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Target of HEP accelerator

* Higher beam energy

 Higher luminosity In this talk, | present current
* Higher flux

v

SRF activity in Japan and on-
going R&Ds toward future
SRF accelerators.

Target of SRF cavity

* Higher accelerating gradient
* Higher beam current

 Higher Q values (lower surface loss)
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SRF Accelerator in Japan

QST-Rokkasho

® |IFMIF-LIPAc (deuterons)
8:175MHz, HWR

A-FNS (deuterons)
8410412412 : 175MHz, HWR

ILC | (e" e* collider)
8000 : 1.3GHz, 9-cell cavity

JAEA-Tokai
ADS

rotons

KEK-Tsukuba

B SuperKEKB (e e* collider)
8 : 508MHz, 1-cell cavity
W cERL (elecrons)

3 : 1.3GHz, 2-cell cavity
2 : 1.3GHz, 9-cell cavity
B STF2 (electrons)
2+12 : 1.3GHz, 9-cell cavity

Multi-MW SC Proton Driver (protons)

RIKEN-Nishina

® SRILAC (heavy ions)
4+4+2 : 73MHz, QWR

M operation
® under construction

No. of cavity : frequency : cavity structure
underline: future project

RILAC
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Eiji Kako, Journal of Cryogenics and Superconductivity Society of Japan (2019)
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SRF Accelerator
in KEK

Super KEKB >

Prototype cryomodule for ILC,
pulse operation with high gradient

CERL (compact ERL)

Circumference ~ 90m ﬂi iI ' ,7" « {

_ (HER,LE

-‘ “ ' =

A~class high current CW storage
ring for e+e- collision

leDCg
(Not SRF gun) Buncher

Test facility for Energy Recovery
Kensei Umemori 2020/Aug/3 High Energy Physics relateda\?\ym Japan
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SuperKEKB (Successor to KEKB) @ O
SKEKB-SRF team

SC-RF Belle |l

®c*/e” collider with target luminosity of
» 8 X 103 /em?2/s = 800 /nb/s
» using nano beam scheme

®Beam : LER(e*): 4 GeV X 3.6 A
HER(e): 7 GeV X 2.6 A
®Beam size : 0,*/0,* = 10 um/50 nm (B,*= 0.3 mm)

& crab-waist

(HER,LER)

Linac

,,} T

®Operation: Physics Run since Mar. 2019
current: 2.4 X 10%* /cm?/s with 0.7 AX 0.6 A (0,* = 200 nm)
Challenging to 50 nm & full intensity

High current SRF operation in storage ring
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SRF System in SuperKEKB (HER) Q

I*Fﬁiﬁ{ Qn[hi%st va—

- ©

®Hybrid RF System of 8 SCRF & 8 NCRF(ARES) for HER to allow sharing
beam power & voltage.

@509 MHz Nb single-cell Cavity, 4.4 K Operation.
®Re-use of existing SRF system for KEKB (since 1999).
O SRF providing the max power & voltage of 3.2 MW and 16 MV in cw.

- Door knob transformer Gate Valve

Gate Valve f \
\ Tuner
1 =L

- uu;v‘;m" [;,j.'l':“]u’l wg[?m

HOM damper

y \ \
N2 shield Pickup port lon Pump
i : 0 05 m
Cross-sectionalview.of SCCmodule.... = .




Issues in High-Current Beam Operation @
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®Stable operation: Slight conditioning every two weeks suppresses sc trips.

®In situ cleaning: Performance recovering by horizontal HPR. Lab. test gave
satisfied results.

®HOM Power : Estimated HOM power dissipated in one SCis 37 kW at 2.6 A.

SCC Operation Parameters | KEKB (achieved) Measure against HOM Power
NFAET 6 Canifes 3 3 A half of the HQI\/I power will be
absorbed by a pair of HOM dampers
Max. Beam Current [A] 1.4 2.6 attached in the SCC module and the
RF Voltage [MV/cav.] 6 5 other half will emit through the beam
pipe. The emitting power becomes
RF Voltage [MV/cav.] 1.0-1.5 1.5 additional load to SCC module in the
External Q S5E+4 S5E+4 downstream.
To reduce the HOM power emission, an
Unloaded Q at 2MV 1E+9 1E+3 additional SiC damper has installed in
Beam Loading [kW/cav.] 350-400 400 the beam pipe.
. A 20% reduction of HOM power was
HOM Loading [kW/cav.] 16 37 observed at the SC module of
downstream.
Kensei Umemori 2020/Aug/3 High Energy Physics related SRF inJapan 9




Center for

@
SuperKEKB Operation Summary (2020/3-6)
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3/16 3/24 4/24 6/1 LER J Fob. 25 Y Ohnishi

500 LER CW LER CW HER CW LERCW srarted on Feb. '
o S 40% 60% 40% 80% v HER started on March. 2
Z 600F- i
i 400 HERIC Max. current
T C -
= ggg o “modififefi I/| LER: 770 mA
g 600E— HER : 660 mA
E 4003 ch. XY skew.Q . - . 34 2e-1
i >00F H;3|2118x a/5. 678, . regiol Peak luminosity : 2.4 x 1034 cm-2s

225 L  6422,6/24 Hf: Int. luminosity/day : 1.346 / 1.498 fb-
5/11-5/14 6/10-6/17
off-resonance off-resonance

ents that was less than 25% that of KEKB.

B/ ;_3; = 80 mm/1 mm
— B3/, = 60 mm/0.8 mm

HER:
Bz /By = 60 mm/1 mm
— B3/ By = 60 mm/0.8 mm

Beta squeezing
6/23

. | . . . . . | . . . . . |
5/1 ‘l‘ 6/1 7/1
Year 2020

Remarks : ECL online IumlnosKﬁ? ao%@%%“ur%&z&é u‘Fl[gger veto dead time befolij'émﬁafg?/ Physics related SRF in Japan .
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Compact ERL (cERL) in KEK , | e~
Target: High current SRF operation in linac with energy recovery

— —

Compaet cERL
. %( ) - Compact ERL (cERL) has been constructed in 2013 at KEK to demonstrate
‘ ’ ’ | energy recovery with low-emittance, high-current CW beams of more than 10
& mA for future multi-GeV ERL.

sTRESE : J‘fr

.'j; I

.\\ :

sl Beam Dump
cor sl

Circumference ~ 90 | ﬁ Iﬁ[ in P AC /"‘T’

| art
% ‘;" .
o s
Y - ] i~ #
. - > ol
bl— -

a 2ot
1/' 9-cell SC cavity x 2
RF frequency= 1.3 GHz 17.7 MeV
Design parameters of the cERL T
Nominal beam energy 35 MeV > 20MeV

Nominal Injector energy 5 MeV —>2.9MeV

Marger

/ Injector LINAC

2-cell SC cavity x 3 Beam current 10 mA (initial goal)
100mA (final)
Photocathode DC gun
(Not SRF gun) Buncher Normalized emittance 0.1 —1 mm-mrad
Bunch length 1-3ps (usual)
(bunch compressed) 100fs (short bunch)

Kensei Umemori 2020/Aug/3 e —— 12



Stop

iigiéeﬁ’étuon : @)

Successful ¥ 1mA CW beam operation with energy recovery
(

erconductmg

Change CW mode and 1000 ' " | ' ' 200
increase the beam current: T g " -
800 150 E
Reach 0.9 mA after the - < FH | | Beam current (CW) $
1mA approval from the :z T N B Hl I e
government at £ H Aptotal=A(Pin1+Pin2-Pref1-Pref2) T =
O =
8th/Mar/2016. 5 0 >0 E
200 lo ;
No HOM-BBU
was observed. oL— -50
18:50 19:20 19:50 20:20 20: 50 21:20 21:50 22:20
A . . T [Hour:Min]
red : Difference between an input (Pin) and a reflected e vl — Main linac
(Pref) power of the ML. Energy loss measured from the . NiGewr

(upper)

graph =4 W. (error +-4W)
Required power without recovery is :
17.14 MV x 900 uA = 15.4 kW ey 1V || \oama al

Energy Recovery is almost 100.0% (error +-0.03%)

is measurement agree well with beam
ent‘oflesstHar 0 &1 %

I ==
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Beam Currents: Achievement and Prospect @Centermr

Accelerator
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1E-2 L
F —— Approved
o [ @® Achieved
«  1E-3 L
oy :
o
= : | _
g 1IE-4 | Plan to
= : ; increase 10 mA
o | - in 2021.
1E-5 | We are here | | 0
= : - | -
and
L I 3 ]
M 1E6 | — -;
1E-7

2013 2014 2015 2016 2017 2018 2019 2020

Year

By achieving low loss beam operation and high charge

\ low emittance beam generation of 7.7pC. 10 mA
\ OperatiOﬁ‘si'SjnWi’thFW“Eé rget. High Energy Physics related SRF in Japan 14



Kensei Umemori 2020/Aug/3

ILC

Center for

\\ Applied

)] Superconducting
Accelerator

RABEEMmER 2 —

High Energy Physics related SRF in Japan

C

15



ILC project

® Higgs factory machine (250 GeV @E,)
® Superconducting cavity/cryomodule technology as mass production

® Based on TESLA technology
® ~900 Cryomodules (challenging number, but not impossible!)

® Nano beam technology
® Candidate site: Kitakami in Japan

©Rey.Hori/KEK

FoEYIIVY

Dumping Ring = "
: =P I9VEK

RTML

btk (EFR. ZHR)
- |LCDSERTEth
g RImnEm
': EREL) BEFH = ; Eﬁlfr;n;ource
Electron Gun - g El&lﬂi%$§
! - Beam Delivery System -
%ﬁﬂ - RIBICRAF R
e T Beam Delivery System
£y ¥ BEFRINES et oy
117[11 J Positron Accelerator
i
%M?75¢9F
, ILChnZESE Dk IEIVE
a - + Schematic illustration of ILC
: ORey.Hori/KEK e
EFR—EBmOEREbE TER
ILC Spec. E.cc Qo
Vertical Test 35 MV/m 0.8 x 1010 >90% (successful rate)
Cryomodule test 31.5 MV/m 1.0 x 1010 _ _
TTIgIT TTcT gy jhyS|CS related SRF in Japan L6
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Cooldown Date Content
1 Oct/2014 ~ Dec/2014 | Low power test
2 Oct/2015 ~ Dec/2015 | Single cavity operation, performance check
3 Sep/2016 ~ Nov/2016 | Eight cavities operation, LFD and heat load meas., LLRF study
4 Jan/2019 ~ Mar/2019 | Beam commissioning, Machine study

Operational condition
€ RF: 1.65 msec/5 Hz (ILC/TDR)
€ Temperature: 2K in lig. Helium
€ As max. E,. as possible for STF-2 CM

Kensei Ume

RF Gun incl.
photo-cathode

7/ Accelerator

STF Cavity Package

BRI 22—

©

l Dump 2 I

¥
[ Bend 2 ]>I‘1f
&

STF-2 Cryomodules

12 cavities
(Constructed in F.Y.2014)

Capture Cryomodule
2 cavities

(Constructed in F.Y.2012)
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gradient estimated from heam energy

Superconducting
File Shifter
‘ SO o G
quire | Monitor St
I o
et
d
\ l
@ '
P !

Beam profile monitor

Accelerator
sssss

l

~280 MeV

33.1 MV/m (averaging for 7 cavities)

Achievements in STF-2 beam commissioning

Beam energy 280 MeV
Beam power 5W
Beam current 275 nA
Charge 55 nC/pulse
# of bunches 1000 / pulse
Average gradient estimated from beam energy | 33.1 MV/m
[ Consistent within 226! Average gradient measured by power meter 33.8 MV/m

Kensei Umem O iilna.L! s related SRF in Japan 20



R&D for high-Q/high-Gradient

- N-infusion

- 2 step (75C + 120C) baking
- N-dope

- Mid-T furnace baking

\ Kensei Umemori 2020/Aug/3 High Energy Physics related SRF in Japan
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Nitrogen-infusion (N-infusion) B=...

After high temperature heat treatment, ~“Pa of N2 is . 800C

cooldown to 120
20C48 hrsw N2 @ 25

fed into the furnace at ~120C for several 10 hours. 3h

Nitrogen goes into depth of ~ 10 nm.
No need of additional EP after N-infusion.
Achieve better-Q
Also can get better Eacc

Pressure
?\_

oy
/< } 48h X o
|

_:'—IOIZ 10" —
10° b § ]
o 107
=
S
—'.;' Z 10"
=2,
g 10" = 120 C modified
o] 10 |
8 o 10 r ® pav007
Z. [ 4 pav0l0
I © aesOl5
Fr120C
- ® aesOl4
18 4 acc005 P
10 — F & acc003 FE limited
C > 005
00 02 04 06 08 10 12 14 T SO S S
’ ’ ’ ) ' ) ' ’ 0 S5 10 15 20 25 30 35 40 45 50
depth [p.m] Eacc [MV/m]

rhold / Anna Grassellino (TTC@Sacla . . . . ;
/ ( @ V) N-|nfu5|on can improve acceleratlon gradlent.

Kensei Umemori 2020/Aug/3
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KEK furnace

S

* Completed at the end of FY2017
* Cryopump for main pump, oil-free pumping system.
 Molybdenum is used for heater, reflector, table etc.
is used during N-injection, can reach ~2e-5Pa.

urround entrance door.

Clean furnace is importaht eguipMents”




2nd Trial N-infusion @ J-PARC (R8c single cell)
11

L] [ ]
N-IﬂfUSIOﬂ results T R e
- ® 2nd trial N-infusion ]
N = Y O P M - [® reweceacrap]) N2
name (MV/m) | T T T
2018/lun R-6 800C, 3h+120C, 48h, 3.3Pa N2 No Q-degradation :
2 2018/Jun, Jul R-9b 1 FG 800C,3h+120C, 48h,3.3PaN2 No Q-degradation 26 Defect limited
3 2018/Jun, Jul R-10 3 LG  800C,3h+120C, 48h,3.3PaN2 No Q-degradation 27 F.E.limited
Summer shutdown
4 2018/Sep,Oct R-2 1 FG  800C,3h+160C,48h,3.3PaN2 _ 19 No defects found
5 2018/0ct R-6 1 FG 800C,3h+120C,48h (without N2) : . 32 =
Apply dedicated burning run after this perlod C"
6 2018/Nov, Dec R-8 1 FG 800C,3h+800C,2h + 120C, 48h, 36
3.3Pa N2 |
Improve cooling of cryo-pump by adding . :
-9b 800C, 3h + 800C, 2h + 160C, 48h, fect limited L 1 1 1 1
TN e s S (G Ue, 3 s 26 ST N-infusion without Q-degradation
8 2019/Jan, Feb AES1I8 1  FG 800C,3h+800C, 2h+120C, 48h,3.3PaN2 NoQ-degradation 38 i : : : :
Modify N2 injection line -
9 2019/Apr R-4 1 FG  800C,3h+120C, 48h,3.3PaN2 Q-degradation 39
10 2019/May AES18 1 FG  800C,3h+120C, 48h,3.3PaN2 Q-degradation 31 : : : :
R li ter type shieldi plateduetomterlenktrnuble l 09 B 1 B | : | i | B
11 2019/1un, Jul MHI31 9 FG 800C,3h + 800C, 2h + 120C, 48h, - 37 0 10 20 30 40 50
3.3PaN2 -
12 2019/Sep R-4 1 FG  800C,3h+800C, 2h+ 120C, 48h,3.3PaN2 Q-degradation 36 Eﬂ(‘f (:\.I" l.l'm)
1.E+11
* Half of N-inf KEK / J-PARC sh d 60-1.
alf of N-infusion at showe oo ® 1,60- 173K
® ® 1.68-1.72K
R o & o °
-degradation due to the furnace s’  1.80K
[ ® '
. . ° o 3 ° .0'. 1.90K
contamination. ° 32l ° 200K
® ®
[

o feg
* Some successful results showed § 1Ev10 * e 30
[ ]

o..A
improvement of Q-values, which is caused 8%,
by lower R_res. Example of Q-degradation
avity showed improvement of -
0 5 10 15 20 25 30 35

ad d Ie ntr;sei Umemori 2020/Aug/3 High Energy Physics related SRiimvgpan 25



N-infusion results for 9-cell cavity

1.E+11 100000
® VT4(7/17) Q-E 1.92K
e VT3(6/7) Q-E 1.92K X
x VT4(7/17) X-ray . -~ 10000
X VT3(6/7) X-ray X
X x)(
0000, i : B —
o ou..ﬂﬂf‘u‘slon x . 1000 £
-'...""'l-.-... ....200.00000. ° 5
& 1.E+10 ———ﬂeferente——.:l’%ﬂ-,.xx * ; s 1005
X x ..i X E ‘ . -
X x xx 10 & * MaxEacc=37MV/m
X%
o X
. -1  Magnetic field inside VT
X
x dewar was not controlled for
1.E+03 01 9-cell cavities.
0 10 20 30 40 . Th it inst " d ¢
Eacc [MV/m] is cavity was installed to

STF-2 CM, waiting beam

X for reference measurement was limited by F.E. operation.
Kensei Umemori 2020/Aug/3 High Energy Physics related SRF in Japan 26
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2-step (75C + 120C) baking
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2-step baking (75 C+ 120 C)

A. Grassellino et al., | Accelerating fields up to 49 MV/m in

TESLA-shape superconducting RF niobium cavities via 75C

vacuum bake |

Figure 3: Comparison of 1DE3 for regular 120°C bake and

10"

o 10"

10°

ACCO003: EP+120C - regular
1DES3: Modified 120C bake
1DES3: Re-calbrate/check
AES009: Modified 120C bake
AES009: cooldown #2
AES009: cooldown #3

L L 1 L L L L 1 ] L

5 10

15 20 25 30 35 40 45 50 655
Epee MV/m)

for 75°C+120°C bake.

2-step baking was proposed by FNAL, which can
improve Eacc up to 49 MV/m.

Kensei Umemori 2020/Aug/3
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—IDE3
IDE20
—TEIAES009

Atomic Ratio H/Nb

-20

-120f

0.1 0.25 0.5 075 1.0 1.5 20
T T T . T T T ™ 450
o'+p
a oo ’ 4400
A
1350
B ; d
o+ B+ 1300 =
\ \ 1]
""""""""""""""""""""" X"""'""""T 3
+ 4
[5 250 B
Lkl =
LI} 2
X {200 E
i 4 R
' 8 {150 =
a+e .}\‘.
& {100
Al
1 )
g {50
(] !
1 1 ) 1 1 1 1 il ) 1 1
10 20 30 40 50 60 70

Atomic Fraction Hydrogen, %

©

Manchester F D and Pitr&ll 2000 PhasesDiagrais of Biddry Hydrogen Alloys ed FD 28
Manchester (Materials Park, OH: ASM International) pp 115-37



2-step baking trial for 9-cell cavities at KEK @
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— \» igd
=) ol . = O
-'\‘-: ‘ -, (O] I~ )
| : E 120 — e ——t=
o -
S -
*§ 100|—
[} N
g— L
o 80—
|_
60
40 —— Sensor chl (1-2 cells)
——— Sensor ch2 (3-5 cells)
20 —— Sensor ch3 (5-7 cells)
——— Sensor ch4 (7-9 cells)
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
0 10 20 30

Elapsed Time [h]

e 2-step (75C,4h + 120C,48h) baking was applied
for 9-cell cavities at KEK.

e Cold EP (14 C) was applied for the cavities
before 2-step baking.

* Cool down was done by filling He from dewar.
(Not so fast cooling.)

Kensei Umemori 2020/Aug/3 High Energy Physics related SRF in Japan 29
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2-step (75C + 120C) baking results on two 9-cell cavities @’*"""“"’
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1.E+11 1.E+10
® VT2(75+120C) initial @ VT2(75+120C) final @ VT1(120C) initial VT1(120C) final LEL08 L
X VT2(initial) X-ray ¥ VT2(final) X-ray X VT 1(initial) X-ray VT1(final) X-ray ' ° VT-5th result of p (final) meas at 2K
! 8 e 5 c 'é " 1.E+08 3[1010_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ° VT-4th result of p (final) meas at 2K ...
it =) ' @
€ 8%8°s°s s ¢ 2 o 1.E+07
1E+10 2-step baking © ool 1E+06 _ o
g < o 0 L B R e S e e
g g 405 & : | | 120C, 48h baking
% x X LE+04 = +
X g
X X 1.E+03 > k + +
1.E+09 x . * +
x o 2R LG b
X
* x % -x){ 1.E+01 7 QP e +*+ """"""""
X XXy - XX G QT e
x X *x 1.E+00 77 L0 [
1.E+08 = 1.E-01 57 L0 v
O 5 10 15 20 25 30 35 40 ||||||||||||II|IIII|IIII|IIII||||||||||
Ecc [MV/m] 0 5 10 15 20 25 30 35 40

Eacc [MV/m]

* VT results are very similar between 2-step baking and 120C baking.
* No improvement on gradient was observed, including pass-band analysis.
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N-doping
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N-doping (Nitrogen-doping)

During high temperature heat treatment, ~Pa of
N2 is fed into the furnace for a few to a few 10

min.

Nitrogen goes into depth of several 10 um.

<

Achieve high-Q
But Eacc decrease

X\ Center for ;
Applied
Superconducting
/ Accelerator
=i hn a0 4y ) 7 — :

Temperature [degree]

= T 1e+002
K@ep_sooi“ Temperature
800 Pressure
700 4 1e+000
600 Inject N2
1 1e-002
500
400 +
1 1e-004
300
200 ¢ | 16-006
100
0 . . . 1e-008
12:00 0000 12:00 00:00
Time

e ey, -

Vacuum pressure [Pal]

I3.e.§.qlts for KEK 1.3GHz single-cell cavity'
1E+11 ..DDDDDDDDDDDDDD °
= Apply several ~
eamonsaseesees oo,
, e » | 20um EP after
1.E+10 Uag .
"t N-doping
0O 1.4K(reference) O 2.0K(reference)
® 1.4K(N-dope, 25um EP) ® 2.0K(N-dope, 25um EP)
1.E+09
0 10 20 30 40
Eacc [MV/m]
- Furnace with diffusion
#19.6 p #54.3 pm #921.9 pm .
S pump did not work.
= Furnace with

Kensei Umemori 2020/Aug/3

Oep

cryopump work well.
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“2/0” N-doping at KEK e

-2 min 3.3 Paof N2at800C+5 um cold EP

Single-cell cavity ”Z/Q” N-doping was performed to one single-cell
‘ s N cavity and one 9-cell cavity.
4.0E+00 |
3.6E+00 -. = Single-cell cavity (R-8) ||
[] . + 9-cell cavity (MT-5)
3.2E+00 . '“
2.8E+00 B e :u * *” o Tu 0 200 00 S0 50090 Fad
é 2.4E+00 '. 2 m|n .
g 2.0E+00 nd .
,?_ 1.6E+00 - -
1.2E+00 - —
8.0E-01 * o
4.0E-01 [} ..'.o
1IDE.‘E‘)S:OLI:QO 0:00:43 0:01:26 0:02:10 0:02:53
Elapsed time [s]
*Monitored pressure was slightly different from the set pressure of
3.3 Pa due to differences in the position of the pressure gauges.
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VT result of “2/0” N-doped cavities

2x10™"

CJ3><‘|011 T T

2x10"

X-ray [uSv]
X-ray [uSv]

1011 .. 1011

5x10"°
4x10'0 -

3x10" Y

5x101°
4x10'

3x10'

2x10'" 2410

10"

1010
5x10° 5x10°
4X10 1 L L 1 I 1 1 1 1 l 1 L L 1 lN(IJ r;adila‘ilonl 1 1 1 1 1 4X10 1 1 1 1 I L L L 1 I 1 Raldi?tiqn 1 L L 1 I 1 L 1 1 1
0 5 10 15 20 2K 0 5 0 15 20 280
Eace [MV/m] Eacc [MV/m]
e Qvalue of 4.6E+10 at 16 MV/m. e Qvalue of 3.3E+10 at 16 MV/m.
* Quench at 18 MV/m (heating at Not the equator) ¢ Quench at 22 MV/m (heating at cell-6 equator)
Cells 1&9 Cells 2&8 Cells 3&7 Cells 4&6 Cell 5
Eacc,max
. 26.55 28.04 22.68 22.50 28.04
Kensei Umemori 2020/Aug/3 Heating cell-9 upper iris cell-2 equator cell-7 upper iris cell-6 equator 34




comparison of Recs and Rges @ .-

Single-cell 9-cell

'@' 10: 1 T L] T ’ T ) 1 T I T 1 1 1 | 1 T ] L] | 1 1 1 ] : g‘ 10: 1 ] T 1 ‘ T ] L] T | 1 1 T T I T 1 T L] I 1 T ) 1 :
—_ C : : ® Rg. 3 — C ® R, 3
g 9 -_ ................................................................................................... . RBcs a‘ 2.0K __ g 9 __.. .............................. . ............ . RBcs at 2.0K __
Eﬂ: o B R at1.8K ] E'I - : { B Ry at1.8K .
P S S SIS S, A Ryat16K | 1 P SR S S, S A Rgat1.6K | 1
- °F H i : ¥ Ry at1.5K . - F : ; ¥ R at1.5K .
§ Pok : 3 5 Fok ® 5 : 3
: : = w 74 SR e L A, RRNRRG S— =
_: 6 :_ ................................................................... . ................ ) ....................................................... _:
] - L4 ]
— 5 __ ............................... . .......................... —
3 ) R I @ S S — S — =
E YRS NN SRR S 1 Not enough of flux expulsion
- - : =
- D R S S T S
= ] S S s P S S
3 fisk YO Y vi v . :
. 0 C o T T T R T S Y T B R
25 0 5 10 15 20 25
acc [MV/m] Eacc [MV/m]

Recs has similar behavior on both cavities.

*For the single-cell cavity, demagnetization was performed using a coil and cooling was performed with a temperature gradient using a
heater, so that the flux expulsion is sufficient, while that for the 9-cell cavity was not sufficient because of cooling without a coil or a heater.
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Mid-T furnace baking

Kensei Umemori 2020/Aug/3 High Energy Physics related SRF in Japan

36



Medium-T furnace baking

R-8 cavity (single cell)

Mid-T baking change
oxide components on
Nb surface

> N-infusion at KEK furnace
» HPR, Assembly
> VT

» Disassembly

¥

R-4 cavity
(single cell)

eqgre

[d

Heater temperature

1000

800

600

400

200 r

12:00

18:00

» Refresh cold EP(10um)

¥

Time

00:00

06:00

> HPR
> Heat treatment (400C, 3h) at
KEK furnace

; » HPR, Assembly(No baking)
> VT Kensei Umemori 2020/Aug/3

» HPR

> Heat treatment (300C, 3h) at KEK

furnace

> VT

High Energy Physics related SRF in Japan

» HPR, Assembly(No baking)
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Superconductmg

® 1.68K ® 1.78K ® 1.88K ® 2.00K ® 2.00K final o 310" T —— 100 — )

R-8 cavity (400 C) R-4 cavity (300 C) (( T

yyyyyyyyyy

T - =
A 1.68K X-ray A 1.78K X-ray A 1.88K X-ray A 2.00K X-ray A 2.00K final X-ray BTt P _; Q
100000 i i + i _i‘ _gf_ s e 580 ?
5K G / o X
1 BT e © 00 © 0 0© I 10000 1_”((-; E,I.*.i..:fn ,+ o ~:370
—— ) i SO0 I T, S = =
= ’5:\ & % ‘ g — 10 B K T :5 “1“ [ H I_' m
- 1000 c 5><1O £ '.-'--. L o g ooy FEOTY O emssEmr s == ] 60
W S E BB B S s 3 4)(1010La.n.,@.........;........ Aot E
i ® - 3, 100 RS | S —s0
o} Que‘hch ‘e 0 g ]
1.E+10 l Quench © 2x10% 40
gﬁ 10 3 =
g & —s0
10" - p
2 ; S——
A A A =
9 —
16409 5 aa 01 o0’ ES S R N
0 10 20 30 40 g X-ray at2.0 K e :50
0 5 10 15 20 2
M
Eacc [MV/m] E.ce IMV/M]

 high-Q (> 3e10) with slight anti-Q slope. * high-Q (> 3e10) with anti-Q slope.
e Qo0 ™~ 4el0 (@20MV/m, 2.0K) e Qo ~ 5el0(@15MV/m, 2.0K)
 No HFQS(high field Q-slope) was  No HFQS(high field Q-slope) was

rved up to 30 MV/m. observed up to 23 MV/m.
as 30 MV/M...... 2020me: Quench.field was 23 MV/m .
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Comparison with different @
temperature for the furnace baking

©

Q-E @ 2.0—2.1K BCS resistance vs Eacc Sensitivity, Rres/Btrap
0‘3-'0‘“"'3 ggm.. TTT T T T ;;';100(-;); ?;{20:1'11[1111 T 151!1111!111111: 18 Nd
5.10'° 1 ‘Jm ok 201K = - 2 ~ ﬁ?:ﬁ:?s}n&wm B - Op
g™ H*ii : 1 l;*. "% cx:§ - g 300 kg 1) 3 + +
o *}é L4 L g * 16| = ey = 14 + +
3« - + -y 1 E 000 © baong (R-8c) : .
"1'aba C (2.01K » b P K 1 Tiz | e 400C, o * ’
: ) - : haslaalaala 15 )
:».m"-—*— ..... -++*T'§'{’;'"t' ++ - F " ‘-L A Q C£7.07K) A - E 1 ...oo %
S T S [ fo et teinfusion v
0 b‘:gzm :?E‘:‘A!:’.-L‘-'e'; 3 C : L = § 0.6 .

o] & mmoomnane 30 sE-0.-0io. g4 200.C (2-_[:'31'() 1 e apstt? e 00 %00C baking
810" SO __330 F o 0‘ H10 g | 3 ' @ EP + 120Cbaking @ N-infusion@J-PARC
;:2; + 3 - 2.01 K e oo o = 02 @ N-dope @ 400C, 3h

20 4= —— VP S} = 0

x10° 0 ; SUU llUlK ]

.:) :z’ _—t— :10 2:- 151K, : : /1.37K : i ° E lzlav/ ] ®

' X-tay at 2/0 K . i - : RS R = acc [MV/m

#“Jm‘“«m',uu aady o-.?.QiQ\T‘Q.&.ME.é.Lf.f .‘...A_,_'
0 5 10 15 20 25 %0 35 0 5 10 15 20 30
Eace [MV/m] Eace [MV/M]

* Mid-T furnace baking shows high-Q performance of SRF cavities.
\ e Performance of 300C furnace baked cavity is very similar to N-doped cavity.
\ * Mid-T baking is one way to achieve high-Q performance, without N2.
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Development for Nb3Sn cavity
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Nb3Sn cavity development @

10MV/m operation by cryo-cooler > 20MV/m performance of Nb3Sn
cavity L=
Meets LCLS-Il spec @
10" ‘ ) O (=)
\-\ Quench field Nb3sn mUItI_ ) —(=)
~22 MV/m -
S——— // cell (5-cell) Oy L ®
/ cavity 0, T
o
o 100} ] .
20 MV/m at 4.4 K E G
(s}
o 100 . | . ‘0 20K
. 0 5 10 15 20 25 10" {0 GovsE,, SCTSRINBSNZ @ +4 K, 0810312019 T
g 10 Eace 18 Gome dCramhuene @ 44 K tormaois
A A A A {10 QUVS B ont 5C75-RI-NbSnZ @ 2.0 K, 10/18/2019
E\ A A A A a4, A World record CW gradient for
= Nb.Sn accelerator cavities! ]
© \d 3 Je : |
3 et g, £ Fermilab anay o
> 10 ‘ o 0
:E (] 10" 4 -
8 ¢ First Cooldown
4 Recooled from 30 K
VTat4.2K
108 : ' : ' :
0 2 4 6 8 10 12
Accelerating gradient (MV/m) \
10 . .
0 5 10 15 20

R. Portar (TTC@CERN)

E,cc [MV/m]

B also did successful | G. Eremeev et al., Rev. Sci. Instrum.
or Kensel Umemori 2020/Aug/3 S. Posen (TTC@CERN{)gI” Energy Physics ral@icl Sé%@éafin (2020) 41
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Nb3Sn cavity R&D at KEK @

1600

1400 |
&
1200 =
o =3
‘q;: 1000 g
=) o
< 800 - @
g 3
qEJ 600 §
= @
400 c
)

200

Time (hour)

Nb3Sn furnace was constructed at KEK.

First trial for Nb3Sn coating on Nb films was just carried out.
We will try to coat Nb3Sn on single-cell Nb cavity soon.

We will develop Nb3Sn cryomodule for the future.

Nb3Sn should be next standard (at least) for CW SRF.
Kensei Umemori 2020/Aug/3 High Energy Physics related SRF in Jaj




SRF cavity development
beyond Nb/Nb3Sn

\ Kensei Umemor i 2020/Aug/3
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Layered structures: Theoretical studies

(1) A dirty layer mitigates the high-field Q slope

T. Kubo and A. Gurevich, Phys. Rev. B 100, 064522 (2019)
(See also the presentation at SRF2019)

1.8
S 16f 24
T
ﬁ lA?\/
= a
;E“ 1.2? {
= l.ﬁj 0.25.,1.

0.8 =0

0.0 0.2 0.4

Hy /H,

According to the BCS theory, appropriate thicknesses of
\ ensei Umemori 2020/ 1@ dirty Iayer @mrﬁuﬁereth@zﬁadrop!




Layered structures: Theoretical studies

(2) Enhance the theoretical field-limit

(@) Nb—Nb
1.10
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1.001
0.95 1
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0.75 - . .
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d /A
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0 1 2 3 4 5 6
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Layered structures: Sample experiments

NbN/S102/Nb Multilayer samples are prepared

< Kyoto U
y Ryo Katayama

@Kyot '

B
I(t) = Iy cos (wt)

Apply the magnetic field to NbN-I-Nb
samples and measure the field of

Coil

4w

IV(t)

ULVAC, [

N

vortex penetration.

Rensei Umemori 2020/Aug/3

§ Heater T-sensor
|

Independently start up
two experimental devices

By Hayato Ito
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@KEK

Coil

t) = Iy cos (wt

I(t)
<4ammm

(wt)
—

Heater
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R. Katayama, H. Hayleto, Y. Iwashita, H. Tongu, and T. Nagata, In proceedings of SRF2019, Dresden Germany (2019) , THFUA2.




Layered structu Sample experiments

@Kyoto @KE
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R. Katayama, H. Hayano, T. Kubo, T. Saeki, C.Z. Antoine, H. Ito, H. Ito, C.Z. Antoine, H. Hayano, R. Katayama, T. Kubo, T. Saeki,
R. Ito, Y. lwashita, H. Tongu, and T. Nagata, R. Ito, T. Nagata, Y. lwashita, and H. Tongu,
In proceedings of SRF2019, Dresden Germany (2019), THFUA2. In proceedings of SRF2019, Dresden Germany (2019) , . TUP078

e two independent experiments found that there exist the optimum thickness.
ese finding are consistent with the theoretical prediction.
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Layered structures: Next

Accele ato
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Demonstrate the field-limit enhancement using cavities.
Stay tuned! 1.0E+11
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Summary

* Introduced SRF activities in Japan

e Keyword for current and future SRF development
* Higher accelerating gradient
e Higher beam current
e Higher Q values (lower surface loss)
* CW or higher duty operation

* High-Q technology is recently well established.

* High gradient technology is, at moment, bit difficult for
reproducibility and reliability.

* Nb3Sn SRF cavity is expected to be next standard for CW operation.

 Layered structure has a key to improve gradient.
\ Kensei Umemori 2020/Aug/3 High Energy Physics related SRF in Japan 49



Discussion ~toward perfect performance of SR
Target: Reliable SRF operation above 40 MV/m, possibly >

[ Material / Fabrication]
* What is limitation above 30 MV/m? These are open questions for
e |s this fabrication issue? Or material? Treatment? SRF Communitiis for future

: " y i ' t of SRF it
* How can we achieve “defect free” cavity? LTS S
performance.

[Surface treatment]

* What is the best surface treatment?

 What is optimum conditions for oxide, hydride? How about for N, C
etc.?

[Assembly]
* How do we achieve “field emission free” assembly?

* Robotics/automation will help?
breaktgs!; u ZJJ’O]/§uggad On HPR? High Energy Physics related SRF in Japan 50
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