S Institut

= R 14 84 264 bt 17 78 @ 4
,@'& 'f(lﬂ 1{’; 5% %“uzﬁdu/{’(
SR te of High Energy Physics Chinese Academy of Sciences

Experience on spoke cavity
development and future plan at IHEP

...
Feisi He

On behalf of colleagues in IHEP SRF group
Institute of High Energy Physics (IHEP)

- J

May 224, 2017, FREIA visit, Uppsala, Sweden 1




Outline

e Introduction to CADS linac

* Development of spoke cavities

* Cryomodule commissioning and operation
e Future plans

\_ J
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e
Introduction to the CADS linac

- INJECTOR | ~
RFQ Spoke012 * Main Linac
ofgnfv e 3252;' ’ Spoke021 Spoke040 MB063 HMB082
L : 10MeV__| 325MHz | 325MHz Soomne Soomne
) (24) (80) (32) (85)
«INJECTOR II / 36MeV 160MeV 250MLY 5oy
HWRO010 -
ECR |f|  NtQ  [&| 1625mH; /
0.15MeV . 12
© 2.5MeV e . 2011-2017, 25MeV@3-10mA
’ Target OF
« . « . . Dump
e |HEP is in charge of the injector-I linac, and ’
. gEBT

the CM4 of the main linac

developed at IHEP

MEBT :

E e WG
on )‘M_ \ 1' A \ 2 g
" h\ m‘ t g - o § N 35

325 MHz Spoke021
Contribution of IHEP

. ‘ X -'\-—:.i‘: i e :' ':;;—.'l'., i ‘\ ~—'. A \v' \" v .c d
S " CADS main linac at IMP
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e
Spoke012 cavity

§~‘ [ N
3 J ———

14 cavities in 2 CM. Beam commissioned
with 2mA CW proton from 3.2MeV to 10Me

Layout of ADS injector I

Slit  First EM slits Second EM slits SFM  IPM
Quadrupole Buncher ~ Wire scanner Beam stopper Spoke cavity BPM  Solenoid Valve Dipole  ACCT /| FCT / FCT DCCT FCT  BPM ‘ w0 !
= IR
I I Valv | 20846 = o) P
I ﬁ ﬂ i A - AR
£ g . . : H @@ 1 | b aE s Ly T
O e P TN 2ilas
Dipole ! i
el - ‘ - ) - - BPM ipole Steering Quadrupole
i
BPM - BPM & a8 BSM Quadrupole
a4 __ 4761.47 210 10773(=5485+5288) L raday cup 12574
ECRIS+LEBT RFQ MEBT CM1+CM2 Beam dump line
May L 32400

| Spoke012
v B

Aperture-mm
Ep/Eacc
Bp/Eacc-
mT/(MV/m)?
G-Q

R/Q-Q

df/dp [Hz/mbar]
df/dp [Hz/mbar]
(measured)
LFD
[Hz/(MV/m)2]

0.14
35
5.0
6.9

60

150

40
-130~-83

-13

===nes3

Wire scanner




e

Spoke021 cavity

B, 0.24
* 6 cavities in one CM. developed in  Aperture-mm 40
IHEP, Assembled in IMP. Beam Ep/Eacc 4.4
... i ) Bp/Eacc- 9.4
commissioning is on going. nT/(MV/m)?
G-Q 71
R/Q-Q 191

df/dp [Hz/mbar] -6
df/dp [Hz/mbar] <-10
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e

Spoke040 cavities

Freq. [MHz] 325
Bo 0.46
Aperture [mm] 50
Eo/Eacc 3.9

Bo/Eacc [MT/(MV/m)] 9.2
Geometry factor [Q] 104
\_ R/Q[Q] 265

e |t was proposed to use 72 Spoke 040
cavities in the future ADS linac

e Two type of Spoke040 cavities have
been fabricated and exceeded
design target in vertical test

| lspoke040-1 spoke 040-2

650
0.40
50
3.6
8.8
91
246
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e

Fabrication of IHEP spoke cavities

Certification from vendor
Fye inspection

Defect inspection and

size control, frequency

\son'rml

\4)

Material

Technology

grinding before final EBW,

Quality control

May 22", 2017, FREIA visit, Uppsala, Sweden

4— Single cavity test

bl
v v
Post processing Assembly

aclk [l

Deep drawing, annealing,
machining, frequency
control, grinding, EBW




e

Post processing of Spoke cavities

e BCP in Ningxia OTIC; re-HPR and clean assembly in L tresont
IHEP BCP120 um

800C 2hr

BCP30 um

HPR

120C 48hr

Vertical test

Vessel weld

650C 3hr

BCP30 um

HPR

[ String assembly ]/
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VT results of the spoke012 caV|t|es

e MP conditioned in 1 hour with variable coupler
e Eaccincreased by 2 MV/m with better cooling

e 120C baking increases Q, by about 50-100% |
e At 2K, QO is 6 times higher, Bp~125mT achieved.

Spoke012 4.2K VT, Designed @ =5 x10° @£  =31.5MVim

peak 10 Spoke012 <4K vT results
, . : . , . , . , . 5 1000000 10 _q : v, . —— 1000000
- ; 100000 YeuV < - 100000
A 3 [ WYVvyy Yy 3
. |55 1 10000 #7n_141229 § 10000 —
107 Fa-r L - #7n 25K 7 S
- ] - #12n_1501195 1000 @
5 41000 £ - E 3
. E 3 -#12n- 2:06K- 3 =
K o #16n_1509154 100 o
M 10 2 #16n_2.3K 3 =
- ° 410 3
[ Juo & ; o
< @ P
. = é =
; 103 R S s T SRR PRI T 1 RIS | i 01
¢ . 0 20 40 60 80 100 120
peak (ITlT)
cl) """ 1I0 """ 2|0 """ 3|0 """ 4I0 """ 5|0 """ slu """ 7|0 """ slol - 0 10 20 0 4;(_-1 M5\?,r & o 8 % 100
£ mvim) eak (MV/M)
peak L L 1 1 1 i 1 1 1 i 1 1 1 1 1 1 1 n ]
L ! | ) | | | | 1 | | ! | | | | 1 | 0 2 4 6 8 10 12 14 16 18 20
0 2 4 8 EMB(MWm)m 12 14 16 E__(MV/m)
N D
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Spoke021 testing results

e MP conditioned in 1 hour
e Design target consistently exceeded

e Bp of 120mT and Rres of 7nQ achieved
at 2K

Spoke021 4K VT, Designed Q =5 x10° @B =65mT
: , : ! : ! : ! = : 100000
10000
.| ® 2014 3 — IHEP ADS Spoke021 <4K VT results 100000
10" EA™ 82 20741 2 S e, T — 1000 E ? < ? ! !
L = . Hize. o, ] = 0] _ R [ [ [ N
. [v #3.201456 . 5 & 107 ¢ W P g <aan ‘ 10000
QU T+ #4 20154 § . : 100 2 - ;
4 #5-4K_20159.8 | ; ke 1000
| > #6_2015.7.20 10 S o ‘ ferea,. 100
® #7_2015.7.6 S 10° b I N R Yee
®  #8.2015.7.10 ] #5-4K_2015.9.8 0
= #10_2016.2.20 #5-2K_2015.9.8
- ‘ i i 14
10° - : 01 '
0 20 40 60 80 100 120 s
10 0.1
Brear (MT) 120
T T ' | I R S T T | | I T T T T | I S N S ' | T S T T 1
0 10 20 30 40 50
E_(MV/m)
peak
L 1 1 1 1 1 1
0 2 4 6 8 10 12
£, (MV/m)
A -
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Outline
®
o
* Cryomodule commissioning and operation

e Measurements on cryomodule

e Problems and improvements
o

/
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Injector-l commissioning

e 2015.1.13, TCM was installed in the tunnel
e 2015.1.26, TCM reached 2K

e 2015.4, TCM was commissioned, CM1
installation started

e 2015.8.1, CM1 was installed in the tunnel
e 2015.8.28, CM1 reached 2K
e 2015.9.11-11.20, CM1 was commissioned

e 2016.3.20, CM1 and CM2 were connected in
the tunnel

e 2016.6-2017.1, CM1 and CM2 were

commissioning
Layout of ADS injector I

Slit First EM slits Second EM slits SFM  IPM
Quadrupole Buncher  Wire scanner Beam stopper Spoke cavity  BPM  Solenoid Valve Dipole ~ ACCT /| FCT/ FCT DCCT FCT BPM @ 2
i B
ve = A Beam dump
A & I . ; ; = i ,\ f ._ b ‘ ’ £ 3 \\‘u

eELICH hfis=ts 4 ITE
3 - . ; 2 : AR e "'\ g BPM . Dipole Steering Quadrupole Wire scanner
oo i i i i i i BSM Quadrupole /
L 2142 N 4761.47 A 2150 b 10773(=5485+5288) L 1 E Faraday cup 12574 i
ECRIS+LEBT RFQ MEBT CM1+CM2 Beam dump line
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CM1&CM2 cooling down

e |t takes about 5-6.5 days to reach 4K stable operation

e Measured df/dp is about -130Hz/mbar for CM1 cavities, and -83Hz/mbar
for CM2 cavities; LFD is about -13Hz/(MV/m)2; QO is not measured yet.

Cavity_ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14
df_4KvsRT [kHz] 546 523 540 462 509 557 496 408 428 511 323 572 519 553

df/dp [Hz/mbar]  -157 -129 -134 -150 -131 -119 91 66 -47 96 -82 -75 -97 -119

LFD [kHz] 14 12 -11  -13  -12  -10 13 -13 9 -10 -12 -9 -16
2016/11/22 12:00  2016/11/240:00  2016/11/2512:00  2016/11/270:00  2016/11/28 12:00 -
3000 4. 600
3 ~-CM1-4
—CM1-7
250.0 500 500
.
2000 T*TCMI7 & X 400 400
—~—T_CM2-1 %, K
——T_CM2-4 /;
1500 4 T cvi2-7 300 300

e 3
T CM1-4 20160606:%1 \, Due to degraded capability of the cryogenic system
_ )

Temperature on helium vessel [K]
|
Delta f (vs.RT) induced by temperature change [kHz]

Delta f (vs.RT) induced by temperature change [kHz]

/o ;. (wrong pressure setting), time cost to reach stable
1000 T T_CM2-4_20160606- 051NN, 4K is about 6.5 days 200 200
f_CM2-1 :
50.0 100 100
00 o=t 0 0 "
0:00 24:00 48:00 72:00 96:00 120:00 144:00 0.0 50.0 100.0 150.0 200.0 250.0 300.0

Ti i ling d h .
ime since cooling down [hours] Temperature on helium vessel [K]
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e

Static heat load of the CM1

e e =

(O mesn Sgdl = e o % s sl ADS Proton Acceleralor Inject | Crvogenic System:

Cooling down to 4K

|
IECiEE L L IEE 3 IS RO NI Sy |
ol u
e
of wl Wl oo LHe level
i I e
{ ! . ressure
SIAAMAAA i P “‘_ A

Heat load measurement \

A
1 o Ll
=1 ] W
=1 : femperature }
i It O DDAEVW\‘\/\,_\& Mass flow rate V"
: : :luc‘ e ilﬂb.: %0 u)tea‘ .x‘:»u: :‘ﬁ:d'.l !I:nﬁa‘n» ilﬁ: ;swe.e

RE WA SHAm  Miwn S M Bam SWWE WA UMD SwAm  Sawn swam  sawn s
] [ man Bew® (A
F]

AL S RCE ]
- e E i — £
Gl Bans e .

Trendi Trand? Trendd
I R e e e e e NI NI R

The maximum temperature difference
on thermal shields were less than 40K

during cooling down

Heat load of 30W measured by liquid
level and mass flow rate agree in 7%

LHe pressure stability was improved

from 0.6 mbar (TCM) to +0.05
mbar (CM1)

160

80K thermal shield

140

120
- . * * S

35

30 +

L 2
+

25 +

20

is

10
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Cavity conditioning

e Cavity conditioning at 4K typically takes 1-2 days

e Cavity was conditioned to 8MV/m before beam operation
(FE for cav 1-4#, administrative for Cav5-14#)

* On beam operation of 10MeV mode, average cavity
gradient is 6MV/m, i.e. Ep~27MV/m

14.00 RF conditioning of spoke012 cavity after cooling down 100.0 Epeak of spoke012 cavities for ADS injector-I ~® Operation

90.0 A Processing
12.00 ® Gradient [MV/m] 80.0 Vertical test
10.00 H Conditioning time [hr] 70.0

60.0 A
Degraded due to a vacuum
50.0 leak at MEBT section

J

40.0 e — A A A

. ,/ - A\ A A A A ‘ A
300 /---A ? o ® a_ @
20.0 “0 ¢ */ @O o ED\\ ¢

- 7/ ~ /
S~ -7 S~ “— Reduced gradient O
10.0 for matching
10 1.0
0.0
™

R R I ,b-.f” 'a-"\b ,53\ KR T TR e J - B

o

Achieved Ep [MV/m]

o

o

8.00 75
6.0
4.0

2.0
2.0

I 10 I
0.00

» © AT FC A VN N I < I N N I A I N 4

. Mo”2 2 o o oY oY 0N
& & W FFFFT TN S
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e

Problem: high noise level

e Vibration was measured by

accelerometer

e Microphonics was reduced by
one magnitude, by removing
the scroll pump from the cart.

[ R e skl

Waveform Graph
6.00E+0-

5.00E+0-

4.00E+0-

3.00E+0-

Accel (G)

2.00E+0-

b 1.00E+0-

— 0.00E+0-" - T ! : 3 T
| 0 50 100 150 200 250
I Frequency

300

|
350

Comment String

Ic:\l.a bview Data\Cavl_042215 003713.txt

avl_042415_064155.txt

Waveform Graph
6.00E+0-

5.00E+0-

w =
g8 8
m m
o o
- -

cy shift (rms Hz)

£
$ 2.00E+0-

Freq

1.00E+0-

0.00E+0-, ) | \ | ! 1
0 50 100 150 200 250 300
Frequency

|
350

400

deltaF

| |
450 500

Comment String

c:\Labview Data\cavl 042415 064155.txt remote scroll pump
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e
Problem: too high df/dp

e Problem: way too huge df/dp (-130 than -
40Hz/mbar)

e Mainly by deformation of beam pipe

e Solution: adding stiffeners to He vessel, and
stronger TIG welding

Cavity_ID 1 2 3 4 5 6 7 8
df/dp [Hz/mbar]  -157 -129 -134 -150 -131 -119 -91 -66

LFD [kHz] -14 12 -11  -13 -12 -10 -13

9 10 11 12 13 14

-47 96 -82 -75 -97 -119
-13 -9 -10  -12 -9 -16
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Un-expected high df/dp on SpokeOlem

e Improved design for df/dp ~ 10Hz/mbar ?:I/z‘}':‘bar] Before After

* Unexpected high df/dp in production phase | 02154 |60 |0

o df/dp is extremely sensitive to the depth of |[222% [0 |13
one weldment, which was switched from gizz Zi ;2
EBW to TIG RN AR

e Re-weld with EBW solved the problem 021-10#n 65 |11

Weld depth[mm] df/dp

(slide fit 0.2mm) [Hz/mbar]

5 -1.0
4 6.5
3 -16. 2
2 ~32.7
|1 ~64. 4
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Tuner issue

e Switch from pushing to
pulling help reduce df/dp

e Severe backlash and
overshoot possibly caused
by gears and joints

* They were replaced from
service port, which helped
more or less

o
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Tuner issue (2)

5 10
= = s
:'Z“ é ~CM2-1
£ a2 | |3 =
210 oo g = ~CM2-4
8 ~—CM1-4 g —CM2-5
15 ML -10 - CM2-6
CM1-6
~CM1-7 i
-20 -15
-500000 0 500000 1000000 1500000 -250000 -150000 -50000 50000 150000 250000
Number of pulses Number of pulses
CM1-1 CM1-2 CM1-3 CM1-4 CM1-5 CM1-6 CM1-7 CM2-1 CM2-2 CM2-3 CM2-4 CM2-5 CM2-6 CM2-7
Oversho 5200/ 1120/
1 1 117. . .
ot [Hz] 55 05 2995 215 500 55 5 35 0 102 123 104.5 139 27.5
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e

Further improvement on CM4 tuner

e The tuner were re-designed to
eliminate loose gears and joints.

e The overshoot was under-control

: L O
S Wy ?* 9 v“\-
AN g B
7 P44 = v ’
I

CM4 tuner response to step-motor signal
0.6

0.5

CM4-1 CM4-2 CM4-3 CM4-4
Overshoot [Hz] 9 21 10 0 2
N
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Outline

o

e Future plans
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Future project: CIADS

e Approved by Chinese government in Dec. 2015
e Budget: >1.8B CNY
* |n collaboration of IMP, IHEP, and many other institutes

e IHEP will continue spoke cavities R&D and production
under the scope of CIADS project

CIADS J~yout @77

-. iy e R
\\$Ac\\e< : e «~~ . * Spallation Target:
» Q ) i’ - ° 2 <
co'© ___&J& A (@ a . gnnular'ﬂm\
1-Q P e . g, * >25MW
W e % s " Ty ®)
o | g oS i
N5 *  Sub-critical core:
- * LBE coolant
2).. Ry « <10 MWt
QP e = ' .:" @, (1 lon source+LEBT+RFQ+MEBT 5) Elliptical062section
T * P W75 (2 HWRO09 section ® Ellipticalo82section
k s ‘*: @ e w @ HWR019 section (@ Coupling section /
(4) Spoke042 section (8) Reactor
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e

Future project: HEPS

e High Energy Photon Source will be built in Beijing by
IHEP from 2018 to 2024

e Budget: 4.8B CNY

P———

Beam power ~50 kW

Storagering

6 GeV / 200 mA
Lag . » 2.8/32 mm

May 22", 2017, FREIA visit, Uppsala, Sweden 24




Future project: CEPC

e Proposed by IHEP, pre-research in progress
e Circular electron-positron collider at 2 x 120GeV
e ~600 SRF cavities at 650MHz needed

e Operation specification: Q,>2e10@E,_=16MV/m
* VT specification: Q,>4e10@E,_=22MV/m
400
% 00 i e —>ZH ;
o optimal energy
o Higgs mass = 125 GeV
5 200] -
Boostr(’SOKm-]OOkm) i
é 100 |
S
kSppC 50-100K ) %00 250 300 350 400
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PAPS project for the future projects

e “Platform of Advanced Photon Source
Technology R&D” project supported by |
Beijing Gov. =] ==

e Budget: 500M RMB

e Construction: 2017.5-2020.6

e Consist of 7 systems:
SRF system

Cryogenic system o
MagnEt teChno|Ogy: —:

Beam test
X-ray optics

YV V. V VYV V V

X-ray detection

\_ > X-ray application
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SRF facility to be built

e The SRF facility is part of the PAPS-RF system

* It will do post-processing, clean assembly, and all tests for
mass production of cavities, couplers, and cryomodules.
e Compatible of 166MHz, 500MHz, 650MHz, and 1.3GHz

e 200-400 cavities (couplers) per year

e ~20 cryomodules per year l_]
, PAPS-RF
e Support R&D on new material

and new technology ' Testing | ' Clean assembly l Labs |

 Total area of 4500 m?2 I | E— —
e Cryogenic system:
300W @ 2K

8uissaosoud 1504
441
3 ABMOIDIIN

@
)

<.
—+
<

o
Q0
O

s|elda1ew Js

3ujuonipuod
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o
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e

ESS&IHEP possible collaborations

.

* Joint development in hardware/software/application for
Spoke cavities testing.

* Joint development in hardware/software/application for
Elliptical cavities testing.

e Short to middle term visit for the commissioning of the
joint-developed hardware /software/applications.

e Knowledge and expertise exchange of Test stand setting
up and operation.

e Data and information sharing.

May 22", 2017, FREIA visit, Uppsala, Sweden




Thanks for your attention!
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