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LHC layout, July 94
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Cooldown of  LHC sector

SC - 04Jul'08
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Cooling sectors + Cryo tuning + Powering activities
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Situation on 10th September
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§ 7 out of 8 sectors fully commissioned

for 5 TeV operation and 1 sector (3-4)

commissioned up to 4 TeV.
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Beam 2 first beam – D-day
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Beam on turns 1 and 2

8
Courtesy R. Bailey



Few 100 turns
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No RF,  debunching in ~ 25*10 turns,
i.e. roughly 25 mS
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First attempt at capture,
at exactly the wrong injection phase…
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Capture with corrected injection phasing
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Capture with optimum injection phasing, 
correct reference
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Courtesy E. Ciapala
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Corrected closed orbit on B2.
Energy offset of  ~ -0.9 permill due to the capture frequency.
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Courtesy J. Wenninger
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Busbar splice
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Magnet cooling scheme
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Equivalent thermal conductivity of  He II
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Equivalent thermal conductivity of  He II
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Sub-sector magnet cooling scheme
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Principle:
à Blocking of the JT valve (CV910) at a value to extract
the static heat inleaks before the powering
à Then, the temperature drift is mainly due to electrical
resistive heating dissipated during the powering

Q Q DDDD
Bayonet HX

Supply pipe
Saturated LHeII

DD D D Q Q DDDDDD D D

HX

CV910

TT911

Hydraulic restriction
(cutting conduction in HeII

w/r to adjacent sub-sectors)
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Experimental validation: temperature evolution
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10 W applied on Q15R1

L. Evans – EDMS 1012338



Experimental validation: calorimetry

21

Before heating With heating

∆U [J/kg] -1.1 78

M [kg] 823

∆U [kJ] -0.92 64.2

t [s] 2880 6600

W [W] -0.3 9.7

∆∆∆∆W [W] 10

à The power variation calculated by calorimetry is 10 W
and is corresponding to the applied electrical power
à ValidationValidationValidationValidation ofofofof thethethethe methodmethodmethodmethod !!!!
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Powering example: 15R1 powering @ 5000A 
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The 15R1 case: additional heat dissipation
due to a bad splice in B16R1
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Nominal
dissipation

à Local resistance:  ~90 nohms 
confirmed by electrical 
measurement !

à Nominal dissipation 13 W: OK w/r 
to the cooling loop capacity margin

Current Total (measured)
Nominal 
Splices*

Add. local 
dissipation

Uncertainty

[A] [mW/m] [W] [W] [W] [W] 

3000 4.4 1.0 0.4 0.6 0.6

5000 14.9 3.2 1.1 2.1 0.6

7000 32.2 6.9 2.1 4.8 0.6

*: Calculated on the basis of  0.33 nW per splice and verified with the 5000 A plateaus



U_2U_1

U_QS0 => -(U_1+U_2)
Sampling Rate = 5ms
Resolution = 0.125mV
Quench Threshold = 100mV@10ms

13sec, 2450 points

~4mV

Average = -0.88±0.02mV

Sector A12: A15R1 – C19R1: 
“splice” measurements on 03.11.08
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60min @ 7kA

10min @ 6kA,5kA,4kA,…,0kA

“Snapshots”: triggering PM-data collection of individual
QPS for the dipoles A15R1 – C19R1 (15 magnets)

Sector A12: A15R1 – C19R1:
measurements on 03.11.08
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Sector A12: A15R1 – C19R1: Dipole Measurements made on 03.11.08

0.7mV/7kA=100nOhm
0.7mV*7kA=4.9W

Snapshot at 03.09.08 : 0.85mV*8.4kA=7.1W

B16R1 => 2334

05/11/2008 Zinour Charifoulline, AT/MEI

Compatible with SM18 data (resolution ±20 nΩ)

Proof  of  the missing source of  heating, representing 100 nProof  of  the missing source of  heating, representing 100 nProof  of  the missing source of  heating, representing 100 nProof  of  the missing source of  heating, representing 100 nΩ,,,,
located in dipole B16.R1 (in the joint between the two apertures).located in dipole B16.R1 (in the joint between the two apertures).located in dipole B16.R1 (in the joint between the two apertures).located in dipole B16.R1 (in the joint between the two apertures).

26
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Snapshots in S67 and S78 on all 154 dipoles Snapshots in S67 and S78 on all 154 dipoles Snapshots in S67 and S78 on all 154 dipoles Snapshots in S67 and S78 on all 154 dipoles ---- B32.R6 with a highB32.R6 with a highB32.R6 with a highB32.R6 with a high
(47 n(47 n(47 n(47 nΩ) joint resistance between the poles of  one aperture) joint resistance between the poles of  one aperture) joint resistance between the poles of  one aperture) joint resistance between the poles of  one aperture
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Results from provoked massive Post-Mortem of all dipoles in sectors 67 & 78

Sector 67

Sector 78

Dipole B32.R6 with 47 nΩ splice resistance



Main quadrupoles in S67 and S78Main quadrupoles in S67 and S78Main quadrupoles in S67 and S78Main quadrupoles in S67 and S78
Results of  global snapshotsResults of  global snapshotsResults of  global snapshotsResults of  global snapshots
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Sector 67

Sector 78



The LHC repairs in detail



Busbar splice

31



What did we observe?

Courtesy H. Prin28 – 04 - 2009

Dipole extremities in SMa18 (March 2009)

MB2690 M2

Magnet coming 
from the tunnel

MB2690 M3

Spare magnet

MB3118 M2

MB3118 M3
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Collimation
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Modification of  dump resistors
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§ Reconfiguration of dump resistors allows the
current to be brought down faster in case of a
magnet quench.

- For the dipole, 104 sec 68 or 53 sec.

- For the quadrupole, 25 sec 15 or 12 sec.
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Vacuum problems

35

§ In two sectors, vacuum leaks have appeared in
current feed boxes. The cause of these leaks is
almost certainly due to flexible hoses. The
reason is now understood: operation outside
design under some transient cooldown
conditions.

§ The two sectors concerned will have a partial
warmup to change the hoses. Operational
procedures in the other sectors will be
changed to avoid such transients.

L. Evans – EDMS 1012338



Flexible hose LHCDFBA_0114

Line N in DFBAH HCM

CL line

Fixed point
approx 3.2 m
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Schedule

37

§ The machine will start up in November 2009
after repair of the vacuum leaks in two sectors.

§ The energy of operation in 2010 will be chosen
once all data on splice resistance is available.
It will be as close as possible to, but not above
5 TeV.

§ The ion injector chain will be made ready for a
possible ion run at the end of 2010.
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