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Abstract

We report the availability of velocity bunching in an energy recovery linac (ERL) by a numerical analysis, and the
plan of precise measurement of bunching emittance via a double-slit-scan method. The simulation performed for eight
TESLA-type cavities reveals successful bunch compression from 3.2 ps to 0.17 ps. Since the residual energy spread
after velocity bunching is considerably smaller than the correlated energy spread required for magnetic compression
through a recirculation loop, velocity bunching is useful to realized short-pulse and high-brightness X-rays by ERL.
The emittance of velocity bunching was calculated to be 1.5 mmm.mrad for the bunch charge of 77pC without the
emittance compensation by an external solenoid field. Although the emittance growth due to the space-charge effect
was small in the simulation, it is necessary to evaluate the emittance-growth mechanism under velocity bunching.
Therefore, the emittance measurement via double-slit-scan method is carrying out in the UTNL-18L.

Velocity BunchingE 7z EF X FDOXTNVARY v MEIZLD
TI v H U ADHE

%1z ®injectorH b OE AN F OMEIE 3 EWVIE D
NEFELWIZ &, main linac TiXhigher order mode
(HOM) OFFEZBI <o, RIFI VAN TFIENE
VMEI DL FE LW Z & main linac? i& H#1{Z chicane

1. [XFL®HIC

TR —EIAEEEY =7 v 7 (ERL) I,
WS IR & L TR > ae — L v F X

WMREAEZERATIHIHEMNE LTHEAEZBO TS, =
O LIeXBOFIA LT A TH DR, £D 1 DI
pump-and-probei£ I K 2 HE @&l BLG OB 23 26 1 5
v, 29 LIeEBRTILERFM SR Z L &35 2
D, 100fsEREEDEF /NN FOAERNPEREN
Do

Recirculation loop

Main linac

Injector

1 : ERLOHEAIK,

AR EY 22 ERLIZIX 1 12779 & 9 (Tinjector, main
linacds JX UM 17l #E A A7 T AR & 41 S recirculation loop
NHR5b, ZHETIE, BFAAVFOEMTIZO
recirculation loop T1T 9 Z &M E 2 Hh T & =8
FRE & LTI, mergerTOT I v ¥ 2 AR K & e

! E-mail: hokuto@popsvr.tokai.jaeri.go.jp

WO EHEgs 2 BV 26, IEE T L JE o=
FNX—=DENNPLRANED->TLEW, fERE

LCENENDEF DOAAHALBOE R R TRWI &
DT HID, Lo L, recirculation loop T M,
SFE VarcBloEfEmE VBN, BV FIC
TRNVX—EEHEXDNERND D, {AFJ%L?I‘ 6GeV-
3psDEE AN F % 100fs | A 2 72 0 12130.34%
DT F IV —JER Y m%%k@éo_hiﬁmﬁﬁ
S FEER\ BT XM D W & BT 2 IR 70 22
HThHd,

Z T TEHA T, =X IR 0 ORI A RS
%Ny FEME O Tk E LT, TESLA-type
(L.3GHz, EFERAL, MEEE 1 A 7= Y 9cell) dmain
linac% v 7~ velocity bunching[sl%%if:o

2. ERL main linac T ®Mvelocity bunching

2.1 ERL[EA DRE

Velocity bunchingl3 Ak, =3/ ¥ —[EI AT
RWNVEAREIEGR E W CE T A FEEMT D 2
EEREIHEE LTV AP, JEMTE TS T Ok R



SO AN 2 OFEHTIC A, N F OIS &
BIFICEEEEL 52 D2 L TiIThbh b, Z0kHiaE
WOMHEL Y HELND =R LF— (L, AT
DEMENRENVEAITEMEBEMIRICEL I v
B ADERKPBETE /2, 20D, [EfEHO
BN TFITHRH LTI VA RaAf iz kB9
LaHwT=I v ¥ U AMifEEITS, L)L, ERL
TIIBREE WD OS5 525 2 LT
TRV, ETo, EMEHROE TS F IR I &
L Cslippage & i = 97z, Sk & EH D N F 3
EREE BB W THEIZI80E DM AHEZ DO Z &N

TERV, & 5iZmain linac TEMEZ1T 9 O THOM
DOEENE LT 5,

L LR X —EN DL TR, N TFox
FNX—=PNERNEECTEMEZITO DT, ZNEZTD
FEMETHZETIERYZMZDZ ENA[EETH
60

2.2 Velocity bunching® Bt UNZAH & JEAEZh =R

IEEBETPOBEFOEFEXA2ET AINL F =T 0T
AERT, KATEEDT,

¥ =By —1-acosé =y, - Bys -1-acosé, (1)

T,y I TEFOZRAX— B IR,
EIXBIDOLHRTZMEONAHTH D, IRTO0ILEA
Kz b ob7, ol TERITTOMEAE L & 5T
NTA—=HT, 85 MVIm OEERIZH L TIE a =
064L72%,

> 40

35 |

=

=TI
RIRRILN

N

5 r i~ R R
S i e ]

08 -06 04 02 0 02 04 06 08
€ [rad]

/
E—

/
)
)

2 : a=0.641Zxt7 % phase contour plot

B 21%, =064 (KT DAFHDOERBT, R
FTA ANIAH TR —5MeV, & = 0 radiZAH4 4
L, ZHNEY eSS OB LA (K
2 i EHE W) 132-032rad oD, ZTOZENDIE
fizh=ixPl C = 162720 (AHHFO = FLF—4K
DY &025%E Lz, ) AFOUFilE32psicxf L
TO2psIZIEM SN D Z & LD,

23 Iab—vav

22ffiOFE A TIc, EMEMIRICLD I v
Z v ZADHR & EET 57 OPARMELAL IC L 5o
SRal—yarEftolz, YIS al—a DT
A=K 228 DEDIE, N TFHT- 0 OENE
Z77pC, =I v ¥ A%lnmm-mrad® L7z, F£7-.
IEF X8 ARL LI v & AHED T2 DI
BIRELRV, M3 ZDyIab— 3 Of
BThHd, EnBIMEEDOZNTNOMBEIZEIT S
=AY AKX I v H A, ANUTIE, =R
F—DBERLTND, BRITTZI v X AN
1.5omm + mrad, /3> FHE0.17ps, =R /LF—21MeV
ThoTo, 017psE VI N FHRIZ2. 281 DFHE L 1F
E—E L, BEHBERERDS OFEREZIZIEHET
5o Fio, THXAX—YENR Y X05MeV T, Z D%
6GeVE T I N &5 &, 0.01%ICHHY T 5,
Z OfEXarcHEAE R THEE720.34% L 0 43/ S0,

— 02
E E B A -
F eam size x (rms envelope
E o015 | : ( P —
o1 £ SR S, sl
1 F —
3 -
005 Rl
0:\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
z 2 ,
g L. Normalized emittance (rms)
g Tt AWMU
g 1
£ [
0.5

300 400 500 600 700 800 900

Bunch.Length (rms)

[psec]
o L N w £ o

30
r Beam energy
20 | —

[MeV]

10

07\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
0 100 200 300 400 500 600 700 800 900

T

[em]

X 3 : 9K DTESLA-typelli# % (2 %f 9" % velocity
bunching® > I = L — a U fER

2.4 = x/LX—[ElL £ HOM

Velocity bunchingld g 2 & 13 F LA %
slippage 3 % @ T, Nk & WOHD N> F ONAREZ
180EIZHR D Z ENRTERY, ZDOZ &%, MME#ET
XHEMEHIBRT S Z L2 D, 2T, EHER
SMADNIEIZ & DFLFE DRF/SN T — N LB A i E
L7,

Z 2T AMENLFE D crest (zero-cross) %0 (90)
ELERT D, 23T oY Iab—a o hn
SIEEA DO AE & B LoffRixEneh, 82
ETIETH ST, HEOETDEMORZOELT



PEAHZERI80EIC 2B L O ICHRET B &0 AR EHL
HUDOMNARIZZENF, 248fF L25TEIC D, 2D
L ENUTF OIMEIZMLIEIRRF/ST —Py 1%,

I,R, cosg, ’ 2
ﬂ{a+ﬂh-\/} 2

P
P, =~
°T 4

Thobbisd, ZITENTNOYHE L ZDMEIX
TESLA-type & &2, ¥ ¥ © 7 4 —DHEKP, =
74TW, FEBEH =588, Vv b E—F
A RJQ=1036Q, ¥+ T 4 —EE V. =88 MVLE
L7 Eo. AFBEOIE - ol N FoZznZh
DOALAEN S lgcosgy = 1.2 MATH D, Zh kb SLE
7RRF/ST —[3Py = 12.6 KW E 72 508, ZHULHES
ZTWHIOT RFFEOHF125kW X 0 & FEI->TEY |
velocity bunchingZ> F[RE T 5 Z & 3o o7,
HOMIZEI L Cix. TESLA-typex &2, Z DX
7 —733ps 100MAD ' — A 2%k L T170W, 0.17ps 5
MAIZxE L CTI3W ERFR L TR Y | IZIEMER 2
EEZD,

3. #TILARYY FEIZCKDBIIVYEUR
BIEDWEMN

2 BEDH# T, velocity bunching?sERLEH YEIRIZ
SLTHAHTHDLZ xR LT, K= F—K
DI L ClidarcEfEsr L0 & /b <
ZAHTEMTESL, Ll v X AT 55
miEb oAb LM ETH DL EHE X D, Velocity
bunching ™ ZEFE 3B 1% Z AUE T, BNL-DUVFEL,
LLNL-PLEIADES®, UTNL-18LF172 & TiThh T &
oo T TIEHBE DM T/ F B2 b 200pC
~InCOE & THEBR 21TV, £ L Hsub-
picosecond LA F D EAME I L TWbH, LirL =
Iy URCEALTE, b e b & 10mmm - mrad D
F—F—T#Hm L TBY, SFFLNLZZD
Iemm.mrad X ¥ & K& W, % 2 TH 4 [ZUTNL-18L
ZFJH L Cvelocity bunchingf D 1mmm « mradf2fE o
TIVvHFADREEITO Z L & LT,

I FEF CUTNL-18L Tl = 2 v ¥ > ZADHIEIZQ-
scaniE &M L C& 7=, L2>L. velocity bunchingi
IEE R DT R F =R & BHEIEIZ A
AUTTZ= RV —PER D NRENT &6 @k EOH|
ENZIX M2, 22 CTHBNEX TV A Y v h A
Fy AEEHVWTHEZIT) 2 &2&F 27 (4D
BEITUTNL-1BIC R E T2 2 Y v hF = 3—) |
L. ZOAY v b F x 3 —%UTNL-18LICFR &
LiffliZe = I v 2 o AHE, R, SNBSS DI (F
HERES D,

4. FED

ERLESS EIRIZ R T D E AN FOEM T E L
T velocity bunching & %l &1 & 2> b B L 72,
PARMELAIZ L5 ¥ I = b—3 3 T, 3.2ps-5MeV

DEA /N TFROLTIPSIZIEM TE 5 2 Lol
F72. TRAX PN 0 130.01% T, ZiTarc g
SIEMiER 2 V- L X (0.34%) L0 b1/ Ew,
T L X — AT E R ERSMAIZ X L, 12.6kW D
RF AU —Z B L3425, HOMIZIBW EHFE L TH
ORIEIZ RN E X B,

T I v & A X1.5amm « mrad TZ2 [ E e T
XTI v X U AMRKITEIEERELL AN ENZD
B, ZORICEHLTREET M ERDD, TDT-
WAHBUTNL-18LEZFIIH LT, #7421 » REEIC
X BFEe S v X U AEETT S,

K4 : XTNVAY y FAXy Tz /—

HiEE

ARAFIE D —EBIL H AR PRI - Bl AL AR
(B)15360507, 5 K OVEHIF 2 F7(B)16740127 D Bl %
T TN D,

& Xk

[1] S. M. Gruner and M. Tigner, CHESS Tech. Memo 01-
003/JLAB-ACT-01-004(2001).

[2] V. Yakimenko et al., Proc. of Pac, 2001, p.3344.

[3] M. Sawamura et al., Proc. of PAC, 2003, p.2117.

[4] F. Richard et al., TESLA Technical Design Report(2001).

[5] L. Serafini and M. Ferrario, “Physics of, and Science with,
the X-ray Free-Electron Laser”, ed. S. Chattopadhyay et al.,
(AIP, New York 2001), p.87.

[6] J. H. Billen, “PARMELA User’s Manual”, (Los Alamos
Accelerator Code Group, LA-UR-96-1835 2002, version
3.28)

[7] P. Piot et al., Phys. Rev. ST Accel. Beams 6 (2003) 033503.

[8] S. G. Anderson et al., Phys. Rev. ST Accel. Beams 8 (2005)
014401.

[9] H. lijima et al., Jpn. J. Appl. Phys. 44 (2005) No.7A (to be
published)



	１．はじめに 
	２．ERL main linacでのvelocity bunching 
	2.1 ERL固有の問題 
	2.2 Velocity bunchingの取出し位相と圧縮効率 
	2.3 シミュレーション 
	2.4  エネルギー回収とHOM 
	３．ダブルスリット法によるエミッタンス測定の必要性 
	４．まとめ 
	謝辞 
	参考文献 


