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• To determine the three remaining neutrino oscillation parameters, θ13, δcp  
and sign(∆m31

2), precision measurements on a pure and intense neutrino 
beam are required  

• One of the proposed Next Generation Neutrino Oscillation Facilities is 
Beta Beams:

− Accelerate radioactive ions to high γ

− Let them β-decay in a Decay Ring (DR)
with a straight section   → 

− ν-beam with opening angle 1/γ and 
with known energy and ν-species
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P. Zucchelli, Phys. Let. 
B, 532 (2002) 166-172

This gives only (anti) neutrinos from β+ (β-) decay:
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Two Baselines
• 6He & 18Ne:  L ≈ 130 km • 8Li & 8B:  L ≈ 650 km

L = 130 km L = 650 km

• There are currently two different baselines (both with γ=100) under investigation
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• To suppress atmospheric background detectors can only be open short 
time periods

− Suppression Factor, SF =  opened time ratio of the detector

• The DR will be filled only with short bunches so that neutrinos are send 
only when the detector is opened
 

− Duty Factor, DF = filled ratio of the Decay Ring

                             Duty Factor = Suppression Factor
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Sensitivity for 18Ne & 6He
• Sens i t iv i ty  depends on 

➡ Neutr ino F luxes     &

➡ Suppress ion Factor

• Assuming the nomina l  f lux  for  18Ne and 6He , we get  

• I .e . in  case of  nomina l  f lux  we can only f i l l  between 
0 .1% and 1% of  the Decay Ring
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• Same flux as
nominal flux 
for 18Ne & 6He  
                      → 

• 5 times the 
nominal flux
for 18Ne & 6He  
                      → 

E. Fernandez, The gamma = 100 
Beta-Beam Revisited. Nucl. Phys., 
B833:96-107,2010, 0912.3804

• I .e . 8B and 8L i  would need a factor 5 h igher f lux 
(Already ant ic ipated by A. B londel  in  NUFACT07)

Sensitivity for 8B and 8Li
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DR Injection for 18Ne & 6He
• Due to Direct  Space Charge

in the PS (DSC ef fect  i s  worse for lower γ )

ions needs to be merged in the
DR to achieve enough f lux

• An in ject ion scheme was 
developed for 18Ne & 6He :

➡ Off-momentum in ject ion

➡ Capture a f ter ¼  sync . turn

➡ Asymmetr ic  and symmetr ic  merg ing

➡ Col l imat ion

• The propor t ion of  ions that  decayed in the DR was 
40% (20%) for 6He (18Ne) 

• This  scheme needed to be restudied for 8B and 8L i
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Work Plan
• Goal :

➡ Control  that  the merg ing scheme developed for 
18Ne & 6He a lso works for 8B & 8L i

• Plan:

➡ Reproduce the results  for 18Ne & 6He 

✦ Use the a lready exist ing RF program →  

✦ Simulate with a 2D longi tudina l  phase 
space program (see next s l ide)

➡ Repeat for 8B & 8L i

✦ Adapt the RF program
for 8B & 8L i    →  

✦ Perform the 2D 
S imulat ions
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Software
• The RF s imulat ions are done with “BBPhase”

➡ A 2D longitudina l  phase space program

➡ Orig ina l ly  developed to 
invest igate the poss ib i l i ty  
to use Barr ier Buckets in 
the DR

➡ Now adapted to a l low bunch merg ing s imulat ions
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 SVN: http://svnweb.cern.ch/world/wsvn/bbphase
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Injection
• The new bunch is injected of f  momentum

(separated by a septum magnet)

• For now: Injected bunch is ell iptical
with homogeneous distribution
( to do: implement gauss ian d istr. )

• Capture ef ficiency optimized for injection at 

➡ δ  = 4.92 ‰       ∆φ  = 0.005°

• After ¼  synchrotron turn it is 
“captured” by one RF system

• Achieved Capture Ef ficiencies
(could be improved with gauss ian d istr. )

➡ 88.8% for 6He & 87.8% for 18Ne

➡ 88.2% for 8Li  & 89.0 % for 8B

A. Chancé

Daniel C. Heinrich
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Merging & Collimation
• Then a 2nd RF system is turned on to merge the new bunch 

into the old bunch

• The RF program is followed 

➡ First Asymmetric Merging: 
i .e . the two buckets have d i f ferent s ize

➡ Then Symmetric Merging: 
i .e . same s ize of  the buckets

• Collimation at ∆p/p = 2.5‰

➡ scrapes away ions not 
captured

➡ l imits the bunch size to 
protect the septum 
magnet
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Source Rate & Injection Intensity
• Assume optimistic Ion Production Rate for both Baselines

➡ Gives the following number ions per bunch at injection 
into the Decay Ring (according to a Mathemat ica programs that  
ca lcu lates the whole Beta Beam chain)
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Source Rate 
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Production 
Method
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2.35 4.87 8.43 21.50
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• Due to Collimation and Radioactive decay the number of  ions 
per bunch saturates in the DR (20 of  these bunches g ives Ntot)

Accumulation
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Bunch Length
• After “saturat ion” the bunches are ~ 2m long (a l l  ions)

• 20 bunches from SPS to DR
→  SF =  20 ⋅ 2m / 6911m = 0.58% 

• I .e . between 0 .1% and 1%

• Good! S ince for nomina l :
~2m
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• So the simulation gave us accumulated number ions per bunch

• 20 bunches in DR →  Gives the annual neutrino rate

• Assuming nominal ν  flux for 8B & 8Li is 5 times that 
for 18Ne & 6He →  Gives the “ν-flux-ratio”

18Ne 6He 8B 8Li

Assumed 
Source Rate 
[1013 ions/s]
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DR Injection 
[1011 ions/
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• I t  was poss ib le to 

➡ adapt the RF bunch merg ing scheme to the 2D 
program BBPhase

➡ recreate the capture ef f ic ienc ies for 18Ne & 6He 
achieved in “FP6”

• These results  were extended to 8B & 8L i , however 
us ing ver y pre l iminar y va lues for 

➡ ion product ion rate

➡ emittance of  in jected bunches

• Bunch lengths of  2 m g ives a  duty factor (assuming 20 

bunches) wel l  be low the upper l imit  of  1%

Conclusion
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Note under preparation:
http://chansen.web.cern.ch/chansen/PUBLICATIONS/merging.pdf  

SVN: http://svnweb.cern.ch/world/wsvn/bbphase
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Parameters
• So far  a l l  s tudies based on EURISOL FP6 

parameters
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Data Base:
http://j2eeps.cern.ch/beta-beam-parameters/  
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