Low Energy and Low Current S-Band
Traveling Wave Electron Linear
Accelerator structure design

Hamed Shaker
School of Particles and Accelerators

Institute for Research in Fundamental Science



OOV il s sl 5 Gila i 9 ALl 511947

40  Gmsila 3511949
S

Luis Walter )00 s0 Sl 5 G st 48 250 (0 ) amy ole 2ia (e (il

o eaidd QL SO ) ) uSe IS g Sl O Ul (Alvarez
e |y 01 gp Abads () (55 O 05 R slame ) dad 4S 1) (5 3l
YL lendlS )8 Dy e il 55 (el e 50 () Al ) Y Gan s 00 S
D0 s 5 3 al88 B agas (ailS 8 50 Guila A0S 2035 K5 |
S a S el 200 2ses puilS 8 )

SLAC MARK | 0558 (a5l had saias Gl ol
William )omila v 5 abily g Jass 63 4S Culila Bl

3y sl o8&l 40 a5 £ 5 (Webster Hansen

O Jsh 28 84 e 5551947 Jle )2 5 28 aiala
9 a9 Bl ) (les 3 5 e 3.6 25
O s 3 (Se ) w0 Be 6
o5 K slac) 31 Ko ji1 3 5 Cpuila 4l saia il
il i £ sl s 5,1, o




032 5 S 11928 51925 : yiic S

o)y A Sl g S siaalES )

AN Gl 381 () s s L VL lea Sl 4 s sl e ) S
Van de Graaff s o (38 se (535 534S 250 Ul dandia 53 o el
Jriliy CaBUA ala) (55 Ll a3 alailCockeroft-Walton (1932) 5 (1931)
d9n g o yiaed QB 5l aladiy 48 ala Gl Ll IS xS IS Llay 93 o YU
9l a5 s (S alat JSia b O ) Gl 4S (g8 aia 2508 3

0 +V +2V +3V +nV

+V

ol S L 1927 Jls L3 (558 ) 5S35 saiils S (Rolf Widerge) epshs <alyy || sl 1 (i€ 4 L (5 5l 25 agaai auie S ) o535
e 53 (SS9  sie Clabon Cpl 0 o  Cala ) e o) ad BaE calg) | o @Y D) eamy il s el a5l LS saldtul
4 Olsi e b)) a4 Sl b apdad aie S Loyl ol (el i€ Jiag ey s || 92 i Sl Gl s A WS B0 500 4 ) el

O dr 50 5y b Sl aulan e L 5 ala (i 381 15 Gl (658 Ciladun s 80 e Al 4 4050 aaie 4S (g lae il
)g-.‘m A2 o g 0 4S ad @L@&:‘“J 2l Jsl A Uy (e ‘—s‘%JS oS 9Ny A 1925 52 4d sl oyl
Al o8ty () S AU g 5 iyl A5G S (550 AL e Jla ) b i Jad i ' s
ol ds cnl b 52 deay e 40 Ll 5 il oyl g0 a5 4S 250 (5 snianiss N\ g — =7
G sSae 48 2y (e b ol o8 ) (e i e DA el () L2y e S ~ | T
2 ) sl 4l 4S 30l e Cafle QLG ) ey Ale Ll 4 jade la Bl () g gad e W
- - R o
Snn Soid Jhay ey do ) e 5048 () saian QLG anly (LS (e 431 ) aay | o 5Tk
" Ak &\)’.’\5\ d)i,p L;L@.Ag\lud Cal ke i




OJj%j&u&ﬁb‘)#oMJ{u




Crila Jas g3 iYL GlewilS g8 (o) 0 KIS ) salainl sl
63ha 30 422

o UG (sl ) se) D) sa 4 5503 G5 38 ealdind Sl ladad I () 58 (el W (slemslS 8 5o
L YL il a L oxia i il lind 5 5o o) d K S5 Cuaila (583 53 SIS oyl (ppas (sl €
4 (oS 50 len Kia adanl 5 4p Cullad () Wb oy 05 SIS da iy Dl s ol Ol
Jomie CadiaT 5 o ool b S0 pal 40 5 a5 aidlas () 5 5iBe Ul 50 g S0 5 Ll 281 als

O Joalas 48 2 alas) L adlS iyl )0 K A o 9 ol S0 im0 (a3l 5 2 50) 5 500
Zsal 2psa 3 R S ) Sl 4 Kia ) 2 MIT Jas g 48 Gl (sala 28 (LS Ae sana
3o (Sl YU Lo ) 55 L sl s 5350 e yiasd 3 5 FAE 4 je 5 YU LeilS 8 (53
GBI adaul g 43 |y i el 200 CuilS a0l L2 S anl jd Bla ) ey | Guidla o) 4y pandiay

3 b S0 ) e s cialu | DTL SIS 52 S il | Kia ) saile al e ool ) palia
OIS Sl (samy (sl IS 3 Ll L2 S ealdid SLAC MARK | (cime (3l s2ia i culg) )3 s 55 a88
|y Capa ) Cpnaila 4lidad 3 Lab 05 58] 585 (3 g 0 55 (ol 4S 20 438 Cpuaila 4y ) 5l1 2 saliiad




Drift Length:

Needed for the best
bunching after the

pre-buncher

Power from
RF source :
2 MW WR-284
J/ / waveguide
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Electric field for Acceleration

Lorentz Force ﬁ — q(@+ )
/ \

There is no force along
the direction of velocity.

The electric field component,
parallel to velocity can change
the particle energy.

Magnetic field can not
Electric field is used for change the particle energy.

accelerating/deflecting/... .

Magnetic field is used for
bending/focusing/chromatic
ity correction/... .




Radio Frequency Electromagnetic wave for
acceleration

SLAC virtual visit site

(toward the
right) + Behind the Bunch ey amount of energy boost
On time
Ahead
Positive Particles Position
Electric O -~
Field
MNegative Particles

(toward Sefind
the left) -

For ultra relativistic electrons, on time
particles should be on crest (-90 degree) for
maximum energy gain but for minimum
energy spread it is better to resonance
around the crest within the bunch.

For non-ultra relativistic electrons
choosing the correct side(-90-0
degree) needs for bunching.
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Dispersion diagram for uniform cross
‘section waveguide

Classical
Electrodynamics, | 250 . : : : : :
J. D. Jackson

N

200

150

=wl/c' (1/m)

o 100

k

50

r r r r r r

0
-200 -150 -100 -50 0 50 100 150 200

Eigenvalues of the waveguide calculated by
Maxwell equations and boundary conditions.

1- Phase velocity > ¢ and group velocity < ¢ (In vacuum)
2- There is lower limit for frequency (Cutoff frequency)

3- There is no upper limit for frequency
4- The axis values in graph are for internal radius = 3.9252 cm for cylindrical cavity in TM,;, mode
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Rectangular and Circular Waveguide

E; (TM)

. | "
H, (TE:}}E Yix, y)et® = gry(r, @leti*s = i

E. (TM)
H. (TE)

(1 = 0 on the wall (TM)

=0 onthewall (TE)

L

Mty nwy
Prn () = Hocos (—)cos ()

i .m?  n?
Fm:*! (ﬂ.‘ b‘:}

Circular waveguide for TM(mn) mode

a Boundary conditions for high conductivity materials

Rectangular waveguide for TE(mn) mode

}= iFErﬂ?JF: =pew® —k* =V +yHY=0

L1

L

1 2 3
rwmn(ﬂ "rp:}l = El}.fm(]"rmnT}Eiimm m
X
Yonm = f , X IS Ty, TOOE OF J(%)=0 0 2.40483 | 5.52008 | 8.65373
(E. = EoJ(yoir)etike 1 3.83171 7.01559 | 10.17347
=7 ”{“;ﬁ YoaTJe= 2 5.13562 8.41724 | 11.61984
E.=+ EEﬂfifFuiT}EiikE
+1 1 ik P Fields in TM,; mode
H —__E' :__l_E' 1: } iiika':_- EEE‘ 1: } Tiks . .
o= Er Zy of1l¥oarle b Eolilyorle for Circular Waveguide
01
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Rectangular and Circular Waveguide - I
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Medical electron accelerators, C. J. Karzmark, McGraw Hill, Inc. 1993. p. 72.
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Periodic structure — A kind of slow-wave
structure

1- Phase velocity could be < ¢ and group

velocity in our case is around 0.01c (In : jl‘i

vacuum) :

2- There is lower limit for frequency (Cutoff |

frequency) | d
|

o
A
v

3- There is upper limit for frequency
4- The axis values in graph are for b = 3.9252
cm for cylindrical cavity in TM01 mode and aI

d=2.5 cm,nd=0.5 cm and a=1 cm.

63.4r ‘ ‘ 3019.7 MHz 250

63.2
kO=-k ko=k 200

150 -

=w/c' (1/m)

o 100

k

.2 MHz

50

2974.1 MHz

-4 -3 -2 -1 0 1 2 3 4 -200 -150 -100 -50 0 50 100 150 200

kd k. (1/m)

For TM11 mode : 4757.7 - 4792.7 MHz 25




Analytical method

1 ]1@‘?@]: 1 J; (ka)Ng(kb) — N, (ka)], (kb)
kiaJo(k.a) (1 —n)ka],(ka)Ny(kb) — N, (ka)],(kb)
k2T 2T 2T p2 e o2

ATF Ay Bwho T :

Direct using of Maxwell equations and boundary
conditions by d<<A,assumption.

v 3
2 E,> x4,C XBH ‘ szd
T = 1+-gad——=—> |1+
TN U Ty T R -
Xg, & 2.4048 (Firstroot of ], function)

In this method, the system is assumed as a serial
cavities in TM,,, mode that each of them are
perturbed by two holes on both sides on the
symmetrical axis. In this method, these two holes can
be replaced by two electric dipoles which el electric
dipole moment is 2ea3E,/3.

E. L. Chu Method

J. Gao Method

Method b

By Superfish code 39.252 mm
E . L. Chu method 39.255 mm
J. Gao method 39.240 mm
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Superfish SW simulation

sssss plion F = 2997.9245 MHz
| | !

A

Old design * New design
a (Hole radius) 0.994+0.001cm 1+0.001 cm
b (Internal radius) 3.933+0.001 cm 3.9254+0.001 cm
d (Disk space) 2.47+0.001 cm 2.5+0.001 cm
nd (Disk thickness) 0.584+0.001 cm 0.5+0.001 cm
n 0.236 0.200
Bw (Phase velocity/c) 0.988 1.000
f (Resonant frequency) 2997.67 MHz 2997.92 MHz
Q (Quality Factor) 10489.5 10908.9
r/Q 242.29 Ohm 254.55 Ohm
T (Transit Time Factor) 0.858 0.855
W (Stored energy) 0.001574 ) 0.001526J

e S BEINBT et i K 4G UG ¢ Rl Sl oSl JER A SK cala 5 oAl

L3
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o.\..:b..\.:\;'.& éf‘j\f&\-@-s d}l-w L5>‘JL

Disk thickness (nd) 5mm
Cell Inner Diameter (2b) 78.5mm
Cell length (d) 25mm
Working Frequency 2997.9 MHz
Phase/Group velocity 1.0¢/0.011c
Main Harmonic axial Electric Field 7.4 MV/m @ 2 MW input power
1 1
. |
I 1
1 d 1
<>
nd
b

C

28
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Electric Field analysis - Harmonics

n=+co

EZ,TW(TJ‘Z:J = Z ﬂnfﬂ{:kmrjgi{kznZ—wﬂ

Electreomagnetic field data from file CELL4-A=1CM-ETAD=0.5CM.AF
Problem title line 1: No description

CELL4-5.TBL #-28-2000  14:34:18
T T T

n=-—oo
{ ey R
Eosw(0,2) = ™ ) 20,005 (kzn2) AR
n=—aoo P
| kend = 7+ 2mn, k.,° =k?—k,.°
- Main Harmonic:
Harmonics MV/m Ph locity = d
Coefficient ) ase Ye OcCity = Can
a, 085514 — | just this component
a 0.2062 \ | | contributes in
a -0.0148 acceleration .
a, -0.0124 \
a, 0.00017

Phase velocity = -c/3 then it doesn’t contributes in
acceleration but contributes in power transmission.

+2

Electromagnetic Theory for
Microwaves and Optoelectronic,
Kegian Zheng, Dejie Li, chap. 7

-3

-7

=N

0 n 2n

(a) Forward fundamental system
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Group velocity as the energy transmission
velocity - I*

{u

P(z) = P(0)e 22=,E(z) = E(0)e *%,a = 200 Q=w x stored energy/ Loss power from surface.
P=W'n, 7 W’ is the energy stored in unit length.
1w Py 1w
_ Prw 3 Iy Erxw (r, 00 H g 14y (r, 0) 2rdr 13 Jg Ersw(r d)Hg sy (r,0)2mrdr For kd=rt/2
7= W'y B Wrw /(L = 4d) B Wr% 2 Wow /(L = 4d)
Or
_ Prw %f; Er,l"W(TJ %) Herw (T, %}Emﬂr _ Pow/2 %f; Ersw|T) Ez_d) He 5w (T, %}Emﬂr
W TW B Wrw /(L = 4d) B W' g /2 B Wow /(L = 4d)
E,(d),H,4(0) E(3d/2),H,(d/2)
Peyy (W) 105990 52924
W'g, () 0.015259 0.015259
Py (W) 26497.5 (=P,/4) 26462 (=P,/2)
W'oy= W'y /2 (1) 0.0076295 0.0076295
V= P/ W'y (M/5s) 3473032 3468379
Vg/c 0.01158 0.01157
p-al a(1/m) 0.2486 0.2489
Field attenuation after 60cm 0.8614 0.8613
Vo1 _aL+ | Field attenuation after 120cm 0.7421 0.7418
— = (1—e)
Vo al V/V,( After 60cm) 0.929 0.929
V/V,(After 120cm) 0.865 0.864
P/P,(After 60cm) 0.7421 0.7418
o A e O o aveling Wave-Peraiebtrrcture Profrerties SLAC-SI 2395 Marchi 979 "




Group velocity as dw/dk - I

Mode kd k (1/m) f(MHz) w=27f (Hz) .

0 0 0 2975.42461 1.8695E+10 By finding the resonant
1/4* 0.785398 | 31.4159 2982.09679 1.8737E+10 frequency for each mode in the
2/4*n | 1570795 | 62.8318 2997.92451 1.8836E+10 superfish model we can
3/4*n | 2.356193 | 94.2477 3013.36455 1.8934E+10 _

T 314159 | 125.6636 3019.64903 1.8973E+10 calculate the group velocity.

19000 -

18950 -

L

= 18900 -

’ul? 18850 -

é 18800 - \

; 18750 At kd =m/2 : v,/c=0.0114

18700
18650

0.00

50.00

100.00

k (1/m)

150.00
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Accelerating Tube after construction
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Group Velocity Measurement

Mode kd k (1/m) f(MHz) w=27f (Hz)
3/7*n 1.3464 53.856 2993.1 1.8806E+10
4/7*n 1.7952 71.808 3001.6 1.8860E+10
11/24*xn 1.4399 57.596 2995.95 1.8824E+10
12/24*n 1.5708 62.832 2998.72 1.8841E+10

Y o 129 L 0.0099 = 0.99%
c ¢ Ak ' -
7

£ 0011 - 11%

Group
velocity

J . Gao method

Field analysis method

Resonant frequency method

Measurement - |

Measurement - Il

0.0134c
0.0116c¢
0.0114c
0.0099c
0.011c

Good Achievement
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Frequency Quality factor measurement

[ E5071C Network Analyzer =)
kit

race 2 Response

[1 Start 2,996 GHz

Qs

3 Stimulus

4 MkrjAnalysis 5 Inskr State

IFBWY 70 kHz

IMarker

Marker 1

4 Marker 2

Marker 4

More Markers |

In this measurement we
have a weak coupling
(B<<1) then Q, =Q=
11100+£500 = 109089. It
means that structure is
close to nominal case.

Ref Marker

Clear Marker
IMenu

Good Achievement

Iarker -=
Ref Marker

Ref Marker Mode

OFF

Return

Stop 3.0005 GHz [l

2011-11-22

B ~ (2998.72 MHz
~ Af (for 3db) 2998.85 — 299858

fo

~ 11100

This frequency is 0.8 MHz
more than nominal case
(2997.92 MHz) but the
nominal case is for vacuum
and 25° C. This
measurement is done at air
and around 15° C.




.

.

Energy gain reduction because of
machining errors

SLAC Mark Il paper

2

-

V. _ N +2+ 2 ]—ISQDSXIO“H
v o2 sN esv—1| ~7
A
5=f—5=0.248’?(
4 m
2

2+

SN
— 5(< kd >?) = ( v—il) (gi 5qi)2 -

=386.5 (1/m?)

E:*a a
dky ko, 2D

a b b

b b
ok, D
dd

dk,

d
D

—==-721

V-1

—1674(1/m?)

()

d(1—mn)

aE

o(nd)
Xgp 2

1
—1593( 2)
m

D=

b 312 (x0)d(1—7

5™ 1.5655(1/m)

0.975
24 % ——— =117
1.63%
0.950
48— —-728 = ;3.1?%
2 4.64%

0.926
72X — = 33.336

1 0.1m
—) xT =6.22x1073

— UQ?S:} 0. 950:}0926

| Ez(akﬂg )2
2 c v, kg dq; Qi

ELE

6

c 04,
= [2m——
vy Ao

Energy gain reduction
because of random errors
come from machining
limitation accuracy for
6q=10um accuracy.

Energy gain reduction
because of systematic
error comes from coupling
between cells because
they use the same tube

c &bk,

", ko Ob

=[2

LE
_ 0
. 12.5%

By changing the phase entrance this value will be
reduced to about 3% then the total reduction is
about 3%+4.6%=8% . By tuning we can avoid this
(See last slide).

35




Buncher

£=Z/ 7\0

disk hole radius(a) is equal to 10.00 mm.

. e e fo? _ o Eqedq
1 e ‘ 5. f(k,.a) = constant; a = e
° _ 2 B
m% . : kf(k"’a} - (k,a)? [Jrl (k,a) — Jo(k.a)], (k,,,a}]
. After choosing phase velocity inside the
. buncher, the accelerating field (without
0 0 . ) ; loss)is calculated using this equation. The

Inside the buncher, phase velocity
increases smoothly to reach to the
velocity of light.

S

2m X 299792 MHz
2% 0.01158 X 2997.92x 10°> x 10908.9

> 6 -
E(z) = Ey(2)e~2 ——=Z E(L) = 0.59E,(L) 2
$%=0.592=0.35=>Pf=?00kw R
|
2y,Q 4

1
= 0.2487 (—
)

Without power loss

T~

With power loss \

10 is 2
¢=z/\0
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Beam Dynamics study

100

50

Look at slide 4

End of the 3™ Tube
@ o : . .
g 5 10 15 20
g
(=] End of the 15t Tube
9 50
End of the 2" Tube
-100
End of the Buncher
-150
£=Z/)\O
dA 1 1 Z ] . L. .
@ 21:(— _,8_); { = = -97.2447.54 deg (final distribution) = 4.2 mm bunch length
w =] i)
dy 1 Capturing: -142 ... 102 : 244 deg (68%)
d_-f =—asin(A) ; y =

(1- B2y

Continues beam is entered: No pre-buncher is assumed:7




Beam Dynamics study - I

Kinetic Energy (MeV)

12

[EEN
o

0o

End of the 3" Tube

End of the 2" Tube

End of the 15t Tube

End of the Buncher

0 5 10 15 20

E:z/ }\o

Final Kinetic Energy: 11.04+0.26 MeV or 2.3% Energy Spread
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op

®180

Final Design

508
233
208.5
184.5
~161.5
139.5
118.5
98
78.5
60
10
e
e ~ g
7 e
// e
-~ g
- ~ o - ] 1 1 Py
s PP P PP
- 2l 3] 2] 2|3 3]|=]|5]|2]|2[=]
ﬁ w ow w E o w (#3] (o3} [=3] [#2] L= | [ ]
- M~ M~ ~ S ~ ~ [ I S I S O N O | =)
© s|l|le|le >l lel|llel|lslle|lel|le|s|le
ST S e e s 4
7 /// - —~ - - - e - -
e e p A
/// // // ///// // - =T L i
//// /J:_
e A
//
12.5
) 228 26 5 )
40 = . -
Section view A-A

Scale: 1:2

42.5

—_
—
ry dy pgi -
\Tz A
b, a, b, a,
|
a,=10mm
nd:=5mm
d;=B,,x25 mm

b, is calculated using E. L. Chu

equation (See slide 9). These values

is corrected finally by Superfish code.
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Buncher after construction without disks

y
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Buncher after construction
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Magnetic field needed for focusing

B = 577 Causs X '{Ivl—ﬁz SLAC Mark Il paper
p

800 This field is produced by coils around
\ the buncher.
600
3400 \
- 500 \ After the buncher, the electrons velocity
\ Reach to the velocity of light then the
0 , , , , electric field and magnetic field inside
0 0.5 1 1.5 2 2> |1 the bunch cancel each other and no
&=2/A0 magnetic field is needed for focusing.
If the input power reaches to 8 MW, the
magnetic field is needed is 1.4 times more.
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Water cooling

(b e 8T — pFe.6T = F — ——Fav _ p (€M) _ ) oag (Kom®) | P
av = MEOL = PG = pc, 8T s |7 Ji 5T

4 Py =P, X T, X foop = 2 MW X6 X 10755 X 50 Hz = 600W
For 6T = 1°C: F ~ 143 CM°/,

Y

For 2 MW peak power and the pulse length (t,) equal to 6 us and 50 Hz repetition
rate, the average power is equal to 600 W. Then by these equations 143 cc/s water
flow is needed to keep temperature less than 1 degree (6T=1° C) more than the
nominal temperature.

If you remember, from slide 18, 700 KW power, leaves the structure from output
coupler then just 1.3 MW power is absorbed by structure then about 93 cc/s water
flow is enough. For higher input power, for example 8MW, we need 4 times more
water flow (about 370 cc/s).

f=fo(1—@,6T) = 6f = —fo0,6T = —2997.92 X 10° X 1.66 X 1075 X &T
KHz
~ 50 ( K ) oT = o ~ 100 KHiztoroT = 2°C Frequency change because

of temperature changing
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Couplers

We should find optimum R. and L,
to reach to the minimum reflection
from input coupler and to have
pure traveling wave inside the
structure as much as possible for
our working frequency (2997.92
MHz).

R, is equal to 7.5 mm/10
mm and L. is equal to 9
mm/20 mm for the
input/output coupler. The
nose cone that is shown
on the left is just for the
input coupler to avoid the
SW fields for the first half
of the coupler cell.
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First Method for Cavity Tunmg

]
—

T
['[:(.T::i. S8 | | i | | | | | '
l -

Z. 1:n @ Ly Cp by C

T VWA BE
% ECoupler l:_'i

Z. 1:n @ L; C; by e L C

®) T e
| l I T ﬁ " S | Couple L 11
e owWer % T ; N pm
l C27 0 ECZ C /2 (
) () b e
P2 _ P1
0, = [o,o, A ) ) @, tan ( 2 ) In this method the coupler and the first joined cell is
w, tan 72)— w5 tan (%) detuned afterward by an external conductor object
?, ®, , , and the reflection angles are measured for two
X g = 1 tan (T)ta“ (T) (f —@3) | different frequencies near our working frequency
%mzsiniﬂoj w, tan (72) — w, tan (%) (2997.92 MHz). By using these equations, the
z resonant frequency of coupler cell (w.) and the
we, = v 1— Ems (8,) | : dispersion equation coupling coefficient (B) between the coupler cell and
\ 2 the waveguide are calculated.

¢, , is equal to the difference between reflection
angles for the first joined detuned and the coupler
cell detuned cases for each chosen frequency.

“A Quantitative Method of Coupler Cavity
Tuning and Simulation”, S. Zheng, Y. Cui, H.

Chen, L. Xiao , PAC 2001 45




Second Method for Cavity Tuning

D. Alesini et al., “Design of couplers for traveling wave RF structures using 3D electromagnetic codes in the
frequency domain”, Nucl. Instrum. Methods A, June 2007, 580 (2007), p. 1176-1183.

ri) r(2)
rs(o) 1 & i
<3 bd
N (N r | o
- 'lv ~ L l,f‘
A | o = r/] i A
L ! | rl T e | | “ A = \‘ ) ,I‘ \ A
“ ; ~CJ\ 'g | -4 ! ' (" \ ,:\’l p (| .L ._J(\ ‘IT' \ \\\ {‘/
\ Y A\ B~ \ O = \ VNN
L\ RN W\ VN
-*»1! \\'% | {‘\| L

In this method, the difference between reflection angles is
measured when a conductor plate is placed at the middle of
the different joined cells. The coupler is matched when the
reflection angles difference for the working frequency is
180° (2 x 90°) for moving the plate by one cell.
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Third Method for Cavity Tuning

SO H H H — H H H H
= 1 N I <A > H H H A<
> H H H H H
2 N1 N1 O 1 i <

In this method, three above models with similar cells run
simultaneously for each dimension and the maximum S11
in each run is considering as the S11. The best dimension
is for the minimum S11.
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Tuning result

Coupler/Method Rc L,
Input/1 wrong 34.73 mm 28.4 mm
Input /2 (89.1°,87.2°) wrong 34.81 mm 28.5 mm
Input / Final wrong 34.81 mm 28.3 mm
Input 3 34.26 mm 33.2 mm
Output / 1 38.59 mm 26.55 mm
Output / 2 (89.4°,81.6°) 38.575 mm 26.55 mm
Output / Final 38.61 mm 26.4 mm
Output 3 38.56 mm 26.6 mm

Third method just works for the input coupler




Input Coupler Simulation
wrong

Ansoft LLC XY Plot 2 HFSSDesign1 &
= ——— Curve Info
-10.00 — ———— — dB(S(1,1))
-} e Setup1 : Sweep1
1] ‘”‘-——_____‘__E_ 1 SRc=34.63mm’
] Tl s — dB(S(1,1))
dil S o el Setup1 : Sweep1
— P e SRc="34.8mm’
-20.00 — - o 4.8mm’
- \\ /_v—
‘\\ e
) \\ //
— N
% 7
— 7
=-30.00 — N -
:- 1 \\ //
@ ) [
] ) \ /
i | /
-40.00 — 5', f
)| \ f
il ! l/'
il \,I /
-50.00 — |
1 | ll'
| I|I|I
'5835 — T T T T T T T T T T T T T T T T T T T T
29950 29960 2 9470 29980 2 9890 3.0000 3.0009
“req [GHz]
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Input Coupler Simulation

XY Plot 2 HFSSDesign1 & _
o = urve Info
n —\\ // < dB(IS('1.1))
\\\ / Setup1 : Sweep
_ N /
_ \ /
=} e {
10.00 — \\ ;/
] /
: \‘\ — fﬂ
\ T T
— \ /‘/ \\
_ \\ // \\
20.00 — \ \
i \ / \
i \ [ \ !
VTR /1

_ 7 ~

2 ] i /// \\ /,-’/

gfao.oo = \ // X //

a B / \ /
i \ rf : f

-60.00 T T T T T T T T | T T T T | T T T T
2950 2.9'75 3.000 3.025 3.050
Freq [GHz]
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Output Coupler Simulation

Ansoft LLC XY Plot 3 HFSSDesign1 &
-10.00 —_ Curve Info
_ — dB(S(1,1))
_——’\\ Setup1 : Sweep1
n S o
-15.00 — - e
] \.\_\\ /,_/
= g ///
-20.00 — \\ 7
. ] \\ /
£-25.00 —
. \\ //
3 T \
A 1 /
-30.00 — a7 = //
] i g
i \ / \ /
\ ll'r
i Z ’
-35.00 5 \\ \. /.'
— N
il \ /
_ \/
-40.00 —
'4302 | I T I T T T I T T I T T I T
2990 2.992 2994 2.996 2998 3.000 3.002
=req [GHz]
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E (MV/m)
O R N W H UT OO N 0 O

S11

AU Gl g Sl dd o poly (b

Electric field amplitude
Phase Advance Between Middle

Disks

91.5

91

90.5

90

89.5

100 200 300 400 500 89

z(mm) 0 5 10 15 20
S11
0
2.97 2.99 3.0 3.03
-10
-20
-30
-40
-50
Frequency (GHz)

0 100 200 (mm)
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Coupler Design

<l

(@]
[&]
_ i N T z
[ / _Anv 2
W [ > =
= v\.= _ HA-—-— ' @ c
05 - == @ 2
=S _ < o®
- [ ]
H ww

34.04
- ;0
15
Q:b

B

1:3

Section view E-E

93.25
Scale:

1 v0've

72.14
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Coupler after Construction

“13 ‘L 3 T
s | m— . —4 & | .
B = —
TR -~ g
i &R . ’
‘ & : ‘o - p - -_—
;.'; \
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Couplers attached to the Buncher and Tube




Tuning

Deforming Deforming . 1
depth hole f? =ﬁ;.2[1 +EJ‘@0H2_EGE2]dv]
diameter

-

f(#uhlz —£0E?) dV = £0Ey "], " (%01)8V

Slater’s equation

5f 16V
= — = — —

fo 2V

- V
U =58 (o)1 —mdb*&oEo” = &0 o], (o1)

This equation shows how resonant frequency of a cavity
changes if we have a small stored energy perturbation. We
can assume for small deformation on the outer wall the stored
energy is decreased equal to energy stored in this volume
before perturbation. 8V is the volume of deforming.

avoided.

This method, deforming, can be used for tuning the phase
advance of each cell then the energy gain reduction can be

For deforming, one or more holes are drilled around each cell to
reach close to inner surface of cell (about 2 mm). If we have 4
holes for each cell with 12 mm diameter, it just need a 1 mm
deforming depth for 3 MHz frequency tuning.
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Thanks for your attention



