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e Overview

* SRF Cavities for 325 MHz injector | at IHEP

e SRF Cavities for 162.5 MHz injector Il at IMP
e SRF Cavities for 25MeV Demo-facility at IMP
* SRF Cavities for the future CIADS
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e
SRF cavities overview

Spoke Spoke [Spoke
021 |040

s )
. s A ‘.;,-/./'

o '/
TR

Freq. [MHz] 162.5 162.5 325 650 325 325 1625
Bo 0.14 0.10 0.15 0.24 046 0.82* 086 0.24 0.14 0.067
Aperture [mm] 35 40 40 40 50 100 100 40 35 50
Eo/Eacc 50 59 49 44 39 2.6* 2.1* 40 4.6 12.1
Bp/Eacc
11.8 6.1 9.4 9.2 4.7* 4.1* 6.4 4.8 9.1

[mT/(MV/m]]
G [Q] 43 28.5 52 71 104 193 236 81 73 62
R/Q[Q] 150 148 286 191 265 304* 515* 206 197 544
Note: Eacc normalized with BgA;

K*: B is used instead of B3,
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* SRF Cavities for 325 MHz injector | at IHEP
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Designed Vaccg 0.80 [MV]

Ep at Eaccy 29.3 [MV/m]

Bp at Eaccy 41.6 [T]
Dynamic loss [W] <11.6/1.2 (4K/2K);
df/dp (tuner attached) -25 [Hz/mbar]
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e Two qualified vendors provided 18
cavities; 6 more cavities from
another two vendors were delayed.

e Fabrication process:

e Deep drawing, annealing,
machining, frequency control,
grinding, EBW
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Quality control: frequency and surface

e Frequency sensitivity of trimming the central ring was
calculated based on measured critical sizes.

e Defects were inspected and grinded before final EBW

345.000
Spoke012 cavity #3 frequency sensitivity to trimming
340.000 —
»I’: .
= 335.000
= =
=
— E" 220.000 /
W § . / ——Cavity shape as designed
=
._°:' 325.000 ——Cavity shape as measured
! o 320.000 Length and frequency as measured
Z _______ 'x 5 Q 315.000 ‘ ITarget Length and frequency
______:_ T 130 135 140 145 150 155 160 165 170
T } = | Length of straightsection on outer cylinder [mm]
2 R : 1.000 o .
% Frequency scattering induced by final EBW
w First batch n
Relative error of dimensions during fabrication E 0.000 . [ ] u -
#15 #16 #17 #18 - [ ] Second batch
6.00% @ -1.000
- Sy A Third batch
o ©
1.00% — _—— 5 2 -2.000 [ IS ® B Fourth and fifth batch
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-4.00% §—— —$ 5 -3.000 i
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€ .4.000 A A
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k —e—dR1/R1 —o—dD2/D2 —e—dR2/R2 —e—dd1/d1 —o—dd2/d2 Cavity ID
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Post processing of Spoke012 caVi;E&i'es

Y. ¢ N
A N v — y
= . d TS

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

house 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 applied to cavity string

e Will do more 2K tests when new dewar is

. - 3 -
Spoke012 4.2K VT, Designed Q=5 x10° @ £, = 29.3 MV/m ) Spoke012 <4K VT results
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e

omodules
':I“l N .

e Feb — May 2015, two spoke cavities
accelerated proton beam at 10 mA,
30~130 us, 1 Hz by 0.4 MeV

e One tuner got stuck
e Strong FE cracked ceramic window

|
| = 1 Vl’ ‘ - 3
|’(I — i Mgt
| N et
W= ki o

twice e
e Instability induced by piezo 2o \ 4 /
T /
e |[mprovements on CM1 - /
. : £ A
e New tuner design w/o piezo e
e Special gasket to protect window .

¢ 5.5 MV/m at 2K on beam line

e Further improvement for CM2:
e New coupler assemble in cleanroom
\_ * New cryomodule
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* SRF Cavities for 162.5 MHz injector Il at IMP
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Design of HWRO010 cavity
~ Range 0~3.8 MV/m

Designed Vaccg 0.78 [MV] i ._ Z?Z:Zif.gi :nn\\;;:
Ep at Eaccy 25 [MV/m] o T - bmpact
Bp at Eacco 50 [mT] "
Dynamic loss [W] <10 (4K); e —— T

« Scan step 0.01 MV/m

df/dp (deSign) -5 [Hz/mbar] - 2 MP around 0.02~0.06 MV/m
. - and 0.8~1.0 MV/m

e
y

D2

<1Hz

Ribs on both

g
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Fabrication of the HWRO010 cavities

e Cavities for all cryomodules have been finished by a single
vendor

: Deep drawing EBW
fabrication copper fabrication y meare
Polishing '
: bsheets IRl NO sheets
and Sl  drawing RSN annealing R
timming drawing inming
Assemble
Main parts
EB?N Frequency SS9 Folishing ==Y Final EBW
measure

| g
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Frequency control of HWRO010 cavities

e Major source of frequency error were simulated and
agreed well measurements

Simulation | Measured Error
Trimming sensitivity (MHz/mm) -0.168 -0.171 1%
BCP (MHz/150um) 0.039 0.044 10% 2538-02
Antenna inserted (MHz) -0.0052 -0.0056 7%
Pumping w/o stiffener (MHz/bar) 110 94 14%
Tuning (MHz/mm) 0.18 0.17 5.5%
Cooling down (MHz) 0.24 0.26 7.6%

0.02
0.155 0 i
0.16 0.02

E -0.165 ¢
E 0. ® 0.04
5 0.17 0.06
3 0175 X 0.08
£ 018 01 \ N
= 0.185 ' \

019 0.12

_0.195 _0.14 T

890 900 e, 920 930 940 0 20 40 60 80
Cavity Height (mm) Length of antenna
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Post processing of HWR010 caV|t|es

e Standard post-processing in house. EP facility is been built

Degrease Bulk BCP ngh Light BCP Ultrasonic Assembly Leak Low
bakin clean check bakmg
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6 HWR010 for HCM6-1, and 4 for HCM6-2 have been
VT tested. The results are above specification

—k— TARGET.

= =10vW¥POYWER DISS.
—— IMP HYWR-002 CMB-1-1
—— IMP HWR-003 CME-2
~—— WP HWR-004 CMB-2
—— IMP HWR-005 TCh 1
—<— IMP HyWR-008 CME-2
—&— IMP HYWR-008 CMB-2
—— IMP HWR-009 CME-1-5
—— IMP HWR-010 CMB-1-2
—— WP HWR-011 CMBE-1-3
—7— IMP HWR-012 CME-1-4
—4— IMP HWR-013 CME-1-8
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e

* 2014.9-2015.2,, one HWR010 | | "™
cavity was operated in TCM with | W A
CW proton for 200 hours (max R
10mA). Q0 was 8e8 at specified
Ep=25MV/m (max 30MV/m)

e Since 2015.6, 6 HWRO010 cavities
in CM1 reached 25MV/m, and
accelerated 2.7mA CW beam to

5.2 MeV. The gradient degraded
after exposed to air by accident.

e The tuner and coupler works very
well

o
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e SRF Cavities for 25MeV Demo-facility at IMP
e HWRO015 cavity by IMP
e Spoke021 cavity by IHEP

\_ J
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e
HWRO015 design

e For higher efficiency and shorter Designed Vaccg[MV] [1.82
length, one CM with 6 spoke021
cavities was replaced by a CM
containing 5 HWRO15 cavities.

e The shaped is optimized for much
higher Vacc than HWRO010.

Ep at Eacco [MV/m] (32

Bp at Eacco [MT] 40

Dynamic loss [W] <10 (4K);

df/dp [Hz/mbar] -5

P

T T T
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HWRO15 fabrication and VT

1E10 94— —
: - e e TARGET | -
- o i _.4. THWRO015-001N .
e e -~ THWR015-002N -
AT I A ¢ THWR015-003H -
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*ala % $ey o * “THWR015-004H
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| ! | ! | ! | ! | ! | ! | | ! | ! |
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| | | | ' | ' | ' | ' | |
. . 2.0 2.5 3.0 35 4.0

e Four HWRO15 cavities from two vendors were VT; three
were qualified, while one needs re-test

Epeak(MV/m)

Eacc(MV/m)

, Bpeak(mT)

. Uacc(MV)
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e
Spoke021 design

e The LHe vessel is without
bellows, and it is optimized
to compensate df induced by
fluctuation of He pressure;
the stiffness of the tuner also
contribute to the results.

Designed Vacco[MV] [1.64

Ep at Eacco [MV/m] [32.5

Bp at Eacco [MT] 69

Dynamic loss [W]  [<25 (4K)

df/dp [Hz/mbar]  [+5 ] — ] > D e

/

df/dL [kHz/kN] 147 L= e
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Spoke021 testing results

e Eight spoke021 cavities from two vendors have been
fabricated and tested

e Tuner test on the 15 jacked cavity is promising

Spoke021 4K VT, Designed @ =5 x1 0° @ Bpea =65mT

k

100000
a 10000
10° o #1.-2013:10 " womy T e, - 1000 =
Fe  #1_2014.6 | >
T A #2_2014.1 1 o0 2
v #3.2014.6 b <
[+ #4_2015.4 | o E
< #5-4K_ 201598 = S
| > #6_2015.7.20 . 1 o
e #7 201576 | | 3 1 Frequency [kHz] vs tuner force (80K)
8 . # ; o : . : ; 326100 Y—n_"vcr + 22 AR0
10 M b] Fbrrents o ecsod RSt St e sl B . 0.1 326000
0 20 40 60 80 100 120 325900 e
Bpeak (mT) 325700
Ly o000y Loy vy [ L0y L0y Ly oy 325600
0 10 20 30 40 50 325500
E o (MV/m) 325400 el
L ) | L | L pea | L | , | , | 325300
\ 0 2 4 6 8 10 12 2000 2500 3000 3500 4000 4500 5000 5500 6000
an(MV/m) Force (N) /
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* SRF Cavities for the future CIADS

e Cavities for higher energy
e Alternatives to the current cavities

\_ J
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e

the ADS linac

5cell cavities have been built

e One Ellip 082 were tested in 4K and 3.3K

o Two Spoke040 cavities, and two Ellip 082 =

\/', ¥

Spoke040 and Ellip082 cavity by IHEP

e In current design, there will be 72 Spoke
040 cavities and 28 Ellip 082 cavities in

SRF2015, Whistler, Sep 13-18, 2015

1E+10 LE+06
VT of HMBOS2 cavity at Jan. 31, 2015 4 o a
Q03.33K 1.E405
Spoke 040 o Radiation 4K
Radiation 3.33K  1.F+04
Freq. [MHz] 325 AR . -
S 1.£+09 % cest E
By 0.14 0.86 N e £
1E+01
Aperture [mm] 35 100 )
o % 1.E+00
*
Ep/Eacc 5.0 2.1 1.E+08 e oga S 1.E-01
2 4 6 8 10 12 14
\ Bp/Eacc [mT/(MV/m)] 6.9 4.1* Eacc [MV/m] /
25
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HWR325 vs Spoke012 by IHEP

* Possible for Ep
e MP conditioning harder

e Similar Eacc achieved at 4K as
Spoke012 cavity

—m

Freq. [MHz] 325
Bo 0.14 0.86

y/ast uoneipey

Aperture [mm] 35 100
Ep/Eacc 5.0 2.1*
B /B (mT/(MV/mI 69 41+ (ISR SR

0.0 5.0 10.0 150 200 25.0 -;Ii.(] | .;IS Ep/(MV/In} | le]..D. “ .5.5..0’ H ‘GC‘!IUI ‘ ‘ji',:ﬁ.l[l‘ I ITI(‘ e ISI.S

\df/d p [H 2/m ba r] -2 5 23 6 00 50 100 150 200 250 300 350 400 550 600 650 700 750 800 850 90.0 97.6
~_ Hp/mT
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e Surface field minimized

e Similar Eacc achieved at 4K on the 1°t
VT as Spoke021 cavity

» Stopped due to tight project schedule

1.00E+10
_M noke 024 Vertical test results of the IHEP Spoke024 cavities,

4.2K, 2015/02/10

Freq. [MHZ]
Bo 0.24 0.24 e,

Aperture [mm] 40 40 § 1.00E+09 |
Eo/Eacc 4.4 4.0 o o
Bo/Eacc [MT/(MV/m)] 9.4 6.4
G [Q] 71 81 1.00E+08

0 2 4 6 8 10 12
\ R/Q[Q] 191 206 Face MV/m) .
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CH-6cell vs HWRO010 by IMP
Stem W | Ring ribs E“d:aps -
* To save space and elements » vﬂf/ )
like solenoid. - 52 Y
Girder ‘J\; , W
e |y CEF o
Freq. [MHz] 1625 1625 p—
Bo 0.10  0.067 s B:npom
Aperture [mm] 40 50 ka“ e A01354
Eo/Eacc 5.9 12.1
Bo/Eacc [NT/(MV/m)] 1.8 9.1
G [O] 285 62 -
R/Q [Q] 148 544 s
Vacc[MV] 0.78 1.56 | 002
kL (beam axis,mm) 200 700 vo /
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CH-6cell vs HWRO10 by IMP (2)

7E9 T T T T T T T T T T T T T . . . .
Sl Lo o CH oY erkon et ey 50 The 4K vertical test results of superconducting CH cavity in IMP
5.5E9 4 El
5E9 4 (f=162.5 MHz, beta = 0.067)
Aiiz E i Tk o SR 40 r—r 1.+~ 1.+ 1 "~ 1.~ 1 11~ T " 1T 1 "1
- I 4 | s v, » 0 1 2 3 4 5 6 7 8 9 10 1 12
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= ! Epk (MV/m
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mn B
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Thanks for your attention!
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