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Abstract

Project Code RSAB280026
Project Title Minimization of Apparent Beam Emittance from RF-gun
Investigator Dr. Chitrlada Thongbai

Project Period 3 years

Abstract:

Production of high brightness electron bunches is a key issue for the successful operation of
next-generation light sources, future (short wavelength) FELs, linear colliders as well as plasma
wake-field laser accelerators. A high brightness electron bunch requires high density in a 6-D
phase-space, in other words, having maximum charges in a short bunch with low emittance.
Such electron bunches can be produced with rapid acceleration in an RF-gun and an
enhancement occurs when the time-sliced are all lined up. Beam dynamics study of the PBP-
CMU RF-gun via computer simulation has shown rotation of the slice phase-space ellipses,
causing dilution of the beam projected emittance. The phenomenon seems to be macroscopic
and is likely to be able to compensate employing an RF cavity. In this study, we investigate
time-dependence of the slice phase-space and their responses to the compensation TMO1
fields. Successful in emittance reduction of 50% can be obtained using a % A long TMO10
2856 MHz cavity operating with 40 MV/m field intensity. As the compensation cavity will be
operated at the same frequency as the RF-gun, further study should be integrating the
compensation fields into the RF-gun. Part of the study also found that rotating the coupling—cell
to line up with the wave guide opening results in improvement of the electron beam quality.

Detail study of the RF-gun with the rotated coupling—cell will be further investigated.

Keywords: emittance, RF-gun, phase-space
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effects BeazfidndnasioarannIANInawUAT Audurtriidianasaugnlantaayaanann

Al TutlaquiulFiduiiszandudadn aunsaannares space charge a9lHgiannIsL3 ety



a

fidinasaugnianlsssasniienaine e nsiagaaninalBinlnssidaunension (RF
. Aa @ % e PP o 1 A I A A
cavity) BLAnAIBUAzgNIsIasaINeSEWIHANAIMgININTl space charge avaNBVEWA
meluansusanise {899 NINaBLANATE RN AN UGN TR UTIIINEHINUN IR ANHT
AANBULTINANIINTHIN AN Banszuundndiinasauuuuil 41 DJudidnasenuuuansian
(RF—gun) B9eNH190NARBLANATEUNAFHILIUINBLANATONTANUILUUNINTH 6-D Wa-aLe
PUBANATENAINENT  (HIBNAmWITWlAe ). Fraser uaz R. Sheffield [4] @9@ialgdndiu
break-through flanAty(gnisndnunasinfindidnasauanuadegs Wewdsuiieuiuiiv
wuy DC AitEn1sisarugalna-onuaii B1AnATaUnasMLszHIes 100 — 300 ke Foisin
vasTiuBianasanuuUaseniiie  asnsafasemlnaliniely RF cavity Bidnssewdign
Uaniapananunazgniss i anasnug@ndu mev nelunadusania Geazdosan
NAYBY WSIHANTING IAiB9e7n space charge AVNTHBRAAWANEANTH n19WmwnidAeydn
i fin nseenuuLdnBidnaseuLULDfilanAHEdNIg AiERnInawmesRaniia (thermionic
cathode) wazsruufudaRadfaausnAnuUULaanT 289 M. Borland [5] wazeWdsunas E.
Carlson [6] AlAANEINEBBNLULUAAIRAABLANATBHIBY Los Alamos Naional Laboratory FEL
center #ing TuBianmsauasienydwlnailne (photocathode) wazsialF3EnliAgunsuna
(% o Ay 1 @ =y I'd a P |
9N space charge  Mngn1sepnuuusrULINTaia3 e nusmanlvAuesd  RunBundd
emittance compensation scheme 89 Carlson 29y Fdduunan1efuLLL28INTTHAR
a & ' 1% P 4 E% !
AidnmsounnadgedaetiuasienuuuEinlnmilne daunsanswinasuwinsanngg
vinlilnelfssuufudniadieauiuudndn  vddaiefine  eonuuy  wasWmUITN
a & '3 ° o a ° a«® Aay < Aaa A = @
BANATDUULUDIENFMTUNARATBIANATAUARTINTUNIN  UaciBReuaudioy  Faiu
Lmemz‘i’ﬂTumﬁﬁwmmeﬁqLﬁmﬁl,z'“ﬁﬂm@umﬁsmdwgq (State-of -the-art ~ aMWSULH
fdnmsouendianiuuulnlemilne nansBldnaseu Uszq 1nC BRauANE 1-5 mm mrad)
pNveasaRnuand AidungnaniRnandngeesaiaynin uaaslneede JU7 1
Fauapadnuasina-sUnTuuaunu x (7] Tnein [WaRausnd ¢, sdinavilanudaefiui (a19avd
NIMNTFEAT 77) 2B999T NIATELAGNLTTHIMN 95% (FU 1 0) BT IUIUBUNIATIIVINA 158N
a o/ 1 U . = . 3 dy -3 o‘dl A a
WIFNNATII1 phase-space ellipse 1138 beam ellipse mum‘sﬁzqLﬁmLsﬁuwTﬁuﬂﬁummw
uansineiull 1w 90% vEp 99% lapdRsusndannnsnamnalfeiniagnassnianiy

LA

WHILNWINAB9289993 (51 1 b) Tu@“fﬂwmmm@?qmémrﬂme"u’mm@ﬁmmwﬁ?ﬁﬂ%mmﬂ
beam ellipse FIATBUARH X, X WBIWNBYNARADATINWAR 191 TugUil 2 uams a-aulaly
WHILAK X WAY beam ellipse 2a9a18idnmsan 1 Wad a1ntluesien (8] adnalsna (Fdnne
a ¢ A aa P | & o ga & g o A I aa

AnssAa-ais wia BRauauE o 999au o saniadBiannsan BeluilaqiuEendn 8n

UAHT AN BRAUAUTULLUNIY WIBUUURIRE (slice emittance) ﬁumumwefugﬂﬁ 3



U7 1 a-mgTuunaunss x waz beam ellipse [7]

©al))

] : © 0.94mm.mr

-60 LR EANLEE N IR T S

-2 -1 0 1 2
x(mm)

U7 2 wla-antuunauny x uay beam ellipse 2avandidnmseu 1 Wad antiuatsion (8]

Slice #3 Slice #2  Slice #1

s
= D

et

U7 3 WNUNTWLRASUARYE RT (#1, #2, uay #3) A9rdas1ed iNa-alsuu U (aed



uazTug Ul 4 uanssondng beam ellipse @msunsazalad (#1, #2, uaz #3) Felils BRAuaWE

A4 ! | = A S a « A A 4
LLUUNT@SH' (W ﬁQQTWﬁQ\?ﬁuQﬂﬁQW@N) ANRBLANGTRE A bRY B LHBATLATITVATNRIEY UB

B

o I

¢ . ! O a &
U1 4 $iaaging beam ellipse UnwAnzalad 2a9aBIANATEN A WAZ B

BlmueUTg (projected emittance) wae BRAWANGLIING (apparent emittance) A1ANNBUNTA
AapATiaNad aznudn BfRauwsuflangresaIBidnasen A fAuinndieesa1didnnsen B
WaRe  AnEnznanszanefinresa-aswuua iadaanaviosiafuesBidnasan Ananting
winse BRauawdlsing  Bifenadeis@moguiuazniamaaes sailfsnisaiuanlng
WUUENRD9 914INNIN WWeAnE1aRauaNtUsIng AsAneIReMmanEMEuaTnTTUINNITTiaY
Y [Fungedouanduuualadiaiauaudlangliesfign  sonlUenisaBliiHaas
e a £ A o ! o I 0 A a & '
uaNFUIINGRANTWARBATYLY transport tEHN T gnMaimuIunasiBnBIAnATBRAINETINY

g9

annafianiidaFaniuniafnuianduazmanladvnsnisnandidnasnusiog
auludauminlsAuni 9] nsaaviaitieyaila Ui unnsesnuuy s¥sszney Dudinnsen
wunefien AilErnauumasfesiia (thermionic cathode) dm3uliduszuutudanadlugy
wimanfunuuueann (alpha-magnet)  GefiuBianasaufonanaiindiuszneudidues
STULHARAAENATauinad  anegudAdeRAndunananaIuLazAIaYNNA  NANEd
@enlnal [10]  Hayadauniliannnsfnunadusongnn deliiuneinniarnanifaenisdnans
TaeTusunsupenfiawes Brivin drdidnasaniinanantiuuuuensiony fna-auossesusas
AaNWEs9T iy Tnauansdneoizadnefun1ama (rotation) U949 IWA-FILIBATHYIN

ﬁeLLﬂmTugﬂﬁ 5 1HB99NHANTRYUIBUN T- LU FINA AN INRNLIBIBRAUANT (projected



U7 5 NM9EK 2BINF-FLUE A2 2BNANBLANATEUTINARA N TMLLLE S IEN
vaeAniTeRAnfunInaaNuazaIaYMA MrAnenae el (9]

A a

emittance) Wa‘@@ﬁmmuﬁﬁiﬁﬂg (apparent emittance)  HATNIN ﬁmﬂmmﬂ INUR9UDY K.
Kim [11] #idadnduudunassnisesuissnuasasana-aues nalfnisswesdiubdnasou
wwvuansen-lnanlne Tauansisnma-sanelfaunensiondiineg sonalusnuoe
rpsnaAsnanEdies x, X fuanstusii 6

4

X

W
\\\*\ﬁ
§\\3’

y 4
i

Uit 6 wa-sley nelfiannenfieniiliaed (1)
. Arsezamsauflisernwenasnnismmessna-aws (ugud 5) Tnaliaunens
o T cavity AfiNM19N9va82 898RN BEMENEANTIazyin N a-aiUe §AEeasaiunaania
Wad uardanaliannsnanmunaeesdiauauiilsnng [fedneiiloarandny deazduunmnd

= 4 1 i o 1 0 A a® i
Lﬂﬂﬁﬁﬁﬂ"ﬁu@mqs\l’m FIBNIT ﬁﬂ‘]&l’TLLﬂz‘WWlﬂLLW?\NﬂqLuﬂﬂL@ﬂﬁ‘i@uﬂqqﬂﬂ’]qﬂg\]ﬂ
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Pz aNARD

O A &

WeAnuRAnduazina biladunsniandnddidnaeanannadngs
Wafnunsnrensasudasssasdfaunnduunaladonsan
Adnasouanniunuueiiien Tnatiaunnudman i
ieAnuuaAinmsinanasnurasnisrairslae anuusmdn i Tuns
anBfinuandUsngrevadidnasauanuuuuanfien
WosE9nsAnnasnduazsnAdefifinsguasiuuunef - fansnsoen
HIRSgIHINTANELAZNNSAT AT ARdasTUN TR RUIN AN gRIRITAANA
uasRANFUszyNd AouAnenanans unanande @i
WiaRnAnenInuAzENEIRTgIHNITATY (sandenisennuuy a519daznay

o o A I'4 4 ! a &
Wen5u1lg9) Tuanan Rand ssurdsasseyniadidnasaniulsyme
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2 A9 RUNISITYUATNANISIFEY

2.1 N15N5<918ABINFT-ALL o

Tnaandanisanaesdnglisunannenfiawes  BHRnEIdnEEN19NTzaN 28N E -
A 1e9a1dianasanantudidnaseuuuueniien  2eegudiTuRAnFasnaaNILazAT
aunA WAnende@esival (PBP-CMU RF-gun) Taannsnszansaaana-ailenanans 9z
Tﬁmﬂm'ﬁﬁﬂmmiméﬁ"'@uﬁ"nmmju@Lﬁﬂmﬂu ﬁgﬂﬁmﬂzﬁ@m@ﬂmmﬂﬂﬂwm wazagnie 1#
AvEnavasaNuman i nellasssdnsresdiufidnasanuuuendien  Budaunisld
Tusun9u SUPERFISH [12] 6?50LﬂuTﬂﬁLmﬁmim%’ummmemﬁtymﬂmmmmz’“iﬂTWv’\ﬁ e
sranssinn RF idludidnason way lUsunss PARMELA [13] §1950@uanimsinaewniives
AanaspuiieddnnaaRanuiinausnwan WA Tuuda Ao Tsunsnieans(F5y
ﬂ’]’iﬁ%%ﬂ%ﬂ@ﬂ Los Alamos Accelerator Code Group (LAACG), Los Alamos National Laboratory,
Los Alamos, New Mexico, USA.

thuddnaseusonanadniudinasanuuy  1%-cel  S-band  side-coupling %9
Usenaudae 3 cavity (BuA half-cell, full-cell uaz side coupling cell G‘T\‘iLLNme‘L&gU‘ﬁ 7 Tu
BlANATENT gﬂ@@mmumfﬁ"f%\muﬁmmﬁ' 2856 MHz @aifiuaand S—band Taennssnan
Tulagianl (RF wave) 331979 full—cell waz half-cell azvinsinu side coupling cell 3anudavinlsitin
AdnasonARvianun 3 wad 1fa resonant ae} 3 Inumdasdiu Tinanis 3 dasnsausnanndi
FagAauEnanared RF Tuusas cell THwA 0-mode, Tt/2-mode uaz T-mode kN5 i3 uaslH
T T/2-mode %ﬁﬁLWN"ﬂm RF field N half-cell fiu coupling cell #1971 TT/2 WA N coupling cell
U full-cell axAN9r% T0/2 Y19 T4 half-cell U full-cell Hunasinafie T

nrsAusaHud AN Wit cavity 2e9TiuBi@nmsenl¥lisunsy  SUPERFISH
Folinadiunisnszananasamnunmanminte 2 75 Tmﬁmmm@wu azimuth 99ULNY
longitudinal AB M3FmndlHsaneazBanves coupling cell Tnnsansfidndnissonin
AN lE IneAnuaoann T half-cell wazli full-cell uanaanannii

wansfuInas linnanazansresauns i assudasad AouansigUa 8 uag gu
9 uary JU519289 cavity IpTIUBIENATAN FEBIENATAUAINY A half-cell uag full-cell fip
4 FAuE We1nnsAINasifiae SUPERFISH  LaZN19N92a782898HH (Winans

ANYNIYBN RF- gun cavity LLﬂmTugﬂﬁ 10



RF input port RF input port

thermionic
cathode
~
\\\~
~ N\\
~\\ \\\
\‘ N*
ide-couplin electron
side-coupling _
cavity tuning rod beam
Half-cell Full-cell
Coupling-cell

U7 7 DuBidnaseuuuueniion 289audidefanfuaenaIanIuLaraeunIa

U Y

WnAneau@ealnd Usenaudae 3 cavity A half-cell, full—cell wa side coupling cell



input file 289 T1l5un58 SUPERFISH &i5UAnsasdamnnusimi@n Wt RF—gun cavity

2.856-GHz SURIYA GUN AS BUILT (1 1/2 Cell)

1st 1/2 Cell (Flat Heat Dam)

$reg kprob=1, dx=0.03, dy=0.03, freq=2856. ,xmin=0.0, ymin=0.0,
xmax=3.1607, ymax=4.19, xdri=1.83057, ydri=3.49395, beta=0.95, nbsrt=0,
nbslf=1, rmass=-1, rhor=2.842D-6, tempr=20.0, alphat=3.93D-3, tempc=27.5 $
$po x=0.0 ,y=0.0 $

$po x=0.0 ,y=4.19 $

$po x=0.4507 ,y=4.19 $

$po nt=2, x0=0.4507,y0=1.726,r=2.464, theta=0.0 $

$po x=2.9147 ,y=15$

$po nt=2, x0=2.7147, y0=1.5, r=0.20, theta=270.0 $

$po x=2.636 ,y=1.3$

$po nt=2, x0=2.636 ,y0=1.05, r=0.25, theta=180.0 $

$po x=2.386 ,y=1.02 $

$po nt=2, x0=2.886 ,y0=1.02, r=0.5, theta=270.0 $

$po x=3.1607 ,y=0.52 $

$po x=3.1607 ,y=0.00 $

$po x=0.0 ,y=0.0 $

2nd Full Cell

$reg kprob=1,dx=0.03,dy=0.03, freq=2856. ,xmin= 0.0 , xmax=5.72048, ymax=4.1894617,
xdri=2.66104,ydri=4.044,beta=0.95, nbsrt=1, nbslf=0, rmass=-1,
rhor=2.842D-6, tempr=20.0, dlphat=3.93D-3,tempc=27.5 $
$po x=0.000 ,y=0.00 $

$po x=0.000 ,y=0.52 $

$po x=0.3575 ,y=0.52 $

$po nt=2, x0=0.3575, y0=1.02, r=0.5, theta= 0.0 $

$po x=0.8575 ,y=1.05 $

$po nt=2, x0=0.6075, y0=1.05, r=0.25, theta=90.0 $

$po x=0.446 ,y=1.3 $

$po nt=2, x0=0.446, y0=1.5, r=0.20, theta=180.0 $

$po x=0.246 ,y=1.726 $

$po nt=2, x0=2.71, y0=1.726, r=2.464, theta=88.802375 $
$po x=2.66358 ,y=4.1894617 $

$po nt=2, x0=2.66358, y0=1.7685617, r=2.4209, theta=0.0 $
$po x=5.08448 ,y=1.5$

$po nt=2, x0=4.88448, y0=1.5, r=0.20, theta=270.0 $

$po x=4.72758,y=1.3 $

$po nt=2, x0=4.72758, y0=1.05, r=0.25, theta=180.0 $

$po x=4.47758 ,y=1.02 $

$po nt=2, x0=4.97758, y0=1.02, r=0.5, theta=270.0 $

$po x=5.32048 ,y=0.52 $

$po x=5.72048 ,y=0.52 $

$po x=5.72048 ,y=0.0 $

$po x=0.00 ,y=0.0 $



2Uft 8 WANTTAIMAITNATN SUPERFISH LaR9Imansaud tsin

Y

%4 half-cell (U wazlis full-cell (NMWa1N)
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] r=24.64mm, 90°

o

—

half cell full cell

7U7 9 51519 (2 8%) 289 half-cell uaz full-cell WEBNULAUEWIN (W

FINNTTAIUITUFAIY SUPERFISH

gﬂﬁ 10 'gﬂ‘m (2 7)) 299 half-cell waz full-cell WATNITNTEABYBIFWIN (WA

ATIHAIMHENIYBY RF- gun cavity

WBNAINHILUSUATH SUPERFISH 9 laa3n9 output dmsuEenTdanidae TUsunss PARMELA e
AnAunIsAReNTivasEEnAsete RF-gun cavity Kaanwgann PARMELA ez [Ena-suamis
29esBEnATEN ( X vs X UAT Y vs y) wWimsvandsuamiuacusazBianngen o
Funimeesnzastiudidnasen WnisAanlnssuaning 2.9 A uaz 81@nmsau 50,000

g ! a & 1 ° o
ﬂwﬂqﬂLLNﬁTﬂcj %@LLW@:@Hﬂ"IﬂLLNV’ﬂ:ﬁiLquﬂL@ﬂmi’ﬂuLﬁﬁqr‘unqu 31,700 A1

11



input file 2814 TU5un98 PARMELA

run 12 2856. -0.004212 1.6457e-7
titte SURIYA RF-gun

INPUT 9 50000 6. .3 3600. 180.
CATHODE 0 0.3 1 0 0.10971

DRIFTO 11

CELL 3.1607 1.10. 212415 -1
cfield 1

HC-F.t7

CELL 5.67478 1. 1 180. 40 2 10. -1
cfield 2

FC-F.t7

DRIFTO 11

zlimit 3.2

zout

OUTPUT 1

scheff 2.9 1.0 9.02 20200005150 0.0
start 180. 0.1 15000 10 1000

end

shwafiliannTusunss PARMELA sndiassina-ais x—x Tnefisnssnitazngaass 1000
AYNIA BEIANTEAINGS9M (FouaasTugudl 1) uaz n19inensd a-ais y—y' uansds
gﬂﬁ 12 Tngazifiunsnyurasa-aulsuuualadasnedmam A9 1 UAPSAN projected
emittance 910 BLANATEULTTH 9025 ’ﬂ‘léﬂ"lﬂLLNﬂTﬂi Tnenfteuwin(@dunisl¥ energy slit

AFBINGITN  THITULAE9  AM9A1Uand  projected  emittance  2ENANBLANFTENITANNNS

gxz\/<xi2><xi’2>—(xixi’>2 waz [ARNENANYEN19NIzaNIaINE-aIlY  2B9ANBIANATaU
nTuBRnATaULLUDSIeW 289998398 SUNSHINE, Stanford  Synchrotron  Research
Laboratoty (SSRL), Stanford Linear Accelerator Center (SLAC) (mesfugﬁﬁ 13) wun9Danau
rana-milefiuandnll  ssiunadiudiua-ay sesddidnasenaniiudidinegon
PBP-CMU RF-gun 209guefAN&20Inaanuara1anna snianendadesivsl fa1nnsg
a8 (divergence) fitipssnn AndiadnAndMsUNITRaNUUL WazHUdNNITsHYE e ed
dnuouriidudeutiaondt esenudazma-siglinudnuozsasnisin A buna-ais
1psBLEnAsEUINTuAIENATEUYEY SUNSHINE, SSRL fifldnunizadnudadnus S Aefinnsin
Thsmasaaulansy Tnaflefisnsonma-auafiactnnavbama-aowuslad (uans g
A 14 uaz 15)  andulidianndiniugens X wer X 2evAdidnpsonantiuaidnaTan
PBP-CMU RF-gun Tnustazdasinandus fidnunifindadn (near) Ssazlilitudiinnsen
wuuangian PBP-CMU  RF-gun  284fudiqei@Nd2aInaIauuasanaunIn - umn

AnenauiBea iy (Wuduluy 815 untswmEInITramen1sina e N s -l

12



A

JUT 11 wla-sle x—x 2asBidnaseuiiiafansaniiaznguess 1000 aynanieluiosiad

U7 12 wa-sue y -y epsBianpsuiieansonfiaznguaes 1000 ayn1ame uiasiad

13



G]"Iﬁ’N‘ﬁ 1 Nﬂﬂ"liﬁ’]uqu‘?"lﬂi‘ﬁ‘iuﬂﬁ\l PARMELA

FPSURBENATENINNTUBLANATBN PBP-CMU RF-gun

Projected &, Normalized &, Maximum kinetic
(mm.mrad) (mm.mrad) energy (MeV)
Gun exit (x) 6.406 27.673
2.06
(y) 6.423 27.749

U7 13 NF-FLE X — X a9BLANATaUaNTIuELIANATa1UIEY SUNSHINE, SSRL

U

\Wefansanitaznguees 1000 aynianieluiasiad
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‘Jﬂﬁ 1
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2.2 ANSANYINTISNSZATLABINT-TUY LD IFNRINAN LHIRAN [ TARDL S

daulnejudn LL‘WN'\‘]ﬁ’]Lﬁﬂ@L’gﬂm‘iﬂquNNd’NQQ AeNFE9TIND TH9NT N TN AN

=Y '8 ¥ o A A a @ A a &
Toduass (6] (Bvinnisfneinismaeniilavina-alauesdianmnson antiudanasauLuL
a15eNBeAudATaRANTDIWAENUAZABRNTA HATAVENAD B MH AHENIHULHIAN
Reesulwanloduass lnal¥n1saiunndiag transformation matrix waztusinanlednuass

ARAIMNLIENNA (effective length) 3 ¥H. 2ABINYNNABNUDY PBP-CMU RF-gun

. . ' & 4
transformation matrix 2B9UHIMAN lwANBLFAINEY L, [14]

solenoid strength S = B, and @ =%SLS.
p

HANTTATHIBILERI WL 16 Insuanana-aLLe 2ausias 1 ps slice 199BIENATEN 295 AW
uan9 phase-space ellipse Tngtlszanms finsauaguyn X uaz X' Beiuilwess3aniusiy

aa 4 @ v 1 ' & T = e aa KGE o Py ° 1 ,Gtsz &
REN2INONRY] @:L‘lﬁ‘lﬂfﬂ’]"l LHIANN LR P NADHALANY LIHANWREVINTEITIEATLIANI X — X LALAH

AuTd19289993 (FUN 16 (M) HaANEARE phase-space ellipse TLANAY FIFNAINNTTAYENS

v
L=

ANNTAHNVBIN AL AHuWImndidaenisiulasinisiqesl
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. i | 0000
0.200

™1 4 "
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I--
|
-1
| |
1 1
LN _ it | 4p000
-0.200 0.200
(7)

gﬂﬁ 16 Wd-ail (1ps slices) 12981&NATEY (N) 7 13 TH. MAIAINN988NTB SURIYA RF-gun
(1) 71 10 B, NRI_RNUNUAN IMAUBEA (8119 3 TN.) ANHEiN 1000Gauss

(M) N 10 TN, naInuNmanTTAUeA (819 3 98.) AN 2000Gauss
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2.3 NIFIATIANITNTLINLVBUNA -
el a-ade X—X 289usaz slice WuIMUARLNFNINE-FLUY 9zinedang
Uil dunile (Aadangneluguil 17) senpdesiuAiedunaees KJ. Kim [11] fiuanslidn

1o/ o

INA- AN 9N EAUINESENT AT @UeEAUAIAN Z WAy a7 ¢ wel Hauiy

U

FNUVHILATHNATHYIN) 1T HeBiAnasaunusnsserns cavity mzju%mmﬁfsiﬁﬂmufﬂﬁq
WlWan siefivnseanees cavity azld1 p, = Brx = (aksing)x , dle ¢ Ju Wawes RF o
ynseEnYed cavity SHATATH Wa-aus 1a9 x— X THdungraedunsefifmn s
U7 18 vinmsAiasninAdiuEas slope W3pdmnanaI X /X rma-aHdmILILA
ﬂ:ﬂf@ﬁﬁ@mmﬁmuﬂmW\Iﬂ—mﬂ% Tmﬁgﬂﬁ 17 uaen1std linear fit andimya (x,X) 284
wa-salugaananit 20.7 — 28.1 ps uazdaandaw X'/ xuazy'/y wEpANEeq inear fit
Fwsuusia-auwsuunalad aaamioiad wansdonsmlugus 19 Treaawio x uaz y &
wlinTn&idesi dioya time response FsnanaazsinfU M@ msunsAnuiierinnnssas

nsudnaana-asse 1

20 —

@ 000-058ps
@ 234 536 ps
® 929 -144ps
@ 20.7 -28.1 ps
Fit1: Linear

10 —

X' (mrad)

-10 —

-20
L L L L L

-0.3 -0.2 -0.1 0 0.1 0.2 0.3
x(cm)

p=%

FUT 17 wa-se X — X 289usiaza(ad

WATNNTMNERINEN X /X vasusazalad laal¥ linear fit

Gt 4
b

U7 18 a-ais neldauinansieniliesdt annisaiasneians KJ. Kim [11]

Y
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SU7 19 amsndan X'/ xuary'/y weamanduees linear fit

o (A

AU A-aLL LA [aT faanvaNad

2.4 WRINNNISEALAENITDADINT-NLUY AIgNRINTIN cavity

e [HANY NSRRI AN E-FUBARaARNWRATLIIET  Re19e91mIng
AUNUHAN B,(r) LEINITUUNBLANATEN B4 Funds r lAemINNISURAINEMNITaN
VWA IUIALAZIIAT 99 N AR R aanisnadi3 a9 uuufganuifemTn Seazidin

naanadaundlsng#

farsonmanszatezesauaman i iulvan TMo,, T4 cylindrical cavity $#il a [15]

E,= E(,Jo(klr)cos$e“”t : (1)
E ="PZ2E 3 (kr)sin P le, )
I X I
B, =—ja)i2 E.J. (kr)cos P2 e (3)
X,C |

Traiaridu J,(X) Ae zero order Bessel function of the first kind UALNTTNUAAIANLD

HorffuuanalugUfl 20 (16] Arauins mlFann

%[XVJV(X)] =x"J, (). (4)  uwaz J, () =(-1"J,(x). (5)

20



5171 20 Bessel functions: J,(x), J,(x), J,(X).[16]

U

A J, (kr) =—kJ, (kr). F991NENNNT (3)  LAASINNNTNTZANLYDIFWIHLNNAEN
B,(r) annuuadafl uldenaileridu J,(x) AasiAndugudd r=0 wazAufinduny
szey 1 wsnzandum e e dama-mley TnelHusefinanndiudenniafilng
NgUINaNs (x = 0) Mauamsluusunm U7 21 dmsunisfiaaseina-aus ngx

dl 4 =
ﬂiéﬂ’]ﬂﬂLLNﬂQﬂ’]ElﬁL?lEl’]

|
10 — 1
1
|
—] 1
— 1
= I
E 0 —
_>.c I
1
N |
1
1
=10 — 1
1
1
—] 1
|
1
-20 T T T T T T T T ]
-0.3 -0.2 -0.1 0 0.1 0.2 0.3
x(cm)

1
=

U7 21 wa-ails x—x vosusiazalad waz

)

RIAUBILSIN (U'ﬁ:mmﬁqmmmmgﬂm) N1689n719 wUIeN Teey xmﬂ@méﬂma
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FIUANNPNIZANIBINAT RINTHIARUNT T wULH(aF G998 slope 2849 linear

fit x—x' (U7l 17 wse U7 21) windu X'/ x emisnsaiarsaniiidn x'/ x shadusguiie

U U
a

ALABINLUBLANATAUNAUNT 92 [FATNANNUE A

lliBe) o] 00 o
Re

p e

1 = o Aa & 1% .
T@IEW"I'] |:J. B¢dZJ ‘Hﬂ'l‘jL‘V]']ﬂ‘Uﬂ’]V]ﬂL@ﬂW‘i@uTﬂWUTH cavity
Ref

FSUNS T aUINen cavity TSR n1sinYedWa-as fn I B,dz wu el
QI I A & QI ] . [ v [ I &
TrgEnanNN1TUsznednBianasaudenn cavity ndumnsetuuny z Wawinudindn i

o o & 1 @ { o 1
ﬁﬂﬁTﬁNﬂ TN\mp AIHNFTNNTT (3) ﬂ"I‘VﬁUTﬂNﬂ TMgio BHARIHUH WRNAGIANS T = I, ¥INITONN

THann
B, =C,sin(o(t +1,) +¢,) (7)

A = dla @ QI [ ! .

e t, Apanfididnnsanaeding cavity

Az ¢, Famaussaunudlmdnaoefidianasendadng cavity daumaniivdedvdpsd
VINN9BUTNTNANNUNL Z 92 (H

j B,dz = C 8[cos(a(t +1,) + ¢, ]::ﬁc (8)

0

Wefuindnaannisit (6)  azlfauiuiiefieslfiunudi@nnsaundunn (reference)
dl o v d' 1% . d' o yva @ o o

way WemuItdneannisl (8)  ezliiauinees cavity MYVNBANATEUILNARL YiNnng
WU UNRSaBY 895U TMye cavity 819 | = A uazmanuiiauiinseas cavity 1w 1428
MHz, 2856 MHz uay 5712 MHz uazuamsiugUfl 22 wudisasmasdinas 1w 999 30 ps
wsn Taes cavity pundl 2856 MHz Wanniigenadasiign uazlfvinnnsinea cavity
ANgIAN e TE cavity ANE 2856 MHZ wnuAnl = 4, %A uay %A waannyinnisusu
ANAST AN aHUAD (FHARIFUT 23 Beazifininaanenaees cavity Adanasionisdandy

ARINF-F L%
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? 5
L .,
| t ’
SR
PN * e e !
_ -0.001 = ® Reference a @
3 A 1428 MHz K
%é 7 + 2856 MHz .
= *  5712MHz R
-0.002 — &
'y
-0.003 ‘ | 4
0 20 40 60
time (ps)

H . [ v Aa & % Aa &
517 22 1WBsusUauINTIEE e HUUBLENATAUNALNT (reference) WAZ NITILUNBLANATN

Y

FeEunNLMAN 289 TMo cavity 1lal¥ | = A uazaauiidiu 1428, 2856 uaz 5712 MHz

1 |
a

¥ 1Y Aa & o a &
E‘U‘V] 23 LU%E‘ULﬁil‘i_lﬂ‘lﬁ?\lﬁLﬁ’]@ﬂﬂ?‘h’muﬂmﬂmiﬂuﬂﬂu&l’] (reference) ae NITLULRBLANATRY

FEuNNLEMAN 289 My, cavity n5e | =4, %4 way %A lelfnand 2856 MHz
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2.5 ASANEINTISEALYENISTADINT-FLUY AIEFRINIIN cavity
A1SANEINISIAAeUTLaTNE -FUT 289Bianm9eu antuBiannseuuwuuensian
PBP-CMU RF-gun WIMEWNULNWAN WA 289 cavity LaeldluUsunsu SUPERFISH  Anuan
A unAN R T cavity  anniulFlusunss PARMELA Tunis@isninnisiadaniiaes
A & A A& A A & A A& s ¥
BdneTeu WoedlanaTauinfauiis uauNwtwan Wieedudianasanansien uiaxiu
aUNLAN (WN289 RF cavity Aiflaanufiduiins 2856 MHz fiAanue19289 RF cavity A
5.249 Uaz 10.497 wHAWEAT (0.5 Wi Az 1 Win2edANeNaAan) kazyineiuiulnum TMO10

wae TMOT1

Fiaesing input file 289 15unss SUPERFISH #nsumiuasdaninusinan minlu T™ cavity
2856-MHz TM_010 Cavity
$reg kprob=1, dx=0.1, dy=0.1, freq=2856.0,
xdri=0.0, ydri=2, beta=0.0, nbsrt=1, nbslf=1, rmass=-1$
$po x=0.0 ,y=0.0%
$po x=0.0,y=4.018%
$po x=10.497,y=4.018%
$po x=10.497,y=0.0%
$po x=0.0,y=0.0 $

Bunniitilugiandafin RF-cavity n9snszusnfifinaineng 10.10497 loufiines wazlsas
4.018 @WRAINAT 9INNITATHITAZNUAN RF cavity azauiias finanud 2856 MHz Tulnun
TMOT0 AnARNENIuAZSFfleas 2856 MHz RF cavity 1% n1a@nen wamsldiumsnedt 2 uay
wan1ansrasaesaEEman Wi [FanTaunas SUPERFISH Touanafluguil 24 uaz
gﬂﬁ 25

AN91971 2 PUIAPBY 2856 MHz RF cavity 71 1% Mn15Ansn

cavity cavity length (cm) cavity radius (cm)
1= Agpang —=TMO10 10.497 4.018
Ya= A pang = TMO11 5.249 1140.00
1= Agpang —TMO11 10.497 4.640
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(N) (2)

gﬂ‘ﬁ 24 N13N9aN8289 (N) @E AN uay (1) aunuusin@n T 1- A, ~TMOTO cavity

(M) (2)

gﬂﬁ' 25 N19NTLABBY (M) AN IR LAY (2) auINwmAn T 1- A, ~TMOTT cavity

nsnazansaesEUHumAN AT azgniintu M TnsTusunss PARMELA Tnsiin RF cavity Tul

119918910 RF—gun e (df drift space saunanaasudsAtaudinaasauitusman ity

= S 4

RF cavity au(# opparent emittance fnsipafigaiunisAwanusazegn Gownduiin 27 Mv/m

&30 RF cavity 919 1 A9INE19ARY UAZ 40 MV/m §115U 0.5 AugIAdy tagdiua

. o A o 2 o
apparent emittance ABNA1BLANATEUIRIINENNNT &, :\/<xi2><xi’2>—(xixi’) WAZAIHINIAN
aumAuNALAT 9025 fiausn AKINBBNTIN RF-gun (ASBUAFHIIAN 50 — 60 ps) HANNTANWID.
wanaTumneTl 3 uazgUii 26 @ongU7 27 feguil 30 uanaa-awsuualad §1m30 12 ps

b3
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X' (mrad)

(ﬂ”ﬁ’]\‘l‘ﬁ ) wﬂmiﬁﬂmmmﬂfﬂmmw PARMELA

Projected ¢,,,  Normalized ¢&,,,  Maximum kinetic

210 -

-20

(mm.mrad) (mm.mrad) energy (MeV)
Gun exit, x-x’ ©.406 27.673 2.06
Drift 1/2= Ay g 6.423 27.749 2.06
Drift 1= A pang 6.404 27.667 2.06
1= Agpang ~TMO10 27 MV/m 4.788 21.340 2.09
1= Agpang —~TMO10 40 MV/m 5.5607 24.943 2.1
1= Agpang ~TMO11 27 MV/m 5.174 31.571 3.46
1= Agpang ~ TMO11 40 MV/m 5.113 35.895 4.15
Vo= Agpang = TMO11 27 MV/m 3.292 20.105 2.79
V2= Aqpang —~TMO11 40 MV/m 2.829 19.687 3.16

(a) Gun exit
T

210

(b) TMO10, 27 MV/m, 1 wavelength
T T

(c) TM011, 40 MV/m, half wavelength
T T T T

\ ‘ R \
-0.8 -04 0 04
X (cm)

. o ° a d a 4 1
31 26 nanszaeda luma-ausessaBiannseuiisasnantiuBianasew, Wenmu

1- A

s-band

-0.8 -0.4

I I T I
0 04
x (cm)

08 -0.8

-TMO10 RF cavity wae 1/2- A g ~TMO11 RF cavity

T
04

!
0.8
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ﬂﬁ 27 AN9NTAL A N N—FLL ﬂﬂqmmﬂﬂm@uﬂ@umm RF cavity

ﬂ‘ﬁ 28 NMINTraEsa - sisrasaBidnasadiiani 1- 4 «band — TMO10 RF cavity

FINNANITANUIUNUIN 1/2- A p,g ~TMOTT cavity Tiein apparent emittance m'mzm Wl cavity
AHENARNTIR AR s1iuazfeed auaTneunnie % Aaanndauiiesdt 2856 MHz dau
1= A pang ~TMO10 cavity $5ulien apparent emittance tiagsavasnilnsfiwafianunsasdnly
TBnarndrasaddnaseuiasuUinnindeutundenuiewdn  cavity  @1msu
1= Agpang —~TMO11 cavity uuuﬂﬂ@ﬁﬂ@”TNﬂﬁuﬂiﬂﬂm apparent emittance THA udnfaasnudas

W@GQ’]H“B@Q@L'Z\]ﬂ@]‘iﬂl&fﬂ&l’]ﬂﬂﬂﬂﬁﬁ
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10

10 — —
(2)27MV/m 1 (b)40MV/m
: 151 ps : 1st pS
5— 5 —
5 ] 5 ]
g g ;
0 — 0 -
£ - s E s
> i s x 4 % 4
= =
- 9 -1 E)
1 2 1 g,
5 — 3 -5 — S
i g i g
- ¥4 E ¥ e
4 050100 i 050100
i :
10 : : : : |me(ps)| 10 : : : : tlme(ps)I
-0.4-0.200.20.4 -0.4-0.200.20.4
X (cm) X (cm)

ﬂﬁ 29 n9nazansfia e - mﬂwmmmﬂﬂm@um@mu 1-A

s-band

-TMO11 RF cavity

10 —

IS
[N
o

J

IS

N N
T [} N [}
- 2 - 2
3 i >
@2 @2
5 i 5
5 — 2 5 — =
[} [
- < T £
- \t.\ <9 g <9
A NG 050100 R 5 050100
g 0 T time(ps) g o T time(ps)
% 1stps -g’ ] t
- 4th ps = 1 = 15 pS
] 8" ps ]  gn b
B b S
5 — 12% ps 5 * 1o gs
1 @)27Mv/m 1 (b)40MV/m
10 . I : I : T -10 T T T T T T
-0.4-0.200.20.4 -0.4-0.200.20.4
X (cm) X (cm)

ﬁ‘ﬁ 30 NMaNTEanfa BANF- sl Eeess B naseuiiani 1/2- 4 obang — TMOT1T RF cavity

TAnAFeURUTANIAIINE19289 TMOTO cavity Lasians cavity #iBann RF—gun tae Tuf drift
space HANEUINLIMAN AT TMOTO cavity WinfiL 40 MV/m WANISAIHINNTTN PARMELA Lans
Tumn91971 5 uazgUfl 31 dmsunisularnaaenawes TMOTT cavity vinlgiann iwsneilannnegsenn

n19vin cavity fanudduiiasniufiasnis

28



(ﬂ’“ﬁ’]\‘]‘ﬁ 5 N@ﬂ’ﬁﬁ"luqm@’m‘[ﬂil,miﬂ PARMELA

\HaaBlana9a1aenaT TMOTO cavity 40 MV/m TIRAYINE98INY o il

Cavity length Projected ¢, Normalized &, Maximum kinetic
(m) (mm.mrad) (mm.mrad) energy (MeV)
Gun exit 6.4059 27.6731 2.06
24 2.2566 13.6917 2.92
25 2.2029 13.5523 2.96
2.6242 (4 A) 2.1461 12.9761 3.00
2.7 2.1167 13.3369 3.02
3.0 2.0367 13.1675 3.10
3.5 2.0203 13.2557 3.19
5.2485 (4 A) 3.0532 16.5409 3.06
10.4969 (1) 5.5070 24.9430 2.11

| o A& { o A & A
E‘Uﬁ 31 ﬂ’]ﬁﬂﬁx@’]ﬁ"ﬂ’ﬂ@@’mLﬂﬂﬁiﬂuTuLWﬂ—ﬂLﬂsﬁ' Lﬁﬂ@’]ﬂl;ﬂﬂ@]ﬁﬂuflflwqu

TMO10 2856 MHz cavity fiflaanen 10.496 cm (A) waz 5.2485 cm (¥ A)



d o A& { o A & A
‘?J"]Jﬁ 32 ﬂ"l‘jﬂﬁzﬂqﬁ"ﬂﬂﬂﬂ’mL@ﬂmiﬂuTuLWﬂ—ﬂLﬂsﬁ Lﬁﬂﬂ’]ﬂL@ﬂG}‘jﬂuQQN"lu

Y

TMO10 2856 MHz cavity 7iflAnnene 3.0 cm uA 2.6242 cm (4 A)

FINHANTIANWINLGT cavity AIRANYINAENTT L1 aMN19948@ normalized emittance &9
Tunn Bawudn cavity AfANEIUTENN 2.6242 [URWAS W3B YA ANATHNITANR
. A = VA @ = o A £ = 4' a .
emittance HNTigA uAHHATABIANATDURAWAN RN TWENSzH104 T MeV  LElRAN304 cavity
fiflaanenn %A wda e iinaasdineisine (nan1sAmamaenn PARMELA uanaly
A1971971 6 WAzl 33) wudnannsnan normalized projected emittance &4 (% nanTHamun v
AHENGEN usazasRa INANWYsBAnasaNgEnday  agnelsfinnuiedinnsd nns
nszanefabuna-asuuualaduasandiannsnn am3D 12 ps wsn Aazgaaaan 1ps (3U7 34)

wudnie Haunmanadin 30 MV/m T cavity iNa-sUsuuua ad i asaBianasenas

o A o o ¥ A
@ﬂLﬁﬂQmQﬂufﬂﬂNqﬂ

20 — = 20 -

(@) Gun exit |(b) 30 MV/m > (c) 40 MV/m
0 ———— 20— T - - 20— . T | . T

08 04 04 08 08 04 0 04 08 08 04 0 04 08
x (cm) x (cm)

0
x (cm)

U7l 33 A19N52a i BN A -MUTYBIABIANATOUA RF-gun exit WATAENAIHIN TMOTO

U

RF—cavity A2Nn 2856 MHz Aanwena 2.6242 cm #i# field amplitude 30 MV/m waz 40 MV/m

30



P19797 6 NANTITAINIAINIUTUNTH PARMELA: TMO10 2856 MHz cavity AIHNgNT 1A

Field Amplitude

Projected ¢,

Normalized &,

Maximum kinetic

(MV/m) (mm.mrad) (mm.mrad) energy (MeV)
Gun exit 6.4059 27.6731 2.06

20 3.80600 19.72044 2.53

25 3.31664 17.90141 2.65

30 2.87879 16.16009 2.76

35 2.48913 14.51148 2.88

40 2.14610 12.97613 3.00

45 1.85011 11.58690 3.12

1 °o A t th th th o
SU71 34 NN9N9¥aN8InIRNBLANATauT 17 ps, 4 ps, 8 ps UAT 12 ps NENAINI

TMO10 2856 MHz cavity AaMuenT % A 74l field amplitude 20 MV/m, 30 MV/m Lae 40 MV/m
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2.6 3D simulation

TnsAaEun@n AT cavity 2estiudidnmsen lusunsy  SUPERFISH
Felnadunianszarsresmnnuman ity 2 7@ ATNANNIRTBINN ozimuth FBUUNN
ongitudinal  WwAe  nnaRwansllEsaNsaziBunues coupling cell Wiansrarandinig
Uszanousananneensuld uazlifinasen1sfnena-aly azl¥n1sAasnisnszatsaed
SNHUNWEN RN wu 3 77 Seaansasuadaa ¥ lUsunas CST Microwave studio [17] B
91NN19851 model 3 JA 289 TuBiAnasan (ﬁdLLNﬂQTu;jﬂﬁ 35 ) GeazuansaaaE
gryaniannalu cavity udal¥nsAuanidian eigenmode solver NBANHIINNINTZANE YD
aunsuslmdn i huituBidnmsen (Aouansligfl 36 uazgUil 37) weams nisfmesng

DISENEUT

ﬁﬁ 35 luiaa 3 0 289 TudanasauLuuansian ?Jmﬂum%WﬁﬂmmW@mmLLm

a1annA sAngndedasind Iulusunss CST Microwave studio (MWS)

(1) (2)
uﬁ' 36 NAGA yz-plane (N) WAL xz-plane () LAAIINADS FHIN (WA

32



() (2)

U1 37 nAdR yz-plane (1) uaz xz-plane(n) uamsaaadinaun Wi

udidnanngUazfiunnslansnasasmnafisndniies  iasanndeclafidaduviariaani
WD full-cell wagnedafidansay coupling cell e M mnnudman R wwu 3 A%
Fndlafonann dmulusunan PAREMELA wudnfingednsfifusssianisinfoniiaesdn
Bdnmseu lag o dumdsneesnaes RF-gun wudnandidnesenillfiegesnans (Aifn
x=0,y=0) uifinmsindonaanainguananevisbusauny X uaz ums y dauamnsluguil 38
nafanaaINaiama-sity duansdusiil 39 Fawauniifutigmdenissneesanniatna
wa-qiandy auiinaetunigide waeiiddn dddnesonfinnanfliAviaiaals

LI LAN

517 38 NARREINIENETBLENA9aY ANatilae RN 3 AR

U

Tnaqagudnansussadiinasen pseiufida x=0,y =0

33



U1 39 Wa-as way a-as wuua(ad (12 ps wsn) 289a1BIANA5eY

U

Awanilaeldann 3 35 Tnegraudnansans-aus iassiufida x=0,x' =0

YA a dl o 1 . U 1 a o/ [} a dl 1

THRuwaRnfiazmsusumdsnss coupling — cell Winnag tuuwaunuifaatiudealiafise
o o A N v o aa & A & P ~
fuviasiadn usiagauazdiu e model 3 A7 a8 TuBiinmsou iU 40 IlaaanawaIAIN
THann1999D98HINFABN19NTTABANIINVBIABIANATEN UT 41 uay U7 42 uaed
AU AN WA wuD 3 (R 999 RF-gun 7ifinnsnsgusnumids coupling - cell nasnlusunss
PAREMELA #ifinennisinaeniivasennianmliudidnasenil uanluguil 43 uaz qU7 44 S
wudnaBidnaseues Indnsaswnefifia (0,0) nnTu uazWa-gLUe innespanaes RF-gun f
fdnunizpdnenafi(fann  RF-gun  AflEWINaNdIns  91nn1sAuasiaundaslUsungy
SUPERFISH 10 Asar@snsnldmsyamenisdama-aues (§ $en1su5udes RF-gun Tu

anuoisiiarFvinnisfinunasvazidansa (Ulauian

|
=

U7 40 Tana 3 75 989 TuBidnasouuunpiiianiiinnismm coupling-cell

Tﬁﬂﬁmmmﬁmﬁuﬁ@ﬁmﬁu Talisunas CST Microwave studio (MWS)
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. o/ a @
U9l 41 nAdR yz-plane uaRsnABsaNIN WA 209TiuBidnmaseuuuuaisian

o

fivinnnansu coupling-cell o tuuwaRaaiuviasiadn

(n) ()

51Ul 42 AARRA yz-plane () WA xz-plane () WEAIATHTHAUIN AN

U
A a @ 4 4' o . v | = o/ | o A
2ANUUBLANATAULLLDIIBNTININTITHY coupling—cell Gfmg"fuummmﬂummmu
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A o o A & A a & < A o .
FUY 43 A1ARAYINNIBIRIBDLANFTEH IMNUHBLANHTARLUUBIDNNNINTTIAHE coupllng—cell

U 9

Y o A o

@ ! a o ' o A e O a &
TWEQTNLLHQLWEI‘JT]UV]@M’W]@M Tﬂﬂ’ﬂ@@uﬂﬂﬂ’mﬂﬂﬁ@’mL@ﬂ@]‘jﬂu @tTﬂ@ﬂU‘Wﬂﬂ x=0, y= 0

U 44 Na-FUY LAy INA-FY WUURNIRT 299871BIANMATaY

Y

2 1

AN A & I'4 A o . a o o A
@qﬂﬂuﬂL@ﬂm’iﬂuLLUUﬂﬂ‘iL’ﬂWVWI’]ﬂ’W‘Sﬁ?;Iu coupling-cell ngéfuummmﬂummmu

A o/

Tnaqagudnanssana-ails axindiufitn x=0,x =0
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3 A9UNAN5I9Y

Tnganfanissnassdnglisunsureniawes  Ffnendnusenisnszansveane-
Al rasandianasansniudidnaseuuuuaifien  aeeguiiseRnduasnataniuazan
aunIA $ANeap@ea il (PBP-CMU RF-gun) lnanisnszansuasna-sadingan azm
TﬁmﬂmﬁﬁﬂmmﬁLﬂﬁ@uﬁﬂmﬂ@juﬁlﬁﬂm@u ﬁgﬂﬂmﬂ@i@m@ﬂm@mmﬂwm wazagne
Avanavasamnuman i nellassadnrediuBidnasenuuuendien  Bufasnisly
TUsunss SUPERFISH iesassann RF hdludidnnsew uay WlUsunss PARMELA §1msy
AN AEHTIIBSBIANATEYN B0itARDTiN HENuAN A TuudasiBons s
Amssina-sisuuualad wudn fnnsuyueesa-asaladatneinian

FoRnuANEIENNIzaeIesT-als 2898 BlEnATeNaINTNEENATERLLL
A151eNW 289118398 SUNSHINE, Stanford Synchrotron Research Laboratoty (SSRL), Stanford
Linear Accelerator Center (SLAC) Wuﬁy’\mﬁﬁmmzmuﬂmL‘V\Iﬂ—mﬂsﬁ siuAauanseiuly Tng
NTNYUIBUNT-A11% 289 PBP-CMU RF-gun fanuoiidudoutionndn uazANaNRLEYD
X' uaz X Tuusiazinaaandg fdnunadnedad (inean) ez Ffagsnuansien
wnliasit  Wedimsnsdidnuaensudsuulansana-ausuuualadodoazidan e
Tseadneasam s s n i Aviszan wudnasssunein TMOT0 cavity ¥aa TMO11
cavity AN 1428, 2856 uaz 5712 MHz Tasupnannazifnariv wa-aile ansumuzanudn
Fafina luynaidandsmansBiinasaudindes  eviniafinemnsnfeedsng  au wudd
TMOTO cavity A 2856 MHz flaannenatlssanns 2.6242 mnfims vae %A Winaluns

an emittance ®niigm wntamunmasdin 40 Mv/m Tu cavity az¥int projected normalized

. 1 ' VA & (% P -4
emittance aRadlEUSZNI04 50% WATNA LA NATENANANIUANIHENLTZHIDL 1 MeV

10

~
N

1
=
NoooN

Kinetic energy (MeV)
'y
o

] Yy
&0 04 -
4 g : .
8 - 'g' > ’ |me5(U s) 10
o 0] o me @
E ] 15t ps
x B th
] e, 4" ps
4 e ° 8 ps
7] *12% ps
-10 T T T T T T T T T T T ]
03 02 -01 0 01 02 03
x (cm)
RF-gun exit RF-gun+ 2856 MHz TMO10 | =%, A
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VRN cavity Tiasnmetaandifentuiuaidnasew (2856 MHz) AvgazAnE
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The Plasma and Beam Physics Research Facility at Chiang Mai University has established a THz facility
to focus on the study of ultra-short electron pulses. Short electron bunches can be generated from a
system that consists of a radio-frequency (RF) gun with a thermionic cathode, an alpha magnet as a
magnetic bunch compressor, and a linear accelerator as a post-acceleration section. The alpha magnet is
a conventional and simple instrument for low-energy electron bunch compression. With the alpha
magnet constructed in-house, several hundred femtosecond electron bunches for THz radiation
production can be generated from the thermionic RF gun. The construction and performance of the

alpha magnet, as well as some experimental results, are presented in this paper.

Crown Copyright © 2010 Published by Elsevier B.V. All rights reserved.

1. Introduction

Femtosecond electron and photon pulses have become inter-
esting tools for basic and applied applications [1-3]. Short
electron pulses can be used directly [1] or to generate intense
THz radiation [4], ultra-short X-ray pulses [5], and free-electron
lasers [6].

Short electron pulses can be produced in a straightforward
way by using linear accelerators and bunch compressors. In the
case of using a chicane bunch compressor [7], a long relativistic
electron bunch with a small energy spread is accelerated in a
linear accelerator section at zero-phase, such that the head of the
bunch loses energy and the particles in the tail gain energy, while
the energy of the particles in the center do not change. In chicane
magnets, the high-energy particles in the bunch tail travel a
shorter path than the low-energy particles in the bunch head,
thereby leading to bunch compression. After sufficient further
acceleration, the energy spread becomes small again, and a new
step of bunch compression can be implemented.

In the case of using alpha-magnet bunch compression, sub-
picosecond electron bunches can be produced in a smaller facility

* Corresponding author at: Department of Physics and Materials Science, Chiang
Mai University, Chiang Mai 50200, Thailand. Tel.: +66 53 943379;
fax: +6653222776.
E-mail address: jatuporn.st@gmail.com (J. Saisut).

from a thermionic-cathode radio-frequency (RF) gun and the
alpha magnet. It has been possible to produce electron pulses as
short as 120 fs rms and a bunch intensity of 100 pCb by using such
a compression system at the Stanford SUNSHINE facility [4,7,8]. A
similar system to generate femtosecond electron bunches has
been constructed and installed at Chiang Mai University. The
main components of the system are an S-band 1%:-cell RF gun
with a thermionic cathode [9], an alpha magnet, and a SLAC-type
linear accelerator (linac), as shown in Fig. 1(a). At the exit of the
RF gun, electrons have been accelerated to about 2.0-2.5MeV
with a well-defined correlation between energy and time
[Fig. 1(b)]. The electron bunch of 20-30ps from the RF gun
enters the alpha magnet at an angle of 42.29 degrees with respect
to the magnet axis. The particles follow a close loop similar to the
letter o and exit the magnet exactly at the entrance point. In the
alpha magnet, higher energy electrons follow longer paths, while
lower energy electrons follow shorter ones. Therefore, the lower
energy electrons have a chance to catch up to the higher energy
electrons in the front, thereby leading to bunch compression. The
electron bunches are then accelerated in a 3-m single-section
linear accelerator and guided to the experimental station. With an
over-compression at the alpha magnet [Fig. 2(a)], the bunches are
compressed to less than 1ps at the experimental station
[Fig. 2(c)]. Due to velocity dispersion, if the bunches are well
compressed at the magnet exit [Fig. 2(b)], then they would not be
optimum at the experimental station [Fig. 2(d)].

0168-9002/$ - see front matter Crown Copyright © 2010 Published by Elsevier B.V. All rights reserved.
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b

Thermionic cathode

Fig. 1. (a) Schematic diagram of the bunch generation and compression system, and (b) particle distribution in energy-time phase space with a histogram at the
RF-gun exit.

Fig. 2. Particle distribution in energy-time phase space with a histogram: (a) and (c) are at the RF-gun exit, and (b) and (d) are at the experimental station.
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Fig. 3. Integration path in the alpha magnet.

Table 1
Alpha-magnet design parameters.

Parameters

Maximum field gradient 450 G/cm
Pole radius 10cm
Good-field region (extent in X) 20cm
Maximum gradient error +0.1%

Bunch compression computer code [10] was employed to
study the bunch compression of our system by using some
information from the RF-gun study detailed in Rimjaem et al. [9].
Through a series of calculations, the optimum field gradient to
generate the short bunch was then obtained. For our system, the
maximum alpha-magnet field gradient of 450 G/cm is expected
for producing a short electron bunch at 20 MeV [9].

2. Design of the magnetic bunch compressor for the THz
facility at Chiang Mai University

The alpha magnet and its properties were first described by
Enge [11]. It has the shape of half an asymmetric quadrupole
magnet, with two poles and a mirror plate (front plate)
terminating the field across the vertical midplane. It is called
asymmetric because the pole face extends further horizontally
than vertically, in order to provide a large horizontal and uniform
field gradient region. The sequence of this alpha-magnet design
follows the quadrupole design, which is discussed in more detail
in Wiedemann [12] and Fischerm [13]. This magnet design was
modified and redesigned based on the alpha magnet of the
Stanford Synchrotron Radiation Lightsource Project [14].

A straightforward way to estimate the excitation currents of
the magnet is to use the integral form of Ampere’s Law:

‘7417 ~dl=NI a)

By using the approximation that the permeability of iron is
infinite and by choosing the integration part as shown in Fig. 3,
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Fig. 4. Alpha-magnet pole profile for POISSION input and the magnetic field line of
the alpha magnet.

the integration starts from the magnet axis. The result is:
a 2
NI = / ar g 8¢ @)

where g is the field gradient (Tesla/m), a is the pole radius (m),
N is the number of turns, and I is the current (Ampere). With
the design parameters shown in Table 1, NI=17,905 Ampere-turn.
By considering the space available for the magnet coils and
the size of the hollow copper wires, the number of turns,
N=70turns, was selected. The magnet would require a
maximum excitation current of 255 Ampere to provide the field
gradient of 450 G/cm.

2.1. Computer simulation

The pure quadrupole field, which gives a constant field
gradient along the vertical and horizontal midplane, can be
created from infinitely wide hyperbolic poles. In practice, the
magnet poles are cut to place the excitation coils, thus causing
the field gradient to drop near the corner of the poles. In the
case of the alpha magnet, there are concerns about the homo-
geneity of the field gradient and especially the gradient drop
near the pole corner and the front plate. The field gradient
drop can be compensated by iron shimming near the upper
end of the hyperbola pole by using a tangential technique [12]. At
proper positions on the hyperbola pole profile, the tangential
lines are extended to intercept with the pole root for iron
shimming. The pole profile is optimized by using by POISSION
[15], which calculates the magnetic fields from the input pole
profile (Fig. 4) as well as the field gradients. The calculation
results indicated that the position x=6.3 cm and x=23.8 cm are the
best starting points for tangential shimming, which gives a
gradient error of less than + 0.1% along the midplane, as shown
in Fig. 5.



