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DESIGN OF MICROWAVE UNDULATOR CAVITY*
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Abstract of circularly polarized radiation flux that can be gener-

. . . ated by a static undulator. We have considered smooth
Static magnetic field undulators are capable ofproducm\%aII circular waveguide structures operating in &y

guasi-monochromatic synchrotron radiation of very high ndTE;» modes and a corrugated waveguide operating in

brightness. However, it is not possible to quickly chang e HE; - mode as possible candidates for the design of

the properties such as polarization of the radiation in ﬁ]e undulator [4]. Our study has shown that tHe
. 1 -

static undulator. It is possible to construct an undula- . o
. . . . mode offers superior loss characteristics compared ta othe

tor using microwaves instead of static magnets where the .
modes and can be operated at relatively lower power levels.

electron beam is undulated by both electric and magnetic '
i ; : . In order to generate the necessary field strength to un-
fields of an rf wave. A major advantage with a microwave

undulator is that the radiation properties can be changéj late the 3 Qev electron t_)eam in the s_torage ring, the
r power flow in the waveguide would be in the order of

very quickly. The biggest challenge in developing a micro- . .

L . iga watts. To achieve such power levels rf energy can be

wave undulator is in keeping the rf losses low. We ar o . . . )

o . . . . Stored inside a waveguide cavity to obtain the required lev-

designing a microwave undulator with the aim of achiev= ) .

) . .els of field strength by only compensating for the waveg-

ing atleast a tenth of the flux obtained by the BL13 Statlﬁide losses which can be within achievable power levels. It

magnetic field Elliptical Polarized Undulator in the SPEAR . : . bov )
IS @ computationally intensive problem to design a corru-

ring. We have considered circular waveguide modes an . . . .
ated waveguide cavity using numerical methods such as

hybrid H E1; mode in a corrugated waveguide as possiblg.”.
candidates for the microwave undulator. It is found that Emne Element Methods (FEM). As the corrugated waveg-

corrugated waveguide has the lowest rf losses with aveUIde can be regarded as a series of smooth cylindrical

desirable field profile. It s also possible to use this deravegides with disconinuities in radius, it can be ana:

vice for a linac driven FEL. Our analysis of the corrugatetljyzed using mo_de matching technl_que_s that requwe_mod_—
. . . erate computational resources which is presented in this
waveguide cavity for the rf undulator will be presented. work

INTRODUCTION RADIATION IN A MICROWAVE

In general, an undulator consists of a highly relativis- UNDULATOR
tic electron beam wiggled in the presence of a periodic
undulating magnetic (or electromagnetic) fields producin
synchrotron radiation. Highly successful modern undulata, . ) . .
based synchrotron sources are based on periodic perma d in a cavity, the electron bgam interacts with both the
magnetic fields. However, due to the intrinsic limitatiofis o orvyard_ an_d backwar_d wave with respect to the eIectrQn
magneto static fields the polarization of the radiation gelgMmotion |_nS|de the cavity. _ The_ transverse el_ectr_on velocity
and the undulator period cannot be controlled. These ”n@ormallzed to speed of light in free space) is given by [1],

In a Circularly Polarized Standing Wave (CPSW) micro-
ave undulator, due to the fact that the rf energy is con-

itations can be overcome if high power rf waves are used K &

instead of static magnetic fields in the undulator. Howeverg, (z) + if,(z) = —— Z [Jn(6) + Tnt1(6)]

the necessary rf power sources required to realize a micro- Y e

wave undulator capable of delivering synchrotron radratio -exp {Z [k’/BH + (2n + 1)1@“} z} ;
comparable to a magneto static undulator was not available )

in the past. Recently a 500 MW X-band rf source was de-

veloped for the Next Linear Collider [2]. Combined with\yhere

the advances in overmoded rf components and systems [3] B K? k
led to the idea of the possibility of a practical rf undulator T 292k

presented in this work. The same idea can be extended}t(o — ¢E,/moc*k, is the normalized amplitude of the rf

LINAC driven rf FEL. / . .
wave, E,, is the amplitude of the rf waven, is the mass

We are designing a microwave undulator for thefan electrone is the speed of liaht in free spacés the
SPEARS3 storage ring at SLAC. In a storage ring a statid €1s sp Ight | spagas

ancator o ben i he e g st igher SANELE B0 s ot pace wave pumber g
brightness. In order to be competitive, the microwavé 9 '

undulator we are designing should generate at least atenth':r.om Eq. (1).We see that a CPSW microwave u_ndula-
tor, in general, is a combination of several harmonic mo-

*Work supported by Department of Energy, USA tions and would radiate in several harmonics unlike a static

@)
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undulator. However, for a highly relativistic electron bea U H U H J U
such as one in the SPEARS3 ring, the valueydEq. (2))
would be small when operated far from cutoff and higher
order terms may be neglected and only= 0 andn = —1
terms which are the contributions of the backward and for-
ward wave respectively are dominant. If these conditions
are not met, then the beam would radiate in higher harmon-
ics also. Propagation far from cut-off necessitates thefise
waveguide cavities with very large transverse dimensions.
An advantage of large waveguide dimension is that the sur-
face heat density will be low. However, a large waveguide H HFLHH H H H
will be highly overmoded and it will be challenging to ex-
cite only the required rf mode in it.

CHOICE OF WAVEGUIDESAND MODES

The microwave undulator should have a very strong
transverse field strength (both electric and magnetic) near
the axis of the waveguide where the electron beamis placed
to undulate the beam. At the same time the waveguide
losses of the rf field should be low as the feasibility as well
as cost of the rf source is critically dependent on keeping
the waveguide losses low.

The microwave undulator we are designing is required
to produce at least a tenth of radiation flux of the proposed
BL13 static magnetic undulator. To be conservative we are
designing the microwave undulator to produce a fifth of
the radiation flux as the BL13 static undulator. A circu- (b)
lar cylindrical waveguide operating in tHEF;; - mode, Normalized power densi
which is the easiest to excite, satisfies the condition that
the field near the axis is strongest. For the undulator we are
designing, the power loss per meter length of the waveg-
uide for aT'Eq1 - mode is over 5 MW to produce a fifth
of the radiation flux with a radiation energy of 700 eV of
the BL13 static undulator [4]. A'E15 - mode in a cylin-
drical waveguide has the same field structure near the axis
of the waveguide as @F;; - mode. The loss per meter ‘ ‘ ‘ ‘ Radius,
length of the waveguide for @F;> - mode would be 1.6 -0.3-0.2-0.1 0.0 0.1 0.2 0.3
MW to produce the same radiation ag'#; - mode. We (c)
see that there is a significant reduction in waveguide loss if
the undulator is operated in theF, ; - mode instead of the Figure 1: (a) Corrugated waveguide, (b) Cross section of
TEq1 - mode. transverse electric field in H F1; - mode in a corrugated

We have also considered another waveguide structuneveguide under balanced hybrid conditions, (c) Normal-
and mode, a hybrid/ E,; - mode in a corrugated waveg- ized power density of a balanced hybfid,; - mode.
uide. This mode is typically used in transporting high
power millimeter waves in applications such as Electron
Cyclotron Resonance Heating in tokomaks due to their loimpedance, the transverse electric field is strongly polar-
attenuation characteristics. The corrugated waveguide iszed as shown in Fig. 1b. Figure 1c shows the normalized
cylindrical waveguide with periodic corrugations as showmpower density as a function of radius over a cross section of
in Fig. 1a. TheH F1; - mode which is a cylindrical waveg- the corrugated waveguide which approximates a gaussian
uide T'M7; - mode (withH, = 0) near cutoff undergoes curve under balanced hybrid conditions. As can be seen
a transformation due to the corrugations in the waveguideom Fig. 1c the power density is very low near the waveg-
in to a rf field with both an electric and magnetic fielduide walls which lead to very low attenuation for this mode.
(E, # 0, H, # 0)in the axial direction as we move away As can be seen from Fig.1b the rf field is strongest near the
from the waveguide cutoff. Under conditions known asxis of the corrugated waveguide as required for undulator
the “balanced hybrid conditions”, when the axial electrioperation. Another significant advantage df &1, - mode
field is equal to the axial magnetic field times free spaci a corrugated waveguide over tfid’;; andT F15 modes
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Figure 2: Schematic of a corrugated cavity with non uni- 8.0 05 1.0 15 20 25 3.(?
form end corrugations for mode conversion and reflection

ofa HEy; - mode. Figure 3: Dispersion curves calculated using mode match-
ing method for a corrugated waveguideis the product of

in a smooth cylindrical waveguide is that the fields are ver{e axial wave number and the pitch of corrugations.
strongly polarized in one direction. Therefore, cross pola

ization in aH E41 mode is very low. designed. We have now developed a mode matching code

to design the complete cavity including mode conversion
MODE MATCHING ANALYSISOF A from a mode in a smooth cylindrical waveguide t&ld;

CORRUGATED WAVEGUIDE - mode. Figure 3 shows the dispersion curves folfilig 1,
HFE; and EH1, modes for the above dimensions. Near
To study the feasibility of using a corrugated waveguidgutoﬁ, the EH,,, - mode is the same asBE;,, - mode
working in theHd E/;; - mode in a microwave undulator, we hile a HE,, - mode is the same asTM,,, - mode in
used boundary matching analysis of the corrugated waveg-jrcular cylindrical waveguide. Therefore, our approach
uide neglecting space harmonics. This analysis was prgy excite aH E1, - mode in the corrugated waveguide is to
sentgd in [4] and verified with simulations in HFSS._Oupm.;meorm al'Mji; - mode in a smooth cylindrical waveg-
studies show that a corrugated waveguifig; - mode is  yide through a mode converter. At present we are in the
a promising mode for the microwave undulator. process of designing such a mode converter by gradually
The foregoing analysis assumed that the corrugatgghering the corrugations from a smooth waveguide to the
waveguide is uniform and matched on both ends of thgyrrygation depth required. Results of the design will be
waveguide. However, we are designing a standing waygplished in a future work. After designing this mode con-
undulator in which the rf energy should be reflected at botfarter, we will work on the excitation of @M,, - mode
ends of the corrugated waveguide cavity. Moreover, thg 5 smooth cylindrical waveguide suitable for the micro-

cavity would include a mode converter in order to excitg§yaye undulator we are designing. The design will also in-

the H E51, - mode. Hence, corrugations in the ends of thg|yde reflection of this mode to confine the power inside
corrugated waveguide cavity will necessarily be not unime waveguide cavity.

form. A rough schematic of how the corrugated waveguide

cav_ity would be_ is s_hown in Fig. 2. Note tha_t the end corru- REFERENCES
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