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Genesis

« ELIC
— 24 MV for protons
— 1.2 MV for electrons (KEK is 1.4 MV)

11 GeV separator

« Generation of subpicosecond light pulses

RF deflecting cavity
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Existing Solutions

. TM110 cavity (& la KEK) 509 MHz
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Existing Solutions

« CEBAF Deflecting cavity, 499 MHz
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Parallel-Bar Cavity

« Basic cell is made of 2 TEM resonant lines, of length
A2 , operating in opposite phase
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Electromagnetic Fields

FIG. 2: (Color) Electric field in the mid-plane of the parallel- FIG. 4: (Color) Electric field in the mid-plane of the parallel-
bar structure operating in the m-mode. bar structure operating in the G-mode.

FIG. 3: (Color) Magnetic field in the top plate of the parallel- FIG. 5: (Coleor) Mag}letif: field in the top plate of the parallel-
bar structure operating in the m-mode. bar structure operating in the G-mode.
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TEM Modes

« If no beam aperture, no rounded corners

 Translational Invariance
— No z component

e Multiply connected

2Tz
E,(2,y,2.1) = Et(x,g;)cos( : )Cos(wt), (A1)
f ’, 27z
By ot) = 5x £t&:y) sin( | )Sin(m‘lA.Q)
0
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Analytical Model

D f\ . 2 circular cylinders between 2
N \J infinite planes
: 2k Pure TEM mode
5 Electrostatic problem of 2
Infinitely long, parallel cylinders

ft(;lf.;@;,z,f) - F i,y cna( me ) cos(wt), (A.1)
ﬁt(;r.y,:-_:,t) = Z X ff(l ) sin (2\:) sin(wt|A.2)
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Analytical Model

 If side wall are sufficiently
far from the parallel bars,
the electromagnetic
properties can be obtained
analytically

« Since the electromagnetic
mode is TEM, it is an
electrostatic problem

 If the cross section of the
bars is circular, they can be
modeled by 2 parallel,
Infinitely long, uniformly
charged lines
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Jefferon Lab

Potential and Fields

Assuming two infinitely long lines, parallel to the z
axis, and crossing the (x,y) plane at x = £a,y = 0, and
carrying uniform linear charge per unit length +£¢g, the
potential is given by

2
’
Viz,y) = In| -+ ), A3
(@, y) dmeq -ri | { )
with
r? = (x — a}g + y?, (A.4)
-ri = (xz+ a}g + 2. (A.5)
and the electric field is
| oV aq [22 —a® — ¢? o
E‘L‘(I‘!y} - = ) - T a9 g ' {*AL[J)
o Tep | r— i"‘_l_
| oV 2aq [ xvy o
E,(z,y) = —— = — — | . A7
y(29) dy TEQ _-r‘:"_-ri { )
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Equipotentials

The equipotential surfaces are given by

r2  (z—a)®+¢? 2u
pr— = £ .
r2 (z4a)?+y? |
where
2meq Vo
= —:.
q
This implies
. 2
(z + acothu)? + y° = —) :
sinh p

Thus two infinite parallel cylinders, at potentials 4V}, of
radius R and axis separation 24, can be modelled by two
infinite parallel lines, separated by 2a = 2/ A2 — R? and
of uniform linear charge +27egVy/ cosh™ (A/R).
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Capacitance and Inductance

. Capacitance per unit length c=_—"F0
(U"':h. (%
 Inductance per unit length L = “f“mlrl (%)
. _ Zo 1 (A
+ Transmission line impedance Z = ——cosh = | 5
@ &
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Energy Content

* Energy content
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« Power dissipation in the bars £ = 2 x -

L osses In Bars

£, H?dS

bar

cos? (‘ ) d/.,/ H? di

s | e o

:Rq/

Jefferon Lab

@ @
NI = / H?dl,
R 2 __
/ H? dl = ZQ E2 dl ,
B2(C) VG  a?-—1 1
~/ R2 -. (o + cos )2’
[C'D:‘:h a” + cos @)
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L osses In Planes

R

* Power dissipation in the planes  p — 2« / H2dS
2 Jipy-2p)

| , p 5
A U=t | g2qv = K2 / H2ds
o v 2>/, 2 4 J(py_a(D)

f

/ 172 49 — 8U 4w L"}]Q
{P}—2{D} o ALLo B 23 C(Jfﬂh_l(ﬂ')

R V7 1
72 cosh™a)

P, =A4n

« Total power dissipation

CRVE 1 [ A a

P = _
V£ C(Ilfﬁh_l(ﬂ:) 2R cosh_l{a-} Va2
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Transverse Voltage and Gradient

« Transverse voltage and gradient

k=oc i
— B . v _aqg 1
E.(y)= Y (-1)*E.(0,y+k)\/2) E:0.9) =
k=—oc )

A4
Vi = / dy E .(y) coswt

| r ) 27y
A = Z/ dy(—=1)"E. 0,y + T) COS ( \ )
@ O 4 :
R o
= / du FE.(0,u) ums( 111,)
R R . A
aq / >~ du 2mu q 2ra
— ———— COS = —exp |—
EI meo J_o a2 + u? AT €0 . A
2m R | |
= Vi exp | 27—V a2 —1] . A.29
Ucos_a'h_l{ma : [ A ] ( )
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Surface Fields
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Energy Content and Geometrical Factor
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R/Q and Shunt Impedance
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Microwave Studio and Model
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Microwave Studio and Model
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Omega3P and Model

Analytical

Parameter OmegaldP Model Unit
Frequency of m-mode 400 400 MHz
A/2 of m-mode 374.7 374.7 min
Frequency of O-mmode 414.4 400 MHz
Cavity length 374.7 o0 min
Cavity width 500 o0 min
Bars length 381.9 374.7 min
Bars diameter (21) 100 100 min
Bars axes separation (2A4) 200 200 min
Aperture diameter 100 0 1111
Deflecting voltage V;* 0.375 0.375 MV
Peak electric field E,* 4.09 4.28 MV /m
Peak magnetic field B,” 13.31 14.24 m'T
Energy content U™ 0.215 0.209 J
Geometrical factor G = QR 96.0 112 ()
R:/Q 260 268 ()
R: R 25000 31100 O*

*at Ey=1 MV /m
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Multicell
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Other Cross-section
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Parallel Bar vs. TM110

Parameter Unit
Frequency of m-mode 400 405.5 MHz
A/2 of m-mode 374.7 367.8 min
Frequency of O-mode 414.4 427.9 MHz
Cavity length 374.7 374.7 min
Cavity width 500 500 min
Bars length 381.9 382.2 min
Bars thickness (2R) 100 100 min
Bars width 100 200 1min
Bars axes separation (2A) 200 200 min
Aperture diameter 100 100 min
Deflecting voltage V3™ 0.375 0.375 MV
Peak electric field E,” 4.09 290 |MV/m
Peak magnetic field B,” 13.31 8.84 m'T
Energy content U™* 0.215 0.163 J
Geometrical factor G = QRs|  96.0 92.6 Q2
R:/Q 260 336 ()
Rt R 25000 | 31100 Q°

*at By=1 MV/m
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Other Possible Improvements

 Variable cross-section

 Curved resonant lines
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Some Numbers (Superconducting)

B, /E =88 mT/(MV/m)
Should be able to achieve 80 mT = E, = 9.1 MV/m
E, =(9.1)(2.9) = 26.4MV/m

At 500 MV/m, A/2=30cm = 2.73 MV

At 11 GeV, 5a:£ = 248 urad
11000

5 _ V? n _ (2.73)°10%
° G R/Q ° (92.6)(336)
P, =VI =(2.73-:10°)(400-107°) =1.1 kW

15-10° =36 W

CEBAF deflecting cavity produces 42 urad at 1 kW
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Next

Optimize bar geometry
Multicell

Higher order modes
Coupling

— Fundamental

— HOM

- Thomas Jefferson National Accelerator Facilit
Jjeffergun Lab y

@ &



