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Outline

> RF kicks in the CLIC baseline accelerating structure:

TD26_CC
» RF kicks in an alternative with single feed compact

couplers
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Mesh convergence study

0.5mm mesh refin
Ntetr = 828290
Final mesh
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Multipole expansion

Due to the symmetry

22
Accelerating gradient: E..(r.¢,z)=E,(r,9,z)-e°
Multipole expansion: E, (r.¢,z)=) Elr"e" => E{r" cos(ng)

1 2
. (0) o_ -
M0n0p0|e- Eacc(z)r - o7 _(‘)‘ Eacc COS(O(D)d(D Due to the
1 o symmetry
Dipole: EY (2)r! :—anCC cos(lp)de =0
7%
27
Quadrupole: EQ@)r = [E,., cos(2p)dp
T Due to the
_ 12 symmetry
Sextupole: EQ(2)r* =~ [E, cos(3p)dp =0
T 0

Octupole:

acc
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For loaded conditions, this distributions must be multiplied with 1-z/0.25*75/120



Multipolar focusing in AS

Panofsky-Wenzel theorem:

Gives an expression for multipolar focusing
From the RF accelerating field:
Quadrupolar focusing :

Octipolar focusing:

Lorenz force:
Gives an expression for kick directly from
the RF fields:

Which can be decomposed into
multipoles:

Quadrupolar:

Octupolar:

IOL(MD)— I 7[V E,.(r.p,2)] for E~el™
0

Where:Vl:Urﬁﬂj 3
o "rop

"1[d, cos(ng)+, sin(ngo)]_[ E"(2)dz

0

g L
p@(r,p) == 2r[t, cos(2¢) + 1, sin(2¢) || E2 (2)z
w 0

N je
P (rp)=Lnr
(0

acc

o L
p(r, )= J—e4r3[l]r cos(4¢) +4, sin(4go)]j Es(z)dz
@ 0

F =¢[E, +v,xB,] e[E +Z,U;xH J

p.(r, )=j5 dz<, _C—HE +2Z,U, xH ]d

z

(n)(l’ Q) _1 [ﬁr COS(n(p)+a¢ Sin(n(p)]_[F(“)dz
C ; 1
1 - L
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: c "
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Quadrupolar kick comparison
Panofsky-Wenzel and Lorenz
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Quadrupolar kick comparison to CLIC magnetic quads

x 10™ on crest
. 2- Fec ‘ ﬁ\ Quadrupolar focusing from the quads:
< 'Z/W*E(Z) ‘ ‘ L L L
© 1 e piQ)(r,go):Jidz:ej[UZxBL]dz:r[UquL]eJ'Gdz
é 0 \ (M‘% et %AWW IR A T T -"li oV, 0 0
;& -1 l j | | Equating the quadrupolar kicks Effective
5 gradient of the RF quads is introduced:
1 2]
_ (2) _ (2)
x 10" GRF - FJ_ - Eacc [T /m]
1 j\l ecC 0]
SR sl . . .

2 ° \ [ e f For comparison, in main beam quads, peak
® -1 U J magnetic gradient is 150 T/m, which is about
é 21 F/ec j factor 150=150/[2.5e-4*sqrt(61.3MW/4W)]
}L 3 jorwe®). i higher than in RF quad of the Input coupler
G, cell of the AS at the nominal gradient

= : : : Integrated RF quad strength in 2 coupler cell for the

£ X 10" magnitude : input power of 61.3 MW:

' 2? ' Input:

. Fi?/ec \ (PW):  -0.0065_- 0.0033i [T]
C:) 3 j2rwE® (Lorenz): -0.0066%'033#[1!\
° N | Output: 5500
E ] p | (PW):  0.0032 - 0.0105i [T]
B 1 | | (Lorenz): 0.0030 - 0.0106i [T] \
)

oJ \W waadaidd MWWNWJMM@MM@ - Compare to MB quad of 25cm: 150/4=37.5 [T]
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Octu Kick in [V/m*] @ 4w
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Octupolar kick comparison
Panofsky-Wenzel and Lorenz
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Octupolar kick comparison to CLIC magnetic octupoles

on crest

60 ' T h m e J:l/W*E'g?:: - Octupolar focusing from magnetic octupoles:
o 1 | i “1 | e | I 3 (

20 L) L2 e = j ej[u xB Jdz=r [uzqu]edez

ol H\ | | HW kﬁ Hg W\ A\ \\ i w} WL {, v, ¢ :
20| i T | L | Equating the octupolar kicks Effective
-40 L M h H* | octupolar gradient of the RF octupoles is
oo T IEENANEERNNNSENN i 1 4]
" | | 90° off crestF :L ORF = g F = o Ea(lgz [T /m ]
120 R T T I T o ML w L]
100 i m | M 'F< W N m W W ﬁ m N | For comparison, typical value of magnetic

80 L ! | octupolar gradient of 10° T/m3(pole field: 1T,
60 | J | i | bore radius: 10mm) is about factor 2.5 = 10°
40 14/W*Eg:':)c /[100*sqrt(61.3MW/4W)] higher than in RF
20 F9/ec octupole of AS at the nominal acc. gradient

i - - r‘ﬂc’su_lmuitude‘r - - | Integrated RF octupolar strength in AS for the input
140 N i | | power of 61.3 MW:
120 f[ JM Wt ﬁ H Tl | (PW):  -316 +79404i [T/m?]
100 | SRR ARRARTALS ‘ (Lorenz):-145 +79333i [T/m?] 3

go -ttt |

60 Compare to typi upole of 25mm length:
40 10 /4=2.5e5 [T/m?]
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Compact Coupler with Single Feed,

geometry

idw = ipw
b=8.6528mm and ipw=idw=7.81mm are matching parameters

20 (mm)



Alternative layout of CLIC SAS based on compact
coupler with single feed (CCSF)

Image courtesy of A. Samoshkin Alternative Iavout'
Baseline layout * Input and Output kicks are

compensated independently
within one SAS = AS1 — AS2

Advantages:
* No splitters (HOMagic-T)

* 3 loads per SAS instead of 5

* less waveguides

 group delay difference between two AS
can be adjusted to O

* more space for input/output waveguide
connection to the AS




Multipole expansion

Due to the symmetry

. . g
Accelerating gradient: E..(r.¢.z7)=E,(r,p,2)-e
Multipole expansion: E, (r.¢,z)=) Elr"e" => E{r" cos(ng)

n

1 2
Monopole: EQ(2)r° = o | E.ec COS(0)dgp
T
, 0 The main
: 157 disadvantage is
Dipole: @ ()l = = g
P Eaee(2)F T .([Eacc cos(le)de « the presence of
L2 the RF dipolar kick
Quadrupole: EQ(2)r? == [ E,, cos(2p)dg
Q 0
27
Sextupole: EQ @) = [ £, cos(3p)dy
7T 0
Octupole:

acc
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Multipole coordinate system
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Multipoles in Output CCSFat2 W
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RF kicks from Panofsky-Wenzel theorem and
from Lorenz force

Panofsky-Wenzel theorem:

Gives an expression for

Dipolar kick from accelerating rf field:

Lorenz force:

Transverse kick directly from Lorenz:

Dipolar kick directly from Lorenz:

. L
p.(r.p) =22 [eely Evu(rp )} for E-e

VL:U,Q u,— l 9.
or ra(p

. L

j EY (2)dz

0

sl‘—

. L
e, . o .
) (9) =" (1, cos(p) +4, sin(p)) | EC. (2)dz =
0

F, =e[E, +v,xB, H, _e[E, +Z,u. xH, |

p.(ro)= TF dz=|, _ —HE +Z,Uzx H ]d

0 Z

p(n)(r,(p) - r“—l[ar cos(ng) —|—a¢ Sin(n(p)].‘- F Mz
: c "

L L
pO(r,p) = 1[ur cos(p) + U, sin((p)h FWdz = lux'[ EWyz
1 C 0 1 C ; n



Dipolar kick on crest «w'  onemst

: z 4
in the Input CCSF ® 3
* Dipolar kick for particle on crest is £, ﬁvﬂ /\ AV/\V \/\
mostly magnetic (-ZH, ) 231 / \
. \-/CU
* H, is needed to let power flow cross 2 / \
the middle plane: H, x E,, that is why it 0 00l 002 003 004 005 006 007 008
is in phase with accelerating field Ez E,
* The kick is proportional to the input 2 00 — ZH,
2 : : _ | : :
power (fixed) divided by Ez (fixed) and  ® 256V FDre %\
by the cell radius (more or less fixed £ 20 > o), j/ \&
by the cell frequency) £ 0 i\\ ﬂ» SR R
* The sign is given by the direction of 2 -200 o
the power flow. It is asymmetricin the 5 40! _ _ _ _ _ _ _ _
input/output couplers 8 0 0.01 002 003 004 005 006 0.07 0.08
. Zm
* There is not a lot we can do here! ml
f ey gy Cmaal IF Sl I el [T~y [T =y
Poynting[W/m~2] oy L . = =
. . & - - f ~ f| -
For nominal input oo - [l <=~y | Real Poynting vector |l <=« |£7-y
. 2:?5@@a+@@'+_./' . | LA L ¥ A KRN [ 7=« oA LAY
pgwer : §1.3 MW e b AT A RS A Y MAAES T M 7 MK i ek
Dipolar kick on crest = —————"" ' - — =
2. 09 +aE e i = === =S TSR e e
P-W: -14171V 1 7500e 004 | S e SRR N
) copgesam | = idodd Y 4 . 4 Y S Y | R
Lorenz: -14173 V asemeron| W MU T A e e oy
[ i - ] | N | - i _h_ - bl ol
i.igzgmggz O 't x"*"‘ \..(l ‘:...(l ‘\...4‘1 :_*..(i :;:;:
~ ' e b i i -y d o d P | s PRSP | B
Kt/KZ 14kV/23MV 5. BEEDe +EE0 3 ;:', :-. .:...:1 :-—:1 \ :..,:1 :_:‘ ‘:._:;i ;;;; ) 5
~6e4 lz.SBaaemaa :t:t: ‘\_.rl - i |\"‘"‘l l\..tl 1\"“:' TYOTY
- B, BEPE s +3E0 SCSU Y P | P . RN TYT 1Y
LU | e e e————— T




Dipolar kick 90° off crest in the input CCSF

* Dipolar kick for particle 90° off crest is
again mostly magnetic (-ZyH,)

* H, comes from the offset of the EM field
centre with respect to the beam axis, that
is why it is in phase with H,, and 90° out of
phase with the accelerating field E,

* The kick is proportional to the
accelerating field (fixed) and the offset
between the beam and EM field axis (can
be optimized),

* The sign depends on the sign of the
accelerating field and of the offset. It is
symmetric in input/output couplers

* This kick can be optimized down to zero
if necessary!

© 1 [vim] @ 2w
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Dipolar kick in [V/Im] @ 2W

For Input CCSF at 2W, on crest kick of 2.56 V is already
much larger (x10) than 90° off crest kick 0.26 V due to very
high degree of symmetry of the EM field. Still can be fine

tuned if necessary.

2¢

400 f

200

-200

-400 ¢

90° off crest

For nominal input power :
61.3 MW

Dipolar kick 90° off crest
P-W: -1425V

Lorenz: -1424 V



Dipolar kick in [V/Im] @ 2W

Dlpolar kicks in the Output CCSF

on crest x 10" 90° off crest

0
RED} [V/m] @ 2w
o = N W »

AT A TN 2 - - - - - 7
IVATAVAVAViY ALALA A
IRV RYRVRTIA HiNLNAANIVAN
/ AR YWl TRaIaay

_ — _ _ S ERAVIL AV
0 0.01 0.02 0.03 004 005 006 0.07 0.08 -20 0.01 002 003 004 005 0.06 0.07 0.08
77777777777777777 E, e B
R e
200 oD = E 200 ; ichwED
S wesn SN TR Al
ST TV -
- © LTIV s 03V
-400; : : : : 3 -400 : : — ; i
0 0.01 0.02 0.03 004 0.05 0.06 0.07 0.08 a 0 0.01 0.02 0.03 004 005 0.06 0.07 0.08
z [m] z [m]
For nominal input power : 61.3 MW
Unloaded output power is 26.6 MW Loaded output power is 10.0 MW
Dipolar kick: Dipolar kick:
P-W: -6470+1095iV P-W: -3967 +671i V

Lorenz: -6481 +1089i V Lorenz: -3974 +668i V
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Quadrupolar and sextupolar kicks in the Input CCSF

x 107 \ on crest on crest

o

Ty /] 2 >
1 ® ’1
0 frormh *v”MAv‘ o Al “/ \ (\E 0 o HM‘M ]
\ / li } v E ﬂ(k w [
1 ok
)
2 ; ; ; ; ; = 005t ; ; ; ; ; ;
0 0.01 002 003 004 005 0.06 0.07r 0.08 0 0.01 0.02 003 004 005 0.06 0.07 0.08
ji2mE®@ i3weS)
% 10 90° off crest ace 90° off crest ace
2r : : : r : 0.05¢
2
1 N ®
0 /m R RS P Y \ / E 0 A JMWWMWMHW% MWWAWWK
-1 o/ %&L
2 ; ; ; ; ; " 005" ; ; ; ; ; ;
0 0.01 0.02 003 004 005 0.06 0.07 0.08 0 0.01 0.02 003 004 005 0.06 0.07 0.08
z [m] z [m]
1 2] 1 3]
Goe =2 F =21EQ [T/m] 6 - —FO-21EQ [T/m]
ecC (0] ec 0]
For nominal input power : 61.3 MW For nominal input power : 61.3 MW
Integrated quadrupolar kick from P-W: Integrated sextupolar kick from P-W:
-0.0064 - 0.0009i [T] (1st) -0.82 - 0.11i [T/m] (1st)
0.0063 - 0.0009i [T] (2nd) 0.92 - 0.14i [T/m] (2nd)

Real part is very close to the CCDF
Imaginary part is 3-4 times smaller
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Quadrupolar and sextupolar kicks in the Output CCSF

X 10'4 \ on crest \ on crest
2; . . . . . 0.05 . 1 } :L

2
0 N;i 0 W{L,m
1 ok
<)
L L i ] i i = ‘ : _ _
2 -0.05 ; ;
0 0.01 002 003 004 005 0.06 0.07 0.08 0 0.04 0.05 0.06 0.07 0.08
j2twER) jBwES.
% 10 90° off crest 90° off crest
2 r r r r r 0.05 ‘
S |
1 Q® 3
0 /\ " MMWWW'WA N w X Nél 0 /ﬂw\v i M “ &W«N’ WW\
1 %&
2! ; ; ; ; ; " 005 ; ; ; ;
0 0.01 002 003 004 005 0.06 0.07 o0.08 0 0.01 002 003 004 0.05 0.06 0.07 o0.08
z [m] z [m]
For nominal input power : 61.3 MW
Unloaded output power is 26.6 MW Loaded output power is 10 MW
Quadrupolar kick: 0.0030 + 0.0004i [T] Quadrupolar kick: 0.0018 + 0.0002i [T]
Sextupolar kick:  0.38 + 0.01i [T/m] Sextupolar kick:  0.23 + 0.006i [T/m]

Typical magnetic sextupolar gradient: (1T pole filed, 10 mm bore radius) => 10000 T/m?
RF sextupolar gradient for 61.3 MW reaches ~0.03*4000 = 120 T/m?. «—_| ~100




