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ioh-0Q/high-G WG at 2022/May/5

Results of plasma processing of the LCLS -1l HE Bianca Giaccone (FNAL)
verification cryomodule

High-Q and each research of CEPC 650 MHz Peng Sha (IHEP)
cavities at IHEP

Update on DESY mid - T baking studies Lea Steder (DESY)
Using SIMS to study contaminations effects with Eric Lechner ( Jlab)

N-doped cavities and quantify impurities

HPR parametric study with contaminated samples Vijay Chouhan (FNAL)
and 650 MHz cavity

LCLS- Il HE production cavities results James Maniscalco (SLAC)
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LCLS: Il commissioning: first cavities results . .. Dan Gonnella (SLAC)



ioh-0Q/high-G WG at 2022/May/5

High-Q/High -G R&D of SRF cavities by applying 2 - Ryo Katayama (KEK)
step baking at KEK

1.3 GHz and 650 MHz high-Q/high -G cavity Jyuan Zhai (IHEP)
progress at IHEP

Update on high -Q cavities at SHINE Jinfang Chen (SARI)
Vertical electropolishing of 704 MHz ESS type Fabien Eozenou (CEA)
cavity: Gradient > 40 MV/m achieved on single

cell

Progress with LCLS -I1I-HE cavity production James Maniscalco (SLAC)

Peng sha (IHEP) sent me update of IHEP activity, last week.
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Hichlicht on the high-O/hish-G WG

AMid - T baking at DESY

A2-step baking at KEK

AVertical EP for 704 MHz resonator at CEA

AHPR study for 650 MHz cavity at FNAL
ALCLS-I11-HE cavity production status

APlasma processing for LCLS -1I-HE verification CM
AHigh-Q cavities at SHINE

AHigh-Q/high -G activities at IHEP




successful start of on-site Lea Steder (DESY)
mid-T treatment R&D @ DESY | ’ Mid-Thbake . by DetlefReschke

all-niobium furnace for SRF cavities offers unique possibilities

very clean niobium retort furnace usable even for nine-cell cavities

« niobium retort with supporting vacuum containing heaters
« usable diameter 300 mm, depth 1270 mm, temperature: 1200°C

« complete refurbishment after last usage in 1990’s

1

l)

+ renewal of complete vacuum, cooling & control system

!

* implementation of partial pressure control & mass spectroscopy
« oil-free cryo pumping system

* base pressure @ RT: 2x10°® mbar

- pressure @ 800°C with cavity:  3—-4x107 mbar

« actual status: running - further mid-T treatments next week

* 3 runs 3h @ 800°C performed
« 2 runs about 3h around 300°C performed

« commissioning/definition of mid-temperature ramps and partial pressure

system ongoing, nitrogen line implementation
2022/10/11 TTC high-Q/high -G WG report




nice results for first mid-T treatments

slight anti-Q-slope and gradients well above 20 MV/m observed
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High-Q performance
and anti Q -slope were

« 1DE19 with top cap
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5x10"
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* 195 min > 300°C, max 325°C
1x10"
* quench @ 27 MV/m -
» Qy @ 2K significantly enhanced s
g
E‘ 1x10%"
« very promising results ® saroh.
* Qg enhanced, gradient optimization: parameter space exploration (T, t)
* magnetic hygiene of cryostats under test — still relatively large R . 1x10°,
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High-Q/High-G R&D of SRF
cavities by applying 2-step
baking at KEK

The cavity is wrapped around a ribbon heater. Additionally, 9-cell cavity wear a heater jacket.

Ryo Katayama (KEK)

1"

© Temp sensor was pasted to

" 2-step baking & mid -T baking of 9 -cell =
SRF cavities ) by Ryo Katayama Q. Temperature just behind the ribbon heater and/or heater jacket may be

deviated from the value indicated by temperature sensors?

Summa 'y : & baking temperature was modified by -5 °C to prevent localized overheating.

e Cold EP (air cooling) + 2-step bake (70 - 75°C 4h +
120°C 48h) was applied to two 9-cell SRF cavities at

KEK. From the combination of cold EP
L . + 2 -step baking + fast cooling
* QO0-value was significantly improved by c.old-EP and showed higher -Q performance.
2-step bake by ~10 %, whereas quench field was Improvement of gradient is not
not improved. observed.

* Dependence of RBCS on Eacc showed the similar

behavior as reported by the previous study.
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Single-cell

O-cell

2022/10/11

QO value
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* Quench field was not
improved.
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* MT6
* 9-cell, TESLA, fine grain
* VT9 (baseline)
* STD EP + STD bake
* VT8
* Cold EP + 2-step bake (70°C)
* Q-value of VT8 was

significantly enhanced
compared to VT9

Quench field was not
improved.
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VERTICAL ELECTROPOLISHING OF 704MHZ RESONATORS USING NINJA CATHODE:

GRADIENTS OVER 40MVIM ACHIEVED ON ESS SINGLE-CELL CAVITY

Fabien Eozenou (CEA) ' »

New results on 704 MHz single cell cavities

Q0= F(EACC): SUMMARY

Chronology:
1E+11 };nu"“", R e
Wooss seeey s I « 200um bulk VEP
A A X T e, “‘"- . « HT 650°C x 10h
. am | R T . » 10um flash VEP
e, ot + Baking 120°C x 48h
« HF rinse
1E+10 = h 0
= VEP (200pum), No HT 2K - T
+ #HT 650°Cx10h + VEP 2K * [ ’ql; Heat Treatment @ 650°C
+ 14K Quench Power done at o
= + baking 120°Cx48h 2K
poASE:
& + HF rinse 2K
1E+09
0 10 20 30 40 50

Eacc (MV/m)

= Superiority Vs BCP

Eacc = 45MV/m after mild baking 120°Cx48h
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Excellent result via vertical EP!

Is there some hint to prevent HFQS?

3.5x1017,
3 0x 100 1DES history — all curves @ 2K
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\ 1DES8 1-Cell TESLA: Loan from DESY
| E,ES\. Limited performance due to scratches
‘ / » bulk VEP to recover
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& 1E+10 :
® + 160pm + HT(650°C) + flash VEP, no baking 1.4K
1E+09
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Eacc MV/m

No clear HFQS after VEP. Eacc=34MV/m
Field Emission due to residual scratches
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Vijay Chouhan
(FNAL)

HPR Study with Contaminated Samples and 650 MHz Cavity

HPR Tool for 650 MHz Cavities
Initial Spray head w/ nozzles This study is focus.ed O.n . Types Of Sp ray Nozzles

li_: . solving field emission issue in
w Spray head

650 MHz cavities. 40° Nozzle (big-type) 15° Nozzle (big-type)

Initial S ra Head

w/ big
nozzles

Spray angle 52

Spray angle: 28°

il
e
I

i

b

| 1.3GHz Cavity

40 Nozzle (SmaII type) 10° Nozzle (Small-type)

4 5/9/22 Vijay Chouhan | TTC High-Q High-G WG # Fermilat

— Type of nozzle
Investigated to optimize — Nozzle-wall distance
the HPR parameters for — Spray-wall angle

650 MHz cauvity. R
New HPR setup was — Rinsing time

prep%ngll - Operamg@plﬁ%ﬁlg\gG report 11




SEM Images of Rinsed Surfaces
Samples contaminated with TiO, powder were rinsed with

10° nozzle at different spray-wall angles.

10cm; 6 = 45°

10cm; 6 =90°

Normalized force: 1 Normalized force: 0.7 Normalized force: 0.5

20cm; 6 = 90° 20cm; 0 = 45°

Normalized force: 0.5

Normalized force: 0.35

%

Normalized force: 0.25 *

20cm; 0 = 30°

Normalized force: 0.25

Contaminated Surface

* The results suggest that a shallow spray-wall angle is not good for clea
* Alarger nozzle-wall distance and small spray-wall angle reduce the imj

The maximum pressure can be obtained at spray- 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

“Modified Spray Head

s

Low B 650 MHz Cavity Low B 650 MHz Cavity

Cavity Lenght (mm)

* The spray head was modified to 70000 100 R T
i iah- iah- . ozzle-Inclined a
14 5/9/22 Vijay Chouhan | TTC High-Q High-G WG increase the spray-wall angle and L 200
static pressure. 60000
+ Two nozzles were set with 0° 80 e
inclination for cleaning of equator and S -
Profile at x =10 cm iris _
3 g o
] «  Other two nozzles were set at 40° o— g € 40 1 HES
. . inclination to clean the wall between s - % T £
.l iris and equator. 7 S i\ HIAE:
=~ £ 30000 1 T 3 L e
5 Modified - 75 g e - o
. - = . . | v Nozzle-
7 =10 R v e i 20000
x=10cm 1 x=10cm Sil ; 50 Inclined
2 | m Pressure 5 L 50
i 20 -
10000
F25
When the nozzle inclination angle is changed, 2
nozzle-wall distance changes. And accordingly, oF |
pressure changes on the cavity wall. L @ 0 0 25 50 75 100 0 0 . : : T — 0
: - Cavity Lenght (mm) 0 20 40 60 80 100
|

wall angle of 45°. Spray-Wall Angle (°)
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Inclination angle: 0 and 40°

A cavity was successfully rinsed with the new spray head.

113.? Fermilab




LCLS-II-HE Cavity Production Status

James Maniscalco (SLAC)

Results so far — as of Sep 6, 2022 " [CLS IITHE cavities 2 High Q and high G

in mass production | by James Maniscalco

* 4 disqualified
* 3 placed on hold (marginal E__,)
* Remainder awaiting re-test

* 19 cavities required re-rinse

68 cavities tested, of which: . ‘ Cavities with ho FE I
* 51 qualify == |

(28%)
* Lower than vCM rerinse rate
(43%) L5

* 8 cavities removed FE via HPR
* 9 cavities in rerinse cycle | | |
* 1 DQ'd for persistent FE ’ ? 1

2022/10/11 TTC high-Q/high -G WG report
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LCLS-II

HE vCM + production

30

Average quench gradient:
ss b 22.0£3.9 MV/m

Cavities per bin
— [
Ln =
T

-
=
T

0 5 10 15 20 25 30 35 40
E (MV/m)
acc

Vertical test qualification — requirements

>5 MV/m

improvement

o Average quench gradient:
27.113.3 MV/m

1
0 5 10 15 20 25 30 35
E (MV/m)
ace

LCLS-II

40

30

- VT stainless steel flange R = 0.8 nQ

* HOM power: Pyou(21 MV/m) <1.7 W

* Field emission: no detectable FE up to quench

* Frequency: f=1.300 GHz

* Field probe coupling: 2.5x10" < Q_, < 7.0x10™"
. Multipactig/% /)iu]{ly processed before final Q vs. E

e Tm/9 m%ocfe: avoid mode buildup — quick msmts.

- HOM coupling: Q_, > 2.7e11 ‘//

* Gradient: E_. =23 MV/m | 3.18£0.44x1010
Quality factor: Q,(21 MV/m) = 2.5x1‘N

Average Q:

new for HE |

Cavities per bin

TITC high

Cavities per bin

A 68 cavities had been
tested by bigging of
Sep.

A Higher gradient
achieved, while
high-Q performance
was kept.

HE vCM + production

Average Q:
3.18+0.39x1010

25 3 35 4

E
Q,(21 MV/m)

45

L 1 1
1 1.5 2 25 3 35 4 45
Q (21 MV/m)
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LCLS-Il HE verification-CM cavities results after plasma
rocessin - : " Plasma processing at FNAL

P 9 Bianca Giaccone (ENAL) by Sergey Belomestnykh in WG-4

Experimental system to apply plasma processing to vCM
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vCM performance measured before and after plasma processing

RF test after plasma processing demonstrated that:

11

Before Plasma Processing After Plasma Processing
Cavity | Max Epee  US2PIE Q@ MP | MaxEwe USPPle Q@ MP
# [MV/m] Eacc 21MV/m, quenches | [MV/m] Eacc 21MV/m, quenches
[MV/m] 2K [MV/m] 2K
1 23.4 22.9 3.0E+10 Y 23.8 23.3 3.4E+10 N
2 24.8 24.3 3.0E+10 Y 745} 24,7 3.2E+10 Y
3 25.4 24.9 2.6E+10 Y 26.0 26.0 3.4E+10 Y
I 4 26.0 26.0 3.2E+10 Y 26.0 26.0 3.2E+10 m
5 25.3 24.8 2.9E+10 Y 25.5 25.0 2.8E+10 N
6 26.0 25.5 3.4E+10 Y 26.0 26.0 3.2E+10 Y
7 25.7 25.2 3.4E+10 Y 25.9 25.4 3.3E+10 Y
8 24.4 23.9 2.7E+10 Y 24.7 24.2 2.6E+10 N
Avg 25.1 24.7 3.0E+10 25.3 25.1 3.1E+10
Total 209 205 210 208

vCM performance are preserved

vCM still FE-free

2022/10/11

B.

Plasma processing
mmm) procedure is fully

Plasma processing did not introduce any contamination: validated
S. Posen, et al. arXiv.2110.14580 (2021)
No degradgtion of _cayity performancg by plasma processing. 22) 2% Fermilab
Very effective to eliminate ¢ miultipactirgerot 16




Update on high-Q cavities at SHINE javims

A Very good results for N -doping and furnace baking. —|ss
Su mmar A Dressed cavities were also tested. -
y A Plan for prototype CM

=  High-Q cavities R&D has been carried out at SHINE, based on the newly constructed infrastructures
for cavity surface-treatments, cavity test ete.

= Progress achieved on high-Q cavities R&D in the past months, including the N-doping, MidT
baking, flux expulsion in vertical test etc. Now, we are able to achieve

e On single-cell cavities: Q,>4.0E+10 @16-21 MV/m, max Eace >33 MV/m;

e On 9-cell cavities (both N-doping and midT baking): Q,>2.8E+10 @16-21 MV/m, max Eacc >25
MV/m;

e Better fast cooling schemes for high-Q cavity tests;
e High-Q maintaining from bare to dressed cavities;

o High-Q recipes transferred and realized in manufactories.

= Next step, the 1% prototype CM with 8 high-Q cavities is in preparation for assembly, including 4
midT-baked cavities from IHEP, 2 midT-baked and 2 N-doped cavities from SARI, and 2 Large-grain

zozajH ICR'ES (cooperated with DESY) as l?%lﬁ‘bﬂ-Q Jhigh -G WG report .



Gradient improvement on single-cell cavities—

= R&D to improve max Eacc for N-doped single cavity
o Cavl(TF63): After 50um EP reset and re-doping at 800C, max Eacc doubled, ~38 MV/m while
maintain high-Q.
e Cav2(S02): with same recipe as Cavl, RF performance repeated!
Lgs1g | \-doping studies on single-cell cavities 0o 2K test results of fine-grain cavities
I 10
- o TF63 EP reset +3/60+EP10 VT@SARI 20220510
. ——OMVIm_ 4502 EP reset 3/60+EP10 VI@SARI 20220511
3E410 ‘.‘“&5305‘0‘0?&---.“““ — © TF63 Rad-bot : -8
- < 4502 Rad-bot , .
Red v .\. i i LET0 A e, Adjnln limit
8 1.E+10 t i' ‘ B & Al ! Hu‘:"
; — .
: |4 B L ‘1 - 4
4 TF63 900C+3/60+EP10 VT@PKU 2021.09 38 MV/m = :
® TF63 EPS0 reset+3/60+EP10 VT@SARI 2021.12 - | )
ATF63 Rad_2021.09 2 !
o TF63 Rad_2021.12 o
1.E+10 GOBABOANARARARADAMADOANLEAALAAA N C 0
1F+09 lAAccaomob0a000000000000 000000 0INre
0 10 20 30 40
0 10 20 30 40 Eacc (MV/m)
Facc(MV/m)
SNk
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0/12  mm—

Gradient improvement on 9-cell cavities

Surface treated with SHINE facilities in Wuxi

= Recent progress on N-doped 9cell cavities: Q,>2.8E+10@16MV/m, Eacc>25 MV/m
s Q, difference likely due to different fast cooling at PKU and SARI (1mproved since May)

N-doped 9-cell cavities

~ 8MV/m

Same processes applied:

EP 50um reset, acid T<10°C
Ramp up to 800C, hold 30mins
3 mins N2 injection, 60 mins

annealing
EP 10um, acid T<10°C

10 | '
4 X ].0 . .. ® 9 ﬂ :
‘.' gunnahl .'.

3)(]_010— ‘Lik!“ilﬁﬁﬁllﬁ.#i n

SIS 1dddataad afad bl FIN
o A .
0, |
2 x 1010 I
]
1
B HJ005 3/60+EP10 VT@PKU 2021.11.12 :
P HJOO5 EP reset+3/60+EPLO VT(@5ARI 2022.04.10 I
® HJ006 3/60+EP10 VT@PKU 2021.11.21 ;
A HJOO6 EP reset+3/60+EP10 VT@SARI 2022.04.10 |
1
1010 | | | L
0 5 10 15 20

Eacc(MV/m)

S k)!!/ll)ﬂ-lh

TTC high-Q/high -G WG report
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8/12 C——

High-Q preservation: bare to dressed cavity

= Four 9-cell cavities treated in Wuxi platform, have been welded with He-tank.

= Two midT-baked cavities, high-Q preserved after He-tank welding. The other
two N-doped dressed cavities are under test.

i
Mid-T baked Bare cavities I
4 x 1019 - 9_cell cavities ~ }4. F. e =l - 1.0x10°
|‘. —
muEE o 0 quan =
00°® -
3X 1010 e nng SR 20 o 0t0000e,  B.OXI0" S
n®Y s00° | pag 0
il see® | by o o
OO .‘00 | Dressed cavities - 6.0x10% &
@)
2 X109 ¢ ® HJ001 mid-T VT@SARI 2022.01.12 = - ' E 5,
B HJ003 mid-T VT@PKU 2022.01.08 (300C/3h) | -4 4.0x10% ®©
HJ001 with helium vessel VT@SARI 2022.08.14 | -6
’ HJO03 with helium vessel VT@SARI 2022.08.13 I ©
O Rad-HJ001 @SARI 2022.01.12 4
[] Rad-HJ003 @PKU 2022.01.08 I - 2.0x10% o<
Rad-HJ001 @SARI 2022.08.14 I
Rad-HJ003 @SARI 2022.08.13
1 x 1010 7 LOLHRR O PENQ QI KKK DS w@@#ﬁl@@@?@@ = 0
X

0 5 10 15 20 25 30
S’ 2022/10/11 Eacc(MV4m high-o/high -G WG report 20



High Q and Eacc research of CEPC
650 MHz cavities at IHEP

May/5, Peng Sha (IHEP)

1.3 GHz and 650 MHz High-Q/High-G
Cavity Progress at IHEP

Sep/8, Jivuan Zhai (IHEP)

Nice high-Q results were obtained.

Interesting comparison between 650 MHz and 1.3 GHz.

Oct/6 Updated file sent by Penqg Sha (IHEP)

Mid-T furnace baking

S
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Mid-T furnace baking of 650 MHz ob o v o0 | | "
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Vacuum, temperature and RGA during mid-T furnace b.?kin & high

* More uniform removal achieved by cold EP.
* The average removal at the equators (3, 4) is 71% of beam

* The average removal at the equators (3, 4) is 86% of beam

Red arrows and numbers indicate the

) dﬁ%@ﬁﬂﬁ%%‘?’é‘?fé R‘Ieasurements

Cold EP

pipes (1, 6) during the EP process (17.5 °C) in 2021.

pipes (1, 6) during the EP process (12 °C) in 2022.

EP of 650 MHz
single-cell cavity

Position
Surface removal of the EP
(17.5°C) in 2021

Position
Surface removal of EP

(12 °C)in 2022
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Peng Sha, Oct/6

Overview of CEPC 650 MHz 3=1 single-cell cavities

Process Result (Q, at Process Result (Qg
max E_..) at max E_..)
Bulk BCP 200 um + 800C 3h + light Cold EP 30 um (12 °C)
65054 (Fine BCP 30 um + Light EP 20 um + 7. 6E10@ + two-step low-T 1.6E10@
Grain) 950C 3h + light EP 20 um (17.5°C) 24MV/m baking (75C 4h + 42MV/m
+ mid-T furnace baking (300C 3h) 120C 48 h)

Bulk BCP 200 um + 800C 3 h +
light BCP 30 um + EP
commissioning 215 um + bulk EP
100 um (17.5 °C) + 900C 3h + mid-
T furnace baking (300C 3h)

Cold EP 30 um (12 °C)
6.3E10@ + low-T baking (120C  2.3E10@
31MV/m 48 h) 42MV/m

650S5 (Fine
Grain)

2022/10/11 TTC high-Q/high -G WG report 22



CEPC 650 MHz single-
cell cavities

2022/10/11

Peng Sha, Oct/6

@
B_peak"1 76mT
Y% CEPC VT spec (4E10@22Ht%
| X CEPC long-term spec (3E10@40MV/m)
20K

5 10 15 20 25 30 35 40 45
E... (MV/m)

1 2 3 4 5 6 7 8 9 10
Ve (MV)

20 40 60 80 100 120 140 160 180
Boeak (MT)

Vertical test results of CEPC 650 MHz single-cell cavities.

The max E_.. was all limited by quench during the tests.
TTC hlgh—Q%rgh -G WG report 23



Jiyuan Zhai, Sep/8

High Q 650 MHz 1-cell Cavity

* The lowest BCS resistance and residual resistance is only 1 nQ) or even less, significantly
decreased relative to EP cavities. Similar ultra low resistance in FNAL's mid-T baked

(after HPR) 1.3 GHz cavities.
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Jiyuan Zhai, Sep/8

Mid-T 1.3 GHz 9-cell Cavity

1st batch 2™ batch
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Penqg Sha, May/5

Comparison with 1.3 GHz

« 1.3 GHz 9-cell cavities adopted the same recipe of mid-T furnace
baking at the same furnace as 650 MHz cavities.

* Rpeg decreased along with Eacc, which is similar as N-doping.

* The RF field dependence of Rg-5 at 650 MHz is different from 1.3

GHz, which is the same as N-doping.
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Thank you for vour contribution!

Alnteresting experimental results and theoretical consideration
are essential for the WG.

AWe are waiting timely and up to date results and discussion.
AYour contribution is very much welcome!

Alf you want to join TTC high -Q/high -G WG, please let us
(kensel.Umemori@kek.|p ) know. I will put your name to our
mailing list.
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