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Design of a 21cell APS cavity for capture linac

Challenges

Beam loading compensation

* High beam current : > 0.6A in macro pulse.
Powerful cooling system is required.

* Very high heat load due to EM shower from the target
Remote beam flange connection

* High activation and the connection point is surrounded

by solenoid coils

Design Policy

High group velocity(nt/2 mode)

* It helps the compensation of beamloading and relax the

effects of thermal deformation
Water channel in the disk is required.
* The shower from targets hits irises and heats the iris.
Large coupling 3

* Itisassumed the coupling is about 5 in the estimation of

beamloading compensation by Kiriki-san.
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Design of a 21cell APS cavity for capture linac

e Design of accelerating and coupling cells
e Thick disks to obtain the space of water load. Cooling water path designed by Y. Enomoto
* High group velocity (0.027c) %

e Design of coupler cell
* CouplingpB:5
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Design of accelerating and coupling cells

Both group velocity and shunt impedance decrease when increasing disk thickness.
To increase these parameters, the shape of iris and cavity is modified.
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Mode separation (0-11)[MHz]

Design of accelerating and coupling cells

When the iris diameter is widened, mode separation increases significantly, i.e., group velocity increases.
However, shunt impedance decreases.

We decided to use a disk thickness of 20 mm and an iris diameter of 70 mm.
Here, the group velocity is 0.0263c and the shunt impedance decrease is relatively small.
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Design of Coupler cell

First, the design was performed in a single-cell coupler cell
and this property was evaluated.

Designed parameters:
Resonant frequency : 1300.013 MHz

Coupling [3: 46.7

Diameter of coupler cell: 2b: 184.832 mm
Hole size(X,Z) : 52.95mm, 63.305mm
Hole depth(Y) : 5mm
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Parameter scan of coupler cell

We investigated how the coupling depends on the parameters.

90

(2)

0.237 [MHz/mm]

Hole depth (Y)

Hole size(X) (Hole depth: 5mm)

Length of thin WG

Round chamfering of hole

Round chamfering of WG end

(3)

-0.592 [MHz/mm]

+/- 0.778 [MHz/0.25Ag]
-0.171 [MHz/mm]

0.0 [MHz/mm]

50 rFonc: a'x+b, a: -4.427, b: 40.855
45 B
40 |

35 |-
30 |
25 |
20 |
T

60 I
50 |-

Coupling B
Coupling p

| a=4.427, b=40.855 ——

Func:a™x+b ; E

60

Coupling B

027, b=-155.594
419, b=-134.677
holelenz3mm o
holelen:5mm = 0

a=4.
a=3.

-1 0 1 2 3 4 5 6 0

4
Distance between WG and Coupler cell[mm] 0

45 50 55 60
Hole size [mm]

Func: a*sin{(x-p)*4.0"pi)+b

A ey

a=10.693, b=41.840, p=0.099 ——

0 0.25

0.5 0.75
WG step position [A

J

Coupling

60

50 |

40

-4.427 [1/mm]

3.419 [1/mm]

+/- 21.386 [MHz/0.25)\g]
0.537 [1/mm]

0.0 [1/mm]

(4)

Func: a"x+b, a: 0.537, b: 53.391

- A d h 4

20_ -

a=0.537, b=53.391 ——

0 1 2 3 4
Hole blend r [mm]

5




Coupling of 21cell APS cavity

The coupler cell was incorporated into a 21-cell APS cavity and

couplings were calculated.

Resonant frequency: 1299.946MHz (117/21 mode)

Group velocity: 0.0263c
Coupling [3: 5.05.
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B wes:

WA(1/2)

RF simulation in time domain

Filling time of 21cell APS cavity is 1us.
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Parameters and dimensions of 21cell APS cavity

6235 12<_ _>2°<_ Parameters of 21cell APS cavity

R31.6525 \ — Resonant frequency (t/2) [MHz] 1300
R11.593 Hﬁﬁ ﬁ = B — A~ % Eacc [MV/m] (*1) 6.5

Vacc [MV] (*1) 8.2

Group velocity 0.0263c

Rsh [MQ/m] 35.0

Qo 22806

Coupling B 5.05

Filling time [us] 1

Cavity length [m] 1.268

Number of cell 21 (AC: 11, CC: 10)

(*1) RF input power: 10MW (peak)
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Summary and next step

The design of the 21cell APS cavity was finished. The designed APS cavity will be manufactured this year and next.
Frequency measurement and bead-pull measurement systems will be designed to manufacture this cavity.
The simulation to estimate the beamloading effect will be started. We are testing this simulation with CST Studio.
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Electric and magnetic field on cavity surface

Maximum electric field is about 20MV/m near the iris when input RF power is 10MW.
The maximum magnetic field is about 60 kA/m at the coupler hole surface, which is about twice that at the cavity surface.




Acc. Structure - cooling design

-rough simulation with ®90 uniform heat load (2.0e7 W/m3) = 1kW / 1 iris
-temperature rise ~10°C

21266401 | il
1.958e+01

Thermal simulation using ANSYS by Y. MorikawaS

Export deformed shape and import it to RF simulation
o  Check shift of resonant frequency

LCWS2024
Y. Enomoto
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Tuning of resonant frequency

The frequency can be adjusted by digging a very thin groove.

The direction of frequency change depends on whether the trench is dug in a location with a strong electric field or a strong
magnetic field.

1502 Groove: ‘AC upper Groove: CC upper

Func: a*(x-p)+1300.0 1315 1Egne: a*(x-p)+1300.0° ' AC e
n  File TEST.T35 File TESTT3S a=- a=-8.639e-06, p:176.23c5c3:
File y y Help File  HardCopy play View Zoom Help _ 1301.5 |+ a=-2.5011e-06, p=63.5131 —— | . a=-8.3795, p=0.0340 ——
L-band APS 1 cell (RC/CC: 0.5cell) F = 1298.5 MHz L-band APS 1 gell (AC/CC 0.5cell) F = 1300.3072 MHe T g 1310 f ; t f ' ; f
L ! 1 | 1 =
= 1301 =
S (N 3 5
L [T
0 1300.3072MH e = | ’
: = o e
9 — 2 | . Z |\ po =
1298.500MHz - : ):3072MHz :
g 1300 £ £ £ gl 5
i e e e ES s e s e @ 2
. i - .| = . = & & 1300 §
e p———e . 12995 |
: - J
2 7 - H — P g s R e 1299 i i i i i ] ; 1295 - . . . . - :
: =2 = e 01 015 02 025 03 035 04 045 05 01 015 02 025 03 035 04 045 05
- . : == i Groove depth (Yoff1.0mm)[mm] Groove depth (Yoff20.0mm)[mm]
—_— 7 i
I
1 bl pe e
= — . ___Groove: AC lower s —@roove: CC lower
I Func: a*(x-p)+1300.0 ‘ AC e Func: 8*(x-p)+1300.0’ AC e
: a=1.2876, p=70'06é38 a=-8.8688e-06, p=180. 69058 -
— o]
' _, WS r a=-4 8772¢-06, p=139.6699 —— | = a=13.188, p=-0.0381 ——
IR E T 1310_ forene veoed esssssessossaseasoneds mosssasessssessesesociussesssesmesen 4 .
4 = =
= 1301 | | | i =
g 2
S @
i g 13005 | 1 8 1305
o : s
RIS N w
— = E 1 ‘g
S 1300 =l E| & @5
§ & 1300
- 12995 |
o e R o rEEeE T Ees s e e s s s L 1 . L H L L
: : i : ‘ ‘ ; ‘ 1299 5 02 025 08 045 04 0. T 015 02 025 03 035 04 045 05
( 2 0 2 4 €
: 01 015 02 025 03 035 04 045 05 : : : : - . ‘ - .
D: \VBOXSHARE\ TLC\POSTTRON\ ACCELERA] )+ \VBOXSHARE\ TLC\. \ BE\ 13
[Zoom level 10 1 St s PDSH;ii,?:,?iffmmm e Groove depth (Yoff11.0mm)[mm] Groove depth (Yoff40.0mm)[mm]
2024/07/10 LCWS2024

18



	スライド 1: APS cavity design  for ILC E-driven positron capture linac
	スライド 2: Design of a 21cell APS cavity for capture linac
	スライド 3: Design of a 21cell APS cavity for capture linac
	スライド 4: Design of accelerating and coupling cells
	スライド 5: Design of accelerating and coupling cells
	スライド 6: Design of Coupler cell
	スライド 7: Parameter scan of coupler cell
	スライド 8: Coupling of 21cell APS cavity
	スライド 9: RF simulation in time domain
	スライド 10: Parameters and dimensions of 21cell APS cavity
	スライド 11: Tuner
	スライド 12: Tuner
	スライド 13: Summary and next step
	スライド 14: Acknowledgment
	スライド 15
	スライド 16: Electric and magnetic field on cavity surface
	スライド 17
	スライド 18: Tuning of resonant frequency

