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SCLEIL SOLEIL and SOLEIL Il operation

SOLEIL (measurements) SOLEIL Il (simulations)
Operation mode Current threshold (w/o FB) Operation mode Current threshold (w/o FB)
Uniform, 500 mA 350 mA (TCBI*¥) Uniform, 500 mA ~ 30 mA (TCBI/BII)
Hybrid, 450 mA 350 mA (TCBI¥) 32-bunch, 200 mA ~ 90 mA (head-tail)
8-bunch, 100 mA 7 mA/ bunch (head-tail) Uniform+HC, 500 mA  >500 mA

Single-bunch, 20 mA 7 mA/ bunch (head-tail) 32-bunch+HC, 200 mA ~ 90 mA (head-tail)

In the past combination of TCBI and BIl was limiting the current o Large parameter Space tO Scanl

TCBI — Transverse coupled-bunch instability (due to resistive wall impedance)

Bll — Beam-ion instability (due to residual gas ionisation) . 1c1f1
« Design beam currents only reached with FB o Chromaticities
Impedance models

 FB should be able to deal with all instabilities (TCBI, Bll, head-tail)
« Another way would be to increase chromaticity Feedback parameters
- Additionally, for uniform mode, Bll can limit the current Beam current
« For other FB application at SOLEIL see talk by A. Gamelin ID open/close
And many more

O O O O O



SULEIL Feedback: simulation point of view

SYNCHROTRON

sdeelsd Semianalytical Particle tracking Experiment

_\\ -

e W W IR
- Many approximations - Complex models - Actual reality
- Understanding of underlying - Resource-demanding - Sometimes very difficult to relate to
processes - Time-demanding (hours-weeks) physics...
- Very fast - Large parameter scans difficult
- Large parameter scans or impossible
- Transverse feedback models: - Transverse feedback models:
o |deal damper o ldeal/exponential damper
o Karliner-Popov model o FIR filter

Faster models More complex models




SULEIL Some theory

SYNCHROTRON

UPGRADE : : :
- Improvement on ideal damper is Karliner-Popov
One tries to solve Sacherer's integral equation formalism
o - Feedback is represented by an "impedance”
(2 = Qyowo — lws)Ry(T) = —kgo(T) Z J - Another improvement would be inclusion of rad. effects
F==0a
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The dream: the equations actually work and we don't need
to simulate every possible parameter
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Reality:

Initial scans with these simplified models
Tracking

Confirmed with the new machine operation
Understand why results differ

https://e-publishing.cern.ch/index.php/CYRCP/article/view/757/563

Here typically an ideal damper is assumed



SOLEIL

SYNCHROTRON

(UPGRADE

Uniform mode with 1.2 mA per bunch
is below all the threshold with bunch

lengthening from long. Impedance

32b mode with 6.25 mA per bunchis

not saved by bunch lengthening

32b mode head-tail instability is very
similar to TMCI - > head-tail modes are

not independent from each other

ImAQ/Q,

Instability growth rate,

()1

ImAQ/Q,

Instability growth rate,

TMCI Q'=0

TMCI growth rale, ID open

—— mbirack2
« DELPHI
Synchr. rad. damped

A ] A L L ... ' ' L L :‘ ' ' L A l L
Bunch current, 7, (mA)
TMCI growth rale, ID close

—e— mbtrack?
DELPHI
Synchr. rad. damped S, 3

P QU S R ST VSR VU W CYRSr Wy V WS S S Sy G W— ————

1 2 3
Bunch current, 7, (mA)

ImG) Q.

Instability growth rate,

Instability growth rate, —ImAQ /@,

Benchmark with theory (DELPHI) for single-bunch

Head-tail Q'=1.6
Head-tall growth rate. ID open

—— mblrack2
DELFHI
Synchr. rad. damped

2 4 G 3 1
Bunch current, Ti (mA)

Head-tail growth rate, ID close

—— mbtrack2 *
DELPHI ¢
Synchr. rad. damped

I R T | [ T N |
2 3 4
Bunch current, I, (mA)

I No bunch lengthening in these benchmark plots!



SGLEIL Single-bunch instabllities

Instability in uniform and 32b@6.25 mA per bunch at nominal chromaticity

Risetime of 7071 turns, N, — 1.lle + 116 Coherent betatron tune, N_-m=1.0e+06 «10° Intrabunch motion for last 50 turns, N.m=1.0e+06
Lo
i = )
= w a
*tj. iy o = ‘é
= ; =
= 20 o 2
g 5 DG S
= o -
© §_ @
E. (=} [ g
g -2 2 £
a o Q
- 8 ok o
—10F 1) Qo
o a
[F) o no A il | 1 1 1 | ]
e ~ R — — — CaQe Qs 3Qs 90 Qs Uy Q@ 9Qs | 30s  4Qe , 5Qx 1 1 1 L 1
1] 10000 20000 30000 40000 50000 60000 FOOOU Qi” Qi Q7 Qi Qu Qv QaT QT QT Qu¥ 4 2 0 2 4
Time (turns) Coherent frequency, w/w. Longitudinal position, = /0.
< 10F Risetime of 293 turns, N, 1le | UG Coherent betatron tune, N.m=1.0e+06 « 1n!“Intrabunch motion for last 50 turns, N_-m=1.0e+06
2.0 Lo
~ |5 E @
g | = 2
'7_-4._ .0 g =
2o < £
b - - 0.6 o
4= ) o =
f i f §_ QE’
&=
.- N4 o
5= E
= 2 £
O 10 3 8
= 8 ]
=3 Q0.2 a
Q15 ] a 7
20K i i A i i f i nn 1 I I y D | s % 3 i
oaD 2000030000 000 Ao o0 Clds 6= ws s alde ol Oy Qe 95 2l Az 70z alds qU- = 5
n (000 20000 SO000 40000 50000 60006 70000 TR et P et R o IR S EAEG LR 4 0 2 4

Time (turns) Longitudinal position, =/

Q

Mnherant frannency oo

- Feedback can still be required for single-bunchinstabilities
- Required damping time is ~300-500 turns
- Intrabunch motions is a mix of different head-tail modes



SULEIL Preliminary feedback performance: single-bunch

SYNCHROTRON

- No harmonic cavity included to get worst case

scenario
- Increasing chromaticity to suppress instability as 6.25 - This single-bunchinstability will require a
mA is not efficient strong feedback < 100 turns damping time
1, = 1.2mA, uniform mode, ID close 1y = 6.25mA, 32 bunch - 200 mA mode, ID close - Damplng tlme here IS the One at Q':O
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I Results are from DELPHI only. After Q'=2 the benefits are negligible 'Fé 01k
E .
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Possible measures to alleviate feedback requirements: Time, ¢ (turns)

- Increasing chromaticity

- Getting lower current "Ideal” damper



SYNCHROTRON

SULEIL Transverse coupled-bunch instability

10[] -
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Beam offset, y /0,
=

—1F
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0 2500 5000 7500 10000 12500 15000 17500 200007 g 25 5.0 75 10.0 12.5 15.0 17.5 20.0
Time, ¢ (turns) Coherent oscillation frequency, w/wy
_ - Most unstable mode is at the (revolution
- Exponential growth rate harmonic — tune)
- Impedance-driven - Other modes unstable too but strength
- Linear with beam current decays fast

- Can be suppressed by chromaticity
- Both long-range and short-range wakes have
to be included in the simulations



I (MA)

Beam current

SULEIL

SYNCHROTRON

(UPGRADE

To fully suppress the instability with chromaticity we

would need to go really high (Q' ~ 10)

—_ TCBI threshold beam current
—— |D slate: open, plane: verlical
—— |D state: close, plane: vertical

100 —— 1D state: clase, plane: horizoniél

A

2]

L1

[T TR NN TR (NN TN (NN TN N (N N M

o} ]

Chromaticity ¢’

Beam offset, y /o,

| —— w/ SOLEIL-like FB

Preliminary feedback performance: TCBI

- Feedback with SOLEIL-like parameters
suppresses the instability

— w/o FB

2500 5000 7500 10000 12500 15000 17500 20000
Time, t (turns)



SULEIL
SYNCHROTRON
UPGRADE First A = ng 2N, Thin lens Thin lens
bunch g
bunch Generated bunch Drift m
ions

Zoom on first 200 turns

Electron beam c. m offsel, 4/
Electron beam c. m offset, 4/,

—0,100 ! ! ! L 1

Beam-ion instability

Thin lens

Drift

—  Beam spectrum
-== 2 (formula)

Normalised spectrum power

1
D 7 Al i 100 125 150
Normalised time, ¢/p (arb. units)

(LL 1] ] dHENI LN i (N (LK}
Time {arb. units)

Instability risetime
o linear with vacuum pressure
o Linear with number of gaps for a given gap length
o Gap effectiveness is nonlinear with beam current
o Instability risetime is nonlinear with beam current

17k : r 0 0
Coherent oscillation frequency, .., /w,

- Instability spectrum:
o Centered at large rev. frequency
harmonics
o Large spread of frequencies in the
spectrum
o Frequency depends on beam current



SULEIL

SYNCHROTRON

Preliminary feedback performance: Bl

Uniform@500 mA with 100 A.h vacuum conditions

4x1 gaps

0.5 8x1 gaps
— 7 =>551urns 0 __ 55 turns
U4 —— +=351urns =
oy~ T=3tums ] :’3 ::[urns
3k — 7=351urns
. . . s — 7 =251urns _ I
- Feedback quickly stabilises first < ,,L— = i51ums S o ms
] ) = ‘;,E 7= 151turns
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g 0.0 E
E .
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. —0.2 e
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0.100
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. . 0.075 =45
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SULEIL Conclusions

SYNCHROTRON

- Starting with simple models and increasing complexity

- One of the goals for instability modelling is to get estimations in two ways: semianalytical
and tracking

- Feedback is essential: coupled-bunchinstabilities and single-bunch instabilities
o Single-bunchinstability in timing mode
o Coupled-bunch and beam-ion in uniform mode

- Single-bunchinstability in 32b@200mA is more concerning than TCBI
- (impedance) Challenges are similar to those of 3rd-generation (with closed ID gaps)
- Beame-ion instability appears to be the strongest one in simulations
o A combination of optimal gap configuration and bunch-by-bunch feedback is
necessary
o All beam-ion simulations assume pessimistic parameters

o Information on vaccum pressure vs dose is crucial for correct estimations of the
instability
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SOLEIL

~ “SYNCHROTRON

Thank you!
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