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For accelerating beam characteristics measurement together with travelling wave RF deflectors with E;; wave type,
SW deflectors with T mode are used. The disadvantage of TW deflectors is the small frequency division between work-
ing and neighboring modes. SW heterogeneous structure with DLS type is proposed. The working mode is /3.

PACS: 29.20.Ej
INTRODUCTION

One of the most important problems for the existing
free electron lasers (FEL) and linear colliders is ex-
tremely short bunches measuring and controlling. The
RMS length of bunches, which are used, for example, in
the LCLS (Linac Coherent Light Source) and linear
collider NLC (Next Linear Collider) in SLAC, are equal
to 80 fs (24 mkm) [1] and 300 fs (90 mkm) [2] respec-
tively.

The measurement of the parameters of such bunches
using of optical-electron cameras are impracticable.
That’s why using of transverse electrical field, which
affects the electron bunch, allows, watching beam devi-
ations during the one impulse, to obtain not only data
about beam absolute length, but also to identify im-
portant time characteristics in other phase spaces and to
measure beam RMS sizes in time slices. Using other
words, RF field dipole wave electrical and magnetic
components are deflecting the electron beam from the
structure axis. The bunch absolute length, its transverse
emittance and the energy spectrum time dependence are
measuring using the time picture of the this deviation,
obtained by monitors.

The main electrodynamics characteristic (EDC) of
the SW RF deflector looks familiar with EDC of the
accelerating cavities [3]:

a) Ignefr — effective transverse shunt impedance per
unit length:
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where E, and H, — are transverse electric and magnetic
components of the electric and magnetic fields respec-
tively, Pioss — is the loss power mean value, L — is the
structure length, k,=2n/A — is the longitudinal wave pa-
rameter;
b) Q — factor:
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where W — is the stored energy mean value;

C) Tsore — IS the RF power filling time, defined from
Q-factor as:
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For the shunt impedance increasing it is possible to
use multi-cells cavities as in the accelerating structures.

The one cell of multi-cell deflecting resonator design
choose (Fig. 1), as well as mode choose (for example
or n/2), should be carried out to the same criteria as in
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the accelerating section design. So with = mode the cell
longitudinal length (period of the structure) should be
equal to A2, the aperture radius should have the mini-
mum value to obtain the shunt impedance maximum,
and the cell radius should be such that the cavity fre-
guency on this mode be equal feed generator frequency.

Fig. 1. The quarter of the one SW deflector cell and the
electric (E) and magnetic (B) field lines of the E11 mode

In any periodical structure the each field component
distribution Ej(r,z) in the beam aperture can be obtained
in the complex form [4]:
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Where Ej(r,z) and j(z) — are the amplitude and phase
distributions; d = ®BA/2n — structure period; a,(r) —
transverse distribution of the n space harmonics, and ©q
— is the phase shift per the one cell. Space harmonics are
significantly at the distance r = a (a — the aperture radi-
us) while high order modes are attenuating near the de-
flecting structure axis as:
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where A — is the operating wave length. For the harmon-
ics evaluation parameters dy;(z) and ¥ are used on the
axis0 <z<d, r=0 [5]:

0,z
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The total force acting on the charged particle is the
Lorenz force F,, . It can be decomposed in the Cartesian
coordinates into the longitudinal eE, and transverse eEq

components. Considering the deflecting voltage directed
along the x axis, we will get:

F', =eEe, +eEe,, E, =E - BZH,.Z, = [=2. (7)
&
The parameter ¥; can be used for the harmonics lev-
el estimation (aberrations) both in longitudinal eE,(¥,)
and in the transverse eEq (Wy) force components.
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1. REGULAR CELLS DESIGNING
AND TUNING

For the deflecting structure operating at different
modes EDC researches the 9 cells cavity excited by E;;
wave (Fig. 2) on 3 GHz frequency was used.
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Fig. 2 7l3 mode of E1; wave in 9 cells cawty

7/3 mode is characterized by field absence in several
cells, which enables to decrease cells lengths wherein
strongly decrease the full structure length.

During the cells without field tuning process (cou-
pling cells), their length was shorted to 3 mm. In this
connection it were dispersion characteristic heterogenei-
ty associated with resonant frequencies differences be-
tween regular and coupling cells. This heterogeneity
was eliminating by the coupling cells radius changing.
The main and perpendicular polarizations dispersion
characteristics are shown at Fig. 3.
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Fig. 3. Operating (lower curve) and perpendicular (up-
per curve) SW RF Deflector with z/3 mode polarizations

As seen from dispersion characteristics, this struc-
ture has good frequency deviations between neighboring
modes and the perpendicular polarization.

The study of the fields in the structure found that the
field distribution along the structure axis is uneven, and
there are fields in coupling cells. This problem was
solved by the geometry tuning. On the Fig. 4 are shown
distributions of the electric and magnetic field transverse
components E, and Hy, and on the Fig. 5 — the longitudi-
nal electric field distribution with the R/2 offset from the
structure axis (R-is a accelerating cells radius).
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Fig. 4. Field distributions along the axis: a — E,; b — H,.
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'i:ig. 5. Lonéitudiﬁal electric field Igz(z) distribution
with the R/2 offset from the structure axis
As a result of the above geometry tuning is a regular

structure whose sizes are shown on the Fig. 6.

117.02

Fig. 6. The inhomogeneous structure with z/3 mode geometry
2. EDC RESEARCHES

After the final geometry obtaining its EDC was stud-
ied and compared with the deflecting structure working
on © mode on 3 GHz frequency. The table with the re-
sults comparison is shown below:

EDC comparison between RF deflectors working
on 1 and nt/3 modes

EDC Structure type
s /3
gy 131 9.7
Q 14700 9500
fo—fo. 30 150
fO - fnearest 15 25

As can be seen from the table, the inhomogeneous
deflecting structure working on n/3 mode with the same
geometry (aperture radius ad diaphragm thickness) as
deflecting structure working on = mode has a little bit
worse shunt impedance, but has a bigger frequency sep-
aration between neighboring modes.

Results of the researches of the EDC and deflecting
field phase aberrations in inhomogeneous structure de-
pendence from the aperture radius (from 0.05A to 0.252,
where A=10 cm) and diaphragm thickness (from 2 to
10 cm) (Figs. 7, 8).
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Fig. 7. Transverse effective shunt impedance depend-
ence from the aperture radius and diaphragm thickness
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Fig. 8. Deflecting field aberrations dependence S e g o
from the aperture radius and diaphragm thickness Fig. 10. The reflecting coefficient dependence
Pictures shows that use a smaller aperture radius can from the frequency

increase the shunt impedance value, and the deflecting
electric field axis distribution becomes close to linear. CONCLUSIONS

3. POWER INPUT TUNING In this paper are presented the results of the inhomo-
' geneous RF deflector structure working on /3 mode

The power input geometry is shown on Fig. 9. The  researches. Dependences of the main electrodynamics
first cell was chosen as a coupling cell. As a coupling  characteristics from the structure geometry are present-
waveguide was chosen a rectangular waveguide ed. The comparison of the proposed structure EDC with
72x34 mm. The tuning was carried out by the variation  widely used structures working on = mode characteris-
of the coupling window between coupling cell and cou-  tics shows that the main purpose of the inhomogeneous
pling waveguide width. structure applications — is the cases, where the high fre-

] quency separation between neighboring modes is re-
quired.
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BBICOKOYACTOTHBII JE®JIEKTOP HA CTOSYEN BOJIHE C BUJIOM KOJIEBAHMIA 7/3

0.A. Aoonves, E.A. Casun, H.II. Cobenun, A.1O. Cmupnos
Jis MeTpukd XapaKTEepUCTHK YCKOPEHHOTO IydKa Hapsdy ¢ BBICOKOYAacTOTHBIMU neduexropamu (BU/l) Ha
BonHe Eq; B pexxnme Oeryineit BomHb! ucmonbs3yiores u BU/l, paboTaromue B pexxuMe CTOsSTIeH BOTHBI Ha BUAE KO-
nebannii m. HemocTtaTkoM WX SBJISIETCS IUIOXO€ YACTOTHOE pasfeieHre pabodero BHAA KOJIEOAHUH C COCETHUMH
Bupamu. [IpennoxeHa HEOOHOPOAHAS CTPYKTYpa B BHAE KPYIJoro auadparMHpOBaHHOTO BOJHOBOJA HA CTOSUYEH
BOJIHE W BHJE KoneOaHuil n/3.

BUCOKOYACTOTHHUI JE®JEKTOP HA CTOSIUIN XBUJII 3 BUJOM KOJIUBAHbD 7/3
0.A. Aoonses, €.A. Cagin, H.II. Cobenin, A.FO. Cmipnos

JUJIst METPHKH XapaKTEPHUCTHK MPHCKOPEHOro MydKa Mopsi/ 3 BicokodacTtoTHumu aedurexropamu (BUJI) Ha xBU-
mi Eqq B pexxnmi Oirydoi xBuiti BUKOpHCTOBYIOThCS 1 BU/, 110 mpaIforoTh y peXxuMi CTOSH0! XBHIII Ha BHUJII KOJU-
BaHb . Hemosikom iX € moraHmii 4acTOTHUH MOALT poO0YOro BUAY KOIHMBAHb 3 CYCIAHIMU BHIAMH. 3aIIPOIIOHOBAHO
HEOIHOPITHY CTPYKTYPY Y BUIVIAL Kpyrioro nuagparMoBaHOr0 XBHIEBOAY HA CTOSYIN XBHIII 1 BUJII KOJIWBaHb 7/3.
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