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Retracted Cathode

. ldeaof retracted cathode: built-in RF
focusing for emittance compensation

« Strong coupling between wakefields and
space-charge interaction C

 Kick-wise application of wakefields is

Inaccurate

« Full-scale EM PIC not feasible

Credit: Bazyl, Gjonaj; Vennekate
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Strong coupling of space-charge and wakefield calculations

— Scattered field formulation: E = E; + E

E; on boundary

Employ available specialized solvers

« Space-charge: Green function in rest frame y

_ _ _ _ wakefield space charge /
. Wakefields: FIT in moving window solver particle tracker
« For arbitrary particle dynamics
. Avoids current interpolation step (in PIC) Es + £; at particle positions

Allows better resolution of space-charge fields (than PIC)
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Scattered Field Formulation

. Inciglent field is a matter of a = e leurlH, —e 1]
choice at h o B
— Hj = — curl E;
« Fulfills Maxwell’s egs. for ar 1T '
given current arbitrary BC
d A
T E=c¢tcurlH — 71y
d ol E= E+ E IpEC
1= —U~ " cur |
BC: Et = 0 on Ipgc % Es = & ! curl Hy Initial conditions depend on choice

of incident field:

Es(0) = E(0) — E;(0)

% Hy = —u~ 1 curl E,

BC: Es,t = _Ei,t on FPEC
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Scattered Field Formulation in PBCI

. Staircase approximation

. Discretization of Faraday's eq. at a PEC boundary e= e+ ¢

-G TN i
dt\es)  \M7cT 0 es A ' ] =1 =S

. Equivalent magnetic current at the boundary

jmag =C1 e
« With local interpolation matrix I; = {

o T

I
—1 if edge in PEC = Q hs L
0 else —|le, =

- Material matrices remain the same as for PEC- S

boundaries vt [,]]=0 :
L» X

Primary FIT face
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Scattered Field Formulation in PBCI Il

« Conformal approximation

« Change computation of magnetic current only

« TwoO variants:

1. Reduction of incident field to conformal lengths / areas

— lcut,j _ Acutk
ej = es,j + l—jei,]‘ bk = bs,k + Tbi:k

. lcut,j Acut,k
Jmagk = X ijl_]_ei,j 4, Ckj€ij

2. Interpolation to cut edge center
1 1
] = — . H. 1 1
]mag,k Lk tk El(rk) k i yl X !

€ Primary FIT face
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Scattered Field Formulation in PBCI llI

. Validation: tapered collimator (conformal)
« Good agreement with PBCIl and CST

. Same convergence behavior as PBCI
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Coupling: PBCI + REPTIL

E; (space charge field) on PBCI
—— |
I PEC boundaries — e;

Particle space charge
solver y

jmag =C1 ¢

A 4

\ 4
Forces at particle
positions Y

Wakefield solver — eg

Update particle
positions & momenta I

A

- Forces at particle positions

REPTIL PBCI
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Coupling: PBCI + REPTIL I

f\\ //,(f/_ FIT

\ e

< L

\/ N \/
N~

3D Green-function + DFT
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Results: Retracted Cathode

abs(E_tot) (V/m)
- . - 0.0e+00 2000 5.0e+03
. Idea of retracted cathode: built-in RF focusing —
to compensate space-charge forces .L;
@
[Sm—
8
: : : : O
« Coupled simulation yields the wakefield =
abs(E_s_2) (V/m)
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Results: Retracted Cathode Il
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« Cathode with retraction by 0.45 mm _
« No back-coupling on trajectory
. Particle-wise momentum kick computation
dpizqijES-*_viXBsdt
2 —center
3, il _ —tail
21 " cavity wakes —head
! <
> o >
CIRt X 2 A transition to
= 2 Q3 retraction pipe
< 3 S
4. -4
-5/ 5.
4 3 2 0 1 2 3 4 0O 100 200 300 400 500 600 700 800 900 1000
(zZn—2)10 t (ps)
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Results: Retracted Cathode Il 4= UniversITaT
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o Cathode with retraction by 0.45 mm

[S—
W

« No back-coupling on trajectory

e
n

. Particle-wise momentum kick computation

€y in rmrad mm
[a—

o

dpizqifES-*_viXBsdt

Bunch position in m

: : : > 2 — pi +dp; ||
. Wakefields influence transv. emittance 2 Di
=
. SES remains unaffected &? 1 s
. Dominant wakefields from iris and pipe 7 0 |
transition 0 0.1 0.2 0.3

Bunch position in m
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Discussion & Qutlook

« Scattered field formulation for FIT

« Successful implementation in wakefield code PBCI, coupled with space charge
solver REPTIL

o First results for retracted cathode

o Outlook

. Back-coupling of wakefields directly onto the particles
. Surface impedance BC, adaptive time steps, 2D field maps
. CSR wakefields in the bunch compressor
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