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• Overall cryogenic performance and availability for 2017.

• Cryogenic boundaries and expected view for 2018

• Controls and refrigeration capacity improvements

• Summary
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L. Delprat – Monday, December 4th – CPL – LHC Cryo Availability

ATLAS : 97.2 %
CMS    : 99 %
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Cooling water 
failure at LHC-8

Cooling water 
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The 3 main contributors (Cryo origin)  generate 50% of the total cryo downtime. 2 of 
them should be credited to hardware aging effect (ex LEP material, 25 years old!)



13 Dec 2017 EVIAN 2017 6

CRYO LOSSES USERS LOSSES SUPPLY LOSSES TOTAL LOSSES

Number duration Number duration Number duration Number duration

27 107:20 9 15:26 3 69:28 39 192:14

RUN 2 CRYO Availability Summary

Year 2016 2017

Due Operation duration [h] 5824 5100

Cryo losses 1.40% 2.1%

Total Cryo Downtime [h] 79 107

Cryo Availability for 8 sectors 98.60% 97.9%

Delayed injections [h] 12 0

Cryo Availability counting delays 98.40% 97.9%

Breakdown of Cryoplant stops

Overall breakdown

2017 appears to be a good year for Cryo availability 
but aging effect starts and we will have to challenge 
this issue in the coming year (s) .
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ATLAS : 1.5 T/y
CMS    : 0.7 T/y

Helium inventory management was very good in 2017 thanks to huge leak search campaign during eYETS

S12 helium 
losses due to 
conditioning 
after warming 
up to room 
temperature 
limited

2017 
operational 
losses 
significantly 
reduced down 
to 5.4 ton 

During the 2016-
17 EYETS the 
helium inventory 
was secured to 
surface premises 
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During the year some incidents occured on our equipment's. Every incident should have 
an impact on the global cryo availability. Thanks to our strategy, the optimization of the 
running equipment's to minimize the number of rotating machine in use helped a lot. 
None of the below reported incidents had an impact on the 2017 operation (equipment 
on cold stand-by mode).

• P6: Moto-compressor damaged by major fault on 3.3 kV electrical cell;  From 0.1 to 3 
days depending on the equipment

• P8: Stop of Cold compressor unit during SVC compensator switch, 3 times in 2007;
From 2 to 6 hours depending on the equipment

• P6: Repetitive problem of turbine (flange leak); Poor supercritical helium quality 
generating DFB level oscillation and associated CM losses.
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Default estimated value of guaranteed refrigeration capacity is 160 W. Specific four sectors were
tested in their design configuration. The values for their capacity limit for BS cooling is presented
in table below.

Missing high load sector should be measured during YETS 2017/2018

?

Reconfiguration of the system for using of 1 cold pumping unit/cryo-island allows to spare about
~3 kW (~20 W/hc – estimated values) of capacity for BS but has an influence on equilibrium of
capacity of about 10-15%.

2016 2016 20172017measured in:
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According to measurement done during eYETS 
and presented (LMC 2017.06.21, K. Brodzinski) 
the maximum value should be around 270W 
for dynamic heat loads

Maximum measured values (no levelling) 

Triplets Dynamic losses Estimated error

ITL1, ITR1 ~270 W +/- 10%

ITL5 ~255 W +/- 10%

ITR5
Instrumentation 

fault

Dynamic thermal losses measured during the 
“no levelling” test shows a same level of load 
than tested during the cooling commissioning.

To complete this measure, a calibration of 
instrumentation is necessary on ITR5. Probably 
not possible before LS2.

Test fill (all sectors) “no levelling” and constant 
luminosity validating 2.0*1034 cm-2 s-1 
luminosity in stable beams; the magnets 
temperature was maintained at less than 2 K
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Methodology
 During TS #1: individual Feed Forward has been deployed in S81
 Until Beginning October 2017: all FF loop were equality tuned
 Beginning October 2017: individual FF loop has been setup progressively
 Comparison of 14 Beam screen loops (15L1  27L1) during 3 “almost identical” fills

 Fill 6240: No FF applied
 Fill 6245 Common FF for entire sector, No ecloud consideration applied;
 Fill 6276: Individual half-cell FF with e-cloud consideration applied

No FFFill 6240: 
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Common FF for entire sector, No ecloud consideration 

Individual half-cell FF with e-cloud consideration

This control mode is efficient mainly with inhomogeneous sectors (up to 30 W/half-cell 
saved). Unfortunately high load sector are also more homogeneous 

Fill 6276: 

Fill 6245: 



• 2018 expected beam induced heat loads: ~ similar to 
2017

• Scrubbing @ 450 GeV
• Standard 2017: up to 2820b, 288 b/injection

• Expected limitations in S12 due to warm-up during YETS (16L2)

• Physics @ 6.5 TeV
• BCMS 2017: up to 2556b, 144 b/injection (3x48)

• Limitation is about 160 W/half-cell

EVIAN 2017

Cryo limit = 160 W/hc

BCMS 2016
2x48b per injection

BCMS 2017
3x48b per injection

Standard 2017
4x72b per injection

Courtesy of G. Iadarola, Chamonix 2017

Estimate for the sector with the highest heat load (S81)

Configuration foreseen for 2018

• Similar configuration to 2017
• Individual parametrization 

for all regulation loops 
(tested on S81 after 
TS2/2017)

• Inlet/outlet BS temperature 
will be reviewed to fit with 
individual parametrization 
and with global sector heat 
loads

• These parametrizations must 
be tuned !!!
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• The overall cryogenic performance and availability for 2017 is 
good.

• The cryogenic limitations for BS are 160 W/half-cell and 270 
W/triplet. This must be revalidated by exhaustive tests on high 
load sectors and at least S12.

• Some control improvements such individual half-cell FF will be 
deployed in 2018. This should help to give heat load margins.

Thank you


