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LHC Status and Plans




LHC Integrated Luminosity in 2010
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ATLAS and CMS Detectors

Muon Detectors Electromagnetic Calorimeters

Solenoid Forward Calorimeters
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LHC Experiments: SM re-established at 7 TeV
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JJW, Y, W, Z, top quark production
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LHC Plan for 2011 and 2012

LHC to run in 2012 — an interview with Rolf Heuer and Steve Myers - CERN Bulletin
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LHC to run in 2012 - an interview with Rolf Heuer and
Steve Myers

Following the annual LHC Performance Workshop held in
Chamonix last week, and a report from the CERN Machine
Advisory Committee on Monday, CERN management took some
important decisions about the upcoming LHC run. The Bulletin
spoke to Director General, Rolf Heuer, and Director for
Accelerators and Technology, Steve Myers.

LHC will run at 7 TeV in 2011 and 2012

In a previous plan, LHC would have run in 2011, but shut down in 2012, to consolidate the
Accelerator for running, from 2013, at or close to the design collision energy of 14 TeV.
The plan has been reviewed, to collect a larger data sample before the long shutdown
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Higgs Search Status and Prospects
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SM Higgs Mass from EW Fits
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SM Higgs Search at Tevatron (1.96 TeV)

Tevatron Run II Preliminary, <L>=5.9 fb™'
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Tevatron experiments CDF and D@ combined SM search results
exclude the mass range of 158 GeV to 175 GeV at 95%CL.
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SM Higgs production at LHC (14 TeV)

\s= 14 TeV
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SM Higgs Production at 7 TeV vs 14 TeV
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Jarcempensate with luminosity-> running in 2012
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14 TeV better for searches (higher cross sections)
... but unsafe for the accelerator

From Chamonix Workshop 2011:
Keep energy at 7 TeV in 2011




SM Higgs Search Channels
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Channels with H - yy, H =2 tt, H > WW?*, H - ZZ* are all used for the search
H = yyand H = ZZ* - 48 are the channels where mass can be measured with ~1% res.
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SM Higgs Search Strategies - Examples

Medium 130<M_<500 GeV/

Low M,, < 140 GeV
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H—>WW > llvw,H—> ZZ > 4]
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VBF ggH,H > 1T or H > WW
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VH and ttH, H—>bb
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Key Issue: Background Estimate and Uncertainty
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Channel Main S/B Background Proposed
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SM Higgs Search Performance at 7 TeV

10 T T IS0 0 A0 O L L0 O 000 WL L, T ] ,—-.. :""é L R R B B ' ]
< : CMS pre"minary: Oct 2010 :;:218112: E 9 f_ ................. .",_ CMS Pre||m|nary OCt 2010 _;:: g;::: .......... _f
& i : : : —5fb‘:@?TeV _5 8 : 3\ : 5 5 5 —s5'@7Tev E
© | Projected 95% CL Limit onc/og, i :::,@”“V 1 ® ] T e 2f6'@8Tev
c [ T @8 Tov S 7 v ST@8TeV
S ) ) 3 :
= o B T e i e o e e e Tu Pt
£ L /// AP T NG T P S G

d}\‘\ ,;_ T — 4-"/ et /1 "'6 [ ] :. | "'".,.
R S WY AP et e I e s — \
LOO % : l‘/"/ B A S s m 3 - ‘_. i \ ttttttt — ]
& AW S — — 8 iy RN
93 g 2 \'\““\.
10" Projected Significance of Observation ]
100 150 200 250 300 350 400 450 500 550 600 Y05 150 200 250 300 350 400 450 500 550 600

Higgs mass, m [GeV/c?] Higgs mass, m [GeV/c?]

—
N

ATLAS Prellmlnary (Slmulatlon)
—&+ 50 \s=8 TeV @ 56 Opt\s=8 TeV |
---------- oo el B Nfs @ TV i e e - B0 GpNE-& 'Fev :
: 5 —#&+ 95% CL\s=8 Te\l .

-
o

o0

)]

Integrated Luminosity, fo”

.........................................................

2/2/2011 fo0 120 150 20Q,_ - roiin 300 400 500 0



Summary 1 — Status and prospects

In 2010 the LHC has delivered pp collisions at 7 TeV,
the highest energy ever attained in the lab

The LHC experiments have efficiently collected and analyzed the collision data
and, in few months of data taking, measured a large number of SM processes
and compared to higher order theoretical SM predictions.

Within the experimental uncertainties good agreement with the SM.

This successful year and the resulting understanding of collision physics at the
highest energy Is the baseline for an effective searches in the next years

The LHC will deliver pp collisions at 7 TeV in 2011 and 2012 w/ an expected
integrated luminosity of few (5?) fb! by the end of 2012, before a shutdown
of 1 year for consolidation work, and resuming collisions in 2014 at ~14 TeV.

Based on updated Higgs simulation studies and detector performance in 2010
at 7 TeV, it is inferred that the data sample expected in 2011-2012, will give
access to a large fraction of the SM Higgs mass range for exclusion and for
discovery in the 130-200 GeV range, w/ order 57 of collision data.
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Summary 2 - Key issues for an effective search

Precise (higher order) event generators for SM processes

Whenever possible, SM cross-sections will be measured inclusively and differentially. Higgs (and other
rare) signals are looked for in extreme kinematic regions (tails of the SM processes) where a precise
measurement of the SM contribution is limited by low data statistics. Thus we must extrapolate from high
stat regions to low stat region. In this process, it is highly beneficial to use precise MC generators to
reduce the uncertainty of the extrapolation.

-> Ongoing activity in the LHC Higgs Cross Section WG — welcome to join or collaborate

Precise (higher order) event generators for SM and BSM Higgs processes
To reduce the uncertainty on the signal efficiency prediction.
-> Ongoing activity in the LHC Higgs Cross Section WG — welcome to join / collaborate

Interpretation of the search results beyond the context of the SM Higgs
-> Ongoing activity eg by “Global BSM fits and LHC data” WG and the Les Houches workshop

Design of efficient triggers for signals from SM Higgs and other popular BSM models ,
but also consider more general and “model-independent’” searches
-> collaboration with theorists highly welcome
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First ZZ — 4 event observed in CMS
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Epilogue

3D view
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Thank You

2/2/2011

To the Organizers for their kind invitation.

To the colleagues of the LHC Collaborations, for all the
brilliant results.

And special thanks to the colleagues from whom |
“borrowed” material for this talk:

C. Biino, De Filippis, A. De Roeck, M. Ferro-Luzzi, A.
Koriotov, C. Mariotti, B. Murray, A. Nikitenko, N. Pastrone,
G. Rolandi, V. Sharma

Marta Felcini 25



Bibliography

ATLAS Higgs Public Results
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults

ATLAS Sensitivity Prospects for 1 Higgs Boson Production at the LHC Running at 7, 8 or 9 TeV
ATL-PHYS-PUB-2010-015

ATLAS Sensitivity Prospects for Higgs Boson Production at the LHC Running at 7 TeV
ATL-PHYS-PUB-2010-009

CMS Physics Results
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

CMS Higgs Physics Results
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG

Projected sensitivity for Standard Model Higgs boson searches at 7 and 8 TeV, and 1-10 fb!
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIGStandardModelProjections

2/2/2011 Marta Felcini 26



Bibliography

Handbook of LHC Higgs Cross Sections: 1. Inclusive Observables
http://arxiv.org/PS_cache/arxiv/pdf/1101/1101.0593v2.pdf

LHC Higgs Cross Section Working Group
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections

2/2/2011 Marta Felcini 27



Backup



BSM Higgs Studies for LHC

The main goal of the Monte Carlo based BSM Higgs experimental studies is to
set-up the search - trigger, background estimation methods, analysis tools -
into final states and topologies different from those studied for the SM Higgs,
but potentially relevant and even dominant in BSM scenarios.

In BSM scenarios like Final states with:

 SUSY: MSSM, NMSSM, THD,... QO multiple b’s and/or taus

U Extra Dimensions U lepton resonances

O Little Higgs O cascade decays

U Models with extra bosons and fermions Q invisible decays

U Others... ...can be dominant Higgs signatures

ATLAS & CMS MC studies result into predictions of the experimental discovery reach
First observation (mass, charge,...) and detailed measurements (couplings, spin, CP,...)
to determine the role of the newly detected Higgs-like particles, in view of possible

Early discovery and measurement Observation Open question

Neutral Higgs low mass<185 GeV Consistent w/ SM or MSSM SM, MSSM, other BSM?
Neutral Higgs high mass>185 GeV Inconsistent with SM MSSM, other BSM ?
More than one neutral Higgs inconsistent with SM MSSM, other BSM ?
Charged Higgs inconsistent with SM MSSM, other BSM ?
Other BSM particles /interactions inconsistent with SM BSM Model? Higgs sector?
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Setting-up the Search for Discovery
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Higgs in MSSM and extensions

Model predictions:

light (<~130 Gev), neutral CP-even Higgs, h
heavier neutral CP-even Higgs, H

neutral CP-odd Higgs A

charged Higgs bosons (C= +/-1)
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-> visible cascade and invisible decays
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{50
MSSM Higgs LHC Searches at a glance

CMSgg
!

Particle

Dominant production processes Decay Final states investigated
Neutral L/ I SM Higgs-like final states, from
. Direct production h/HfA — bb VRF hiH d
Higgs T at large tan B, dominant brdgn i —r
Bosons . >e=h 0N decay, large background | direct production with h — 7
h; H, A e ey ; : _ —
h/H/A — 7 h/H/A — 7577 o0 + 4u
L arge BR, — ETjet + 3
Associated production with b-quarks clean final state
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o feel oo W H/A =TT R HIA — it
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good mass resolution
f = .
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Jjet
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m g
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— (Wh)[b(r) — (baq)[b](Tjerrv)
— (Wh)[b](tb) — (bw)[b](bqqb)
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Beyond MSSM
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“This could be the discovery of the century. Depending,
of course, on how far down it goes.”
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Boosted Decision Tree (BDT) analysis
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| Littlest Higgs or Minimal “Little Higgs” model
N. Arkani-Hamed et al, JHEPO7(2002)034

a pair of doubly charged Higgs bosons
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masses up to 650 GeV
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Higgs Measurements

bh —»b‘c*c%)h—m

“This 1s not exactly, what theory predicted
for the Higgs decay!”
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Direct measurement of the Higgs boson width, I'(H/A), sensitive to tan [3 value

MSSM relation between the Higgs boson width Uncertainty on tan § measurement
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Ex: Measurement of Higgs Spin and CP o
:

ATLAS
Spin:
U Spin 1 rouled out if H>yy or gg—2>H is observed
O Angular correlation of decay products in H>ZZ

U Testing for spin 0 in WBF H>WW-Ivlv
CP:

O Angular correlations of decay products in gg>H->77Z->4l

O Angular correlations of tagging jets in WBF H>WW and H->1t

O Possible : angular correlations in ttH

O Possible : angular/momentum correlations of t decay products in H>1t

Ex.: Determine Spin/CP from angular correlation of decay products in H>2ZZ

7% R=(L-TY(L+T) , SM.Higgs

y ¢

% 0.5

: i i It spin1,cP+1

ATLAS 100 fbt

polar angle B of leptons in Z rest frame 05

Polar angle G(0)=T*(1 +00329)+L*sin29 -1 {, 0 ° Spin 0, CP -1
distribution: R=(L-T)/(L+T) w0 20 a0 Irr;HI[eleLf]
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Many BSM models and Higgs signatures have been studied by the LHC collaborations
=> models particularly helpful in setting up search strategies (trigger, data driven background estimation
methods, analysis tools,...)

CMS

-

Determined experimental discovery reach, in SUSY (MSSM and extensions) and non SUSY models => BSM
Higgs-like signals observed and early measured with less then 1 fb-! to few ten fb!

Detailed properties will be scrutinized
to fully establish the nature of the
newly discovered particles
—>Measurement strategies developed
—=good precision may need high stat.s
(ultimate LHC and SLHC) ...

More information (e.g. from other
discoveries and measurements)

may be available -

we will combine all

(Higgs and non Higgs) measurements

to sharpen our understanding...

We are ready for...
discoveries...

ZIZIZUL L

Integrated luminosity (fb™)

L = 10%83cm2s1L = 10%%cm2s-

SLHC: L = 1035¢m-2s-

First physics run: O(1fb-)
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