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CERLTEREF & (AGT2s)

2017 F3 A FTOEE TER L4 5E

Beam energy T 5.6 MeV (typ.), 5.9 MeV (max.) 5 MeV (typical) OK
DC voltage for DC gun V,, 450 kV in operation (500kV 500 kV OK
achieved)
Acceleration Energy E,. 7 MV/m (typ.) OK
Normalized Emittance ~ 0.07 um-rad 0.1 um-rad OK
(Very low bunch charge) (@~10 fC/bunch, T=390 keV)
Normalized Emittance ~0.17 um-rad 0.1 um-rad OK
(Low bunch charge) (@0.02 pC/bunch, T=5.6 MeV)
Normalized Emittance ~ 0.8 um-rad <1 um-rad (at the OK
(Medium bunch charge) (@7.7 pC/bunch, T=5.6 MeV) beginning)
0.1 um-rad Still
(aggressive)

Normalized Emittance 1.5~3 (@40 pC/bunch) 1 um-rad still
(High bunch charge)
Momentum spread (c,/p)ms < 103 (< 1 pC/bunch) <104 (3 GeV ERL) Should be

(1.5 - 2.5)x103 (@7.7 pC/bunch) OK

H. Kawata, ERL17 workshoi




cERLTEREZE &8 (JE [BIER)
[ Fowew | onevesperomaree | Taoervaie | Fenan |

(High bunch charge)

(@40 pC/bunch)

(@77 pC/bunch)

Energy of the electron beam E 19.9 MeV 35 MeV Still
Energy of Injector E; 2.9 MeV 5 MeV Still
Average Current |, 6.5 pA(steady state) . 10 A OK
1mA (steady state) 10 mA Should be OK
Field gradient of main linac 8.2 MV/m 15 MV/m Still
Eacc

Normalized Emittance at RL ~0.13 um-rad 0.1 um-rad OK
(Very low bunch charge) (@~0.05pC/bunch)
Normalized Emittance at RL 0.3 um-rad 0.1 um-rad Not bud
(Low bunch charge) (@0.5 pC/bunch)
Normalized Emittance at RL ~ 1.0-1.6um-rad <1 um-rad Should be OK
(Medium bunch charge) (@7.7 pC/bunch, E=19.9 MeV) (Beginning)

0.1 um-rad Still

(aggressive)
Normalized Emittance at RL 2-10 um-rad (preliminary) 1 um-rad Still we need an

adjustment time

Momemtun Spread (c,/P)ms 1.2x10 4 <10% (3 GeV ERL) OK
Jitter of Momemtum (Ap/P) ;s 6 x 10 -5 <10% (3 GeV ERL) OK
Bunch compression (c,) 0.25ps @ 2pC/bunch 0.1ps Not bad

=B 7 (KEK)

H. Kawata, ERL17 workshop
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Concrete:
Im

MEFZFRHATORERAELR

Effect of COL 4  Effect of the dark current on the Main cavities
38 011 0.03 (023 0.14 022 008 0.03 0.03 0.01

S. Sakanaka et. al.;
IPAC'16 (TUPOWO038)

H. Kawata, ERL17
workshop
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ERLYEIRF| AARFIZ A E LTSI EZFEEE

* 3GeVERLEFRTEEINDEEE—F HRERRIREIXEN D ?
High-coherence mode High-flux mode — EHE—LTEF 100 mA

— BTV RX 0.1 mm mrad

B 3 GeV - R
eam energy e . qzi/ﬂt_l\%}ﬁ 100 mA
Average beam current 10 mA 100 mA _ :ﬂf:(f@%,ﬁ%iﬁkbfﬁ”%
e DA
Bunch charge 7.7 pC 77 pC %?lﬁﬁﬁ%b\ué = .
— SB[ITNEMRLEETSInEZE
Repetition rate of 1.3 GHz R ENANE
bunch
Normalized emittance 0.1 mm mrad 1 mm mrad - .
e 0.1mmmradDIIVER
Emittance at full beam 17 pmrad 170 pm rad — ZDINESWHEIISYAREE
energy /WY HHhY—F#E
Energy spread 2x10* 2x10* — INEFEIEEEEE (ZER
Bunch length 2 ps 2 ps ?g?’% : '7—I:I_‘/ﬁ:j]0)*ﬁ1§
« 100 MAIZIHWELRBHEE—LZRETHRFDOH
IRILF—ERZFLEGELNGS IRIF—EIRZET BHIHE
— BN: GWISA(100mA X 3 GeV =300 MW + ZE - BN H+MWISA(100mA X 10 MeV = 1 MW
HICkDiERFE) + AR DIEERE)
- ¥TAHHH: 300 MW - BThHHB: 1MW

BEINERFZORERIEIZHE T TIEZRILF—EIIRA—DDERIZTES
> FNTIE, thDIESBMEREXE SO ?
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R EEHE &L T compact ERL (cERL)

compact ERLD B B4
W | mnsREORERELEROE
. BIEIZSVAVRE—LOER- INE
. IR)LF—[EURDESE
. MEFRBEEREDMERR
ERETERFE D /NS AR
(T3 /N RERLDERETFRZE 1 KY)

4 N
Parameters of the Compact ERL

E-LEYT Beam energy 35 MeV
(upgradability) 125 MeV (single loop)
245 MeV (double loops)

b 'k';fER'L'deverIo,pment"b'uilding

FIREREEZER

(725 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)
©Rey Hor/KEK emittance 1 mm-mrad (77 pC)
g%gg;% Bunch length 1 - 3 ps (usual)
(rms) ~ 100 fs (with B.C.)
A3 é A
FRIZER T HAEARERZIANTED RF frequency 1.3 GHz
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electron bunch
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> [BEEMEZRIERR Kall
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[ 0B IR EZE R : 9-cellZ2iR (compact ERLTIE2A . 3 GeVHIR TIF2245)
— B#ZERTE 15 MV/m T100 mAZ IR - '

egmented insulator
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derived from beam dump current and monitor laser power
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2 X
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*500 kV T 1.8 mA . IR EE T10mAZZE L (100 mAIZIEFh
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oCERLE{REL TIE. 390 kV, 0.9 mMAZZERK
©20174E6/29, cERLT 500 kVE — L & G IZ A Th
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1) A—ZERE (6/25 20:44, 70 pA)

Collimator Control 2015/06/25 20:43:46 Open Contral Detail
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Bunch compression tuning  courtesyof . Honde
H. Kawata, ERL17 e cun

Main SC Linac Injector SC
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History of emittance measurement

Previous emittance measurement result (Q-scan method)

Injector SC linac

Very low charge (< 0.05 pC/bunch) enx / eny (mm mrad) P Beam dump

3
Before main | After main LCS 4 -
linac linac , ( t—g—te

2014/6/13 0.15/0.14 0.14 /0.12 0.14/0.14 0.13 /0.15

K Deflecting cavity
MP5 MP6 MP7
2015/2/17 -/- -/- 0.25/0.25 -/-

2015/2/19 -/- -/- -/- 0.17 /0.19

Middle charge (0.5 pC/bunch)

2015/3/25 -/- -/- 0.32/0.28 0.41/0.30

High charge (7.7 pC/bunch)

2014/6/19 -/- -/- 42 /15 -/-
2014/6/20 4 e 58/4.6 - E:> After the 1%t arc section, emittance increased.
2015/6/15 o= 19/2.4 45/45 -/-

Upper column:enx (mm mrad)
Lower column:eny (mm mrad)

Emittance measurement in 2016 (Q—scan method) We reduced the emittance

arowth for 2.7 pC operation

5.3pC 2.7£0.21 However, to achieve design

=+ o
0'66 L UES OO emittance (0.45 mm mrad),
e ) D L= we required more operation
0.9 1.02+0.33 1.1%0.058

time.




Generation of Higher Bunch Charge

02

We measured the generated bunch charge from a
GaAs photocathode by a Faraday cup, which ST

located at 1 m from the cathode. ;: ﬁm
* Quantum efficiency (QE): 3 % . .

04

AU

Laser pulse: single Gaussian 3 ps RMS
* We achieved the generation of 60 pC bunch
charge.

=
@
T

Intensity (A. U)
e £ =B

For emittance compensation, we extend the

pulse length of the excitation laser. —— without pulse stacking

Laser pulse: 8 stacked Gaussian 31 ps FWHM ‘ *  with pulse stacking |

e The maximum bunch charge was limited to 40
pC.

* The crystals to stack the laser pulse decrease
the irradiated laser power on the cathode.

* The stacked laser power is about 1/3 of the
original power.

= We did the beam operation with 40 pC bunch
0 50 100
Charge' Laser intensity (%)

e.9]
[

(o)
(=
T

Bunch charge (pC)
I~
S

[y}
©
1

-
]
-

[
' et """ g stacked Gaussian -

1 1 1 1 1 1 1




Emittance measurements in diagnostic line

After optics tuning for the bunch charge of 40 —e— x: design
: : ——a—- y: desig
pC, we measured normalized rms emittance by o7 yidesign
. . . ) o ——&—— X: measurement |
slit-scanner in the injector diagnostic line and ——=—- y: measurement |
Quadrupole scan method. ® X measurement 2
= y: measurement 2

Injector SC linac

Beam dump

QM-scan2 QM-scanl T A
l 'hh* Main ?C linac ‘l' ) Hﬂ&%

P~ » Talllal . P Lad
= e

( QMEsean3 Injector diagnostic line \ Slit scanner )
) l, 2.6 GHz deflector

7"ilgo- L S T ---iigia-q-ii,miaiplf
Results by slit-scanner in the injector
diaghostic line (Preliminary)

Beam total energy: 5.1 MeV

e We measured emittances in two different

Normalized emittance (7 mm mrad)

~
-~ T
X (design) /

transport conditions. 05 10 20 30 40
* In measurement 1, the vertical beam size unch charge, Q (pC)
(a) XY profile . (b) Horizontal phase space (c) Vertical phase space

was focused at the slit scanners.
* In measurement 2, the horizontal beam
size was focused at the slit scanners.
= So far, we did not achieve the design
emittance.

1
g
E o
8
)
-1
2
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Emittance measurements in recirculation loop

Results by waist-scan method in the recirculation loop (Preliminary)
Beam total energy: 17.1 MeV

For 40 pC bunch charge

e QM-scanl: enx = 2.0, eny = 2.4 tmm mrad
e QM-scan2: enx=9.2, eny = 3.2 tmm mrad
e QM-scan3:enx=9.7, eny =4.2 tmm mrad

= The emittance increases after the merger and the main linac.

enx = 9.2, eny = 3.2 tmm mrad enx = 2.0, eny = 2.4 tmm mrad

QM-scan?2 e

-

enx =9.7, eny = 4.2 tmm mrad

OM-scan3 Injector diagnostic line Slit scanner :
Vg’s@‘,ﬁ ‘l, 21 enx=2.4, eny = 1.4 tmm mrad
SR

R TR b-o-diaa-—-3-—38—— enx =0.9, eny = 2.2 tmm mrad

In the recirculation loop, we observed large emittance growth, because the optics in the
recirculation loop was not well matched.
=5 7l (KEK) 20174108278, cERLEMEEZEFEZEE S 59



Single kick response for injector 15t 2-cell cavity

* |n order to find the source of the asymmetry profile, we measure the single kick

response for injector 15t 2-cell cavity.

The beam is kicked by horizontal and vertical
steering magnets, which are located at the
entrance of injector SC linac.

= From the single kick response, we obtained
the asymmetric focusing force caused by the
injector cavity. The input and HOM coupler may

Photocathode DC gun

cause the effect.
= Based on the measurement results, we are
correcting the model of the injector cavity.

30 |-

y on cam3 (mm)

-10

T Aawed0000 HEC Termmedonsedld 887 men I 06 K

20 |

10 |

I
10

i i
20 30
X on cam3 (mm)

i
40

50

All the injector
cavities are turned off.

The first injector
cavity is turned on,
and it is affected by
the focusing force
caused by the first
cavity.
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