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‘ Duty Factor

* To suppress atmospheric background detectors can only be open short
time periods
: - Suppression Factor, SF = opened time ratio of the detector
O
_ | © 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
-
D 7
Lz
2 5 5 —
Only. “opened” en
neutrinos arrive
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‘ Duty Factor

* To suppress atmospheric background detectors can only be open short
time periods

N

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

O

°* 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
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Accumulation

® Then about 2.4ell !8Ne
4.9ell °He

O N
o

per bunch saturates to
3.1el12 '8Ne
4.0el2 °He

V AT

Accumulated "“Ne'™ with injected bunch intensity of 235 x 10"

-
»
L J
—
-4
o
-
i1
w
(=]
(=
o

L -
I- \"“ Xrb 2500 %
- @ 1 @
D L . 2000 £
- \, 12
=Y :
’:- > 1500 E
| /
z q:'\/% ﬁ © 1000 5
L™
-
b] $ 6 NtOtNe — 6 2 1013 500
[
. A A A A A A A A A A A 1 A A A A A A A A A
0 20 40 60 80 100 ©

time [second]

¢ Assume about 2el3 '2Ne and °*He ions/sec can be produced

and
are injected into the DR per bunch

Due to collimation and radioactive decay the number of ions

and
ions per bunch:

Accumulated *He®™ with injected bunch intensity of 487 « 10’
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Sensitivity

® “Merging” gives ~2m long bunches i nmesin mammmmy.

— g = 43.3 (14.5) eVs for '8Ne (¢He) - N

Z S e\ E
e 20 bunches from SPS to DR TR o

o e 3o

D — SF= 20 - 2m/6911m = 0.58% oot ~2m
'3 2 A A:['m] 1T 2 go

® With intensities shown in previous slide there are
OK sensitivities between 0.1% and |%:

Assumed Fluxes: |.lel8 v/year from '®Ne and 2.9e18 anti-v/year from *He

V AT

Enrique

Fernandez
180

I_ 90
D
=
0O -
= O 3 o

' o,
o
> 2
-90 <

~-180— & ~ 180 - 3 |

10- 10~ 104 10~ 102 10~
sin’ 20,5 sin” 20,5

® Good, BUT: What about Collective Effects?
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BB Collective Elfects Studies

® |nstability studies are a crucial part of the Beta
Beam project, since

= High intensity ion beams are foreseen

= Collective Effects could limit the final performance

* Will study all ions and all machines

= So far only '8Ne and ®He in the DR

* Will study all possible reasons for instabilities

= So far only

C OLLECTI VE

4+ Laslett’s tune shifts and

4+ Transverse Resonance Broad Band Impedance
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‘ BB Collective Eflects Studies

e So far all studies based on EURISOL FP6
TABLE 2. Input parameters from previous Beta Beam Decay Ring design report [10].
Parameters | Description DR '®Ne DR °He Data Base:
|.|J : f,’j;g”‘"""'“ 4 :g g http: j2eeps.cern.ch/beta-beam-parameters/
h Harmonic Number 924 924
C|m] Circumference 6911.6 6911.6
> p [m) Magnetic Radius 155.6 155.6
Y Gamma at Transition 27.00 27.00
Vir [MV] Voltage 1.196¢+01  2.000e+01
— dB/dt [Tls) Magnetic Ramp 0.00 0.00
7 Relarivistic Gamma 100.0 100.0
- Maximum Momentum Spread 2.50¢-03 2.50e-03
Epest [McV) Rest Energy 16767.10  5605.54
F M Number Bunches per Batch 20 20
Ly m] Full Bunch Length 1.970 1.970
/8 Number lons per Injected Bunch 2.35¢+11 4.87c+11
N A Number I Bunch 3.10e+12  4.00c+12
) i e e 2 e TABLE 4. Calculated values.
0 S T T | DR "Ne DR “He
|.I.| 8‘ Horizsaot Ty dea 2 ro [m)] = rpZ? /A Ion Radius 8.53¢c-18  1.02¢-18
y rrical Tune X i :
B [m] Average Horizontal Betatron Function 14825 14825 Eion (GeV] = ¥-Erea Total Energy 167671 36055
(B)y [m) Average Vertical Betatron Function 173.64 173.64 pu=yfl-1fFr Relativistic Beta 1.00 1.00
_I (D) [m] ;l;'rr_agt Dlrsgzrmn o ‘())go -%go n=(1/%)-01/7° Phase Slip Factor 1.27¢-03  1.27¢-03
: ‘:r":.zc‘;’l'ghm ”’zmg wy - by Trev [1t 8] = C/(Bc) Revolution Time 23.0558  23.0558
ex,(10) [xmrad) | Normalized Horizontal Emittance 1.48¢-05  1.48¢-05 R[m] =C/2x Machine Radius 110002 1100.02
_l ey (10) [xm-rad] | Normalized Vertical Emittance 7.90c-06  7.90e-06 Wrey [MHZ] = 25/ Trev Angular Revolution Frequency 0.27 0.27
& (full) [eVs] Full Longitudinal Emittance 42.89 14.36 O5 = Omar /2 1 Sigma Momentum Spread 1.25¢-03  1.25¢-03
by [em] Horizontal Beam Pipe Size 16.0 : 1 [ns) = L, /(Bc) Full Bunch Length 6.57 6.57
i besleirpdoatiis i . [(A] =ZeNg/1 Peak Current 75580  195.04
D Pres D - - Iy [A] = ZeNg /T,y Beam Current 0.22 0.06
g [eVs] = ZB2E; .7, 8uax | 2 Sigma Longitudinal Emittance 4327 14.46
aZeV 1 cos
TABLE 3. Assumed impedance input parameters. Q. =/ —,.xﬁ'lﬁ—dﬁ Synchrotron Tune 0.00 0.00
U Parameters | Description DR'Ne DR®He @ l{%l - Qé- Orey f{)wqhmm;nBAngularAFreqLen? é-& é&
' . [0) Z| = * Wyey orizontail beratron nguiar rrequency 1 .
Q Longitudinal Quality Factor 1.00 1.00 = i :
,  [GHz) Longirudinal Angular Resonance Frequency 6.28 6.28 @y [MHz] = Q.Y " Wrey Vertical Betatron Angular Frequency 6.06 6.06
Iz /"l 1] = limg.o 2 10.00 10.00 @ [GHz] = Bc/bpinir y) Cut-Off Angular Frequency 1.87 1.87
s i e AQ:, = Exbmax Qs Horizontal Tune Shift due to Chromaticity 0.0 0.0
o i = e e ol AQ; =&, 800, Vertical Tune Shift due to Chromaticity 0.0 0.0
a,:‘ [GHz) . Transverse Angular Resonance Frequency 6.28 6.28 (1);l [MHz] = &,Q,w,ﬂ/n Hon:zonral Chmn?atic Angular Frequency 2.38¢402 2.38¢402
R, MQ/m Transverse Shunt Impedance 20.00 20.00 @, [MHz] = EQyvrev /1) Vertical Chromatic Angular Frequency 1.30e+02  1.30c+02
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Laslett's Tune Shifts

= Coulomb Forces
- within the bunch; “Direct Space Charge”
(Assuming perfect conductive
- between bunch and pipe; “Image Field”  beam pipe for resistive beam
U] pipe Resistive Wall
Impedance studies necessary)
| can cause change in number betatron oscillations per turn
3 A
ntoi
w | = These Tune Shifts, AQ, could in- stablllze Chancé
K the beam if they cross e Wi\ '_ " 2nd, 3rd and
resonances 12| ABRETSEK 4th order
in ——— e resonances
‘ ~—and working
< = A “rule of thumb for 26 boint for DR
synchrotrons with short ¢ ‘ |
—~ cycles”: i o Tl A W X U 5 5
if | AQ | < 0.2 AN < DN
— normally no severe XLy 7
M 13 l:ﬂ“ ‘A(» S 0
instability | '
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SC

DR — 4Q,,

AQ

dsc
y

S

L ASLETT
&
3

DR "*Ne
-0.030
-0.069

-2.97e-02
-6.86e-02
-1.27e-04
-2.32e-04
-4.55e-05
-8.32e-05

DR *He
-0.005
-0.011

-4.59e-03
-1.06e-02
-1.96e-05
-3.59e-05
-7.05e-06
-1.29e-05

Laslett's Tune Shifts

® Tune shifts due to Direct Space Charge and
Image Fields are described by “Laslett’s Equations’

= For DR (y=100)
|IAQpsc| << 0.2 ©

DR not a short cycle (ions could
stay ~Imin) = “rule of thumb”
maybe not applicable =@ Might
need a deeper DSC study

Image Fields turned out to
have even less effects

’
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DR —

S

L ASLETT

SC
AQ

dsc,

AQ

dsc
y

DR "*Ne
-0.030
-0.069

-2.97e-02
-6.86e-02
-1.27e-04
-2.32e-04
-4.55e-05
-8.32e-05

DR *He
-0.005
-0.011

-4.59¢-03
-1.06e-02
-1.96e-05
-3.59e-05
-7.05e-06
-1.29e-05

2

e Note also; AQpsc,, x1/v
relativistic beams the repulsive

are cancelled by the contracting B forces

= For PS (low Y) AQbsc could be crucial

(to be investigated)

Laslett's Tune Shifts

® Tune shifts due to Direct Space Charge and
Image Fields are described by “Laslett’s Equations’

= For DR (y=100)
|IAQpsc| << 0.2 ©

DR not a short cycle (ions could
stay ~Imin) = “rule of thumb”
maybe not applicable =@ Might
need a deeper DSC study

Image Fields turned out to
have even less effects

since for

’
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E LDS

F

W A K E

Resonance Imp@dan@@

* Wake Fields (time domain; W(t)) €an
- be trapped in pipe cavities

- cause “Resonance Impedance”

e Resonance Impedance (frequency domain; Z(w)=F[W(t)]),
- in the Transverse plane can be modeled by an

RLC circuit as:

RJ_ Wy Q = “Quality Factor”
ZJ_ ((,d) — w Wyr = “Resonance Angular

. W, W Frequency”
1 + ZQ w0 W R, = “Shunt Impedance”

- For low Quality Factor (Q=1) the Wake Field is
short lived and the impedance is “Broad Band”

Thursday, October 21, 2010



E LDS

F

W A K E

Resonance lmpedance

C
R, - = o e

* Wake Fields (time domain; W(t)) €an

- be trapped in pipe cavities ,T*
[1]]
|
- cause “Resonance Impedance” "™
s
e Resonance Impedance (frequency domain; Z(w)=F[W()]), | _
. —W—
- in the Transverse plane can be modeled by an 5
P Y i
RLC circuit as:
Wor = “Quality Factor” = |
R Q
ZJ_ ((U) — W Wy = “Resonance Angular| =~ W, = Bc/by
) Frequency”
1 W W
+ ZQ N W R, = “Shunt Impedance” | (see next slide)

- For low Quality Factor (Q=1) the Wake Field is
short lived and the impedance is “Broad Band”

<10

= 2" 2x GHz

e Will show results from "
|

“Transverse Resonance o~ |
Broad Band Impedance” N 2 =]
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Shunt Impedance

® The “Shunt Impedance”, R, is the main parameter in
the RLC model of the Resonance Impedance

R\
i) 7. (w) _ Y w
. W w
a 1+ :0) ( » wr)
- i,
iy s,

I_u . . . . S ‘(/SS/

* Modeling existing machines the same way we get %,

PS SPS LHC LHC
(no collimators)
R. [MQ/m] 3 20 30 2

W A K E

® Will use these two as examples
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E LDS

F

W A K E

[ntensity [ hreshold

* |nstabilities caused by Z,(w) are described by
different theories depending on the intensity regime

Mode Inst. I TMC Inst.

(NB)”’ Ng

Transverse Mode Coupling Instabilities
with very short “rise times” normally
modeled by simulations

Individual modes of the bunch can cause
instabilities, described by “simple”
models like Sacherer’s Equation

e Important to find Np*" since that is absolute
maximum number ions we can have per bunch:

4+ Will define NptM as the intensity that gives instabilities
with very short rice times (optimistic approach)

(i.e. when we have strong Transverse Mode Coupling)

+ But also for longer rice times (pessimistic approach)

(i.e. when we have not so strong Transverse Mode Coupling)

Thursday, October 21, 2010



E LDS

F

W A K E

[ntensity [ hreshold

* |nstabilities caused by Z,(w) are described by
different theories depending on the intensity regime

Mode Inst. I TMC Inst.

(NB th NB

Transverse Mode Coupling Instabilities
with very short “rise times” normally
modeled by simulations

Individual modes of the bunch can cause
instabilities, described by “simple”
models like Sacherer’s Equation

e Important to find Np*" since that is absolute
maximum number ions we can have per bunch:

4+ Will define NptM as the intensity that gives instabilities
with very short rice times (optimistic approach) o = 40017
(i.e. when we have strong Transverse Mode Coupling) (\ [T)

+ But also for longer rice times (pessimistic approach) . _ 72007

(i.e. when we have not so strong Transverse Mode Coupling) (\ /<
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3 Tools

n |® Three different ways to find Np*":
Lul = By using the peak current values as inputs to a
i formula for coasting beams one obtains a theoretical
equation for the bunch intensity limit, which we will
- call the “Coasting Beam Equation”:
2 2
o) A
S| e = 32 Blilgten It Jwr o S,
., 232 Beam Coherent
= Y 3\/57’(' <6>x,yz b Cp | 75" intabilties i
— J—a:,y mar Circular Accelerators
q
- ;
0 = A theoretical program, “ i %
< %)
. . . (15 99 Q
I.|J = A multi-particle tracking program, “HEADTAIL 5
I
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MOSES

m|® is a theoretical program
Y.H.Chin CERN-

Lul = |t solves a dispersion integral equation LEP-TH/88-05 |
Me It gives the growth rate (inverse of the rise time)
0 for different “bunch modes”

1/z vs. N, for ¢, = 42d0 [eVs] (DR Ne) |
z 2000 '
N
—I 1500
< 51000
I_ 500
D ,-'/-’.A.:-H.‘ ."’/-—- 9
q 0406200 w &
W e Intensity limit, Npoth, depends on optimistic
T ((1/7)th = 400Hz) or pessimistic ((1/T1)th = 20Hz) approach
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MOSES

m|® is a theoretical program
Y.H.Chin CERN-

Lul = |t solves a dispersion integral equation LEP-TH/88-05 |
Me It gives the growth rate (inverse of the rise time)
0 for different “bunch modes”

1/z vs. N, for ¢, = 42d0 [eVs] (DR Ne) |
z 2000 '
N
_J 1500
< 51000
I_ 500
D " Bl ..-//ﬁ 2
g 0500200 W =5
W e Intensity limit, Npoth, depends on optimistic
T ((1/7)th = 400Hz) or pessimistic ((1/T1)th = 20Hz) approach
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n
N
-
[ ]
I_ (Y e s N = 144.0e9
100 :
80
0 B
40
< E 20
>.§' <20
m -40:
-60:
L| =
’1006' 100

200

300 400 500

time [ms)

600

It

r

700

.

2000
1800 |

—
Lo
o
o

Growth Rate [1/s]

EADTAIL

e |In HEADTAIL a bunch of multi-particle is tracked
= It is sliced longitudinally :

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

1/z vs. N, for ¢, = 42d0 [eVs] (DR "*Ne with BB) raIL

200 250
Number Particles per Bunch

T
™

G. Rumolo et ali,
CERN-SL-
Note2002-036-AP

bunch slice:

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

° Nt is given by the growth of the bunch oscillation

4
/-’/ (I /T)th =

& 400Hz

300

<10’
350
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E ADTAIL/M0OSES
b

=]
g

%% 100

200

300 400 500

time [ms)

600

It

r

700

A

Growth Rate [1/s]

500
450

400
350 |

300

250
200 |

150

100
50
oF

120

EADTAIL

e |In HEADTAIL a bunch of multi-particle is tracked
= It is sliced longitudinally :

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

140

¢ N,

1/z vs. N, for ¢, = 42d0 [eVs] (DR “*Ne with BB, )

> — o ~
= —y— 4
—
T S

160 180 200 220 240
Number Particles per Bunch

bunch slice:

T
™

260

y

280

G. Rumolo et ali,
CERN-SL-
Note2002-036-AP

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

° Nt is given by the growth of the bunch oscillation

(Y e )+ Ng = 144.0e9 |

4

(1/T7)th =
20Hz

<10’
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E ADTAIL/M0OSES

H

-t

No™ [10"° pib]
SN B O B O N B D

MOSES & HIEAIDTAIL

Despite two totally different approaches
N " and “HEADTAIL” has been successfully
benchmarked both with each other and with data

E. Métral, CERN,
Overview of Single-
Beam Coherent

E.g. scans over €, fr and &;

20 30 Instabilities in
18 | .
16 | 25 Circular Accelerators
= 14 o *CBlomua, RC ; £ | eCB8formua, 02, RC
o . ’ D A B =
a 12 | e HT.RC i HT.0.2. RC
¢ CB formula O - A HT.RC. SC 3 A HT.03.RC
" HT = o] HT.FC,SC @ | oHT,02,RC,No RF
MO ) . HT.FC 1 ¢HT,02,FC
= | ® MO, RC HT,02,FC,SC
& 5%
2 141
0 0
>
0.5 1 15 2 25 3 0 02 04 06 08 1 0 0.2 04 06 08 1
P frequency [GHz) Longitudinal emittance [eVs) Vertical chromaticity (dQy /Qy)/ (dp / p)

However, both have mostly been used with Protons

So before we use HEADTAIL and MOSES for the
lons in the Beta Beams, let’s start with Protons...
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D »
| t. Scan for Protons in DR

e Strong instabilities, 1/t > 400Hz, starts at about same

n h

Npt" for MOSES and HEADTAIL
L N" vs. f, for DR p with BB |

x10° L L
i 500 7
450 CB Eq./
1/t vs. NB for f'l.= 0d5 [GHZ] (DR p with BBJ_) « HEADTAIL V » /
D 2000 ' 400; /
- . /
1800 350 Fy

— 1600 - /
z E | - 300;— //

[ “ 2s0F HEADTAIL
N S -

< 200}
- 3 :

o 150}

0 -

NP PR BT EPEPETES BT BRI B EPEPE T | 50[111 L1 L IR T | L | |
200 250 300 350 400 450 500 0.5 1 15 2 25
Number Particles per Bunch f, [GH2)

E ADT A

H
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t. Scan for Protons in DR

o |° Strong instabilities, 1/1 > 400Hz, starts at about same
Npth for and HEADTAIL
L , | N"vs.f,for DR p with BB |
%10 - 2
500 7
] 450 /
~1ltvs. N, for f, = 0d5 [GHz] (DR p with BB ) +HEADTAIL /
D 500 00 /"'
::Z 50— CB Eq:/,,/-""‘
z g 350% 00" /
~| &z
_] 3 :: i: HEADTAIL
6 100% 50; d_.a———-—"”'/‘ g e
- . of —7
< °‘““*§5:\"§oo""150""260"'"2'50""300""350""400”"450'"'50310 e e T e 235" 3‘ '
Number Particles per Bunch
- f, [GHz]
-
O [ Weaker instabilities, 1/1 > 20Hz, could show up for low
€| Nbp*M according to — discrepancies
W | = Due to weak mode coupling and decoupling
L | = Should be seen by HEADTAIL also = under investigation
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Back to lons

e Let’s apply HEADTAIL and MOSES to ®He and '8Ne

e Will see if the required Np*" can be achieved for

different longitudinal emittances, &€, of the bunch
and different shunt impedances, R, of the machine

® These two programs have however never been used
like this for ions (as far as we know) so development of
new procedures (and thoroughly tests of these) N€ecCeéssary:

= Possibility of bunches with '8Ne and ®He was added to HEADTAIL

= WVe get the ion equivalent threshold from by
Npth = Npth | Z (see back-up slide)

T HRESHUOLD
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b

£y dcan for

Number Particles per Bunch

R, =20 MQ/m (SPS) 5
| 1/tvs. N, for ¢, = 30d0 [eVs] (DR “Ne with BB;) | o HEADTAIL  « MOSES
2000 z
= . 50
1800 |— -
Y 1600 | . U
D =, 1400 e e
% 1200 - U . £p
_l o 1000 — B 30
§ 800; m _
D O 600/ !
O oo o ) %9
200;
I o—u o i - i & A : l A 4 A A - A A v 10
10 30 40 50 6l
m Number Particles per Bunch
L) R, =2 MQ/m (LHC no col.) -
1/t vs. Ng for ¢, = 30d0 [eVs] (DR "*Ne with BB|) = (HEADTAIL « MOSES 550
m 2000
1800 - 500
— 1600 — 450
T R =
T, 1400 . 400
% 1200 — F 2
I_ o 1000 — e
§ 800 300
O 600 rd 250
O 400
= 200
200
=
950 s 30030 a0 a0 s s e

I8N e

x10°

(1/T)th = 400Hz

'N"vs. ¢, for DR "*Ne with BB, |

e
s

CB Eq.”
I/

4

HEADTAIL

Tl 1 l Ll l L Ll l L | 1 | | | 1 | 1 1

30 35 40 45 50 55 60 65
e, [eVs]
N" vs. ¢ for DR "°Ne with BB,

9

%10

2 CB Eq.

S

- HEADTAIL

) i l S T . l hndendd d endnd e i l A LA i l L4 hdeed. l A
30 35 40 45 50 55 60 65
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b

R. = 20 MQ/m (SPS)

1/z vs. N, for ¢, = 30d0 [eVs] (DR "*Ne with BB, )

500

+HEADTAIL

s MOSES

450

Growth Rate [1/s]

R, =2 MQ/m (LHC no col.)

1/t vs. Ng for ¢, = 30d0 [eVs] (DR "*Ne with BB, )

500,

T HRESHOLD

Growth Rate [1/s]
2

- 4.0 i i s i w -
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Nbﬂh vs. R L in DR

¢He: Even if R, is 2MQ/m N3gt" = 4.0el2 could not
be reached by changing &, due to the SF < | %

'8Ne: Ngt" = 3.1el2 seems beyond the horizon ...

Let’s find required R, to allow Npth

T HRESHOLD

th 6 E
N" vs. R for DR *He with BB_LJ

9 9
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Nbﬂh vs. R L in DR

e SHe: Even if R, is 2MQ/m N3gt" = 4.0el2 could not
be reached by changing &, due to the SF < | %

e I8Ne: Ngt" = 3.1el2 seems beyond the horizon ...
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Outline

Beta Beam Overview

Collective Effects
= Laslett’s Tune Shifts

= Wakefield Instabilities

+ HEADTAIL & MOSES
+ Intensity Thresholds

Conclusion
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= Laslett’s Tune Shifts
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Conclusion

® Direct Space Charge effect will not limit the
performance of the Decay Ring (Laslett’s Equations)
Z
O[e We have a very challenging upper limit of the DR’s
- Transversal Shunt Impedance, R:
Ul
- = |0 times smaller than LHC (without collimators) for '8Ne
| ... based on HEADTAIL and MOSES studies
0
Z | e This study, that was completely based on parameters
O from “FP6”, suggests a re-optimization of the Beta
0 Beam design
Note under preparation:
http://chansen.web.cern.ch/chansen/PUBLICATIONS/bbCollective.pdf
SVN: nttp://svnweb.cern.ch/world/wsvn/bbcollective
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http://chansen.web.cern.ch/chansen/PUBLICATIONS/bbCollective.pdf
http://chansen.web.cern.ch/chansen/PUBLICATIONS/bbCollective.pdf
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T'o Do

e Study Beta Beam “Cocktails” (suggested by A. Donini, WPé)
= Specially ©®Ne/5 & PHe*2
SETUP 7y Ions | Fluxes [10'®] | Years | (sin®26:13)min | NH,(sin? 2613)min
- CERN-Frejus, 3 100 | °He dy x 2 2 1x10°° No Sensitivity
0 Ref. [1] ¥Ne ®y/5 8
—|® Same study in longitudinal plane Z,(w)= il
0 . o 14+iQ (2 - 2
= Ongoing HEADTAIL simulations, but "
- can’t use MOSES since only for L
. - -
0 = ||.,’ £ Wi
e Same with Narrow Band B i e
7 - “',,., '".K"' ......
3 = ~
Oe same with Resistive Wall Impedance )
O
=
e Same with SPS, PS and 8Li & ®B
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B ACKUP

[nput Parameters for Protons

TABLE 8. Input parameters from previous Beta Beam design report. TABLE 10. Calculated values.

Parameters | Description DR p | DRp

z Charge Number 1 ro [m] = rpZ% /A Ion Radius 1.53¢-18

;,‘ g::;fm’ o 9;4 Eror [GeV] = Y- Erest Total Energy 93.83

C[m] Circumference 6911.6 B = 1-—- 12/ N Relativistic Beta 1.00

p [m] Magnetic Radius 155.6 n=(1/%)-(1/7)° Phase Slip Factor 1.27¢-03

Y Gamma at Transition 27.00 Trev [ 8] =C/(Bc) Revolution Time 23.0558

Z’EF }M‘T’Il ;’;"080, X 2~°g%°g°' R(m] =C/2x Machine Radius 1100.02
/dt [T/s) e sy X ®yey [MHZ] = 2% /T,,, Angular Revolution Frequency 0.27

Y Relativistic Gamma 100.0 2 > 18 M sreq e 175¢-03

Smax Maximum Momentum Spread 3.50e-03 O = Omax/ igMa Ssomenium opre RE

Eyess [MeV] Rest Energy 938.27 % [ns] = L, /(Bc) Full Bunch Length 5.34

M Number Bunches per Batch 1 1[A] = ZeNg/7, Peak Current 120.07

Tl T . seam Cure

/8 umber lons per Injected Bunc Sle+ . g - .

Ng Average Number lons per Bunch 4.00e+12 2 Sigma Longitudinal Emittance 2.75

my Merges Ratio 15 Synchrotron Tune 0.0063

'T';":Es(]s} g:gozﬁi:;’:? ? 6.00 20 Synchrotron Angular Frequency 1.72

0. Horizontal Tune 2223 Horizontal Betatron Angular Frequency 6.06

[4) Vertical Tune 12.16 ®, [MHz| = Q, - @y, Vertical Betatron Angular Frequency 6.06

(ﬁ) x [m]) Average Horizontal Betatron Function 148.25 @ [GHz] = Bc/b ) Cut-Off Angular Frequency 1.87

(g) y [m] :Vemse l“)?_m“af Betatron Function 1})36%4 AQg, = ExOmarQx Horizontal Tune Shift due to Chromaticity  0.00e+00

(& )x [m] H‘:n’;g;m lugzznm:ﬁci by 0.00 AQ: = &§yOmaxQy Vertical Tune Shift due to Chromaticity 0.00e+00

g, Vertical Chromaticity 0.00 @, [MHz] = §,0.@,,/N Horizontal Chromatic Angular Frequency  0.00e+00

ey, (10) [rm-rad] | Normalized Horizontal Emittance 1.48¢-05 @ [MHz] = &y Qy By /M Vertical Chromatic Angular Frequency 0.00e+00

ev.(10) [xm-rad] | Normalized Vertical Emittance 7.90¢-06

& (full) [eVs) Full Longitudinal Emittance 14.36

b, [cm] Horizontal Beam Pipe Size 16.0

b, [em] Vertical Beam Pipe Size 16.0

Pres [ m) Resistivity 1.0e-07

TABLE 9. Assumed input parameters.

Parameters | Description DR p

Q Longitudinal Quality Factor 1.00

o, | [GHz] Longitudinal Angular Resonance Frequency  6.28

1Z,/n|1) 10.00

R, | IMQ] = Z29% | Longirudinal Shunt Impedance 0.231

0. Transverse Quality Factor 1.00

®, | [GHz] Transverse Angular Resonance Frequency 6.28

R,  [MQ/m| Transverse Shunt Impedance 20.00
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MOSES modes

e Maximum number modes are used for MOSES:

1]/ = Head Tail Modes: [-10, 3] "" R
Lo = Number Radial Modes: 13 As
n but still might not always find Gost/

' =

T s\
- the crucial modes (those that couple) =
s | ® Could explain the discrepancy T _
. . |, [mA]

~ e A method to find the crucial modes
- is under development
q
|_
a
q
n
I
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MOSES modes

e Maximum number modes are used for MOSES:

= Head Tail Modes: [-10, 3] b ek st S
= Number Radial Modes: 13 ) |

1]
L
n but still might not always find Gost |
0 the crucial modes (those that couple)  Zas| ‘
s | ® Could explain the discrepancy ) N\
. . I, [mA]
~|® A method to find the crucial modes
- is under development
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E ADTAIL/M0OSES

H

MOSES modes

e Maximum number modes are used for MOSES:
= Head Tail Modes: [-10, 3] bbb s oo
= Number Radial Modes: 13 Atii
but still might not always find G| /-
the crucial modes (those that couple) Zos| |
® Could explain the discrepancy ) O\
, , I, [MA]
e A method to find the crucial modes

is under development

Real Tune Shift |

~ Imaginary Tune Shift |

2r
10— C
i 1.5}
1 —— -
» ———— — - ‘0.5’_
e e —— e t
R ————————————— g o
% 0 S,’_ 0
) 4 e ———— = -
- : 050
-5H -1~_
1.5

10+
2 18 2

SEEEE=ES=S

2 R:N
2 R:12
2 R:13
10 R: 0
10 R: 1
0 R:2

1
N
TT

i

Thursday, October 21, 2010



e Same

O N

e Same

C ONDCLUS

e Same

e Same

T'o Do

study in longitudinal plane

= Ongoing, but
+ MOSES is only for Transversal
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+ Keil Schnell does not seem to hold in our regime

11z vs. N, for f, =0d7 [GHz] (DR “He with BB,)

N"vs. f, for DR "He with BB, |

/ W
&
<

TT._ HEADTALL

l'lo
.....
"""""""

llllll

with Resistive Wall Impedance

with SPS, PS and 8Li & B
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MOSES Scales

* To get same scale as MOSES’ plots:
¢ X-axis: 1  S[AQ] 1/7 since

/ —

T QS Wrewv QS /7 = =S [AQ] wrev

Z@NB

e Y-axis: /Vp T = Iy
Tev

~

. .‘ - Imaginary Part of (v-vy)/vg -
Al (w,,Q,) vs.1_for ¢, = 22d0 [eVs] (DR ‘He with BB P MOSES -~ MODE COUPLING INSTABILITY

200010 (01940 VERSION 33 COWUTIMEUSED: 0538314

B ACKUP

2 ! I I I SPRD « 0000E«00
r H "1 NuUS «036sEM
1 5:_ L L 1 ENGY = 0.165E404 (GeV)
_/—""_ soMZ 404 (cm)
- BETAC = 174, (m)
11 A 1 = REVERQ« 0 AMIE0] (MH2)
— r e ALPHA = 0.1 37E42
2 - r ] CHORM = 0.000E0
O 0.5— r L —t, 1 FREQ = 01008403 (Milx)
2> I . Y 1 RS =200 (MO&
@ L / S Ce ‘ L 2 ( m'm)
— ’ P
; / 4 Qv 100
S ! / -/ | LBIN » |
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~— > \ ‘\ { MU s
= I \
- X \ e
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Back to lons

e Let’s apply HEADTAIL and MOSES to ®He and '8Ne

* We will scan over some parameters, €, fr and &,
around the working point (shown by grey arrow <)

a

r to see if we can improve Npth significantly

O

r!° For the Beta Beam Studies the possibility of bunches with '8 Ne
0 and ®He was added to HEADTAIL

y | © Assume that has same Zel, dependency as

N Sacherer’s formula:

T (1) e _ —1 Ze]bc<6x,y>wrev Z;O:—oo R [ZJ— (wp)] h|n| (wp o wf)
_ T) .., n|+1  4dnEi Ly D o0 Mn) (Wp — we)

then we get the ion equivalent threshold by
thh — thh | 7
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Back to lons

e Let’s apply HEADTAIL and MOSES to ®He and '8Ne

* We will scan over some parameters, €, fr and &,
around the working point (shown by grey arrow <)
to see if we can improve Npth significantly

e For the Beta Beam Studies the possibility of bunches with '8Ne
and ®He was added to HEADTAIL

® Assume that has same Zel, dependency as
Sacherer’s formula:

(1 ) e 1 @wx,y}wrev D e 00 R[Z 1 (wp)] Iy (wp — we)

T 1., n|+1  4nEi Ly > oo By (wp — we)

p=—00

T

T HRESHUOLD

then we get the ion equivalent threshold by
thh — thh | 7
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B ACKUP

Growth Rate From IEq. ol Motion

y+ (Qywrev)zy =

y+ (Qywrev)zy = Ky
y(t) :Alei(Qy+AQy)wrevt +Aze_i(Qy+AQy)“’revt

AQy — —K/ (2an)3'ev)
y(t) — Aei(Qy"'AQy) Wreyl
_ A (O R[AQ)]) Orent S [AQy] Wrent

1/7 = -3 [AQ)] Wrey




MOSES

-

m|® MOSES is a theoretical program
Y.H.Chin CERN-

Lul = |t solves a dispersion integral equation LEP-TH/88-05
Wfe It gives the IM[AQ] and Re[AQ] for different bunch
0 modes and bunch intensities
2 . o i :
™~ gl | g i <
—I o 0: — 00;-1 ——

ﬂ | ﬂ. D —
= E | éz%“ ——
q | . —
- Ih[mA] b [mA]
a
<|® Im[AQ] is connected with the “Rise Time”, T, of the
L] |nStab|||t)’ with /T = - Im[AQ]wrev (see backup slide)
I

Thursday, October 21, 2010



MOSES

m|® is a theoretical program
Y.H.Chin CERN-
Lul = |t solves a dispersion integral equation  LEP-TH&88-05
Wfe It gives the IM[AQ] and Re[AQ] for different bunch
0 modes and bunch intensities
> ,, -
~| ¢ ¢
N o | - o,
qd | | g,
= E | & -
<
= ’b[l;’lA]
0
<|® Im[AQ] is connected with the “Rise Time”, T, of the
L] |nStab|||t)’ with /T = - Im[AQ]wrev (see backup slide)
T |® When the “Growth Rate”, I/T, starts to grow too
much gives Ip!" and then Np*M =T, I,t" | Ze
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HEADTAIL

m|® HEADTAIL is a multi-particle tracking program
L = A bunch of macro-
0 particles is sliced
. longitudinally
= |Impedance is
2 assumed to be : |
. ' . Rumolo et ali,
~ localized at a few - GEERN_SL_
- positions around the ring et oo
4 = At each impedance location, each slice leaves a wake
field behind and gets a kick by the field generated by
= the preceding slices
A . .
= The bunch is then transferred to the next impedance
q location via a transport matrix
Ll
I

Thursday, October 21, 2010



HEADTAIL

e HEADTAIL gives e.g. the vertical mean beam center

il shown here for different bunch intensities
I.I.I (Y e )+ Ng = 90.0€9 | (Y e 1+ Ng = 90.0e9 (Y e 1+ Ng = 90.0e9
100, 100, 100,
aoi aof aof
1]| 60, 60, 60,
s 40| pry
gli=~ i = i =
> 20! > <20 = 20|
z ” Y “ 40, “ 40/
50 60 60
-80/ -80/ -80/
N toobeis] i laas, N SRR VYV TOUT FOOV FOPV FRVOT TR TRV TN aoabussliaials ORI
0 100 200 300 400 500 600 700 0 5 10 15 20 25 30 35 40 45 S50 0 1 2 3 4 5 6 7
J time [ms) time [ms) time [ms)

* Exponential least square fit to the envelope gives /T

1/z vs. Ny for ¢, = 25d0 [eVs] (DR “He with BB, )
2000 7 '/

< 1800 / \ / %0
1600 | / /
L. ' v /\/ 300
~ 1400 /
o~ _ 250
g 1200
02 1000 ! 290
D S 800 150
g :
600
5 : 100
< 400 ‘t\ /
: - 50
200 « !\ . /
N -~ A
R oot A N — 10°
LIJ Q00 200 300 400 500 600 700

Number Particles per Bunch

H
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E ADT A

H

Exponential least square fit to the envelope gives /T

1/z vs. Ny for ¢, = 25d0 [eVs] (DR “He with BB, )

2000
1800
1600 :
w |
:1400
S1200!
S
O£ 1000
L
+ 800

=

O 600,

O 400

200

HEADTAIL

900

Threshold Growth Rate defined as

), N, = 90.0e9

/1’!
/

500 600 700

Number Particles per Bunch

which gives intensity limit; NptP
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