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Outline
• What was planned (M&M)

• Trainings on main dipoles

• Heater provoked quenches on selected MBs

• Trainings on main quadrupoles

• Series of FPAs on the RB and RQD/F circuits

• Findings: couplings, high diode lead resistances, … 

• Concluding remarks (M&M)



Planning of powering to 7 TeV
• Dipole training for RB.A12 

• Quadrupole training for all RQD/F 

• IPQs & IPDs training to 7 TeV equivalent current

• IT IP1/5 to 7 TeV equivalent current 

• 600A

• Test of few circuits with suspected reduced performance

• Check of increased performance for octupoles and sextupoles

• Special tests:

• Series of FPA on the RBs 

• Series of FPA on the RQD/F 

• Few provoked quenches on selected RBs 

• Investigation on problematic circuits (RCO/RCS) 

• Check of new di/dt sensor on some circuits 
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Dense planning, made challenging by the electrical power cut

(almost 3 days lost!)

+ margin
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MP3-twiki

https://twiki.cern.ch/twiki/bin/view/MP3/WebHome
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2018

2018

2018

 All MB-quenches in the LHC since 2008;

 Individual plots represent 8 RB-circuits;

 MQ-quenches started since this campaign;
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LHC design energy

All magnets were individually trained 

to 12 kA at reception (SM18)

LHC energy since LS1 (2015-2018)
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What are behind each points there?
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RB.A12, training quench

~11 hours!!!

CRYO recovery

RB.A12, 154 MBs, Single Training Run:

 Powering Test (PNO.b2);

 ~20 minutes of ramp up;

 1 natural quench (training);

 1-3 fast quenches due to EM 

coupling;

 2-4 magnets will quench due to the 

heat propagation;

 so, 1 training out of 4-10 quenches 

in total;

 which ends up with about 6-12 

hours of CRYO recovery;
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2018

“Pessimistic” scenario after LS2:

 if every magnet needs to be re-trained;

 powering 8 circuits in parallel;

 154 x 10 hours / 24 ≈ 60 days;

A bit long but not infinite …

Last training quench so far

355 A in 17 quenches

415 A still to go!
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CRYO recovery time:
Multiple High Current Quenches vs Power Cut

1st TQ, 11177 A + 3xHPs 2nd TQ, 11205 A + 3xEM/TWs + 3xHPs

~5 h ~12 h

Power Cut

Challenging and quite important task:

to minimize the fast quenches in 

adjacent magnets!

“Fast” means within 1-2 s.
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2016

2018

Special test: HP quench in C27L5

Modifications in QPS:

 Sun glass threshold of nQPS increased to 1 V;

 1st EE delay reduced to 100 ms to activate the sun 

glass threshold prior to the possible quenches;

Sun glass

Sun glass

The dedicated analysis of all quenches 

for the current powering campaign still 

needs to be done …
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8 RQD/RQF-circuits are trained in parallel:

 much less stored energy in a single magnet (2x5.6 mH);

 only one magnet is quenching for the powering ramp;

 short CRYO recovery time (~1h);

 can be done in a shadow of RB-training;
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Series of special FPAs on the RB and RQD/F

2s nQPS DS buffer

8s iQPS DL bufferFGC:I_MEAS

https://twiki.cern.ch/twiki/bin/view/MP3/FPAinRB
https://twiki.cern.ch/twiki/bin/viewauth/MP3/FPAinRQ


Concluding remarks
• Despite the long training of RB.A12 and some time lost, there are many positive aspects of this 

campaign.

• Most of the high current circuits were successfully commissioned to the target value

• RD3.L4 went to target without quench (was stopped to 6.9 TeV during the training before LS1)

• RQ5.R1 went to target with 2 quenches (this was suspected to be a ”long-trainer”)

• RQ5.R5 went to target with 2 quenches (also suspected to be a ”long-trainer”)

• Some IPQs (RQ5.R6, RQ5.L6, RQ7s@IP5) reached ultimate current with al limited number of quenches 

(very important for HL-LHC)

• RQ5.L8 (replaced in LS1 and never trained in the tunnel) reached nominal current with 3 quenches

• Few 600 A circuits proved that no degradation can be observed in time

• Octupoles and sextupoles were successfully tested to larger di/dt or/and ramp rate to allow faster operation 

functions in Run III

• Quench propagation studies were done to prove the effectiveness of new QDS thresholds 

which allow reducing the number of secondary quenches during training

• Fast power aborts were also performed to allow characterizing the RB, RQD/RQF circuits
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Thanks!
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~380 ms

The transfer of current from quenching dipoles and 

quadrupoles into the cold bypass diode

~190 ms


