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|.  FPC requirements for eRHIC RF systems

Il. Design, fabrication and test of adjustable Qext high power FPCs

[ll. Summary




|. eRHIC RF systems

« Hadron Ring RF systems

« Hadron will be produced by existing
RHIC.

* RF systems will be reused for eRHIC.

* New system: Hadron storage,Hadron
cooling ERL, crab cavity

* Electron RF Systems (All new)
 Pre-injector normal RF .
« Rapid Cycling Synchrotron
(RCS) SRF.

 Electron storage ring (eSR) RF
(Fundamental and third harmonic
SRF).

e Crab RF system.

eRHIC

Electron-lon Collider

" at Brookhaven National Laboratory

Pre-Conceptual Design Report
August 2018




High power FPCs at eRHIC

systems Cavity and FPC FPC option No. of
power FPCs

5-cell 591 MHz 35 kW, 6.6e6 Toshiba/SNS-type FPC
cavity; 1 FPC/cavity pulse (Ceramic window)
20% duty
cycle
eSR 2-cell 591 MHz; 2 2 X500 4E4 — 3E5 Fix BeO coupler, plus 14X2
Fundamental FPCs/cavity kw, CW waveguide junction for
SRF system Qext adjusting
eSR 3 1-cell 1773 MHz; 2X120 5.5e5 — Fix FPC; no design yet 5X2
harmonic 2 FPCs /cavity kw,CW  5.3E5
SRF system
Hadron 5-cell 591 MHz 61 kW, 1.23E6 Toshiba/SNS-type FPC 2X1
storage cavity; 1FPC/cavity CW (Ceramic window)
Hadron 5-cell 591 MHz 34 kW, 6.6e6 Toshiba/SNS-type FPC 8X1
cooling ERL cavity; 1 FPC/cavity CW (Ceramic window)
Crab cavity 394 MHz cavity; 1 32 kW, 1.17e6 Toshiba/SNS-type FPC 12X1
FPC /cavity oY (Ceramic window)

h "X/

' Total couplers: 63 cou
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FPC for 5-cell 591 MHz cavity cryomodule

» 5-cell 591 MHz cavities are used hadron cooling ERL, hadron storage and RCS.

» Toshiba/SNS-type window is used for FPC

» The FPC window is cooled by water, and inner conductor is conductive cooling only. The
maximum power is up to 70 kW CW.

» This is not a challenge.

SiC beampipe
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Il. Electron storage ring RF: Why adjustable coupling?

5 GeV 10 GeV 18 GeV

Parameter (Beam-beam limit) (Maximum lumi) (SR Power
Med Lumi  High Lumi Med Lumi  High Lumi Limited)

Peak Luminosity ~ 103%cm?s'? 0.056 0.307 0.44 1.05 0.145

-mm—

Bunch Charge

I m----—

Average Current 2.48 2.48 2.48 2.48 0.26
Cavity voltage 11.1 23.7 68.10
Sync phase rad 3.010 2.966 2.541
Sync Rad Power MW 3.2 9.2 10.0

e Can we use fixed coupler? No! Because for a fixed coupler (B,Qu), Pg directly proportional
to voltage. 30 MW for 18 GeV is needed, if the same coupler for 10 GeV is used.

5“ Q > cos;zﬁbj EZQL w; Ran/Lvlb sin %j }
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High power adjustable FPC for storage ring

* With two couplers, up to 1 MW (per cavity) RF power has to be coupled into 591 MHz
storage ring SRF cavity, in order to compensate synchrotron radiation loss in electron
beams.

* Due to wide range of operational scenarios, the Q.,, of the couplers has to be able to
adjust by a factor of 10.

* Thisis a challenge. And a LDRD program is funded to demonstrate a high power

coupler with Qext adjusting scheme.
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To adjust the Qext

There are two ways to adjust external Q:
* Varying FPC’s position/insertion in cavity

Varying impedance seen by the cavity, through a impedance
transformer

We intend to demonstrate Qext adjusting on a 500 KW with a waveguide
tuner.
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To adjust the Qext

betal=0,511=0.5

100 4 betal=0.1,511=0.5+5i
—— Qext_new_real 0
] —— Qext_orig 10 ] — Qext_new_real
. 1 — Qext_orig
107+ 3 1
] 1071 4
N -2 _ fren g
107 4 =
] N 10—2 3
1072 4 ]
] 10—3 3
7.0380 7.0385 7.0390 7.0395 7.0400 7.0405 7.0410 7.0415 7.0420 T T T T T T T T T
freq 1e8 7.0380 7.0385 7.0390 7.0395 7.0400 7.0405 7.0410 7.0415 7.0420
freq le8
1+S11 .
el R ([ 021 ))
Z — 7 1—-S11
e S g
1—-S11

* Itis easy to tune if phase advance (BL=nm), thus S11 is real
* However, we can adjust S11 (real and imaginary part) to make the imaginary part
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Main features of the 500 kW FPC design

Cooling lines

Main features:

 BeO Window at room temperature.

* Pressurized helium cooling on
vacuum side outer conductor.

* Water cooling in the inner
conductors (both vacuum and air
side), airside outer conductor and
doorknob.

e Stainless steel with Cu coating.

* \Very broadband window, but

Doorknob transition doorknob design need to match

operating frequency.

S-Parameters [Magnitude in dB]

WR1500

80 200 300 400 500 600 705
Frequency / MHz
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FPC fabrication and inspection
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Airside BeO window-1 inspection
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Vacuum side BeO window-1 inspection




Airside BeO window-2 inspection
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Vacuum side BeO window-2 inspection




BeO Raw material

Back Front

The raw BeO window was very clean, no marks, no scratches.
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Waveguide junction design

S-Parameters [Magnitude]

1
0.9
0.8
|
0.7 51,1 (sh2=0) : 0.00027691945 ey
S1,1 (sh2=11.1111) : 0.075405277
0.6 51,1 (sh2=22.2222) : 0.15022476
S1,1 (sh2=33.3333) : 0.23753116
05 1,1 (sh2=44.4444) : 0.35234516
51,1 (sh2=55.5556) : 0.51361931
0.4 51,1 (sh2=66.6667) : 0.72703299
61,1 (sh2=77.7778) : 0.90839534
03 51,1 (sh2=88.8889) : 0.7647385
’ 1,1 (sh2=100) : 0.34974486
0.2
0.1
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1
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i
— 0.
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Tuner position (mm)
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% The two short plates will be tuned at the same height from 0 to 80 mm to cov
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Waveguide junction design

Result@P1=0,P2=90&10cm: Buckets: -447.93 W,
Waveguide: -1050.9 W; Free Convection: -237.64 W

+* Tremendous RF-thermal simulation was carried out.
\.0 We believe that 3 GPM wate cooling is sufficient for water bucket. How
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Window viewport and mockup
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Adjustable FPC test diagram

FPC1 FPC2
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FPC conditioning system setup
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Status of the project

1. Fabricate two 500 kW fix coupler for ERL gun/booster cavity(delivered)

2. The impedance transformer will be reached by waveguide junction
and/or stub tuners (delivered)

3. Refurbish FPC conditioning box and conditioning station (almost done).

4. Condition the FPC with 704 MHz klystron up to 500 kW, full reflection, all
phases (starting in August).

5. Safety: ESRC review completed.




Summary

« eRHIC requires a decent amount of high power couplers, with
various application conditions.

* The most challenge FPC is the adjustable coupler for electron
storage ring.

« A Qext adjusting scheme with waveguide impedance tuner has been
designed, simulated, and experimental test is under preparation.

« Similar scheme is able to use for other cavities and projects.
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Water cooling requirement

Component gpm temp sensors
FPC 1 - Vac Side Inner Cond 13 2
FPC 1-Vac Side Outer Cond 3 2
FPC 1 - Window OD 6.9 2 2) POSITION
FPC 1 - Air Side Outer Cond 3 2 ; IHDICATOR
— COOLANT > COUNTER
FPC 1 - Air Side Inner Cond 3 2 SUPPLY | %%
FPC 1 - Waveguide & Doorknob 1 2 BUCKET ¥
FPC 2 - Vac Side Inner Cond 13 2 pen oL TUgEs— (o
_ . Lok \ L PUSH-T0-CONNECT
FPC 2-Vac Side Outer Cond 3 2 PEX/COPPER FITTING
FPC 2 - Window OD 6.9 2
FPC 2 - Air Side Quter Cond 3 2 \ =
FPC 2 - Air Side Inner Cond 3 2 COOLANT
FPC 2 - Waveguide & Doorknob 1 2
Box-1 16 2
Box-2 16 2
Waveguide junction 3 2 COPPER TUBES, =~
water bucket 3 2 BONDED IN PLACE Preliminary Specifications:
Electrical:
Frequency: 703.75 MHz
spare q M“hu:gnvfk,-mw PEAK, S00KW AVE.
total 74.4 40 Material: Aluminum WG/ Copper & PEX Cooling

Interface: EIA WR1500 CPRF Standard

Wall Thickness: .125in

Weight: 167.8521h [76kg)

Pressure: WG not Pressurizable, Coolant 80 PSIG
Finish: RoHS Compliant Conversion Coating
Paint: Mega Grey

Marking: Mega Label (P/N, S/N, OR Code)

e 16 water channels
* 36 temperature sensors, we can also use on common temperature sensor
for input




RF-thermal simulation

Power i Watt [Real Part]

700
Metal oss n Copper (pure) (sh2=75) : 326.64974
Metal oss n Copper (pure) (sh2=100) : 565.48123
600 {-—- Metal oss in Copper (pure) (sh2=0) : 67.148673
Metal loss in Copper (pure) (sh2 51.324085
------- Metal oss n Copper (pure) (sh2=80) : 627.49875

l o : : ‘
I } H| 0.702 0.7025 0.703 07035 0.701 0.7045 0.705 0.705 0.706
1 [ | Frequency | GHz
Pocn 500 - - T
‘ Volume loss in Berylia (99.5%) (lossy) (sh2=75) : 133.35817 v
450 4o Volume loss in Berylia (99.5%) (lossy) (sh2=100) : 113.12893
Volume loss in Berylia (99.5%) (lossy) (sh2=0) : 114.47219
Volume loss in Berylla (99.5%) (lossy) (sh2=20) : 106.49782
400 g--me- Volume loss in Berylia (99.5%) (lossy) (sh2=40) : 101.96621
Volume loss in Berylia (99.5%) (lossy) (sh2=60) : 101.52085
. Volume loss in Berylia (99.5%) (lossy) (sh2=80) : 186.30609 RO
//‘I
300
= 250 / -
\n
200 [
150 /
100
" e
0
0.702 0.7025 0.703 0.7035 0.704 0.7045 0.705 0.7055 0.70¢

Frequency / GHz
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