.845 5.0 5.0 2.29 2.67 1270
35Ar 18 35 1.9 1.775 4.9 4.9 2.27 2.65 1227
37K 19 37 1.9 1.226 5.1 5.1 2.35 2.72 1259
80Rb 37 80 2.2 34 4.7 4.5 2.04 2.48 1031
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Ion Choice, β- emitters (νe)

8

Isotope Z A A/Z T1/2 Qβ (gs>gs) Qβ eff. Eβ av. Eν  av. <E_LAB> ( MeV)
s MeV MeV MeV MeV (@ 450 GeV/p)

6He 2 6 3.0 0.807 3.5 3.5 1.57 1.94 582
8He 2 8 4.0 0.119 10.7 9.1 4.35 4.80 1079
8Li 3 8 2.7 0.838 16.0 13.0 6.24 6.72 2268
9Li 3 9 3.0 0.178 13.6 11.9 5.73 6.20 1860
11Be 4 11 2.8 13.81 11.5 9.8 4.65 5.11 1671
15C 6 15 2.5 2.449 9.8 6.4 2.87 3.55 1279
16C 6 16 2.7 0.747 8.0 4.5 2.05 2.46 830
16N 7 16 2.3 7.13 10.4 5.9 4.59 1.33 525
17N 7 17 2.4 4.173 8.7 3.8 1.71 2.10 779
18N 7 18 2.6 0.624 13.9 8.0 5.33 2.67 933
23Ne 10 23 2.3 37.24 4.4 4.2 1.90 2.31 904
25Ne 10 25 2.5 0.602 7.3 6.9 3.18 3.73 1344
25Na 11 25 2.3 59.1 3.8 3.4 1.51 1.90 750
26Na 11 26 2.4 1.072 9.3 7.2 3.34 3.81 1450
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EURISOL design study

European Isotope Separation On-Line
Radioactive Ion Beam Facility

Beta Beams is one task
Related to the radioactive ion production
Funding from FP6
Design Report summer 2009
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The EURISOL scenario (i)

Based on CERN boundaries

Based on existing technology and machines
Ion production through ISOL technique
Bunching and first acceleration: ECR, linac
Rapid cycling synchrotron
Use of existing machines: PS and SPS

Opportunity to share a Mton Water Cerenkov detector with a CERN 
super-beam, proton decay studies and a neutrino observatory 

(Frejus)

The EURISOL scenario will serve as reference for further studies 
and developments: See later for EUROnu

EURISOL scenario



R&D for Beta Beams, 13 Jan 2009, Elena Wildner 12

The EURISOL scenario (ii)

Ion choice: 6He and 18Ne

Relativistic gamma=100 for both ions
SPS allows maximum of 150 (6He) or 250 (18Ne)
Gamma choice optimized for physics reach

Opportunity to share a Mton Water Cerenkov detector with a CERN 
super-beam, proton decay studies and a neutrino observatory (Frejus)

Achieve an annual neutrino rate of 
2.9*1018 anti-neutrinos from 6He
1.1 1018 neutrinos from 18Ne

top-down approach



R&D for Beta Beams, 13 Jan 2009, Elena Wildner

. 

Neutrino 
Source

Decay 
Ring

Ion production
ISOL target &   

Ion source

Proton Driver
SPL

Decay ring

Bρ = 1500 Tm 
B = ~6 T          
C = ~6900 m    
Lss= ~2500 m 
6He:   γ = 100 
18Ne:  γ = 100

SPS

Acceleration to 
medium energy
RCS, 1.5 GeV

PS

Acceleration to final energy

PS & SPS

Beam to  experiment

Ion acceleration
Linac, 0.4 GeV

Beam preparation
ECR pulsed

Ion production Acceleration Neutrino source
Low-energy part High-energy part

Detector in the Frejus tunnel

Existing!!!

8.7 GeV

93 GeV

EURISOL Beta Beam complex
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Options for production
ISOL method at 1-2 GeV (200 kW)

>1 1013 6He per second
<8 1011 18Ne per second
Studied within EURISOL

Direct production
>1 1013 6He per second
1 1013 18Ne per second
Studied at LLN, Soreq, WI and GANIL

Production ring
1014 (?) 8Li 
>1013 (?) 8B
Will be studied within EUROν

14

Courtesy M. Lindroos 

Aimed:
He 2.9 1018 (2.0 1013/s)   
Ne 1.1 1018  (2.0 1013/s)

N.B.  Nuclear Physics has limited interest in those elements→ Production rates not pushed!
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6He (ISOL)

Converter technology preferred to direct irradiation (heat transfer and 
efficient cooling allows higher power compared to insulating BeO).
6He production rate is ~2x1013 ions/s (dc) for ~200 kW on target.

Converter technology: 
(J. Nolen, NPA 701 (2002) 312c)

T. Stora, N. Thollieres, CERN

Projected values, known x-sections!
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18Ne (Direct Production)

Producing 1013 18Ne could be 
possible with a beam power (at low 
energy) of 2 MW (or some 130 mA 
3He beam on MgO).
To keep the power density similar to 
LLN (today) the target has to be 60 
cm in diameter.
To be studied:

Extraction efficiency
Optimum energy
Cooling of target unit 
High intensity and low energy ion linac
High intensity ion source

Water 
cooled target 
holder and 

beam dump

Thin MgO 
target

Ion 
beam

Geometric scaling

S. Mitrofanov and M. Loislet at CRC, Belgium
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6He (Two Stage ISOL)

Studied 9Be(n,α)6He, 
11B(n,α)8Li  and 9Be(n,2n)8Be 
production
For a 2 mA, 40 MeV deuteron 
beam, the upper limit for the 
6He production rate via the two 
stage targets setup is ~6·1013

atoms per second.  

18

T.Y.Hirsh, D.Berkovits, M.Hass  
(Soreq, Weizmann I.)
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New approaches for ion production

7Li(d,p)8Li
6Li(3He,n)8B7Li

6Li

“Beam cooling with ionisation losses” – C. Rubbia, A Ferrari, Y. Kadi and V. 
Vlachoudis in NIM A 568 (2006) 475–487

“Development of FFAG accelerators and their applications for intense 
secondary particle production”, Y. Mori, NIM A562(2006)591

From C. Rubbia, et al. in NIM A 568 (2006) 475–487

Will be studied in Euroν FP7:
Design of ring
Cooling in ring
Collection device
ECR Source
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Radiation: Engineering issues 
Radiation safety

88% of 18Ne and 75% of 6He ions are lost between source and injection 
into the Decay Ring
Detailed studies on RCS (manageable)
PS preliminary results available (heavily activated, 1 s flat bottom)
SPS and Decay Ring studies ongoing

Safe collimation of ions during stacking, ongoing
~1 MJ beam energy/cycle injected, equivalent ion number to be 
removed, ~25 W/m average

Magnet protection (PS and Decay Ring manageable)
Dynamic vacuum, studies ongoing
Tritium and Sodium production in the ground water needs to be 
studied when site known (Magistris and Silari, 2002) 

21
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Momentum collimation: ~5*1012 6He ions to be collimated per cycle
Decay: ~5*1012 6Li ions to be removed per cycle per meter

p-collimation

m
erging

in
je

ct
io

n

Particle turnover in Decay Ring

Straight section

Arc

Arc

Momentum
collimation

LHC project report 773

bb
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Longitudinal Merging in DR

1) Injection

2) Rotation

3a) Single merge

3b) Repeated merging

Mandatory for success of the γ = 100 beta-beam concept (need for duty cycle for 
background suppression)

Lifetime of ions (minutes) is much longer than cycle time (seconds) of a beta-beam 
complex

Merging: 
“oldest” particles
pushed outside
longitudinal acceptance →
momentum collimation

Courtesy Steven Hancock, CERN
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Decay Ring Stacking: experiment in CERN PS

Ingredients
h=8 and h=16 systems of PS.
Phase and voltage variations.

time

en
er
gy

S. Hancock, M. Benedikt and J-L.Vallet, CERN
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Barrier Buckets in the Decay Ring

Courtesy: P.Beller et al.
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Heat Deposition study in Decay Ring

26

Peak Power Deposition in 
cable along magnet (FLUKA)

Need to reduce a factor 5 on midplane
Liners with cooling
Open Midplane magnets

Decay Ring Lattice design with 
absorbers between dipoles: A. Chancé 
and J. Payet, CEA Saclay

E. Wildner, CERN
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Open Midplane Dipole for Decay Ring

27

Cosθ design open midplane magnet

Manageable (7 T operational) 
with Nb -Ti at 1.9 K

Aluminum spacers possible on 
midplane to retain forces: 
gives transparency to the 
decay products

Special cooling and radiation 
dumps may be needed 
inside yoke.

J. Bruer, E. Todesco, CERN
-5 0

0

5 0

-5 0 0 5 0

+

+-
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EUROν DS (i)

Comparison 
Superbeam (ν−production on target)
ν−factory (decaying nuons in storage ring)
Beta Beams

29

https://espace.cern.ch/EURObeta/shared%20documents/EUROnu-proposal.doc
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EUROν DS (i)

30

Work 
package

No

Work package title Type of 
activity

Lead 
participant

No

Person-
months

Start
month

End
month

1 Management and 
Knowledge 
Dissemination

MGT 1 92 1 48

2 Super-Beam RTD 2 333 1 48
3 Neutrino Factory RTD 5 282 1 48
4 Beta Beam RTD 3 295 1 48
5 Detector 

Performance
RTD 4 199 1 48

6 Physics Reach RTD 6 206 1 48
TOTAL 1407

3=CERN, coordinator: E. Wildner
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The beta-beam in EUROν DS (ii)
The study will focus on production issues for 8Li and 8B

8B is highly reactive and has never been produced as an ISOL 
beam
Production: enhanced direct production

Ring lattice design
Cooling 
Collection of the produced ions (UCL, INFN, ANL), release 
efficiencies and cross sections for the reactions
Sources ECR (LPSC, GHMFL)
Supersonic Gas injector (PPPL)

Parallel studies 
Multiple Charge State Linacs (P Ostroumov, ANL)
Intensity limitations

31

https://espace.cern.ch/EURObeta/default.aspx
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The beta-beam in EURONU DS (iii)

Optimization of the Decay Ring (CERN, CEA,TRIUMF)
Lattice design for new ions
Open midplane superconducting magnets
R&D superconductors, higher field magnets 
Field quality, beam dynamics
Injection process revised (merging, collimation)

A new PS?
Magnet protection system
Intensity limitations?

Overall radiation & radioprotection studies

32
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The beta-beam in EURONU DS (iii)
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High field dipole model
EUCARD Participants: CEA-DSM-Irfu, CERN, Wroclaw Technical University
Aim: Design, build and test a 1.5 m long, 100 mm aperture dipole model with 

a design field of 13 T using Nb3Sn high current Rutherford cables.

Several concepts' are being studied already 

Block coil design CosΘ design

Nb3Sn Nb-Ti

Nb3Sn

Nb3Sn

Nb3Sn

Nb-Ti

Nb-Ti

Nb-Ti
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Cos2θ Quadrupoles for LHC upgrade phaseII

35

F. Borgnolutti, E. Todesco, CERN



102 T/m Quadrupole

Aperture diameter
200 mm

Gradient
ssG = 129 T/m
Gn = 102 T/m margin of 20%

Current
Ss current =14950 A
In = 11960 A

F. Borgnolutti, E. Todesco, CERN
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The beta-beam in EURONU DS (iii)

Optimization of the Decay Ring (CERN, CEA,TRIUMF)
Lattice design for new ions
Open midplane superconducting magnets
R&D superconductors, higher field magnets 
Field quality, beam dynamics
Injection process revised (merging, collimation)

A new PS?
Magnet protection system
Intensity limitations?

Overall radiation & radioprotection studies

37
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Greenfield Studies

EUROν framework concentrates on production
EURISOL Scenario still valid

BUT is this the best way
Budget
Do we get what physicists want

Greenfield studies for comparison
Upgrades of CERN

38
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Greenfield Studies: gamma

39
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CERN Upgrades

40
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CERN Upgrades: benefits for Physics

41
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Summary
The EURISOL beta-beam conceptual design 
report will be presented in second half of 
2009

First coherent study of a beta-beam facility
Continuation of the work: a beta-beam facility 
using 8Li and 8B 

Experience from EURISOL 
First results will come from Euroν DS
beta beam WP started 1 Sept. 2008 (4 year study)

42
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EUROν DS budget
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every
 

4th

 

bucket
 

filled
1     train

2.7 1013

 

usefull
 

ν per cycle
5.8 1017

 

ν per year

Source
1.8 1014

 

ν

 

per cycle
10-3

 

to 10-4

 

6He  per  2H 
2 mA DC  for

 

~ 10 msec



Very
 

first
 

analysis:

•
 

Ion Source

•
 

Dipoles
 

into
 

straight
 

section
 

(12 T)

•
 

Higher
 

Order Modes
 

in the
 

cavities
? RF peak

 
power

 
?



Copy
 

of EURISOL @ DESY much
 

too
 

expensive

Idee von T. Hirsch/M. Hass Weizmann

Ionisation Bunching Linac

SARAF @ Soreq
 

NRC: 40 MeV d-Beam
 

2 mA



a dream
 

?

bunches

thin target

Problem: Puls charge
 

of deuteron
 

beam
 

is
 

too
 

large



A more
 

realistic
 

Idea
 

?

Production
 

of ions
 

at start of the
 

cycle
Ionize

 
and store

 
in the

 
plasma-cell

 
of an ECR-source

Extract
 

bunches
 

with
 

electrostatic
 

lenses
 

as a bunch
 

train



TESLA Technology suited
 

?
bunch-train

 
similar

 
to 

TESLA trains
except

bunch
 

spacing
 

!

TESLA:      100 m
beta-beam: 92 cm

2.2 A 

Problem:
Higher

 
Order Modes



FP6 scenario

Plots from
 

Walter Winter / Patrick Huber



beta-beam
 

@ DESY
Super-beam

 

from
 

SPL
Water-Cerenkov

 

Det
 

@ Frejus

very
 

similar
 

sensitivity



• FP7 EUROnu
 

Projekt (CERN): WP beta-beams

• Cooperation
 

with
 

Weizmann-Institute
 

on 6He production

May 2009: First measurements
 

on 6He production
 

(SARAF ?)

• Compare
 

Physics
 

potential: CERN-Frejus
 

/ DESY-Frejus

• Submitted
 

funding
 

request
 

to BMBF:

Physics
 

simulation: Verification
 

of Potential (ν-Oscillations) 

Accelerator: conceptional
 

Layout
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