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W18: what was performed
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next CM CM under test previous CM

CM03 CM05 CM02

m

RF cable calibration, 

shock sensor arrived

a Check by RF power

m CAV IN conditioning
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SAT 01-maj make strategy

SUN 02-maj check termiantors

m

a

m
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m

a

W18 2021

THU 29-apr

feet not 
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FRI 30-apr

MON 03-maj

TUE 04-maj

WED 05-maj start warming up

doorknob 

mounting

CAV IN heat load

Cav OUT heat load
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CM03: preparation
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Date T ime

2021-04-26 08:45

2021-04-27 08:08

2021-04-28 08:03

2021-04-29 08:15

2021-04-30 08:15

2021-05-03 08:08

2021-05-04 08:40

2021-05-05 08:28

4,20E-03

4,30E-03

4,30E-03

3,70E-03

VACUUM GAUGE OF CAVITY STRING AT UU

Pfeiffer TPG2020 (mbar) Limit Name of controller

1,00E-01

1,00E-01 E. Pehlivan

1,00E-01 E. Pehlivan

1,00E-01 E. Pehlivan

1,00E-01 E. Pehlivan

E. Pehlivan

1,00E-01 E. Pehlivan

1,00E-01 A.Miyazaki

3,80E-03 1,00E-01 E. Pehlivan

3,90E-03

3,90E-03

4,00E-03

• No problem in beam vacuum

• Doorknob mounted

• Cooling water is leak tight

• Ready to move to the bunker once CM05 is out

data sheet uploaded to Atrium
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Shock sensors are waiting to send CM05 to ESS
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@ Akira’s office



Doubt in power measurement (CAV IN)
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𝐸𝑎𝑐𝑐_𝑝𝑘_𝑃𝑡 =
𝑄𝑡𝑃𝑡
𝑘𝜔

𝐸𝑎𝑐𝑐_𝑝𝑘_𝑃𝑓 =
4𝑄𝐿𝑃𝑓

𝑘𝜔

Cable attenuations by Akira on April 26th

af = 81.30 dB

ar = 81.55 dB

at = 17.46 dB

The inconsistency in CAV IN (DSPK03) field estimated was presented in W17

Remeasured by Mykhailo on April 29th

af = 81.04 dB

ar = 81.59 dB

at = 17.58 dB

Consistent within 0.3 dB

Tuner was fine tuned



Cable calibration method
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• Standard method (same as CERN not sure of Orsay)

• Warm cables  send +20dB and check power meter 

reading

• Cable cables (pick-up only)  S11/2

• Of course measurement cables are pre-calibrated

• Even if something is burned in the line, we can detect 

failure (we found burned 20dB attenuator in Feb 2021)

• ”50dB” of directional coupler is assumed (never measured)

Send power 

from the bunker



Simulate expected RF signal from cavity

06/05/2021 A. Miyazaki, ESS meeting W18 9

~ PM1

PM2

Control roombunker

SG amplifier
Directional 

coupler

• Calibrate directional coupler in advance

• Send real power i.e. 36 dBm (400kW=86dB –

WR2300HH directional coupler 50 dB)

• Compare PM1 and PM2

• Same in transmitted power line

No major (>0.5 dB) difference was observed 

 Cable calibration seems OK



Doubt in power measurement (CAV IN)
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𝐸𝑎𝑐𝑐_𝑝𝑘_𝑃𝑡 =
𝑄𝑡𝑃𝑡
𝑘𝜔

𝐸𝑎𝑐𝑐_𝑝𝑘_𝑃𝑓 =
4𝑄𝐿𝑃𝑓

𝑘𝜔

Tuner was fine tuned

OK OK

How are Q values?



CAV IN loaded Q measurement
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Frequency domain Time domain

𝑄𝐿 = 1.63 × 105 𝑄𝐿 = 1.68 × 105

consistent



𝑄𝑡  compare with Orsay’s vertical tests
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DSPK01, 03, 06

(CM01 CAVIN, CM05 CAVIN, CM01 CAVOUT)

Multipacting happens at certain Eacc

Courtesy David

Our results

Orsay

CAV IN using 𝑄𝑡

CAV IN using 𝑄𝐿 ∗ 𝑃𝑓

Orsay Our 

results
• 𝐸𝑎𝑐𝑐 estimated from 𝑄𝑡 is more 

consistent with multipacting in Orsay

• 𝐸𝑎𝑐𝑐 estimated from 𝑄𝐿 ∗ 𝑃𝑓 seems 

overestimated

𝐸𝑎𝑐𝑐_𝑝𝑘_𝑃𝑡 =
𝑄𝑡𝑃𝑡
𝑘𝜔

𝐸𝑎𝑐𝑐_𝑝𝑘_𝑃𝑓 =
4𝑄𝐿𝑃𝑓
𝑘𝜔

FE

MP



Comparison of 𝐸𝑎𝑐𝑐
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• 𝐸𝑎𝑐𝑐 estimated from 𝑄𝐿 ∗ 𝑃𝑓 seems overestimated by 25%

• Since 𝑄𝐿 seems OK, 𝑃𝑓 is more doubtful



Power
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𝐸𝑎𝑐𝑐_𝑝𝑘_𝑃𝑡 =
𝑄𝑡𝑃𝑡
𝑘𝜔

𝐸𝑎𝑐𝑐_𝑝𝑘_𝑃𝑓 =
4𝑄𝐿𝑃𝑓
𝑘𝜔

Required 𝑃𝑓 to get certain 𝑃𝑡

𝑃𝑓
′ =

𝑄𝑡
4𝑄𝐿

𝑃𝑡

𝑃𝑓 we send We send 2.5 dB higher than required 𝑃𝑓

Is it real or measurement artifact?



Doubt in power measurement (CAV IN)
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𝐸𝑎𝑐𝑐_𝑝𝑘_𝑃𝑡 =
𝑄𝑡𝑃𝑡
𝑘𝜔

𝐸𝑎𝑐𝑐_𝑝𝑘_𝑃𝑓 =
4𝑄𝐿𝑃𝑓

𝑘𝜔

Tuner was fine tuned

OK OK

The doubt is localized to

1. Accuracy of 50 dB at the directional coupler

2. Impedance mismatch at somewhere between directional coupler and the 

cavity, which reflects or dissipate 2.5 dB of 𝑃𝑓 before entering the cavity

• Electrical misconnection, corona discharge , …etc

OK
OK



Because the power coupler in my previous project (HIE-

ISOLDE @ CERN) was BBQed in a cryomodule

coaxial cable

I became sleeplessness

For more detail, see my presentation in TTC2015 @ SLAC



History of CAV IN coupler
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Coupler pt100 CAV OUT

Coupler 

pt100 CAV IN

CAV IN 

RF power

Cavity 

temperature

CAV IN 

Penning

CAV OUT 

Penning

• As reported in W17, heater regulation with 110W was not sufficient to keep the 

“coupler temperature” above 280K

• The trend of Penning gauges changed  contamination? Leak??

Coupler cold 

conditioning

Coupler warm 

conditioning
 Cavity conditioning



Some hints?
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indicates

72.9 dBm
74.5 dBm

Another 

directional 

coupler after 

the circulator

3.4 MV/m

 Expect 71.8 dBm

• Via another directional coupler at upstream (10-20 m), the power through the 

waveguide is 1.6 dB lower than the one from our interest

• 1.1 dB loss or standing-wave effect in the waveguide system might explain the issue

• We will check directional coupler, doorknob, and power coupler after warming up 



Anyhow CAV IN reached 12MV/m
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We rely on this

Should be 215 kW

Extra 112 kW from 

somewhere

No field emission 

up to 12MV/m



Lorentz force detuning CAV IN
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-250Hz / +200Hz @ 9MV/m (estimated from 𝑸𝒕)

reconstruct

Cf. other cavities’s dynamic LFD @ 9MV/m

Cavity LFD [Hz] Motor turns KL [HzMV-2m2]

CM02 CAV IN 300 3072 (1.20 mm) -6.3

CM02 CAV OUT 270 4475 (1.75 mm) -6.8

CM04 CAV IN 280 3617 (1.41 mm) ?

CM04 CAV OUT 300 3159 (1.23 mm) ?

CM05 CAV IN -250 / +200 4670 (1.82 mm) -7.3

CM05 CAV OUT -150 / +120 2590 (1.01 mm) ?

DSPK03 (courtesy David)

Δ𝑓 = 𝐾𝐿𝐸𝑎𝑐𝑐
2

Is it reasonable??



Lorentz force detuning CAV IN
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Is it reasonable??

𝑑

𝑑𝑡
Δ𝑓 𝑡 = −

1

𝜏𝑚
Δ𝑓 𝑡 −

𝐾𝐿

𝜏𝑚
𝐸𝑎𝑐𝑐
2 (𝑡)

𝑑

𝑑𝑡
𝐸𝑎𝑐𝑐 𝑡 = − 𝜔 Τ1 2 − 𝑖2𝜋Δ𝑓 𝑡 𝐸𝑎𝑐𝑐 𝑡 + 2𝜔 Τ1 2 Τ𝑉𝑓(𝑡) 𝐿𝑎𝑐𝑐



Heat load measurement
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Our standard method

Close JT 

valve

Fix 4K 

inlet Fix regulation 

valve

Read-out GHe flow

flow [m3/h]*1.07 = P [W]

Stabilize 

pressure

new!



GHe flow depends on outlet valve
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• Even if the cryomodule pressures is stabilized around 31 mbar, the flow is 

systematically increased by the outlet valve opening

• No correlation to the pressure but strong correlation to outlet valve opening

• We do not know which valve 

opening reflects the true heat load 

(5W uncertainty)

• All the other cryomodules were 

measured with CV04=43% 

condition with 1.6 W (tentative) 

relative uncertainty

Max 5W 

uncertaintyYet another 

uncertainty 

+/- 1 W

Once we understand the cause of 

uncertainty, we will be able to correct it

Yet another 

uncertainty 

+/- 0.6 W



Dynamic heat load (statistical error only)
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CAV IN CAV OUT

Parabolic fitting 𝑃𝑡𝑜𝑡 = 𝑃𝑠𝑡𝑎𝑡 + 𝑃𝑑𝑦𝑛𝑎𝑚𝑖𝑐 = 𝑃𝑠𝑡𝑎𝑡 + 𝐴 × 𝐸𝑎𝑐𝑐
2 failed

CAV IN CAV OUT

𝑃𝑠𝑡𝑎𝑡 [W] 17.46 ± 0.10 14.00 ± 0.16

𝑃𝑑𝑦𝑛𝑎𝑚𝑖𝑐@9MV/m [W] 0.26 ± 0.09 −0.11 ± 0.12

𝑄0 (1.3 × 1010) (> 1.4 × 1010)

𝑄0 with ± syst. (tentative) > 2.4 × 109 > 1.7 × 109

0 consistent

Negative 

energy 

Lower bound 90% confidence level (2s)

Anyway OK

(spec. > 1.5 × 1010)

CV04 60%

CV04 43%



Relative heat load measurement from pressure
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Static 1 (Apr 27)

Static 2 (May 4)

CAV OUT 12MV/m (May 4)

• Close both inlet (CV01 JT valve) and outlet (CV04)

• Less parameters than flow measurement

• Check pressure rise 

Reproducible but no resolution for RF power dissipation <1W

LHe level

Cavity top 

temperature



Warming up in progress
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Warming up in progress

06/05/2021
A. Miyazaki, ESS meeting W18

27

20K
25K

PT10 CAV IN 

coupler more 

contaminated?



Electrosys is being repaired
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Electrosys

HPA1 HPA2

tube tube

SSA1 SSA2 SSA3 SSA1 SSA2 SSA3

output

PS1

PS2

PS3

PS1

PS2

PS3

PS1

PS2

PS3

PS1

PS2

PS3

PS1

PS2

PS3

PS1

PS3

Issue found in W15

Mysha is working on the circuit

(This error does not trip interlock) 

• Delivery of spare PSs around 

middle of May

• No major  impact to the project



Documentation on-going
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To investigate 

the anomaly in 

power 

measurement 

is essential



Plan W19 & W20
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next next CM next CM CM under test

CM01 CM03 CM05

m

a

m

a

SAT 08-maj

SUN 09-maj

m

a

m

a

m

a

warm up

dismount 

bellows

investigation 

of fault

prepared at Orsay

swap: CM03 in front of the bunker, 

CM05 in the docking area

FRI 07-maj

MON 10-maj

TUE 11-maj

WED 12-maj

W19 2021

THU 06-maj

next next CM next CM CM under test

CM01 CM03 CM05

m

a

m

a

SAT 15-maj

SUN 16-maj

m move to bunker

a

m

a vacuum connection doorknob

m

a
WED 19-maj

longer weekend

ready for shppping to 

Uppsala?

MON 17-maj

TUE 18-maj

connect cryogenic 

bellows

out-going test

investigation 

of fault

Vacuum pumping

W20 2021

THU 13-maj

FRI 14-maj

If burned mark and/or impedance 

issue in CAV IN coupler is found, 

we need to change the plan

Measure waveguide system 

to explain missing 2.5 dB

• CM03 coupler conditioning after May 20th

• In the best case, CM05 ready for shipping 

after May 19th

• CM01 must arrive after CM05 departure

Tentative plan because 

we have not understood 

the origin of 2.5 dB


