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SRF2021

Very Successful Virtual Conference

= SRF2021: Held from June 28t to July 2nd, 2021 hosted by MSU/FRIB
 Tutorial, June 23 — 25, 76 participants
 Student poser session, June 27 (Sunday), 47 posters, the best poster prize
» SRF2021 virtual conference due to COVID-19 pandemic, registrations: 416
 Very successful, even our first experience. Visit SRF2021 website
https://indico.frib.msu.edu/event/38/

= 5 hours working time due to global time zoon
3 hour oral invitation session, Monday — Friday, total 43 invited talks

1 hour poster session, Monday — Thursday,
1 hour discussion time with invited speaker

= FRIB live tour, virtual tours for other labs: KEK, Saclay, BNL, LCLS-II(SLAC) on Friday after
closing

= 230 posters including student posters (47), to publish the proceedings

= Chair:
Conference Chair/Science Program Chair: Kenji Saito (MSU/NSCL)

Local chair Ting Xu (FRIB),

Alexa Allen (IT technology/Admin), Anastasia Lesage (JACoW/Admin), Walter Hartung, Laura
Popielarski, John Popielarski, Sang-hoon Kim (FRIB live tour), Chang Wei, Hiroyuki Ao, Sam
Miller, Chris Compton, Peter Ostroumov, Wei Chang, Yoshishige Yamazaki and Kenji Saito
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Big Picture of SRF Community

Cavity performance improvement continues very steadily
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Great Advance of SRF since Last Decade

= Continue steady SRF performance improvement, HQ/HG
« Understanding of performance limitation for Nb cavity
 New material beyond Nb

* Enhance the reliability in fabrication and also explore the cost-
effective way

= Use SRF from low frequency to higher frequency
» Low/medium/high beta structures for heavy ion accelerators

» Use SRF from injection to acceleration structures, every where
* SRF-gun, for electron accelerator

= Explore more commercial applications
* 4K operation using Nb,Sn cavity
*ERL
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Machine Operation at Half of The Potential
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SRF Future Scope

* Push up the operational performance in real machines
e Understanding of causes of the limitation

*Lessons learned from the existing machine operations

« Develop in-situ cleaning technologies against SRF performance
degradation in the machines

»Plasma cleaning
»Helium processing
»Dust control

*R&D of new material beyond Nb

Facility for Rare Isotope Beams
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List of the Highlights in SRF 2021

H-1: SRF is a mature technology in the accelerator projects, continue the
large scale project constructions, SRF community is very busy.
FRIB, RAON, PIP-Il, ESS, LCLS-II, LCLS-II HE...

H-2: Rapid global expanding
* India, In-kind cryomodule production for PIP-II
» Poland, PolFEL project, 185 MeV SRF linac
» 13 countries to have potential SRF cryomodule production, now

H-3: Established high gradient cryomodule production for CW medium
field (16MV/m) operation by N-doping

H-4: Demonstrated higher gradient cryomodule for CW operation
(23MV/m) by upgraded N-doping + cold EP, LCLS-II HE

H-5: Demonstration of ILC cryomodule pulse beam operation at 33 MV/m
@Qo0=0.8E10, at STF KEK

H-6: Many lessons learned from the existing machine operational
experiences, and developed in-situ cleaning

XFEL, CEBAF-12GeV, RIKEN, SNS, CAFE ......
i INILWY ‘,@ Nichigan cate Uniiereity S SRF2021 report, K. Saito, Slide 7



List of the Highlights in SRF 2021, continued

H-7: R&D to enhance the fabrication reliability and reduce the cost
« High speed temperature mapping system
« X-ray tomography
* LG/MG cavity, mid-T baking (Oxygen doping)

H-8: Commercial application
« ERL at ZDB, S-DALINAC at Darmstadt, cERL at KEK

It's time to consider the ERL technology for ILC to mitigate the beam dump
Issue and enhance the green policy

« Conduction cooling with Nb;Sn cavity

H-9: New concept for ILC upgrade to 2 - 3 GeV
« Travelling wave structure

H-10: SRF Gun current status

H-11: Many R&Ds on niobium and beyond Nb
« Oxygen doping
* Nb,;Sn, MgB,, film cavity by SIS,.....

Facility for Rare Isotope Beams
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H-1. ORF IS a mature tecnnology In the accelerator projects,
continue the large scale project constructions, SRF
community is very busy
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FRIB
Successfully Completed SRF Driver LINAC, World-Class

heavy lon accelerator MOOFAV10, T. XU, FRIB

Cryomodule Performance In Linac

» Cavity performance tracked: cavity test (VTA); cryomodule test
(bunker); linac tunnel. No Q, degradation observed.

VTA Qu measurement Bunker tests: Qy was measured by dP/dt Tunnel: dynamic load was obtained with
example: p =029 HWRs of He-ll. benchmarked with heater heater power to compensate RF off with
— constant 2 K flow
— — L A Ty |Et:u e [ e ,H__,HE.?IW
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Design goal: LS2 dynamic load Bunker tests indicate 302 W LbZ total dynarrlc heat load hased
<1kWat 2K dynamic load for L52 on compensation heater is 280 W

et

» Cavity field measured from RF and from k.
beam are generally in good agreement. § S e R SR S e
BPM signal has higher noise to signal ratio % ' ' o
toward end of LS2. :
S sacamys : ) , Slide 10
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H-2: Rapid global expanding

Example: India, In-kind cryomodule production for PIP-II

THOTEVO03, P. Shrivastava, RRCAT

PIP-ll Superconducting RF CW Linac, 2mA, 800 MeV

. . E =
Consists of Five Types of Cryomodules ,__ o SSR1 - Indian Cavity Performance
e =] =l I AT STC" test with low power coupler
p = e Elliptical
et = == | | HB650 X 4
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plant = e LB650 X 9 650 MHz
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SSR1: Niobium (grey) & Outer SS Jacket (green).
» Two 325 MHz Single Spoke Resonator (SSR)-1 Niobium
cavities, developed at IUAC, keted with SS Helium
vessel by BARC.
# One cavity has been used in the SSR cryomodule at PIP2IT,
PIP-II Linac is technically complex, state of kersmiioh; snet lins accalasishae) hanm.
3 » Cavity is one of the best performing cavities in the
the art superconducting RF accelerator crvomodile.
» Second cavity will be returned for BARC use .
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SRF 2021
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SR cavities in PIP2IT

Nine amplifiers developed with ECIL, sent to Fermilab by BARC. Eight amplifiers connected to e

Line A
22K Supply

Line B
Fois . . . .OK Sub:
SSR-1 cavities in PIP2IT, and have contributed to beam acceleration to 17 MeV. ot
Line E
liner B - supply e
80K Return | |
Line D
8K Return /

. Line C5K

Feedcap/Endcap Delivered to FNAL.
" Supply S

LineH " W T € cpe
Cooldown

Supply

A

- L i\‘\\ Beam Tube

Feed Cab Design

Line B
2.0K Suba
Return

Line C Line F

40K Return

Line D

“8KReturn o

Line E

Glimpse of PIP2IT at Fermilab ! . 40K Supply \
( Photo Courtesy Lia Merminga) ECIL/BARC 7 kW 325_ MHZ amplifiers powering v o »
SSR1jcavities;at PIPZI(l—hnlotounesy Lia Merminga) Teaniivel End Cap CMTS- Feed Box Feed Box final qualification

‘ Successfully Installed, Commissioned and is being used to test LCLS-Il Cryomodule at FNAL for SLAC.
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H-3: Established high gradient cryomodule production for
CW medium field (16 MV/m) operation by N-doping

MOOFAVO07, A. Burrill, SLAC

Courtesy of Dan Gonnella 7

All testing performed at Jefferson Lab and Fermilab

Overall Cryomodule Performance - Individual Tests _
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Successful demonstration of the first large scale nitrogen doped SRF cavity production by Industry
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H-4: Promising higher gradient cryomodule for CW operation
(23MV/m) by upgraded N-doping+ cold EP, LCLS-Il HE
* Demonstration of 23MV/m CW Cryomodule in industrial production
for LCLS-IIl HE
» N-doping recopy: 2NO + Cold EP

Cryomodule REYIY

Industry Produced 9-Cells

]

5 ¢ Usable Gradient . The 8 best 2NO vCM Compared to LCLS-II
“ cavities from RI S ¢ @i
2 o were assembled ' .
R into a verification - * ) '.. |
s E = cryomodule (VEM) |, o %) % r
g o : : 77-,-7, WEE . No cavities were ful 0 et
& ; limited by field AR ]
1 | -f- fIL: H?:;; : ZNO . emission in CM teSt “:DD 17"[} 1.4-3 160 WéU 200 220
0 5 10 - Erfllvl ] a0 25 30 * Total integrated Total CM Voltage [MV]
— voltage of 202 MV!  Highest CW cryomodule

All industry
produced 9-cells
exceed HE spec!

FRIBE

11111111

Facility for Rare Isotope Beams

U.S. Department of Energy Office of Science

Michigan State University

+ Measured Q, was
on par with LCLS-II
CMs

ever produced!
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H-5: Demonstration of ILC cryomodule pulse beam operation
at 33 MV/m @Qo0=0.8E10, at STF KEK

TUPFAVO003, Y. Yamamoto, KEK

* Realized Eacc = 33 MV/m in the ILC type cryomodule

l Schematic view of STF-2 accelerator |
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KEK STF-2 Beam Test,

Great Milestone for ILC

= Beam operation at STE-2 TUPFAVO003, Y. Yamamoto, KEK

In the 6th cooldown test, beam acceleration test with 14 cavities including CCM was
carried out, and it was confirmed that the average accelerating gradient obtained
from the beam energy reached 32.9 MV/m, and the maximum beam energy reached
384 MeV.

Summary of Beam Operation in 6% Cooldown Test

Parameters _Marfl[llg Apr/2021
Number of cavities incl. CCM used for operation 7+2 12+2
Beam energy 280 MeV 384 MeV
Beam intensity 0.28 pA 1.8 A
Beam power T8 W 677 W
Total charge per pulse 56 nC 360 nC
E... from beam energy 33.1 L_I‘W..Tfm 329 mxn
(7 cavities) (9 cavities)
E... from RF power (P,,) iiiiﬁ::; 3;2%;;

F R I B @‘ Facility for Rare Isotope Beams
USSR t t of E Offi f Sci . .
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H-6: Lessons learned from the existing machine

operation experiences

Example 1, XFEL Operation Experience

» 4 years successful operation, 776 1.3GHz 9-cell cavities

« Vector sum operation, one high power 10 MW MBK for 32 cavities

* Pulse operation, 750us fill + 650 us flat top

« AA/A <0.01% (typically 0.007%, AP < 0.01%, typically 0.007 deg., Bandwidth 37 Hz
 Reduced-V run: 18.4 MV/m Qo=1.04E+10, High-V run:22.5 MV/m @ Q0=0.98E+10
« 100% availability for one week May 2021

« Going to auto control

Introduction Cavity operation o orewmy
YEE f ’ 776x 1.3 GHz TES cavities N M
Milestones (some) Machine time (in hours) Typical operation conditions = =
+ Dec.2016  Cool down COVID-19 + Average gradient + spread
P =N
+ Apr. 2017  Firstbeam g0 > e 1660 «  Coupler power (x4 for peak power) |
2280 112 o} [l : H
+ May2017  First SASE Commissioning g in - Measured Q, = 1 x 100 - el
6000 1320 1800 s o s 2
» Sep.2017  First users fas% 904 —
9 I 54 s
o BIE  Moswey RGN a000 18 RFCONFG TmeFame ~ Avopgsamic Efeciomsnos E e
” arly users ) of
B SEEhE 1104 “ REDUCED-V 01.09—15.10.2020 400 1.04x10% | i
2 3808 o -
* Nov2018 Max bunch (2700) Fineg b I HIGH-V 20.10—15.112020 600 0.98x10% |
1680 t
« Jan. 2019 Parallel user run in all 3 beamlines o | P L E
+ Feb.2020 30 keV photon energy 208 2% 200 2L Coekal of [_I-H—H_H ”_h :
+ May2021  100% availability for 1 week Theduled Down Acceski S, Tuning L ~I[ | il LLT T N
® Commissioning / Development w Delivery : h ® - “ .
DESY. | 4 years of operations at EuXFEL | Julien Sraniard, 28 06 2021 Page 12
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Example 2

CEABAF-12GeV

SRF Long Operation Experience and Issues to Be Resolved

_ Analysis of particulates from CEBAF
* #12 - Collecting dust

» Systematic particulate sampling (>340) from CM and girders removed from CEBAF
* Examination using new SEM with elemental analysis
* Many copper and steel particles found > 40 um

* Large assortment of other materials found

* Clearly inconsistent with current standards

* Responsible for CEBAF’s energy reach limitation

* Feedback for process improvement

Examples
S0320 - C6-18 - Area 7
Steel

From Franklin cavity #2, cell 2

T

{ {
From Franklin cavity #6-7 pair
beamtube

SEM V. 39.0 AV woitrsomm | g |
View fieid. 150 ym Dot S8 20 ym

SEM MAG: 1,08 kx  Dateimidly} 0220217 Jutterson Lab - SAF Institute

Valente-Feliciano, Spradlin, Trofimova 19 Je

19 - 25 June 2021 on Lab

Facility for Rare Isotope Beams
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Feedback of the Past Lessons Learned

Tutorial, C. Reece, Jlab

SRF Long Operation Experience and Issues to Be Resolved

* #15 - We learn to do better
* While there are many legacy issues, the community continues to learn and standards tighten.
* The latest CEBAF C100 CM ran 104 MV field emission free, limited by RF power.
* LCLS-ll and the latest “vCM” for LCLS-II-HE demonstrate excellent progress in contamination control.

HE vCM - 25 MV/m, CW

(To be reported next week)

C1006R — 21 MV/m, CW

(Recovered full performance from contamination by HPR only)

25 - 25 June 2021 Je on Lab

F R I B @‘ Facility for Rare Isotope Beams
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In-Situ Plasma Cleaning at SNS

3¢ Fermilab
3 30/06/2021 Bianca Giaccone | SRF21
. ¥ OAK RIDGE
Plasma processing at ORNL-SNS . 'Nucional Laboratory

oxygen

r\{ [ A e e

« 10 cryomodules plasma processed at g
SNS either in offline facilities or directly =
in the linac tunnel =

— 8 High-beta CMs - - uma
I Cycle 1 Cycle 4
— 2 Medium-beta CMs R o  Cycle
Gradient gain after plasma processing

« Cleaning of the cavity surfaces B Aue e Eanl A R
revealed by the significant reduction of
by-products’ partial pressures over time

« 38 cavities plasma processed at SNS
with an average E_. increase of 2.4
MV/m !

Eacc gain (MV/m)
P

1 6 11 16 21 26 31 36
Cavity index (sorted)
{& Fermilab

30/06/2021 Bianca Giaccone | SRF21
Facilty 10r xare I1sotope oseairns
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Plasma Cleaning for LCLS-Il (N-doped cavity)

WEQOTEVO01, B. Giaccone, FNAL

Plasma processing at FNAL for LCLS-lI: RF cold tests results

Test on clean N-doped cavity

& Baseline
m After Plasma
zape | WRTRSIBIIR SIS ’-'-m-'.':-"'\ -
-
.
E
2 e Admin it & 5
J o ==l
Quench at ——— Lo &
BPEMVIMmat 1.4 K E
x
] L]
210 ' A 4 et H’*\#:
108
-.Luh_ oot
10 T T T T T T T T
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34

E.pe (MV/m)

Test on cavity subjected to vacuum

failure simulation from HV to ——

210"

atmospheric presssure
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P. Berrutti, B. Giaccone et al., J. Appl. Phys. 126,

023302 (2019)
B. Giaccone ef al., Phys. Rev. Accel. Beams 24,
022002

6 30/06/2021 Bianca Giaccone | SRF21
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Facility for Rare Isotope Beams

U.S. Department of Energy Office of Science
Michigan State University

9

Radiation {mR/h)

als

0%

10

A

F 0.01

Radiation (mR/h)

Multiple 1.3GHz cavities
have been subjected to
plasma processing,
showing positive results
on FE caused by
hydrocarbon
contamination.
Moderate or no
iImprovement in
performance was
observed on cavities with
FE likely caused by
metal particles

2% Fermilab

SRF2021 report, K. Saito, Slide 20



H-7: R&D to increase the fabrication reliability and
develop the cost-effective way
Example: X-ray Tomography (CT)

X-ray tomography: setups

« Akind of X-ray CT
« Easily fond out the welding defects

« Cavity production reliability will be
Improved very much

Tomographic Inversion (proprietary algorithm)

X-ray tomography: absorption

cubic voxel volume representation in 216 intensity-
scale values (.rek-file, ~ 10 GB)

electron acc. —>

tungsten
target test object
on rotating table

X-ray image detector

Facility for Rare Isotope Beams

‘ ¢ : :
F R I B Q,@ Michigan State University bERLinPro Gun .| @Fraunhofer EZRT, 9 MeV



H-7: R&D to increase the fabrication reliability and
develop the cost-effective way

Large grain (LG)/Middle grain

CaVity R&D Manufacture method of Large and I\/Iedium—Grainva discs g

« Even the MG cavity could ety o | b ‘
provide a excellent u » L * |
performance o

L] MG materlal WOUId b e Cco St_ —_— Dir-e;\isr::icr;goio;l c:i:;,):nechanically stable, and cost-effective SRF cavity production.
effective due to the easy | \
production control Nobiom gt » _

Slicing image

) K E K h aS S e I e Cte d M G/LG N b Ingot, forged and annealed i sl Med’?u:‘e"ég?:;;'aé;‘sisc

Average Grain Slze <1mm

material with hlgh RRR (|OW “Results of KEK LG/MG cavities & . D 55

R10/ KEK- 4/ () R 17/ R 18/
. TayforilC - --ﬂﬁ

o KEI( 2 (LG, high RRR, 9-cell) Supplier Tokyo CBMM Tokyo CBMM CBMM  ULVAC ULVAC
...................... Denkai Denkai
“:.:m‘?%:i:mfi;i ---------- | I e Grain size LG LG LG LG LG LG LG MG
) B ) #ofcells Single Single 9-cells 3-cells 9-cells 3-cells 3-cells Single
KEK-5 (LG, mid RRR, 9-cell) (RRT?;) S B zgs 228 200 363 494
B 'mw Co e o 0 0 0 10 Ta- Low High Low High High Low High Low

Eace [MVi
s (Ml ‘I content

Results 42 31 38 38/42 34/32 -/-- —-/- 39/--

@ Facility for Rare Isotope |
F R I B L ¢ US. Department of Energy Office of S (r-mode) MV/m MV/m MV/m MV/m MV/m MV/m MV/m MV/m
w Michigan State University 3¢ R-16/16b, R-17/17b, R-18b are under processing
\ (ensel Umemor, X Plan to fabricate hlgh-RRR LG 9-”(:e’||_ & MG,,S,TF?" cavities \



H-8: Application for the commercial
ERL Operation in S-DALINAC, from POP to Application

Once-Recirculating ERL Operation TUOFAVO1, M. Arnold,

Darmstadt

Thermionic Gun . .
4] 15010

D — iﬁl, w—— FRI-Cup

Main LINAC — El'J'l"].-{.'ILIP 1600

_______ EOF1-Cup ) AT
2]
7 i
] el i it 11200

Recirculations il

Injector LINAC

* Energy gain injector: 2.5 MeV z 5 g lrj:mi

» Energy gain LINAC: 20.0 MeV " . W [;[,_,[:

= Current (I,,): 1.2 YA 0 I 1 (-

* RF-recovery effect: (90.1+0.3)% . éf : f 37 : i Lo
- 1’;-|. h :” | :r : :;:] W

= 18t ERL in Germany (August 2017) t (mintes)

» 1 of only 3 running SRF ERL worldwide (D, USA, J)

M. Arnold et al., Phys. Rev. Accel. Beams 23, 020101 (2020).

20.06.2021 | Michaela Amold | TU Darmstadt | AG Pietralla | Recent Achievements at S-DALINAC | 19 ™im = B ¥ 1L 5 ik

R I B (CA Facility for Rare Isotope Beams
U.S. D t t of E Offi f Sci . .
I w MidicamcaeUnmet:, SRF2021 report, K. Saito, Slide 23



CcERL at KEK .

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 [1]. 1mA ERL achieved in 2016 at cERL [2].

Principle of Energy recovery linac (ERL)

-

Compact - s %
_ ‘ FEL < PY = -9 '
& ) R -
: y Main linac
g . ﬂ”"'::f\ / ®
N2 -L./. A 4
'Y
. ' ' 2]
) =
A .T LE TS BT S ST °
r:sj_f.g‘as «%’.‘-z ~::§:a '
Injector Beam dump

To demonstrate 100% energy recovery stably, stable SRF

\ operation is important under high current beam operation

[1]1 M. Akemoto, et al.. "Construction and commissioning of the compact energy-recovery linac at KEK”, Nucl. Instrum. Meth. A, 877, 197-219 (2018)
[2] T. Obina, et al., “1 mA Stable Energy Recovery Beam Operation with Small Beam Emittance™, Proc. of IPAC2019, (Melbourne, Australia ) p1482-1485, (2019)

It's time to consider ERL technology in ILC machine design to
resolved the beam damp issue and enhance the green policy !!

F R I B @‘ Facility for Rare Isotope Beams
U.S. D fE Offi f Sci
‘,@ et i LA SRF2021 report, K. Saito, Slide 24



H-8: Commercial Applications

Conduction Cooling
* Nb;Sn cavity can operate

WEOTEO2, G. Ciovati, Jlab

Design of 1 MeV, 1 MW conduction cooled cryomodule at JLab

at h|gh QO (>1E+10) at 4K - Designed for a CW e- accelerator for environmental remediation

750 MHz, p=0.5, Cu/Nb/Nb,Sn CAVITY

« Conduction cooling

simplifies the cryogenics,
by using a cryocooler
« Combine these two and

develop the compact
Injector, and other
applications

Current R&D Status

- Still need to improve
cooling efficiency, but
very promising

FRIBE .

G. Ciovati et al., Ph)

Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University

Quality factor, Q0

N/

COAXIAL FPCs

& T. Schultheiss, J. Rathike

LE+11

1L.E+10

1.E+09

0 5

cw Eacc vs QO for Nb3Sn coated, 650 MHz, single cell cavity

[ | Coating 1, conduction cooling
test (Sept 2019)
1

Coating 1,

4.4 K LHe VTS (May 2019)

[ I
r .....' Coating 2, conduction See télk by S. Poser
i Qo..' /| cooling test (May 2021) on Friday
[ X ?{ Coating 2,
rOaRn X ) 4.4KLHe VTS
- X 'I.. %o 01».../ (1an 2021)
LT
%9

o
[ X
F X [E.cc =10 MV/m cw @ Q, =1.5e10 |
[ .lh B,~36.5mT

10

15

20

Accelerating gradient, Eacc [MV/m]

Technol. 33, 06LT01 (2020)

25

SRF2021 report, K. Saito, Slide 25



H-9: New Concept for ILC Upgrade to 2 - 3 GeV
Traveling Wave Structures

Potential to enhance the SRF performance by a factor 2,
Higher gradient > 70 MV/m, and Less RF dynamic load

Nb bulk technology

Capital cost will be cheaper than CLIC 3 TeV

Lower AC power than CLIC 3 TeV

ADVANTAGES OF TW STRUCTURES

Putting SRF on the Road to ILC => 2 TeV and 3 TeV with Niobium

» No need to struggle with exotic new superconductors
(sorry!) or overlayers

>

Main Couplers

PARAMETERS FOR ILC 2 TEV AND 3 TEV
(DETAIL PARAMETERS AVAILABLE IN POSTER )

COMPARE TO CLIC 3TEV

From |From 1TeV

TeV 1 2.0 I 3.0

Luminosity X10° 4.9 7.9 : 59
4

BILC +4.9-5.2 5 24.2
U 133 (18.2-185)

BCHF

| Gradient MV/ 45 72/100

m

[@ of new RIOCER) 5700

See: WEPFAV00é4 ILC Energy Upgrade Paths to 3 Tev

H. Padamsee

| AC Power MW 300 245 -315 590 AC power much less than CLIC

total Total cost comparable fo CLIC

/



Challenges in TW Structures

CHALLENGES FOR TW - 1 Challenges for TW - 2

>

. AR b U
TESLA [ / O gumndl  3-cell unit prepared at
rasi y / / Fermilab by Euclid Corp
\ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Waveguide Sy = - —not yet tested
e e —— Main Couplers

Facility for Rare Isotope Beams

F U.S. Department fE Office of Sci . .
R I B u Michigan b Stmt Uni gy SRF2021 report, K. Saito, Slide 27




H-10: SRF-Gun Status

20 - 30 MV/m operation has been realized
PKU(Gun-I11) HZB DESY Euclid

Support

Tuin CW-madified  STUGHE
Gate vave TTF-IIl coupler
and lansiion  x y stasrer

o 300K

Cathade tube
with tuner (HZDR)

K L 18K Cavitytl He vesse
SC solenaic {HZB, JLab),

absorber (Comell) Cornell-type blade tuner,
2 laver macnetic shielding

BNL (QWR)
+——+ Cryogenic Tower

Cathode Insertion

—a {&l‘ = _‘7—7>-ql'- ‘ ‘ " . Manipulator . 3

SC solenoid
(conduction cooling)

paamererHaDR () |PKO Gur) (4B (Gun20) [DESV el AEK(Guwe) o
RF frequency 1.3 GHz 1.3 GHz 1.3 GHz 1.3 GHz 1.3 GHz 1.3 GHz 113 MHz 185.7 MHz
Operation 2K 2K 18K 2K aK 2K 42K 42K
temperature
Geometrical factor 224 0 2120 174 Q 2100 2320 135.6 Q 3820 770
Design 50 MV/m 28 MV/m 30 MV/m 40 MV/m 20 MV/m 31.5 MV/m 19.7 MV/m 30 MV/m
VT 41 MV/m 45 MV/m 39.7 MV/m 57 MV/m . 56.25 MV/m -
?;5 HT 25 MV/m - 32.8 MV/m - - (wfo cathode) -
18 MV/m
AfterLong 4 & pv/m - : - - : He condition -
Dperatlon

once/two years

Surface treatment  BCP BCP BCP BCP or EP Nb3Sn coating EP BCP EP



H-11: Many R&Ds on Niobium and Beyond Nb
" Nb,;Sn Cavity

* So far limited < 23 MV/m, but high Qo > 1E+10 at 4K
* Developing 9-cell coating, 16MV/m @ Qo= 1E+10 at 4.4K
« Concentrates more the 4K operation using cryocooler (conduction cooling)

= MgB, Cavity TUPTEVO3, S. Posen, LANL

« Still sample evaluation stage
» Going to cavity coating

Standard treatment Nitrogen doping Furnace baking

= Oxygen doping discovered at KEK |Ep1~1mum| |Ep1~1mm| |Ep1~1fwm|
« After the final EP, just take furnace
. ! [Anmeal Anneal
baking at 200 — 300°C for several T T T
hours FROFDVOL, H. Ito, KEK [ e o
» This method simplifies the processing @ @_.wmn
very much, and results in a cost Cold EP ~5 ym
reduction, keeping HQ/HG [ﬁ o~
performance |
ll A\ 4 \J

R I B g‘ Facility for Rare Isotope Beams \RF measurement| |RF measurement| |RF measurement |
U.S. D t t of E Offi f Sci
I w e iate e e gmacenes SRF2021 report, K. Saito, Slide 29

Michigan State University



Promising HQ/HG with Oxygen Doping

* Oxygen doping has similar Gt aREE i 0= © 7T
anti-Q behavior as the N- R  EEmE
doping i

* Extremely high Q value and anti-Q slope are observed

* Highest Q value at 2.0 K is ~ 5E10 for 300°C baked cavity

* Magnetic field was trapped before 2 K measurement of
350°C baked cavity -> Q value is Essentially a bit higher

* x-|ycf.. Svh]

Standard recipe (120°C 48 h), 200°C3 h
* 200°C baked cavity follows the standard recipe (120°C 48h)
* Q-E behavior at low Eqc is slightly different

« Optimization is the baking at
around 300 ©C for 3hr, but
gradient is limited < 25 MV/m

500~ 800°C3 h
* High Q value wasn’t observed
* HFQS occurred

* Varying the temperature of furnace baking varies Q-E
iDL L behavior drastically

Eqee [MV/m] * In 300 ~ 400°C furnace baking, the cavity is limited at
around 25 MV/m?

« However, even 200°C x 1 hr  =_
has a pOtentiaI to reach Eacc > Changing baking time for 200C furnace baking @ - € 75
35 MVim @ Qo > 2E+10,
which reduces the RF dynamic  ..|}jj,, "reliminar
load by a factor 2.5 in the it

current ILC cavity design

S
>

" X-ray [uSv/h]

» Onset of HFQS for 200°C 1 h
cavity was overcome by 200°C 2
h furnace baking

->Q exceeded 2E10 at 35 MV/m
« The effect of precooling needs to

w0°ff | be considered
9x10° e ) ¥ % $ 3 " y
8x10°LC <= No precooling 3 « Oris there a cavity dependence?
7x10°F ? 1 f $ 4 ‘ f - 1
6x10° 0 f ¢ 3 > : {1 g 3
NP PRV PUTT PUTTN IV PUTTE PUTTE 1 U g
0 5 10 15 20 25 30 35 A

Eacc [MV/m]

F R I B @‘ Facility for Rare Isotope Beams===__
US.D t t of E Offi f Sci § .
Q'@ MidicamcaeUnmet:, SRF2021 report, K. Saito, Slide 30



Summary

» SRF community continues to push up the performance steadily since last decade

» SRF is a major technology for accelerator projects, many world-class SRF projects
are ongoing, and some of them have been completed on schedule

» SRF is utilized in all structures from low beta to high beta (proton, heavy ion), and
also from injector to accelerator module for electron

= Continues the operational lessoned learns, and well fed back, various in-situ
cleaning technologies are being developed to cure the performance degradation
during a long term operation

* |LC Nb bulk cavity has a potential to operate at Eacc = 35MV/m @ Qo > 2E+10,
which can reduce the RF dynamic loss by a factor 2.5 in the current ILC design

= Nb bulk cavity technology could improve the gradient double with less RF dynamic
loss by travelling wave scheme.

= Nb;Sn cavity can simplify the 4K cryogenic system using cryocooler, and cut open
the many applications

= New material R&D continues, in order to push up the operation gradient > 100
MV/m

= SRF2023 is looking forward to see outcomes from the ongoing R&Ds

R I B @‘ Facility for Rare Isotope Beams
USs.D t tof E Off f Sci ] -
I w b el SRF2021 report, K. Saito, Slide 31



