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(1) Introduction
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Rs vs I/T (ERL 9cell 2nd cav 5th&6th&7th measurement)
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4K TRISTAN(5cell)

500MHz (KEK) (1988) 4K KEKBINEZE;F(1997)
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KEKB: & HIFREREZERI) Y
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(2) ERLABIEEZ RAR  ERLOFHEBEIEEZR~NDEKR
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cERL parameters Apparatus of cERL o e Ve Ploss = 25W/m (15MV/m)
1\ // A e loss (R/Q)QO

Red: initial case ] d_" e ey SC_
eamdump -7 MainSC T~ cryomodule
Current : 10-100mA N, '(’ cryomodule \, Tee g Ag

Emittance : O..1-1 mm mrad "’c- ¢ 0 0 0 o 0 Bﬁuﬁ;%* iy "'!.rB—‘U:n:—E}ngi :ﬁg‘éﬁ%m"d'
Bunch length :0.1-3ps s Ao ——-- = "y ,
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>
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Compact ERL 9tz )L x 228l (&) 247 )L x 3Z2H
15MV/m 7.4~14.7MV/m
IR)LF—ER HhY &L
= RREN/ZEH ~20kW (100mA*10MV/6 =)170kW
- HOMxt 5 K A1Input Coupler
i (HOM-BBU, 2482%) (CW), HOM# &+ K E
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:IJ'E 5'3] 0) Eﬁﬁ:{ﬁ ;‘R &%% ﬁ‘i T.Furuya & E.Kako et.al

REF > Tinput couplerDBAFE N HE
Input couplerlZ&BE —LFvIDEEFLK
T=HMNTS—HI=-YDRAERTERST =6
double T1ZERIZ/\7J —%feed

Injector module

2-cell cavity x 3
Double coupler
RF frequency: 1.3 GHz
Input power :
10kWI/coupler (10mA, 5MeV)
180kW/coupler (100mA, 10MeV)
E.cc: 7.6MV/m (5MeV)
15MV/m (10MeV)

Assembling in Jun/2012

Install in Jul/2012
= to cERL

HOM Coupler & { High power test

Unloaded-Q:  Q, > 1x10 RF Feedthrough Jan/2013
""" T e commissioning
Main linac module Apr/2013

HOM damped (for 100mA BBU suppression)

9-cell cavity x 2
Y HOM absorber HOMXI 2R : £F=HOM
Cryostat  g_cellf{z#zER absorber <
e damperf*100mAIS: o - o L Qo o d
075\?721 5MV/m 75§§ M % [ : Control Room (2F) ) EI—E
T FEIZIDOMINEE, = 3 et — —
- = Jr&fg, Hcllu_'m Refrigeratom ? HRF S_‘L’E‘Lcﬁ A" Drive b
Assembling in Oct/2012 7/ | siwly ety LSy : |
N Et 5 l.. | 1 ‘ i 2 . 1§ B _ ?)lgt(lj)ﬁithode
: ! ! MI Main Beam Dump
L. g o THz Beamline |
lnpUt Couplers > . ’ g ‘ " : Return Lt;p::'-.- 2y o
e_
RF frequency: 1.3 GHz ' . lean =t = restasar] = HCS pesiline
Input power : 20kW CW (SW) : L Radiation Shielding 10m
| Installed in Oct/2012 to cERL

Eoce! 15 MV/m (B 18)

Unloaded-Q: Q. > 1x1010 High power test at Dec/2012
Q: Q

Commissioning Dec/2013
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HOM-BBU(Beam Break Up) A Z FE M (K
------------------------------------------ X EbEELGIE ZER1A.
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K. Umemori et al., Proc. of APACO7 (2007).

=Ty RREEER: AR

()IXTESLAZER

Frequency 1300 MHz IR BE 15-20MV/m
BRETDAR—XIEITESLAZZ A M D _
QO 1e+10 Coupling 3.8% (1.9%)
TESLAZE R/Q 897 Q (1007Q) | Q, %R, 289 Q)
I/
Eo/Euce 3.012.0) Ho/Eace 42.5 Oe/(MV/m)
- 1 SBP dia.: $100 Iris dia.: $80 LBP dia.: ¢120
Model 1 HL&&LLL(&;[_. TEIl: 1.757GHz ~ TEll: 2.196 GHz ~ TEll: 1.464 GHz

E— L/ 34T DHEE(1000.1209) P

KEK-ERL Model-2Z= ][

TRBKLEE
HOM% RF IR UR {A& TIRUR

EREt ARt

1) RARE—L/(T
+ RF IR YRR

2) II_J‘I:')‘I/%*H%%ERL
%(‘E‘ ke

3) IR ZIL— EYE— L
INAT

HOM coupler® F 2% (+57-
& . RFIRUAZ & (& ak ),

RFIR YRR

TMO01:2.295 GHz

T™MO1: 2,869 GHz

/

RIDTIL—RBIE— LA

TMO01:1.913 GHz

415Xt 3K : fRiID 7 J)L—HEFB)
2B (- ZEH# L THOMEY L

M. Sawamura et al., Phys. Rev. ST
Accel. Beams 13, 022003(2010).

HETDFE R - HOM-BBURRE
(XM _E CRER) Li=h, HE—
Epak/EaccD b ZEHV1 5 & E
Mot=, R BB TTESLAZE R
L field emissionZzfE L
PFNVEREE->TLNSD, L=
NoT, ERMEABETHS
15-20MV/ImHAE L\ QIED L &
ERTESIDEHEDOHELL
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HOM-BBU threshold current(dipole)  JHESMSY V¥ W WIT Y

(Calculation performed by ~0.801 -4, 87BE-04 0,800
R. Hajima, R.Nagai, JAEA) TESLAZER Cl$2575MHz M TE-iris mode A%<

Ep = 10 MV, Eyop = 5 GeV, Eye, = 20 MV/m | SRRV T IERE sipiulation codez {5
Dipole mode distribution

- e TN R T
= " & TESLA cavity v
0.6 I \ | 5 le+5 ; Dipole-BBU 100mA threshold
g 0.5 KEK-ERL Model-2 (HOM: 6x2) g ¥ ; 2 v
= . é le+d | g é -i n L
o imulation by Bl =) { : 2
: o TR A C
O o ) Po L oY of ...
3 0.3 Bl : developed at Cornell o / %’ SIS b OF B
< - (BBU-R : developed at JAEA) o 1es2 pre gy g g a8 "
e ‘: : *a . .o'
£ 02 | le+ L . 2 e " ——
KEK-ERL Model-1 (HOM: 6x2) L0 15 20 25 30 35 40 45 50
0.1 M ] Frequency [GHz]
TESLA (HOM: 5x2) BBU threshold are significantly improved
O e ——e_—0s o

More than 600mA is possible for KEK-

0O 50 100 150 200 250 300 350 400 ERL model-2 cavity.

phase advance in the ERL loop (deg.)

name ZERMIREE — LA TRAR Ith (maxE R EIE)
KEK-ERL model-2 cavity New cavity shape + Large beampipe damper <600mA O

KEK-ERL model-1 cavity TESLA cavity shape + Large beampipe damper <100mA A
TESLA cavity TESLA cavity shape + Loop-type HOM coupler <20mA X
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— CWILFINITaT 12 kB MERES L, 225t L DREIREE = H)IZprocessA]

— NEOERPH/NMNII oA L=E /S (field emission)IZ&4QfEZ \i
| AEFELENICELERE LR, SRAHEE (VIR DORIE) —BOB(4ih) |

WFNDBAELIERIZEFAIZI00uMm—O0. 1 umD KES)BFHFMSHELS,
HITE DER M EL THQ-E curve

. e BIEEREQRMIBIEDVIVTF)
ik Field emission £ PRI (R E B HE A
""""""""""""""""""" \ " __‘zar_ B ATHI7E R 8 THiZ % enhance
v — .
Ay v 4x(T, - T,)
g l/‘ l l l o« 0 o H = .
O . . + (a) (b) T aRn
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/ l 7}1/?/{77_-4‘/7\ 1st Order 2nd Order / \
H Q-di ZARIBRIR Stanford®2~3 MV/mlZZh @ @ v
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1 FY O ER GHERE) #1735,




Field emission(EFEKRH)ZDULVT

* Field emission® &%, ZE/RMILEFIZ, ZRAIZA-TLED.
sub um~#10umLNJ)LDHF R,

 EmitterhoRHRETLHIEREIL. HABRELLEOERMoFREL
CERRNOERICKEIKRTET S,

> HERIE TEATIEFMT RS RXER) 2 mEAEL. ISR AIS
FUMSHRD B A TELMEIDZERER T HCENEE,

-

. > —Bpy o5
7AUAJabl=HBCEBAFD  Cwaum o ] = Arn (Br Esury (1) o B Esur (O [i]
DIAFED2—ILDMNERZE - _";:;f’ 7/ ) me
RO P LT A 2 (1) , B> - y .
3,0 [FEMV/mAbfield 2 J“[ ] Fowler & Nordheim® =t
emission|ZkYIERES LT S T N m'*
LDLHS. |

AR RS R 7con 1 30x1¢ |
= “25x10"  B.,=100

2010 Phase=90
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\ 1 1L0x10™
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Cavity fabrication

ILC-STF9cellZZRDHl, FoNILDHICEFE—LBEL. RBRFERFEFE—L
BT 5, MEDOLWNDDRM DEREEFE—LBEDTELARME BT S,

RREM (RRR > 250)

By E. Kako



HBEEZREE, RENHE At AesTM (ERLIcellZZR D 5)
ERADROREBZELGECTEENBE, (WLVEEE, DORENRE, NOET)

NbZE;R&E(EBW) — BEHEE (100um)— 7=—JL (750/%,3h) > FYFa1—=245 — £ L ITEHEHEE(20um)
— HBER%E%(50E,1h)— HPR(8MPa,7h)— 71> 71 — R—x >4 (150/%,48h) — #it:AE

S ELE 445 (FIFESTFCIoTND, 14



ERL 9cell— & # T Dt B EH (field emissionDEIEIZIE? ) | Source on iris
X-ray mapping (No.10) (2nd pi-mode 13.9MV/m ccw 145sec/turn) Broad spot J’

:~ 7 _PIN§BP iris

E‘ a. _M_"i,_ g t JP]

h PN
T = =R -
S = R 1-2Ziris
;. PINIE .
~ R o 2-3iris

ﬂ:f""{* "‘ JPINZO
Te e oo e 3diris

— g }{i e |Pucg

- h &) |l fpie
T =T e HE e - T
i ) el |35 'Pmaa‘l 1Iris
T T AR g [Pims ..
>'r*v fe S-6iris

Y : — meﬂ
. L2 v | (pinse . .
TN ] 6-Tiris

Al [k o : PINGG
2 i T E -t .mees ..
e e 4 e 7-8irds

g il - s i ’|P|uas
T o ez .
S g o0 8-9iris

o PINT4

A |

o TEBP iris

#1 cavity °

tip (¢ several 100um,
several 10um height)

Broad peak
on the 150°

30 60 90 1

We found clear X-ray profile (broad & sharp) by rotating
mapping system. - powerful tool for radiation source search
Tip were observed opposite side of x-ray sharp peak. —

"M ESIZIRmAEENINI L THEEREE T A

= AL SRR

s

7 Elastic scattering Sharp spot
n-mode 13.9MV/m

6 Q0=5.5*10"9

5 V.T(4th) results of #1 ERL cavity

! " : ERL 9-cell 4th(2K, final} @

4 veessssien. | 1*10MO

R I ii; """""""""" 3
L.,

2 ; (before)

1 ' ]

, |QEcurve q5yym

1
—

After grinding local dip

Local grind#& | Z#t:BIEZ1To71=4L. Field
N2V HEOMEHY,

V.T(7th) results of #1 ERL cavity

7th vertical test Q-E plot {pi-node}

1e+1l
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L I
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HEATEEED 21— LA A D EZERMERELLE (20125 12H)
(E2ZER cryomodule® ZE /T BEZlimitd 5EHD)
ES2— VAT EICTSASEALL A B AL, ST OBENBE,

Summary of
performance of
cryomodule test in 2012

Vc=16 MV was achieved.

Vc=13.5-14 MV could be
kept for more than 1 hour

Onset of radiation due to
field emission: 8-10
MV/cavity

F T RADEEE(E8.5MV/caveéd b,

G

VC Vs QD (F|na|) 120 —a— Radiation(forward) (No.4 cavity) (mS\/h)
| Results of vertical tests (#3 & #4) 3 o Radiation(iomiard) (No.3 caviy) (mSvIM)
= —e— Radiation{backward) (No 3 cavity) (mSv/n)
‘ : ERL target € 100 .
1 i 10 i —
® Qo (3rdcavity) 10 + = [/ [
A Qo (4thcavity) &t 8 80
s N /
TIIT S S 60 MV
o 40" at® ...........“‘I Degradation 5 M I {
- 7 . "é 40 I
- | ® Q0 (No3 cavity) @ ,l / f
1 \ B Q0 (No4 cavity) k=
| ERL target | ° 20
e 201¢> Dec . J/‘ ',1{1
10° 2011.Nov E 0 5 _ 10 15 20 0l 2 4 6 8§ 10 12 14 16
: Accelerating Voltage (Vc) [MV] Ve(MV)
0 5 10 15 20 25 (~Eacc [MV/m])
Eaccim oo mamemeno_o  Onsetofradiaton

EDa2— LI IAABDINAIND—T

3EHAEBOHBAERER ANMER (V. = 1.038xE,..) 17



cERL A 5133 Z= Flcryomodule& /N7 —iAE&#E R (2013F2A) By E. Kako et al.

Processing of Cavity -2 : (2013, Feb. 7-8, 13)

Input coupler

2ms, S5Hz 50ms, 2Hz  CW 8 Qo meas. ; CW
mE [ 15MV/m :
. . 8.1MV/m
s F oMy/m 5 7.1MV/m
s HOM coupler suitable .. 55 o 1oz 1res om0 some i sorsusor zmm 15 1430 1530 1630 17030 1830 19130 znlsuz 13
’ ; for CW operation e i S
¥ é;wty A t S oo }
* Beam current: 10 mA (100 mA in future) Qo measurement of Cavity -2
HOM coupler * 247 )LZEF 3 D T5MeVD E — L& (7MV/m) o
* Q0 > 1x10M0 = 5E)MV -
* 2 input couplers/cavity (16kW/coupler at 10mA@15MV/m) m"_j'ﬁ'ﬁlm% ks T ’
* KERXIED5DNDHEHOM couplers/cavity 8 e s o

Summary of performance )

* JN)LRBERTE, . = 15 MV/m (duty 10%)% 3E3I .

* CWiE#L T E,.. = 8 MV/m % ZEiL, © v J_L‘

* HEBIE TIESOMV/mETHEWVQIEZRFE. £D#&. Cryomodule oy
[CHAQED BN R 5T, [REIFHOM coupler® FEEh % EY et cryomodulefi 2
AT AUNF+TRTHS-OTHD, Sk, ABRHPBE, e

f==L. mE#LLTIL, cERLEERIC (L ERELL . T 5 10 15

Eacc [MV/m]

ASEBDHDE — LT AMMZT5MeVD IR X ATEE, (2013FE4H ~68)



RF Conditioning of Input Couplers for cERL injector Eiji Kako (KEK, Japan)
(injector cyromodulehilimitd 5+HMD)

CW Input Coupler

Coaxial
line

#7 & #8 Couplers s120810
[=2 ow] —rt

10%

=1 window 200 kW, <2ms, ool DY f i % - Day2/ !

5Hz (1%) §1:: 5Hz, / 10 |[30 1: g, 5Hz.j 100 jos } 2 1;

300 £, R o Egl g el
30~40 kW, CW =~ ——

10° i Wm
10° i 10

i i i i i o)
0:43:00:00 0:44:00:00 0:15:00:00 0:16:00:00 0:17:00:00 0:18:00:00 0:19:00:00 QE200:00 0r13:00:00 0:14:00:00 (:15:00:00 MAG00:00 MA7:00:00 0:18:00:00
— T
2 0 — Time [hour] Time [hour]
20120412 20120413
250, T 100 T

11.5 O [—veoum ]| ' [—vaowmra

o 23 5Hz | 2Hz | 1Hz | - Day4

80

10 50 200

[eq] wnnaep
[=}]
o

[ed] wnrakp

IR Dinput couplerTlF I ==y IS =
CWT25mA(RESa—)LES ¢ AL ATV . x I 1

~
<
&

50mA)$5,§$—G[i7Jui$EIﬁEO R S W . LY B ° | b
Pulse C200kWaE CRAIGEARLY 777 ™ w7007 W% o e e e o
DT, EIIVIDRELET 19
7K. BRATHELDE, TTC at Cornell, 2013 June 13




FEEIEE —LIEERBAgA . HNEE T8I E (2013.Dec)

« EZERORAE ARE—LIRILF—[FEFRABDIRRAE

— MLSC#1 #2ZFNEN2MVTHRABHEL, A TIRI/ILF—ZHE:E, (3.37MeV)
M0, 8.35MV,8.36MVIZ LT3,
RE B A (B3A)IZELBEIE +16.6MeV
FZERICKDHETE :+16.7MeV
(FIX—F
AGTE —L3.37MeV+EINEEF16.7MeV=

20Me VI AnsE = F T AN =2 TOTAT7AIL
2013/12/18 17:31:39 ’ m caml4 ‘ 60.2 um/Pixel
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BB D ZER S 1EE1E AV vk (Pulse aging) e s Pulse aging
— BRI ML1 Ve -~ [

22 R BB £ B TE S 72 (digital)(Ve)  ufieldhic®s T e e
100ms 7 I ]

19669
<> ; -
Vez Base:8.57MV «~thour |
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15993 D_-_-..i-_\_-R:I'iGS__\'S_‘og.cp L'K‘u'ﬁplt-.— . -
0 400 800 1200 1800 2400 3000 3600 4095 31414 e asaals WISELAQING
Duty 10Hz 4ms [peak:11MV] (pulse) F3=PIN diode
EEHCZERUNDSRYNZE RN D BIZO &L {FE
9 Hfield emissionZ#EC G AIEEMENBEZ 65N, TDREIEE

DEMPZERLIOIZHIZSEITEVWESE RS X .. BRHENIC
BOIALE—ERMICE R, 5T (BMEBRNT 2) AN e e
ER/NIAT—D0 0 ThHH, cNDBIGEERDMRENE R _
SH5TBHER-BLE, S S|
Pulse agingd IZPINDES N HILIZH DL TS D N HH S, (agingshEHY, )
INIVAI—D 9 %$T2f=. (10Hz 4ms) 8.5MV+2.5MV(pulse)

ML1 [£15% + 185fE
ML2(&155 + 1BFfE]
MAELNILARI—D0 T DR HY ., B, (ML1: 8.57MV & ML2 8.57TMV)
_k F#radiation(No.5) 38.7mSv/h (2/25 21:00) = 20.48mSv/h (2/26 21:47)
T i#radaition(No.6) 133mSv/h (2/25 21:00) > 77.9mSv/h  (2/26 21:47)

MESHEENEFE L, BRI EEb DBt (Lpulse aginglZTIREIEI TN AT GE, ES5IZHLEELT
=86, ZRAICHeZHL . BEImDEFRLTLDIiHATICionZz 5 DI1T5 A iE(He processing) & &t A,
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A (Pin - Pref) [kW]

ERL operation
Cavity 1 and 2: acceleration (1st passage)
and deceleration (2nd passage)

E=2.9Me

Beam Dump

Recirculation of CW beams (6.5 uA)
Confirmation of Energy Recovery in the Main-Linac

“hicane

K. Umemoiri et al.

njector un
V 8C Cavities -~
E=2. g
MaW SC Cl¥vities erger g S
= s 1 e betaiea S )}
um i A
&
7
Q
ic Li

hicane

0.1 y - 30
(Pin - Pref) of cavity 1 ———
(Pin - Pref) of cavity2 ——
0.05 | Beam cuirent | 25
10min
—p _
: § Wesintia 0
-0.05 {15 g
Mﬂ (Mar. 14, 2014)] &
-0.1 L Beagl loading! test Energy recovery test|! 10 E
m
o015 | M 6.5uA .
-02 L1 ol 1 Y O Y P O L I I L.l ()
00:40 00:50 01:00 01:10 01:20

Non-ERL operation (beam loading test)

Cavity 1: acceleration

Cavity 2: deceleration _
(Vc=8.57 MV/cavity)

(Vc=8.57 MV/cavity) l

E=2.9 Me\P=go

hicane

2nd Arc Section
THzCSR  f
Generation 4§

==Y

Beam current
(I ~6.5uA)

Acc. Voltage : Vc=8.57MV

N

Pref Pin  Pin: Input power to ML cavity
Pref: Reflected power from ML cavity

No beam loading was observed during
ERL operation with 6.5uA CW beams

Energy recovery worked well in cERL

v
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EURO XFELOBIEEZERDIKR(ZRDKELEE)

AR E===—=
& SHe ee J\ : =~ Jhex-rnyleserprolemzupeanXFEL M For CaVitieS.and Cryo_modules tests are involved :
WW f % L ; ‘I AMTF Technical Coordinator

) | & 18 engineers
f oy SIS S o 24 technicians

’Hambu

‘——‘

\ 5 ﬁgmﬁmﬁw |

l (IR
HEEESM1FTvY 1.3GHz
Linear ColliderCiE~f-H iR, .. Elekironen-Synchrotron

IRILF—: 17.5GeV
DDM

2FK: 3.5km 8Z2fF x 100EYa—)L
ﬂﬂffr

N FHE: BK2700/32F (600 ps) X 10 Hz
2015 BB FE 20164

[ I c
Cryomodule testing
I European )
Cavity Testing XFEL Vertical vs. module performance
European . . . .
XFEL Vertical acceptance tests (Status Jul 31, 2014) Comparison of maximum vertical vs. module gradient
Analysis of vertical acceptance tests includes “ Few cavities show significant
= Series Cavities + “ILC HiGrade"-Cavities performance reduction
NO infrastructure commissioning tests '—-35 3 i
*E- & . /1 From individual max. gradient
H Sat
So far delivered: 404 cavities =30 M :ﬁ‘ 4
Total RF tested: 382 cavities - *«%*
= oo‘
‘ %25 @
s HR £
I Il ZANON A - %
w0l verage: 8.0 .
j ‘ > 9 tests per week
| | since Oct 2013
- 15
20! 5 (full operation of AMTF) 15 o e - - w0
103 vertical max. gradient [MV/m]

~20% reduction

(20144 51)20%00 251 4 crymodule testTIEVT
DKV gradient TlimitL TV, JEUIRNVEARHT H
> 35%/Xfield emission &H&iIthermal BDSLV Y,
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CEBAF upgradeDB{zEZZ;F 1k Early Commissioning Experience and Future Plans for 12 GeV CEBAF (1)

M(ERODKEEE)

CEBAF’s Evolution to 12 GeV

42 1% -generation SRF cryomodules ‘91-'93 — =25 MV

10 reprocessed '06-'09 - 50 MV s o blvgra{;d
4 2"_generation cryomodules —"11-"12 fmm'_‘_ =\ Jnagners

e i _ = | power
6 2"-generation cryomodules — 13 i

s 108 MY supplies

= avg.

300W @ 2.07K
Add are
™ 20 eryomodules

Pairof 0.5 m cavities:, “Original” cell shape < 1
1.497 GHz, 8 cavities/cryomodule & ;} Allcavities made from “RRR-grade”
| V] sheetmetal niobium

2m generation cavity: 0.7 m, “Low loss” cell
shape, 1.497 GHz, 8 cavities/cryomodule

Jlab CEBAF: 12GeVE — L %12t . [R Fi%EER
FAT5turnT12GeVE TR DupgradeMEHY) .
20135 R (2C100&LV581E A Y cryomoduleA¥1 O1&
BN, WKW KE—LEERRAIE,

& |
*
1.E+10 + ti’f’z*ﬁ
dree,*
& F 1
*
1.E+09
0 5 10 15 20 25 30
Gradient [MV}’ l'l'l) Administrative

L|I'I'I|‘- )

Jlab C100 module TMcryomodulefl E DHEE .,
E| Lrequirement ZELMEZE E K,

Number of Cavities

Michael Spata (Center for The Advanced Studies of Accelerators )

The LL-shape was
chosen because of
~20% lower P, than
HG-shape

E

acc

8x10° at 2.07 Kin CW
operation

=19.2 MV/m with Q, 2

=
o

= T " — I o B 3 R VA v« BN+ ]

€100 Cryomodule Maximum Field With No Field Emission

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Electric Field (MV/m)

Note: Resultsof 65 out of 72 cavities. (the data that | could find)

Four cavities showed no field emission radiation.

{BL. Jlab C100 module T cryomodule|E D #E
B Field emission onset® 4> (X8 5ELY, Field2!
emission(X (LY ERE,



CW-linacCOXFELEHE (12%) ﬂ ;
Next Generation Light Source - Unique Capabilities sexeiey ue

= 1.8 GeV CW SC LINAC
= 3 FELs (seeded, 2 color, SASE) 280 eV — 1.2 keV

£ L<IZhttp://www.Ibl.gov/ngls/
CWE{ZEZERAEE>=-1MHzOXFELETE

J.N.Corlett
IPAC2012 proceedings, p1762

Beam spreader

E ¢ S 'Tﬁi:*:?- e -_!-‘;_r RET-h- LBL
SLAC
} [ | | Fermi
. 1 | S ~ JLAB
High-brightness, CW superconducting linac.

high rep-rate gun laser heater, bunch compressor
and injector
SEEIE—L U TERE —L Array of independent FELs
TERVNF(fs) DL
NIZIEHM?

X-ray beamlines and endstations

Tomorrow’s 300pC@1TMHz  ~ micmsecnnds Intense pulses at
NGLS : high rep rate
Eﬁ% milllj D“fel T “attoseconds to femtoseconds
st L ]l MJLMMMJLM

>100x average power
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[CLS-II  spisss g

. = = Ay 0_
A New LCLS-Il Project Redesigned in Response to BESAC X THHR—F
Je : '
=5 Fermilab j
Accelerator Superconducting linac: 4 GeV g
Undulators in existing | New variable gap (north) ,
LCLS-I Tunnel New variable gap (south), replaces existing fixed-gap und. = yj?“;‘-u:“
Instruments Re-purpose existing instruments (instrument and detector N
upgrades needed to fully exploit) f;}| ‘.ﬁ
Js
Arggrlgurn]golnon
- 14 GeV LCLS linac still used North side source: NEH FEH
4GeVSCL
In s:ctors O-TSC for x-rays up to 25 keV 0.2-1.2keV (2 1UUKHZ%
LN / * s el @ @
South side source:
@ 1.0 - 25 keV (120 Hz, copper” linac )

1.0 - 5 keV (2100 kHz, SC Linac)

o
-
-
-
-

—
L
-
-
-

L
L
-
-
-

—
-
-
L
-

—

-
-
-
-
—
—

Cu Linac—

_ Cu SASE

Cu Self Seeded

SC Linacd NN | .,

High Rep Rate - Self Seeded (Grating)
I 1 1 1 | I 1 1 ] 1 I 1 ] 1 1 I 1 1 [ ] 1 I 1 1 1 1 I ] 29
0 5 10 15 20 25
Photon Energy (keV)




LCLS-IlI SRF linac requirement

LCLS-Il SRF Linac Fermi&JLABAYIE &

Key topics:

4 GeV ‘up to 300 micro-Amp’ CW superconducting linac

based on TESLA/ILC / E-XFEL 1.3 GHz technology

CEBAF XY ERMELY,
Z3R: 16MV/m : Q0 > 2.7x10*10 (!) <- FHEBOHIRIC LD

N2 dopping

Cavity process for high-QAO/production

A-I-A Joint Seminar 140414 M. Ross

CW cryomodule design and operations scheme for 110 W

@ 2K/ CM (or better)
Industrial capability for 1) dressed-processed-cavity, 2)

coupler, and 3) vacuum-vessel/cold-mass production

Single RF-source single-cavity

Jlab Cryoplant CHL-2 (12 GeV Upgrade) adapted for SLAC30
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High Q approach N2 doping

Breakthrough in quality factor: nitrogen doping

900 . , 10°
800|

700} 5—10 4

4107

410%

200 : 10°°
100 : : ‘ z SHosi <
0 L 107

0 2 4 6 8 10 12
Time, hours

Temperature, “C
1Y
o
o

Nitrogen partial pressure, torr

* Injection of small nitrogen partial
pressure at the end of 800C

degassing followed by several ums

of EP-> drastic increase in Q
* Reproduced on tens of 1- and 9-
cell cavities at FNAL

o 10°F R '\.:

Characteristic anti-Q-slope
1011 L I v I . I = T . 1 L I

*“ '-Ooﬂttc”
A e, | T

o

e a

* * * ..‘
LCLS-Il spec *
F--—-n ] l-“...... . ® By o

TE1ACCOO05 - typical electropolished FG

TE1AES016 - nitrogen treated LG

TE1NROQO5 - nitrogen treated FG -
TE1AESO003 - nitrogen treated FG ‘
TE1AES005 - nitrogen treated FG [
TE1AESO013 - nitrogen treated FG

TE1AES011 - nitrogen treated FG

TE1CAT003 - argon treated FG T: 2 K
TE1AESOQ08 - nitrogen treated FG

1 L 1 L 1 L 1 L | " |

= 10 15 20 25 30
E_ (MV/m)

acc

10°

OFexevhree

B[ HA A4
QO 1x10*0 > (3~10)x10*0

A. Grassellino et al, 2013 Supercond. Sci. Technol. 26 102001 (Rapid Communication) 31

L= Fermilab



What does N treatment do? N depth profiles by SIMS

1.00E+22
Nitrides Interstitial nitrogen in Nb
High Q reason
Doped of N2 dopping
‘g 1.00E+20 =R00C 10 min no pump 581
E s 500C 1hr 25 mTorr N2 #1
E =——300C 20/30 min N2 25 mTorr #1
E B800C 20 min #1
o MEPRELLOTLNVS
5 * hrs E = ::
FHIERBIEHZ TS,
Non-doped
1.00E+18 ; nale
Ty -fwm-,f-wwm Nanostructural studies provide first clues
Y. Trenikhina (IIT/FNAL), A. Romanenko — to be published
o Depth (um) TEM on FIB-prepared cutouts S e o
' ] 5 | 2 3 4 5 6 7 - i R
Doped Nb i
9 Alexander Romanenko | LINAC2014 . k" Nb lattice
Secondary
—_ N . diffraction peaks
N2 dOPj—%)-—t—C‘\gE;HWﬁi—GNZ rlCh':Eéo zD alppeflf )
signalling the

ULV H A SAELAY, Niobium hydride AN EKERY |
RresD AR A M 73<7%5, BL ., £ZFFMIETH
MO TULVELY,

Exciting time in SRF

formation of
lossy niobium
hydrides

Non-doped Nb

Nb lattice

+ Hydrides may be the cause of the medium and high field Q slopes [see A. Romanenko, F. Barkov,
L. D. Cooley, A. Grassellino, 2013 Supercond. Sci. Technol. 26 035003]
Nitrogen doping may fully trap hydrogen => only intrinsic Nb behavior is then manifested?
£= Fermilab

2 Sep 2014

" Alexander Romanenko | LINAC'2014




material Bd% (Nb3Sn) — Present Status and Potential as an Alternative SRF Material
SRF New material D&z DHER D 14| (H M HEEEFHT)
Comell University Cornell Coating Chamber

S. Posen and M. Liepe, Cornell University
Cornell University Potential Of Nb3Sn

Flange to Copper transition weld

i
UHV == from stainless to Nb

Nazx/ Naox = 3.6, ;
furnace |/ q

Increase in Q ;
simpler cryoplant

via N-dopin -
k- Nb Witness

Samples

Critical Temperature T, 9K 18K

Qg at4.2K 6 x 108
4-8 x 1010 Ma

Q,at2.0K >101

Nucleation

Max. gradient E___ (theory) 50 MV/m

Approximate E,.. and Q, given for 1.3 GHz TeSLA or 1.5 GHz CEBAF cavities with R, Wall

Halve # of
cavities to

at1200C

il
15

Agent: SnCl,

*Y

\ UHV Furnace s, High

reach energy? % ] Purity

Pioneering work at Siemens AG, U. Wuppertal, K.F. Cormell University 4.2 K Comparison Curves
Karlsruhe, SLAC, Cornell U., Jefferson Lab , and CERN
* U. Wuppertal: (19904-1X:??)

1.3-1.5 GHz single cell elliptical cavities
T

— Very small Rs values in Nb3Sn cavities
— Strong Q-slope, cause uncertain
Nb_Sn, C .6 n L 42K

6 h I * Found could grow grains by factor of ~2 while " stsn Uo\r':e” :?n:e:r

ours annea Ing maintaining desired stoichiometry by modifying m Aby=n, L. Wuppertal, 4.
after Sn coating Wuppertal recipe st "

: Furnace at 1100 C, but tin heater off F Ll
@Cornell seem s mamsaas s ata,
: . s

LossiZcrystalfi]® 0 5 10 15

boundary T Z->T E_.. [MV/m]

WZRATREPEDS oD
. anneallL THEgh o
KREXAHLUT-,

AnnealinglZ&Y 45 E TQ slopeME SN =D H%<{7Eo7=,
4.2KT1*10°10@10MV/m, —> Nb3Sn promising material

No annealing step, average grain size ™. Anneal 6 hours, average grain size ™.
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Energy-Recovery Linac-based Free-Electron Lasers for EUV Lithography
Eisuke J. Minehara, Nobuyuki Nishimori and Ryoichi Hajima

ERL group, Advanced Photon Source Development Unit, Japan Atomic Energy Research Agency(JAEA)
2-4 Shirakata-shirane, Tokai, Naka, Ibaraki 319-1195 JAPAN

Abstract The free-electron laser (FEL) at Hamburg (FLASH) has demonstrated FEL lasing at 13.5nm with the
average power of 0.2W recently. Eahancement of the EUV-FEL power up to “multi-kW” is possible by utilizing
Energy-Recovery Linac (ERL) technology.  Since the ERL enables one to accelerate a high-power electron beam with
a small capacity of RF sources, it is ¢ suitable device for high-power FELs. The ERL will become a mature technology
very near future. High-power ERL-FELs in the wavelength of infrared have been operated in US, Japan and Russia.
Next-generation X-ray light sources -elying on ERLs are also proposed in US, Japan and UK. We present a desipgn of
EUV-FEL utilizing a 580-McV ERL. All the needed components will be available from the JAEA-KEK ERL project for
a next-generation light source. . - - -

EUV ERL FEL

580MeV energy recovery loop |
return arc e d- 4 4 d 4 4

@ - firstarc
a A

Bunch compressor EUV FEL

,,-——-l /; SCA modules 1

SCA modules 2 undulator

I
1.3GHz Supérconducting Accelerator (SCA)

500kV photocathode (GaAs) gun
/ 80m
- !

1GeVISRAMERLIZM, FELIZHEL T4z (one userf@(}) . JlabDFELY> v %4 >Eupgradel =30,
FlashTldpulse :EEx/=H, ERLTKERIELMATREIZAZ DD T, KWL EDEUVIEA H S, (BRIKE+W LPP)

O
EFEDFBHEXFANODERMNFREICKE EUVERDOEENELLIMELNEL,

[single pass SASE FEL |

.



ERL for EUV-FEL (Feasibility study) 55 ey arksho (351)

10 MeV, 10 mA

100 kW » 130 m . SC Injector
Beam Dump 10 MeV
Ts\\ 10 MeV Energy Recovery 300 MeV 10 mA
o ot et e s e o

SC Main Linac
800 MeV Acceleration 10 MeV
l 7R (4Z2R: 16T 1—ILE1BEE)
i)’ifd) FEED AT REMEZIH S,

é ®
< = > EUV Ilght
m
CERL TR oM - BKili TREFRFELA A RE, 13.5 nm
4o~ . o <74—PEYT4—>
&ﬁbhf:ﬁiﬂ‘]&f]ﬂﬁ%ﬁ“?J‘—& ASHES: CERLCEIE T AEEE. :_*)b\
MEL AR F—: 800 MeV [kE]T. ¥ TIEERS,
NOFER: 100 pC EINEE: 12MV/mDINEDE ., SEIT
Y RURB RS 81.25 MHz EHEER,
EHER: 8.125 mA I* INUFEFEHHE  CERLTT AR
() TIVEI X 0.8 mmmrad Fooalb—8—: F—\—FoTal—
THZal ST 10mm BRI, 7> SO i
3 ] sz ) — - A <1
\EU""‘?@:F“J’ \J—:12 "Wj LAY 100kwWIERIEAL 35
Q—Anz: BT—IWOFIRR )
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2006 FEMSCERLDBAFEZFEIT IO OUEIIVAV RAE—LNLRFEHL, 3612
6.5UATYT A, CWE—L DI R)LF—[EUNEEIRICEFTELO>TLEFELz, SRITXK
BERCHOCDREMEDEERLE —LIBEMARTT,
HBIZEZERIIIMEETDRERIIKETT N, FEXRLUVCWTKERE —LDMHE
ZRIFARELONBEADETTY , LHL. BEARTIEIIAIEITE#H T INR I DRARE(X
SOUEREEIDL, KEKTULMRIFP->TEE A, D>MFFLERIEITESILT,
REDON, KERICHITT, NAN\T—THEI2AVR—R U rDRAENREETT,
(1IOMAE TIIEREL L, Y E-ERMEREEL TIXFZFRELEM 5., field emission&ELNVD DA
RADBTHYETH., CNIETSETHORBGEZRBAFEDKEDT—ITHYET .
CHOEIEMNTESLINELVSDIFBRIROKELT—ITIHN, InHAEEIT I, HF
DEEEZERIEHEETEERT . BL. K QUKL IERXTY,
BRDEBIEEZERDT—IEESDEZA, £H—ELVDE

— BIEEZTRETSEIYELSSITELQEDZERARFEEER,
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