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Introduction

® Beta Beam’s physics reach is optimized for high intensity ions beams with short bunch length
® Collective Effects will limit the final performance of accelerators
® Collective Effects has not yet been studied in detail for the CERN Beta Beam complex

® Plan to study all machines for all ions (FPé:¢He & '8Ne, FP7: 8B & 8Li)

®  So far focused on the Decay Ring for ®He and '8Ne

®  Results shown are based on FP6 design (FP6 database) with some edited values

RCS

Wednesday, June 2, 2010



Outline

® Direct Space Charge & Laslett’s Tune Shift

® Transverse Broad Band Resonance:
® Transverse Mode Coupling Instabilities (TMCI) Limit
® HeadTail Results

® Longitudinal Broad Band Resonance:

® Longitudinal Parameters
® Microwave Instabilities Limits
® HeadTail Results
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Laslett’s Tune Shifts

® Laslett’s Tune Shifts take into account both DSC and Image Fields:

® A particle in a bunch feels the collective Coulomb forces due to fields generated by
the charge of other particles in the bunch = Direct Space Charge (DSC) — tune shift

® Also Image Fields due to the surrounding vacuum pipe cause tune shift

® Grouped into Incoherent and Coherent (DSC only Incoherent) where the coherent tune
shifts are due to either Penetrating or Non-Penetrating Fields

® Incoherent Tune Shift \
= - e
A incoh NTOR (1 o 62 4 62) 8752'?50 4 1 — 52 5513;93/6 my, He’e ady,
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® Coherent Tune Shift using Penetrating Magnetic Fields

A coh _ NroR 1_52+62 85%?3};

® Coherent Tune Shift using Non-Penetrating Magnetic Fields

ageoh — _ _NroR 1= 82esly | e
L,Y 7-‘-762@33@ B h2 h2
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Laslett’s Tune Shifts

® The absolute value of the tune shifts should be < 0.2

SC DR "Ne DR °He
AQ, -0.0409 -0.0083
AQ,,. -0.0946 -0.0192
AQ. -0.0409 -0.0083
AQ -0.0946 -0.0192
AQ 1.7470e-04  -3.5564e-05
AQ, :3.1937e-04  -6.5016e-05
AQ -6.2768e-05  -1.2765e-05
AQ 1.1475¢-04  -2.3337e-05

® We see that the effect of the image forces are negligible relatively to DSC

® DSC is more crucial for low energy so SPS and PS might have a big DSC problem in Beta Beams
... to be studied in the future ...
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Fields

Impedances . /

Resonance Impedance
® Wake fields can be trapped in discontinuities (e.g. cavities) in the vacuum chamber

— resonance impedances — can be modeled with an RLC circuit:
R R, wr i SR LiC==
_ 1 T
Z)(w) = ———"—— Z1(w) =
1+iQ (% — ) 1+iQ (2 - =)
Broad Band (low Q) Narrow Band (hlgh Q
Impedances ] Weke J:,o.. Impedances w,,
- T, = S "‘» M £ M.
g : - E“’ '
E . E z*:me.'.wﬂ =
o R= 10000 22 § 200 R= 10000 P \
- o e  ad - e |
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Resistive Wall Impedance
® Due to resistive beam pipe the image current is slowed down — wake field = impedance

Zo(ssk( )h whR 2,0 sk

A 1 — 1—
||ﬂ“w( w) = 2( ) 2mbe ~( ) 2bc \| go|w]
Z 1 (W) = (sgn(w) — 1) ZodskW)h_ ~ (sgn(w) — 1)
LrwiW) =189 273 I 53 50|w
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Impedance and Wake
Fields

Impedances ri o /

Resonance Impedance
®  Wake fields can be trapped in discontinuities (e.g. cavities) in the vacuum chamber

i SR LiC=

Broad Band (low Q)

Impedances L —E'J:' o'
! 2 ZA:---I" 1 W)

v ins)

Resistive Wall Impedance
® Due to resistive beam pipe the image current is slowed down — wake field = impedance

W \ Zo0sk(wW)h wR | 2p Osk
Z ~ Y1 1 —
||, rw (w) 9 ( Z) 9 bhe ( Z) 2hc 60’(4) @

Z 1 rw(w) = (sgn(w) — 1)

~ (sgn(w) — 1) b3 80]w
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Inputs for Broad Band Resonance Impedance

® Have assumed same values for the DR as for SPS to know how much better the DR need to be

Parameters DR "*Ne DR °He
Q, 1.00 1.00
w,, [GHz] 6.28 6.28
|Z,/n| [€] 10.00 10.00
R, [MQ] 0.221 0.221
Q, 1.00 1.00
o, [GHz] 6.28 6.28
R, [MQ/m] 20.00 20.00

Inputs for Chromaticity

® Used
Ex= 0.05and §, = 0.1 for DR wheren >0
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TMCI Limit

®  W/ith high bunch intensity the wake fields couple the modes together so the different head-tail
modes can hot be treated separately as is done in Sacherer’s Formula

® |[nstead a Transverse Mode Coupling Instability (TMCI) appears above a threshold for number
of particles per bunch:

o2
20 —1 Q 8— C2D m
th 32 Qx,y‘n‘gl Wy BB w‘gw,y S 3o =<
wa — 9 29 % ZJ_w ]. I 9‘:; % (ED %
v 32w Z4pB=c Y ma W 5 g n&
T Z& m
20 T §.- = P §
® Where & = 552Et0t7_b5maaj in eVs (for dimension analysis: Js/C) ; g. Eg
DR "°Ne DR °He
e (20) [eVs]  43.200 14.464
BB MQ
oz, [MQ] 21.327 21.327
Ng/N," 22.859 4.635
Ng/N," 41.646 8.445

® Worst for '®Ne in DR: Ng needs to be reduced by a factor 42 OR R.PR=R,5%/42

® Tried to improve N"/Ng by tuning chromaticity, but didn’t help (Here |Ex| = 0.05 & |&,| = 0.1)
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HEADTAIL

By Giovanni Rumolo 4, Gy Son,
‘?/‘(/;[OO 01,6.7(? 61'11(-},&[70 O
. . . ) 2y,
HEADTAIL is a multiparticle tracking code [”oo;e“acif?@f'?/v
T ST W, Y, By
The bunch is sliced longitudinally O‘}a,lgzto,é
1-

The impedance is assumed to be localized at a few positions around the ring

At each impedance location, each slice leaves a wake-field behind and gets a kick by the field
generated by the preceding slices

® The bunch is then transferred to the next impedance location via a transport matrix

Cd
@
.Q

r\,—-\r o N,, bunch slices
..l

® For the Beta Beam Studies the possibility of bunches with '8Ne and ®He was added to the code
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DR ®Ne - Transversal Broad Band

DR '2Ne

® A Least Square Fit to the exponential ¢ Transv. Broad Band Res.
<yc> — <yc>() € /T

. Ng°'t = 4.27el2
gives (Yc)o and the Growth Rate, I/ T R,°" = 20 MQ/m

£,°"2 = 0.05, §,° = 0.1

® Growth Rate as a function of ion bunch intensity in the Decay Ring: (N > 0 for DR)
:__ _ org /A‘27 spS A-27
0w e
25 — o
= m
(7 = 8 g
= e i
[0 (=
@ =t £ 9
- - 3
5 = 3 &
= = —— 0w ==
° :
O Head Tail:
Ny =lel0 TMCI Eq.:
Npth =10el0
] ] ] | ] ] ] | 1 ] ] | ] ] 1 | ] 1 X109
10 15 20 25

Number Particles per Bunch

® HeadTail indicates that for the current anticipated bunch intensity a 427 times
smaller shunt impedance than SPS is needed for the DR
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DR ®He - Transversal Broad Band

DR °He

Ng°'2 = 7.24el2

® A Least Square Fit to the exponential B t/T Transv. Broad Band Res.
(Ye) = (Ye)g €

gives (Yc)o and the Growth Rate, |/ T

® Growth Rate as a function of ion bunch intensity in the Decay Ring:

R.°"¢ =20 MQ/m

£,°"2 = 0.05, §,°2 = 0.1

(n > 0 for DR)

y 4 =
= 3 3
= h = NBOTQ /7 _ SPS /7
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® HeadTail indicates that for the current anticipated bunch intensity a 73 times
smaller shunt impedance than SPS is needed for the DR

180
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Longitudinal Parameters

® The longitudinal parameters are not clear and/or incorrect in our “FP6 database”
® Sorting things out together with Antoine Chance
®  We have succeeded quit well for the DR

®  Still working on SPS; Antoine has recently done an RF simulation (with the ESME 2D program)
to achieve the longitudinal parameters from SPS
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Longitudinal Parameters - DR

® |n the DR the reference values are the maximum momentum spread, Om, (due to a collimator)
and the voltage,V, so we want to solve for bunch length, Ly, and emittance, &

® In the phase-space with coordinates (P, d) the synchrotron Hamiltonian is ACC@/eZ;/'Lee,
Orph .
1 Wrep L€V o
2 Tev :
® The DR is a Storage Ring so &, =0 ®© S “hance /

® |[f O, is the maximum phase advance for a particle then that particle will pass two points: (0, Om)
and (Ob, 0), and since Hamiltonian is a constant of motion H(®=0, d=0) = H($®=0s, 5=0)

1 Wrep 2 €V hnE, . 32
L oo, = e -1 _ T
9 WrevT)Om, 27 B2E, ., cos Oy, ] 0, = arccos |1 7oV

® Since Lo = (26, / 2TT) (2TTp / h) = 2pBu/h

52

2 ) e 5
Lbz—parccos 1 Thi ot 0 52

h zZeV &
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Longitudinal Parameters - DR

® The phase space trajectory of the separatrix, that separates the phase space into inside and

outside the bunch, we get by using the point (#=0, d=0m) and the fact that the hamiltonian is a
constant of motion, so H(®, 0) = H(P=0y, 0=0)

1 WrepZ €V 1 B Wrep eV
§hwrev7752 + n B2 [cosp — 1] = ihwrevnéfn 6(¢) = \/5% T 2m2E,. [cos ¢ — 1]
® The phase-space area of this bunch we get by A Chance |
0y 8
A — / 5(gb)dqb —...=0,,G (%) where G (¢) = o [E (sin¢) — cos® O K (singb)}
0

® To get the area in (At, AE) phase space, €, from the area in (¥, 0) phase space, A, we convert:
gl = p/(BhC) . BzEtotA = BpEtot/(hC)A

B PE o 0
he D

€1
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Longitudinal Parameters - DR

® For small amplitude oscillations the phase space ellipse (in the phase space (D, d)) of a particle is
defined by it’s maximum values (Ob, Om) that follows the relation

O B QS Acce,fmee

— Sratoy o
Hb h‘n‘ 8 'Ohysics /

® Using Oy, = hLu/(2p) we get the test relation that should be fulfilled for a matched bunch

p|10m y
QsLb/2

1
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Longitudinal Parameters - DR

DR “Ne DR °He
S max 2.500e-03 2.500e-03
eV [MeV] 1.196e+01 2.000e+01
. h 5.
L. [m] =2Fparccos(1 ! “E‘Eis ma) ) 1.970 1.970
Omax
£ [eVs] =[5PE;;’C'; G{6,/2) 42.947 14.358
hZeV|ncoso,|
Q v 3.653e-03 3.653e-03
’:V 2np°E,,,
hL,
0, 2 [rad] 0.827 0.827
PINIOmax
QL2 0.972 0.972
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Microwave Instability

® | ongitudinal Broad Band Impedance, Z;,(W), can cause internal bunch oscillations
which can cause bunch lengthening and increase in energy spread

® The “Keil-Schnell Criterion* gives an approximate upper allowed limit on humber bunch particles

2
27‘-62 |77‘EtotF 5maaz E

Nt = T
’ 2,2 | 2| 2 4 %, 0
Z e Il /‘,%,
J/&/.
Cs
DR "°Ne DR °He
C; 1.250e-03 1.250e-03
1, [ns] 6.572 6.572
z
‘W”‘ [] 10.000 10.000
N," 2.146e+11 1.794e+12
Ng/N}" 19.881 4.038

® For '8Ne in DR: Ng needs to be reduced by a factor 20 OR RPR = R°P5/20
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DR '®Ne - Longitudinal Broad Band

DR '8Ne
: : Long. Broad Band Res.
® A Least Square Fit to the exponential _ t/T & Brod
: O-Z — 0'06 Ng°'8 = 4.27el2
gives 00 and the Growth Rate, |/ T R,°"¢ = 0.2 MQ
£,°"¢ = 0.05, E,°"€ = 0.1
® Growth Rate as a function of ion bunch intensity in the Decay Ring: (n > 0 for DR)
°F 0
= org [6 0
- \hsNBg/ o= R SP5/6
5 ——NB OY RLh 1 ﬁ
5 j W m
@ — I S e
= — o
2 s = o
= -, ENE e O
o — ! SRRy 3 S
= EE b =
) ~ - ¢ ==
= - Head Tail:
gl ' KS Eq.:
- th =7el0 th =
i Npth =22el0
0 ,
I ] L | L 1 1 | 1 1 | ] ] | 1 1 1 | 1 | ] L | X109
0 20 40 60 80 100 120 140

Number Particles per Bunch

® HeadTail indicates that for the current anticipated bunch intensity a 60 times
smaller longitudinal shunt impedance than SPS is needed for the DR
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Growth Rate [1/s]

DR ®He - Longitudinal Broad Band

DR °He

A Least Square Fit to the exponential
gives 0( and the Growth Rate, I/ T

L t/T
O, =— 0p€ Ng°'2 = 7.24el2

R|°'8 = 0.2 MQ
Growth Rate as a function of ion bunch intensity in the Decay Ring:

(n > 0 for DR)

Long. Broad Band Res.

€.°'¢ = 0.05, £,°'2 = 0.1

1 X109

5— \/
41 l
()
| S gl
3— Qe =
E S 3
B E 2.
= - 3
2 » o
k= .
— 1 Np =180e10
::L 1 L 1 | l 1 | L 1 l L 1 1 l | 1 1 | l 1 | L 1 J L 1
900 950 1000 1050 1100

Number Particles per Bunch

HeadTail indicates that for the current anticipated bunch intensity a 9 times
smaller longitudinal shunt impedance than SPS is needed for the DR

Will do head-tail mode coupling and decoupling analysis to explain this behavior
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Longitudinal Parameters - SPS

® SPS RF Program is being developed with the use of ESME (A. Chance)

e,
y/ Y =2131— *Y =100 (assumed const.)\%?
X

e h; =924 - h; = 4620 . hy = 4620
- B’ =0.02 T/s *B’=0.1 T/s
y * Vi1 = 1037 kV = kV 0, * V2 = 7.9 MV
A o ) = 27.83° = 47.26 ° /S/ o 5y = 5.5°
eLb=5.76m - 1.91 m Q eLo=1Im
* & =0.93 eVs 2 1.0l eVs & =1.0eVs
¢ dmax = l.1e-3 = 1.7e-3 SPS7 * dmax =?
100 cAt=1.53s—> s x ‘J\J
SPS6
SPS5 l 0&‘9”7
yer=23 - SPS# \ e Y = 23.5 = 24.5 %’rb e
2 I °5 ] SPS3 \ e h, = 4620 /[ - o
SPS1 «B’=0.1 T/s | | :
\4 SPS2 X«  Vir2 = 7.9 MV - ) |
l o ¢s2 =5.5° ¥ - '
9.3 - ‘Lo=1m e s
[\, \/\ e & =7eVs Sl
d amax =2 o+ e by ey ool o e
>

\)
(,’00(\.Y 9.30 ::=_99.:;2—> 15.18 t .
\Qﬂ’/ h = 924 = <ot pw
*B’=0T/s *B’>=0T/s — 0.0965 T/s . a(g o
*Vest = 117 kV *Veet = 117 kV = 1039 kV W'WQ” Mo
. by = 0° . by = 0° > 47.26° st e o G
e Lp = 5.76 m eLb=576m — 1.91 m wP Q»OSWO
e & =0.93 eVs e & =0.93 eVs — 1.0l eVs QXLLO
¢ Smax = l.1e-3 *Omax = 1.1e=3 = 1.7e-3
et=0 ct=0s—1s
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Conclusions

® According to HEADTAIL simulations the DR have to have
® 430 times better transversal shunt impedance than SPS ('®Ne) and
® 60 times better longitudinal shunt impedance than SPS ('8Ne)

To Do

Finish the SPS RF program with ESME simulations
Study the instabilities at some crucial parts in the SPS RF cycle
Include other instabilities like those due to Resistive Wall Impedance

Try to improve Beta Beam’s result by tuning the chromaticity

® |[f result does not improve allot:
® Redesign the Beta Beam - N, Ytr, ...
® Study impact on physics reach
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Parameters
Z

A

h

C [m]

Tue

Ve [MV]
dB/dt [T/s]
1

Omax

E,.. [MeV]
M

Ly [m]

N,

N,

ty2 [S]

T [s]

Sx

S

gy, (10) [rm-rad]
Ey, (16) [rm-rad]
g, (full) [eVs]

b, [cm]

b, [cm]

p [2m]

SPS Inj. "*Ne
10
18
924
6911.6
24.0
5.646e-03
0.00
15.5
2.37e-04
16767.10
20
5.984
2.48e+11
1
1.67
3.60
26.13
26.18
54.55
54.59
1.83
-0.05
-0.10
1.23e-05
6.60e-06
1.76
28.4
6.9
1.0e-07

Input Values (1)

SPS Inj. *He

2
6
924
6911.6
24.0
1.166e-01
0.00
9.3
5.37e-04
5605.54
20
5.984
7.15e+11
1
0.81
6.00
26.13
26.18
54.55
54.59
1.83
-0.05
-0.10
1.23e-05
6.60e-06
0.80
28.4
6.9
1.0e-07

SPS3 "Ne

10

18

924

6911.6
24.0

1.000e+00

0.10
13.0
1.67e-03
16767.10
20
1.197
2.45e+11
1
1.67
3.60
26.13
26.18
54.55
54.59
1.83
-0.05
-0.10
1.23e-05
6.60e-06
0.90
28.4
6.9
1.0e-07

SPS3 *He

2

6

924

6911.6
24.0

1.000e+00

0.10
13.0
1.67e-03
5605.54
20
1.197
6.75e+11
1
0.81
6.00
26.13
26.18
54.55
54.59
1.83
-0.05
-0.10
1.23e-05
6.60e-06
0.90
28.4
6.9
1.0e-07

SPS4 "*Ne
10
18
924
6911.6
24.0
1.000e+00
0.02
21.5
1.67e-03
16767.10
20
1.197
2.45e+11
1
1.67
3.60
26.13
26.18
54.55
54.59
1.83
-0.05
-0.10
1.23e-05
6.60e-06
0.90
28.4
6.9
1.0e-07

SPS4 *He
2
5
924
6911.6
24.0
1.000e+00
0.02
21.5
1.67e-03
5605.54
20
1.197
6.75e+11
1
0.81
6.00
26.13
26.18
54.55
54.59
1.83
-0.05
-0.10
1.23e-05
6.60e-06
0.90
28.4
6.9
1.0e-07
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Parameters
Y4

A

h

C [m]

T

Ve [MV]
dB/dt [T/s]

b

Omax

E oo [MeV]
M

L, [m]

N,

N,

L2 [8]

T [s]

Q,

QY

(B )y [m]

(B )y [m]

( D)y [m]

Ex

Sy

gy (10) [tm-rad]
gy, (10) [tm-rad]
g, (full) [eVs]
b, [cm]

b, [cm]

p [€2m]

SPS5 "Ne
10
18
4620
6911.6
24.0
7.900e+00
0.02
21.5
1.67e-03
16767.10
20
1.197
2.45e+11
4
1.67
3.60
26.13
26.18
54.55
54.59
1.83
-0.05
-0.10
1.23e-05
6.60e-06
0.90
28.4
6.9
1.0e-07

Input Values (2)

SPS5 °*He
2
6

4620
6911.6
24.0

7.900e+00

0.02
21.5
1.67e-03
5605.54
20
1.197
6.75e+11
1
0.81
6.00
26.13
26.18
54.55
54.59
1.83
-0.05
-0.10
1.23e-05
6.60e-06
0.90
28.4
6.9
1.0e-07

SPS6 "Ne

10

18

4620

6911.6
24.0

7.900e+00

0.10
23.5
1.67e-03
16767.10
20
1.197
2.45e+11
1
1.67
3.60
26.13
26.18
54.55
54.59
1.83
-0.05
-0.10
1.23e-05
6.60e-06
0.90
28.4
6.9
1.0e-07

SPS6 ‘He
2
6
4620
6911.6
24.0
7.900e+00
0.10
23.5
1.67e-03
5605.54
20
1.197
6.75e+11
4
0.81
6.00
26.13
26.18
54.55
54.59
1.83
-0.05
-0.10
1.23e-05
6.60e-06
0.90
28.4
6.9
1.0e-07
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Parameters
Y4

A

h

C [m]

T

Ve [MV]
dB/dt [T/s]
1

Omax

E, st [MeV]
M

L, [m]

N,

N,

tyn [S]

T [s]

Q,

QY

(B )y [m]
(Bly [m]

(D )y [m]

Ex

S

gy, (10) [rm-rad]
gy, (10) [tm-rad]
g, (full) [eVs]
b, [cm]

b, [cm]

p [€2m]

SPS Ej. *Ne
10
18
4620
6911.6
24.0
7.900e+00
0.10
100.0
4.73e-04
16767.10
20
1.197
2.45e+11
1
1.67
3.60
26.13
26.18
54.55
54.59
1.83
1.00
1.00
1.23e-05
6.60e-06
2.20
28.4
6.9
1.0e-07

Input Values (3)

SPS Ej. *He
2
5
4620
6911.6
24.0
7.900e+00
0.10
100.0
1.07e-03
5605.54
20
1.197
6.75e+11
1
0.81
6.00
26.13
26.18
54.55
54.59
1.83
0.05
0.10
1.23e-05
6.60e-06
1.00
28.4
6.9
1.0e-07

DR “Ne

10

18

924

6911.6
27.0

1.196e+01

0.00
100.0
2.50e-03
16767.10
20
1.967
2.45e+11
20
1.67
3.60
22.23
12.16
148.25
173.64
-0.60
0.05
0.10
1.48e-05
7.90e-06
42.89
16.0
16.0
1.0e-07

DR °He
2
5
924
6911.6
27.0
2.000e+01
0.00
100.0
2.50e-03
5605.54
20
1.970
6.75e+11
15
0.81
6.00
22.23
12.16
148.25
173.64
-0.60
0.05
0.10
1.48e-05
7.90e-06
14.36
16.0
16.0
1.0e-07
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N T,
Ny = N, vrotrer

1-2
r, [m] = rpZzlA

E [GeV] =7 E
B=\1-17"
n={1r, Y- {1}
T,.v [ms] = C/(pc)

Oy [MHZ] = 27/T ,

O5 = Omaxl2
%, [ns] =L/ (Bc)
|, [A] =ZeN_/ 7,

£} [eVSI=5BE oy Ty Smax

o, [kHzZ] = Q_ - 0,
o, [MHz] = Q_ - o,
o, [MHz] = Qy - Dy
w. [GHz] =P c/b
AQ, =C0ma,
AQ =&, Omax @,

min{x.y)

SPS Inj. *Ne

2.48e+11

8.53e-18
260.39
1.00
-2.41e-03
23.1026
0.27
1.19e-04
20.00
19.87
1.93
0.08
7.1
712
4.34
-3.10e-04
-6.21e-04

Calculated Values (1)

SPS Inj. *He

7.15e+11

1.02e-18
52.30
0.99
-9.75e-03
23.1882
0.27
2.69e-04
20.08
1.4
0.88
0.69
7.08
7.10
4.32
-7.02¢-04
-1.41e-03

SPS3 Ne

2.45e+11

8.53e-18
217.97
1.00
-4.18e-03
23.1231
0.27
8.34e-04
4.00
98.02
2.27
1.17
7.10
712
4.33
-2.18e-03
-4.37e-03

SPS3 *He
6.75e+11

1.02e-18
72.87
1.00
-4.18e-03
23.1231
0.27
8.34e-04
4.00
54.01
0.76
0.90
7.10
712
4.33
-2.18e-03
-4.37e-03

SPS4 "Ne
2.45e+11

8.53e-18
360.49
1.00
-4.27e-04
23.0796
0.27
8.34e-04
4.00
98.20
3.77
0.36
7.1
713
4.34
-2.18e-03
-4.37e-03

SPS4 *He
6.75e+11

1.02e-18
120.52
1.00
-4.27e-04
23.0796
0.27
8.34e-04
4.00
54.11
1.26
0.28
7.1
713
4.34
-2.18e-03
-4.37e-03
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1 2-N,..TJ( vt}

Ny = Noﬁ"'ﬁ‘_’—
&l 2

ro [m] = rpZ A
Etot [GeV] ! I Ereat
B =\1-1/
n={1h, ) - (1}
T,ev [ms] = C/(Bc)
Oy [MHZ] =27/T ,
O5 = Omax/2
%, [ns] =L/ (Bc)
|, [A] = ZeN BI T,

£} [eVS]=5 B Eyoy Ty Oma

o, [kHzZ] = Q_- 0,
o, [MHz] = Q_ - ©,
o, [MHz] = Qy (D, 0y
w, [GHz] =P c/b
AQ, =C,0maxQy
AQa_y =&, OmaxQ,

min{x.y)

SPS5 '*Ne

2.45e+11

8.53e-18
360.49
1.00
-4.27e-04
23.0796
0.27
8.34e-04
4.00
98.20
3.77
2.26
7.1
7.13
4.34
-2.18e-03
-4.37e-03

Calculated Values (2)

SPS5 *He
6.75e+11

1.02e-18
120.52
1.00
-4.27e-04
23.0796
0.27
8.34e-04
4.00
54.11
1.26
1.75
7.1
7.13
4.34
-2.18e-03
-4.37e-03

SPS6 '*Ne

2.45e+11

8.53e-18
394.03
1.00
-7.47e-05
23.0755
0.27
8.34e-04
4.00
98.22
4.12
0.90
7.1
7.13
4.34
-2.18e-03
-4.37e-03

SPS6 *He
6.75e+11

1.02e-18
131.73
1.00
-7.47e-05
23.0755
0.27
8.34e-04
4.00
54.12
1.38
0.70
7.1
7.13
4.34
-2.18e-03
-4.37e-03
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N T A,)
Ng = N.,——Hm-f-

s
ro [m] = rpZ A

Etot [GeV] o Ereat
B= \h -1 I*{I

n={1, ) -[{1)
T,ev [ms] = C/(jic)
ey [MHZ] =21/T
O3 = Omax/2

T [ns] =L /{(Bc)

L, [A] = ZeNBI Ty
e:"[eVsli[sZEmz,,zsm
w, [kHz] = Q - Wyay
0y [MHZ] . Qx " Oray
o, [MHz] = Qy C Dyay
w. [GHz] =P c/b
AQ, =& SmaQ,
AQ&., =~ @,BMQ),

min{x.y)

SPS Ej. *Ne

2.45e+11

8.53e-18
1676.71
1.00
1.64e-03
23.0558
0.27
2.37e-04
3.99
98.31
4.98
2.05
7.12
7.14
4.34
1.24e-02
1.24e-02

Calculated Values (3)

SPS Ej.°

6.75e+11

1.02e-18
560.55
1.00
1.64e-03
23.0558
0.27
5.34e-04
3.99
54.17
3.75
1.58
7.12
7.14
4.34
1.40e-03
2.80e-03

DR "*Ne
4.27e+12

8.53e-18
1676.71
1.00
1.27e-03
23.0558
0.27
1.25e-03
6.56
1041.99
43.20
1.00
6.06
3.31
1.87
2.78e-03
3.04e-03

DR *He
7.24e+12

1.02e-18
560.55
1.00
1.27e-03
23.0558
0.27
1.25e-03
6.57
353.19
14.46
1.00
6.06
3.31
1.87
2.78e-03
3.04e-03

Wednesday, June 2, 2010



hec

(Bma) =
Sz

eV [MeV] =

pEtotG( 9blz I

thn|E,_{ Bomax §

eV [MeV]

. 2
L, [m]= Fparccos(1 -

L, [m]

lipEm. max

& [eVs] =——=——G{#6,/2)

g [eVs]

Q. =VhZeVlncos?,q)._,l

2Py

h
6, = Z_Lpb [rad]

PN IOmax
Q,L,/2

Z(1-cosb,)

ThnE,,(BOmax)

)

RF Values - No Acc.

SPS Inj. **

2.373e-04

2.373e-04

5.646e-03

5.646e-03

5.984

1.760

2.778e-04

2.513

0.757

SPS Inj. *He

5.370e-04

5.370e-04

1.166e-01

1.166e-01

5.984

0.800

2.543e-03

2.513

0.757

DR "“Ne

2.500e-03

1.196e+01

1.970

1.967

42.883

42.890

3.653e-03

0.826

0.973

DR °He

2.500e-03

2.000e+01

1.970

1.970

14.358

14.360

3.653e-03

0.827

0.972
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(Smar) =2
Omax

eV [MeV] =2
eV [MeV]

L, [m]=?

L, [m]

g [eVs]=7?

g, [eVs]

2y
g [°]=asir{ —ZKF:,? ® )

a =VhZeV|ncos¢,|
* 2np°E,,

0, =

h
2—:" [rad]

PN ISmax
Q,L,/2

RF Values - Acc. (1)

SPS3 "*Ne
27

1.668e-03

??

1.000e+00

ST

1.197

??

0.900

49.49

4.293e-03

0.503

2.986

SPS3 *He
27

1.668e-03

T7Y |

1.000e+00

3§

1.197

??

0.900

49.49

3.321e-03

0.503

3.860

SPS4 "*Ne
27

1.668e-03

??

1.000e+00

??

1.197

??

0.900

8.75

1.314e-03

0.503

0.997

SPS4 °He
27

1.668e-03

=

1.000e+00

??

1.197

??

0.900

8.75

1.016e-03

0.503

1.289
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(Smar) =2
Omax

eV [MeV] =2
eV [MeV]

L, [m] =2

L, [m]

£ [eVs] = ?

g [eVs]

_{ 2rp*B'(t)
0 [ ]'33"'{—\,"—

Q,

hZeVncoso,|

2rp By

PNISmax
Q.L,/2

SPS5 "*Ne
2?2

1.668e-03

??

7.900e+00

??

1.197

|

0.900

1.10

8.305e-03

2514

0.158

RF Values - Acc. (2)

SPS5 *He
2?2

1.668e-03

e

7.900e+00

??

1.197

??

0.900

1.10

6.424e-03

2.514

0.204

SPS6 "Ne
?2?

1.668e-03

??

7.900e+00

??

1.197

??

0.900

5.52

3.313e-03

2.514

0.069

SPS6 ‘He
?2?

1.668e-03

e

7.900e+00

??

1.197

??

0.900

5.52

2.562e-03

2514

0.089

SPS Ej. "*Ne
22

4.734e-04

??

7.900e+00

??

1.197

??

2.200

5.52

7.512e-03

2.514

0.190

SPS Ej. *He
22

1.068e-03

??

7.900e+00

??

1.197

??

1.000

5.52

5.810e-03

2514

0.553
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Beta Beam Instability Studies ©. Hange,,

® Collective Effect studies with the “Head Tail”’ simulation program will be made to study instabilities
for all beams in the Beta Beam complex

® Instability dependencies
of bunch intensities are
being investigated for the  _
Decay Ring o T Eaass e  [ISEREEEE R
o
E
To the right: Instabilit : i e ;
( & stab 4 o o Head Tail:
growth rate (1/T) due to 5 Ny =lel0 TMCI Eq.:
Nt =10e10
transversal broad band olS L 5o v
impedance for ®He in DR) S T N ST Tl |
0 5 10 15 20 25
Number Particles per Bunch
*Y =100 (assumed const)
*Y=215 *h: = 4620
:h::’24-’!;;=4620 :3:':-0-;’1’::v
sba=1Im *& = 1.0 eVs . .
o -Gk s vy 3 ® The extra impedance due to beam loading at the
| 2l . . . . .
o special RF cavity in the Decay Ring will have to be
Yir = 24 =1 SPse M.i' Y =235 —+ 245 .
215 v ' = 4620 taken into account
SPS1 ey *B"=0.1T/s
9.3 - . :,a. g.'n
J c'} v ® The SPS’ RF programs for the Beta Beams (left)
2 wgr - . . . 14
— Nar=sant ¢ are currently being developed in detail (A. Chancé)
*h =924 *h =924 o .
B0t BRERET for the Instability Studies
c D, =0 c Q= NaN - 495"*
sla=6m *Lly=6m— Im (what &)
*6H=08eVs *5=08eVs < leVs
* Omax = 5.40-4 * Spax = 5.40-4 +?
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Longitudinal Parameters - SPS

® Areas in the SPS cycle where to investigate instabilities:

Y =100 (assumed const.)

Y =21.5 e h, =4620
eh =924 - h; = 4620 e B’=0.1 T/s
% - B’ =0.02 T/s /9 * Vir2 = 7.9 MV
A *Vieir =I MV 2 Vin=7.9 MV w e ®s; = 5.5°
e P =8.7° 2 D =1.1° G elpb=Im
elpb=1Im e g =1.0 eVs
° gl =? eYS SPS7 ° amax =
100 i |
SPS6
SPS5
yer =24 - SPS# \ .Y =23.5 - 24.5
2 I 5 - SPS 3 \ e h, = 4620
SPS1 SPS2 B’>’=0.1 T/s
\ e Vi2 = 7.9 MV
\ '¢s2=5.5°
93 ] elo=1m
(\, g =12eVs
* Omax =?
{ >
cY=93 cY=9.3—? t

e h =924 h =924

eB’=0T/s eB’>=0.1 T/s (&(fa'd Q)WC

e Vi1 = 5.6 kV Vi1 =120 kV = | MV )&\ (y(e@ W\O(o
e ®s =0° *®;; = NaN° - ?° @Qe WV @ RW
elpb=6m Lb=6m = I m (what At?) “(POSS\/ OA((Q"

e & =1.76 eVs * £ =0.8eVs 2 ?eVs (f Og

* Omax = 2.4e-4 * Omax = 2.4e-4 —? %LLO
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Transversal Instability Limits

HeadTail and Formulas

£ = Eor — Transvers(eﬂl/‘llcl)Ec(IS Coupling
DR '®Ne; BB.L R. = R.P/427 R. = R %Ps/42
DR ®He; BB_L R, =R, sPs/73 R, =R,;%P$/9
SPS Ej. '8Ne; BB L Ng = Ng°"8/?? Ng = Ng°¢/|0
SPS Ej. ®He; BB Nz = Ng°'8/4
SPS Inj. '8Ne; BB L Ng = Ng°"&/?? Ng = Ng°'¢/|4
SPS Inj. ®He; BB L Ng = Npg°'8
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Longitudinal Instability Limits

HeadTail and Formulas

g =g

Head Iail

Micro YVave Instabilities

(Keil Schnell)
DR '8Ne; BB Ri1= RyP5/60 Rii= RyPs/20
DR ¢He; BB|| Rjj= RyPs/9 R;= RyPs/4

SPS Ej. 'Ne; BB]|

Ng = Ng°"é/44

SPS Ej. ¢He; BB||

Ng = Npg°"&/8

SPS Inj. '®Ne; BB||

Ng = Ng°"8/36

SPS Inj. °*He; BB||

NB — NBorg
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DR '8N

e - Longitudinal Broad Band

.68 f—
Each point: _ Npth = 0.75ell| + + =«
§ oez— ?
30000 turns ..
b e
Z 0.54 ; 1 O-Z
0.52 i— T A 0
0'5>_ I >|< | I >|< I >|< I >’< I %% | ! ! ! | L |
20 40 60 80 100 120
Number Paricles per Bunch
— N
46—
4.4 f— A A r
- 4.2 f— A
o J o > [
Stability Limet: % .- v £,
3.8 f— ! A A A
oj.pu.' 3.6 f— ra A
4 61 ¥ ¥ S S S - v | !
20 40 60 80 100 120
¢M$€(g \ Number Paricles per Bunch
z x10°
e of ¥
M | s “E ¥
5 \‘LQ 5 Wl
v.yu ot - NG g
(LS s . 4 (dp/p)
we "T o ¥
0_ | 1 L

60 80 100

Number Particles per Bunch

120

140

L Ix10°

Ix10°

x10°

DR '8Ne
Longitudinal Broad
Band Resonance

Nge8 = 4.27el2
Rjeg = 0.2 MQ

€x°'e = 0.05, §,°'2 = 0.1 for
DR (n > 0)

KS: Ng = Ng°&/20
Bl: Ng = Ng°&/|0
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DR ¢He - Longitudinal Broad Band

Each point:
30000 turns

g, [eVs]

<dp/p>

RMS Bunch Length [m]

0.58

0.57

0.56

0.55

0.54

0.53

0.52

0.51

0.5

1.32

1.3

1.28

1.26

1.24

1.22

1.2

1.18

1.16

1.14

0.75

0.7

0.65

0.6

0.55

0.5

0.45

/]\

= ) ]

- Npth =~ 8.6ell| * f

= 0

s oo

3 ! Oz

= p

T E R * s

—800 80 | 80 950 1000
Number Particles per Bunch

= 1 !

= | 1 !

- 1

= T

- f &l

— 1

= i

CK K K OK K kK| ok * X K

800 80 |  e0 90 1000
Number Particles per Bunch

x10°

- x K

: FoxK

= -

- >

- 4 ¥ (dp/p)

— X

- X

S 1

— 0 T e . e s 1000

Number Particles per Bunch

x10°

x10°

x10°

DR °He
Longitudinal Broad
Band Resonance

Nge8 = 7.24el?2
Rjee = 0.2 MQ

&x°'e = 0.05, §,°2 = 0.1 for
DR (n >0)

KS: Ng = Ng°rg /4
Bl: Ng = Ng°r&/2
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SPS '8Ne Injection - Long. Broad Band
Ng = Ng°8 and & = &°'8

T e
N R OO O

_IIIIIII|III|IIIIIII'III'IIIIIII'III'X
—

—
o

Number Particles per Slice + Time [a.u.]

10 20 30 40 50 60 70 80

o

Position of Slices [m]
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Head Tail Modes (n)

® The different ways particles in the front (head) of the bunch are positioned compared to
particles in the back (tail) of the bunch are grouped in different “modes”

® The “head-tail mode number”, n, defines how the head and tail couples in that mode

® The signal of a bunch in a position monitor shows n nodes for mode n:

n:"!

B rev

® These head-tail modes in time domain can be Fourier transformed and squared to get the
“head-tail power spectrum”, hn(W):

COS (n—|—1)7r7ib n=20,2,4,... 5
Pa(t) = sin (n+1)7TTib n=1235,... .'/ ‘F(pn(t)” :hn(w)

25
%o‘z
a
25
Jo1

x
0.05)

o Head Tgl m«éoocw'ya.u.) -
- ¢ ! -~
b w -
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Direct Space Charge

® A particle in a bunch feels the collective Coulomb forces due to fields
generated by the charge of the other particles in the bunch

® For relativistic beams the repulsive are cancelled

by the contracting B forces — tune shift due to space charge o 7y

Ao R Physic
AQalscm,y —

A
CW “hap
Olla

9 /Dsfa ,.'Cl‘il/e
25 YTEN x,y b//’f’@s Sean,

®  Assuming Gaussian bunches the peak line charge density near the bunch center is
A= N/ (\/ 2770';;) and the full bunch length Ly =40,
® Forions 7o = TpZ2/A so we get the tune shift
QNBTPZQR phJ’S/'c A'WC
AQdSCx,y — 5 ‘jnOfCo//e(z;?o
V21 ALyBy2en, Stabjjge  Bog,, /
L

If absolute value is more than 0.2 it could cause the tune to cross over the resonance lines
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Direct Space Charge

Phye: = YN
De, eg‘;’gs of /Otgn .
<002 dsc &Cﬁan
1 NBTOR Ex Y ang g 9 Gy <,
AQdSCm Yy — B 3 22 2 ’2 GUSS/b /: Slo 0&3/20:\;}/
ST U,
™y 5 Q:B,y Oy caq OfU”’grfn
where
2 lo 2
g z)E d
ggjlsc _ Y o, = <5 > N 1 <D:1:>2 (_p)
ox(0y +0g) VB P/ maz
dsc Jy 1o
g, = B,)€E
Y O-y_l_O-aj O',y: \/< y>BNy
/y
DSC DR "*Ne DR °He SPSEj."°Ne SPSEj.°He SPSInj."°’Ne SPS Inj. °He
AQ__ -0.0402 -0.0082 -0.0109 -0.0036 -0.0916 -0.0881
AQ, -0.0930 -0.0189 -0.0149 -0.0049 -0.1252 -0.1204

(added the factor |/B myself; B is the bunching factor)
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DSC

AQ
AQ

DS
AQ
AQ

dsc

dsc

C

dsc

dsc

X

y

Direct Space Charge

n Ntgp..
For elliptical beam according to Ng Usde’” Insgey Slty
PA S 20 ab///ties
AQ SNBT()R 02
dscy 4 —
Y V2L feN,, [VEN., T Ve, . (Bya)/ (Bey) |
DR "°Ne DR °He SPSEj.""Ne SPSEj.°He SPSInj."®°Ne SPS Inj.°He
-0.2410 -0.0491 -0.0287 -0.0095 -0.2418 -0.2327
-0.3570 -0.0727 -0.0393 -0.0130 -0.3303 -0.3177
4NB TQR
But if we assume round beam this becomes Astcm,y — =
: ; : : V 27‘(‘[4(95726]\[
a factor 2 bigger than Chao’s equation (prev. slide) T,y
So let’s divide Ng’s equation by 2
4NB TQR
Astcm,y — 5
V21 LyBy2 fen, , [N, T Ven, . (Bya)/(Bey) |
DR "*Ne DR °He SPSEj.""Ne SPSEj.°He SPSInj."®°Ne SPS Inj.°He
-0.1205 -0.0245 -0.0144 -0.0048 -0.1209 -0.1163

-0.1785 -0.0364 -0.0196 -0.0065 -0.1651 -0.1589
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Image Coefficients for Elliptical Vacuum Chambers

® Assume the beam is centered, then

| | n2 | oK (K)\?
5zncoh _ _gzncoh _ 1 k/2 9

Y z 12¢2 (1+&7) T 2 _ h2

- - € = w= —
2 [ 2

oo _ 2 [(2E0)N

Y 4e2 T phJ/S/'cK Y. Ng

I | Dependes of /”fen .
Usp it Mstay, Sity
_ _ 32 %02 hes

con _ 07| (2K(R)K\
et =— 11—

v 4e? T

i When w = h (e.g.
where for the DR) then

- e 9 incoh __ _incoh __ 0

v <1+2281<1> q ) R

= o0 o2

425 cooh = o = 1/
w — h
17w + h
/2 A0
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Resistive Wall Impedance

® Since the conductivity of the beam pipe is not perfect the image current is
slowed down, radiates a wake field which gives an impedance

® To get the Resistive Wall Impedance one takes into account that the EM fields
penetrate the pipe material to a thickness called “Skin Depth”, that equals

65I<

el
R e e S D Gy
St meab\\\ﬁ__l \ISI A S k
M %“e{\c \Desf ATV \0 \0” S W ’LL
2 y p
.\Sl(:\\'.\/('Y 4 Q - . . ‘ . )
ReS , where p is the materials “bulk resistance h

and then gets the “resistant” (real) and “reactive” (imaginary) parts for the
longitudinal and transverse impedances of a cylindrical model with length h
(circumference of the ring is used for h), radius b and thickness O

T

 ZoGs(w)h wR [ 2 = \| &

mpe M.y Z = (1= )T N (1 =)oy | Zo= N 20

’hpedance gh/n, i (@) 2 (1=4) 2mbc (1=19) 2bc \| eo|w|
F/'e/d g Wake/ é < C
 ZoBsk(w)h R | 2p "2
Z 1 rw(Ww) = (sgn(w) — 1) g N (sgn(w) — Z)_g
2mb b 50‘“‘ L ~ O
® ...To be“plugged in” in Sacherer’s formulas ... (see coming slides)
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Resonance Impedances w< o,

® Wake Fields trapped in cavities or discontinuities in the vacuum chamber cause Resonance
Impedances

® Resonance Impedances consist of a real (resistive) part and a imaginary (reactive) part:

L = Lpe +121m

— We see an analogy between Resonance Wake Fields and
Electronic Circuits

— The Impedance of “high order modes” Wakes can be modeled T
with the RLC circuit
RH Wy Imp.  TH. Ch:
- Z)(w) = . o 7 (w) = R peda”?e af?c//n’
14+ 10Q) (Ur — w_r) ’ 1+ ZQ (& _ i) F/e/ds Wa/re/

where @ = R\/C/L s the“Quality Factor* and w, = 1/VLC' s the characteristic

frequency for the RLC circuit, or for the pipe it is the “Characteristic Frequency* for the
structure causing the Wake Field and F|| and R are the “Shunt Impedances”
Take the Inverse FT to get the Wake Fields —

e—er/QQ

C

\/i@SinGurT\/l—l/(élQQ))} , 7T>0, =07<0

W (1) = COS (wﬂ\/l —1/ (4Q2)) —
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Narrow & Broad Band

i SR LiC==

T

® From the RLC circuit model we see the behavior of the resonant wake fields and the real
and imaginary part of the impedance in the case of high quality factor; Narrow Band

' Impedances |

1000"
800~
600 -

400

Impedance [Q2]
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and in the case of low quality factor; Broad Band
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