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SIMULATION STUDY FOR EMITTANCE IN THE SPring-8 RF GUN
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Abstract

A photo cathode RF gun has been studied in SPring-8 in order to obtain high density, short pulse and low
emittance beam. A Simulation code has developed to compare beam characteristics with experiment results. In this
report, we show results of emittance comparison between experiments and simulations. Then, using this simulation
code, we discuss how to reduce beam emittance of our experiment set.

OO0DO0OO0OOO0OOO0ODOSPring-8 RFOOOODOOOOODOOO

1. 0000

SPring-80 00 000CFELOOOOOODOCOOO
OO0001InC/bunch@ OO00O00O10ps@M OO0
CO0O0C0OOimmOmrad0 00 O000O0OO0OCOO
oooobOoRrRFODOO0DOODOODbOODOO

oboboborRFOOOOODOODOODOODbDOn
oboobobooobooboobobooobogooo
gooobgobooboobbobooobobooo
gbooobobobobooboobobooboo
gooooooooooooobobboobobbobo

gobooboboooboobobooboobooboos
ooboobobooobooboboobooboboon

000000000000 00000000000
000000000D00000000000000
000000000D00000000000000
00000000000000000000000
00000 [1]0
0000000000000000000000
0000000000000000000000
ooooO00000O0OoO
0000000000000000000000
0000000000000000000000
oooo

profile monitor
Faraday-cup
) M N
1 Al
/ S HH
f cAvi 1
WI% T T \ / bending magnet
solenoid coils  slits
current nmonitor

laser path

01 0Dobgoooo

) A. Mizuno, 0791-58-0893, mizuno@spring8.or.jp

0 1620

2. 00RIOOoOOOOOObOOObOOOD

[ ) Solenoid coils

o2 pDooo

O 20000000000D0200000000
OO0000oOd000O0O0O00OCO0DoORrRFROONZO
googobogobooobooboobooobooo
gooobobooboobooboobpoobooon
ooooobooboobooz2nooooooo
oooooooooboboboooooobbobo
gooobooboboboboobobooobogooo
goooooogon

3. DOO0ODOOOOooOooooo
gbobobooboooboobobooboooo
oooobooooboboobobooboo

3.1 RFOOOO
O 3RrOOOOoOoooooooobooooo
Oo0O00obOrRFODOOD@UOOODOODbOOoon

D0000E,0000000000000000
D000000000t=00000
E..ioee = Eo cOS(ct — ) 1)

cathode



gooood

gooooooobooooooooooDooo
goooboboobobooo 3soboobgoo
goobobooooobbbRrRFOOOOOODOO
oooobobooobg

25

2

15[

iy

05 [

experiment |
calculation

Beam energy (MeV)

I SR hrerer e s
20 0 20 40 60 80 100 120 140
Initial RF phase (degree)

oF . i i

0 3 RFOODODOODOODODOODOO

3.2 Ooooooooooooooon

0 400000000000000000000
000000000 OdRDO d 2Db-Emittance
O x-Emittancedy-EmittanceD 0 0D OO0 OO OO
00oooooooooooooooooDooooo
0000o00ooooooooooooooooxo
yooooooooooooooo 4000
2D-Emittance0 0 00000 ODOODOODOOODOO
0ooooDooooooooooooogooDoooon
00o0o0oDO00oooooooooooooogooo
ooooooooo2-0000000000

£, = yBI<X? ><x'? > - <x X' > )

goooobdoobtdleboobogoooooO
oo

= 500 rm T ]
o i 00000000000000000
E 400 [\ .
E [ ? ]
E 900 fofoofoo — :
8 E i % ]
§200j ,,,,,,,,,,,,,,,,, L 010000000 ]
'E 100 e — 3
w g :

x gk ;

Distance from cathode (m)

0 4 0000O000O000O0O0O0O0OO0OO
(0oo)

3.3 O0000000oo

O 50000000000000000000
00Mmooooo0oo00dooooooooooono
0000000000 Initiald transversed 00O
o0o0O0ooOo0OO0000oo0booobOOo0ooooooon

goooboobobooboobuobobtoedg
g300o0poooboobboobddr=0.75mmQO
gboooboboboboooooobooobgooo
go00OdOoboboOooeoD 0000 D 17rmmOmradd O
oogd

oboobooobooboobobooobooon
goodoooooooooobbbbDbDbDORF
oooooon0 3agooooobooboobooDo
gboooboobobboboboobooobooboo
oooobooooboboobobooboo

obooboooboboobobooobooboo
ooooboboboboboobobooobgooo
gbooobobbogoobgsecboobooogooo
gooobobooboboobooboboobgooo
gogo

o0 ODO00bOoooobooogn

oooooooon 90MV/m
oooooooon 10ps
oooooooooo

O0o0oo0ooooooo 2.1MeV
Oo0o0oooooooo 0.8nC

oooooooooa 1100 Gauss

oooooooooo 520 Gauss

80 e ®  Experiment

E =B— calculation r=0.25mm
70 = : : . ' —& — calculation r=0.5mm
60 E \.\ = calculation r=0.75mm

x-Emittance (mrmm mrad)

20 30 40 50 60 70 80 90 100
Initial RF phase (degree)

05 0gboboooboboobobooobo
ood

4 O0000O0O0OO0O0OO0OODOO0O0OO0
obobobooobooboobooboboobo
gboooboboobobooboboobon
g edbbOooboobuooboobooboo
gooobooboboooboboobobon
oooooooobooooooooooooo
gooooboobooobooboobooobogooo
ooooooooooboboboobooooboobobo
0psO 0 OORFODOODO2856MHiZzO0 DO OO OODO
gobgooboogoioogboogoobooboon
U 3boobooboobooboobglebgn
goooboboboboobooobooboooobo
gboobobooboboobooboooewboboo)Ho



00oooo0oooooooooooooa
0o0o0o0oOooo0000ooooooooono
0000000000 o0oooOoooooOooon
00000000 oOoO0o000oboooOooon
O0o0o0o00o0oooooeoMmv/md 0000 600
O0o0o0oo0ooooor7o000OoOoooooooa
00000000000 ooooooooon
lIongitwdinalOOOOOOODOOOOOOOOO
00ooooo000ooooooooooooon
oo0ooDbOO0o0o0oooOo0oOoooooDoooo
002000 0RFO 0000 OO O 140Mv/mO0 O O
godoooooObOoo0o0o0oobObOoOoooon
00ooooOooOo0o0000oooooooon
000000000000 oooooooooon
OO Initiald transversedJ 00 0 0O O 1o O 20mm
0000000000000 0000r<lmmOO
odo0ooOo0O00000bDo0bobObOooOooon
o0o0ooOo0O00000boObDobobObOooOooon
0000000 00000ooosodooon7.3mi
mmrad0d 000 0000000000800 0O0O0

gbobooogobooboobooboooboooboo

goooooooboooooooooobooo
oooboooobgoobaepsb0ooogoon
ooooobooobgoobgooenobobogooo
gogoboboboogoobbobuoooooooon
oboboboooooooobodmtalbonoO
goz200b00ooboobooboboooboooo
gboogbogssboogbg2.emmdlo OO0 O10ps
gooooDoooooobDooMv/mOOODODO
ooboobobo™moboobobooooooo
gooobobooboooboboooO

oooooooooooOemmimradD OO OO
gboooboobgoooobon

5. O0OOO0OOO0OO00O0

00000 000O0ooooooOooooooo
O0000D0ORFOOOOODODODOOOOODOOOO
000000000000 oDoDoOoooOoaoaa
2D-Emittance0 0O O 000 O O 17mmmOmradd O O
00000000000 0000000o000o0oa
00000000000 0000ORrRFOOODOOOO
0000000000000 0b000000oooa
0000000000000 o0oo00oooboooa
00O000000oO0o0oooooooooooa
Oo0ooooooo

0000000000000 O7mmmOnradd O O
00000000000ORFOO0OO0O0O0OOOO00
Otransversel OO0 O0O0OO0O0OOO0O0OOO0OO
0000000000000 b0000o0o0o0ooa
00000000 OoOoOoOoemmImradd OO OO0
0000000000000 0000000o0oa
0000000000000 00000000dga

x-Emittance
30

25% . | ‘\l\
20 I'-.‘\.\

T

15 N\
10 F-{--®--90MVvim 10ps A\

, N
E| -m—140Mv/m 10ps :\\._’ ]
5F ]

£°[ —®—140MV/m 20ps

Y
{ ]
&

x-Emittance (tmm mrad)

0 E R R | R R . . |
0 30 60 90
phase © (degree)

AE/E

30 — — T I
25 E ' --®--90MV/m 10ps
Fm -B— 140MV/m 10ps |3
—~ 20 F AN —&— 140MV/m 20ps | ]
R F N
w 15 -\\ - .\ ]
oo L '~ \ 1
< 10 B BN T 1
% Bt o ¥
5F ]
0 E L L L L L L |
0 30 60 90
phase 6 (degree)
1 Longitudinal bunch width
0r— R\ % | --*--90mvim 10ps
— s | -w—140mvim 10ps
E 8 r v A 7| —#—140mv/m 20ps
E 6 \k \
S [ ]
R \\ \._"..- 1
= L Nl +
2 r = ~\.\‘3 ]
S 2 Ty
o r ]
0

(;“30‘ ‘60‘ ‘970
phase 6 (degree)

06 DIOOOOODDODUOUODODORFOOOOO

goodbobooooooooooobooboooad

0 90MV/mO 10psC 0.8nCO bunchO OO OO OO
oooobobooooobgoo

gogoboboooobobooobn

gboobo@Uuooooboobooboogooeooo
gboboboooboobooooboobgooo
gooooooobooboobboooboooo
goooooooooooboobobobboobobobobo
ggoboboboogoobbobuooooboobn
goooooooooboboobobooobobbobo
gogobborrObOo0ooooooboooonbn
goboobboooboobbooobonbOogn
goboobboooboooobooobooo
gooooogobooboobboobooboon
gogoboboboogogobobbboouoobon
gbboooguobboobobooorrooobnbo
gogooog

goono

[1] A.Mizuno, et al., “Study of an RF gun in the SPring-8”.
Proceedings of the 24th Linear Accelerator Meeting in
Japan, p.125,Sapporo, July 7-9, 1999.

[2] T.Taniuchi, et al., “Initial results of RF gun experiment”.
Proceedings of PAC’99, p.2015, New York, 1999



