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HOM power for the TESLA cavity:

—0.25

- Bunch population 2.54x102, T,,, = 20 ps > [ = 20.4 mA z 0%

= —0.751

= Short-range induced voltage U4 = 1.1 MV _1.00.
- Rough limit estimate per cavity: P = 20.4 mA x 1.1 MV = 22.4 kW 15—

—~ Calculate power loss through loss factor k, for each simulation step / RF station:

k“ = f /‘l(t)W“ (t)dt

2
P =k *g— with bunch charge Q and bunch spacing 7; = 7,
B

The geometry of the cavity defines all HOM, i.e. for
single-bunch cases, the short-range wakefield from K.Bane includes

the HOM power losses

As a check, the approximation for short Gaussian bunches gives

R | w, Wy .
@ k= |5 > (T for Linac norm)

Reminder on HOM, from Alexej, see here & paper

ILC cavity parameters, reminder from:R/Q in linac(Q
SRF cavity parameter model for HEC RF system design (cern.ch)

An example: 1.3 GHz SRF cavity for the ILC

Table 3: FM and HOM data.
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Do we need short range wake? |
Do we need anything else?


https://indico.cern.ch/event/1204745/contributions/5071937/attachments/2521962/4336642/20221004_TranscerseStabilityTESLAcavities.pdf
https://accelconf.web.cern.ch/p05/papers/tppt056.pdf

Beam-induced power in RCS1:

= Used parameters: RCS1, 48 RF stations, 696 cavities, 90% survival, ;Z:Z
bunch length 0.1 ns g oo
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= The loss factor reaches k| = f/l(t)W”(t)dt =-2.11 V/pC \
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Beam-induced power in the other RCSs:
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Comparison with ILC:

From Heiko’s presentation:

Number of bunches, n,
Bunch length o,

Bunch spacing, T,
Bunch intensity, N,

Average beam current, |,

1312

300 um
554 ns
2-1019 p/b
5.8 mA

A rough estimate of the short-range power loss per cavity gives:

Field Result
Accelerating mode Depend on Q of HOM coupler | Eq. (2

Short range longitudinal | From parameters @ ~ 400 W/cavity )
wake TESLA-TDR

Long range longitudinal | Depend on parameters of | Eq. (7)

wake modes

Dipole and higher mode | Depend on beam - cavity offset | Negligible

More under cavities

[K. Kubo , Link]

v

under [link, p.78]

1 each pu* and w
0.1 ns to 0.02 ns (5 mm)
Trev = 20 MS

2.5 - 1012 p/b

2 x ~20 mA

________________Jic_________ Rrcsl

acce

Type /No. of cavities Prean/cavity | Proy /cavity
[kW] [kW]
KEK-B 0.5 GHZ _— i Ibeam= 1.34 4
3§ L g 1389 bunches
v x 8| with max 350 16
cw
I beam *
b
HERA 0.5 GHz )
Multi-cell | " <40 mA
with max
x16 I 180 bunches 60 0.13
beam
cw
TTF-1, 1.3 GHz
Multi-cell | E,.=35MV/m ~100
x 1| withmax | 1.3ms/pulse 1Hz |Almost no beam 0
E, PRF loading

Qﬂ


https://agenda.linearcollider.org/event/3475/contributions/13231/attachments/10526/17452/3_Design.pdf
https://agenda.linearcollider.org/event/3400/contributions/12492/attachments/9925/16426/HOMpower-v2.pdf

Summary / Discussion:

= The induced power is very large, above 10 kW for RCS 1&2 per bunch -> bunch crossings?
= HOM power capability limit is 3-4 kW

= Without other adjustments, the wakefields scale with &* a the iris radius

> A factor of 2.5 in power corresponds to V2.5 in iris radius or frequency

> 1.3 GHz / V2.5 = 822 MHz ?

- BUT: The JLAB cryomodule (750 MHz) HOM power capability is estimated to be 20kW per cavity
[ref], with 5 HOM waveguide absorbers per cavity: [R.Rimmer]

- Need definition of maximal acceptable power level to keep 1.3 GHz or switch to lower frequency

@ Figure 1: JLab Ampere class cavity with HOM loads and
Misizi waveguide fundamental power coupler.
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Figure 3: Five cell cavity with waveguide end groups.
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https://iopscience.iop.org/article/10.1088/1361-6668/aa6b8d/pdf
https://accelconf.web.cern.ch/SRF2005/papers/thp46.pdf
https://accelconf.web.cern.ch/SRF2005/papers/thp46.pdf

Summary / Discussion:

Concepts with up to 4 kW and 1.5 GHz presented: see [F.Marhauser2009, PERLE coll. Meeting 2022 ]

JLAB HC Cryomodule Development
Conceptual Design

U Conceptual design worked out for next generation of compact ERL-based high power FELs

to transport very high beam currents
U Requirements:
= Combination of high gradient, multi-cell cavities

= Strong HOM damping to increase BBU threshold limits
U Concepts developed both for very high current or multi-pass ERL’s requiring

See also Shahnam’s PhD thesis

rather low frequen avities (< 1 GHz) with large apertures and for higher
freQuencir low to moderate beam currents (up to 100 mA)
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High power load design and simulation results

Conceptual design of a cavity-pair injector cryomodule (L=2.6m)

ERL Workshop, Cornell University, Ithaca, 8-12. June 2009
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https://accelconf.web.cern.ch/ERL2009/talks/wg307_talk.pdf
https://indico.ijclab.in2p3.fr/event/7907/contributions/24619/attachments/18114/23933/Rimmer_ERL_cavity.pdf
https://cds.cern.ch/record/2776785/files/CERN-THESIS-2020-358.pdf

What would look different with 802 MHz cavities?

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

TESLA/ILC
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