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SLOTTED WAVEGUIDE SLOW-WAVE STOCHASTIC COOLING
ARRAYS’

D. McGinnig, FNAL, Batavia, IL

Abstract shown in Figure 1. The structure consists of two
i ) _ rectangular waveguides that are coupled to a rectangular
The slotted Wavegwde slow-wave stochastic coolingegm pipe by a series of slots. The transverse signal is
arrays are an integral part of the 4-8 GHz Debunchggyiyed from the difference between the two waveguides
Upgrade at FNAL. Unlike the standard array of striplingnq the momentum signal is derived from the sum of the
electrodes, _these structures are de§|gned to work whep, waveguides.
the beam pipe can support many microwave modes. Therpe image current that flows along the walls of the
design theory and beam measurement results of this ngWsm pine due to a charged particle beam travelling in
type of pickup structure will be presented in this paper. he center of the beam pipe excites electromagnetic
magnetic waves in the slots which in turn excite
1 INTRODUCTION travelling waveguide modes in the side waveguides and
In previous collider runs at Fermilab, all of thePeampipe. Since the phase velocity of the unperturbed
stochastic cooling pickup and kicker arrays consisted ¥veguide modes is faster than the beam velocity, the
stripline or planar loop electrodes. The signals frorflots also act to "slow down" the waveguide modes by
these electrodes are combined with a binary combin@ultiple reflections so that the phase velocity of the
tree formed by microstrip or stripline transmission linegvaveguide modes along the structure matches the beam
With a binary combining scheme, there must be rn¢glocity.
waveguide modes traveling down the beam pipe that
would provide an alternate signal path in parallel to the 2 MOMENT METHODS

binary combiner tree. _ The structure can be analyzed using the moment
The nominal Debuncher transverse aperture iSt30 method technique.[1] Using the equivalence principle[2],
mm-mrad (95% un-normalized). To account for closeqpg giots in the sides of the waveguides can be replaced
orbit variations, the design aperture of the cooling array$in metal walls and an equivalent magnetic current
was set at 4@emm-mrad. With lattice beta functions onggrce as shown in Figure 2. The magnetic current

the order of 10 meters, the transverse dimensions of §&ce is derived from the tangential electric field in the
beam pipe will be about 40 mm which will propagatg|qt The magnetic field in Region | is:

waveguide modes above 4 GHz. The presence of ~(D) _ 60 L sD(= o
travelling waveguide modes in the beam pipe will limit R =H{ ™) +Hy (Et XY) (1)
the workable fractional bandwidth of the cooling arrays.yhere the first term on the RHS of Eqgn. 1 is the
P ey magnetic field as if the slot did not exist and the second
/ifj — -_— term is the field due to the magnetic current source
i T Termination inside the slot. The magnetic field across the slot must be
L — e continuous:

AT, -0, =1 €, <5) 1B ) @
g This is the key equation of the moment method. Since
= j} H(NC) is known, this equation can be inverted to
~ determine [ in the aperture. Because Eqn. 2 is an

G N \T integral equation, it is best solved by numerical methods.

. . Temination . Let the tangential electric field in the aperture be given
Figure 1: Conceptual drawing of a slow wave pickup by: 9 P 9

The solution was to divide the 4-8 GHz bandwidth Et =X3 Ex 0n(x,2)+23 B Un(x,2)  (3)

into 4 narrower bands with each band having a n n

bandwidth of about 1 GHz. The cooling arrays are buifnere 6n(x,z) and Wn(x,z) are a set of orthogonal

with slot coupled "slow-wave" waveguide structures alunctions. If the slots are very narrow in the z direction,
the x component of electric field can be neglected.

" Work supported by the United States Department of Energy undgrquation 2 can be turned into a matrix equation by

contract No. DE-AC02-76CH03000 multiplying it by a set of orthogonal weighting functions

@.(x,z) and integrating over the entire x-z plane.

* Email: mcginnis@fnal.gov

0-7803-5573-3/99/$10.00@1999 | EEE. 1713



Proceedings of the 1999 Particle Accelerator Conference, New Y ork, 1999

<(Pm ‘ H an)1> - <(Pm ‘ H an) 2>

@) ’
:Zﬁ¢m|H)(<l)|LlJn>+<(Pm|H)(<2)|L|Jn>%zn i
n 3 |
where: - ﬂ i ..... >
(k) - (k) (5 !
<(Pm|HV |L|Jn>‘)_([fzﬁpm(xyz)|‘|v (Xwn(x,Z))@ixdz 2. " \ i >
(5)
and: -
(inc) \ _ (inc) e 7 J+e
<(pm ‘ Hv i> - ﬂﬁpm (x,2Hy; (x,2) @jxdz 6) Figure 3: Elemental volume in waveguide containing
X sources

Equation 4 forms a set of linear equations, which can be

invert_ed to find the _electric fi_eld coefficienEyy,. If the 3 ARRAY IMPEDANCE
electric field expansion functiong,andy, are chosen to ) .
be as close to the actual solution as possible then onlf¥ the transverse mode, the pickup impedance of the

few terms of the expansion will be needed and the sigf@y is derived from the relationship between the
of the matrix to be inverted will be minimized. difference in power excited in opposing output

The electromagnetic fields leaving a region of sourcdé@veguides as a function of begm current and beam
as shown in Figure 3, can be expanded in terms RpSition traveling through the array:

waveguide modes: B 1s 21, b HHY (13)
E* =y Chley, +2,, 1P Y 2 fuotal =3 “apy % 2
n

. The kicker impedance of the array is derived from the
HE :Zc’ﬁr(i F‘tn +F‘zn )gﬂﬁnz (8) relationship between the transverse change in beam
n momentum as a function of input power supplied to
where e and h are the waveguide modes. Using Lorent2Pposing input waveguides:

reciprocity, the mode coefficients, &re given as[3]: pC
1 étm J_rAeZm -J #j 1049
ct-_*_ A _ =tiBmzgy (9) == 13
m P, I{I%(Trhtm +h2m)"V' r Zk "
where where q
R Ap © .
1 (- A -
Pm :Eﬂ(etm xhtp, ) zds (10) Ty = I(Ey —r]HX)e 124z (14)
St —00

For example, the magnetic field in a waveguide due tofer a beam travelling in the -z direction. Since the ends
charged particle beam travelling in the +z directioof the array are not well defined, the limits of this
located at xy,: integral are difficult to evaluate numerically.
- _Lip —jkz Another way to evaluate the integral is to use Lorentz
J(x,y,z)—z76(x—xb)6(y—yb)e (11)  reciprocity on the geometry shown in Figure 4. The
fields for the pickup case and the kicker case are related

is given as: b
: y:
HInC X,V,2) = _ _ _ _
X (x.y.2) . H(prHk—Ekap)-ﬁds
|b eZn (Xb’yb) ZJBn —jKZ (12)
oy hx, (X Y)e So
2 Py 2,2 " oK P K . 4o
n n :IH(H «MP-E -Jp)jv
y \%
Beam / x where thek indicates the kicker fields an sources and the
redion | M= E XV z p indicates pickup fields and sources. If the absorber
egion

% kills the pickup and kicker fields at ports 2 and 4 and
Region I v y=0

M =-Exy \ only the fundamental waveguide mode propag.ates.in
s t Aperture ports 1 and 3, then the left hand side of the reciprocity
Figure 2: Equivalent magnetic source in slots.  Integral of Eqn. 14 is zero for ports 2, 3, and 4. The
integral is non-zero only at port 1. If a current
distribution:
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=p _olb sfy _ —jkz greater than the revolution frequency of the Debuncher
J -y?é(x xp Py -vp)e (16) 50 as to average over the momentum distribution of the
o i ( W ) Kz beam. The sum mode impedance is:
MP =%n—3(x —xp Ply-yp e~ (17) N:S
2 b b Zs =(g-1)——therm (20)
(which is unphysical) is substituted into Egn. 14 and a eldc
pickup impedance of the following form is defined: The difference mode impedance is
N
= 1 b ~ ZA - (g_l) fStherm (21)
P_E > ZAp (18) Bg
2ely BZ
then the kicker impedance defined in Eqn 13 is given as: CDd O
ZZA = zAk (19) where Nis the noise figure of the pre-amplifier, 3is
P the power spectral density of white thermal noise (which
Port 4 lier g‘iztz;f;:aml port2 is equal to -174 dBm/Hz at room temperaturg)isl the
Region | beam currentg is the r.m.s transverse size of the beam,
Pon3 4} Kicker Wave YMX _ Kicker Waved-+ - and d is the transverse size of the beam pipe. The
Pickup Wave Region 11 Pickup Wave-i-p . T . .
z - quantity "g" is defined to be the ratio of the power per
Termination 50/ ,fickupopmpm revolution band when there is beam in the machine to
Figure 4: Slow wave array showing surface for when there is no beam in thi gwthlne:
reciprocity integral g= M (22)
Phoise
4 MEASUREMENTS The results are shown in Figures 6 and 7. The calculated

a'gnpedance had to be adjusted by 4 dB to account for the
g?easured cable and hybrid loss between the array and
tp‘ge-amplifier.

1

A vertical slow wave pickup centered at 6 GHz w
installed in the Debuncher ring. The pickup consisted
50 slots. The length of each slot was 17.5 mm and

width was 2mm. The metal spacing between each sl
was 3mm. The height of the output waveguide was - |
mm and the width was 40mm. The width and the heig g p———y
of the beam pipe were 40 mm. S ol __s6m
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Figure 6. Difference response of the slow wave pickup.
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Figure 5. Narrow-band signal of the slow wave pickup i|§
the difference mode at several microwave frequenciesg
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Unbunched, coasting beam was injected into th~
Debuncher and stored. The beam was transversi
excited with RF noise until the beam filled the transvers
aperture. The power spectrum was measured with Frequency (GHz)
spectrum analyzer at several frequencies as shown in Figure 7. Sum response of the slow wave pickup.
Figure 5. . The transverse aperture could be varied by
means of a mechanical beam-scraping device (scraper). 5 REFERENCES
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