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Coupler’s Kicks

In the ILC cavities, the power and HOM couplers break

the structure symmetry =>two effects

< coupler's wakefields
< RF kick

These have been newly introduced in the code SLEPT

Emittance growth in Bunch Compressor was simulated
without errors.



= Walke potential (V/pCleavity)

Coupler’s Kicks - Wake modeling-1

Simplified wake function is used in the simulations.
W(s) =as+ bvs

Wake potential: W, (s) = fwg(s')vv(s_s')ds'/_[i/?,(s')ds.
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Fig. 1,2, Wake potential for 9 mm, 1 mm and 0.3 mm bunch. Data from cavity
field calculation (rectangular: horizontal, circle: vertical) and from the simplified
model (lines).



Coupler’s Kicks - Wake modeling-2

From the numerical results of the coupler wakepotentials[1] (see
Fig. 1 and Fig. 2), we get the approximate wake function in SLEPT.
Long bunch (9 mm) :

W (s)[V / pC]=2.862s[m]—0.6786+/s[m]
W, (s)[V / pC] = 3.731s[m] - 0.8545,/s[m]

Short bunch (0.3 mm and 1 mm) :

W (s)[V / pC] = -5.928s[m]—0.1500,/s[m]
W, (s)[V / pC] =—-6.770s[m] - 0.0894/s[m]

« Within 3-sigma of the bunch lengths, the calculated
wakepotentials from this simplified model have a good
agreement with the data from cavity field calculation.



Coupler’s Kicks - RF kick modeling

RF-kick voltage is expressed asl? :

V(s)=(Vo/V, )GLexpi(¢y + @ +ks)]

\/ g vector of transverse RF kick for on-crest particle,
V, :accelerating voltage, k: wave number of RF, G: accelerating gradient,
L: cavity length, ¢,: accelerating RF phase, ¢, :RF kick phase.)
Numerical result for an on-crest-accelerated particle in ILC cavity is[3]:
—105.3+69.8i (horizontal)
—7.3+11.1i (vertical)
Then, amplitudes and phases are:

\70/va:10—6><{

VO X

= /105.3? +69.82 =126.3x10°°, ¢, = 7 +arctg (%583) = 2.5562

a

Voy

= 7.3 +11.17 =13.3x10°°, ¢, = 7 +arcty (%) =2.1525

a



Coupler’s Kicks - Simulations

Simulations are done only in the RF sections, not in the wiggler sections.
» Lattice of RDR base design was used.

* Only single bunch emittance growth is considered

* No error is included



Coupler’s Kicks - BC1 result

« BC1 RF section (1-to-1 correction, no misalignment)
« Final dispersion corrected emittance growth is 0.21 nm
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Coupler’s Kicks - BC2 result

« BC2 RF section (1-to-1 correction, no misalignment)
« Final dispersion corrected emittance growth is 4.41 nm
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Coupler’s Kicks - Comparison with past result

«Comparison with A. Latina’s result (using PLACET) for BC2 2]

Two results about RF kick effect agree well, but the wakefield effect

from our result is larger than A. Latina’s .
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DFS - method

It’'s Impossible to change the initial energy of test beam for
ILC bunch compressor.

SLEPT DFS has been newly improved in order to change
the RF phase of accelerating cavities besides of changing
the initial energy of test beam.
DFS:

minimize Z{W(yi (+0) =¥ (-0)) +¥,(0)’}

DFS was tested on the RF section of ILC BC2.



DFS result - sensitivity to each error -1

Aep=5° , weight=5000, random seeds=20
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DFS - sensitivity to each error -2

projected emittance (nm)
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Strong dependence on cavity tilt




DFS - effect of cavity tilt -1
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DFS - effect of cavity tilt -2

All errors except for cavity tilt.
Quadrupole vertical offset: 300 um, Quadrupole rotation: 300 urad
Cavity vertical offset: 300 um
BPM vertical offset: 300 um (aligned independently)

BPM resolution: 1 um
random seeds=40
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DFS - effect of cavity tilt -3

Cavity tilt only
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Our modified DFS is not very effective to cavity tilt.

Large emittance for large weight.

With all other errors except for cavity tilt, the final emittance

growth can be controlled to 0.5 nm.




DFS - including all the errors -1

Standard Errors:

Quadrupole vertical offset: 300um

Quadrupole rotation: 300urad

Cavity vertical offset: 300um

Cauvity tilt: 300urad

BPM vertical offset: 300 um
(aligned independently)

BPM resolution: 1 um
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DFS - including all the errors -2
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 DFS is not very effective because of cavity tilt.
The minimum final emittance growth can be controlled to 7 nm

ncluding all the errors.




Simulations including longitudinal motion

SLEPT used to fix relative longitudinal position for saving time
of wakefield calculations.

It is being improved to include longitudinal motion.

« Two types sections in the beam line:

— Normal section: Z does not change. Wakefields exist. We use present
program.

— Special section: Z can change. No wakefields. We use new program.
* For special section

beginning: slice beam — particle beam (add Z to each macro-particle)
end: particle beam — slice beam; reset wakefields for slice beam.



Simulations including longitudinal motion -
check bunch length change

« Simulation results for the whole ILC bunch compressor from
real bend model.

1

bunch length (mm)
S = DN W ks 01 OO N 00 © O
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W1: bunch length can be compressed from 9 mm to 1.2 mm

W2: bunch length can be compressed from 1.2 mm to 360 um

The setting may be for 6 mm initial length?



Simulations including longitudinal motion
- check transverse emittance

No misalignment. No correction
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« Without any misalignment, the vertical emittance will increase by
0.08 nm naturally.



Simulations including longitudinal
motion - check the effect of one-to-one

Only quadrupole vertical error: 300urad, 20 random seeds
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* The final emittance will be 8 um after one-to-one.

* One-to-one alone is not enough, other correction methods are
Inevitable.

* The code is still under development.




summary

1. Coupler wake has been newly introduced to SLEPT. Final vertical
emittance growth in RDR BC RF section including coupler RF kick and
wakes is:
BC1: 0.21 nm
BC2: 4.41 nm
2. DFS changing RF phase was introduced in SLEPT.
3. This DFS is not very effective to cavity tilt. (Should be checked.)

4. With all other standard errors except for cavity tilt, the final emittance
growth can be controlled to 0.5 nm. But the final emittance growth will

be 7 nm including all the errors.

5. SLEPT is being improved to include Z-position change for BC and the
bunch length can be compressed from 9 mm to 360 um according to
our simulation. Orbit corrections for the modified code including the
special sections are under development.
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