PORTIONS OF THIS REPORT

L s has been reproduced from the
SL‘*“”@T“ _ copy to parmit the broadest
" 'DE84 0124 ability.

A 4 ‘\01“349 8 , SLAC/AP-18

February 1084

.!>

mGH-GmmNT, PULSED OPERATIDN OF
e "smnoormucrmc monnru CAVITIES"®

IsiboRo E. CASVJEPIB'I‘AI'VJD 2 ““D,wm FARKAS
et Stanford Lmu:r Accelerator Ccnter
Stcnford Uuwmifp, Shrqford C'a!nTormn 94305

" Tests performed on several Niobium ThMoyo cavities st frequencies of about
515 MHs using s high-pom puhed method tndmobe that, at the end of the
ngmg pubo, puk surface mn;netie ﬂeldn of up to~ 1200 Oe, corresponding
.. pel.l mfﬂ:e electric Reld of~ GBMVIm, ean be mehed at 4.2°K without
precisble average losses. Fu:rther studies of the properties of supercouductors
«der pulsed opeutiml might lhad light on fnndlmentd propertien of RF super-
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1. Iniroduction

The operation of superconducting cavities with short pulses is not a totally

new technique. Other elpuimmlm have used it occasionally, but more as an
incidental obsennhon too), than a systematic way of tulm; propetties of super-
conductors or for poagnblu practical applications.}?
At SLAC tests of superconducting eavities nsing high-power, short-pulse
klystrons ll power sourcea were started in the Spring of 1082 as a by-product of
pulsed RF procesning (0 possibly incresse the breakdown flelds in cw-aperated
cavities. | |

At that time one of us {ZDF) derived in detail how the cavity should be
coupled to the transmission line in order to achieve the maximum possible energy
transfer efficiency of the RF pulse. Those derivations are contained in a sepacate
report.?

The pulled RF processing did indeed impmve the cw fleld st which the @y
degradation starts, upto-umMVImﬁomaamMV[mprbrhpmmng,

s temperature of ~ 1.4°K. These tests were performed on only one Nb cavity,

One high-power, pulsed test was performed st that time at 4.2°K snd a quick

. snalysis of the l'ew' duts taken indicated then that a peak surface electri= field
of Ey ~ 50 MV/m (H, ~ 950 Oc) could be reselied without appreciable Qo
degradation. .

Since then a more thorough series of tests was performed in Janusry 1083
on the same eavity with the variable eonpliuqstqn originally designed for the
low-power, cw.operstion. The aaalysis of the data then performed confirmed the
reault of ~.50. MV/m ¢ and reinforced the apinion that the original csuse of @
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._.'dqndlliu lisd fn tha eonpllnmten and ot in the eavily proper.

_ "It waa. then ‘decided that tlu construction of & new fixed-coupling system
- ded;ned lor hlgh pmm npeulion was necessary, but at the sime time it was’

L eleu that even larger field gradients could possibly be achieved with NbySn,®

\-hleh could lesd to practical applications in high-energy electron linear colliders,
" In view of this possibility, a collaboration with the University of Wapper-
tal (Professor H. Piel, Dr. G. Arnolds-Mayer) was started: their production of
NbaSu esvitise, obtained by St 'vapoi deposition techaiques,” has proved to be
comsistently good (@o (4.3°K)2 6 X 10%, Ey(ew) = 8 MV/m).
" A number of Nb cavities with Axed coupling was thea manufsctured for the
piirposs of coating them with NbsSa. The cavities were originally manufactured
3 lhrc‘ngh a colning process st SLAC l.bont teD years ago as cavity batves for the
' LEAPFROG project: ive of them wers assembled and tested both with the low-
power, cw method and with the bigh-power pulsed method. The rest of this
note describm in detall the experimenat and the resulis of those measurements.

3, Optimom Energy Transfer of an RF Pulse to a Resonator

The energy transfer efficiency @ of an RF pulse into & cavity is given by*

.,=.ﬂl-_="'_llf (1)

™
where o = 3/(14+Q¢/Qo), Tp = Tp/T:, T, ie the RF pulse leagth, T == aQ,fuw.
" For a cavity with negligible kosses (Qo > @y, @5 == @), # is » maximum for

Qe=25/T) (3)



' wheto / ia the frequency of the RF.

Fl;un 1 illnstntu tha bebmor of the reverse pmm for s pulu !en;tb of
2.5 s ndfwﬁewﬁmm@.uﬂfm@.hﬂudmmm

Figure 2 gives the energy transfer efficiency for the pulse Jengths of 1 and 2.5
pn,n:.lpngﬁondumdq. For aptimum coupling this efliciency ia close 1o
80% and does not nry appreciably for less-than-optimam coupling over a fairly
lazge range of coupling.

3. Determinstion of Peak Filelds In the Cavity
- Through Average Power Measuremeants
In general, the pesk surface electrie field in & resopator can M’Md

L4

from the knowledge of the energy stored in it as
Ey = *\/‘Tt {3)

where & is & numerical coeflicient determined by the cavity geometry snd which
ean be obtni;gd by standard LALA or SUPERFISH computer programs.

The confficients for th two types of cavities that wo have testod are: k== 76
MV/(m\/7) and for the SLAC cavily (Fig. 10) and & = 78.6 MV/(m/J) for the
LEAPFROG cavities (Fig. 11). In the steady-state condition the energy stored
is determined as a function of incident power P}, unloaded quality factor @y,
radian frequency w and coupling 4, »s

PQo 48
Vo ==~ A0 o
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 integrates the power under the decay curve, for a faster decay than in the ideal
case (@, < @) the initisl power emitted must be higher to give thesame integral.

4.. Experimental Apparstus

The measuring system for the pulsed tests is shown in Fig. 4. In this scheme
we also show the timing systems to the various components of the RF amplifiers,
because through them we are able to vary the repetition rate and the length of
the RF pulse.

** 'The eavity is decoupled from the kiystron via sn evacuated waveguide 7 4B
 eonpler, in order to avoid damsge to the kiystron dus to power reflection. The
" incident and reflected powers are sampled using a 58.3 dB eross-guide coupler;

isolators and band pass filters are also employed before the power is detected by
the power meters’ thermocouple sensors. The sensors' power calibration is rated
close to 1% etror,

"fhe rdleelod aimdléou through a PIN diode modulstor gated by s pulse
generator, part of the signal is then detected by » crystal rectifier and observed
on & scope, in onder to set the gate at the sppropriate time at the end of the
pulse. The fraction of the power past the end of the RF pube is then messured
by the average power mater,

4 ' POWER CALIBRATION PROCEDURE
Thc major source of error in the sbsolute power messurements must be as-
_ cribed to the calibration of the losses in the part of the microwave cireuit from the

relected power arm of the cross guide coupler to the power meter. The calibra-
tion is done in two steps: Brst the attenuation of the filters and isolator amembly
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Atmuminhn probehlllomillblo, wbiehdluwamlomonltﬂ thoﬂeldu
hlheuﬂtyuﬂngslhwl?ampllﬂumdahgnﬂthmie smpllﬁeuawell the
lo;u.ritl:mie mpliﬁu- mured ua tln.t during the decay the flelds were decreasing
ay exponentislly, bol.h below md ubm the threshold for increased losses in the
mity (Fig 6) 'l’he linm -mplnﬂer, on the otlm lund. gave us a good indication
oﬂhe pukﬁeld behnhoﬂhecnity (an. 7). Althonghthul;ulthmgh the
e ampliﬁu hn not yet been calibmed it is in principle possible to determine the
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penk ﬂeldu ln the cmty by, mauurlng the peak vollaga of the linear smplifier. In



one imll.mee tln amplifier was eahbuted st field levels well below breakdown and
it was posslble to establish that up to brutdown the ln!egnhd energy met!:od
and che penk field method were m exmllent a;mment while a.!l.er bm.kdm
the peat ﬁeld dm were giving hi;her reulinp, as they should, amce lbe llugnl
method npproach Kgives lowu- etunstu of the peak fields na the approxlmltmn
Qo> Q, breaks down. A ﬂut order npprolimauon correction to the integral
method, to be discussed below, gives better agreement between the two results,.

Seiatillator-phototabe sssemblies were positioned ane on the top of the dewa:
along the ea.ﬂty uu and the other outside the dewar at the cavity's equatorisl
plane. The two tubu bad baen set for oqlul signal smplitude and their output
was monitored in synehromsm with the RF pulse (Fig. 8). The tubes have
not yet been calibrated in energy because the sienal from the eavity is typically
concentrated in a .5 pa time: the possibility exists that, due to their Jarge number,
the photon pulses could ride on top of each other, thus giving spuricus energy
readings. Steps are under way o reduce the photon fux to the photomultiplier
assembly in order Lo calibrate and correlate the maximutn photon energy to the
feld smplitude in the cavity.

Observation of the signal from the photomultipliers bas in any case deter
mined that the photons are predominsntly emitted along the equatcrial plane,
congistent with 8 ponrelativistic bremsstrahlung emiission from electrons scceler-
ated slong the cavity axis.

An x-ray survey meter was also available just outside the dewar to monitor
the integrated x-ray emission rate from the cavity. Signuls as bigh as several
hundreds mR /hr were detected at the inception of hreakdown of some cavities,
while beyond breakdown several R/hr were abserved. It should be pointed out
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» u\where .P; ll musund in wu.l.ts. At the level whm the cavlty Q ltlrtl tu deplda
| (s. o ao MV/m), Pijs uppl'aimltely 25 X. ms W. Tests conducted st about



PRF == 50-80 pps give & Qp as high a3 8 X 307 at the treshold for degradation,
in fair sgreement with the CW low power Qg's measured st 4.2°K of -~ 10°.
Tt shoold be pointed out that, although the average @y determined in this way
does not give the losses 23 2 function of peal: field during the pulse, nonetheless is
of importance for practical applications, since it gives an idea of the refrigerator
power necessary to achieve a given peak field in the cavity. Full calculations of
the nonliness losses in the eavity during the pulse will be necessary to correctly
evaluste the instantancous Qg s the cavity is charging and discharging.

8. Cavity Description and Results of Measurements

. A total l;f five Nb cavities have been tested 50 far at high power. A sizth
.. eavity Bas been testod, together with the others, at low power: ita frequency is
.I at the moment too Jow for a high power test, since it falls outside the bandwidth
of the 24 MW klystrbn A;:lpl';ﬁer.

| Tlm cross section of tl:e SLAﬁ-'I',pe TMpyo cavity, which was built in 1971,

shown in Fxg 9. The caﬂty was modified for fixed-coupling operation by
mmmnsm of lhc eutol tubes and adding & double Aange system which allows
opmhon with lhe vmablo-couplmg probe {Fig. 10). The same cutoff tube
was nsed in testmg the other five cavities in the CW mode. These cavities
were manafactured spproximately ten years ago (I.EAPFROG project) and they
were modiBed md assembled with & ﬁxed-mphng irls (Figs. 11 and 12). It
should be pointed out that the design of the coupling itis was made by having in
- mind; as the primary objective, the elimination of the coaxial varisble coupiing
mechanism, unreliable at high-power. It was elear that the adopted design did
 present problems with the iris cooling, especially at temperatures higher that

10
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t bolh ror. piaxituny Qd :and muimum puk surface feld; bel’ore brukdm (see o

. Tableil); Also the types of breakdown varied from eavity to cunty The SLAC .

.:envity. LEAPFROGI [LFI] and I..Fl m upetitive queneheu at relatively high
. ek (By > 20 MV/u) duriog operation st 1. 47K, wiih atrong x-iay emiseion,
il the other wero thenmllr Tinded 1y the szntenes f bad spos and Nb-

drnplets.' -‘_':.; i.: T e a ‘ SR ." , B
: Thl sl.Ac uvity hl.d . pal'forlnlnea sinuhr to tllat mmuml duting the
'_"}, . prévious tests; mm;mcmmmwmmom, uwelluthe existence -
 of aaedditional jom at'the entofltale: n.m, did not apprecisbly affect the

- j-peltormum. B j;:; ’rjf{_‘- . ':-;fg:-' :'? ..L'.'-.J; ,
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Allo. tha BLAO eavll.y wn usted twm: u it came uut of the Bring proem

. nnd ‘after it Iml gona through the ehcai Indium remwal procedure. This

E f;‘_umdmammmmu aehmmpmmmu the eavity-
pu!nﬂmnultcw mn.q.,dmppadmmmmmmeehmamm
- Man llpiﬂemtly, the put lurfm fletd dmpped by a factor of two, and the
* breakdown mechanism shifted from quenching ta elow thermal Qo degradation

. "5_4..:..‘ the long pulse. . This.test confirmed the lact thet, for the OW cavity

whwmeqputmulmmhtheuatmm of the surfaces. None of
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- . Ghoother cavitien wore trented for Tadium semioval, but same of thetn were eiched.
after » first test, because of the spatiered Nb droplets.
5.2 :--mun—l‘-'ov_mn-'l"nls'r RESULTS -~ .=ow .-

* Five of the six cavities have been teated with the short-pulse, bigh-power
method lor a miel.y of temperl.tum, pnlsa len;ll:s and npslltion rates.

A number of eunra! showin; the uverage pted umitted power as a function
of the average meldm pawer havu been pmdueed These curves prared to be
-tremely usel'nl in ehuaem'i:ing the unty behnior, elpeehlly in i:lmtil‘mg
the field level at which the !oues ntsrl‘. toi mmue, mdlcatmg that the supercon-
ductor’s surface ll- are beginning to increase.

The carve Pe v I’; isa stl.':_gigl;t line up to the point where losses start to be-
come significant: ui this point thQ curve bends and, depending on repetition rate,
pulse length and temperature, it can assume a variety of behaviors which are re-
lated to lhi fupdamental phys_ifpl_ proceases in the superconductor, but convolved
with more mundane properties of the cavity, such as the feld-emitted electrons
heating the surface, the heat transfer properties to the bath, the existence of bad
spots sad 5o on. Figures i3-17, give an idea of some of the shapes of these curves,
with various pacameters and vatious cavities. The P, vs P; cutves are oblained
by slowly 'mym; the incident pest power, both upward and downoward. The

curves can be uprodneal very closely if the process is repeated several times.

Hysteret;c thermal degradations of @, associnted with the thermal properties
of the cavity and the Nb-He interface, have been observed with a variety of
substructures which might shed light on the loas mechanisma of each eavity.

Table 11 gives the peak surface electric and magnetic felds reached before

11
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findamental phenomenon, sithough some of the details of the shape of the curve
in the transition from the supercondueting to the nocmal state can be related to
the electron heating phenomenon and/or electron loading (Figs. 18 and 10).

" Of the methods used to determine the ineeption of the Qg degradation (P; vs
P; curves; cbservation of the more rapid decay of the transmitted power curve,
hoth with a linear and s logarithmic amplifier; and, at 4.2°K, the increase in the
boiloff which gives a sensitivity of Qg 2 107) we have been able to determine that
the deviation from linearity of. the Py-va P; cutve gives the highest sensitivity.
That is, we were able to nee this devistion at & Jower input power level than
with any of the other methods. Also, by being an.integral power method, it
.-conveyu-mﬁeh mare information in.a compact form. During the measurements,
trausmitted .power curves, reflected gated power curves sud x-rays were alwo
constantly visuslly monitored. for consistency and for possible deviations from
.normality. -
.+ ' During the initial phases of the testing of each cavity after szsembly, sudden
strong x-ray emission was observed as the cavity was going through field emiseion
Jevels: in those instances the cavity was totally detuned and the x-ray survey
. teter always pegged during the spike, for rates in excess of 3 R/kr. The feld
. emission behavior was quickly. processed away in a matter of seconds and the
cavities would gét show agam .Vhe sudden !de'tuninp.
+" .. Helium pmﬁ;m done on the SLAC cavity atmomtpaﬂnr:emd'a
K Iat which tunpentnre peak surface fields of up to 130 MV/m can be reached
;ith the present dstem.‘ Several hours of processing did not apprecisbly alter the
- eavity :behavi-nr,-i.ndieating that all of the surface-property related Geld emission
had been processed awsy during the beginning stages of the tests, by peak. field

14
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me mulnpnhlmthmlrmmk during dischasge
_ & wu pruant. mdiel.ﬁn; thnt lhu ehn;ing pmeu wu too lut to :lluw % resonant
- b,,m.“‘,‘dﬂ, phmmmn Y ‘  V_ b
. " Tlle ume ‘resohance puks were obamed lt ﬂ‘K, at whleh tempersture
cheqoor~mooodluwed mauﬂqmmmmemgmpn&' |
.. (Fig’ 22); For that n!ue“ol' Qo. A was nry clase !a one, 80 that by standard
mmurmldqo.inﬁdmtpmdnﬁnsthpnhndﬁ(uhdmohCW)
. we ma able to mlﬂn the onut of lhe ruomt x-rm lt the same field leved of
85 MV[m Tlns mmment m u imlepondm mﬂmﬂm of the validity
uI the illlell‘ll emmed pum methnd PR 2
' Thcdttahhntﬂ’ltmd!ﬂhdiuhthﬂhhlhnﬁemhmdm
entirely on the emcieney with whieh hest is trinsferred from the cavity into the
Helinmbltl whutheueﬁmnupuluidithabkhhmdhthemm
:venge heat losd Without ‘s ‘sudden discoiitifiious hmpemture increase of the




" cavity's inner surface (Figs. 33-25). At higher temperatures, both 1n the normas
and in the subcooled fuid conditions, ihe Hlelium bath is not sble to remove the
. heat faat encugh and sudden dro;is in amitted power, are observed. The Fy vs

P; curveis ot » fapidly-min; function, tip_ to the th'ruhqld_ for the bysteretic

jump; ‘ofthe heat removal rate, but it is a :fppetion of the Qg degradation and
of the pesk: Beld effects. The amplitede of the jumps is ipstead & function of
repetition rate, pulse length snd of the energy stored at the moment of the
: ndden collapse in Qg. ' ,

The ulm of the. incident power at the end of the bysteretic cycle before
superconductivity is restored is s messure of the beat transfer eﬁc:qmy from
the eavity into the Helium bath and it therefore constitutes a messurement of
the thermal properties of the cavity and of the cavity-to-bath interface,

- A Tew carbon resistor thermometers were placed at selected positions outside
the eavity, No resistor could be placed elose o the iris because of its insecessibil
ity. Nonetheless a test was performed at 4.2°K by checking the resistances of all
the registors while the cavily was in & normal state, pest the hysteretic jump and
while the He boiloff rate had substantislly increased: nOI;Q of the resistors’ tem-
perature had increased, indicating that the source of heat was the lower cavity
sutface or the iris. This behavior was expected due to the relative inaccessibility
of the iris outer surface.

Once the Ps vs F; curves deviate from linearity (Fig. 28} it is necemury to
take into account the incressed losses in order to determine the actusl pesk Geld
reached. Figures 27 and 98 show how the feld correction can be determined
in fivst approximation, through the messorement of the deviation of 5 from
Linearity (AF,) and the determination of the Qg for that deviation. The curves

10



e were obtained by usulmn; tlut eilller tlu cavuty is in a lom Qo condition

- ﬂ'mshm ehamnc and dneharsms (ennunnm lines), or it has Ingher loases
.. only dﬂrinsdisehuge(duhedhne). SRR

Fi;ures 26 and 29 ahow the lleld lavela reached m the cavities with the first

order eorreetions The SLAO emty sllm tlle full trmuon to the pormal state,

Fignnmnhmthemememlmusuumﬁmdpukmfmldd In -

g ’;‘order to expldn in. datnl the llllp! of the Pe v P; curve dunng the transition

‘TGD ‘.n

:hom mpemmdnetwity to noruislity, s more nophistieatul nonlinear model for
" the Josses will have o be déveloped. ‘The details of the mode, though, could be
'._tute:l mt utnl mmmh. nml ws éan “change the dimpatm durmg
" the pulie‘by ehngin; chafpnlu lan;tln Oﬂmr obmable qnnntitien will’ help
"'in ldentil'ymg the eomct motlal \vhieh m tnm wlll gm mlormalion on which
: cnticll ﬁeld isbm;mched bermtohlbmtdwnm smpereondnetm; cmty

. puksurtmelaetmloldnehoto‘mmlmm l:ermhedmthout appreciable
Ioaséu.’ “Fhis eleel:ric ﬂeld eoneupondu t.o n peek aurfm msgnetie of ‘sbout

’0. The‘mmum fields ruehed m to l:e almoat indepeadent of the

?:ﬁ.gii:,mdmmwumbncmmmmmhm

" The M tlnl eaviliu nhieh hul ummdy m'led bel:mor during the CW

7 testa instend shoswed very similar Seld Jevels foi Qo degndshnn when pulsed,
ind:uun thlt the pxopertmteued vh puhul mulnmnuh m not neemmly
L .the ume as thuu mtad m CW Thu l’ut lbo is imponant because pnct:cal

T A >
-..'-,"..br-.,." ) '.. a .h::::ﬁ‘, ‘s
M " .

5 o :"17




applications of pulsed RF superconductivity would require much less strict quality
control on the cavities than for the CW operation.
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Table I
Low-power, long-pulse test resulta on Nb eavities

Cavity | Temp | Qomax | Evmsx | Q0 (Emax) Remark

' {K) (MV/m)

SLAC| 42 |DBET] 58 0.0E7 after firing
SLAC| 1.3 |23E9| 223 | 14K alter firing
SLAC | 42 {89FE7| 72. | 38ET after Iu strip

SLAC| 13 (LIE®| 134 1.0 after In atrip {present)
LF1 | 42 |09E7| 173 | 72E?7
LF1 | 1.3 {54E8] 249 | 45ES X = 150 mR/hr
LF2 | 42 [76E7]| 42 5.1 Er
LF2 | 13 |60ES| 44 L7TE8
LF3 | 42 |1.7E7| 83 5.8 E?
1F3 | 13 |aoEs| 78 | 19Es

L LF4 | 42 [00E7] 148 | TOET?
LF4 | 13 (BOES| 232 | 23E3 X =150 mR/br
LFs | 42 |03ET| 02 177E7

LF5 | 1.3 [11E0| 103 | 08Es




)

Table I

S_ummﬁ-y of penk.. a_qrf#e fields reached before degradation of Qg

42°K * 2.5

42°K 1 ps LK Lps
PRF = E  H, [PRF E, H, |PRF  E, H,
CAVITY |(PPS)” (MV/m) (Oe)|(PFS) ' (MV/m) (Oe)|(PFS) (MV/m)  (Oc)
SLAC |82 - 59 1120| 40 684 1300 M 67 1280
LF1 | &2 56;: 1020| 57- 600 1100 33 58 1060
LF2 | 82 . s8 . 1080| 50 58 1080] 51 58 1060 (2.5 ps)
LFs | e2 . e0_ 1000 st 67 1220] 33 e 1180

a1
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12,

13.

"

18,

Figure Captlons

Reverse power versus time for 8 2.5 gs RF pulse and for various Q..
Pulsed RF energy transfer efficiency versus external Q for two pulse lengths
(Tp =1 ps and Tp = 2.5 ps).

Gating of the emitted power to obtain the energy stored in the cavity.

Scheme of the emit ied power measuring apparatus.

S-impliﬂed version of Fig. 4.

Transmitted power pulse through a logarithmic receiver,

Transmitted power pulse through a linear receiver.

X-ray detector output in phase with the RF pulse.

Cross section of original SLAC TMpip Nb cavity.

ModiBied SLAC cavity with removable cutoff tube.

Crass section of the leaplrog eavities (LF) adapted for Bxed conpling op-

eration.

Fixed coupling cavity assembly with transmission probe,

Pe va P; curve for the SLAC cavity (T = 4.2°K, Tp = 1.2% p», PRIF = 59

" pps).

P. vs P; curve for the cavity LEAPFROG #5 (T = 42°K, T, = 1 s,

'PRF = 51 pps).

P,V v8 Py curve [or the cavity LEAPFROG #2(T = 42°K, T, = 25 ps,

" PRF = 82 pps).
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Wmdrmamhionmth?.nﬂmlwthnhi;h-emﬁmn

S i-.'_eavltyolﬂg.l&

-0
. 2-1.3':'

-"Compnrinn ol‘P. uP; enrvu bdon (l) and ulur (8) Helium processing.
.Omrellﬁon of trmm!thd field on x-ny emmsion during the pulse at £.2°K
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'P.uﬁeumforLFl(l’RP=51 pps, 1}=Mm)atmiom temper-
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" Plevel, ) T = 14K b)T== 17K; o) T o= 949K; ) T == 22°K;
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. point. 'l'he two curves eolnelde up to the pomt ol' tho hymretic breukdown
(n) e .

'P.up, mmahowtqg Che flelds ruelmd 2 the Qg degrades. In poven-

’ tlmu are the first order uppmdmnhon mected uluu. Cnvity Lli‘s



T o= lfK.fR“nBlpp,!}alpa.

81 Relation linking AP.]P. to Qg for the pulse lengths and Q. indicated.

28 Penhurheee!eetnc Beld eoneetiouennuloru:henqomd Iortpuk
incident power ol 1MW, ’

2. Pwvs b eum ‘for two emtlu. The SLAC (1) cavity shows the transition
from mpmduetln; to aormal over widé raage of Beld Tevels,

30. Average losses in the wity ssa l'unchon of peak murface electric fleld, lor
the curve of F!: 20
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