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Abstract

Thermionic RF guns show advantageous features compared with photocathode ones such as easy operation and
much higher repetition rate of micropulses, both of which are suitable for their application to high average power
FELs. They however suffer from the back-bombardment effect, i.e., in conventional RF guns, electrons are
extracted from cathode also in the latter half of accelerating phase and tend to back-stream to hit the cathode, and
as a result the macropulse duration is limited down to several micro sec Against this adverse effect in thermionic
RF guns, introduction of the triode structure has been proposed, where the accelerating phase and amplitude
nearby the cathode can be controlled regardless of the phase of the first accelerating cell in the conventional RF
gun. Our one-dimensional particle simulation results predict that the back-bombardment power can be reduced by
99 % only with 30-40 kW RF power fed to the grid in the present triode structure with an optimal phase
difference from the RF induced in the main accelerating cavities. We also carried out two-dimensional particle
simulations to evaluate emittance of the refined RF gun.

SRREHEE % A 7 BRI R TR 5T DR T B A

RIE L, B LR AR T T, Big-7 Y v R
1. [XCHIC B H - I @A ER A HET 5 2 & T IEZER
= . S ho DALERLAR &S LT B i oo N AL 2 il

T L—H%— (FEL) O 1
L e IR OB T p - emaigicns, Shicky. BREEENS
@ﬁfg@ﬂi%?ﬁﬁ@‘lﬁﬁﬁﬁ)ﬁ% < E'g{;fﬁ'ﬁ‘é IEJ)J'JQ'?E %ﬁ%ﬁ%l%ﬁjéﬁ’bé{ﬁ*ﬁ%?)ﬁ%?‘é Z & VG‘\ Ist cell
'ﬂﬁ%f HEFE L’Cﬁvﬁ%\ééhkﬁﬂ&%%f’kOD o/) : = UV“C@JE(;IL%?%!BZ% L/ back- bombardmentfﬁ%

LRy R CRFENRT TR E LT, Bupa e R ORBERRTD S AT S,

HLORH D, L, BEiwsREE Tk, @ 1 1RF power
B 5 B & H S U F — 55 0 I E - 2SO R0 B 1Y
W27 PRI 7223 % back-bombardment Ei 5 1V Cathode

D Z 5, ZHUTEEELORESRGIT LD,

T 2 CARMZE TR, BRI & JE R R T8I = AR
BREEP A HV T, back-bombardmentHi 4 D %) F: A
B L, EEE 7 E— A& LT 5 HEICHOWNT,
bifvIal—vailkos THREILE,

2. ZHEEREE

A2 TIE, =G IZ X 5 back-bombardment
ﬁ%@%ﬁﬂ%%ﬁmétw\ugﬁwﬁ@@@
5 AR E RIS T, Fox AW TWL D HERA & = iR
B e LT,

X 1 iﬁéﬂ%ﬁ”@4Sﬁlﬂ@ﬁf@*ﬁﬁ*”mﬂ& 5781
DA TH 5, gfﬁ”&ﬁ”mﬂ{ﬂiﬂﬁ%ﬁ . ek
B DR ME A STV DD *ﬁtiﬁi@ﬂ?l“?ﬁ%
Eo ., =M s L,

1st cell 2nd cell

B 1 : 45793 0> RS HEEN 5 B B -6

12 2 IR DB 5 A Thh(a) . = S — :
L L R e O O T W bt Mt i
kR \ \ B & B OB AR ERCAHERES,

SAREAITIT st cell & RMEFmOMIZZ Y v R%&

-379-



Proceedings of the 2nd Annual Meeting of Particle Accelerator Society of Japan
and the 30th Linear Accelerator Meeting in Japan (July 20 - 22, 2005, Tosu Japan)

3. BIFUSalL—YavFE
AR CIE, ZEHBEEZ W EmEEE 5o

ARWEE KLY Ialb—va ko TRFT LT,

DI, A RIFAWTfENT 22— RIZH W TEHT 5,

%9, KUEMSPUZ T H NI S il 6 B[ A

T— RZRD, Zodlh EoEFIREZH - T, i
X uslEHEn-ET0M ETCOMNBEDORFME{L%E
FAET D (—WoThi T EGERENT) . ZO—&kota—
KZ2HWT, Bii-7 U v ROk, ERMRE,
D22 IR O & R E SR & ONFZEEZE 2 T, BT
EORFMELEFE LT, TOREENS, Al —
LD E— 7 B, back-bombardment® /ST — & T
NFX =AY MVEFHE Lz, T 2 CIEZERIERZ
RITER L7,

WIZ Z T X Y back-bombardment/ X7 — 25 /)y X <
M oNbRMEERDZ, TORMET, EFE—2A
DO¥LEr FAIOEBFOEE HEE L 7= Rkl 1l
AT = — FKUBLAIM Z W TR E 21T - 7=,

KUBLAICIXZE I E MR b BBIC AN TEE Lz,

4. #HR

4.1 —IRITRIFEE AT R

3%, -7V v FREEBEZ Imm, &8 E
Z4SMV/mE LT=858 Oz L A E— LD B —
7 EHE. back-bombardment’¥V — DR &R L 72X
Thd, K3 EKYAAHZEZ0.8nrad)> H1.3n (-0.7n)
rad & L7235E12, W6k & b~ 7=back-bombardment
DN —=NIEFINSL RDZ ENbnD, s
=S H 0%, (iHEZ1.27n (-0.73n) rad
ELTEHAE T, WERAICHART05% 0, &K
Thack-bombardment® /XU — %99 5% Ik T 5 &
Hrrsn s,

Flo, 20 E V-V ERBUERMD25ERE
DEPEGELNTEY, e —20E ATt
FFEhb,

3 3T

[*]

. 3

wana s *  Jriode S

'3 . S

IﬂZ X .II . 42 §
Fel L]

S - — T

o = n o

5 - 1S

L]

21 . = 1 &

< N\ . . | &

© | Conventional . 3

o 5]

=]

L] +

o 'l i f T TN 0 l“_,|

-1.0 -05 0.0 05 10 ¢

—

Phase difference[rrad]

BN O ZLIZ W T, ERROB4 %X
4, ZHEROBAERS IR L, M4LX5

a),b) & HEf L TRERANIC A & v e

N o= e
Nin\:2h

F D3 = A

BRICIIRIBIZAD LD 2 &R ST,
= 5th cell
€200} 1
E
N 4th cell
o 1501
(3}
S
E 100} 3rd cell
(]
© Decelerating
.g 50 Field
<
1st

0
Back-bombardment

Phase4[n rad]

6 8

X 4: ERBEOEFHO L —LLE & FHE

(B B AR R

(Z=0 ZREBEREE T 5)

Wi E T M EARIZE 229 D back-bombardmentE,

BSHERS

fary
o
o

a
o

-
o 4

5th cell

éhéo

4th cell

| 3rd cell

| 2nd cell

Decelerating

Field

cell

2 4
Phase [rrad]

6

Axial Distance Z [mm]

o]

(=]

N

N

05 .
Phase [rrad]

K5 :a)=BERETHEO L —LLE L FHEE

{LICBE3 23R R, b)RRERATDIEKE,

1st cell

Cathode
Grid

1.0

20

back-bombardment3R 5 DR & R,

X5, PERmICEZET D WE DT RLF— A
N_X7 M EREIZRILEZ, INED, BusdD~7

3: 7Yy FEADRBEEEBEROMMBZEIZEK
5, B —27 &} L back-bombardment’ {7 — D
i, WRBETOETHE L, (15ALH
A —EE (0.35ns) H72 Y 2.29n))

BV ARNT, R m ORE ERICIERICRE 2
WL 2 DR XX —OWiE T Ic o T,
SRERIC L > TEBTE D2 LR D,

-380-



Proceedings of the 2nd Annual Meeting of Particle Accelerator Society of Japan
and the 30th Linear Accelerator Meeting in Japan (July 20 - 22, 2005, Tosu Japan)

-=-=-= Conventional
Triode(-0.7 1)

-
(=)
—=

o
o

Spectrum [a.u.]

—

o
(=)

. 100 f(I)O 360
Kinetic Energy K lkeV]
K6 : BRIBERE DT RLXF—ART L

42  TWRITRLT-HIE FRAT RS 5

— TR FELE EE O R R A % 15 T, back-
bombardment D /XU —Z /NI M2 BN D EEICE
WC R ek FHLER R 21T o 72, X 7 1356 &
=WAER O otk FELEF RO R TH D, Zh
X V. back-bombardment DHEJE, t— LD/ T
LR CTE, E—AERKRELI o TWNAH I LD
o te, £i2. K 7a),b)idlst cell DA E
FIZK LT, RIUfHTOARAF v T ay hThHDY,
SRR IR R T E— A DL ENEA T
WBHZ EDbd,

Rodiol Distonce, r [mm]

0 2 4 6 8 100 0 2 4 6 8 10
T TITTTTT TITTI T T T TTITTTI]TTI]T

Rodiol Distonce, r [mm])

20
Axiol Distonce, z [mm)]

X 7 : KUBLAIFFRE#ERA T v 7 a v b)

a)fERE  b) =HRER

% 7= . back-bombardment/XU —{Z D2\ T, [afi
FKEBREE 2300/ cn’* L LSS, SEEERD
— & (0.35ns) T, TEKALN116.8n] & 72 % DI
w LT, SMREACIX0.4nJ &2 D . Z #uidback-
bombardment/SU —%99. 6% FHRE Cx B Z LT
%o DFEY ., —WICKL AR R & [FERIC, back-
bombardment HL R DS HFF CE BFER L v o 72,
2T RGN D X Y back-bombardment /¥
T —B/NE DX, —IRITIENT TR T7 1 ORL1-
DENE Z2E 2 TR, ASKREMROE Y DEEC
FHRELTWDHETD, BcEELELD L LG
BLTWAEDEEEZLND,

E—ADE— 7 ERIZOWT H1st cel lH O T
Rz Z A M8 DX T —RITL TORERITIZIE—

25F T T T 3

!

Peak current [a.u.
5 o

o
2

0.0
-1.0

05 0.0 0.5 10
phase difference[rrad]

X 8 : 1st celllH O TOE— 27 B O LK,
PERTLDE THAMAL,  (1.84)

HL, ZZTEFHEHOTIERLS, 1st cellDH
ATl L7z, ZERN TR 7m0 05 X
I, BE—LDJENYBRKEL, ETHRETETD
RN BEFHEEOTIERHMECE 202D TH D,
TR I v U ADEE BT o T8,
B HH 0 C20mmmmrad & FEFICRKRE WD LA
Mot FEKRIE, Ist cell AV AfHE T, BEHE
WL CWAHERINH Y, ZoORICLEMEN 2%
HZ &L, B A REMAE L D HEA TS Z
tirtEZOND, Kol v X AbEREELEZ
RS IS O LN LETH D,

5. FLOHLSERDRE

AMFZETIL, B2 5 JE I E 78R A G
% AV T, back-bombardment B4 %) B 2 8 35 L
E— AT R X— % —EICHERF T2 HFIEOF M E
Rt L7z,

KFHLEMTOFHER RO, ZmEHEEEZ AV
5HZ L2k, back-bombardment/ NV — & HEFH D
0.35% (—JEA#IH7=00.4n]) FEE I TE D5
REBT,

S%IT. ARETE—LA0EEE/, K= v ¥
v 24t & back—bombardment B & DR A [FI R 12 2 AR
T 5720, “BEBEORELPLETH D,

¥ 7=, back-bombardment D [E R HIEE LFH-~D
HE1L, WHEBEBTFOZRINLX—SMMICL D720, ©
FNX =AY MV EBRE LT RERRE EF~0%F
5%l ERMETH D,

6. SEXH

[1]TKii et al.,Nuclear Instruments and Methods in Physics
Research A 507 (2003) 340-344

[2]E. Tanabe et al., Proc. of 27th Linear Accelerator Meeting in
Japan, Aug 7-9, 2002, Kyoto, Japan (in Japanese).57

[3]K.Masuda,”Development of Numerical Simulation Codes
and Application to Klystron Efficiency Enhancement”,a
dissertation of Ph,D.Kyoto University

[4] K.Yamane et al., Proc. of 27th Linear Accelerator Meeting
in Japan, Aug 7-9, 2002, Kyoto, Japan (in Japanese).163

-381-




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




