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GOALS FOR RUN 2 (F. Bordry, 03/03/2016)
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GOALS FOR RUN 2 (F. Bordry, 03/03/2016)

Run 2: 2015-2018
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GOALS FOR RUN 2 (F. Bordry, 03/03/2016)

Run 2: 2015-2018
Operation with 25 ns bunch spacing
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GOALS FOR RUN 2 (F. Bordry, 03/03/2016)

Run 2: 2015-2018
Operation with 25 ns bunch spacing

Peak luminosity of 1.3 103* cm~2 s
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GOALS FOR RUN 2 (F. Bordry, 03/03/2016)

Run 2: 2015-2018
Operation with 25 ns bunch spacing
Peak luminosity of 1.3 103* cm~2 s

Integrated luminosity of ~ 100 fb-"
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GOALS FOR RUN 2 (F. Bordry, 03/03/2016)
Run 2: 2015-2018

Operation with 25 ns bunch spacing

Peak luminosity of 1.3 103* cm~2 s
Integrated luminosity of ~ 100 fb-"

Prepare for (or go to) 14 TeV operation
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GOALS FOR RUN 2 (F. Bordry, 03/03/2016)
Run 2: 2015-2018

Operation with 25 ns bunch spacing
Peak luminosity of 1.3 103* cm~2 s
Integrated luminosity of ~ 100 fb-"

Prepare for (or go to) 14 TeV operation

2015 => Commissioning / Exploratory year
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GOALS FOR RUN 2 (F. Bordry, 03/03/2016)

Run 2: 2015-2018
Operation with 25 ns bunch spacing
Peak luminosity of 1.3 103* cm~2 s
Integrated luminosity of ~ 100 fb-"
Prepare for (or go to) 14 TeV operation

2015 => Commissioning / Exploratory year

Establish proton-proton collision at 13 TeV with 25 ns and low
B* to prepare production runs in 2016-2018
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Run 2: 2015-2018
Operation with 25 ns bunch spacing
Peak luminosity of 1.3 103* cm~2 s
Integrated luminosity of ~ 100 fb-"
Prepare for (or go to) 14 TeV operation

2015 => Commissioning / Exploratory year

Establish proton-proton collision at 13 TeV with 25 ns and low
B* to prepare production runs in 2016-2018

Optimise availability for physics
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Run 2: 2015-2018
Operation with 25 ns bunch spacing
Peak luminosity of 1.3 103* cm~2 s
Integrated luminosity of ~ 100 fb-"
Prepare for (or go to) 14 TeV operation

2015 => Commissioning / Exploratory year

Establish proton-proton collision at 13 TeV with 25 ns and low
B* to prepare production runs in 2016-2018

Optimise availability for physics
Perform a Pb-Pb run at the end of 2015
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Integrated luminosity of ~ 100 fb-"
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2016 => Production year
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GOALS FOR RUN 2 (F. Bordry, 03/03/2016)

Run 2: 2015-2018
Operation with 25 ns bunch spacing
Peak luminosity of 1.3 103* cm~2 s
Integrated luminosity of ~ 100 fb-"
Prepare for (or go to) 14 TeV operation

2015 => Commissioning / Exploratory year

Establish proton-proton collision at 13 TeV with 25 ns and low
B* to prepare production runs in 2016-2018

Optimise availability for physics
Perform a Pb-Pb run at the end of 2015

2016 => Production year
~ 25 fb1 at 13 TeV
Perform a p-Pb run at the end of 2016

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




Parameter Nominal
Energy [TeV] 14
Bunch spacing [ns] 25
Bunch population [10"] 1.15
Bunches / LHC injection 288 (4x72)

Total number of bunches 2748
(2808 in DR)
Collisions in IP1&5 2736
(2808 in DR)
Transv. emittance [um] 3.75
Brightness [10™/ um] 0.31
B* in IP1&5 [cm] 55

X-angle in IP1&5 [prad] 142.5
Rms bunch length [cm] 7.55
Peak lumi [1034 cm2s1] ~0.99 (1)




Parameter Nominal 2012

Energy [TeV] 14 4
Bunch spacing [ns] 25 50
Bunch population [10"] 1.15 1.6
Bunches / LHC injection 288 (4x72) 144
Total number of bunches 2748 1374
(2808 in DR)
Collisions in IP1&5 2736 1368
(2808 in DR)
Transv. emittance [um] 3.75 2.2
Brightness [10™/ um] 0.31 0.73
B* in IP1&5 [cm] 55 60
X-angle in IP1&5 [prad] 142.5 145
Rms bunch length [cm] 7.55 10

Peak lumi [103¢ cm2s1] ~0.99 (1) ~0.77




Parameter Nominal 2012 2015

Energy [TeV] 14 4
Bunch spacing [ns] 25 50
Bunch population [10"] 1.15 1.6
Bunches / LHC injection 288 (4x72) 144
Total number of bunches 2748 1374
(2808 in DR)
Collisions in IP1&5 2736 1368
(2808 in DR)
Transv. emittance [um] 3.75 2.2
Brightness [10™/ um] 0.31 0.73
B* in IP1&5 [cm] 55 60
X-angle in IP1&5 [prad] 142.5 145
Rms bunch length [cm] 7.55 10

Peak lumi [103¢ cm2s1] ~0.99 (1) ~0.77




Parameter Nominal 2012 2015

Energy [TeV] I 4 6.5
Bunch spacing [ns] 25 50
Bunch population [10"] 1.15 1.6
Bunches / LHC injection 288 (4x72) 144
Total number of bunches 2748 1374
(2808 in DR)
Collisions in IP1&5 2736 1368
(2808 in DR)
Transv. emittance [um] 3.75 2.2
Brightness [10™/ um] 0.31 0.73
B* in IP1&5 [cm] 55 60
X-angle in IP1&5 [prad] 142.5 145
Rms bunch length [cm] 7.55 10

Peak lumi [103¢ cm2s1] ~0.99 (1) ~0.77




Due to training

Parameter Nominal 2012 2015 L
Energy [TeV] I 4 6.5
Bunch spacing [ns] 25 50
Bunch population [10"] 1.15 1.6
Bunches / LHC injection 288 (4x72) 144
Total number of bunches 2748 1374
(2808 in DR)
Collisions in IP1&5 2736 1368
(2808 in DR)
Transv. emittance [um] 3.75 2.2
Brightness [10™/ um] 0.31 0.73
B* in IP1&5 [cm] 55 60
X-angle in IP1&5 [prad] 142.5 145
Rms bunch length [cm] 7.55 10

Peak lumi [103¢ cm2s1] ~0.99 (1) ~0.77




Due to training

Parameter Nominal 2012 s
Energy [TeV] 14 4
Bunch spacing [ns] 25 50
Bunch population [10"] 1.15 1.6
Bunches / LHC injection 288 (4x72) 144
Total number of bunches 2748 1374
(2808 in DR)
Collisions in IP1&5 2736 1368
(2808 in DR)
Transv. emittance [um] 3.75 2.2
Brightness [10™/ um] 0.31 0.73
B* in IP1&5 [cm] 55 60
X-angle in IP1&5 [prad] 142.5 145
Rms bunch length [cm] 7.55 10

Peak lumi [103¢ cm2s1] ~0.99 (1) ~0.77




Parameter Nominal 2012 2015

Energy [TeV] I 4 6.5
Bunch spacing [ns] 25 50
Bunch population [10"] 1.15 1.6
Bunches / LHC injection 288 (4x72) 144
Total number of bunches 2748 1374
(2808 in DR)
Collisions in IP1&5 2736 1368
(2808 in DR)
Transv. emittance [um] 3.75 2.2
Brightness [10™/ um] 0.31 0.73
B* in IP1&5 [cm] 95 60 80
X-angle in IP1&5 [prad] 142.5 145
Rms bunch length [cm] 7.55 10

Peak lumi [103¢ cm2s1] ~0.99 (1) ~0.77




Parameter Nominal 2012 2015

Energy [TeV] I 4 6.5
Bunch spacing [ns] 25 50
Bunch population [10"] 1.15 1.6

Bunches / LHC injection 288 (4x72) 144

Total number of bunches

Was decided
to start smoothly

(and this was a
good choice...)

Collisions in IP1&5

Transv. emittance [um]

Brightness [10™/ um]

B* in IP1&5 [cm] 15 60 80
X-angle in IP1&5 [prad] 142.5 145
Rms bunch length [cm] 7.55 10

Peak lumi [103¢ cm2s1] ~0.99 (1) ~0.77




Parameter Nominal 2012 2015

Energy [TeV] I 4 6.5
Bunch spacing [ns] 25 50
Bunch population [10"] 1.15 1.6

Bunches / LHC injection 288 (4x72) 144

Total number of bunches

Was decided °
to start smoothly

(and this was a
good choice...)

Collisions in IP1&5

Transv. emittance [um]

Brightness [10™/ um]

B* in IP1&5 [cm] 15 60 80 ¢/
X-angle in IP1&5 [prad] 142.5 145
Rms bunch length [cm] 7.55 10

Peak lumi [103¢ cm2s1] ~0.99 (1) ~0.77



Parameter Nominal 2012 2015

Energy [TeV] I 4 6.5
Bunch spacing [ns] 25 50 25
Bunch population [10"] 1.15 1.6
Bunches / LHC injection 288 (4x72) 144
Total number of bunches 2748 1374
(2808 in DR)
Collisions in IP1&5 2736 1368
(2808 in DR)
Transv. emittance [um] 3.75 2.2
Brightness [10™/ um] 0.31 0.73
B* in IP1&5 [cm] 95 60 80
X-angle in IP1&5 [prad] 142.5 145
Rms bunch length [cm] 7.55 10

Peak lumi [103¢ cm2s1] ~0.99 (1) ~0.77




Parameter Nominal 2012 2015
Energy [TeV] I 4 6.5

Bunch spacing [ns] 25 50 25

Bunch population [10"] 1.15 1.6

14

Bunches / LHC injection 288 (4x72)
Total number of bunches e arETlErEe
=> E-cloud &
available cooling
capacity (& HW
issues)

Collisions in IP1&5

Transv. emittance [um]

Brightness [10™/ um] 0.31 0.73
B*in IP1&5 [cm] S 60 80

X-angle in IP1&5 [prad] 142.5 145

Rms bunch length [cm] 7.55 10

Peak lumi [103¢ cm2s1] ~0.99 (1) ~0.77




Parameter Nominal 2012 2015

Energy [TeV] I 4 6.5
Bunch spacing [ns] 25 50 25
Bunch population [10"] 1.15 1.6 1.15
Bunches / LHC injection 288 (4x72) 144
Total number of bunches 2748 1374
(2808 in DR)
Collisions in IP1&5 2736 1368
(2808 in DR)
Transv. emittance [um] 3.75 2.2
Brightness [10™/ um] 0.31 0.73
B* in IP1&5 [cm] 95 60 80
X-angle in IP1&5 [prad] 142.5 145
Rms bunch length [cm] 7.55 10

Peak lumi [103¢ cm2s1] ~0.99 (1) ~0.77




Parameter
Energy [TeV]
Bunch spacing [ns]
Bunch population [10™]
Bunches / LHC injection

Total number of bunches
Collisions in IP1&5

Transv. emittance [um]
Brightness [10™/ um]
B* in IP1&5 [cm]
X-angle in IP1&5 [prad]
Rms bunch length [cm]

Peak lumi [1034 cm-2s-1]

Nominal

7
25
1.15

288 (4x72)

2748

(2808 in DR)

2736

(2808 in DR)

3.75
0.31
99
142.5
7.55

~0.99 (1)

2012

50
1.6
144
1374

1368

2.2
0.73
60
145
10
~ 0.77

2015
6.5
25

1.15

5.4

80




Parameter
Energy [TeV]
Bunch spacing [ns]
Bunch population [10™]
Bunches / LHC injection

Total number of bunches
Collisions in IP1&5

Transv. emittance [um]
Brightness [10™/ um]
B* in IP1&5 [cm]
X-angle in IP1&5 [prad]
Rms bunch length [cm]

Peak lumi [1034 cm-2s-1]

Nominal

7
25
1.15

288 (4x72)

2748

(2808 in DR)

2736

(2808 in DR)

3.75
0.31
99
142.5
7.55

~0.99 (1)

2012

50
1.6
144
1374

1368

2.2
0.73
60
145
10
~ 0.77

2015
6.5
25

1.15

5.4
0.33
80




Parameter
Energy [TeV]
Bunch spacing [ns]
Bunch population [10™]
Bunches / LHC injection

Total number of bunches
Collisions in IP1&5

Transv. emittance [um]
Brightness [10™/ um]
B* in IP1&5 [cm]
X-angle in IP1&5 [prad]
Rms bunch length [cm]

Peak lumi [1034 cm-2s-1]

Nominal

7
25
1.15

288 (4x72)

2748

(2808 in DR)

2736

(2808 in DR)

3.75
0.31
99
142.5
7.55

~0.99 (1)

2012

50
1.6
144
1374

1368

2.2
0.73
60
145
10
~ 0.77

2015
6.5
25

1.15

144 (4x36)

2244

2232

5.4
0.33
80




Parameter Nominal 2012 2015

Energy [TeV] I 4 6.5
Bunch spacing [ns] 25 50 25
Bunch population [10"] 1.15 1.6 1.15
Bunches / LHC injection 288 (4x72) 144 144 (4x36)

Total number of bunches 2748 2244
(2808 in DR)
Collisions in IP1&5 2736 2232
(2808 in DR)
Transv. emittance [um] Due to LHC 3.5
Brightness [10"!/ pm] TDIs issue ;74 0.33
B* in IP1&5 [cm] 95 60 80
X-angle in IP1&5 [prad] 142.5 145
Rms bunch length [cm] 7.55 10

Peak lumi [103¢ cm2s1] ~0.99 (1) ~0.77
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HbN nonconformities => Max. # of bunches / LHC injection = 144
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269415

TDI8 Ti coating issue => Larger impedance & vacuum spikes




Parameter Nominal 2012 2015

Energy [TeV] I 4 6.5
Bunch spacing [ns] 25 50 25
Bunch population [10"] 1.15 1.6 1.15
Bunches / LHC injection 288 (4x72) 144 144 (4x36)
Total number of bunches 2748 1374

(2808 in DR)

Collisions in IP1&5 2736 136
(2808 in DR)

2232

Transv. emittance [um] In trains of 36 3.5
Brightness [10™/ um] bunches as we 0.33
B* in IP1&5 [cm] SEL I [ T 80

for heat load
X-angle in IP1&5 [prad] increase

Rms bunch length [cm] 7.55 10
Peak lumi [103¢ cm2s1] ~0.99 (1) ~0.77
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S12 is the most
critical sector => Why?
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The 2015 scrubbing run was perturbed by the fact that we could not
scrub with 288 bunches due TDI issues
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The 2015 scrubbing run was perturbed by the fact that we could not
scrub with 288 bunches due TDI issues (and then we could not use

the special “doublet beam” to scrub even more => Should not run
at cryogenics limit)
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The 2015 scrubbing run was perturbed by the fact that we could not
scrub with 288 bunches due TDI issues (and then we could not use
the special “doublet beam” to scrub even more => Should not run
at cryogenics limit)
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The 2015 scrubbing run was perturbed by the fact that we could not
scrub with 288 bunches due TDI issues (and then we could not use
the special “doublet beam” to scrub even more => Should not run
at cryogenics limit)
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The 2015 scrubbing run was perturbed by the fact that we could not
scrub with 288 bunches due TDI issues (and then we could not use
the special “doublet beam” to scrub even more => Should not run
at cryogenics limit)
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Many lessons learned
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Optimization of working point at injection
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Instabilities observed at injection when Laslett tune shifts not
corrected (due to linear coupling)

Courtesy of L.R. Carver
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Instabilities observed at high energy with a train of 72 bunches
in 2015 (maximum available Landau octupole current = 550 A)
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Parameter
Energy [TeV]
Bunch spacing [ns]
Bunch population [10™]
Bunches / LHC injection

Total number of bunches
Collisions in IP1&5

Transv. emittance [um]
Brightness [10™/ um]
B* in IP1&5 [cm]
X-angle in IP1&5 [prad]
Rms bunch length [cm]

Peak lumi [1034 cm-2s-1]

Nominal

7
25
1.15

288 (4x72)

2748

(2808 in DR)

2736

(2808 in DR)

3.75
0.31
99
142.5
7.55

~0.99 (1)

2012

50
1.6
144
1374

1368

2.2
0.73
60
145
10
~ 0.77

2015
6.5
25

1.15

144 (4x36)

2244

2232

5.4
0.33
80

10
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Parameter Nominal

Energy [TeV] 14
Bunch spacing [ns] 25
Bunch population [10"] 1.15
Bunches / LHC injection 288 (4x72)
Total number of bunches 2748
(2808 in DR)
Collisions in IP1&5 2736
(2808 in DR)
Transv. emittance [um] 3.75
Brightness [10™/ um] 0.31
B* in IP1&5 [cm] 95

X-angle in IP1&5 [prad] 142.5
Rms bunch length [cm] 7.55
Peak lumi [1034 cm2s1] ~0.99 (1)

2012

50
1.6
144
1374

1368

2.2
0.73
60
145
10

~ 0.77

2015
6.5
25
1.15
144 (4x36)
2244

2232

5.4
0.33
80
145
10
~ 0.5




In 2015, we saw for the 1st time the clear effect of Synchrotron
Radiation with a proton machine

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




In 2015, we saw for the 1st time the clear effect of Synchrotron
Radiation with a proton machine => Longitudinal plane
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In 2015, we saw for the 1st time the clear effect of Synchrotron
Radiation with a proton machine => Longitudinal plane
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In 2015, we saw for the 1st time the clear effect of Synchrotron
Radiation with a proton machine => Longitudinal plane
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In 2015, we saw for the 1st time the clear effect of Synchrotron
Radiation with a proton machine => Longitudinal plane

— Before
—  After

Some
controlled
blow-up can be
applied to
ST o5 o0 o5 1.0 15 avoid this

Time [ns]

Courtesy of P. Baudrenghien and H. Timko

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




In 2015, we saw for the 1st time the clear effect of Synchrotron

Radiation with a proton machine => Transverse planes
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In 2015, we saw for the 1st time the clear effect of Synchrotron
Radiation with a proton machine => Transverse planes
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In 2015, we saw for the 1st time the clear effect of Synchrotron
Radiation with a proton machine => Transverse planes
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In 2015, we saw for the 1st time the clear effect of Synchrotron
Radiation with a proton machine => Transverse planes
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The worry about the possible luminosity difference between ATLAS
and CMS (finally the ATLAS luminosity was too high by ~ 3% and
the CMS Iluminosity was too low by ~ 4%) triggered additional
studies

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




The worry about the possible luminosity difference between ATLAS
and CMS (finally the ATLAS luminosity was too high by ~ 3% and
the CMS Iluminosity was too low by ~ 4%) triggered additional
studies

Measured B at the Interaction Point (IP) was larger than
expected (i.e. = 84 cm)
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The worry about the possible luminosity difference between ATLAS
and CMS (finally the ATLAS luminosity was too high by ~ 3% and
the CMS Iluminosity was too low by ~ 4%) triggered additional
studies

Measured B at the Interaction Point (IP) was larger than
expected (i.e. = 84 cm)

Waist position was shifted by 20 cm with respect to the IP
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The worry about the possible luminosity difference between ATLAS
and CMS (finally the ATLAS luminosity was too high by ~ 3% and
the CMS Iluminosity was too low by ~ 4%) triggered additional
studies

Measured B at the Interaction Point (IP) was larger than
expected (i.e. = 84 cm)

Waist position was shifted by 20 cm with respect to the IP

Crossing angles were ~ 10-20% larger than expected

Courtesy of T. Persson Defocussing Focussing
Quad Quad

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




AUFOs
UFOs = Unidentified Falling Objects Areni
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It was realized during the year that most of the events that
caused dumps would not have caused quenches
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It was realized during the year that most of the events that
caused dumps would not have caused quenches

Policy changed => BLM thresholds increased
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It was realized during the year that most of the events that
caused dumps would not have caused quenches

Policy changed => BLM thresholds increased

=> Avoid dumping on UFOs as a strategy to maximize availability

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




ULO = Unidentified Lying Object => Aperture restriction in
MB.C15R8

BLM thresholds around 15R8 lowered to avoid quenches

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016
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electronics => Was solved during TS2

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




Reminder: Radiation failures on the quench protection tunnel
electronics => Was solved during TS2

Several operations have been improved / automated

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




Reminder: Radiation failures on the quench protection tunnel
electronics => Was solved during TS2

Several operations have been improved / automated

Co-existence between tune feedback and transverse damper
(gating)

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




Reminder: Radiation failures on the quench protection tunnel
electronics => Was solved during TS2

Several operations have been improved / automated
Co-existence between tune feedback and transverse damper
(gating)

Tune and chromaticity drift and snapback well controlled thanks
to the cooperation between FiDelL and tune feedback

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




Reminder: Radiation failures on the quench protection tunnel
electronics => Was solved during TS2

Several operations have been improved / automated
Co-existence between tune feedback and transverse damper
(gating)

Tune and chromaticity drift and snapback well controlled thanks
to the cooperation between FiDelL and tune feedback

Tune dependence on intensity at injection studied and
quantified => Automatically corrected in 2016

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




Reminder: Radiation failures on the quench protection tunnel
electronics => Was solved during TS2

Several operations have been improved / automated
Co-existence between tune feedback and transverse damper
(gating)

Tune and chromaticity drift and snapback well controlled thanks
to the cooperation between FiDelL and tune feedback

Tune dependence on intensity at injection studied and
quantified => Automatically corrected in 2016

Some Inner Triplet (IT) movements observed and being followed up
=> See later

Etc.

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




The Pb-Pb ion run took place as foreseen (with a number of new

features ) => Very successful!
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Parameter Nominal 2012 2015 2016 (done)
Energy [TeV] I 4 6.5
Bunch spacing [ns] 25 50 25
Bunch population [10™] 1.15 1.6 1.15
Bunches / LHC injection 288 (4x72) 144 144 (4x36)
Total number of bunches 2748 1374 2244
(2808 in DR)
Collisions in IP1&5 2736 1368 2232
(2808 in DR)
Transv. emittance [um] 3.75 2.2 3.5
Brightness [10"/ um] 0.31 0.73 0.33
B* in IP1&5 [cm] 55 60 80
X-angle in IP1&5 [prad] 142.5 145 145
Rms bunch length [cm] 7.55 10 10

Peak lumi [10% cm2s'] ~0.99 (1) ~0.77 ~0.5
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Courtesy of R. Tomas

Peak pB-beating <
5% at 40 cm

Excellent result as
it gives then more
available aperture!
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Peak pB-beating <
5% at 40 cm =>
Excellent result as B
it gives then more
available aperture!

Phase knob to protect TCTs
from asynchronous dumps

and push B*

=> Optics extremely well

controlled (need to check now
long term stability)

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016
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Collimation system => Several years of studies and HW modifications
to reduce margins while ensuring adequate protection in case of fast

beam failures.
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Collimation system => Several years of studies and HW modifications
to reduce margins while ensuring adequate protection in case of fast

beam failures. Stored energy reached 270 MJ (360 MJ design) at 6.5
TeV => Still no quench of a magnet due to cleaning losses
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Parameter Nominal 2012 2015 2016 (done)
Energy [TeV] I 4 6.5 6.5
Bunch spacing [ns] 25 50 25 25
Bunch population [10™] 1.15 1.6 1.15
Bunches / LHC injection 288 (4x72) 144 144 (4x36)
Total number of bunches 2748 1374 2244
(2808 in DR)
Collisions in IP1&5 2736 1368 2232
(2808 in DR)
Transv. emittance [um] 3.75 2.2 3.5
Brightness [10"/ um] 0.31 0.73 0.33
B* in IP1&5 [cm] 55 60 80 40
X-angle in IP1&5 [prad] 142.5 145 145 185
Rms bunch length [cm] 7.55 10 10

Peak lumi [10% cm2s'] ~0.99 (1) ~0.77 ~0.5
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Bunch spacing [ns] 25 50 25 25
Bunch population [10™] 1.15 1.6 1.15 1.15
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Parameter Nominal 2012
Energy [TeV] 14 4
Bunch spacing [ns] 25 50
Bunch population [10™] 1.15 1.6
Bunches / LHC injection 288 (4x72) 144
Total number of bunches 2748 1374
(2808 in DR)
Collisions in IP1&5 2736 1368
(2808 in DR)
Transv. emittance [um] 3.75 2.2
Brightness [10"/ um] 0.31 0.73
B* in IP1&5 [cm] 55 60
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Rms bunch length [cm] 7.55 10

Peak lumi [103¢ cm2s1] ~0.99 (1) ~0.77
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Parameter Nominal 2012 2015 2016 (done)
Energy [TeV] I 4 6.5 6.5
Bunch spacing [ns] 25 50 25 25
Bunch population [10™] 1.15 1.6 1.15 1.15
Bunches / LHC injection 288 (4x72) 144 144 (4x36) 72 (1x72)
Total number of bunches 2748 1374 2244 2040
(2808 in DR)
Collisions in IP1&5 2736 1368 2232 2028
(2808 in DR)
Transv. emittance [um] 3.75 2.2 3.5 3.4
Brightness [10"/ um] 0.31 0.73 0.33 0.34
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Rms bunch length [cm] 7.55 10 10

Peak lumi [10% cm2s'] ~0.99 (1) ~0.77 ~0.5



Parameter Nominal
Energy [TeV] 14
Bunch spacing [ns] 25
Bunch population [10"] 1.15
Bunches / LHC injection 288 (4x72)
Total number of bunches 2748
(2808 in DR)
Collisions in IP1&5 2736
(2808 in DR)
Transv. emittance [um] 3.75
Brightness [10"/ um] 0.31

B8* in IP1&5 [cm] 55

X-angle in IP1&5 [prad] 142.5
Rms bunch length [cm] 7.55
Peak lumi [1034 cm2s1] ~0.99 (1)

2012 2015 2016 (done)
4 6.5 6.5
50 25 25
1.6 1.15 1.15
144 144 (4x36) 72 (1x72)

1 2040
Due to vacuum
leak on SPS
beam dump 2028
2.2 3.5 3.4
0.73 0.33 0.34
60 80 40
145 145 185
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Heat load in 2016
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N.B.: Only ~ 12 h of dedicated Scrubbing Run in 2016
(due to HW issues) => Sufficient to recover 2015

performance but no sign of further reduction so far

Heat load in 2016
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(due to HW issues) => Sufficient to recover 2015

performance but no sign of further reduction so far
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2016 which works very well
=> No limitation anymore in
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2016 which works very well Limit = 160
=> No limitation anymore in (but ~ 165 should be OK for ~ 1 hour...

=> ~ 10% margin)

Elias Métral, LHCP2016, Luna-o



Instabilities observed in Stable Beam after few hours in 2016
with quite high chromaticity (Q’ ~ + 15 => tbc)
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Instabilities observed in Stable Beam after few hours in 2016
with quite high chromaticity (Q’ ~ + 15 => tbc)

“Pop corn” instability
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Only vertical (B1&B2)

At the end of trains of 72 bunches
Emittance blow-up by a factor ~ 2
No beam loss
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Instabilities observed in Stable Beam after few hours in 2016
with quite high chromaticity (Q’ ~ + 15 => tbc)

“Pop corn” instability
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Only vertical (B1&B2)

At the end of trains of 72 bunches
Emittance blow-up by a factor ~ 2
No beam loss

=> Was cured by increasing Q’ even more (~ + 22 => tbc)

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016
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Some instabilities were also predicted and measured due to linear
coupling between the transverse planes at high energy => B2H
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=> Careful measurements and corrections of linear coupling

all along the LHC cycle are needed

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




Inner Triplet (IT) movements and beam separation
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Inner Triplet (IT) movements and beam separation
Observed since 2015

Know since 2015 that we are sensitive to the temperature of the
IT thermal shields (50K-80K)

In 2015 mostly the triplet in IR8 was affected

In 2016 the amplitude of the effect is smaller by a factor of 2-3,
and predominantly affects the triplet in IR1

=> Aim to operate IR1 and
IR5 at ~ 70K * 10K after TS1
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UFOs rates similar to the end of 2015

No beam-induced RF heating issues => Lot of work since 2012

TDI2 and TDI8 => Much better in 2016 (Ti coated HbN replaced by
Cu coated graphite). Still some issues with TDI8 to be full

understood

Gains in time
Combined ramp and squeeze (down to 3 m in IP1&5)

3.5 TeV pre-cycle instead of 6.5 TeV => To come soon

Lessons learned from 2015 implemented and automatic corrections
continued (e.g. Laslett tune shifts at injection) |

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016 Courtesy Of J' Wenn,nger




PROSPECTS
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LHC SCHEDULE 2016: UPDATE (M. Lamont, 01/06/2016)

Scrubbing

May

Recommissioning
with beam

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




LHC SCHEDULE 2016: UPDATE (M. Lamont, 01/06/2016)

Scrubbing

May

Recommissioning
with beam

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




LHC SCHEDULE 2016: UPDATE (M. Lamont, 01/06/2016)

Scrubbing
Apr May June
Wk 14 15 16 17 18 19 20 21 22 23 24 25 26
MO 4 1 18 Y 25 Whit 16 23 30 *13 20 27
Tu »
we e - =
POPS e beta* 2.5 km
LLUI IS S A — odev. L
Fr WEASEL | Vv Dav con
Recommissioning
Sa with beam
Su e E 1st May PS
July Aug Sep
Wk 27 28 29 30 31 32 33 34 35 36 37 38 39
MO 4 11 18 25} 15 i 29 12 & 19 26
beta* 2.5 km < @
Tu dev. 1 MD 2 g f‘g
We 152 Lo
s S8
Jeune G =

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




Apr

Scrubbing

May

June

LHC SCHEDULE 2016: UPDATE (M. Lamont, 01/06/2016)

14

15

16

17

18

19

20

21

22

23

25

26

11

18

Whit 4

23

30

20

27

Injector TS
(8 hours)

POPS

VdM

Ascension

TS1

Elias Métral, LHCP2016, Lund

Recommissioning

with beam

WEASEL

"

tay Day comp

beta* 2.5 km
 dev.

1st May

PS

July

Aug

Sep

27

28

29

30

31

32

33

34

35

36

37

w
[+]

39

11

18

25¢

15

22

29

12

beta* 2.5 kmi

dev.

MD 2

TS2

Jeune G

19

26

2.5 km

data taking

beta*

MD 1

Oct

Nov

Dec

End of run
[06:00]

40

41

42

43

44

45

46

47

48

49

50

51

52

10

17

24

a1

14

21

28

4
12

26

MD 3

lons

Extended

1S3

setup

technic

year end

al stop

MD 4

lonrun
(p-Pb)

Lab closed

Xmas

New Year




LHC SCHEDULE 2016: UPDATE (M. Lamont, 01/06/2016)

n_mm

Initial Commissioning
Scrubbing: 4 days + ad hoc
Technical issues

Proton physics 25 ns

Special physics runs 8 8 8

Machine development 22 22 20
Technical stops 15 15 12
Technical stop recovery 6 6 6
lon setup/proton-lead run 4 + 24 4 +24 4+ 24

Total 266 days 259 days 259 days
(38 weeks) (37 weeks) (37 weeks)

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016



Parameter Nominal 2016 (done)

Energy [TeV] I 6.5
Bunch spacing [ns] 25 25
Bunch population [10"] 1.15 1.15
Bunches / LHC injection 288 72
Total number of bunches 2748 2040

(2808 in DR)
Collisions in IP1&5 2736 2028
(2808 in DR)
Transv. emittance [um] 3.75 3.4
Brightness [10""/ um] 0.31 0.34
B* in IP1&5 [cm] 55 40
X-angle in IP1&5 [prad] 142.5 185
Rms bunch length [cm] 7.55 94

Peak lumi [1034 cm2s1] ~0.99 (1) ~0.77
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Parameter Nominal
Energy [TeV] 7
Bunch spacing [ns] 25
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Bunches / LHC injection 288
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Rms bunch length [cm] 7.55
Peak lumi [10%¢ cm2s1] ~0.99 (1)
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PLAN FOR THE p-Pb RUN

M T W T F S S
weekl setup5 setup5 setup5 5 TeV 5 TeV 5 TeV 5 TeV
week? 5 TeV 5 TeV* setup 8 setup 8 setup8 setup8 8 TeV
week3 | 8 TeV 8 TeV 8 TeV 8 TeV 8Tev/ LHCf run* | reversal

LHCf run® | o ersal
week4 | reversal 8 TeV 8 TeV 8 TeV 8 TeV 8 TeV MD
8 TeV

5 TeV setup

8 TeV setup (both directions)

direction reversal
MD

LHCf run

5 TeV data taking
8 TeV data taking
Total

*-source re-fill
Provide luminosity with
collisions at 2 different c.m
energies

Shorthand:
5TeV= s, = 5.02 TeV
8TeV= s, = 8.16 TeV

= = N B W

(hopefully less than 12hrs)

(=)

11 days (5.5 for each direction)
28 days (= 4 weeks)

Courtesy of
J. Jowett




FUTURE CHALLENGES

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




LHC roadmap: according to MTP 2016-2020

B Physics

- Shutdown

Beam commissioning

- Technical stop

=> 24 months + 3 months BC
LS3 LHC: starting in 2024 => 30 months + 3 months BC
Injectors: in 2025 => 13 months + 3 months BC

LS2 starting in 2019
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LHC roadmap: according to MTP 2016-2020

LS2 starting in 2019

LS3 LHC: starting in 2024

Injectors: i

2015

=> 24 months + 3 months BC
=> 20 months + 3 months BC

¥

Q1iQ2iQ3iQ4|Q1:02iQ3:Q4

~ 100 fb-1 at the end of Run 2

BC

B Physics

- Shutdown

Beam commissioning

- Technical stop

LHC HL-LHC Civil engineering
. LS2 u%
Injectors LIU installation %
PHASE 1
2022 2023 2024 2025 2026 2027 2028
QliQ2iQ3 4 |Q1iR2iI3 41234 |1Q1iQ2iQ3i4|1Q1iQ2:iQ3:iQ4 Ql;(Z.?EQS?:jQZI Q1iQ2:iQ3iQ4
LHC Il Run 4
Injectors LS 3 .
HL-LHC installation e—— PHASE 2 >
2029 2030 2031 2032 2033 2034 2035
Q1{G2:22{Q4|Q1iQ2iQ3 Q1iQ2{Q3{04|Q11Q2{Q3{Q4|Q1{Q2i13i24|Q1{Q2{Q3{Q4|Q1{Q2{Q3 Q4
LHC .
Injectors
[

~ 300 fb-! at the end of Run 3

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016



LHC roadmap: according to MTP 2016-2020

LS2 starting in 2019
LS3 LHC: starting in 2024

Injectors: i

2015

=> 24 months + 3 months BC
=> 20 months + 3 months BC

B Physics

- Shutdown

Beam commissioning

Q1iQ2iQ3iQ4|Q1:02iQ3:Q4

~ 100 fb-! at the end of Run 2

- Technical stop

BC

2021

LHC HL-LHC Civil engineering
. LS2 u%
Injectors LIU installation %
PHASE 1
2022 2023 2024 2025 2026 2027 2028
QliQ2iQ3 4 |Q1iR2iI3 41234 |1Q1iQ2iQ3i4|1Q1iQ2:iQ3:iQ4 Ql;(Z.?EQS?:j(M Q1iQ2:iQ3iQ4
LHC Il Run 4
Injectors LS 3 .
HL-LHC installation e—— PHASE 2 >
2029 2030 2031 2032 2033 2034 2035
Q1{G2:22{Q4|Q1iQ2iQ3 Q1iQ2{Q3{04|Q11Q2{Q3{Q4|Q1{Q2i13i24|Q1{Q2{Q3{Q4|Q1{Q2{Q3 Q4
LHC .
Injectors
[

~ 300 fb-! at the end of Run 3 ~ 3000 fb-! by ~ 2035

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016



MACHINE AVAILABILITY!

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




MACHINE AVAILABILITY!

How will the LHC conditioning evolve? Will we be able to remove
the e- from the dipoles? Why huge difference between sectors?

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




MACHINE AVAILABILITY!

How will the LHC conditioning evolve? Will we be able to remove
the e- from the dipoles? Why huge difference between sectors?

Fully demonstrate nominal performance of the LHC and possibly
exceed it (scrubbing, beam stability, beam-beam limits, dynamic
aperture and luminosity models, non-linear models and corrections,
collimation performance, etc.) and envisage all the scenarios for its
full exploitation (ultimate energy, etc.)

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




MACHINE AVAILABILITY!

How will the LHC conditioning evolve? Will we be able to remove
the e- from the dipoles? Why huge difference between sectors?

Fully demonstrate nominal performance of the LHC and possibly
exceed it (scrubbing, beam stability, beam-beam limits, dynamic
aperture and luminosity models, non-linear models and corrections,
collimation performance, etc.) and envisage all the scenarios for its
full exploitation (ultimate energy, etc.)

Explore modes of operation in preparation for HL-LHC (ATS optics,
B* leveling, ...)

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




MACHINE AVAILABILITY!

How will the LHC conditioning evolve? Will we be able to remove
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Fully demonstrate nominal performance of the LHC and possibly
exceed it (scrubbing, beam stability, beam-beam limits, dynamic
aperture and luminosity models, non-linear models and corrections,
collimation performance, etc.) and envisage all the scenarios for its
full exploitation (ultimate energy, etc.)

Explore modes of operation in preparation for HL-LHC (ATS optics,
B* leveling, ...)

Validate key choices for HL-LHC nominal / alternative scenarios and
further optimize cost / performance (Crab-Cavities, Beam-Beam
Long-Range compensation, etc.)

Elias Métral, LHCP2016, Lund University, Sweden, 13/06/2016




LHC heavy-ion runs, past & approved future

+ species choices according to ALICE 2012 Lol (could evolve if required)
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2016 luminosity production hindered so far by (many) HW faults in
the injectors (+ Weasel)

Linac2 vacuum leak

Proton source vacuum leak

Vacuum leak on SPS beam dump (TIDVG)
PS Main Power Converter (POPS)

PS Rotating Machine

But, everything is in place for a great 2016 year (@ 6.5 TeV and
25 ns)

> 5 fb1 by mid-July (~ 3 fb-! by TS1)
~ 25 fb1 by November
p-Pb run during 4 weeks (mid November — mid December)

The exploration of the new energy frontier can really begin!
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