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Motivation and overview of CETASIm

e T

Motivation: —[ Read Input ‘ / \\\
+ A light and user-friendly tool \ ‘..‘"! d Set requiredfilling patter “
« Includes various collective effects (single bunch, coupled bunch) — Beam | 1 Set macro-particle in bunch train
+ Arbitrary filling pattern and bunch charge settings 4[ Train Setting ‘ U Set transfer map among ion interaction point
+ Approaches for instability mitigation \ 0 Set ion species
« Easy to maintain and extend to include more physics —] Lattice | 0 Set ramping term
Modules available ‘ CETASIm }——[ Exciter \ 0 Set external exciter
. (S);: ;::;i :;:lr:r;e;: ;Tr\]jsm ciention 4{ Wakes | U SetFIR filter for bunch-by-bunch feedbacks
« Broad band Impedance effect (single bunch) Bl grwermme— U Set board band Impedance
- Long range wakes (coupled bunch) J Set short range wakes
« model is limited to analytical RLC and RW lon Effects | U Set long range wakes
+ Transient beam loading effect (fundamental mode from cavities)

+ Coupled bunch mode drive-damped simulation

~\_UPostprocess
Bunch-by-Bunch feedback ‘ AN /

. ~
—— -

-

—
\j( Resonators ‘ \ O Tracking
{

« Beam-ion (multi-ion species, mutli-interaction sections)
« Bunch-by-bunch feedbacks
+ skew quadrupoles (Emittance exchange due to resonance crossing)

« Open source and developed in C++
https://github.com/ChaoLilHEP/CETASIM
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One-Turn matrix

« Particle notation:

* X = (X, px, y, py, dz, 5) ( cos 1, + o, Sin 1, B, sin 1, 0 0 0 Tlﬁ\
—Yz SIN Y, CcoS Uy — Qp SIN Uy 0 () 0 T
 One-turn map T T— 0 0 cos Uy, + a, SIn 1, f3,sin, (0 T3
- Chromaticity and amplitude-depended tune are . Y ~wsinty  costy —aysinggy O Tyg
included in phase advances L Ty T3 Ty 10

\ 0 0 0 0 0 1)

« Path-length effect due to dispersion is included

« Longitudinal kicks at RF

« Numbers of RFs is not limited ’ L . ) 1 ] . .
dziy =dz;— L Z Qi (6;) do; = do; + iz_Eﬂ (—Up + ; eV rpsin(w, d7; + ¢y,)

 Higher order momentum compact factor i=1
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Outlines

» Motivation and overview of CETASIm.
- Benchmarks and simulation study for PETRA-IV storage ring

« Summary and outlook
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Radiation damping and quantum excitation.

« Algorithm of damping and excitation is the same as the _ x10-3 <102
T I l T
Beam-Beam code from Hirata B o |l ooy Seread] — el
E ? WWWNWW 1’
* X = (X, pX, Y, py, dz, 8) 2> =P
« Damping and excitation are treated in X-frame , . . . .
LX) 0.2 0.2 0.6 0.8 14.8
Tracking turns x10
« B and H are Twiss matrix and dispersion matrix 5 o X101
. —— Emit. x ! I : :
X — BHx. E 15— i
E 1.0 —]
5
'_

Tracking turns x10%

.X.]\ Y (Kl) (1 ( ) 0.5 n
x T X T
! ! 0'%.0 OI.2 OI.4 OEG 0E8 1.0
Ka\ X3

= Ay | ‘L?} y
X4 X4

a o) (%) « Beam starts from non-equilibrium initial condition
Xg 0x2) \ Xg e ) \i ) - Target coupling is 10%

« Single RF, no beam loading effect from cavity.

_ pr—ipy-1
x—=H B X, +  Beam evolves to equilibrium state as expected.

Ref. Hirata, CERN SL-Note-97-57-AP, 1997
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» Geometric impedance is obtained from GDFIDL, element-by-element, Tmm

Broad band Impedance and wake field model in PETRA-IV

leading bunch (Yong-Chul)

Table 2: Impedance elements and kick /loss factor for a 42 picosecond bunch

Bz
element m

Kick Factor NS, k,

Loss Factor Nk,
Vv/PC

V/PC
« Resistive wall impedance is from ImpedanceWake2D (Sergey) General Components (Storage Rings)
BPM 788 618 7.31 1 3.39E43 1.67E+0
) ) ) Absorber 576  3.80 473 1 3.04E 41 4.15E-3
« Longitudinal, transverse dipole and transverse quadrupole Bellow 375 271 425 1 3.84E13 2.81E-3
Flange 375 271 425 1 2.38E42 B.60E-4
ID ARCS (21 = 5 [m] + 5 x 10 [m] )
ID 5 mm 4 504 504 1 L.47E+3 7.34E-5
E =105 E x10° . ID 6 mm 17 504 504 1 5.58E42 2.B6E-4
E E — Geo WDy ID 7 mm 5 1025 1025 1 5.68E 42 7.42E-5
3 O 4 IS 6 —-—- Geo_wov |
a a a —— Rw.woy Absorber 9 585 4.4 1 4.T1E+0 6.91E-4
—S a "2—, === RW_WQy . -
z < < Bellow 96 5.7 4.3 1 995642 7.22E-4
™ x 2 = 4 7] Flange 96 58 4.4 1 6.31E+1 2.20E-4
@ [«5]
§ § —;§ Long Straight Section
= Z o z RF 24 20 20 1 2.84E+3 9.43E+0
§ S < 3V RF 24 20 20 1 2.17E+4 13.43E+0
?_L . 2‘_ FCT 6 776 844 1 1.73E+43 0.27E+0
(=) 0.00 0.05 0.10 o 0.00 0.05 0.10 Short Straight Section
s/m s/m FB H. 4 125 15 1 1.94E + 3 0.36E 40
106 £ 108 : £ 108 FB V. 4 125 15 1 2.20E43 0.36E+0
=, L e = § Collimators 4 125 15 1 1.2E+4 0.14E+0
= 105 = 0_ImZDx = .«
-CCJ = = Injection Straight Section
< 10¢ 6 107 — S 107 77w Inj. Kicker 30 10 10 1 1.04E+-4 5.20E+40
I\! 3 - — - ID Chamber RW impedance
o 10
E > . > . Smm_ID 4 314 314 1 6.87E+3 0.15E+0
S 100¢ g 10 4 g 10°F &mm_ID 17 314 314 1 1.69E +4 0.52E+0
5 10 = = Super_ID 5 608 6.08 1 1.21E+4 0.26E+0
| ' 1 E 105 | u S 105 1 Ring round Chamber RW impedance
Yo7 10° 1012 107 10° 101 107 10° 10%% 10 mm radius 1 BOD 876 1 3.09E+4 2.58E+0
Frequency / Hz Frequency / Hz Frequency / Hz Kick/Loss Factor In Total 1.31E+45 34.45E+0
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Single bunch effect--longitudinal impedance

Petra-IV Impedance data and lattice parameters

Longitudinal impedance only.

100K macro-particles and 20K turns tracking.

RF cavities are ideal elements (no beam loading effect)

Good agreement with Elegant results

0.025F X107
) -+ Ellegant MC] 2.0 q—— ElltegantMCI =
—8— CETASIm MC —8— CETASIm MC
—}— Elegant MC+HC —}— Elegant MC+HC
0.020 H—*_CcETASIm MC 1.8 H—e ceTASImMC -
£
z §1or
c )]
2 > 1.4
: ;
S 0.010 c
< 1.2
0.005 1.0
] ] | ] | |
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0

single bunch current / mA single bunch current / mA
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Single bunch effect--TMCI at zero chrom

+ Transverse dipole impedance only < CETA (Vlasovlsolver) and CETASIM (particle tracking)

| o | |

« Vlasov solver (analytical) Vs Tracking l =

« 0.11 mA is the threshold at 0 chrom | LSS

_ I I ] I |
5’.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Bunch current / mA
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Single bunch effect--transverse impedance

* Petra4 Impedance data and lattice parameters

« Longitudinal impedance, transverse dipole and

quadrupole impedance.
« 100K Particles 20K turns.
« Single and double RF systems
« RF Cavities are ideal elements (no beam loading effect)
« Good agreement with Elegant results.

« At chrom 5, the threshold is around 0.5mA and 2 mA

without and with the 39 order harmonic cavity

12/5/2023

Main Cavi Main + Harmonic Cavi
1.0 . vantamy 1+ namonic “avily
-&- Elegant -&- Elegant
-#- CETASIm -#- CETASIm
q <75k i
$08 1§25
.% % 20_ /;' i
é 0.6_ ./‘. 7 é /: ;:;:;/
£ e c //.l/
g 0.4_ /“,:"> 7 g /./,:l/‘
.3 '-.”‘"’ _a 1.0_ ‘//‘.f/
9 //"}) i) .///
o 4 [o)] Y
£0.2r Ve - £ e
m j‘/ (-n 0.5_ ‘._//_‘5":
‘I:Z:Z:I:‘.:Z:.:i:: """"" ' :'
| | | | | | | | | |
W13 5 W 73 4 5
Chromaticity Chromaticity
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Coupled bunch effects

« Wakes are limited to analytical models

- RW and RLC wakes

Tracking is done in time domain

— Bunch-by-bunch info. of previous turns have to stored in E _ —

memory in traking

Exact wake from RW

.."S'ZB_IQZ/ZU

Wy(z)

1 e #/= (ﬁz) V2 [
cos - — d

:b_ﬁ[ 3 7 Jo Ir5+8]

i 39 e~/ \/52 1, \/gz
Wl(z) = H(ZX)I/S[]_QCOS( . ) — me z/z0 Sln(

20

« Approximation applied in CETASIM
) m——y S ) o E
Wo(z) ~ 27rb\/;|z|3f2 Wi(z) ~ ?rb3\/;|z|lf2‘

12/5/2023

Bunches are treated as point particles (coherent effect only) R

RW impedance (above) and wakes (bottom)

Re[Z}(2)]
Im(Z5(2)]
).001 Re(2}(z)] Approx

Im(Z}iz)] Approx

107 10 10

0.2 — W[yl

— Wn'[u] Approx.

DESY-TEMF-Collaboration

Normalized W.[u]

Re[Z;(2)]
— Im[Z3(z)]
Re[Z}(z)] Approx
tm[Z;(z)] Approx
\
Q 0o 10" 1
11 H;
(b)
0.20
0.15 — Wilu]
0.10 — W, [u] Approx.
0.05
0.00
0.05
v 1{:IU 2 4 G 8 10

u=|z|/zg

(d)
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Coupled bunch mode in transverse (Petra-1V parameters)

RW parameters shown in table

* 4 sectors in total
Long-range Wakes last 20 turns, specified in input

Coupled bunch mode growth rate can be re-constructed
with the TBT, bunch-by-bunch data.

Momentum info is required and the mode growth rate
can be obtained by exponential fitting of the signal in

Fourier space

£r . O:I.E —izﬂUr(p_”
Z’u = (J;_-L — E( \/ -{QIL'p:L'.J.L + \/ﬁ.’rﬂ}ﬁ M

Coupled bunch mode growth rate can be found

analytically as well

12/5/2023

TABLE II. Simplified resistive wall sections in Petra4.

section [number|Length / m|gaps / mm|3, / m|f,; / m|conductivity o / Q@ 'm™!| z / m
5 mm ID 1 D ol 314 3.14 2.5E+T7|1.7T4E-5
6 mm ID 17 5 6| 3.14| 3.14 2.5E+T7|1.97E-5
7 mm ID 5 10 7| 6.08] 6.08 2.5E+7|2.18E-5
ring 1 2149 10  2.71) 4.25 5.9E+7|2.08E-5
MNroc
(" —wg)L = _12“;-'7”02&2& p;x Zi |ws + (PM + p)wolh(w — we, o)
MNr —
(W —w,) =1 20?} Z (ws + pMuwy + pwo) Z ws + pMwg + pelh(w, o)
2vT5ws il

DESY-TEMF-Collaboration
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Coupled bunch mode in transverse

« Petra-IV timing operation mode, 80 bunches, 80
mA

- 3840=80*(1b+47g)
« Two examples
- RW
— RLC, Rs=5E+9 ohm/m/m, Q=1E+3,
fr=4.986E+8 Hz
« Coupled bunch mode growth rate
shows good agreement between

simulation and analytical prediction.

12/5/2023

150 T T T

100
50

—50 —® RLC_GRX Ideal
&~ RLC_GRY lIdeal
—100F+ RLC_GRX Prediction
—#— RLC_GRY Prediction
—150 | ] ]

Growth Rate / 1/s
o
[

Coupled bunch mode index

| I
0 10 20 30 40 50 60 70

Coupled bunch mode index

DESY-TEMF-Collaboration

v

—

g

o]

nd

c .

 —(0.5—® RW_GRX CetaSim

% @ RW_GRY CetaSim &

= RW_GRX Prediction

O 10 ——-nl_ RW_GRY Irrediction I 1 1 I | 1 | |
0 10 20 30 40 50 60 70 80
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Transient beam loading effect

 Longitudinal coupled bunch instability.
« Bunch length and centeriod variation.

- Treated in phasor frame. (P. B. Wilson)

Vset ) ,j._\‘ Vc:Vg+Vb
Cavity feedback Beam dynamics
Feedback filter v 1 vb
m{ |
N b
g lg+dlg _C_ . = R []
Zcav

Ref. P. Wilson, “Fundamental-mode rf design in e+ e- storage ring
factories
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Imag[V] (Volt)

Parameter | Symbol | Main RF (1=1) | Harmonic RF (=3)

1x107

8x10°

6x10°

4x10°

2x10°

-2x10°

Table 3: Nominal settings of the double RF system in the H6BA lattice.

RF Freg. (Hz) fef.n 4.997E18 1.499E 19
RF Freq. (Hz) Wef o 2nfs o 20 ff o
ID Closed
Ref. Voltage (V) Ven 8E+6 2.223E+6
Synchronous Phase (rad) & 2.516 -0.237
ID Open
Ref. Voltage (V) Ven 8E+16 2.625E}16
Synchronous Phase (rad) &, 2954 -0.063

1x10°,
- 75 .
13 s
= | 1A
] g -1x10°} 5/ |
% 5 - % :
g
4 % & oxt0?] \
- 4 o 1% -3x10%}
R B
-1x107 -5x10° 0 5x10° 1x107 -4x1gPL - : -
Real[V] (Volt) -2x10° -1x10° _? 1x10°
Real7] (Vol)

Main cavity

DESY-TEMF-Collaboration

3rd harmonic cavity
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Transient beam loading effect P W Ry d

- w.. d ~ - _
—V(t) + ———V(t) + V(1) = —1I(¢),
Have to self-consistent deal with the generator
. ] Vset Vc=Vg+Vb
dynamics and beam dynamics T coty et - —
For a given initial generator current Ig, Vg is | Foodbac ir v W
Blgl i ‘
tracked as a function of time. O—1 ¢ 19 & b
g lg+dlg =)
Beam induced voltage Vb is tracked in phasor T
Zcav
frame by: 1x107
- - - | _ . 8x10°]
Vi(t) = (Vp(t — At) + Vio/2)| exp(alt), a — ——(1 —itan V) G
T =~ 6x10°%} \\‘
: S % G
Sample Vc at time n*Trf, generator current Ig S ax10f B
& s .
| N | M E ox100 A
Oy (nTys) = E;fg,;slﬂ{(-;;. i)Ts) A ™ gn_m'vuu NTy) L K
’ Tn T
-2x10°
-1x10’ -5x10° 0 5x10° 1x107
Real[V/] (Volt)
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Transient beam loading effect

Petra 4 double RF parameters

Generator voltage Vg and beam induced
voltage Vb are build up with given initial
conditions.

Beam goes into cavity at the 5t turn.
Bunches are assumed on axis and the
instability is turned off.

The red curve shows the cavity voltage Vc

beam would sample.

12/5/2023

Voltage /' V

Voltage / V

%107 Main Cavity
1.0F T T T T T T ]
0.6 =
0.4 -

—— MC abs(Vc)
0.2 —— MC abs(vb) ]|
— MC abs V )
0.0 | T V9
00 25 50 75 100 125 15.0 175 20.0
Turns
%105 Harm Cavity
T T T T T T
20F -
15 —
1.0 -
05k —— HC ahs(ve) |
—— HC abs(vb)
— HC abs V
0.0 I ! | 1 Vo)
00 25 50 75 100 125 15.0 175 20.0

DESY-TEMF-Collaboration

Turns

Phase / rad

Phase / rad

.

.

Main Cavity
T T T T T T
| —— MC arg(Vc) ]
— MC arg(Vb)
— MC arg{Vg)
1 | | 1 I 1 1
0 25 50 75 100 125 150 175 20.0
Turns
Harm Cavity
T T T T T T
—— HC arg(Vc)
—— HC arg(Vh)
B — HC arg(Vag) |
| I ] ] ] ] ]
0 25 50 75 100 125 150 175 200

Turns
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H(2)

Transient beam loading effect S R = R B -

2 8.01 %& X x Q;;m— E 0.9475} =
Brightness mode operation A

Q 7.99} 4 Q 0.9425} -

s b=

* 3840280*(20*(1b+1g)+8g) 798 —ag 96 1aa 192 %0 ag 96 14a 192

RF Bucket Index RF Bucket Index
. 2,25 X10° , , — ~1.750 . . =
Set one macro-particle per bunch I g
> 224 ® -1.775F -
g2 % 1.800 .
Longitudinal coupled bunch instability §2.22?j// ;ﬁ £

?oaf 4 § -18251 7

. . . 2.20 ' ' ' -1.850 ' ' '

» turned off in simulation e T e T2

Once cavity voltage and phase bunch sampled, bunch

bunch profile

profile, center and bunch length can be found by:

1
z)=ppexp| ————H :
p(z) = po PXP( 2 foted? 1(2)> ;

woe 2mhfy R S
- QTI'IBQE IBC (R(jzn:‘/[) Vc,n(z)dz ‘1‘./0 ./z” C,O(Z)HIO(Z —z)dzdz )

12/5/2023 DESY-TEMF-Collaboration

Bunch center / m

Bunch length / m

0.02

0.00

-0.02

0.015

0.010

- [E
AV A A 4
7777

1 1 1
0 48 96 144 192

1 1 1
0 48 96 144 192

RF Bucket Index

I I |D cdr ]

©  unifarm

AVYAVAYAS

RF Bucket Index

profile
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Brightness mode operation.

. 3840=80*(20*(1b+1g)+8g)

Set 1000 macro-particle per bunch
« Bunches are histogram into bins
« Bin-by-bin then bunch-by-bunch tracking

Longitudinal coupled bunch instability

« turned off in simulation

Bunch Center/m

Bunch Length /m

Bunch length and center info are directly from simulation.

If turn off the instabilities, it agrees with one-particle

model simulation.

12/5/2023
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Transient beam loading effect (soft bunches)

0.02 T T T T T T T
oo o0 OOD o0
0.01 oo 2 o° R
ococ ch""‘J Caad °a°°
0.00 8 o0 088
o
Ooo OO QOD coa
—0.01 == 0°°° o°°° 0°°° o cdr
o uniform
_0.02 1 1 1 ] 1 ] i
’ (o] 24 48 72 96 120 144 168 192
RF Bucket Index
0.015 T T T T T T T
50° < og ST o0, o S0 -OSE Qo
0.010 50" c'aoc, ou°°°° °o°°° ol":’c'u °°°o° oo OODOQ K
0.005 —
o cdr
o uniform
0.000 1 1 1 1 1 1 i
: o} 24 48 72 96 120 144 168 192

RF Bucket Index

bunch profile

profile
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Transient beam loading effect (soft bunches with instability)

Filling pattern: e - T e T T
3840=2*(100*(1b+9g)+920g) ! BTS2l KT 11
. = +39)+9209 = 3 3 > NN
= : 0 4 = 000 3 0F -
Es/ ] § ; 5
. <3+ 4 4,0 i N 14 50
Set 1000 macro-particle per bunch it {7, T 2
00 4ID EID 150 l!ISO _40 4|0 SIG 1;!0 IIED o EmEI 4ICI SIU lll’[) lll’.lU _40 4ID EIO léﬂ ].!ISD
. . . RF Bucket Index RF Bucket Index RF Bucket Index RF Bucket Index
4 BunCheS are hlstog ram Into blns 20,:10:\ Harmnmcm\uq.' 4 Harmonlccavﬁy 3ﬂxloﬂ Harmnnlcca\-m,r i Hannnmccewlry
“\ v\/_v v v\/_ Al " cetin | | " cericm
* Bin-by-bin then bunch-by-bunch tracking " 2 120 RN '
10t EK " ] E’u 3 o0 1
Longitudinal coupled bunch instability ‘n-si E-E-A PO Y 2\/\,\‘\.,\/\/\\.,
v Fhigain k. . % N
00 1 [ AR -4 ! L | 20 ! - ! ! !

1 | | | |
0 an B0 120 160 0 an 80 1200 160 0 40 80 1200 160 0 a0 B0 120 160

° tu rned On |n S|mU| atlon RF Bucket Index RF Bucket Index RF Bucket Index RF Bucket Index
Vb and Vg obtained by CETASim and Elegant agree well.

Bunch length and center are also agrees (not shown here)
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Beam-ion effect (single ion)

-4.5 T T
-5.0
o
£ -55
=
> -6.0
£
o 6.5
=
= -7.0
<}
- --= 5qrt(0.1) o,
-7.5 --— sqri(3 )uy_
. —  sqrt(40 ) oy
_a glkd ! ! ! !
8'%.0 0.2 0.4 0.6 0.8 1.0
Tracking turns x10°

beam-ion growth rate / 1/s

600

500

400

300

T T T ]
—e— beam ion growth rate

20 40 60 80 100
Beam current / mA

Bassetti-Erskine formula for direct space charge effect between ions and

electrons

Brightness mode 3840=80*(20*(1b+1g)+8g)

CO, 300K, 1nTor

Bunch oscillation is self-saturated, within10 rms bunch size

In the medium current range (30mA to 70mA) accumulate the ions most.

Medium current give the largest growth rate.

lon profile is not Gaussian.

12/5/2023

Accumulated ion charge / e

x10°

T T T T
—e— Total accumulated ion charg

T
e

profile / 1/m
© o o »&
£ [=)] co (=]

o
)

o
o

-10 -3 0

DESY-TEMF-Collaboration
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20 40 60 80 100
Beam current/ mA

profile / 1/m
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Beam-ion effect (multi-ions)

self-saturation around 5 rms beam size

In the medium current range (30mA) accumulate the most ions
Lighter ions are hardly trapped

The largest growth rate is roughly 300(1/s) around 20mA.

- 0.43 0.08 0.36 0.13

x10°
-4.5 T T T T 300F T T T T = 1.0 T T T T T
—e— beam ion growth rate —e— Total
=50 - o s H2
5 55 = 250 71 e 08f e CHA
£ o =2 mm Co
— —6.0 S 200} 1 5 co2
> Les g c 0.6 -
£ 8 150} 4 3
o -7.0 5 k5
n s 5 041 -
o _ <
- =73 2 100} 1 Z
o = S
© 8.0 @ 3 02k |
--- sqrt(0.1) oy g O .
-8.5| - sart( 3) o, | S0 4 <
— sart( 20) oy
-9 | | | | | | | | 0.0
'%.0 0.2 0.4 0.6 0.8 1.0 0 20 40 60 80 100 0 20 40 60 80 100
Tracking turns x10* Beam current / mA Beam current / mA
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Bunch-by-Bunch Feedback system

T. Nakamura,
http://accweb.spring8.or.jp/~nakamura/reports/Feedback_

Definition and simulation model of the FIR filter: with, FIR. Fiter drafet o
N
Oz,n - HJ'Z”M“"" ks Ln+1 Ly 0
= Tnr || _ ! O
(s K I Un+1 Y
un =Ky ) kgt L\ Ynyy / L\ Un Oyn / |
k=0

The TDLSF method is applied for FIR filter design

100 T T T T T T T T T GFT T T T = 2.00 T T T T
—a— 10 Taps, vx 018 —— 10 Taps, v 0.18 —— 10 Taps, wx 0.18
0.75F =f— 10 Taps, vy 0.27 . — 10 Taps, vy 0.27 175 —— 10 Taps, vy 0.27 -
050 - 1.50 -
= 2+ _
2 o025k - @ 125} -
° ;- 2
& 0.00F 1 & oF 1 § o0 .
= o
& —-0.25f - E 075 -
LL =i N
~0.50 - 0.50 - g
-4 b= =
-0.75 - 025k -
- 1 1 1 1 1 1 1 1 1 1 -— 6 il | | 1 | 1 1 5 | 1
L7 3 & 5 & 7 8 9 10 0.0 01 0.2 03 04 a5 2P0 0.1 0.2 0.3 0.4 0.5
Taps Fraction Tune Fraction Tune

Frequency and phase response of the designed 10 taps filter, target tunes are 0.18 and 0.27
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Bunch-by-Bunch Feedback system (transverse)

x10~3

2.0

« Timing mode option

« 3840=80*(1b+47q) S
N
- RW long range wakes. 2
-
« Coupled bunch instability can not damped by SR 7
]
damping o |
© L
« The preliminary 10 taps FIR filter feedback. é : :
A I | :
- Target tunes are 0.18 and 0.27 @ : ! .
ION | !  FBON
« Feedback is turned on between 1000~1300 and 1600 to -2.95 G 75 L 55 5% 3.0
Tracking Turns x10?

3000 turns.

« All 80 bunches all well damped by the feedback
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Summary and outlook

Modules for single and coupled bunch collective effect simulation are available

Well benchmarked with analytical model and Elegant results

Coupled bunch instability mitigation by bunch-by-bunch feedback

We are working on cavity feedback model for transient beam loading compensation
Code parallelization in the future.

Welcome to download and feel free to use, | am very glad to explain the details. https://github.com/ChaoLilHEP/CETASIM

Thanks for your attention!

12/5/2023 DESY-TEMF-Collaboration 24



