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The parallel-bar structure is a new superconducting geometry whose Peak surface electric and magnetic field values for the four structures Race track _
: . Parameter CEBAF units
features and properties may have significant advantages over : . _ structure
conventional superconducting deflecting and crabbing cavities for a Design Ep/ By 215 Freq. of m mode 499 499 MHz
number of applications. Jefferson Lab is in need for a 499 MHz, 11 structure (MV/m) (MT) M2 of T mode 300.4 300.4 mm
GeV rf separator as part of its 12 GeV upgrade program. We report Circular shaped 3.45 8.86 Freq. of 0 mode 521.9 ~537 MHz
on design optimization studies performed to-date for this and other Triangular shaped 2.47 6.60 Cavity length 420.4 ~300 mm
applications. Half circular shaped 2.30 6.15 Cavity width 320 292 mm
Race track shaped 2.28 5.94 Bars height 305.5 20 mm

Bars width /0 20 mm
INTRODUCTION AU S LI Bars length 295 135 mm
40 15

Aperture diameter mm
The parallel-bar structure [1,2] is designed for both deflecting and crabbing of particle Surface electric field between the bars (left) and surface magnetic field on the top Deflecting voltage (V;*) 0.3 0.3 MV
bunches. It consists of two cylindrical parallel bars of A/2 length, perpendicular to the surface (right) Peak electric field (E,*) 19 339 MV/m
P . .

beam line passing through the bars. The parallel bars operate in TEM mode, generating

S e y - n Peak magnetic field (Hp*) 4.9 8.87 mT
. Accelerating mode (0 mode) — parallel bars operate in phase with a voltage of the 1 b Energy content (U*) 0.028 0.0012 J
same sign Circular shaped O{D Geometrical factor 69.4 34.9 Q
« Deflecting mode (m mode) — parallel bars oscillate in opposite phase with a voltage of b | - F [R/IQ]; 1045.3 24921 Q
opposite sign, producing a transverse voltage. N - V4 At E;* =1 MV/m
[
Deflecting Moo.le.— Operates with the lowest fre_quency. Th_e voltage is maximum betwee_n A ;/./ : ‘A « Comparison of properties with the existing normal conducting rf separator cavity
t_he bgrs contglnlng the_ beam aperturfa gene_ratlng the maximum deflection. The magnetic 1 | _ ' . Low surface fields were achieved for a higher deflection with high [R/Q];
leld '.S z_ero |_n the mid plane, and is maximum c_)n the .top and _bottom surfaces._ The | = | Vel elre@es <I> « A mode separation of 20 MHz is achieved between the deflecting mode and the
electric field is zero on those surfaces and maximum in the mid plane; producing a E | i | L. | i fundamental mode
deflection along the beam aperture only due to the electric field. - N - 1/7
=
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. (D Crabbing cavity structures
Half circular shaped
| B NS a In considering other applications two crabbing cavity structures of frequencies 400 MHz
- kp__i___xj and 800 MHz for possible use in an LHC upgrade were analyzed.
™
Race track shaped m
)
PA RAM ETERS FOR DES|GN OPT| M |ZAT| ¢ Peak surface field dependence on beam aperture radius
295 - 938
M_ain objective — To obtain _the maximum de_flecting vqltage betwgen th.e parallel bgrs, o d . | | | |
with lowest peak surface fields. The effective deflecting length in which the particle ' 400 MHz crabbing cavity 800 MHz crabbing cavity
passes through is also equally essential in supplying a higher deflection to the particle Y ’E‘Mc
bunch. 2.8 E
In a deflecting cavity structure the center of the bunch receives the deflection and in a 275 - 59.2 Surface electric field (left) and magnetic field (right) of 400 MHz crabbing cavity
crabbing structure the head and tail of the beam bunch receive deflections in opposite & 57 ¢ E‘é ?
direction. “?2.55 " 8381
Transverse voltage (V;) seen by a particle on crest, y _‘Ei 86 - . p/
™ 4 o0
v 7 E.(z) — Transverse component of the 233 rry
Vv, = I E, z COS[ ] dz longitudinal electric field 25 - El
- ¢ @ — Frequency of the structure 2t ' ' ' ' ' : ' ' ' * '
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The effective length of the structure along the beam line for a particle travelling in velocity Beam aperture radius (mm) Beam aperture radius (mm)
of light is A/2.
Transverse electric field Transverse shunt impedance
Y . Peak surface field dependence on parallel-bar width and length
E, - Ve
TA2 R P = Bar length (mm) ol Bar length (mm)
3.1 - #1250 m1500 41750 0 ¢125.0 ®150.0 4175.0
Geometrical factor Transverse [R/Q] 3 -
, 29 - E 95
G = QR [E] = \,/T ::?M . g o
Ql, U ~ 27 1 E
by o) = /-r"—“/
L — Wave length P — Power loss through walls 2.5 1 " ;ﬁ- 8 x
Q - Quality factor Rs — Surface Resistance 24 - /_\ N \_r//-\
23 1 | Results of crabbing cavity structures
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PARALLEL-BAR STRUCTURE DESIGNS s s — woMHz | B0MAz |
cavity cavity
Freq. of m mode 400 800 MHz
_ _ _ _ _ _ _ M2 of T mode 374.7 187.4 mm
Change in peak surface field with the increase in cavity length along the beam line Freq. of 0 mode 207 1 315 3 MHZ
235 - 76 1 Cavity length 494.7 267.4 mm
23 1 74 - Cavity width 400 300 mm
2.25 1 ool Bars height 382.2 191.8 mm
22 & Bars width 100 60 mm
Ol g “ Bars length 370 170 mm
S 21 ' 68 1 Aperture diameter 100 100 mm
" 205- R 6.6 - Deflecting voltage (V*) 0.375 0.187 MV
27 Q. Peak electric field (E,*) 2.16 2.79 MV/m
= Peak magnetic field (Hp*) 7.05 0.78 mT
L9 1 - Energy content 0.175 0.062 J
1-85290 i o o 6290 o . o Geometrical factor 81.37 112.3 Q
Cavity Length (mm) Cavity length (mm) [R/IQ]; 319.13 113.55 (@)
R;R< 2.6x104 1.3x10% Q?

Half circular shaped Race track shaped

 Initial design length and height = 375 mm, width = 400 mm

 Beam aperture diameter = 40 mm

* In each structure the parallel-bars are appropriately curved to reduce the field
concentration near the edges

CEBAF currently uses the normal conducting rf separator cavity [3] operating at 6 GeV.
Proposed cavity design is expected to pass the beam to the 3 experimental halls at the
maximum energy.

The design requirement for the CEBAF upgrade is to provide a vertical deflection of 525
urad for a particle on crest with energy 11.023 GeV. Then the electron beams for the
experimental halls (Hall A and Hall C) will receive a deflection of 455 urad at 30° off crest.

*Authored by Jefferson Science Associates, LLC under U.S. DOE Contract No. DE-
ACO05-060R23177. The U.S. Government retains a non-exclusive, paid-up, irrevocable,
world-wide license to publish or reproduce this manuscript for U.S. Government
purposes.

#sdesilva@ijlab.org

Different parallel-bar structures were analyzed to obtain a uniform field between the bars.

AtE; =1 MV/m

CONCLUSION

The parallel-bar structure has been optimized for the applications of CEBAF upgrade and LHC. The optimized design is the structure with race track shaped parallel bars. This design
allows high deflecting voltage for low surface fields with high shunt impedance. The optimized designs support low frequencies of operation due to its compact size. One advantage of this
design, compared to the conventional superconducting deflecting and crabbing structures is that the deflecting mode has the lowest frequency; hence HOM damping requires only
damping of all the higher order frequencies. Further analysis requires the study of the effects of multipacting and HOM damping of the parallel-bar structure.
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