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photons from 0.2-15 keV, up to 1 MHz pulse train 100 PW super-intense laser facility
S with pulse duration of 1-100 fs Total length 3.1 km; 29.0 m underground
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Updated Cryomodule Requirements

® Cryomodules requirements
* 1 CM with one twin-FPC cavity
« 1 CM with 8 cavities (FPC-ABBA orientation) _ _
Accelerator design adjustment:

* 54 CMs with eight 1.3 GHz high-Q cavities . Energy 8.0 GeV, by pass 3.0-4.5 GeV

-2 CMs with eight 3.9 GHz cavities * S4standard 1.3GHz high-Q CMs
« 20 MV/m, CM average Eacc
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SRF 1.3GHz Cavity Requirements —

< +/-0.2
SURIpE EEELIEEY (80%< +/- 0.2 mm, 20%< +/- 0.3 mm) mm
Eccentricity <04 mm
Cavity Length
(between flanges) 1283.4 +/- 3.0 mm
Frequenqy of bare cavity 1298.25 +/-0.1 MHy
@ in vacuum
Field flatness of bare cavity > 95% /
Field flatness of dressed cavity > 90% /
Appearance of inner surface defect free /

SHINE
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SRF 1.3GHz Cavity Requirements

Acceptance Condition Relevant in CM

Frequency of dressed cavity

@ 2.0K 1300.25 +/-0.1 1300.25 +/-0.02
Maximum gradient >22.0 > 20.0 MV/m
Quality factor QO >3.0x10%° >3.0x10%° /
FE free or
Field Emission Eacc_Feonset > 22 MV/m with weaker none /
radiation
Q: of pickup 8.3x10M < Q;<1.4x10% Same as VT mm
Q extrom of HOM @ 20 MV/m Q extHom > 3.0x 10 Same as VT /
Multipacting MP must be processed before final QO- none /
Eacc measurement
SHINE
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High pure Nb materials
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Current high purity niobium specification for SHINE

= High quality niobium material is important to cavity quality

= Grain size is slightly controlled based on XFEL-007.

Project XFEL/LCLS-2
types fine grain
element PPM
Ta 500
w 70
Ti 50
Fe 30
Si 30
Mo 50
NI 30
C 10
O 10
N 10
H 2
tensile / MPa >140
hardness / HV <= 60
Elongation % AL > 30%
Yield strength / MPa 50-100
RRR sheet > 300
grain size predomainately / (ASTM / um) 6/45
grain size max (ASTM / um) 4 /90
grain size min (ASTM / um) NA
roughness Ra um <1.6
roughness Rt um <15

SHINE

SHINE / Spec
fine grain

PPM
500
50
50
30
30
50
30
10
10
10
2
>140
<= 60
> 30%
50-100
> 300
5/ 64 [1]
4190
6/45
<1.6
<15

SHINE / NX sheets

fine grain

PPM
100

5

3

3

<3

10

5

5
1
164 (average)
48 ~ 58
~50%
~ 76
437 ~ 469

5/64

4190

6/45
Y
Y
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SHINE / TD sheets

fine grain
PPM
<=60
<10
<10
<10
/
<10
<10
<10
<10
<10
<2
165 (average)

37~ 45

> 50%
~ 60

> 360

6 /45
4190

/
Y
Y



Grain size
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Qualification of niobium materials by eddy current machine—

®  New eddy current machines at SHINE

m  Inspect NDb sheets surface

No. 1 No. 2

SHINE
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Qualification of niobium materials by eddy current machine

B Resolution: Rt<10um

m Inspection time: < 8 minutes/ side

EDDYSUN
rng %

Tube No.STAT m.:32 sup:1 n:2 POS: 11661 9mm W
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Nb materials vs high QO performance

m Cavities adopting two high-QO recipes

for SHINE:

m  3/60 N-doping + NX material
m  300°C Mid-T baking + NX and TD material
m  Both are annealed 900°C/3hours

m  Average QO of cavities made of Nb
material provided by two suppliers are
both higher than 3.0x10%° , meeting
SHINE’s specification.

SHINE
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MOBO04, J.F.Chen
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—$— Average Q, of N-doped cavities
—— Average Q, of mid-T baking cavities

1010 1 1 1 1 1

0 5 10 15 20 25
Ezcc(MV/m)
Recipes  Ave. max Eacc (MV/m)
Mid-T 27.5
N-doping 24.5
SARI, CAS
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Ave. QO
3.2E+10
3.5E+10




Qo

Nb materials provided by a third supplier

N
N

niobium materials to IMP and IHEP.
®m  Prototype cavities show good results.

Mid-T baked single cell cavity 55004 and 55005 Q0 vs Eacc
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Delivery time of Nb materials influence cavities production significantly.

Try to find more suppliers——NIN: Northwest Institute for Non-ferrous Metal Research, which also provides

J007 Q0 vs Eacc performance
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Dressed cavity Q0=3.3e10@20MV/m
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Cavities production influence time schedule of SHINE

How to promise cavities production in desired mile stone?
® Try to increase ratio of qualified cavities

® Mass production will not do vertical test on bare cavities
m Cavities provided by different suppliers

® To develop new suppliers

®m In total, 5 cavity manufacturers: three qualified domestic

companies, and two established international companies

SHINE
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High-Q cavities for SHINE project

® [ntotal, 5 cavity manufacturers: three qualified domestic companies, and two established international companies

B Cavities contracted: 434 cavities, in three batches, around 2/3 domestic and 1/3 international

_ Domestic International

Nb materials NX/TD NX/TD NX NX NX
1.3GHz cavity HERT OSTEC Shanghai Electric RI ZANON
manufacturing (8+72 +64) (8+40 +40) (2+64) (8+60) (8+60)
High-Q recipes Mid-T baking (300°C/3h) N-doping (modified 3/60)

Surface treatment SHINE facilities at Wuxi Creative RI ZANON
VT SHINE
SHINE
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Production —

®m Fabrication process of TESLA type 1.3GHz 9-

cell niobium cavity is standard m&“ﬁm

m  Deepdrawing + EBW

m  Small differences for different suppliers

International suppliers Domestic suppliers

joint shape at equator step joint butt joint
Inner surface of cell local grinding if having defect eI thz;firlwgri]r?g; Sl el
: SST (German) + TECHMETA (French)
EBW machine SST (German) + THDW (Chinese)
helium vessel welding method TIG Laser welding + TIG
SHINE
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Camera Inspection
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m  Two step camera inspection adopted to : 1N T s

ensure vertical tests of bare cavities are not T ol
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necessary
B [tis important for SHINE’s early domestic

production

] Firstly, incoming inspection of bare cavity-> if qualified,
then go to EP process; Defects shall be removed before EP
] Local grinding for defects at end cell, BCP flush for
“dirty surface”
| Secondly, inspection after mid-T baking-> if qulalified, go
to weld helium vessel; if unsure, then bare cavity will be

vertical test

SHINE
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Pre-tuning machine for mass production

B Auto and semi-auto control modes

To reach field flatness >95% and eccentricity <0.4 mm: less than 4 hours

GUI, easier operation, RF experts not necessary

SHINE
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Laser welding for helium vessel welding —

®m  Firstly used for 1.3GHz 9-cell dressed cavities

Ti-bellow to Ti-transition part at long end-group
Ti-bellow to Ti vessel

Ti vessel to Ti-transition part at short end-group

Local Argon gas protection

®  Energy is concentrated at the local welding which

will not bring too much heat to the end-cell

| Too much heat transferred to end cell will decrease QO

SHINE
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Mass production for SHINE

Challenge to have qualified cavities on time
No vertical tests on bare cavities to reduce cost

Establish acceptance criteria for dressed cavities

Domestic suppliers for parts and materials, besides niobium sheets

Ti bellows and Ti-SS joints made by domestic companies
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SRF 1.3GHz Cavity performance

< +/-0.2
Shape accuracy (80%< +/- 0.2 mm, 20%< +/-
0.3 mm)
Eccentricity <04 mm Y
Cavity Length
(between flanges) 1283.4 +/- 3.0 mm Y
Frequenqy of bare cavity 1298.25 +/-0.1 MH7 v
@ In vacuum
Field flatness of bare cavity > 95% / Y
Field flatness of dressed cavity > 90% / Y
: Y
Appearance of inner surface defect free / (several cavities have defects)
SHINE
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Cavity performance Q0

Numbers of cavities

| |
Mid-T baking : N-doping :
| |
| L |
20 L Average Q, at 20 Mv/m . 0 0 Average Q, at 20 MV/m |
10 ; = |
3.24£0.47x10 ! s 15 | 3.47£0.42x10%0 |
15 - . : p 1
(0.8 nC2 of stainless-steel ! 0 (0.8 nQ of stainless-steel
.l flange loss not deducted) fé 10 - flange loss not deducted)
=
5 - > T
0 1 1 - 1 1 | O 1 1 1 1
00 05 10 15 20 25 30 35 40 45 50 00 05 1.0 15 20 25 30 35 40 45 50
Qo(@20 MV/m) Qo(@20 MV/m)
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Cavity performance

gradient

26/33 emmm—

> T Mid-T baking
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VT Performance of High-Q Dressed Cavities

MOBO04, J.F.Chen
TUP26, Y.Zong
MOP66, X.Y.Pu

252 dressed cavities are tested including:
« 126 mid-T baked cavities
« 126 N-doped cavities
192 cavities qualified (76%)
« 152 qualified as received
« 30 with FE, qualified after HPR
« 10 with Q-switch or low Q, qualified after retest

36 concessionally accepted for CM assembly (14%)
« Eacc> 19 MV/m, or Q0>2.5E+10@20MV/m

24 cavities still unqualified (10%)
« 4 with FE, awaiting further HPR

« 20 with too low Eacc or QO, need repair (on going)

SHINE
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Flanges loss not deducted
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* Spec

——4— Average Q, of N-doped cavities
—— Average Q, of mid-T baking cavities

1010 | | 1 | 1

0 5 10 15 20 25 30 35
Eacc(MVIm)

Recipes  Ave. max Eacc (MV/m) Ave. Q,

Mid-T 27.5 3.2E+10

N-doping 24.5 3.5E+10

CAS



EXxperience Cavity performance

Gradient limited by defects, while QO is good
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* Cat-eye (0.40*0.51 mm) at equator heat . Cat-eye (0.34*0.45 mm) at equator heat * Cat-eye (0.31*0.36 mm) at equator
affected zone limit gradient 6.3 MV/m affected zone limit gradient 15 MV/m limit gradient 21 MV/m
s ﬁi\;ﬁi EHOM couplers «  Repair by slight EP didn’t help * Local grinding removed the defect,
S . waiting for EP+mid-T
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EXxperience Cavity performance

B Defect at equator, but gradient is not limited
J020 Q0 vs Eacc
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EXxperience Cavity performance

B Gradient limited by defect—> removal defect by local grinding—> Good cavity

0

Y023 Q0 vs Eacc - As received

+ bare cavity with defect

# bare cavity-defect removal
+ bare cavity-verified

# dressed cavity
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Summary

= High purity niobium materials: Materials from two suppliers are qualified for both Mid-T baking
and N-doping recipes after 900°C annealing.

= Mass production: 1.3GHz 9-cell cavities provided by 5 companies; one new domestic supplier is
developed. Laser welding has been adopted for helium vessel integration.

= Cavity parts and other materials: provided by domestic.
= Cavity performance: average Q0@20MV/m of cavities by Mid-T baking is 3.24+0.47 x 1010

with average maximum gradient 27.5+2.5 MV/m; average Q0@20MV/m of cavities by N-
doping is 3.47+£0.42x 101 with average maximum gradient 24.5x4.5 MV/m;

= EXxperience with defect is introduced.

SHINE
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Thank you for your attention!
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