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» General introduction of superconducting linac for China
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227> Two options of 10-MeV injectors @

Injector I Base on 325 MHz and Superconducting Spoke cavity
at IHEP, Beijing
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35 KeV 3.2 MeV 5 MeV 10 MeV
Injector 11 Base on 162.5 MHz and Superconducting HWR cavity

at IMP, Lanzhou
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P General introduction of superconducting linac for China
ADS

» 325 MHz RFQ for injector-I
P 162.5 MHz RFQ for injector-11

P Summary
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Specifications

Parameters Value
Frequency (MHz) 325
Injection energy (keV) 35
4 technical modules, 64 tuners,| |[OQutputenergy (MeV) 3.2128
4 RF power COllplEl‘S, 4 dlpole Pulsed beam current (mA) 15
d h vlat Beam duty factor 100%
roas on €ach piate . Inter-vane voltage V (kV) 55
Beam transmission 98.7%
Average bore radius ry(mm) | 2.775
Vane tip curvature (mm) 2.775
Maximum surface field (MV/ | 28.88
Vacuumport  Tuner Rffoupler port m) (1.62Kilp.)
f—" P ; n AN 4 AR Input norm. rms emittance 0.2/0.2/0
M = #* > = (x,y,z) (mmm.mrad)
o = Divcl d Output norm. rms 0.2/0.2/0.061
Dipole rod Dipole rod poerd | emitta nce(x/y/z) 2

3D design drawing for RFQ simulation

)

i

(@)
e

(mmm.mrad/MeV-deg)

Vane length (cm)

467.75¢

Accelerator length (cm)

RNEGhIRENADS; Yuan [HE, SLHIPP-4, 2014-05-15
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The manufacture errors of the vane-electrode are smaller than 20um
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dua lmzmg module

The end flanges, the tuner flanges, the vacuum bodies and
water-cooling plpes are brazed together with the cavity.
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IR376XX Example Displayl
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318.000M 319.000M 320.000M 321.000M 322.000M 323.000M 324.000M 325.000M 326.000M 327.000M 328.000M 329.000M 330.00(

F1=318.86MHz

F2=322.16MHz

Running Mode Fq0=324.796MHZ (a theoretic one is 324.905)
F3=328.66MHz

F4=329.67MHz

Q value after installations of 64 tunners for vacuum obtain
QO=ql/(1+1/swrl+1/swr2)

Measuring results, Ql=6421, swrl=8.05, swr2=12.02
Q0=6421/(1+1/8.05+1/12.02)=7752.8

st O
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zzz~ 'Tuning of whole cavity

Quad1
Quad 2
Quad 3 Quadrupole Mode

V. normalized (4 quads) Fields in 4 Quads wdd [ (Energy_normalized) I
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2z~ The couplers for RFQ-I

Five RFQ couplers have been fabricated; and coupler windows had been
conditioned up to 100 kW with CW RF power.

The outer The window The doorknob Window assembly high oupler installation
conductor assembly assembly power test result: 100 kW, on RFQ
assembly CW, TW
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P General introduction of superconducting linac for China
ADS

P 325 MHz RFQ for injector-I
» 162.5 MHz RFQ for injector-II

P Summary




TN
L4 WP
r

* To reduce power consumption and inter-vane voltage for CW machine.

Frequency 162.5 MHz
Intensity 15 mA (protons)
Operation mode CW
Inject energy 35 keV
Output energy 2.1 MeV
Transmission efficiency ~95%
Normalized input emittance 0.3 T.mm.mrad (rms)
emittance growth <10%
Output longitudinal emittance <1 10°eV-s
Alpha of TWISS parameters for <15

Input and output beam

162.5 MHz is the half frequency of the downstream frequency of the

China ADS, lower frequency reduces the thermal management challenge for CW RFQ
15 mA will guarantee the 10 mA beam at the final energy.

35 keV helps beam dynamics manipulation and shorten the length of RFQ.

2.1 MeV is to reduce the radiation (neutron production) caused by beam loss at MEBT.
Emittance and TWISS specifications are for up/down stream matching and SC. segment.

BEESERIREHIRENADS,; Yuan HE, SLHIPP4, 2014-05-15



-

/
4 /
/

2> Dynamic and Structure Design

Multi-particles simulation Oct 31,2011,14:07:05
Oct 31,2011,14:19:07

Parameter Value o e
Ion species Proton m . s
frequency [MHz] 162.5 E
Inter-vane voltage V' (kV) 65 “"’ e e - |
Average bore radius r,(cm) 0.5731 o
Vane tip curvature (cm) 0.4298
p/r, 0.75
Vane length / Total length (cm) 419.2 / 420.8 =
m,.. 2.38 c
Number of cells 192 (including 2 T cell) The Ré_dio Frequenc;‘aua druple ]
Maximum surface field (MV/m) 15.7791 (RFQ) is 4200mm long made from four 3
modules of equal length that bolt 4200 mm . g, 425mm
Synchronous phase From -90° to -22.7° together - S >
a,;, (cm) 0.3158 )
425mm

Transverse acceptance 0.3/0.3 .
(RMS, x/y, tmm.mrad)

Module 4
Input norm. RMS emittance 0.3/0.3 L \ 0Stmm—

odule s

(x/y, tmm.mrad) Module 1 v N
Output norm. RMS emittance 0.31/0.31/0.92

(x/y/z, rmm.mrad, keV.ns)

Overall beam transmission 99.7% / 99.6%

@ 0 /15 mA

! O
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: >~ Analysis of tolerance

100.0 0.35
N Design point(15,99.6) . . =«
.;,(,i,/;,.‘:)\ﬁz\/\if_/\ gn point(15,99.6).» s~

—a i /W/ 4030
99.5 - \\
5 N - 4025
o
g i -
£99.0 N Jo20%g-
c N
S T —
2 £
5985 |- 1015
|
£ —=— transmission effciency \\
—a— x output RMS Norm.emitance ‘\ 7010
98.0 | =y output RMS Norm.emitance —
—— z output RMS Norm.emitance -40.05
97.5 : . . . . . . . . 0.00
0 5 10 15 20 25 30
beam current /mA
100 g 0.40
| Design point(15,99.6) "
o /!/ " =
N =
<95 1 ot -
5 B " -4 0.30
53 o
S P 1
£ e
@ 4025
< 90 S
8 R .
£ - . 4020 € -
%
S o 1
£85 //J,« Jo15 54
.~ = transmission effciency 1
e —o— x output RMS Norm.emitance . 010
80 [ — =y output RMS Norm.emitance 1
—=— z output RMS Norm.emitance - 0.05
75 1 " 1 L 1 " 1 L 1 n 1 " 1 L 1 | 0.00
0 2 4 6 8 10 12 14 16 18 20

rad

/mm

- 0.35

- 0.30

- 0.05

- 0.40

- 0.35

- 0.30

- 0.25

- 0.10

- 0.05

H0.15E7]

y /mm.mrad

110

100

90

80

70

-1 60

50

40

30

20

350

300

250

200

150

100

50

z /kev.deg

z /kev.deg

99.7 1.10
;! Design point (0.3,99.6%) 1
\ P 4105
W < 4
99.6 ——— B ) o i 2 o
8 o To——_F .
%995 L — transmission effciency // - 1095
o —=—xnorm rel. RMS emitance growth // ] 0.90
£ * y norm rel. RMS emitance growth 1
5994 = z output RMS Norm.emitance ~ - 085
2 / ]
€ e - 0.80
2 / \ J
T 99.3 :
= / -H0.75
99.2 et 107
- 0.65
99.1 L —— 0.60
0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
input normalized RMS tranverse emittance /mm.mrad
0.40 100
035 [ |
i
—— x output RMS Norm.emitance ; i 1 80
. N, e a———
0.30 - ——y output RMS Norm.emitance }[/ fT‘F‘ = /
I —— acceleration effciency ;( | pa
§0.25 transmission effciency /} ’\ o 160
E . z output RMS Norm.emitance A\ /
£020 g I
- | /c
x | -
015 |- i 0
L /“
0.10 | Il
I Il 420
|
0.05 - I}
i |
PR IR R TR RIS U SN SRR SR R R | IR IR I 0
00 01 02 03 04 05 06 07 08 09 10 11 12 13

v/v0

Transmission vs voltage

1.00
0.95
0.90

0.85 -

0.75

acceleration effciency /%

110 S

100 +

80 -

60

40

transmission effciency /%
1

20 =

74

105 72

70
68
66
64
62
60
58
56
54
52
50

80

75

70

65

60

55

50

45

40

35

30

z /kev.deg

z /kev.deg




X /
Y. 9,

'(GGeneral Mechanical Structure

‘‘‘‘‘‘‘‘‘

48 sensing
loop ports,
Regularly spaced

80 Tuners

ECIual SpaCCd """""" 32 Pi-mOde ROdS
20 per module
Equal space, 8 per module

Consists of four modules, each
module 1s 1050mm long

8 vacuum ports

2 RF input ports Not all are used

Both in Module 2
One near side, one far side
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Undercut

Parameters

D, mm
R, mm
a, degrees

C, mm

80.2

10
30
45

76
10
30
45

e_Abs (2) Frequency (Mode 1)

1.1e+007 . . . 162.9 : . .
1e+007 i : p
' ; 162.8 A ; : :
9e+006 - ; ; : ; ;
8e+006 - : ‘ 162.7 4
7e+006 - ; : : : i : :
6e+006 {--r--fi--orrnd o AUONG UNC XTYTD R |
5e+006 1------ R - : omm : : 162.5 | ; : :
4e+006 1----- boeeeecbeeee CutIn_Depth=70 5 g g ;
14 b m e oo SN 162.4 1 : f :
3e+006 {7 CutIn_Depth=80 ; ; ; :
2e+006 §-----1 b e e ity : : !
! : — : 162.3 A i : :
14006 {-----forrrnecferren, CULIN_Depth=85 & i | | |
0 ; i ; ; ; ; ’ ; 162.2 i i ; ; ; :

2500 1500 500 0 500 1500 250( 70 72 74 76 78 80 82

Z/ mm CutIn_Depth




22 -"Whole model simulation

Operational frequency, MHz
Quadrupole frequency 2, MHz
Quadrupole frequency 3, MHz
Dipole Frequency, MHz

Q factor

Side length, mm

Peak electric field, MV/m

Tuning coef. of one tuner kHz/
{ mm

162.4016
165.9422
176.0886
191.7119
14388.72
346.06
15.26
0.91

Walls 33 39.5
Vanes, 4 units 34.4 41.2
Input cut-backs, 4 units 1.73 2.07
Output cut-backs, 4 units | 1.84 2.2
Pi1-mode rods, 32 units 6.67 7.99
Tuners, 80 units 5.83 6.98
Total 83.5

Max. power density, 28.95 (on

W/cm?

cutback)




hermal analysis of the cavity body@

v

% ,ZCT lNODAL SOLUTION
4 )
/
Wall
channels\ ™| Vane Max. Temp.: 26°C
Number: 8 channels
\ K Numberj
. e
Layout of cooling passage Temp. distribution of the cavity body
Parameters of passage and water Frequency shift vs water temperature
Wall channel diameter [mm] 12 Vane (KHz/°C)
Vane channel diameter [mm] 12 Wall (KHZ2C)
Pi-rod diamet 10
Sl GG | fatia) Sum of Vane & Wall (kHz/°C)
Water velocity [m/s] 2.29

The actual temperature sensitivity of resonant

Water working temperature [°C] 20 frequency for each water path shall be measured

“*‘:: RUE
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ZPhermal analysis of tuner, pi-rod and cutbac

Maximum temperature of tuner is below 35°C, heat flow
1s 70W for insertion of 20mm;

Maximum temperature of tuner is below 41°C, heat flow
1s 104W for insertion of 40mm;

Temp. distribution of tuner

Maximum temperature of Pi-rods is ~28 °C; Maximum stress
is ~4.7MPa; Deflection at the center of it is very small ->
submicron range; Monitoring of cooling water is required.

Corner
Temp. distribution of pi-rod
Maximum heat flux is 28.92 W/cm?; Max temp
of cutbacks is ~48.0 °C at the exit, the
N o, deformation is about 160um at the far corner.

Temp. distribution of cutback

o g RFQs




/}4 “Water Cooling System

, ] ’ﬂ Chiller 1 (for vanes) <

Frequency controller

ol Teo

>
> &1 o

< <

Vane: 4 Channels = Vane: 4 Channels
in Parallel i in Parallel

Wall: ® Wall:
8 Channels X 8Channels
in Parallel (] in Parallel

— Pj-mode rod: Pi-mode rod:
8Channels 8Channels

+ in parallel in parallel

29 2

Vane: 4 Channels Vane: 4 Channels
in Parallel MK 5 in Parallel
UL HU N
Wall: 2 Wall:
8 Channels 8 Channels

: in Parallel in Parallel
Pi-mode rod: Pi-mode rod:
8Channels 8Channels

in parallel in parallel +

e
—®’

o[ ¢

Chiller 2 (for wall & 4

pi-mode rods)

Flow meter

[oUUBYD O3 JO 1IXd 9} JB PI[[LISUI 3q 0)

paxnbaz are J0j1uOW dInjerdduwd) pue 10)TUOW MO] ]
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2zzModules Measurements

The RFQ was manufactured and brazed in the
workshop of IMP.

The flatness is &= 1%, and symmetry is £ 1.5% with

all tuners 1n the initial positions for all modules.
0.015 0.015 0.010 [ 0.020

3 —Ud1
L 0.008 | —

flatness symmetry — r flatness o015 | Symmetry L
0010k 0.010 | —2 0.006 |- I
’ 3 0.010
A 0.004 A
0.005 ooy 0.002 0005
0.000 0.000

0.000 i
0002

0.000 r
-0.005

o M
-0.010 -

i - 0,004 -
-0.005 [ 0006 | 2nd module !
‘°'°1°_' f:16220, QO— 338 sk 0015} f:16202, QO:660()
00 [ S S K S S NS N — — 005 b -0.010- TN Y S S S S S — _0_020- PR R R S N P B
0 200 400 600 800 1000 1200 1400 o 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
[y [y Plnnn
0.010 0.015 0.015
0006 flatness L Symmetry [ —ugr_test 325 - flatness — - symmetr — Udt
] 0.005 —Ud2 test 325] | 0010 0010 | y Y m—
0.004} I I
0 0.002F 0.000 0.005 - 0.005
N F L
;\ 0,000} 0.000 | 0.000 |
e -0.005 I I
ERL _ 0005 oL =161.97, Q0=7354
0.004} rd A i
) 3¢ module | eere162 20 Q0=7140 oo} 4" module | sy
L 1 1 L 1 1 _0_015- PR I N N BN U B! 0_015_ PR T R R R 1

_0'015 1 1 L 1 L 1 . X X
0 200 400 600 800 1000 1200 1400| ~ 0 200 400 600 800 1000 1200 140 " Tg 200 400 600 800 1000 1200 1400 O 200 400 600 800 1000 1200 14QX
ZImm | ZImm Z/mm Zimm




Z?’M

> Flatness of Field after Tuning

0.0100

0.0075
0.0050
0.0025

0.0000

Field Flatness

-0.0025
-0.0050

-0.0075

[m———————————— -
! Cavity frequency and
1 Q, after tuning :
I

| Fg=162.46MHz
| Fd=183 4MHz

1 Q,=12600

Field flatness after
tuning is within = 1%

-0.0100

0 600 1200 1800 2400 3000 3600 4200

RFQ length /mm
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27> RIFQ installation

= oo 1L Y x N Two couplers are installed. The total coupling
: " | strength is 1.324 for acceleration for 15mA
proton beams, so the coupling strength of each
coupler 1s 0.662.



o
\/

/

27> RF conditioning of the cavity

Conditioning goal: 93kW

Low power conditioning in CW mode
(Maximum power:30kW)

4

HIgh power conditioning in pulse mode
(Duty factor: ~36%; repetition rate: 200Hz)

@ Vacuum is kept below 1.5x10-Pa and
the ration of reflection power and
forward power is less than 5% during
the conditioning process.

High power conditioning in CW mode
(Maximum power:93kW)

Status: 60% to the full power; and 70 kW in CW

et O
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%W 'Arcs during the conditioning

Reflection power shape in CW Reflection power shape in CW mode on
mode with arc but without interlock the case of fast interlock of arc

Reflection power
signal

‘h‘
=4

R

—
—
-

b Cav1ty plckup 51gnal

=\ i

Reflection power shape in pulse mode on Customized pulse shape to eliminate

_ the case of fast interlock of arc reflection during the pulse
el Ry —




22> Measurement of inter-vane voltage

X-ray end point method was used to measure the
inter-vane voltage.

mi ~~ 454 "
=1 Electron energy spectrum z _ /
~ n
(D) 40
50 v
< |
=
g 35 . /
0) 4
2 -
? 30 S /
Cavity voltage S | =
/ = 25
e
%5 20 25 3 3 4 45 50
1) ég{?}l"& 309;5[2389 keV]ZUUU 2500 3000 3500 4000 4500 5000 5500 6000 6500 Ampl i ﬁ er Power (kW)

Based on the measured data, the inter-vane voltage is 65kV
when the amplifier power reaches 93 kW.

@%f{, BEESERIREHIRENADS,; Yuan HE, SLHIPP4, 2014-05-15
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1.7m

< > < >< >
Beam
Solenoid ACCT  TestRFQ  FCT/FCT/  pccr
ECRIS | | ICT ACCT Stop
DCCT | BPM

Im

1.1m

P

Worked on CW mode weeks

¥ : 9 1A , i : . ‘ ST A_ ¢
. 1] = - ] I 1 4 ‘ =

1 R
m /‘j / y

ago for 3 days. 10.5 mA

a=FR00E

proton from RFQ, transmission is better than 90%, finally.

INGVADS; Yuan HE; SLHIPP-4, 2014-05-15
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P General introduction of superconducting linac for China
ADS

P 325 MHz RFQ for injector-I
P 162.5 MHz RFQ for injector-11

» Summary
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» Two kinds of RFQs have been developed for China ADS.
One is based on the frequency of 325 MHz and the other
is based on 162.5 MHz.

» Both of the RFQs have been tuned and installed onsite.

» The RFQ of 162.5 MHz is in high power conditioning,

and has been conditioned to 70 kW 1n Continue Wave.
Beam commissioning will be in June.

» The RFQ of 325 MHz will be conditioned in June and
beam commissioning will be in August.

» A demo a 162.5 MHz RFQ with 560 keV has been

commissioned last year. 10-mA, CW beam was
transferred with 90% efficiency.

[ O ‘- BEESERIREHIRENADS,; Yuan HE, SLHIPP4, 2014-05-15
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