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Nonconformity reported on CM08 by ESS
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ESS found a leak in insulation vacuum

Associated with a 

wrongly mounted clamp

• UU do’t perform leak test of 

insulation vac

• The cryogenic lines inside the 

bellows between CM and VBox

was leaky but fixed 



Other two noncomformities in CM08

• Three clamps around the coupler flange were loose

• Plenty of grease in helium gas flanges and O-rings

– It is there from the beginning

– UU is aware of this and does not wipe them before or after our test
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We are here

• Cryogenics was unstable (low LHe production rate?)

• We cannot keep 2 K operation for several days

• Rest of the tests have been prioritized

• The potential leak signal at A/q=4 was identified when the cavities reached 13 K

• The ESS LD, RGA, and Penning gauges consistently show the same signal

• Goal is to answer: what is the mechanism? Where is it from? Is it a problem?
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CM09: progress and planning
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We are here

Goal of CM09



Time is limited due to cryogenics
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2K 

operation

4K 

operation

Standby 

operation
Standby 

operation

Standby 

operation

He level 

in Dewar

Temperature at 

the bottom

• Liquefaction rate 65 l/h (nominal 116 l/h) without CM load

• The Dewar level increased during stand-by and 4K but significantly 

dropped during 2K operation

• We do not know by 100% if this is due to heat load or poor liquefaction



CM09_2: CTS1 & 2
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Target frequency



CM09_2: CTS1 piezos
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CM09_2: CTS2 piezos
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CM09_2: CAVIN reached 9 MV/m
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CM09_2: CAVOUT reached 9 MV/m
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CM09_2: field decay
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CAVIN CAVOUT

f (warm) [MHz] 351.574 351.559

f (2K) [MHz] 352.140 352.123

QL from VNA (2K) 1.77e5 1.90e5

QL from decay 1.86e4 2.00e5

CAVIN
CAVOUT



CM09_2: Lorentz force detuning at 9MV/m
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CAVIN

CAVOUT

|Df|=284 Hz

|Df|=337 Hz



Helium signal in CM09



CM09_2: Reminder 1/2
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• Liquefaction rate was not sufficient to keep the LHe level in the Dewar

• Decided to go to the standby

• Of course, LN2 line was frozen  (thanks, Rocio!!)

• Then, we observed the famous signal of potential leak!

• RGA was not running but the behavior is the same as others 

A/q=2 (H2)

+ small A/q=3 (HD)

A/q=4 (He?)



CM09_2: Reminder 2/2 helium confirmed
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PT20 

(CAVOUT)

PT10 

(CAVIN)

The leak detector is CAVIN side and RGA is at CAVOUT side



List of facts and hypothesis

• A helium signal (A/q=4) appears when cavities reach 13 K

– Penning gauge observes increase in total vacuum

– RGA observes A/q=4 signal

– The leak detector observes the helium

• The signal level is increased if the cavities are with LHe for longer time

– Thermal cycles (10-50K) without having LHe does not show signal

• The signal appears at a thermal cycle after 2 K operation or 4 K operation 

without going down to 2 K

– Superfluid is not a necessary condition

• Hypothesis

– There is a leak between the beam vacuum and the helium circuit and 

the leaky helium is accumulated in the cavity

– The leak is not necessarily at the 2 K boundary and can be again at the 

supercritical helium line of the coupler’s double-wall tube

– CM12 and CM10 probably have the same issue  how about others?17

Let’s check this point



CM09_2: helium signal (13K) vs time at cold
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temperaturevacuum



CM09_2: helium signal (13K) vs time at cold
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temperaturevacuum

Vacuum jump at 13 K

Y-axis

Mysha’s idea



CM09_2: helium signal (13K) vs time at cold
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temperaturevacuum

Duration 

at < 10K

Vacuum jump at 13 K
X-axis

Y-axis

The helium signal at 13 K is correlated to how 

long the cavities are at cold

Mysha’s idea



CM09_2: Leak detector signal vs time at cold
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LD’s signal 

instead of total 

vacuum  

Correlation between helium signal vs time at cold is confirmed

Note: “leak rate” is misleading  helium signal in 𝑛𝑅𝑇/Δ𝑡 = 𝑃𝑉/Δ𝑡 [mbar*L/s]

Mysha’s idea



CM09_2: leak detector during thermal cycles
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“Leak rate”

Penning gauge

Averaged 

temperature

TT04, TT05, 

TT06, TT07

Penning gauge observes the 

He signal only in the 1st cycle 

but the leak detector is so 

sensitive that it can observe 

smaller signal every cycle

Mysha’s idea



CM09_2: leak detector during thermal cycles
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“Leak rate”

Penning gauge

Averaged 

temperature

TT04, TT05, 

TT06, TT07

Enlarged one cycle



CM09_2: correlation of “leak” vs temperature
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Warming up

Saturate at

5e-10 mbar*L/s

Cooling 

down

“leak” or strictly speaking 

helium signal disappears

Sudden bump of helium

 Helium 

seems like 

desorbed by 

cavities at 

very cold 

temperature



Literature search (thanks to Artur)
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1996

He 

desorption H2

desorption



CM09_2: comparison to Rao 1996
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Rao 1996 Fig.2

He 

desorption
H2

desorption

Pumped 

by TP

Pumped 

by TP

Except for the pumping by TP, our data 

surprisingly reproduces the results in 1996!



What happens in fact?
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At warm leak was not detected or 

does not exist or invisibly small



At intermediate temperature 10K < T < 300 K
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• Thermal contraction may open up a very small hole

• A very small leak increases the “background” leak rate to 5e-10 mbar*l/s



Below 10K: helium desorption happens
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No gas helium signal is observable in RGA, LD and even by Penning 

gauge until the amount of helium reaches some equilibrium value



Another scenario: back stream from TP
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• The helium absorption and desorption are probably the right 

interpretation of this phenomenon

• However, the source of helium may still be from outside

 We are closing the angle valves during the tests below 10 K



Warming up after being below 10 K

31

• The accumulated liquid helium eventually desorbed when the 

measured temperature reaches 13 K (not on the cavity)

• The detectors see the helium signal but NOT the leak itself



If it is a leak somewhere inside the module

• Is such a small leak really a problem?

• From the saturation of helium signal above 15K monitored by the leak 

detector, the leak rate would be around 5e-10 mbar*L/s

– Another way is to calculate it from the amount of accumulated helium 

over some period: 

– We reach 5e-9 mbar after 1 day and cavity volume may be of the order 

of 1 m3
 5e-11 mbar*L/s
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atm cm3 s-1 = mbar L s-1If helium is accumulated for 1 year

𝑛𝑅𝑇~𝑃𝑉 = 5 × 10−10 × 365 × 24 × 60 × 60
~1.6 Pa ∗ L

→ 𝑛~ Τ1.6 (8314 LPaK−1mol−1 × 10 K)
= 1.9 × 10−5 mol (1.2 × 1019 atoms)

Helium is 4 g/mol  77 mg accumulated

One helium atom occupies 1Å × 1Å
 n × 10−10 × 10−10 = 0.12 m2

Are will be covered by helium monolayer  Maybe nothing?


