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Ctza 70 INTRODUCTION AND MOTIVATION OF THE TEST

* First test of ESS elliptical cavity equipped with a power coupler

* Collaboration between :

CQa High beta Cavity. coupler and Cold Tuning System (CTS)

WRHD\-» Test stand (cryostat. control system...)

RF source (modulator and klystron)

* The test of HB elliptical cavity has the goals of verifying:
* the cooling procedures.
* the power coupler conditioning and performance with the cavity.
* the cavity performance with the coupler.
* the cold tuning system (CTS) ability and performance.
* the LLRF ability and performance.

* the high power RF amplifier ability and performance in combination with the cavity
and LLRF.
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PREPARATION OF CAVITY AT CEA

* Field flatness tuning = chemical treatment - clean room
assembly = test in cryostat vertical (CV) at CEA

1E+11

Field flatness

tuning stand

g 1E+10 l.‘ Fss—|

Quench

Cavity preparation =
for CV test

1E+09

0 5 10 15 20
Accelerating gradient (MV/m) @beta=0,86

* Degradation of the cavity performance during a baking

* adequate for this test (find the same performance with coupler)

e
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9’{“ PREPARATION OF POWER COUPLER AT CEA

CEA Saclay

Coupler cleaning @ > clean room assembly of 1 pair of coupler on
coupling box ® > baking at 170°C during ~100h © - RF conditioning @

Conditioning

Traveling wave(TW) Standing wave (SW)
sequence

From 15 kW to 300 kW to 1100

RF power ramps From 15 kW to 1100 kW KW

RF pulse repeat rate From1Hzto 14 Hz From1Hzto 14 Hz

RF pulse length From 50 s to 3600 ps From 50 ps to:;GOO us to 500
On short circuit: 2 positions to

Configuration On load 50 O have an electric field on

ceramics at maximum and
minimum levels

Coupler 28 FE S
"0111{6.. ,.‘ !

£

v T T
1200 123 1300 1400 1500 5 1800 1630 17.00 1730 1030 1100
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e Coupler assembly on the cavity in clean room

Coupler-cavity

assembly stand

Packaging of the

coupler-cavity for
Uppsala

Coupler assembly

on the cavity
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Assembly and

adjustment of the CTS
Assembly of the

doorknob

Vacuum
Photomultiplier

Vacuum gauge

* Implementation Implementation

v | of the cavity and of the coupler
security signals
cryostat
Air
Photomultiplier
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FPC CONDITIONING

» FREIA conditioning program

v' Conditioning software has been tested with ESS p—

spoke cavity

v’ Several repetition rates has been implemented

(1Hz, 2Hz, 3.5Hz, 7Hz, 14Hz)

v' Key paremeters setting are following CEA’s
suggestion,like interlock thresholds and vacuum

thresholds.

1

1,2,3.5,7,14

5e-6

2e-6

1000 (for pulse less then 500us)

300 (for pulse less then 500us)
1

50

50 ps. 100ps,. 200 ys,.
300us,. 400 ps,. 500ps,.

800 ps,. 1,.5 ms,.
2ms,. 2.6 ms
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REIX_
FPC CONDITIONING BLOCK DIAGRAM

Circulator
Interlock RF control RF control Pre

Switch Switch1 Switch2 Ampli irculator I\ -60,5dB  -60,5dB -60,5 dB 60,5 dB
QJ. —/—/ Y |_| Klystron = m '—I =

A > ———1
| I \ I \‘. ~
M
3 vV 2 :l, ‘|
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3 2 : oM
- = Modulator | & & ° [] [ S
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3d -6dB
v 5
< Ch.5 % ]
< 3 Y Forward
_ Conditioning h
D RF
Lund software Detector Reflectted
) =2 ch.a
LLRF S NP
System Power meter/ VN
Scope/Spectrum Analyzer .
pe/Sp y \Cavity |
‘ {
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REIX_
FPC WARM CONDITIONING

» Warm conditioning of FPC took 20 hours in total (effective conditionig time)
v Alot of outgassing happend at low power with short pulses, 10 hours was spend at 50us phase
v’ Several repetition rates has been implemented for 500 us pulses (1Hz, 2Hz, 3.5Hz, 7Hz, 14Hz)
v" 300kW power with 2.6 ms pulses is reached

9,0E-06 1200

50 ps, 1Hz

e Yacuum{mbar)

e P (KW)
8,0E-06

1000
7,06-06
6,0E-06 800

5/0€-06 FPC arc

4,0E-06

Forward Power (kW)

3,0e-06 400

FPC Vacuum (mbar)

2,0E-06
200

1,0E-06

0,0E+00

0,00 2,00 10,00

Time (hour)
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L R N
b\" FPC COLD CONDITIONING cea @

» Cold conditioning of FPC took 9 hours in total (effective conditionig time)
v’ Cold conditioning was complected at 2K
v' Same procedure as warm conditioning was adopted
v" Two frequencies were used for the cold conditioning
(slightly lower and higher frequency than the resonant frequency)
v 300kW power with 2.6 ms pulses is reached

0,45- 1100 -1E-8
0{4_: 1000
- 9004
035~
. : 8001
g 03
202572 600 £
o -1 3
+ -= =
£ 02F ] )
o 2 2
w sce 4004
% 0157 — 1 L
- 3001
01-
- 2001
005- g0l
14:48:11 15:30:00 16:00:00 16:30:00 17:00:00 17:30:00 18:00:00 18:30:00 18:59:36
2018-06-08 2018-06-08 2018-06-08 2018-06-08 2018-06-08 2018-06-08 2018-06-08 2018-06-08 2018-06-08
Tirne RF power (kW)
Vacuum (mbar)
Signal generator output power (dBm) I:I
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L R N
b\" FREQUENCY CHECKING Ce_a @

---------

» Frequency checking during cool down to
study the cavity behavior
v" Key frequencies at certain temperature

v Frequency shift N -
300K 4K 2K
702.991 704.120 704.081
0 1.129 1.09
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WRE”\_} Qext FOR FPC

File  Trace/Chan Response MarkerfAnalysis  Stimulus  Utility  Help
. L ] Scale Per Division IW =
» The Qext for FPC has been studied both at PR | S
room temperature and cold with different e
mEdthOd. T —/l1— N Al
v" Good agreement of result is found T Xk
v" Qext of FPC is close to the expectation ( ( ( Lﬂ e
% File Trace/Chan Response MarkerfAnalysis Stimulus  Utility Help Jflﬂ \\/\/\ ‘\‘\“# E—— : = | tore g
5 Scale Per Division [2.000 dB H Ch 1Pt Avy = 50 i A Marker
[ 521 LogM 2.000dB/ -82.0dB [Trace Max On] “ 1 __>Chi:_Stant 702,650 MHz — — — Stop 703.150 MHz Functions
-72.00 >Mkr 4 704081 '\éuz 167'2‘:338“!?2 P — Cont, CH1: S22 C 2-Fort Avg=50 LCL
7400 4 ] — SWR measurement at 300K
oo 1 . [74.577 dB Aflca e
N, - s v" The external quality factor of the port of input
Reenc power can be calculated by the standing wave
Refeence ratio (SWR).
" == Qe=(1+SWR)QL
Dela
8000 Phas:_ Test run SWR Qe
8800 | Offset | 1 29.1 5.7*10°
_ More b 2 32.3 6.3*10°
o Qext = 6.8e — 3 35.6 7%10°
9200 | Gh 1 Pt Avg = 50 arker
1 >Chi: Stant 704078 MHz — | | | | | Stop 704.083 MHz FLI\'a"CtiO"S 4 33.1 6.5%10°
Cont.  CH1: [S21 | No Cor Avg=50 LCL 5 26.5 5.2*105
S21 measurement at 2K 6 28.4 5 6%105
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||| FRFI N
X, FREQUENCY SENSITIVITY TO PRESSURE (22 V@@

» Checking the cavity frequency shift as a function of helium pressure during cool
down from 4.2 K (~1080mbar) to 2 K (~30mbar)

frequency (Hz)
Temperature ams) [
Temperature (TT116)
frequency from 512 [
Helium pressure (mbar)
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] %, - :
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7.04002E+8 < . C34 2
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3 " o
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3 L - 3
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11:56:38.469 11:58:38.469 12:00:38.469 12:02:38.460 12:04:38.469 12:06:38.469 12:08:38.469 12:10:38.460 12:12:38.469 12:14:38.469 12:16:38.469 12:18:38.469 12:20:38.460 12:22:38.469 12:24:38 469
2018-06-07  2018-06-07  2018-06-07 2018-06-07 2018-06-07 2018-06-07 2018-06-07 2018-06-07 2018-06-07 2018-06-07 2018-06-07 2018-06-07 2018-06-07 2018-06-07 2018-06-07
Time

Frequensy sensitivity test rerult of HB elliptical package

Frequency sensitivity to Pressure= 37 Hz/mbar
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PASSBAND MEASUREMENT

» Frequency of fiest passband was studed at different temperature

Frequency distance between nearest HOM and the nominal frequency is

300K
702.991

701.761
698.464
694.370
691.104

4K
704.120

702.889
699.592
695.494
692.227

>1.2 MHz
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2K
704.081

702.848
699.551
695.454
692.187

14



RPN, CAVITY CONDITIONING AND TEST ced C

Cavity package conditioning and test will use FREIA pulse SEL.

Test program base on Labview will be applied. which has successfully implemented on the spoke
packege.

2.6 ms pulse with 14Hz repetition rate will be used.
Major multipacting regions and FE regions will be found
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“%ﬂv‘rkglb\-’ CONCLUTION

» Test stand and software for HB elliptical cavity test are tested
and ready.

» Conditioning of FPC has successfully finished.
> RF test of the HB elliptical cavity is under going.
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RF CONDITIONING

SECURITY SIGNALS

e Conditioning test stany is instrumented to to ensure the safety of couplers

e 5 arc detectors (photomultiplier PM): 2 by couplers (1 PM on the vacuum side (PMV1 and PMV2) and 1
PM on the air side (PMA1 and PMA2) and 1 for the conditioning box (PMB)
Fast signals: response time < 10us

e 2 pick up electrons (current measurement) (1 per coupler) (PUE1. PUE2)

e 3 vacuum gauges (IKR070): 1 per coupler (VAC1. VAC2) and 1 for the conditioning box (VACB)

e 5 temperature sensors (PT100): 2 for the hydraulic cooling circuit (1 per coupler). 1 on each coupler
closest to the ceramic and 1 for the conditioning box

e 10 RF measurements: 8 measuring the incident and reflected powers by bidirectional couplers (PKREV.
PKDIR. PIREV. PIDIR. PTREV. PTDIR) and 2 measuring the power on the electron pickup of each coupler
(PURF1. PuRF2)

o v for the ferri Flow meter D1 Flow meter D2
ower supply for the ferrite
' Lv srvae

Bi-directional Bi-directional VAC1 VAL Bi-directional
Coupler 60dB coupler 60dB || o Coupler 60dB 5002 load
S b—— f) ILI N S 5 — :
g | =+ =T PMal—Ts | g PMAZ = or short
< 4 PC_loadRE L pPREF—3| | 3T Bl'}/ll?\lé% (| circuit
> - > o PUEIL C > >
o« > @ ! ! PUE2 o
z O - Y 5 PMB—TF ¥ O
v X PC loadDl = o Test box Y
o o -
50Q2 load !

REIN_, VVACB<+—Pumping system
"

UPPALA
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RF CONDITIONING

VIEWS OF THE CONDITIONING STAND

inlet/ outlet of
hydraulic
cooling system

Klystron

Short circuit

Coupler 1

Coupler 2

Pumping Photomultiplier

system

Vacuum gauge

RF measurement

Electron pick up

: || FREI
UPPSALA V b\_’ Current
UNIVERSITET SLHiPP-8 - T.Hamelin & H.Li measurement
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Incident power (kW)

Incident power (kW)

RF CONDITIONING

CONDITIONING RESULTS

First ramp

1200

— Incident power — Coupler vacuum

1,00E-06

1000
1,00E-07
800
600
1,00E-08
400
200
0 1.00E-09
>
~ 5h00
1,20E+01
100 | — Incident power — Photomultiplier — Electron pick up
1,00E+01
1000
8,00E+00
800
6,00E+00
600
4,00E+00
400
200 2,00E+00
0,00E+00

0
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~5h00
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1200

800

600

400

Incident power (kW)

200

N ramp

. — Incident power

— Coupler vacuum

1200

1000

800

600

400

Incident power (kW)

200

~ 20 min

— Incident power — Photomultiplier — Electron pick up

T ~ 20 min

1,00E-06

1,00E-07

1,00E-08

1,00E-08

1,20E+01

1,00E+01

8,00E+00

6,00E+00

4,00E+0C

2,00E+00

0,00E+00
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The list of tests

Central cavity
frequency and
spectrum of HOM
Qe

Frequency shift
due to cool
down

v

DN NN

Coupler cold conditioning

Cavity conditioning

Central frequency
Loaded Q and Qe

Qo

Dynamic heat load

Max gradient

Dynamic Lorentz force detuning

Frequency
shiftvs. T

CRYO
VNA
SEL



