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Driver for Coupler Studies: bERLinPro ERL WbERLinPro

Helmholtz-Zentrum Berlin

Main goal: 100 mA ERL with 1prad normalized emittance and 2 ps bunch length beam at 50 MeV
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Booster Module Operation at bERLinPro 15t stage: 6 mA Gun W bERLinPro
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Current reduction from 100 to 6 mA - FPC retracted by 20 mm to Q, =1.74-10°
- Forward power per coupler: 7 kW in TW and 1.7 kW SW (original 120 kW TW and 25 SW)
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The Coupler design + cavity e ES!}'.:,'.{E‘;?UW Berlin

2nd coupler Coldpart (vac.) Parts made of 316 LN and OFHC Cu
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Condition Couplers: Dedicated teststand W bERLinPro
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1. Installation in ISO 4 cleanroom

4. Cooling water
supplies, diagnostics
RF and control
system setup s
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General conditioning set up
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W bERLiInPro
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For given duty cycle
power is ramped up
and down to current
target level
Vacuum level controls:
» Further power rise
 Power hold
 Power decrease
« Switch Power off
Additional interlock by:
» Reflected power
mismatch
» Temperatures
 Water flow
 ARGCs, electron
activity
TW and SW was
tested



Properties under observation W bERLinPro
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First pulsed results during setup of the system W bERLinPro
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W POWMTR1HKAF :1dP e ak (0,00001:85,2076kW) W POWMTRIHKAF 1P eak (D.00001:00,320171W) W POWMTRZHKAF:rdP eak (-0:0,0350880) W VMCIVKAF:rdPress(D:0 LOG mBar) W POWMTRHKAF:idDutyCycle (-2.147 483 .848:1.108per mil) ™ POWMTRHKAF 1dP ulseLength (-2.147 433 848:20.870us)
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In first conditioning attempts, still debugging the system we achieved:

10% DC, 95 kW, frep=40 Hz, 2.5 ms pulse length in July 2020

some increased vacuum activity, still linear temperature response, no arcs, no trips
No multipacting was observed

» Since then, the procedures were refined, diagnostics improved and the control
program reworked

« Up to know, two pairs conditioned, third on the way, delays due to pandemic restrictions
A. Neumann, 14.05.2021, MOPAB347



A perfect conditioning example 5 BeElrlr?rtllgzggtrum Berlin

Pulses from 1%o to 980%., then CW
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Goal: up to 30-40 kW CW TW w/o any failues w.r.t.
vacuum, temperatures, arcs, multipacting, etc...

pES— =S Factor six above current power goal
A. Neumann, 14. 05 2021 MOPAB347 9




W bERLInPro
CW TW results Helmholtz-Zentrum Berlin
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« Ca 0.25 K/kW at ceramic window->
about 55 °C at 120 kW TW expected

« Simulations expected 60°C at IR window at 120 kW TW!

» Observed imbalance by small deviations of geometry, will be
compensated at cavity by varying gasket thickness

« For 6mAtarget Q,, the variation of penetration depth is more relaxed
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CW TW results

110

calculated Power (W)

b

",

w:f’Lwh; rp’w-w“ﬂr'l,‘,l

W bERLiInPro

Helmholtz-Zentrum Berlin

T 305
Doorknob 1
Doorknob 2
Cold part antenna 1 304 -

303 -

w
(=]
N

Temperature (K)

205.5 206 206.5

Time (hours)

Power deposited in
cooling water ~
400 W at 35 kW

A. Neumann, 14.05.2021, MOPAB347

207

35

1
—— Doorknob upstream
— Doorknob downstream
Transition WG-Coax upstream B
Transition WG-Coax downstream

—— Cooling water input Doorknob upstream

207.5 208

T K)

out

A(T

0.

w

i

Al
i

A

— WG upstream
— WG downstream

——Warm outer....bug!

Warm outer cond. upstream

Warm inner cond. upstream
Warm outer cond. downstream ||

il
%ﬁ'.‘-flf.ﬂ o 0y
i ‘]L ”'NA\\N’]\\‘MV«F. \}/I!\J/l'lf‘aw'm~if'ﬂw{""*\.,.r\J\"“' F

”‘L‘ d
4 | |

205

208.5
Time (hours)

2055 208 207

208

206.5
Time (hours)

207 207.5 208

WG, warm part, door-
knob “hot spots” besides
ceramic window

11



W bERLinPro
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AT/AP,;=0.78 K/KW in SW regime. Here, fields at maximum doubled
compared to TW regime - corresponds to four times the power level

IR window warmer than in full power TW, but still within tolerances

A scan of different reflective end distances should be studied (phase shifter),
but what SW regime establishes in the FPC?

A. Neumann, 14.05.2021, MOPAB347 12



S,, (dB
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Cases of partial failures and limits
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After strong vacuum+ARC
interlock event

—> increased vacuum activity
above about 13 kW power
threshold

- Linear temperature rise at
ceramic window with power
becomes exponential above
threshold

- Coupler candidate for
inspection and cleaning

Reasons:

Non uniform metallization
(TiN) of window?

Still 18 kW TW is
achieved, enough

for stage 1 beam (6 mA)
current. 13



W bERLinPro
Summary Helmholtz-Zentrum Berlin

« 2 pairs out of 4 total conditioned, both pairs reach level for 6 mA operation

« 2" pair showed activity at second window, will be inspected in clean room
to decide on further treatment

« 3" pair should be conditioned in two weeks (status of 16" May)

 Final pair will target for the full power range of 120 kW CW in travelling
wave and 30 kW in standing wave regime, if it works eventually 150 kW
(current Klystron limit)

« All conditioned coupler cold parts are stored under nitrogen and
will be exposed to air only during string assembly in ISO 4 cleanroom

A. Neumann, 14.05.2021, MOPAB347 14
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