MOTIVATION

SRF FEL OPERATION

LINEAR ACCELERATOR
= Photo cathode RF gun
= SRF cavities

= 2 stage bunch compression

SASE PROCESS
= Fixed gap undulator

= High brilliance photon pulses

MULTI-BUNCH OPERATION
= Pulsed RF
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MOTIVATION INTRA-BUNCH-TRAIN TRANSVERSE DYNAMICS

Beam

- |
TESLA CAVITY Cavity Cavity 2 Trajectories

PULSED OPERATION ......... ' . ....... ‘
—| == | [ || | | i >
Z

GRADIENT SPREAD
VECTOR SUM RF CONTROL
> GRADIENT SLOPES

= Quality factor setup 4

= Beam loading — Cavity 1
Cavity 2

— Vector Sum

= Lorentz force detuning

MISALIGNMENTS
> TRAJECTORY VARIATIONS
s Off-axis fields

= Coupler kicks

Accelerating Gradient

Time



MOTIVATION

TESLA caviTy

PULSED OPERATION

GRADIENT SPREAD

VECTOR SUM RF CONTROL
> GRADIENT SLOPES

= Quality factor setup

= Beam loading

= Lorentz force detuning

MISALIGNMENTS
> TRAJECTORY VARIATIONS
> SASE VARIATIONS

= Reduce performance

Alsase |70]

= Depend on hor. trajectory variation
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MOTIVATION

TESLA caviTy

PULSED OPERATION

GRADIENT SPREAD

VECTOR SUM RF CONTROL
> GRADIENT SLOPES

= Quality factor setup

= Beam loading

= Lorentz force detuning

MISALIGNMENTS
> TRAJECTORY VARIATIONS
> SASE VARIATIONS

= Reduce performance

Alsase |70]

= Depend on hor. trajectory variation
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OUTLINE

DISCRETE COUPLER KICKS

COUPLER KICK STUDIES



DISCRETE COUPLER KICKS TESLA CAVITY

Magnetic Field

> TESLA CAVITY
= Superconducting
s T./T = 4.6
= 9 cell standing wave
= . =13GHz
= Qy ~ 10
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Electric Field
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DISCRETE COUPLER KICKS RF EOCUSING

— — _._-——422
TESLA CAVITY - p. [MeV /(]

= Superconducting

s T./T = 4.6

= 9 cell standing wave
= . =13GHz

= Qo ~ 10

= Ax. sym. RF focusing
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DISCRETE COUPLER KICKS RF EOCUSING

TESLA cAviTY

= Superconducting

s T./T = 4.6

= 9 cell standing wave
s . =1.3GHz

= Qo ~ 10"

= Ax. sym. RF focusing

= 2 HOM couplers

= Power coupler

0.6 o
=]
HOM coupler
? _' H Rj ﬁ ﬁ H R’ ‘,CK Power coupler
f-\\. a2 i %
e r HOM coupler
0.55
z [m] z | m)]

THORSTEN HELLERT | COUPLER KICK STUDIES | NOVEMBER 14, 2017 | PAGE 8



DISCRETE COUPLER KICKS COUPLER KICKS

Upstream Downstream
TESLA caviTy b7 S 'X Refl
= Superconducting 3 L i A Ad RS Y “ “ - QW
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= Ax. sym. RF focusing —6 -3 0 —0 _3 0 6
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= Power coupler

= Coupler kicks
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DISCRETE COUPLER KICKS

FIELD CALCULATION

DISCRETE COULER KICKS

= Int. trans. field strength: V| (z,y) = /dz [E’L(,-:) cE, X E(f')] o1
\'%

= From couplers: Ve(z,y) =

1(z,y) — Vrz(r) Z
= Normalized kick factor:  V(z,y) = Vc_’(a:, Y) — 2>
[ dze, - E(0,0,z)e*"c =
v =<,
« Coupler kick: F@,y) = R {V(z,y)- e} —1 2
0 _
>
=
FIELD CALCULATION =~
= 3D field map (decay): Eb( t) = E{;"s (7) cos(wt) + Esm (7) sin(wt)
= General case: EF 1) =R [Vo Vy, ei@t+4) ( Fos(7) + 4T - Eﬁi”(ﬂ)]
= Reflection: [ = (Ape'® — Ape'®r)[(Ape'® + Apet®r) |
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DISCRETE COUPLER KICKS

DISCRETE COUPLER KICKS

= Coupler kick:

= Normalized kick factor:

= Standing wave:

= Reflection dependent:

= Linearization:

= Coupler kick coefficients:

— e V{ ~
k(z.y) = 5o R{V(z.y) €}
¥ l &sw I' or

Vay

)
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[VOa:a %ya Va:a:s Va:y]

COUPLER KICK COEFFICIENTS

Vy [kV] Ve [kV]

V: [IMV]
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DISCRETE COUPLER KICKS

COUPLER KICK COEFFICIENTS

Fzy) = S0R {V(x,y) - ei‘b}

Ey

T -
V(z,y) = - V>V (z,y) + > VH(

[VOa:a bea V:I:wa Va:y]

Field maps available for different
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DISCRETE COUPLER KICKS

COUPLER KICK COEFFICIENTS

€ V()

- ¥
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COUPLER KICK COEFFICIENTS

Standing wave

1005 e
@b ot SaRREPEEEEEEEEEEEE P
50| 3
0 ifi” ST
i RV} | |
Rk R{Vot| |
~100 | i, S{Voo} | |
i e S{Voy} | i
'—150*55 O é:
15 10 20 30 4P
10 | i -
S
Uk S S S
—10 | %

LCLS-II

Reflection
(BQQ-Q - @ -~ - @ s o@
o9 X T T

@ X

3 X
S
1 10 20 30 40
X

X

\ 3(\
mg:ﬁ':‘é}}:—}é—:—:—:—:—:—:—:—:-:-:_=_=,®-..:
1 10 20 30 40

Q1 [10°]

100
o0

0 9
=
50
100
—150
10
T
=
=
0 T
=
§

—10



DISCRETE COUPLER KICKS COUPLER KICK COEFFICIENTS

Standing wave Reflection

FIELD MAPS
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OUTLINE

»» MOTIVATION
»» DISCRETE COUPLER KICKS

»» COUPLER KICK STUDIES
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COUPLER KICK STUDIES

BEAM DYNAMICS MODEL

DISCRETE COULER KICK MODEL
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COUPLER KICK STUDIES

Awu [pm| and Av’ [prad]

DISCRETE COULER KICK MODEL
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COUPLER KICK STUDIES TRAJECTORY RESPONSE

TRAJECTORY RESPONSE Steerer BPM

= Linear beam dynamics 1 ) ,"j TS s TN A’ "\\ _

= Change trajectory — T \,\,—K': e - /\—\—>

= Measure Ri12 // \“// "N/ pR
So S1

MSIS() - MDTzft.MQF.MDTth.MQD.MD'rzft'MQF g

8180 Ax(sl)
" = Az'(sg)
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COUPLER KICK STUDIES TRAJECTORY RESPONSE

TRAJECTORY RESPONSE Steerer BPM

X A ~ 7\
= Linear beam dynamics REREN PN I -
¢ A el
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= Change trajectory < B ——— > /é"\_)
/ A 1" i N N

= Measure Ri2 V R \% b
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= Compare to optics model Sg S
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COUPLER KICK STUDIES TRAJECTORY RESPONSE MEASUREMENT

DISCRETE COULER KICK MODEL Horizontal Vertical
4 i : : | : :
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COUPLER KICK STUDIES POWER INPUT COUPLER

5 Upstream Downstream
OWER COUPLER KICK 6 e l \ \ 0
. . R SR Refl
= Depends on cavity operation q I N3 QW
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A4

PP ;:izﬁ 0
3V é&wwq ~3
//./\/// o Kew " RND

= Forw

y [mm)]
y [mm]

= k(z,y) = E()?R{ (,y)-e""’s}

6 _
-6 =3 0 -6 -3 0 3 0

THORSTEN HELLERT | COUPLER KICK STUDIES | NOVEMBER 14, 2017 | PAGE 20



COUPLER KICK STUDIES

POWER COUPLER KICK

= Depends on cavity operation
— V ~ .
" Eay) = 2R {V(z,y) e}
Eq
¥ l &sw I' or
= V(z,y) = 5 VV(e,0) + 5 V()

FLASH (ACC®6)
= Read BPM and RF data

= Modulate forward power

POWER INPUT COUPLER
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COUPLER KICK STUDIES POWER INPUT COUPLER

POWER COUPLER KICK Vector sum Reflection
17 | | | N B 1
= Depends on cavity operation = — R{AT}—S{Ar} ]
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COUPLER KICK STUDIES

POWER COUPLER KICK

= Depends on cavity operation

" k(z,y) = %3‘% {V(m,y) - 6“’5}
s V(zy) = 5 VV(@,9) + 5 Vi)
FLASH (ACC®6)

= Read BPM and RF data

= Modulate forward power

FAST RF MODULATION

= Limited cavity bandwidth

= Cavity response decreases

= Response to reflection

AGREES WITH TW COUPLER KICK MODEL

TW COUPLER KICK MODEL REQUIRES TW
FIELD MAP!
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SUMMARY

POWER COUPLER KICK
= Depends on cavity operation

= Affects transverse beam dynamics

DISCRETE COUPLER KICK MODEL
= 1st order discrete coupler kick model
= Requires high precision TW field maps

= Depends on antenna penetration depth

EXPERIMENTAL CONFIRMATION

= Transverse coupling

= Coupler kick variations

FUTURE STUDIES(?)
= TW fieldmaps for LCLS-II
= Fieldmaps for 3.9 GHz cavity
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