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BB Collective Effects Studies
• Instabi l i ty  studies are impor tant for the Beta 

Beam project , s ince

➡ High intens i ty  ion beams are foreseen

➡ Col lect ive Ef fects  could l imit  the f ina l  performance

• Wil l  study a l l  machines

➡ Today only the Decay Ring

• Wil l  study a l l  poss ib le reasons for instab i l i t ies

➡ Today only results  from s ing le bunch
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“Transverse Resonance 
Broad Band Impedance”
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3 Tools
• Three ways to f ind the Bunch Intens i ty  L imit , Nbth : 

➡ A mult i -par t ic le  tracking program
in t ime domain , “HEADTAIL”

➡ A theoret ica l  program in 
frequency domain , “MOSES”

➡ Peak current va lues into a coast ing beam formula  
g ives the “Coast ing Beam Equat ion” (here for ξ=0):

E. Métral, CERN, 
Overview of Single-Beam 
Coherent Instabilities in 
Circular Accelerators
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R⊥  = “Shunt Impedance” (see next slide)
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• Detai led ca lcu lat ions of  Transversa l  Shunt Impedance , R⊥ , 
require des ign assumpt ions of  ALL DR components , instead:

• Let ’s estimate R⊥
DR based on a machine with same 

circumference as DR; SPS (R⊥
SPS = 20 MΩ/m)

➡ Modern, smooth design of  the vacuum pipe 
compare to old SPS →  Improvement by factor 10   

→  R⊥
DR   ~ 2 MΩ /m

➡ The DR is a less general machine than the SPS 
(not required to handle many type of  beams)

➡ No need for as many kickers as SPS (and modern 
k icker des ign)  →  Improvement by factor 2
 
→  R⊥

DR   ~ 1 MΩ /m

• Fur ther ; in  20 years improved Broad Band Feedback System

R⊥ of the DR
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• According to the Coasting Beam Equation (CB Eq.) 
R⊥ is the only parameter not fixed by FP6 design  

• Let ’s find required shunt impedance, R⊥
req;  

Nbth vs. R⊥ in DR
T
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• R⊥
req = 0.15 MΩ/m to allow Nbth = 3e12 18Ne

So since R⊥
req < R⊥

DR ~ 1 MΩ/m →  Redesign of  DR
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• Nbth = 6e11 18Ne  can be used to get Nbth  for 

all  other ions by using that CB Eq. goes as N th
bx,y

∝ A

Z2
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DR Intensity Limit for FP6 Lattice
A
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DR   = 

1 MΩ/m

Bunch Intensity Limit, NbthBunch Intensity Limit, Nbth
R⊥

DR   = 
1 MΩ/m [e12] [% of Nbnom]

6He 5.0 100
18Ne 0.6 16
6He 5.0 52

18Ne 0.6 32
6He 5.0 52

18Ne 0.6 81

Note ; In  Don in i ’s  tab le  SF = 10 -4 
wh i le  we are us ing SF = 5 ⋅10-3 

A. Donini, Summary on Beta-Beams

8Li 3.0 60
8B 1.1 59
8Li 3.0 30
8B 1.1 29
8Li 3.0 12
8B 1.1 12
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Beyond FP6
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• So far  a l l  s tudies based on             FP6 parameters

• According to CB Eq.

                               i f  we increase the s l ip-
factor, |η | , the bunch intens i ty  l imit  would increase

• →  Redes ign of  the DR latt ice to increase |η |  which 
a lso increases the average beta funct ion:

Decay Ring Redesign
D

R
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• →  Nb
th increase by factor (η 2/η 1) / (β2/β1)

• Matching the bunch in the bucket : 
→  Increase voltage by factor η 2/η 1
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                            Data Base:
http://j2eeps.cern.ch/beta-beam-parameters/  

γtr = 27
→

�
��

�

�

��

� |η1| = 0.00127 → |η2| = 0.00276

γtr = 18.57 �β�y1 = 173.64 m → �β�y2 = 160.4 m

A. Chancé, next talk

Qsβcτb
2R|η|δmax

= 1

Qs =

�
hZeVrf |η|
2πβ2Etot

Vrf = 26.75 MV
Wednesday, January 26, 2011
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γtr = 27.0 → γtr = 18.6

Leff = 36% → Leff = 39%
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• So R⊥
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DR Intensity Limit for New Lattice
A
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1 MΩ/m [e12] [% of Nbnom]
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Note ; In  Don in i ’s  tab le  SF = 10 -4 
wh i le  we are us ing SF = 5 ⋅10-3 

A. Donini, Summary on Beta-Beams
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• Transversa l  Broad Band Impedance enforces 
redes ign of  the Beta Beam Decay Ring
(Other col lect ive e f fects  st i l l  to be studied)

• A new des ign of  the Decay Ring (by A. Chancé)

➡ Increases s l ip- factor, voltage and stra ight  fract ion

➡ More of  the Beta Beam scenar ios are a l lowed 
(assumed R⊥

DR = 1 MΩ /m) :

Conclusions
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Thank You!
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• Same study in long i tudina l  p lane

➡ Ongoing HEADTAIL s imulat ions , but 
can’t  use MOSES s ince only for ⊥

• Same with Narrow Band

• Same with Res ist ive Wal l  Impedance

• Same with Space Charge  

• Same with the a lready exist ing SPS & PS

To Do
Z||(ω) =

R||

1 + iQ
�

ωr
ω − ω

ωr
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• Wake Fie lds ( t ime domain ; W(t ) ) can

• Resonance Impedance ( f requenc y domain ; Z(ω )=F [W(t ) ] ) ,
- in  the Transverse p lane can be modeled by an 

RLC c ircuit  as :

- For low Qual i ty  Factor (Q≈1) the Wake F ie ld i s  
shor t l ived and the impedance is  “Broad Band”

Resonance Impedance

Z⊥(ω) =
R⊥

ωr
ω

1 + iQ
�

ωr
ω − ω

ωr

�
Q  = “Quality Factor”

ω r = “Resonance Angular 
Frequency”

R⊥  = “Shunt Impedance”
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- be trapped in p ipe cav i t ies   

- cause  “Resonance Impedance”

Wednesday, January 26, 2011



• Wake Fie lds ( t ime domain ; W(t ) ) can

• Resonance Impedance ( f requenc y domain ; Z(ω )=F [W(t ) ] ) ,
- in  the Transverse p lane can be modeled by an 

RLC c ircuit  as :

- For low Qual i ty  Factor (Q≈1) the Wake F ie ld i s  
shor t l ived and the impedance is  “Broad Band”

Resonance Impedance

Z⊥(ω) =
R⊥

ωr
ω

1 + iQ
�

ωr
ω − ω

ωr

�
Q  = “Quality Factor”

ω r = “Resonance Angular 
Frequency”

R⊥  = “Shunt Impedance”

W
a

k
e

 
F

i
e

l
d

s

- be trapped in p ipe cav i t ies   

- cause  “Resonance Impedance”

“Transverse Resonance 
Broad Band Impedance”

• Wil l  show results  from

= 1
≈  ωc = βc/by

(see next slide)
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εl Scan for 18Ne (1/τ)th = 400Hz

R⊥  = 20 MΩ /m (SPS)

R⊥  = 2 MΩ /m (RHIC)
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• The  “Shunt Impedance”, R⊥ , i s  the main parameter in 
the RLC model  of  the Resonance Impedance 

• Model ing exist ing machines the same way we have

Shunt Impedance

Z⊥(ω) =
R⊥
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