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Onesided Couplers
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FIG. 5: Orbit of one electron through the ERL lattice.
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Coupler Kicks cause emittance growth

C. Couplers Alternating Every Cavity
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Ways to cancel coupler kicks

) Kick cancellation by symmetry
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(2) Kick cancellation by changing the distance between coupler and
cavity to make the phase of the coupler kick 90°.

(3) Kick cancellation by a more —EE I=V=—UW
symmetric coupler region =
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Cavity parameters

TABLE I: Parameters of accelerating cavities.

Frequency 1300 MHz
Number of Cells 7
Cavity Shape TESLA type
Accelerating Voltage 15 MV /m
Qo 1010

Qeut c {2 x 107, 10%}
Coupler Type Coax

Coaxial Impedance 50 €2
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Modeling the coupler kick

(1) Insert inner conductor of the coax coupler until the desired Q_,, is obtained.

(2) Compute standing wave patterns E™ ,B™for magnetic boundary conditions
at the coupler boundary.

(3) Compute standing wave patterns E® and B¢ for electric boundary conditions
at the coupler boundary.

These Boundary conditions are those of a traveling wave in the coax at two
different times, % oscillation apart.

E*(r,t) = Re{(SE™(r) £ iE°(r))e " (@wI=94)1,
B¥(r,t) = £Re{(B(r) £ iéB™(r))e "«t=¢£)1, ==
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Ej (5,t) = Re{(SEg'(s) £iEj(s))e " — ¢1)}
By (5.t) = £Re{(Bj(s) £ i€Bg'(s))e " ~9=)}
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Ej (s.t) = Re{(¢Ey' (s) £ iE5(s)e " — ¢4}
By (s,1) = £Re{(Bj(s) £ i¢By' (s))e ' 9=)}

(s) = s"Eq'(s), By(s) = s By (s)
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Approximation:
Traveling waves in the coax excite standing waves in the cavity. For very large
Q. very little energy leaves the coupler, which validates this approximation.

Ej (s.t) = Re{(¢Ey' (s) £ iE5(s)e " — ¢4}

By (s,1) = £Re{(Bf(s) £ i¢Bg'(s))e "~ 7=)}
Standing wave:
The fileds must be a function of s times a function of t: f(s) g(t)

- E,™ must be proportional to E*°
—->B,™ must be proportional to B,®

EG(s) ~ s"Eq’(s), Bi(s) = s"Bg' (s))

The fileds are normalized to the same energy -2 |s¢| = |s™| = 1.
Eq (s,t) ~ Re{E{'(s)(§ +is)e =0},
B (s,t) ~ £Re{B"(s)(£i)(€ Fis™)e (wi=o+)1,

To satisfy Maxwell’'s equations, both complex factors must be the same.
> sm=1,s¢=-1, or sm=-1,s¢=1
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2
AP = q/ Eg (s,t) + ves x B (s,t)]dt
ti

L
AP —etd [ {eRy(s) + By (o)

+ve, x [B§(s) + i€By(s)] }e ™ ds.

L
AP+ —ett+d /O {[EEP (L — 5) +iE§(L — s)

—wve, x [BE(L — s) + i€BI(L — s)]}e™ v ds.
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Qe:mf = 2 X 107 Qeg;t =1x 108
Before Cav|After Cav || Before Cav|After Cav
k[(10~7)[].9651 9891 1.039 1.027
¢ (rad) |[2.838 -2.793 2.819 -2.816

Georg H. Hoffstaetter ~ Coupler kicks in ERLs

05/21/2007



" 2AY) — 2—— ' At
Ay’ =~ 2Ay, 7 |%|w cos(¢c) sin .
1.0108e-07 1.2e-07 T T T T
(tf)
1.0106e-07 ek (@a) = A
= E  1.16e07 4
= 1.0104e-07 =
R=] = 1.14e-07 B
8 1010207 - 8 qize07 .
s -]
T 1.01e-07 £ 1.1e-07 -
L i
B 10098e-07 B 08edr - T
T T 1.06e-07 — =
E  1.0096e-07 E
ZO 2 1.04e-07 T
1.0094e-07 1.02e-07 i
1.0092e-07 1e-07 . . . .
0 500 1000 1500 2000
s (m)
(a) Small emittance growth configurations, Qer: = 2 x 107 (b) Large emittance growth configurations, Qez: = 2 x 107
1.0108e-07 1.25e-07 : : : :
({tf) ——
_ 1.0108e07 — = (aa)
E E 1.2e-07 i
= 1.0104e-07 1 =
£ c
@ @
AU L 7 2 1.15e07 i
= £
= 1.01e-07 - =
L i
§  10098e-07 - B Lie T
£ 1.0096e07 TNy - . £ o o
S ' Sl AT 5 1.05e07 E
1.0094e-07 s O N P
10092607 L - ' ' L 1e-07 L L ' '
0 500 1000 1500 2000 0 500 1000 1500 2000
s (m) s (m)
() Small emittance growth configurations, Qe.z¢ = 10% {d) Large emittance growth configurations, Qeyt = 10%

Georg H. Hoffstaetter ~ Coupler kicks in ERLs 05/21/2007



P+l IP- with phase difference o

APy+ +alAP;
ﬁ; p—
AP + aAP;

- (even for all phases of the reflected wave)
N\
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F1G. 8: Normalized emittance in the y direction for the six F1G. 9: Normalized emittance in the y direction for the six

The coupler was moved from 4.5cm to 5.3cm off the first cell.
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Conclusion

(1) Kick cancellation by symmetry

C. Couplers Alternating Every Cavity B. Onesided Couplers
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(3) Kick cancellation by a more EE = V=—V
(2) Kick cancellation by symmetric coupler region
0° phase. ==
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