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N Reminder: the muon RCSs 06
!

JAdeicaies Details on RCS:
See talk by H.
= Chain of rapid cycling synchrotrons, counter-rotating p*/u- beams | Damerau

— 63 GeV —» 314 GeV — 750 GeV —» 1.5 TeV (— 5 TeV)

l AOFH: . hybrid .
cond. RCS
RCS
Both in the same tunnel

= Hybrid RCSs have intersecting normal conducting (NC) and
superconducting (SC) magnets

= Studies presented aim to determine the RF (cavity) and lattice parameters
(number of RF stations, momentum compaction factor,..)

H. Damerau
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= Activity summary

= Beam induced power estimates for muon RCS RF systems

= Studies on synchronous phase and consequences on the acceleration

=  Summary and Outlook
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Activity summary / reminder

International
UON Collider
Collaboration

= From MC Collaboration Meeting: [reminder, see presentation for details]

1. In total, short-range wakefields and beam loading cause induced voltage of ~2.2

MV/m per cavity, or 10% of V., but do not harm beam transport

2. On the order ng = 32 RF stations needed to ensure a sufficiently low

synchrotron tune between stations, less but nygz > 16 for RCS3

CERN
; 3 F. Batsch ﬂ/ -
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https://indico.cern.ch/event/1175126/contributions/5025349/

Activity summary / reminder
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= From MC Collaboration Meeting: [reminder, see presentation for details]

1. In total, short-range wakefields and beam loading cause induced voltage of ~2.2

MV/m per cavity, or 10% of V., but do not harm beam transport

2. On the order ng = 32 RF stations needed to ensure a sufficiently low

synchrotron tune per station, less but ng > 16 for RCS3

= Muon RCS in LHC tunnel?-> limited to around 4.2 TeV due to required amount of

magnets [preliminary studies by D. Amorim and me, see ]

= Question of possibly high HOM power for the TESLA cavity raised during

CERN i?

R o o -

collaboration meeting = 15! topic of today

F. Batsch ﬂ/ e



https://indico.cern.ch/event/1175126/contributions/5025349/
https://indico.cern.ch/event/1223560/

Beam-induced power for the TESLA cavity
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= First estimate of HOM power assume a constant current in ring:
= Bunch population 2.54x102 wb, 7,,, = 20 us > /= 20.4 mA
= Induced voltage from short-range wakefields U, 4sg = 1.1 MV/m

- Rough limit estimate per cavity: P = 20.4 mA x 1.1 MV = 22.4 kW

= Calculation of HOM power in TESLA / ILC 1.3 GHz cavity in two ways for
a_single bunch from loss factors using:

= Approximated wake potentials in macro-particle tracking simulations
(BLonD)

= The output of ABCI| code for detailed RF structure

CERN
; 3 F. Batsch ﬁ'



https://abci.kek.jp/abci.htm

Beam-induced power with BLonD
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= The geometry of the cavity defines all HOM, i.e. for single-bunch cases, the short-
range wakefield from K. Bane [ref, see appendix for details] includes these, but not
the long-range fundamental mode

- Use short-range wake potential W, sz to compute power

101 Plot shows:

0.5 | bunch charge density, c = 6.6mm

U4 short-range

U,.¢» fundamental mode
Total U4
Wake potential from ABCI

Uing(arb.u.)

(for RCS1, nge = 32, parameter in appendix)

0.10 0.15

CERN " "
; 3 s (m) F. Batsch ﬂ' i



https://inspirehep.net/files/246565fbf4498a1246965a1e761a2b9d

Beam-induced power with BLonD
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= The geometry of the cavity defines all HOM, i.e. for single-bunch cases, the short-
range wakefield from K. Bane [ref, see appendix for details] includes these, but not
the long-range fundamental mode

- Use short-range wake potential W, sz to compute power

= Calculate power loss through loss factor k; for each simulation step / RF station:

k, = | A()W, sg(t)dt, with bunch charge density A(t)
¥
2

Pyom = k” *g—B with bunch charge Q and bunch spacing 75 = T,

CERN
; 3 F. Batsch ﬂ'



https://inspirehep.net/files/246565fbf4498a1246965a1e761a2b9d
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= Second possibility uses an approximation for
short Gaussian bunches to compute loss factor

k| = |§|%* e~(@” (% for Linac norm)

= This gives the loss factor per mode, for
longitudinal modes, see here (TESLA) & paper —,
(ILC LL)

- Total HOM loss factor is sum over all HOMs:

QZ

k= Xk, Puom =k * -

Beam-induced power from mode analysis

Table 2 Values of Qext for the monopole modes

welded P demount. |2 demount.
ouplers on fcouplers on |couplers on Qext
MODE FREQ. R/Q |asymmetric | asymmetric| symmetric Limit
[cavity cavity cavity
Qext Qext Qext
MHz] o] [1.0E+3] | [1.0E+3]| [1.0E+3] j1.0E+3]

TMO011 1 2379, 6 0,00 350,0 1150 1600

2 2384, 4 0,17 72,4 360 460

3 2392,3 0,65 49,5 140 220

4 2402,0] 0,65 84,0 68 110

5 2414 4 2,05 32,0 70 97

8| 2427.1 2,99 29,1 81 59

7 24387 6,93 20,4 6 6| 49 1000

8 2448, 4 67,04 27,4 58 51 100

9 2454 1 79,5 58,6 110 100 100
[TMO12 1 3720,0] 1,26 3.0

2 3768,9 0,07, 5,1

3 3792,2] 0,75 5,2

4 3811,7 1,43 3,9

5 3817,5 0,18 15,2

6 3829, 2,383 11,3

7 3839, 8| 0,77 40,0

8 3845,3 22,04 240, 0f 300

9 3857, 6,85 6,1 1000

From

“Higher order mode coupler for TESLA”, J. Sekutowisz

CERN
; 3 F. Batsch ﬁl -
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Beam-induced power from mode analysis

= We obtain the modes through ABCI:

Loss Factor Spectrum Integrated up to f

35

30

[&5]

o

.

= 25

=

o ~o
15
1.0
05
0

CERN

ABCI_MP 12,5 : SAMPLE INPUT: TESLA CAVITY
MROT= 0, SI1G= 1.000 cm,
(ABCI file from S.-A. Udongwo) - ]
_IQJ_J A
\ HOMs
TM012 1.5 VIpC
S e —— I
32
=S First two
“E’ o~ “strong”
®©| - monopole
=2k \
c|T HOM’s
30
e T ]
0 2 4 6 8 10

F. Batsch

Table 2 Values of Qext for the monopole modes

2 welded |2 demount. [ demount.
on on ki on Qext
MODE FREQ. R/Q [asymmetric | asymmetric] symmetric Limit
jcavity cavity cavity
Qext Qext Qext
[MHz] [N [1.0E+3] | [1.0E+3]| [1.0E+3] Ji1.0E+3]

TMO11 1 23789, 6) 0,00 350, 0f 1150 1600

2 23844 0,17, 72,4 360 460

3 2392,3 0,65 49,5 140 220

4 2402,0 0,65) 84,0 6 8| 110

5 2414 4 2,05 32,0 70| 97|

6| 2427,1 2,99 29,1 81 59

Z 2438 .7 8.9 20, 4 6 8| 49 1000

8 24484 67.04 27,4 58| 51 100]

9 2454,1 79,50 58,6 110| 100 100
TMO12 1 3720,0) 1,26 3,0l

2 3768,9 0,07| 5,1

3 3792,2 0,75 5,2

4 3811,7 1,43 3,9

5 3817,5 0,18 15,2

6 3829,2] 2,33 11,3

Z 2820 3l T 40,0

8 3845,3 22,04 P40, 0 300

9 3857, 3 6,85 6,1 1000
From “Higher order mode coupler for TESLA”, J.

Sekutowisz

(ABCI file from Sosoho U.)



https://abci.kek.jp/abci.htm
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Beam-induced power from mode analysis

Table 2 Values of Qext for the monopole modes

= We obtain the modes through ABCI:

Loss Factor Spectrum Integrated up to f

k(D) (V/pC)

35

3.0

2.5

2.0

ABCI_MP 12.5 : SAMPLE INPUT: TESLA CAVITY
MROT= 0, SIG= 1.000 cm,
(ABCI file from S.-A. Udongwo) - -
_/gJ_Jf"__’_ A
[ HOMs
{ TM012 1.5 VipC
S N
S8
=S First two “strong”
£ lov monopole HOM’s
Sle contribute with
c|3 4.7 kW
3 0
e .
0 2 4 B 8 10
f (GHz)
F. Batsch

2 welded > demount. demount.
on on on Qext
MODE FREQ. R/Q tric | asy ic| sy Limit
jcavity cavity cavity
Qext Qext Qext
MHz] [Q] [1.0E+3] | [1.0E+3] | [1.0E+3] Ji1.0E+3]

TMO11 1 2379, 6 0,00 350,0 1150 1600

2| 23844 0,17 72,4 360 460

3 2392, 3 0,65 49,5 140| 220

4 2402,0 0,65 84,0) 68 110

5| 24144 2,05 32,0 70 97

6| 24271 2,93 29,1 81 59

7l 24387 6.9 20, 4] 68 49| 1000

8 2448, 4 67,04 27 .4 58 51 100

9 2454,1 79,50 58,6 110| 100 100
[TM012 1 3720, 0| 1,26 3,0

2| 3768,9 0,07 5,1

3| 3792,2 0,75 5,2

4 3811,7 1,43] 3,9

5 3817,5 0,18 15,2

6 3829,2] 2,33 11,3

2l 28204l o022 40,0

8 3845, 3 22,04 40,0 300

9| 38573 6,85 6,1 1000
From “Higher order mode coupler for TESLA”, J.

Sekutowisz

= 1.5 V/pC results in 7.9 kW!
- Consistent with upper limit of 22.4 kW

= Power for fundamental mode is 10 kW

A
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Beam-induced power using BLonD
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= Parameters in BLonD: RCS1, ng = 32 RF stations, 0.13
696 cavities, 90% survival, bunch length 4o, = 0.1 7 012
ns = 30 mm, 1 bunch £ 0.11;
50.10-
> k||,SR = fl(t)W”’SR(t)dt = -2.11 VIpC ‘20.09_
> The HOM power loss per cavity reaches 10.4 kW 208 | | |
0.0 0.1 0.2 0.3
- Consistent with ABCI Time (ms)
001 11.25 -
—0.5 _11.00
2 :
g -1.01 a.%‘- 10.75 1
€ 1l & 10.501 u
10.25 1
2.0 _ TR

Qj{ T8 1 3 3
tﬂr'qUt




Pyon for other RCS

International
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/Collaboration Larger power loss due to shorter

150 bunches in RCS2:
= RCS2, nye = 32 '
= 14.5] . 0.0901
< 2
3 14.0 £ 0.0851
T o
) S
5 0.075
13.0 1 @
00 02 04 06 08 10 0-070'0.0 0y e s o8 1o
t {ms] . . 'i'ime (n.15) . .
= RCS3, nge = 32 —
8.5 Larger ring gives smaller
] average power -
_ gep 20.075
Z 8.0 5
= $ 0.070
: :
[aT) | c
7.5 & 0.065
7.0 1 00 05 10 15 20 25

(CERNXg 0.0 0.5 1.0 15 2.0 fims {me)
t(ms) ||¢




Summary (1)

International
UON Collider
/ Collaboration

The induced power is very large, up to 13 kW for RCS1&2 per bunch and cavity

->

Bunch crossings inside the cavity increases power up to 4 times, to be avoided

HOM power capability limit is 1 kW, 3-4 kW under development > up to 20 kW per
cavity estimate

See also of S. Zadeh

Figure 1; JLab Ampere class cavity with HOM loads and [ ]
waveguide fundamental power coupler.

Design of high-capacity power absorbers or lower RF frequency with larger iris needed
(wakefields scale with 1/8%, a the iris radius)

The present parameter tables are based on the ILC cavity (1.3 GHz), but a lower frequency,
e.g. 800 MHz, might be required if the HOM power cannot be handled

F. Batsch



https://accelconf.web.cern.ch/SRF2005/papers/thp46.pdf
https://cds.cern.ch/record/2776785/files/CERN-THESIS-2020-358.pdf

Studies for 801.58 MHz cavities

Intérnanal
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= Some RCS parameter that change with the FCC-ee 5-cell cavity:

TESLA/ILC

46% instead of 38% use of

straight section, feasible!

Number of cavities RCS1 696 835
Straight length with RF 38 % 46 %
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Studies for 801.58 MHz cavities

= The loss factors and beam-induced powers approximately half their values:

Loss Factor Spect

ABCI_MP 12.5 : SAMPLE INPUT #1 5-cell
MROT= 0, SIG= 0.577 cm, DDZ= 3.500 mm, DDR= 3.500 mm

rum Integrated up to f 20/ 2/23 172727
800MHz CAVITY STRUCTURE

2.0

1.5

k() (V/pC)

1.0

05 FJFundamental mode:

Kim = 0.64 VIpC
Piow = 3.1 kW

L

Cavity info from PhD thesis of S. Zadeh

5

Frequency f (GHz)

10 15 20

- BLonD and ABCI

8.0 consistent
7.5
7.0
0.0 0.1 0.2 0.3
t (ms)



https://cds.cern.ch/record/2776785/files/CERN-THESIS-2020-358.pdf

Complementary studies by S.-A. Udongwo

International
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M"aboration NLSF Power LOsSs | Presented at 4th Meeting Task 6.1 MuCol Design Study [link]

1.5 B NLSFo-cellngch: I MLSFs.con)ocH: B NLSFS. il ] 3GH
BN NLSF7-celinscH: B MLSFy-cenlock: BB MLSFy-cen1.3GH:
W MLSFg el pg iy B MNLSFy_con)oche T NLSFg_ ) 3 GHr
1.0
800 MHz vs
1.3 GHz: power 0.5
decreases by
factor % for
scaled cavities 00 L e e e e
Pstat Pdyn Ploss, tot

Bar plot of normalized number of cavities, static power loss, dynamic power loss, HOM power loss and total power loss
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Activity summary

Beam induced power estimates for muon RCS RF systems

Studies on synchronous phase and consequences on the acceleration

Summary and Outlook

CERN
; 3 F. Batsch ﬁ




=) The synchronous phase and its
Mgz influence

ollaboration

= The synchronous phase ¢, as it becomes more important with HOM discussion:
= The bucket area changes with ¢, which affects the HOM power to a small extend
= The synchronous phase ¢, strongly influences the main RF requirements:

Energy gain of the synchronous particle AE; = Vyy *sin ¢, = 14.75 GeV per turn.

For ¢, = 45° > Vyr =21 GV, i.e., large overvoltage

- Increase the synchronous phase and consequently reduce bucket area to possibly

decrease V¢

CERN
;3 F. Batsch M/ e




Over-voltages due to ¢,
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= Independent of the cavity frequency or RCS, the overvoltage in the RF voltage

Vrr = AEg/sin(¢,), compared to ¢, = 45° is:

Relative change in Ve Absolute change in Vg
150 - 30 -
9
= 1001 < 20 1
=+ (]
s -
3";._ 50 - ~ 10
:;c =]
=
0 0
= 15 25 35 45 55 65 75 15 25 35 45 55 65 75
@ ¢s (deg) ¢s (deg) %:
F. Batsch




Over-voltages due to ¢,
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= Independent of the cavity frequency or RCS, the overvoltage in the RF voltage

Vrr = AEg/sin(¢,), compared to ¢, = 45° is:

Relative change in Ve Absolute change in Vg
10 5.0
zoomed zoomed

_ 2.5 1
2 071
g & 0.0
€ —10 o
= &
= _2.5_
B 3
< —204 5.0

- T T T T _?5 T T T T

30 45 55 65 75

_ 45 55 65 75
(CERN%? o< (deg) ¢s (deqg) B
F. Batsch Mﬂ




Over-voltages due to ¢,

".‘ ;“‘;
N 7, /
International
UON Collider
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= Independent of the cavity frequency or RCS, the overvoltage in the RF voltage

Vrr = AEs/sin(¢s

- Studied bunch length, bucket area,

Relative che e in Vge

10 m beam losses, HOM power and shift of

o

the potential well minima as function

of ¢, with constant AE,, for a single

AVrriViar, a5 (%)
AR
o

|
(]
o

bunch, and both cavity types
45 55 65 75 o a5 55 65 75

d- (deq) ¢s (deqg) *! Eiﬁ
F. Batsch M"

|
8]
o

3

q




RCS1
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= With increasing ¢, (for RCS1, 1.3 GHz, !
emittance 0.1 eVs g = 32) g3
<2
1. The bucket area A, shrinks, the potential well N
shift due to U, becomes relevant 0
Turn 0,section O
— o No intensity effects
¢s 45 With intensity effects
21 5
> >
Q it}
2 04 O 01
= =
_2- _2_
g_ 01 02 03 04 05 06
CERN At (I"IS:I
F. Batsch

Studies of synchronous phase:

No intensity effects L59r
With intensity effects .
Y10
' e !
| <m .
. 0.5 "
- "'. [ : I
| | AL T 0.0 | | e
20 20 60 20 50 60 70
#< (deg) #< (deg)
Turn 0,section 0
4, = 60°
S
00 02 03 04 05 06




Studies of synchronous phase:
RCS1
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/ 514 1.0
. . . 4 No intensity effects
=  With increasing ¢, (for RCS1, 1.3 GHz, With intensity effects i
emittance 0.1 eVs g = 32) g3 Loyt w
EZ ! - ;:(‘:0.4 P
1. The bucket area A, shrinks, the potential well N . 0.2 S
I".". . :l- .
shift due to U, becomes relevant 0 % 2 St 00,5 50 60 2
@< (deg) ¢s (deg)
Turn 0,section 0 .
Bucket area filling factor
100 .
2
80 -
% . [ ]
S o @ £ 60 .
< ] .
E Example simulation for RCS1, u 40 -
1.3 GHz, ¢, = 60° initial ]
-2 bucket area = 0.35 eVs, input 20 e
emittance 0.1 eVs . "
olm » ! | .
z 01 02 03 04 05 06 20 . (;‘gg} 60
At (ns) ’ -
\ F. Batsch




RCS1

1.3 GHz,
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= With increasing ¢, (for RCS1,

emittance 0.1 eVs nge = 32)

1. The bucket area A, shrinks, the potential well

Ag (eVs)
Noow

1

Studies of synchronous phase:

]
shift due to U, becomes relevant 0 = " - —
< (deg)
) 0.10 .
2. The bunch length increases: N
0.08 .
[ ] u n
% 0.0671 " T .
£ u
2 0.04
0.02 .
0.00

e R o o - e

40

20
(CERN%? $s (deq)
F. Batsch MJ i

60

&lAg (%)

100

80

60

40

20

L]
20

40
#< (deg)




Studies of synchronous phase:
s RCS1

Collaboration

5 100
= With increasing ¢, .. (for RCS1, 1.3 GHz, 4 80
emittance 0.1 eVs nge = 32) g3 S
EZ ! ] %‘n 40
1. The bucket area A, shrinks, the potential well X * . 20
shift due to U,, becomes relevant o —70 o Tl ola—tr =t =
®s (deg) #< (deg)
2. The bunch length increases: iy ) .
— - % 14
= . < .
z 4 . R
= - .
3. The HOM power decreases g 1 - b
. until the bucket becomes too small " . . ooz 004 oo 008
10 o: (ns
and the bunch is lost (> 60°) . : = Power loss is
20 40 60

correlated with bunch

s (deg)
(CERN%\} = (deg length!
F. Batsch .M’ -




Studies of synchronous phase:
Musisis RCS1

ollaboration

100 4 .
= With increasing ¢, .. (for RCS1, 1.3 GHz, Y
emittance 0.1 eVs g = 32) S .
B 601
h=l
4. The losses increase E 401
@
20 1
10% loss due to muon — 20 40 60
decay! ¢ (deg)
0.00 5 e
5. The potential well minimum shifts B LR N
Turn 0,section 0 —0.02 T ~10 .
g = :E: g L
2] 60° g —0.04 1§20 1
3
O o _ ]
5 0.06 . 0] .
21 20 40 60 20 40 60

¢ (deg) ¢ (deg)
CERN 01 02 03 04 05 06
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= With

increasing ¢

Studies of synchronous phase:

(for

emittance 0.1 eVs nge = 32)

RCS1,

RCS2

1.3 GHz,

1. The bucket area A, shrinks, the potential well

shift due to U, becomes relevant

2. The bunch length increases:

3. The HOM power decreases

. until the bucket becomes too small

and the bunch is lost (> 65°)

CERN i?

o e - e

F. Batsch M ;

6 Ll . .
. No intensity effects
With lintensity effects
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< ]
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0 } } i
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s (deg)
0.10
-
0.08 oL T E
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Studies of synchronous phase:
Mz RCS2
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100 1 .
= With increasing ¢, .. (for RCS1, 1.3 GHz, Y
emittance 0.1 eVs g = 32) S
B 60 1
o
4. The losses increase E 401
g ]
20 1
/ u | ] u ] u | ] ] u u | ] J
10% loss due to muon 0 ——5 20 o
decay! ¢ (deg)
0.00 1— 01—
5. The potential well minimum shifts I I
~0.01 " .- -5 .
Turn 0,section 0 = =
é = g —0.02 1 i g 10
21 o - n l.
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Studies of synchronous phase:
A«Ug}mi’t'i'?dn:rl RCS3 8= No intensity effects 20

/ Collaboration . With intensity effects sl
= With increasing ¢, .. (for RCS1, 1.3 GHz, 34 . % 10 :
emittance 0.1 eVs g = 32) < T, ‘“‘“05 :
2 .
» » I , » :-h.
. . » S,
1. The bucket area A, shrinks, the potential well e T T 0.0 % o o
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qlslj006 1. " § o
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0027030 a0 s e 70 R B I
¢- (deg) ¢s (deg)
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= With increasing ¢

Studies of synchronous phase:

(for

emittance 0.1 eVs nge = 32)

4. The losses increase

RCS3

10% loss due to muon
decay!

5. The potential well minimum shifts

Turn 0,section 0

gs =
21 65°
s
@ \
_2_

(CERNig 01 02 03 04 05 06
At (ns) F. Batsch M

100 .
RCS1, 1.3 GHz s
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® 601
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£ 40 -
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A T T T
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et n
3 _ ]
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Summary (2)
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= The synchronous phase ¢s can be increased with 1.3 GHz up to approx. 60° (RCS1)
or 65° (RCS2 and 3), around 5° more for a 800 MHz cavity

TESLA/ILC FCC-ee TESLA/ILC FCC-ee

= Minimum 70% of the bucket can be filled, deeper look for range up to 90% required

100
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= |nstabilities seem no issue, only bucket filling factor
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Summary (2)
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’ -30

AVer/Vrr a5 (%)

45 55 65 75
< (deg)

= The synchronous phase could be a mean to reduce A,,, due to increasing

bunch lengths

= Larger ¢, , can reduce required Vi by >20%, even more for a 800 MHz system

Outlook:

= Define range of ¢, for harmonic ramping and full simulation through all 3 RCS

= Beam-crossings must be avoided in cavities > assumed to be possible as

bunch positions are precisely controlled for collider

- Inclusion of multi-turn effects in simulation (also for counter-rotating bunches)

CERN
; 3 F. Batsch MJ -
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= With increasing ¢, (for RCS1, | 800MHz,

emittance 0.1 eVs nge = 32)

1. The bucket area A, shrinks, the potential well

shift due to U, becomes relevant

2. The bunch length increases:

3. The HOM power decreases
. until the bucket becomes too small
and the bunch is lost (> 65°)

CERN i?
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Studies of synchronous phase:
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= With

Studies of synchronous phase:

increasing ¢

(for RCS1,

emittance 0.1 eVs nge = 32)

4. The losses increase

RCS1

800MHz,

10% loss due to muon
decay!

5. The potential well minimum shifts

Turn 0,section 0
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21 60°
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With

increasing ¢

Studies of synchronous phase:

(for

emittance 0.1 eVs nge = 32)

RCS1,

RCS2

800MHz,

1. The bucket area A, shrinks, the potential well

shift due to U, becomes relevant

2. The bunch length increases:

3. The HOM power decreases

. until the bucket becomes too small

and the bunch is lost (> 70°)
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= With increasing ¢, .. (for RCS1, | 800MHz, Y
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With

increasing ¢

Studies of synchronous phase:

(for

emittance 0.1 eVs nge = 32)

RCS1,

RCS3

800MHz,

. The bucket area A, shrinks, the potential well

shift due to U, becomes relevant

2. The bunch length increases:

The HOM power decreases

. until the bucket becomes too small

and the bunch is lost (> 71°)
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e Parameters and tools:
Mus General parameter

ollaboration

= Detailed parameter table:

| A YRR J P e N HS e N P I T\ VS L S B PN ol = ¥ T

GeV GeV TeV I
Circumference, 2R [m] 5990 5590 10700 LT EE B
Energy factor, £/, 5.0 2.4 2.0 AP - SR
Repetition rate, 7., [HZ] 5 (asym.) 5 (asym.) 5 (asym.) : m M’?ﬁ . m:
Number of bunches Tut, 1w Tu*, 1w Tu*, 1w - ) WT: W: ‘m
Bunch population 2.5x1012 2.3x1012 2.2x1012 i e o m‘ ”*... “
Survival rate per ring 90% 90% 90% A R
Acceleration time [ms] 0.34 1.04 2.37
Number of turns 17 55 66
Energy gain per turn, AE 14.8 7.9 11.4
[GeV]
Acc. gradient for survival 24 1.3 1.1
[MV/m]

A~~~ FIAIA A DE o AAavna#ys NN/ /AART 2N 2N 2N


https://cernbox.cern.ch/index.php/s/I9VpITncUeCBtiz

Induced voltages: Short-range wakefields

ﬂlnternational

UON Collider

/ Collaboration 30 1
Based on K. Bane et al., ‘Calculation of the shori-range longitudinal
wakefields in the NLC linac’, ICAP98, 1998

- ﬁt
— precise equation

Zoe 2ra’ls L [2ms
Wy ~ L,()t‘xp (#) erfc (L ﬁ) [s small] €
ma~ a=q a 4 o
(3) S
One can approximate this by a semi-analytically expression, valid for §'
small s and s/L < 0.15:
- H
! Zac b 1.8,1.6 i
W = mexp (—\/s/so) i i sg:O.4laLf4 e
L RS S I S T T e
The parameters for t cavity! gives long. wake functions on 0 10 20 £y 40 50 €0

the order of 30 V/pC/m:

Adjusting ,8‘ can
be a powerful tool The BLonD code convolutes the wake
to mitigate function with the beam profile to obtain

: b L= 115.4

< L

the induced voltage
mm

g s a g= 82 mm "Wakefield studies for the Tesla cavity shown in TESLA Report 2003-19
o b a= 35 mm
77777777777777 l — 7C4L

b= 103.3 F. Batsch

AR - R -


https://inspirehep.net/files/246565fbf4498a1246965a1e761a2b9d
https://www.desy.de/~dohlus/2013/2013.07.ASTRA_cavity_wakes/wake_files/tesla2003-19.pdf

") Induced voltages: Short-range wakefields for
JMueE 800 MHZ

Ilaboration

Short-range wakefields using the Bane formalism in BLonD also valid for 5-cell, 800 MHz
cavity (cell length L = 187 mm):

5 8 | | |
] - from D. Pellegrini,  —
e f
61 §) ol
£ 1S
> J 9
ol
24 ~— 4
= >
- o 3
= 1
21 ; 2 - —
1 - ]
0 | O | | | |
0 2 4 6 8 10

(CERNig S [mm] 5
. Batsch Ilﬁﬁ i '



https://indico.cern.ch/event/497065/contributions/2009723/attachments/1230887/1804253/pres-optimized.pdf

Parameters and tools:
RF — The TESLA cavity

International
UON Collider
/ Collaboration

= Studies are based on the 1.3 GHz Tesla cavity (design report: Phys. Rev. ST Accel. Beams 3,

092001, 2000)

- see talk by A. Yamamoto
= Relevant beam parameter

+  Bunch population 2.54x10'2, £=0.01 eVs > large intensity effects

*  Bunch current 20.4 / 18.8 / 10.0 mA > 2x430 kW per cavity

with 30 MV/m accelerating . | o )
Miénd74 / 532 cavities in ring, distributed over nz: RF stations

- Synchronous phase 45° (above transition: vy, = 20.41, 600 < vy < 14200)

- TESLA Cavity parameter (9 cells, L=1.06 m):
. th =
o R/Q =

1.3 GHz - harmonic number A = 25957 to 46367

518 Q,total R, = 306 GQ

plnk up

=HH0G04

HOM :nupler

HOM coupler
flange

AWARVARNT
E
Al

1‘; 54 mm puw coupler
. (mramd ny 65) flange
1061 mm
zemm  From design report

Table 2:

TTF cavity design parameters.®

type of accelerating structure

standing wave

accelerating mode

TMoi0 , @ mode

fund: al fnqlu'u("\ 1300 MHz
design gradient Fo.. 25 MV/m
quality factor Qg =5 -10°
active length L 1.038 m
number of cells 9
cell-to-cell coupling 1.87 %
iris diameter 70 mm
geometry factor 270
518 Q
2.0

4.26 mT/(MV/m)

+ 300 kHz

315 kHz/mm

Lorentz force detuning at 25 MV/m

= 600 Hz

Qext of input coupler 3-10°
cavity bandwidth at Q. = 3- 10° 130 Tz
RF pulse duration 1330 pis
repetition rate 5 Hz

fill time 530 ps
beam acceleration time 800 ps
RF power peak/average 208 kW /1.4 kW
number of HOM couplers 2
cavity longitudinal loss factor ky for 0. = 0.7 mm 10.2 V/pC
cavity transversal loss factor k. for . = 0.7 mm 15.1 V/pC/m
parasitic modes with the highest impedance : type TMan

/9 (R/Q)/  frequency

25/9  (R/Q)/ frequency

80 €2/2454 MHz
67 €2/2443 MHz

bellows longitudinal loss factor ky for 0. = 0.7 mm

154 V/pC

bellows transversal loss factor k; for o, = 0.7 mm

1.97 V/pC/m

From design report

CERN
@ - @Gradient 30 MV/m ’!%


https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.3.092001
https://indico.cern.ch/event/1175126/contributions/5032967/

Studies & BLonD code

(Beam Longitudinal Dynamics code)

'/ /AN
International
UON Collider

Collaboration

= BlLonD: macro-particle tracking code, developed at

CERN since 2014 RE Station 1
= Links: documentation and github - L
Pt P e !
=  MuC-specific to multiple RF stations & muon decay o K\
d 3

_ (M
T+u

&
. (Z)‘Zd _
011e1S 4y

= Using the BLonD code to observe effects of

= Short-range wakefields

¢ uol

= Fundamental beam loading

= Synchrotron tune Q, between RF stations %3 «
o A
= First studies with only one bunch, 2" to follow oy,
03 From BLonD documentation

CERN
; 3 F. Batsch MJ
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https://blond.web.cern.ch/
http://blond-admin.github.io/BLonD/
https://github.com/blond-admin/BLonD
https://blond.web.cern.ch/

Induced voltages: both contributions

International
UON Collider
Collaboration

= Both effects combined: total induced voltage in a cavity is around 2.2 MV per cavity /
per meter, i.e. 10-11% of the RF voltage

Turn 0,section 0 1e#
T = 28 = 2.0 e = 48 — bunch emittance 4 RF VOItage
2 — bucket area Induced Voltage
2 215 2 Total voltage
- ] =
> =
Q = o Q
8 o ik £ 10 g 0
% @ £ / :
=2
- 20.5
5
0.0 L= : - : - o
0.1 0.2 03 0.4 ~ 00 01 0.2 0.3 0.0 02 0.4 06 0.8
At (ns) Time (ms) t (us)
Total induced voltage per cavity = short-range wakefield + beam loading, fundamental
1le6 1e6
le6 0.00 £
1 025 1
s ol <~ 0.50 >
'—é he] - 07
s, NS 075 NS
= ~1.00 4
: -1.25 | | | | |
-2 -1 0 1 2 3 -2 -1 0 1 2 3 4 2 0 1 2 3 4
t/or t/o: tio:

= [ntensity effects on bunch are mitigated by high RF voltage
F. Batsch M' '
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