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Beam energy 5-10 Mev = FYREMNGEEZRET S
Beam current 10 — 100 mA :|=\\ a= 450 BE (MEERE)
Normalized rms emittance 1 mm-mrad (77 pC/bunch) BFHEINCDEFE—LAERK
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Gun
Injector

Diagnostic line  Z[EO I )L*—
390 keV = 5.6 MeV
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Beam dump
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5 MeV Main linac

35 MeV
L to 35 MeV
35 to 5 MeV
35 MeV 5‘;5%_50)1*)[/;“\;‘_

390 keV = 2.4 MeV = 19.4 MeV
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Slit-scan method

Charge: 0.77 pC/bunch
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Buncher OFF
horizontal
vertical
Buncher ON

horizontal
vertical

0 0.2

Charge/bunch (pC)

Results:
g, ~0.17 um-rad at 0.02 pC
g, ~0.3 pm-radat0.77 pC

1

il
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—

Measurement conditions:
Measured on 21-June-2013
After fine RF-phase tuning
Buncher: OFF or ON (Vc=40 kV)
Laser: short-pulse (~3 ps rms)
Bunch charges: 0.02, 0.77 pC
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NE £ (5.6MeV)DITIVA XBIE (B/\FEFT)

Y. Honda, ERL2013
oo = 3 — == = A ,
TRIERIENEEICIRN S E R fEE S, Sakanaka, ERL2013 &Y
Conditions of measurements
Beam profiles at Bunch lengths
3-ps laser semi-flat
21-June-2013 0.02,0.77 3 ps (rms, 7.8/8.7, ol e
Gaussian) 3.0 £ ‘f EDOF g 2
26-June-2013 31,77 3 ps (rms, 50 83,49 = |
Gaussian) =
28-June-2013 15,7.7 16 ps (FWHM, 50 83,499 = T4 Trrornes
semi-flat)

mmary of m remen .
Su ary of measurements Tentative result:

'/g "1 16 ps (FWHM, fla) | | | g, ~ 0.8 um-rad at 7.7 pC
1.5 pC/bunch % (@auny horizoMtal —— (not fully optimized yet)

g [ S e i RIER D B1ZE(< 1 mm mrad)(&

2 ol o ot | EALE

5 U vertcal  — LML, #fEFtE TlEazyia

m : ' | SV OHIMESTTE. 0.3

= ] mm mradD IIVF AMNGF0

'TE sl ndEFRINTLS,

]

< . | | | | FAEEREE. ZERANDE —LGLE

° 2 ) ® 8 0 REBEEHNF+HTHY. WEX

7.7 pC/bunch Charge/bunch (pC)  &E#RSTLTLVS

=5 A cERL mini workshop 2015%1H19H 18



ASE—LDF

AGTERBEAAETIE. AFSRBIEE
ZERDOMRESEEHHEETIZELT-
(5.6 MeV)

BRI~ DH#HETE, EREZEL
T, EERFTE—LZHET S0
BENHD

FIREECEER
(EZE)

(©Rey.Hori/KEK

AR~ DX

BRETOIRILE—LE Agte—L

A

//——B——/T\\

A

CDHAEAS (TRILF—IK) . BEE (TR
F—E)D2DODE—LHEBE,
IRILEF—LEAEWEEIRIE—LDNVTHREA
EAELEY ., FooNN—REEZ Y15,
FERNTNEE, AFERETIFESEEZ740N,
RRIF1:6HA TR (Ch&YRELLIZLY)

OASIRILE—DER

EZER

— IEBODIRILT—:35MeV = 19.4 MeV

)\%T%%E{KJEFE,

AFIRILF—LEABRIRILF—DLEE1T7IZTS
F=BIZ. 3.3 MVIM [CFIF CEBEET AT EITRE
IERFEOIRILET—: 2.4 MeV
TRIERDIRFEIYBELLVARA...

cERL mini workshop 20155 1H19H



AGTER D5

2013F 12 A DEEL: B RE

_‘_UID“__
— ~ —

C T /IRl c

= BRI —ILFZEMT HIEICRYx

PAN kv
A JiLA

= CD

BHETART TV DEFHLBREL  yiEEN RN = EZERE

N7 —2(CCe) DR MNE —LEEALIZH>T-DTH I ZETH AL

AGS A

MK —ILK

Injected beams s

£
o [
.--‘l\‘I
3
A

. <+—
Recirculated beams

CCGOHA

FERFFOE—LTAT7AUBBEHHLTATING = SHREA
O, ERFAAATHITA IRV F LT &R, [FFHEHEY L15-T=

1

GMGCOS, camd

0&F

EREAO
ERID4AIGE
EKEOD ll:.\%

E
:> E
.
5

TYFT &L
URITEE (F)

[LEREHE (FR)
[ZIEIF—

1.1

AMGCOS, camd

1

0.3

a7

0.8

s

0.4

i 10 20 30
K £1im?)

» -

BEHADRNESICKYIED T hARLNT-

LTBES

M. Shimada,
ERLHEZEREHN
(2014.03.20)&Y

FZERMEERD
xy w5

« _change | SCMAGOS5 [cam10] | 55.9

RIBHIS R RETYF IR

~| _change | SCMAGO5 [cam10] [ 5.

B

BEIRILX—EEEEDTRR REHISIC
5LV ABHo=h, —D— DX BET
(FIXEHETHEY DOE — L#aE 2RI

cERL mini workshop 20154 1H19H




= — LPERER R DR

R ERIENZEBRINEE/ N\ FERNT.7 pC/bunch, 10 mAE—4)DEgE R ER (CHE T2EIZEHE)

(1) AGtasE{KEE& (20134FE6A8)
AFHE LA ILF—: 5.6 MeV 5 Sl EALE
BEITRILEX—: BEE%EL ’ '

MBIEIIVEIVADAERR (5, /5,), BAL mm mrad

BRE—F (A5
g

7.7 pC(3@/8ILR) 0.8/0.5
7.7 pC(F/VILR) 07 /0.7

—~ 1 !

Q 16 ps (FWHM, flat)

| e =

=18 :
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E 12 F

£

2
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Charge/bunch (pC)

IEPRD B4ZE(< 1 mm mrad)(FZE R
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(2) FEEEpEEER (2014FE68)

AFB/IRILE—: 2.4 MeV

BRI RILF—: 19.4 MeV
MBIEIIVEIVADAERR (5, /5,), AL mm mrad

EELE—R (1) A5t (2) EZ=H (3) &E—
R Ho 7=

20 fC - 0.14/0.12 0.14/0.14

7.7 pC 25/29 29/2.4 58/4.6

cam31 (dump line) caml1l cam3 caml

cam17 cam21 cam24 cam26 cam27
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KRER:
500 kV T 1.8 mA . IEEE T10mAZZERK (100
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«cERLE{AELTIZL, 390 kV, 6.5 yAZERL
«REFfE: 390 kV {EFER TER(~ 260 hours)
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RRDEREN L RDERFEIZRITT
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EFHREAGERE

®ROBF

A S 2R B RS 2R D IRK

E—VMREEZITTIEGELEDEREN

ESLVLEAE: 7.1 MV/im ZER
KREFRDIE: 6.5 pADNLEZEZERK
(3.3 MV/m)

REFHE: 7.1 MV/m &E#5 (5.6 MeVANE) T
[FIEEIZKTE(~260 hours)
«cERLE[EIEREEL: 3.3 MV/m 1EER(2.4 MeV
/\buﬁ) THEBIZRE

SLVLERAGENDOKRER: hhn

E. Kako, et. al.,
H. Sakai, et. al.

N. Nishimori,
S. Sakanaka
ERL2013FXRERH KLV

- KiE1k: 390 kV = 500 kV EIf0~ (2015F B i@ I3V IZaRET E)

j(saumﬂ: 500 kV 10 mAGKER D #(E. 100 mMARDERDEREHEETZEDH TS

R Fn [GaAs + B EZTOMEERIE] + [GaAshy—FIZHhAMEDEF]
j(EE.un.EJ'JjZ KEKE ZEF#H TD500 kV 10 mAE R EGRER D EfmEEH TS
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. MIRFBHREMEREDORERR

4 )
Parameters of the Compact ERL
E—LF>T Beam energy 35 MeV
(upgradability) 125 MeV (single loop)
" g 245 MeV (double loops)
%gg%ﬁﬁﬁgﬁ Injection energy 5 MeV
Average current 10 mA
(100 mA in future)
Acc. gradient 15 MV/m
(main linac)
_ Normalized 0.1 mm-mrad (7.7 pC)
AR HOUIREN emittance 1 mm-mrad (77 pC)
g%gﬁ;ﬁ Bunch length 1 - 3 ps (usual)
(rms) ~ 100 fs (with B.C.)
> > A
ZS xR requency . z
ERLZ#ER I DEARERZINTED RF f 1.3 GH
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CERLZFER T S E (FZE

= hva
Al J:J H l:lB>
o FZERFERIEEEZR) IRIILX—EIRT S59 oo
— 9-cellZZF2E (HRERHEREATIL. 16 MVICEIE) = SR
—  HelossDIEX. L Ufield emission| L BREHFIEKE  Main-Linac Cryomodule
EEL. 18H1-Y8.57MVT:EER oo

— MRERFBOIRILF—: 19.4 MeV
.
— MESNFE—LZFELS5—EFERETHEETD
— LCSHIRWOTHzATRED R A RMNBEESND
« FRUTS5A4Y
— EE—LZEETS

~49

Jain SC Cavities

Injector Diagnostic Line 2nd Arc Section

LCS Xy THzCSR
Generation eneration
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3GeV-ERLILIRERETA~ANDIT4—F/\vD

o HERDIEMLTHERED T4—k/\vD

Eiﬁﬁﬂuﬁ%iﬁ@ﬁ%ﬂ‘]ﬁhuﬁﬂﬁﬂh‘ﬁi’cz‘?fz = IMRBOREZIZEREITADT, 2ERTHFIUD
9IE75§L|Z‘£

YRR EHPEFRDER: 1— —EEDhFREENECT 50D EREEH TS
(EHOHY—FZRFEHIELENEZRE = 3DDORFEMHIEEESD) . IR IX1E105 52 E (1=
2L, SNITIRFRDILE TIF - I5 LIFRFRAMNS)

H—FKDFdan: KERE—L(EwKIOmA) ZFE-=-FanitERZ2015F 2 AN SRBFE,

- EIHRT—FOREL

3 GeV ERLIETED =R (FRFR) e X RSN TEA. BIFETHEHIHEYRZA TGO D TIEGLM ?
ERFERIIC I BEM EZERINSEMERLTLELY

K E—LMEEZEFIRT HDILEFIR

BFEREOEELG M EIiEHTEALE, AER CRRMEIA TEE, BREMICTYITIL—RTES,
Bl Z L. 10 mA TEERRAIR, 100 MAD B FRMFAR TELENIZTYTIL—F,

High-coherence mode High-flux mode

Beam energy 3 GeV O?]l] REREREDERBERITE T v T T D,—P%:é }
Middle-coherence (CERLT1~2F#&IZTRANTEES):

Average beam current 10 mA 100 mA 10 mA. 0.3~0.5 mm mrad

Bunch charge 7.7 pC 77 pC ~

Repetition rate of bunch 1.3 GHz ngh'COherence: - .
10 mA, 0.1 mm mrad (ZZY A2V X [ZIFIXREFR)

Normalized emittance 0.1 mm mrad 1 mm mrad . -

b ) ) High-flux:

Emittance at full beam 17 pmra 170 pmra Sty S

. 100 mA, 1 mm mrad (EFHBISEA L E)

Energy spread 2X10* 2X10*

Bunch length 2 ps 2 ps
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-1 RED A EETE

ERLINRZBHARETOEELGILE: KERZTERLTINRET S
- KRERZEMFIEELEFROMAFE
- REREMEABRTBIEEZE RO R

NODERFAM = LCLS-ND KHEEHEY IR UXKRFELD EIR I ZHE A7 B it
—DNAFAMEELT., ERLITORREEZRERB BV =SV ELERNESEESLFELEHY
5D TIEELNVMN?

EIERIIZIE, XFEL-OD ILRZZFEL THORANT—ILH

ERLERCHIELTE=2&: ThimtE1ENA B 1DMAL

— TEimtE1ZE@NLI=ARIEELHYSIDDTII LGN ?

— EUVHJEELT.ERHFELAEBZ&EHDOHD = FEEXD)YHTST4—AHD
SR

— EHEIR 10 mA BRX—YMIREAD T, FBEAFHEL/IILGYENEINS

- RHEOAREEDFMIC DOV T, RHACADERZSELTTSLY
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ERLEAFE D H F D EA]
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OERLD G B /4
- IRETEFI A
- RAFRFERERFA

O R OERLEFEDIRIK
- ILEFDOBE
- EIKRE GTEOEAES
- BEELTWWAHEREE(E—LER-ME. I RI/ILFE—)
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TR A%

BRI DERLINIR R (A — T —EER MR ER
JLab FEL(KE) : 350 kV-DCHIEMBE F . CWHR
The ALICE Facility @ Daresbury Laboratory (& H) :
BINP(E7) :RFE

CREEEH)
Jlab FEL

High power IR FEL
10+ kW IRCW @
1.6m (2006)

-

i “
/\ T
o dog

& 5 ¢
s’ 7
ds &

&
Light

» UV FEL

100+ W CWw;
intense VUV (10
eV) 3rd harmonic
(2010, 11, 12)

BINP

%, BIEMR., TILFE—
Cornell test injector (K [E]) : 500 kV-DCHE IR E F i GEExR(E350 kV) . CWHBIRENE. 8 MeV, 75 mASEEE
CERL(KEK, HZ) : 500 kV-DCHL 2B E F 8 GEER(E390 kV) . CWHBIZENNE, 20 MeV, max 10 mA (6.5 pAE

A9 &ELT=ERL(1)

A ER IR ES)
{ZENE. 135 MeV, max 9 mA

325 kV-DCHFEIBEF K. PulsetBIZENE, 26 MeV
V. 30mAE—LDYTAYIL (HRRE)

Compressed bunch length <1 ps rms

Bunch charge (standard) 40 pC @ 81.25MHz,

60pC @ 16MHz and 40MHz

Cornell, ERL-Injector Prototype

The first and the second
tracks in horizontal plane
with bypass for the
second FEL (in
operation)

The third and the fourth
tracks with IR FEL
(commissioning)

ERL - Injector Prototype

photocathode
deflector

DC gun
Al

A2
i ‘l “qr

cryomodule

'/7u

buncher

experimental
beam lines
12m 1im om

F28[E B AW FER
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T SeF FHZ HRIELT=ERL(2)

o BEE-ETEAH DERLEAERHE
—  bERLinPro(HZB, FY) : SRFHIEZABE F . CWEEIZEMIE. 50 MeV, max 100 mA, en < 1 mm mrad, 77 pC
— IHEP ERL Test Facility (IHEP, 1 [E]) : 500 kV-DCHLIZIBE F . CWIEBIZE IR, 135 MeV, max 9 mA
—  PKU-ERL(dLZKZ. Hh[E) : DC-SRF injector. PulseiB{=ENNEE. 30 MeV. en <4 mm mrad, 60 pC, 4 ps (FWHM)

bERLInPro M. Abo-Bakr, IPAC14 &Y IHEP ERL Test Facility

2015%FIZGun-1.1D\5T7—RARE—LDFE FEHEORENEHSNTINS
20194 IZERLEAERBAIA F :
1.5..2.5 MeV > 6.5 MeV \'eg ERL injection

650 kw Splitter & Main Linac Dump /

High power Dump Line 1% turn: 6.5 MeV = 50 MeV
beam dump ‘\ 6.5 MeV 2" turn: 50 MeV = 6.5 MeV
Gun
w e s « FEL line FEL |nject|on
e _ %
BERLinPro: Main Project Parameters H " 4—
+ Total beam energy, MeV 50 +

Merger BL &

Merger
6.5 MeV

Maximum average current, mA 100 undulator ./

Bunch charge, pC 77 ‘

Bunch repetition rate, GHz 13 \ ’
Emittance (normalized), = mm mrad £1.0 \ /

- .
E— Bunch length (rms), ps 2.00or smaller —— \ ERL |Iﬂe > '
lecirculator = 5 ecirculator
Maximum Losses (relative) <10 rarc Eo M ‘_ nTT - uTE _‘
undulator

Figure 1: Draft of the major SRF and magnet components of bERLinPro with a summary of its main goal parameters.

PKU-ERL Energy Bunch charge Emittance Bunch length
30MeV 60pC 4pm 4ps
DC-SRF Injector Energv soread . t Is -at Ise lenotl
1 0 tICS for the ERL TeSt Fc':iClh sy nergy sp}eac rep. rate pulse rep. rate pulse length
¥ap ty L, 0327 (FWHM)  S1.25/26MT TOHz. Ims
% — : f“lr Acceleration module 7, [
i@ (b0 -col TESLA cavity) ‘ ] » Combination of a DC pierce
L ARC1 C"'Caf;‘ilfss"tfn*i::[|e”9t" ARC2 { 1 - gun and a 3.5-cell
k : r I superconducting cavity.
- B Wiggler == =
{ 0 i Y g O 1 » Two working modes
» Marco pulse or continue wave

mode for ERL.
» Bunch compressor mode for
coherent THz radiation.

AFBRDE—LBHBRARFImENTNS

One of the lattice designs of PKU-ETF!
CHEN, Si, KEKIm#E#zFt2+—. 2014/10/22

=8 7 E28EI B AWM AFEEESR 2015518120 51



&

RS 6 F R

A& LT=ERL(3)

©  GeVIZ RS CIRFIAZE BRI ELT=ERLETE

Cornell 5 GeV ERL (K EH) :

Cornell 5 GeV ERL Cornell ERL PDDRY

KEK 3 GeV ERL

Synchrotron Radiation

Return Loop

Electron Gun

// Injector Linac

Superconducting Main Linac

Merger

Accelerating Beam
AAWAWAN AL Gl
VAVAVAVAVA

Deccelerating Beam

3GeV ERL(15t stage)

3 GeV ERL(KEK, HZ) : 15t stage T 3 GeV ERL,

5GeV ERL, 2 ILA—2 BETEDCESR) VO %FIA. . E—LSA: 14K

2" stage CXFEL-O, E—LSA4> : ~30K

Parameter ERL Ring Ring name
Horizontal emittance e, 8 pm/30 pm 1 nm PETRA-3
Vertical emittance e, 8 pm,/30 pm 1.2 pm Australian LS
Bunch duration o 2 ps 16 ps ESRF
Energy spread oy 2x 1071 1 x 1073 typical
Current T 25 mA /100 mA 500 mA SPring-8

REAETIVAVRICET &,

8 pmrad = 0.08 mm mrad

30 pmrad = 0.3 mm mrad

2008 A i5Cornell, ERL-Injector PrototypeZ &5 T=1=
RERBIZSVRAVRERME)—RLTET-

2013 FE MR ERIE D CERLINE R D E — LIEEZ B

Tl

F28[E B AW FER
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T SeF|FHZ HRIELT-ERL(4)

o GeVISAMEIIRF A% B IELI=ERLETE
— The Femto-Science-Factory (FSF) (F*Y, HZB) : 6 GeV ERL, ¥JLFA—>/, max 20 mA
— IHEP 5 GeV ERL(H[E) : phase 1THE =R SIRZEEER. phase 2T5 GeV ERLZ BN
The Femto-Science-Factory (FSF)
FSF LAYOUT A.N. Matveenko, IPAC14&Y

Table 1: Main Parameters of the Multi-turn ERL. Beam brilliance in 3000 period undulator in low emittance mode and
1000 period arc undulators for high brilliance and short pulse modes is given.

,Long" undulator

1 GeV Linac Accelerator/beam parameters Low emittance mode High brilliance mode  Short pulse mode
E. GeV 6 6 6
<I>, mA 20 6.5 13
Beam dump 27_‘::::“ :r?jeh:?o\: Q. pC 15 5 1
Ein . X/ MM 0.25/0.10 0.35/0.11 0.22/0.09
1 GeV Linac 1. keV-mm 320 21 7.8
T fs 1500 25 ~10
<B>, Ph 4.010° 26107 810"
s-mm’mrad*0.1%
: : T T )
Figure 1: General layout of the FSF. Green lines — beam Bpeao____Ph_ 54107 2.0°10 ~1.5°107
. : - d70.1%
at acceleration, red — at deceleration, black — 6 GeV —— — - — p—
beam. Long” undulatorh 45 (multi-user facility: D &2t 4 %)

10 fs D/ NIV AT B DN
IHEP 5 GeV ERL

1st Phase : Low emittance 3™ light source ( BAPS, 5 GeV ) Beijing Advanced Photon Source at IHEP
2nd Phase : XERL or USR (5 GeV ) (BAPS and Future Plan)

15t phase AERHEICMH-BFHAFEEITO TS

Low g, 3"4 GLS.

2nd phase XERL-FEL or USR E i 5 GeV
Very low € , 4th GLS. C=1284 m
E =5 GeV £20.5 nm
£<0.1 nm ".“
istence between RING and LINAC: 78m
650m for 5GeV SC-LINAC 600m(UNDULATOR & FEL BEAMLINE)

Courtesy: S. H. Wang, J. Q. Wang (IHEP)

=8 7 F28E BAMS FEESR 20155F18128



RAFRFZERFIHZBRIELTZERL(T)

o BN EERPOERLEAERM (R FEFZFIA)
— The R&D Energy Recovery Linac at BNL(CK[E) : SRFFELIEMBE FEE. CWEBIEENZE. 20 MeV, max 350 mA

— MESA(University of Maintz, k1Y) : [RFEEERDEFHELFA. BEE—F:155 MeV at 150 pA, ERLE—F:
10 mA at 105 MeV

R. Eichhorn, LINAC14 &Y

BNL, ERL R&D

High High Courtesy: D. Kayran (BNL)
Current charge S
Charge per bunch, nC 0.5 5 S

Laser reflection

Dark current

Average current, mA 350 50
R.m.s. Normalized 1.4/1.4 4.8/5.3
emittances ex/ey,
mm*mrad o
Figure 5: Dark current image taken at beam profile moni-
R.m.s. Bunch Iength, ps 18 31 tor during energy measurement at gun voltage setting of
1.2 MV, taken at the BNL SRF gun.
BILERFARBEFHOE —LREBRAFHEBEIN TS
2015F I TR ILF—RIREERE F E
MESA R. Eichhorn, LINAC14&Y

BIEEZTROES 21— IILEREILTLNS
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S RFIRFZEEEFIHZBIELT-ERL(2)

« FAUFRFZEERMAZBIELIERLETE CGERFIRELH D)

— eRHIC (furure electronhadron collider at RHIC) (BNL, k[E) :

X-ray), 10 GeV (Hard X-ray)

— Large Hadron electron Collider (LHeC) (CERN) :

0,60 GeV

> =

detector

max 30 GeV ERL, FELFIFA D155 : 1.8 GeV (Soft

60 GeV ERL for e-p collisions

LHeG ERL

——

Llnac-'ng option

305 GeV 0’661‘ ATLAS 1S
550 GeV - = %% -
10.4 GeV 1?2155’?\; '_: d:?@{.\
193 GeV 17:75 G:U *';. ] \ y o
o EOS _'_: N '\ 75 Rlng Ring 0pt|on
100 cev 27 55 GeV P ez _L =
* [—Jm
<5 Draft CDR completed 2011, TDR by _
cran 4/ Phys. Rev. ST 2014, first beam by 2022 R. Eichhorn, LINAC14 &Y
e

Accel. Beams 16,

tune-up dump

10-GeV linac

060704 (2013)
TABLE I. eRHIC beam parameters for FEL operation. 20, 40, 60 GeV/
Name Soft x ray Hard x ray 10, 30, 50 Gev
Energy (GeV) 1.8 10 total circumference ~ 8.9 km
Bunch charge (nC) 0.2 0.2
Rms bunch length (ps) | |
Rms energy spread (keV) 50-200 500
Rms normalized emittance (zm) 0.6 0.2 — 10-GeV linac A »
Undulator period (cm) 1.85 3 003k - final focus
Fundamental wavelength (nm) | 0.1

=25 §

F28E A AW FER

Figure 9: LHeC ERL under conceptual design at CERN.
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H B DERLT AMMETEIITETLNS L

« KREMER: Cornell ERL-Injector Prototype 65 mA®D KEFH:EER (ZILF T ILA)HY—
FER = FahRLAY—F)

70 T T T T

oo [ [ enp————— n--qnd_ R. Eichhorn, LINAC14 &Y
<50
£ FIEAEEFLTLNBAS. 65 MARSERIF—T LTINS
" o TN 75 mABHL TS EDTE

A R TlE. COBNDIZIVEAVRIE? = K<HHBAL

Time (hours)

Figure 12: Electron beam current during an 8 hour run of
the Cornell photo-injector.

« SHEEEFE—L: Cornell ERL-Injector Prototype 65 mA®D K FFfEE#x (GaAshY—F

FH = EIZVIADH/—F) *Phys. Rev. ST-AB 15 (2012) 050703
I Courtesy: . Bazarov (Cornell University)
20 pC/bunch e | 80 pC/bunch ERITENIISVIVR
= : Z#ZEIHWTETLVS
%% vertical %ﬂ e s - 1 vertical _C ‘j: . - 0) E#o) :Filj Eg,
phase £ | phase [> mENY—kFalE?
space - 1 space

S R C o | EISyA R-KER-
Normalized rms emittance (horizontal/vertical) 90% beam, E ~ 8 MeV, 2-3 ps rms KF D3 DDMILA

0.22/0.15 mm-mrad 0.49/0.29 mm-mrad 1B IpE
Normalized rms core* emittance (horizontal/vertical) @ core fraction (%)
0.14/0.09 mm-mrad @ 68% 0.24/0.18 mm-mrad @ 61%

F28E BAMSIAFEESR 2015F1812H



C— LMHRERAFDIRIRES R DRE(3)
Momentum Jitter for Total Energy

A — R — Injector
CAM 14’GEE'IE

ZOI\/IV

Dlspersmn nx— O487m

] Beam: 5Hz, 3ps rms, 23 fC, total Energy=20 MeV
63.7 um/pixel B )
N v — 0.06. dP/P-— 0013115 -..f'urms -2014/2/6
j 30 min.
0.04F === v
& 002
% (XX pJ
% 0
-0.02 . -
~0.04 : - |
0 500 1000 1500 2000 2500
time(sec)
e B PoKYELI-TRLF—DEBB RNz,
PeakiliR el BEE. 5% Ostudy THELFL =

SHEF . 2014EMESBAREZRTREER KLY
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= — LM RERAFEDIRIKESEZDEERE (4)

E—LtgER LICRIT-SROBEEES K

EIRIILEX—5EEOE —LOIKRL
— IRIBRIS (R, FHIE RIS (CCGRREAR . VL—r E—LGEEDHIMR) . EHAD
R BBHI5E) O

BER(EEERMESLIMNEO) E—LOEHEEZORE
— ASBERZFEBTAHEEIZ, ISYAVANELRLTEHIEAHLMNOTLNS
— TERADE—LENE., HEDREABNELELR TS = 2015F5AN0DEETRELTLK

AEF (EEERHRAZEL) E— LD

—- EFLEDTIANKEN = EMERVDREERTIODE—LHABERTS

- ERTMBEMOIER (E—LF AR NUFR. IRLEF—HEHNYE) PR EITRZOT, £
FRIBRSIVEERTS

E—LRABEDELGSBEML

— VULV FVIREMNEEDREBINGBIEEFITOTLS

- B3I F—DE—LNBEBRTIEADEE AT T4 RAE

— BRDERETHEHER T HELBIT AT TAIORIVFUT DFEEZFZRLEIED
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BTHODRNRESROREFE(T)

B
GaAsYtfEtB £ Fh=E (BRIEaIvIa= T ) EFHRET. EZE
20 i \ I I \ \
10 500 ——
Q B FINEEFCTEH B ;
a1 3w 3= S IF@EE0INA I 53y EBEII0KV
CWiEEREAEREFICO5 L A 8 400 ]
glo B l,'. . il I 1=
hl (W SEPSREPewa—————_ ea——"
[ ]
3 < | | EEEEEZEESx107%Pa 1o
! 3 2 s =
~< oo ° 1= \:_:/ | X
R ez = 4 3uAEER 307
N 2 100~
O 'Y ,
(Y ,
.o‘ 0 0l bl |,.||| 2 .
. § 0 2 4 6 8 10
2P0 U VL © © © — o
2 l l \ \ - 6HVH xjﬁtﬂt LT, 2%l EDOEFHER
iggﬁ i%lﬁ A 3R 48 sH oA . - 390 kViE#r (FEAS00BFRHILLE)
5 7 v e . -
- EELEF IR S EZE D ERK

SHEM., 2014FMERFFEFREY
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LCSHIUREREIIVYARX

_I II 01 |1|I1|1—n||'m;I |
e LCSHUTHEDIEE _

2
¢ IIVALRDIRIZRIS B, o Loel'L
e2 AT

T T
| M 0.3 mm-mrad

« LCSHAURIRDERAY
- BAERDEHEDZETIZLD

e —

e .I '- -------------
(&ws) _ [E?u; Eiylz i {%}24_ ( /\U )2 N Iiﬂ.—wj|2 :| | 1.0mmmmd|
Ws T8 | Jg:r ng i Amwg wp 3

Ref.,W.J. Brown and F. V. Hartemann, Phys. Rev. STAB, 7, 060703 (2004)

Count

Photon encrgy [eV]

EEMORVSEE «» S@BENYVREEDICIE
BEIIVAYR « REREFE—LADIKNE

.
ERLAY'&&E

[L—H—a ThoREL(LCS) E—LSAVEHRDARATSa—ILIXKHAREA
201448 22HCERLESRITEEHEF
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IHTE D KEK Photon Factory

PF ring (2.5 GeV) PF-AR (6.5 GeV)

._t_fl-T . :Experimental Stations for Hard X-rays
B :Experimental Stations for VUV and Soft X-rays

T INJECTION

« E=25GeV,C=187m « E =6.5GeV (injection: 3 GeV),

« Beam emittance : 34.6 nm rad C=377m
. Top-up operation « Beam emittance: 293 nm-rad

« 11 insertion devices «  Single bunch operation (full time)
— In-vacuum X-ray undulators: 4 * 8 beamlines, 10 experimental

_ VUV/SX undulators: 7 stations

22 beamlines, 60 experimental stations ~ :\rjmﬁf:uot:;n Vi?'ralﬁru_”flJ'atorS: S
« Since 1982 P ggler :

EEMERL: BEZER - Since 1987

F28E BAMS FEESR 20155F18128



CERUEREH (BE)

ZEiE EFRAEN — B %Y —H %Y
(kW) EERFFE (h) FREINE
(kWh)
AN LAERED AT L
AN LA - AR 500 24 12,000
BERY T (ER2K A ENEF) 150 14 2,100
= ERIR
AstaF 310 14 4,340
FZ R A 24 14 336
AEIKZR 2F%RH#H) 90 24 2,160
BHATEIR. ZH. Dt 100 LLF 24 2,400LLF
=111 1,174 23,336
(EfEE) 18,000~ 19,500

(GE) — H OEERZ 14K ] (9fF ~230F) &R o
RE D 1085 [E A LKL - AR ERENIKR D HIEEEL,

BERMER  RPEE
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cERLEERHKET (1) : 2013F4A ~6A A5tg3a3Ivia=—>y

Month Machine Operation | Beam ON Time? (hours) Operation Time of Helium
Time" (hours) Refrigerator (hours)

Injector commissioning (Apr. - June, 2013)

Apr. 2013 92 24 185
May 2013 111 70 291
June 2013 157 106 315

Subtotal 360 200 791

1) (LIMITHKEE) F1=1X (KEEPOUTIKAE) D EETHEME, BErElm- T4 P T &S E LR
2) (KEEPOUTHREE) MDD (BEFHHHV ON) ™D (BF#HL—F—ON) DB

BERER IR ESE

F28E BAMSIAFEESR 2015F1812H



cERLEERHEET (2) : 20135118 ~2014%F6 A BEREaI V3= 4

Month Machine Operation | Beam ON Time? (hours) Operation Time of Helium
Time" (hours) Refrigerator (hours)
cERL commissioning (Dec. 2013 -, June. 2014) *in Nov. 2013, conditioning of cavities was conducted
Nov. 2013 59 0 489
Dec. 2013 113 36 480
Jan. 2014 49 11 418
Feb. 2014 211 121 672
Mar. 2014 113 71 345
May 2014 120 52 590
Jun. 2014 190 115 480
Subtotal 855 406 3474

1) (LIMITHKEE) F£1= X (KEEPOUTIKEE) D EETHEE, BirElm- T4 DT =S E R
2) (KEEPOUTIREE) M2 (BF8HV ON) iD (BEFHL—H—ON) DEfS

BERMER  RPESE

F28E BAMSIAFEESR 2015F1812H



CERLEBEE h DBz B ZERA{=E1E D&#FET

e 2014%5H20H~6820BFTO1H A (LR EELRFRE : 1085 ~22/F)
— ASISBZEROFELEZL: ofm

- TBEEZROFLEZ: 20E
— ETOFELERKIFEX KT

R LX) I

Fa—7 1[=]

RF FBHI|fE (High gain & Ex) 3  Middle gain TiEEE9 H&ETX U ATEE
7=t HITKEGH A ST 3 AERFH

M DEES 18]

E—LBABDOHTS— ZRAOKE 4B E—LFABEIOBETHIG
ZRTROBEZENLR 4a] E—LFUTHLDENLE
E—LB&fR 3B  RFFBDT AUZEZEZTXAL
AEHEOA—/A—A—F 1B xARFH

et EHRIRE  RAEE
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CERLEABR MR ZF D IRIRTEBEEFRREN D X TR
« TYEIR: 6.5 YAZEEE, 7T E10 mAIZELEL TULMVRLN?

— MEHEREEBEZEITEIT-O. BEMICEIFTWS, BERKER 1 1A = 10 pA = 100
uA (2015518 ~)

o IEBEL:8.57 MV (FEZER) 3L, %Gt 15 MV/m [ZEELTLVEL?
— field emissionH\HllfR . ZR DA I TEDRFEAICHTLHIEENETE,

e E—LMEE: 10MAE—2FH T2.9 mm mradDIIVA X (BIEER) . 72H0.3 mm
mradlZEZEL TULVELN?
— EEHEARE CHETER) . ARFEDREL., EAFIRILF—DET (AGFIEAKT
(£5.6 MeV = EEHEELT 2.4 MeVIZTIT 1=, ZRIBRIMNELLGDAR) DI=OF-ZET
ETUOVEL, AEFIEE#E D (2015F58 ~6 A DEEL TR T E) o

F28E BAMS FEESR 20155F18128



CERLE

% recirdulation loop

Photocatfiode DE~gun
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CERLASTERO3I v 3= T TOHE— LT

Result from the Injector Commissioning (Apr. - June, 2013)

Reported in ERL13 workshop

Parameter Achieved Comment and Outlook

Kinetic beam energy T 5.6 MeV (typ.), 5.9 MeV (max.) TE6 MeV is allowed at present.

Average Beam current /; 300 nA (max.) [, 1 mA is allowed at present.

Beam current will be increased step by
step.

Gun High Voltage V,, 390 kV (typ.) Very stable for more than 200 hours.
Higher voltage is expected by polishing
insulating ceramics.

Accelerating gradient of 7 MVim (typ.) CW operation. Very stable for more

injector cavities £,

than 200 hours.

Normalized beam emittance
(T=390 keV, low charge)

~ 0.07 um-rad (@~10 fC/bunch)

Normalized beam emittance
(T=5.6 MeV, low charge)

~ 0.17 pm-rad (@0.02 pC/bunch)

Close to the limitation of present
instrumentation. Emittance might be
smaller.

Normalized beam emittance
(T~5.6 MeV, high charge)

~ 0.8 pm-rad (@7.7 pC/bunch)

Further improvement is expected by
optimizing machine parameters and by
higher gun voltage.

Momentum jitter (Ap/P) e

6x10°

On-crest acceleration. With high rf-
feedback gain.

Bunch length and energy
spread

See graphs in these slides.
(depend on bunch charges)

Parameters have not been optimized
yet under space-charge effect.

S. Sakanaka, TTC Meeting, 24-27 March, 2014
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