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Figure 2: Leading-order Feynman diagrams of Higgs boson production via the (a) g§ — VH and (bc) gg — ZH
production processes.
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Figure 3: Leading-order Feynman diagrams of Higgs boson production via the g§/gg — (TH and q4/gg — bbH
processes
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Figure 5: Leading-order Feynman diagrams of Higgs boson decays (a) to W and Z bosons and (b) to fermions. 'd'é
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Figure 6: Leading-order Feynman diagrams of Higgs boson decays to a pair of photons.
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LHC in 2015

Successful learning year of Run 2 (v/s=13 TeV, 25 ns bunch spacing).
* +/s=8TeV, 50 nsin Run 1.

0 The initial projections of integrated luminosity for 2015 were ~8-10 fb-1.
Q Finally achieved > 4 fb-! for ATLAS and CMS
Q Slope at the end of the run better than in 2011, and not far from 2012 slope

o More than 1 fb" produced last week of proton-proton operation

— 25
O The main reasons for the
lower value:

— Start-up delays (~6 weeks)

2012
20

— Availability issues (radiation 3

failures on the quench
protection tunnel electronics
solved now)

lintegrated Luminosity [fb’

10

— Difficulties to master electron
clouds — slower intensity
ramp-up
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Possible performance after YETS

Q 2016 — Production year, setting stage for Run 2:
o 6.5TeV

o B*reduction to 40 cm in ATLAS and CMS (* =80 cm in 2015)

o Limited the maximum number of bunches to around 2400 for
2015 due to weakness of injection protection device.

oExchange planned during winter stop
oNumber of bunch (design) = 2808.

Peak lumi Days proton Approx. int lumi
E34 cm2s? physics [fb2]
2015 ~0.5 ~50 4
2016 1.2 160 ~35

16
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Luminosity Status

2015: 13 TeV
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LHC Run 2 goals (2015 - 2018)

O Operate the LHC at 6.5 TeV (or higher).
QO Operate with 25 ns bunch spacing.
o For Run 1 operated with 50 ns spacing (e-cloud).
O Maximize the integrated luminosity & collect = 100 fb-".

Objectives for 2015:
Q Learning year of Run 2 (6.5 TeV, 25 ns bunch spacing)
o Energy: lower quench margins, lower beam loss tolerance
o 25 ns: electron cloud, UFQOs, larger crossing angle
a Achieving reliable operation with 25 ns spacing is top priority.

o p*atthe IPs were relaxed to ease operation: = 80 cm was selected
while 60-40 cm was in reach. We plan to move to 40-50 cm in 2016.

30




Integrated luminosity

O The initial projections of integrated luminosity for 2015 were ~8-10 fb-".
a Finally achieved > 4 fb-! for ATLAS and CMS
Q Slope at the end of the run better than in 2011, and not far from 2012 slope

o More than 1 fb"? produced last week of proton-proton operation
25

O The main reasons for the
lower value:

Ny
=]

— Start-up delays (~6 weeks)

— Availability issues (radiation
failures on the quench
protection tunnel
electronics — solved now)

e
w

Integrated Luminosity [fb ]
=)

2011

0 ; n | | 1 1 | 1 1

02-Mar 02-May 01-Jul 31-Aug 31-Qct 31-Dec

The 2015 proton run is finished now, this year
will close with a 4 week lead ion run.

— Difficulties to master
electron clouds — slower 5
intensity ramp-up

.l
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Luminosity (em-2s-1)

Luminosity production 2015

Q Luminosity production (25 ns):

o We spend 31% of the scheduled
time delivering collisions to
experiments

o (compared to 33 % in 2011 and
37% in 2012)
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® PRECYCLE (4%)

WOPERATION (345%)

LHC 2010-2015

1.0E+34

r...p*
1.0E433 | ,'/ I §
» . .
i I f ] . a1 Peak Luminosity:
§ & —i=High int. bunches l o Run 1: 7.6x1033 cm2s!
LOE+31 il ..#-Low int. bunches
g =150 ns o Run 2: 5.1x1033 cm2s-!
1.0E+30 -#=75 ns
i -+—-50 ns
1.0E+29 | ~e-50ns 2015 . .
: wo-D5ns Design lumi:
1.0E+28 ¢ 1x1 034 cm'23'1

15-Mar-10 28-Jul-11 09-Dec-12 23-Apr-14  05-Sep-15

B STABLE BEAMS (31%)




Electron cloud challenge

0 When operating with positively charged beams and closely spaced bunches
electrons liberated on vacuum chamber surface can multiply and build up a
cloud of electrons.

Bunch N+1 accelerates e-, Process repeats for
Bunch N liberates e- multiplication at impact Bunch N+2 ...
: ' SN,
\e- i BN e-
@v“‘/ € | 2
s ST I T S
<> i e
+1
N i
| A e-
Ny

a Consequences of e-cloud build-up:
o Vacuum pressure increases — interlocks triggered
o Impact on beam quality (emittance growth, instabilities, particle losses)
o Excessive energy deposition — cryogenic cooling capacity and stability

0 The key parameter for e-clouds is the Secondary Emission Yield (SEY)
of electrons from the vacuum chamber surface.

o SEY reduced by electron bombardement of the surface (SCRUBBING)
33

Heat load [W/hc/beam]

Scrubbing strategy

Q There is a strong dependence of e-cloud build up on bunch spacing:

o Conditioning requires a beam that is more powerful (= more electron
generation) than the beam used for operation !

O

For 50 ns: scrubbing with 25 ns, then revert to 50 ns for operation.

O For 25 ns: try the same strategy — invented a new doublet beam to enhance the e-
cloud further.

0 Doublet beam could not be used, too unstable beam — SEY too high.

10° _ Doublet beam
PO 50 ns A | S
102 —s 25ns /Y‘ 20 ns M
.. Doublet
2x900b.[ J A 7
10
10°%} Q We came out of the
, scrubbing runs with an
10 important residual e-cloud
102 activity.
0 @ Conditionning continued
during physics production
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Possible performance after YETS

O Exchange of Injection absorbers should allow nominal train injection
(288 bunches per injection)

o Could help to complete scrubbing
O 2016 — Production year, setting stage for Run 2:
o 6.5TeV
o B*reduction to 40 cm in ATLAS and CMS
o Not yet fully scrubbed for 25 ns

=> Re-establish present conditions, good for operations up to ~2000
bunches, continue pushing

Peak lumi Days proton Approx. int lumi
E34 cm2s? physics [fb2]
2015 ~0.5 ~50 4
2016 1.2 160 ~35

=> All options to be discussed at Evian and

Chamonix Workshops .

LS1H D 7~

Pixel #& H 28

- ERWEIZ IBL ZE&M
e E—L/IATE3H
« H—EADXKH

Trigger

* New central trigger

Calorimeter
e processor
. LV O ) -
Muon &4 58 Tile — Muon coincidence
« EE chamber &€ DB * High level trigger D EIESE
Software * Fast TracK Trigger
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Pixel

SCT

k=R
Good data

TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid

93.5

99.4

98.3 99.4 100 100 100 100 100 100

97.8

All Good for physics: 87.1% (3.2 fb1)

Luminosity weighted relative detector uptime and good data quality (DQ) efficiencies (in %) during stable
beam in pp collisions with 25ns bunch spacing at Vs=13 TeV between August-November 2015,
corresponding to an integrated luminosity of 3.7 fb'l. The lower DQ efficiency in the Pixel detector is due to
the IBL being turned off for two runs, corresponding to 0.2 fb. Analyses that don’t rely on the IBL can use
those runs and thus use 3.4 fb! with a corresponding DQ efficiency of 93.1%.
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Layout

« Two baseline design to cover |n|<4.0.
= Inclined:

v Pros: hit multiplicity, less silicon, less multiple scattering.
v Cons: elaborate support structure

- Long barrel:

v pros: simple structure, less material.
v cons: study needed for tracking parameter resolutions.
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High Luminosity LHC (}[L-LJ"{C)

©OOOOO

. ATL-PHYS-PUB-2014-016
+ATLAS Simulation Preliminary
is =14 TeV: [Ldt=300 b ; [Ldt=3000 f"!

0 005 0.1 0.15 0.2 0.25
Al =AGE %)

ECFA HL-LHC with L=300 fb™! (3 ab!) physics study.
Higgs mass precision AMgy ~100 (50) MeV.

Access to top-Yukawa coupling via ttH, and rare decay H—py.
Coupling precision of 10 to 5% reachable (even few% 1n «,/xz).
Detector performances (trigger, lepton-id, fake, t/b-id) are crucial =
Theory uncertamty dominates - challenge for theorists!

CMS NOTE-13-002

CMS Projection
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luminosity ratio

ratios of LHG psmm luminosities:
14 TeV / 8 TeV and 33 TeV// 8 TeV
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MSTW2008HLO

L
1000 10000

M, (GeV)
o(14TeV)/o(8TeV)

gg—H 2.6 (Mx=Mu)

qgq—qgH | 2.6 (probes high Mx)

qq—VH | 2.1 (Mx=Mv+My)

gg—ttH | 4.7 (phase space+Mx)

CMS
Scenario 1

current systematic uncert.

Scenario 2

theory uncert. ™ 1/2
other systematics v 1/\L
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