
LHC Machine Status Report 

125th LHCC
Frédérick Bordry 
2nd March 2016



2

LHC Machine Status Report 

121st LHCC

Frédérick Bordry 

4th March 2015

LHC goal for 2015 and for Run 2 and 3 

Priorities for the 2015 run :

- Establish proton-proton collision at 13 TeV with 25ns and low *

to prepare production run in 2016.

Optimisation of physics-to-physics duration

- Later in 2015: decision on special runs “when and duration”

(90m optics): not in the 1st part of the year. Waiting LHCC

recommendation

- Pb-Pb run: one month at the end of 2015

The goal for Run 2 luminosity is 1.3 x 1034 cm-2 s-1 and

operation with 25 ns bunch spacing (2800 bunches), giving

an estimated pile-up of 40 events per bunch crossing.

“A maximum pileup of ~50 is considered to be acceptable for ATLAS and CMS”
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October 28th,

459 b

745 b

889 b

1033 b

1177 b1321 b

1465 b

1608 b

1825 b

2041 b
1608 b

 Resume of the intensity ramp up after TS2

 First driven by machine protection validation 

 Then driven by cryo system operation (> 1600 bunches)

 Special physics run (90 m optics)

 back to lower beam intensity for commissioning and production 

→ step down for 25 ns physics run

 Ions run to conclude the year:

 Including intermediate energy run with proton at 2,51 TeV

End of 2015: 25 ns physics run
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The main reasons for the 

lower  value:

- Start-up delays (~ 4 weeks),

- Availability issues: 
radiation failures on the 

quench protection tunnel 

electronics;  solved after TS2

- Electron clouds mitigation 

2015 LHC Integrated Luminosity 

The initial projections of integrated luminosity for 

2015 were ~ 8-10 fb-1.

Achieved ~ 4.3 fb-1

 Slope at the end of the run better than in 2011, 

and close to 2012 slope

(last week of operation > 1 fb-1)
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Courtesy John Jowett

Lead-Lead physics run: Summary

- Design peak lumi: 11027 cm-2s-1:
o ALICE leveled at design luminosity

o ATLAS/CMS already beyond (up to 3.5x1027 cm-2s-1 ) 

- Delivered luminosity(3 weeks of physics):
o Target for 2015 ions run :300 - 500 µb-1

o ALICE 430 µb-1 ; ATLAS/CMS 700/600 µb-1 
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YETS 2015-2016 Intense activities planning 

for an 11 weeks stop

- Successful DSO tests on February 26th-27th

- March, 4th – LHC tunnel closed and start of powering tests

- March, 23rd – end of powering tests, experiments closed and start of 

machine check-out

- March, 29th – start of beam commissioning (initially March 21st)

decision taken last week at LMC
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► Heavy interventions by Cryogenics on all points

► Insulation vacuum leak to be investigated on cold box at point 8

► TDI replacement (Cu-coated graphite)

► hBN cracking for temperatures above 400-450°C

► Limiting injection of trains to half nominal (144b)

► Inspection showed degradation

► Collimators 5th Axis

► 12 collimators were removed and re-installed in LSS1 and in LSS5

► Vacuum layout was modified, to recover the TCTP collimators’ 5th axis translation

► Without forgetting the injectors: a lot of work done there and some issue

► Problems in Linac2 related to a vacuum leak on a RF pick-up and a ZS of SPS to be 

replaced --> no delay

Degraded coating
Heavily Degraded coating

Blisters in Cu coating
TDI@P2

TDI@P8

Injection 

protection 

‘blocks’

Major YETS interventions
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• Breox® (compressor oil) was found on

1. Outlet filter 80K and 20 K adsorbers

2. Inlet filter T1

3. Inlet filter T2

4. Turbine gas bearing inlet filters

• Breox® is thought to diminish the heat exchange 

surface of the first heat-exchanger.

Normally a cold-box having suffered such a Breox® 

pollution is stopped to be cleaned. This was however 

impossible in the CMS case, and the installation was 

kept alive with regular 80K adsorber and turbine inlet 

filters regenerations. When judged necessary the 

turbine filters were exchanged for new ones.

Of the integrated (p-p) luminosity delivered to CMS in 2015,

about 73% of the data is taken under nominal field conditions.

CMS Cold-Box Contamination
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A first review took place on the proposed measures discussed above, and

a second one of the risks which these interventions could bring to the

system. Both reviews supported the proposed measures..

CMS Cold-Box: YETS planning
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Cold box cleaning: USC

Cold box shunts & taps Cleaning machine components

Commissioning

finished 25 Jan.

Fluid circulation

in cct 1 started 

25 Jan

Courtesy of J. Bremer, C. Fabre,O. Pirotte

350+10+8 grams of Breox
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New PORS

pressure tested at A.L. factory

Now at CERNOld PORS: removed Old Coalescers: removed

New adsorbers

arrived from A.L.

All charcoal to be

changed back 

pellet --> granular

New Coalescers: delivery ~now

Surface compressor hall

Courtesy of J. Bremer, C. Fabre,O. Pirotte

Cryo: Oil removal system & adsorbers
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ATLAS C-side vacuum chamber bellow
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Dimple on the bellow
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TE - VSC is evaluating two types of clamps in order to protect the 

bellow against unexpected leak during the pump-down and 

operations.

► Clamp/envelope is continuously evacuated by an additional pump

(to be installed in UX).

► Piping goes from bellow, through JTT shielding out of the

magnetics field (additional 20m of piping).

Decision to add a differential pumping 
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Powering Tests

- UPS Tests systematically in each sector

- Overhaul of the 32 Main circuit EE systems

- HV tests needed afterwards

- Temperature drifts in DFB’s and MS

- Need for ELQA on many circuits

Powering tests:
- 7000 tests in 12 days!! 

- 1/3 are 60A … should be ok

- Massive parallel testing – rely on automated sign-offs

Will rely on availability of the sectors for powering

No access (apart from that needed to power)

13 TeV
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New LHC schedule: 1st beam injection on  29th March 2016
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Proton-Proton Plans for 2016

 Stable Safe Operations
 Don’t compromise on machine safety!

 Don’t do anything to compromise machine 

reproducibility

 Electron Cloud under control
 Short dedicated scrubbing 

 Continue during intensity ramp-up

 6.5 TeV, 40 (50) cm *
 Keep an eye on availability

 Nominal 25ns beam, 2748 bunches, 288 bpi
 May push later to shorter bunches & BCMS

 Availability
 Sustained effort to trace faults

 Keep avoidable interruptions to production 

running to a minimum 

 Excellent Operational Efficiency
 Combined ramp/squeeze

 Work on injection process
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A diversity of requests :
o High Luminosity Proton-Proton running at 13 TeV (25 ns)

o Special Runs

o Heavy ion Running 

13 TeV p-p data for ATLAS/CMS (25 ns): 
– 40cm β* (approximately twice the luminosity/pileup of 2015)

– LHCb Leveled with β* = 3m   to a µ of 1.1

– ALICE  Leveled with β* = 10m to a µ of 0.01

– Both require regular flipping of magnet polarity (new for ALICE)

– TOTEM aligned from the start and taking data during high intensity runs. 

Experiment Requests and Requirements

In addition to high intensity p-p must foresee the following:

– One early VdM scan (with possibility of another depending on analysis)

– A high β* (~2.5km) running period for TOTEM/ALFA (no 90m β* run in 2016) 

– 4 week Heavy Ion period, details still under discussion

– LHCf do not foresee taking data in 2016 except in a possible 8 TeV p-Pb run 

– A few Special Requests
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Goal:
Measure elastic proton-proton scattering in the 
Coulomb-nuclear interference region and 
potentially measure the luminosity independent 
of VdM scan.

Beam Settings: 
• β* as high as possible (β*> 2 km)

• Zero crossing-angle

• 3 bunches (2 colliding in 1&5) 

• As low emittance as possible

• Vertical Roman Pots positioned at 3 σnominal or closer

Scheduling: 
• Optics commissioned before – extra time added to MD 

• 1 day final set-up and 3 days Physics

High Beta* Running
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• Different requests from the experiments 

• Still under discussion, waiting decision during  March LHCC

• Options under discussion:

2016 2018

A p-Pb @ 5 TeV Pb-Pb @ 5 TeV

B p-Pb @ 8 TeV Pb-Pb @ 5 TeV

C Pb-Pb @ 5 TeV Pb-Pb @ 5 TeV

5 TeV p-p reference run ?

Should be included in the Heavy Ion periods

- Long term plan for HI running desirable

Requests for Heavy Ion Running
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IP1&5 Ebeam

(TeV)

Peak Lumi

(cm-2s-1)

Integrated 

Fill Lumi

(ub-1)

Integrated 

Run Lumi

(nb-1)

PbPb 6.37Z 2.7e27 35 1

pPb 4Z 2e29 2600 77

pPb 6.5Z 3e29 3900 116

Within the usual 

10-15% 

uncertainty

A Pb-Pb run in 2016 would be very similar to 2015
 Possibly lower * but in any case dominated by burn-off

P-Pb is actually slightly easier at higher energy 
 Smaller frequency difference – orbits less offset.  

 Can run with the p-p * for ATLAS and CMS

 But ALICE will be limited to higher * by the 2mm vertical 

offset and anyway levelled

Ion Run (from the Machine Side)
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- EYETS –19 weeks – CMS pixel upgrade

- Ion runs in 2016 and 2018

Run 2



LHC heavy-ion runs, past & approved future 
+ species choices according to ALICE 2012 LoI (could evolve if required) 

(adapted without permission)

p-p & Pb-
Pb Pb-Pb Pb-Pbp-pp-Pb Pb-Pb

?

Pb-Pb Pb-Pbp-Pb

201320122011

LS1

2010

Pb-Pb Pb-Pb
p-Pb!

p-Pb

Run 1

Augmented version of  
slide by F. Bordry

J.M. Jowett, LHC Performance Workshop, Chamonix, 28/1/2016 23

LHC will have done 12 ~one month 
heavy ion runs between 2010 and 
2030 (LS4).   Four done already.
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LHC Performance Workshop and CMAC session

The summary of Chamonix performance 

workshop will be held on Thursday 3rd March
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LHC goal for 2015

Integrated luminosity goal:

2016 :  25 fb-1 at 13 TeV c.m

Run2: 100 fb-1 

Prepare for (or go to) 14 TeV operation

300 fb-1 before LS3 

LHC goal for 2016 and for Run 2 and 3 
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Conclusions

LHC is operational at 13 TeV c.m. (> 4fb-1) and 

with 25ns beams (2x2244 nominal bunches)

2016 : production mode at 13 TeV
- 13TeV, machine scrubbed for 25 ns operation 

- β* = 40 cm in ATLAS and CMS

- Rapid intensity ramp up should be possible

- Nominal design luminosity 1x1034 cm-2 s-1 should be reached

RUN 2 goal : 100 fb-1   and  

to reach 300 fb-1 at the end of RUN 3

LHC Injector Upgrade (LIU => LS2) 

and High Luminosity LHC (HL-LHC =>LS3)  

well defined and now in construction phase
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LHC schedule 2016

2016: 
a production 

year



Thanks for your attention


