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We have demonstrated two f„r,^ 

was eliminated up-to ^h^i^ ^'^="^^ ^-  physJ^s of ho^..^"'^^ ?"^^ generated 
experiments and computer si^:?^'^ °^ °"^ Pulse powel SL^r^ ''S'^^ shortening 
these pulse shortening ■ ^^"'"^ations investiaat7n« ?^ u  "  "® report on 
year to try aSd ^I tSf^f'  "^ ^i^° rj;orronur^n^''^r '° °^^"°">- 
(up to 500 nsec)    """^ '^^ electron beam (to 60? nsic) "^a^^ 5°"" '^^^ =°^i^5 

nsec) and rf pulse length 

1-    INTRODUCTION 

'-=■'• j-scic of self- 

. ^' '^E INJECTION LOCKED-RKO 
Our version of the RKO h  u 

u:rt^ha%rfor^- - Squ^^^'^T;:^ t^^ti ?r" °s -^^^^^^ .e.. 
has the Electric fiti?"^^^^ =^^ity system „TtK.   =^^ities separated by 
the electrrrfi:i,'^:i?iP--llel i^^h?'tro rf'gapT rd^'l-H  ^^" ^^"^ -^ 
system is unstable Sli ?^^^^i^^ ^ the two rf Sos  -r^^^ ^^=°"'^ ^°de has 
Parallel in both modulatfna '""^ '^"^ "'°'^^ with^Sr^f e? T?'^^ ^^^^^y 
magnetron to provide ^^^ ^^P^'  "^^ first cavitv f5 ^^^^tric field 

-Cited withouTLfpetit^rr^ '"'^'^^ -«<^i"on forthtT^" "". ^ ^^^^"^^ 
produces a modulated rf^^  ^""""^ ''^^ '-^^^ ™ode.  Thi. .«  ,   ""'^^ *=° ^^ 



kStic enerov ZT'^'^'u^'^^  '^° '^^^ ^^^^ ^P^=^ =^^^^^ reduction of the 
iSerted a cl?;.^ ""T^  ^^^^^^'^ ^"^^^ ^^^"^ ^°  ^^ract rf power. We 
cS^ge thl hl^^rZ°'"^''^^°'^   ^^' following the coupled cavity system to 
2^ inployen^SxS"'"^ °^ the _ modulated beam.  The center conductor 
electriS field to Si?e ^J^^^^ °PP°"te the extractor gap to allow the axial 
Fig. 1. ^^^^ ^^^ output transmission line.  The RKO is shown in 

the'^IIL^rorbfS^i'ie^t"^ '"^'^"'"^ '""^^  "'^^ ^ =°^^^^^ ^^^^"^ -^«^-^- 
typical diode cS^lan^r„^''°"^ ^"^ ''"'^-  Initially, this was believed to be 
aSlild elecLic fiSfl"  "°V^^^^' ^^^^^^ ^ brief experiment where the 
the current ScLf^  ^^ increased, by decreasing the anode-cathode gap, 
current S^stS^;  ^^ constant.  This shows that the increase in the 
cathSe  ?he raS^fna"'^^ "^'"^ ^ ^^°^*^^ ^" '^^^ emission area of the 
sSor^ening L ^Sst^rthf^nr" '°""^'° ?" *^^" ^°""" °' '^^^ ^"^^^ y, ac least to the 300 nsec pulse length available from our pulser. 

of'tS^f^ri^^ncy^SiJi "'  '^^^° I''   ^^^°- °- ^° determine the change 
that a variatSrS ^^.7liT°\''^.t""^  electron beam current.  One finds 
will cause enoSJh SfTJreoSL^r J° ^T  ^ ^  '^^ electron beam current 
to no longer be resonLt Ji^h ^h ^^^^^f"^ t° ^^f^ l°^ding of the cavities 
system.  Se verified SL^n^ ,^^^.^^5fbl^ ™°d^ °f the coupled cavity 
external magnetron fre^L^^^""-^ ^ ^^^^= °^  experiments where the 
modulation SJurrL !^^ ^ "^^^  varied.  Themaximum electron beam 
freSuencv was ?nn^i ^"^'"''^^"''^ ^^^ current as the magnetron drive 
trequency was increased from the unstable coupled cavity frequency. 

caus^rSi'tff^Jic^trse^Lfr'^"""^ T?^'"? "'*^^ "^^^ ^^^=^"- ^--^ —t bulk carbon tin iS^! several new cathode tips.  Two of these tips were a 
iSdide sa?? IrlLr.^^      steel tip with carbon fibers coated with Cesium- 
provlLd a nr^S^S:^ cSnstSt'S^"" TT''  •^^% f^^^^ ^^P-  ^hese two cathodes 
Th^ ^«^Hor,  !:u !  constant current for applied fields of order 100 kV/cm 

be^ pSlse  "SfcLboff-S " '° ?^ ^"'^^ "^^^ ''  "^ ^'  variation during the 
of va??ation dSjina tSJ ?^^^ '=f*^^°'^^ delivered 8.5 kA with less than 1 kA 
produce ai rf pSsI IT^f^.^f^V.  ^^ =!^^°" =^*^^°''^ ^°^^ '^^^ ^^ to 
the rf pulse tSSnated^i^K ^'^ ^ ^^ integrated energy of 170 J, and 
power tS beam pSS? wis 30%^d ^S^ """^^^  ^"Jf^'• ""^^ "'^^^"red ratio of rf 
fiber cathode driven^n SL?^^  n ^^""^ efficiency was 15%.  The carbon 
because the Lf^ I!     yielded a lower power, longer duration pulse 
coSSi??on Jf^Tl^'^'JSS^'^^^^^^ ^--^^-<^  the necessary start cSrrent 
to an er?or in Se desio^ "f "^^^^^^^^ ^'""^ '"^^ =^^^°^ ^^^^^ =^*^^°'^^ «^= d^e XXI tne aesign of emission area. 

3.    THE HARD-TUBE MILO 

Adjacent cfvitSs^'lhf'Soduf^rr f''^'^ ^"^^"*^^= ^ ^"^^^^^ ^^^^^ ^-— r..L^f^r.^ii : modulated electron beam is formed as the 

SSIficii "rf"^S:e1,o'rt°:nfn? Ts'^'l■^'^T\''''  =^^^^^^^-  ^— °^ version of the PhillinS f K  ? ^^^^ ^'•^- ^' observed in the original 
all stainless steel EL^5°"''°^ "^^° ^^"^^' ^^^ "^= '^^"'^^<^ to build an 
finger stocJ rf jJiAts ;hJcH''^""\°^ ^""^ ^"^^^     ^^" eliminates all the 
MIL?, plus it gives uJ thi ahTT?^ ^^""^ ^° breakdown in both the RKO and the 
conditioning tIcSigies sJcf =  ^ ^° ^^^^=tigate the impact of conventional 

the power aSd JS^i^e^JSleSLI^SV^Sll^O^" ^' ''^^"^^^^ ^^^^^^^^ ^ 

rit^s'lomS^sVoflwrcSie ^^^ «-^-^-^\MILO (H^ILO) , is shown in Fig. 
mposea ot two choke cavities which provide a well defined rf 
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reflecting boundary for thia Ha i^  j 
structure, extractor gap, Ld coTJf^i''''T^^"^ "*''^' ^ ^°"^ =^^ity slow-wave 
cavities have a diffe^S^ SssS^ ?i extractor/beam dump.  The choke 
backward traveling wave in Se SLS^H ^^ ^^""^  cavities and so reflect the 
forward traveling wave.  The HTSTTS ?/^^^^^° fobstructively add to the 
in two respects.  First of all  S2 ^^^^^^^^=^1 to the original tube except 
wavelength stubs rather than b^ fnur-^S^'' u-^^ supported by six quarter- 
outer conductor wall.  Secondlv thl  U^TT^J''"^ gravity contact with the 
the choke vane region, wSlf th; orLS MILS\%'^^""^ =""^°^" ^^^^ "^ 
over the entire length of the tube  SS MTJ'S ^^  f constant-radius cathode 
which runs from the upsteam edSe of thf^^J^ employee a velvet cathode 
end of the cathode shank. We show b-VL ?^ . u^ ^^^ ''° ^^^  downstream 
the choke vane region allowed Se ™T?O S • ^^^^^"^ ^° ^  tapered shank in 
GW, while tripling the pulse dSltS sho^ S^plg'^:"'" °"'^"' ^°""" ^° ^'^ 

Initial operation with the HTMirn „c=,4 
all the vanes, and the tube™ed JS il^nf^''^*'"^^'^^"^ =^^^°^^ ^^^"^ ^der 
original MILO.  By using silicon PlS^fSf^^^.^" performance over the 
(1) the x-ray signature of the Lsf^cf^^f ''""^ detectors, we observed that 
beam pulse, and (2) the x-ray siSatureo/j;;^ "^^  increasing late in the 
falling well before the end of S2 S!™  i electron beam dump was 
indicated that magnetic insulft-fn. ^^^ P"^^^-  These two pieces of data 
in addition, we oSeSed x!rav ^iSn^^^ ^^""^^ ^°^^ ^^^^ ^^ ^^ ^^^ Pulse. 
similar to that from tSe laJ^'^choS va^f • ^5 • "^ ^^ ^^"^ '=^° =h°k« ^anes 
emission was occurring in this reaion  p^f?''''^^'-''^ ^^"^ unwanted electron 
and some electrostatic calculatioS of ^^°^^°"^^5 several PIC simulations 
that the electric field was sJff^cLnt S caSi"^'^'^"^" ^''^^^'  *^ ^°-^^ 
cathode shank below the choke va^es  Bv ,?^? emission from the bare metal 
geometry under the choke vanes tSee'pigs TSd |f ^^^^^, ?^« ^^^hode 
spurious electron emission imnro^L KP*,  and 5), we eliminated this 
insulated flow, and enabled S rlllc^ launching of the magnetically 

conclusion of the electrofbe^ pulS'tLe pirs"."" """""^ '=° '^^ 

I'll m 
i In 

CONCLUSIONS AND FUTURE WORK 

At this time both the HTMTrn =^j • ■ 
Which terminate at oj ^lthTtnroTltT'~';°''''^^  ^° P"^"« ^^ P"^--- 
complete upgrades to our present pulfenowS^"''"" ^''^ P"^^^"  "« ^^^^ s°°n 

_parameters: 500 kV 5 Q  600 n« ^""^^-^ ^^""^  ''° '^^^ following 
electron beam and rf pul'ses.  4^e'RKO ^11^^^ K^^^-f investigation of longer 
of the finger-stock joints, anf ?hfmS wfl^^"^'^ '° overcome the arcing 
extractor plus a new velvet c^thod! ST^h ?-^i  ^""^ ^  optimized, brazed 
performance.  We are also pWi°g%o use a f Si-'J"^'" P°'"^= ^° ^"^^ i^- 
vacuum bell jar to reduce thr?f Jiectric li^J diameter by 10 ft long 
interface by a factor of 6.     electric field stress on the vacuum-air 

the HTMILO. Center of the Western MURI consortium in brazing 

. ( 

'■ ■ ' 

m\ 
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Fig. Captions 

Fig. 1.  Drawing of the injection-locked RKO. 

cathode d^Kln'S^o'"^ '^" ^'^^ ^°"""' ^'^^ ^^^^ ^^ ^^^^^ ^^^ -^^^ carbon 

Fig. 3.  Rf pulse shortening observed in original MILO [7]. 

Fig. 4.  The Hard-Tube MILO experimental configuration. 

confiluraS^'Sd ^jf^i^^"- -^--^^s for (a) the original HTMILO cathode 
configuration and (b) tapering the cathode shank under the choke vanes. 

Fig. 6.  HTMILO experimental results using configuration shown in Fig. 5b. 
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