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• LHC is a high energy and high 
luminosity proton-proton collider
➡ design centre-of-mass energy is 14 TeV and     

design luminosity is ℒ = 1034 cm-2s-1

➡ !rst collider to reach energy regime of HECR
➡ expect ~23 interactions at a bunch crossing 

frequency of 40 MHz (!)

• LHC is a unique machine
➡ !rst collider to explore the physics at the TeV scale
➡ excellent sensitivity to rare (new physics) processes

•expected production cross-sections
➡ large inclusive b, W/Z and top production rates

• LHC is a combined b-, W/Z- and top-factory
➡ cross-section for jet and W/Z production orders of 

magnitude larger than e.g. expected for Higgs
➡ total cross-section dominated by soft interactions

Introduction: LHC
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W.J. Stirling, private communication
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Introduction: LHC Physics Programme
•proton-proton programme:

I. mass and electroweak symmetry breaking
• search for the Higgs Boson, measurement of its 

properties
II. hierarchy in the TeV domain 

• search for new phenomena moderating the hierarchy 
problem 

• search for the unexpected at the high-energy frontier
III.electroweak uni!cation and strong interactions 

• precision measurements (mtop, MW) and tests of the 
Standard Model 

• tests of perturbative QCD at the high-energy frontier
IV. "avour

• B-,D-mixing, rare decays and CP violation as tests of 
the Standard Model

•heavy ion programme: (not covered here)

➡ study quark-gluon plasma in Pb+Pb collisions at up to 
5.5 TeV per colliding nucleon
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Peter Higgs visiting CERN in 2008
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Introduction: LHC and Experiments

4

LHC ring at CERN:
27 km circumference
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Introduction: LHC and Experiments
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LHC ring at CERN:
27 km circumference

CMS 

ATLAS 

2 general purpose experiments
ATLAS and CMS
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Introduction: LHC and Experiments

4

LHC ring at CERN:
27 km circumference

CMS 

ATLAS 

2 general purpose experiments
ATLAS and CMS

2 specialized large experiments
LHCb and ALICE

ALICE 

LHCb 
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Month in Year
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LHC Operation in 2010 to 2012

•!rst LHC running period
➡ 2010+2011at 7 TeV and 8 TeV in 2012
➡ increase in centre-of mass energy yields 

increase in parton luminosity, especially  
for large MX processes

➡ but jet, W/Z and top cross-sections scale 
fast, background for new physics searches

•outstanding LHC performance
➡ peak luminosity of 7.7×1033 cm-2s-1 with  

half the number of bunches
➡ expect to reach 20 fb-1 in 2012

• p+p run this year extended by 2.5 months

•presented in the following
➡ 7 TeV and latest 8 TeV results
➡ status of ICHEP’12, with SUSY’12 updates 

(most results based on 4.9 fb-1 at 7 TeV and 5.9 fb-1 at 8 TeV)
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2011

2012

2010

ICHEP’12

today

integrated luminosities

ratio of parton 
luminosities

W.J. Stirling, private communication

SUSY’12
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High Luminosity comes at a Price

• typical LHC event in 2012
➡ large number of interactions in 1 event

• so-called event “pileup”
➡ exceeding detector design levels (!)

• challenge for the experiments
➡ trigger: select interesting interactions, 

keeping acceptable total rate
➡ data volume: from the detector recorded 

on tape and to be processed/analyzed on 
computing GRID worldwide

➡ reconstruction and analysis: make sense 
out of these very complex events and 
extracting interesting physics information

•huge development effort
➡ during shutdown 2011/2012
➡ experiments improved as well their 

sensitivity, especially for Higgs searches

Raw ΣET~2 TeV 
14 jets with ET>40 
Estimated  PU~50 zoom onto interaction region
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Jets Production and Underlying Events

•underlying events
➡ pre-LHC models predict e.g. too little transverse 

activity, region sensitive to multi-parton 
interactions

➡ LHC results basis for improved MC tunes
• good description achieved with modern codes 

like PYTHIA8 or HERWIG++
• cosmic air shower models yield as well a good 

description (EPOS)

• jet production
➡ excellent description by pQCD over many orders of 

magnitude    (LHC covers huge range in pT and |y|)

➡ based on PDFs, constrained by HERA and 
TEVATRON
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Standard Model Measurements

•W±/Z, W/Z+jets and        
di-boson production
➡ important tests of SM
➡ background for searches (Higgs)

•W and Z studies
➡ huge event rates

• heavily used for calibration
➡ W/Z rapidity distribution 

sensitive to strange quark sea 
contribution in proton PDFs
• ATLAS compatible with no 

strange sea suppression

•di-boson production
➡ can put limits on anomalous 

Triple  Gauge Couplings
➡ becoming competitive with LEP

8
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Top Cross-Sections and Mass
• LHC is a top factory
➡ tt cross-section is large ~200 pb   (~4 million events so far)

➡ rich top physics program

• top pair and single top production
➡ several channels accessible, even all hadronic
➡ 7 and !rst 8 TeV results in agreement with SM

•precision top mass measurements
➡ derive mt from kinematic mass reconstruction
➡ already systematically dominated (jet energy scale, ...)

Paolo Meridiani

TOP PAIR CROSS SECTION @ 8 TEV

lepton + jets channel
• good compromise 

between purity and 
statistics 

• Cross section extracted 
from a fit to the invariant 
mass of lepton and b-jet 

di-lepton channel
• very clean channel

• counting experiment with 
increasing number of b-
tagged jets

• e-mu channel particularly 
clean: driving the xsec 
measurement

CMS-TOP-12-007

13

BR ~ 10%

BR ~ 44%

CMS-TOP-12-006

Precision is challenging NNLO 
predictions
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Mt and Electroweak Fit
•direct top and W mass measurements
➡ mostly precise TEVATRON results
➡ compatible with combined !t to electroweak 

precision data and a light Higgs
➡ as well with MSSM

•precise measurements of top mass 
➡ experimental observable and pole mass ?

• kinematic reconstruction from uncolored !nal state
• sensitive to hadronisation effects (color reconnection...)

➡ determine running mass (MS-scheme) from CDF/DO 
top pair cross-section at NNLO, yields:

• close to world average, factor 4 larger uncertainty
• PDF and αs uncertainties currently limiting for LHC, 

may be reduced in the future ?
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mt
exp =mpole(1±Δ)

mpole =173.3± 2.8GeV

Alekhin, Djouadi, Moch, arXiv:1207.0980v2

__
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Searches for the SM Higgs

•SM Higgs phenomenology
➡ precisely predicted, but Higgs mass

• NLO and NNLO calculations   (typical σ ~ 5-15%)
• production dominated by gg fusion, then vector 

boson fusion (VBF), associated WH and ZH
➡ cross-section and branching ratios are strong 

function of MH

•Higgs searches in 2011 data
➡ both experiments saw hints for a light Higgs

• around ~3σ each, ignoring “look elsewhere effect”
• indications as well in TEVATRON data

➡ low mass region at LHC
• many decay modes accessible (γγ,ZZ,WW,ττ,bb)
• γγ and ZZ yield excellent mass resolution (~1%)

➡ challenging to control backgrounds, except for ZZ

•experiments “blinded“ their 2012 data
➡ huge effort to optimize expected sensitivity (pileup)
➡ and re-optimized analysis on published 2011 data
➡ results updated using 2012 data (8 TeV) up to ICHEP

11

LHC Higgs
Searches 2011
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Overview: Higgs→γγ 
•experimental signature
➡ 2 isolated photons pT > 40, 30 GeV with ε ~ 40%
➡ expect ~200 events at S/B~3%

•huge background
➡ irreducible: continuum di-photons
➡ reducible:    mis-identi!ed jets (π0)

• sophisticated photon ID
➡ shower shapes (especially ATLAS) and   

isolation yields:     bkg(γ+jet/γγ)~20%

•excellent mass resolution

➡ energies from precise shower calibration
➡ angle from direction to primary vertex

• CMS:    sophisticated primary vertex tagging
• ATLAS: ability to use photon pointing

12

Mh
2 = 2E1E2 1− cosθ12( )

η-strips

Higgs→γγ
candidate

ATLAS ATLAS

EM response
stability vs time

W→eν events
laser monitoring (LM)
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Signals: Higgs→γγ

•maximize expected sensitivity
➡ separate events into categories with different 

S/B and mass resolution
• ATLAS uses 9 classes according to η, 

conversions, pTt

• CMS uses 4 classes from MVA combining all 
information

➡ separate VBF channel
• tagged using 2 forward jets

• for illustration only
➡ combined signals from all classes, events 

weighted using expected S/B

•extract signal from a set of !ts
➡ background shapes in each class taken from 

data (!) using sidebands

13

11 

SM Higgs + 2jets at the LHC 
  Wisconsin Pheno (D.Zeppenfeld, D.Rainwater, et al.) proposed 

to search for a Low Mass Higgs in association with two jets 
with jet veto 

 Central jet veto initially suggested in V.Barger, K.Cheung and T.Han 
in PRD 42 3052 (1990) 

Jet 

Jet 

Higgs Decay Products 

Tagging Jets 

Central Jet Veto 
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5.2 H ! ZZ 11
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Figure 3: The diphoton invariant mass distribution with each event weighted by the S/(S+ B)
value of its category. The lines represent the fitted background and signal, and the coloured
bands represent the ±1 and ±2 standard deviation uncertainties on the background estimate.
The inset shows the central part of the unweighted invariant mass distribution.

unweighted
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Results: Higgs→γγ
• combined 7 TeV and 8 TeV results:

•new particle is a boson
➡ it decays into γγ
➡ probably not spin 1 (Landau Yang theorem)

•gg→Higgs→γγ
➡ SM production and decay via loop processes

➡ sensitive to t,W-couplings (and new physics)

14

ATLAS CMS

Mh(min p0) 126.5 GeV 125 GeV

local 
significance

4.5 σ obs. 4.1 σ obs.

signal strength
μ=σ/σSM

1.8±0.5 1.56±0.43

10 5 Decay modes with high mass resolution

it is necessary to take into account the large differences in the expected signal-to-background
ratios of the event categories shown in Table 2. The events are weighted according to the cate-
gory in which they fall. A weight proportional to S/(S + B) is used, as suggested in Ref. [117],
where S and B are the number of signal and background events, respectively, calculated from
the simultaneous signal-plus-background fit to all categories and integrating over a 2seff wide
window, in each category, centred on 125 GeV. Figure 3 shows the data, the signal model, and
the background model, all weighted. The weights are normalised such that the integral of the
weighted signal model matches the number of signal events given by the best fit. The un-
weighted distribution, using the same binning but in a more restricted mass range, is shown as
an inset. The excess at 125 GeV is evident in both the weighted and unweighted distributions.
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Figure 2: The local p-value as a function of mH in the gg decay mode for the combined 7 and
8 TeV data sets. The additional lines show the values for the two data sets taken individually.
The dashed line shows the expected local p-value for the combined data sets, should a SM
Higgs boson exist with mass mH.

5.2 H ! ZZ

In the H ! ZZ ! 4` decay mode a search is made for a narrow four-lepton mass peak in the
presence of a small continuum background. Early detailed studies outlined the promise of this
mode over a wide range of Higgs boson masses [118]. Only the search in the range 110–160 GeV
is reported here. Since there are differences in the reducible background rates and mass resolu-
tions between the subchannels 4e, 4µ, and 2e2µ, they are analysed separately. The background
sources include an irreducible four-lepton contribution from direct ZZ production via qq and
gluon-gluon processes. Reducible contributions arise from Z + bb and tt production where the
final states contain two isolated leptons and two b-quark jets producing secondary leptons.
Additional background arises from Z+jets and WZ+jets events where jets are misidentified as
leptons. Compared to the analysis reported in Ref. [21], the present analysis employs improved
muon reconstruction, improved lepton identification and isolation, and a kinematic discrimi-
nant exploiting the decay kinematics expected for the signal events. An algorithm to recover
final-state radiation (FSR) photons has also been deployed.

Electrons are required to have pT > 7 GeV and |h| < 2.5. The corresponding requirements for
muons are pT > 5 GeV and |h| < 2.4. Electrons are selected using a multivariate identifier
trained using a sample of W+jets events, and the working point is optimized using Z+jets
events. Both muons and electrons are required to be isolated. The combined reconstruction
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Overview: Higgs→ZZ*→4 l
•experimental signature
➡ isolated lepton pairs: 4e, 4μ, 2e2μ
➡ golden channel:

• few events, good S/B, good mass resolution
➡ key: efficient lepton identi!cation

• performance improvements over shutdown
• e.g. CMS: FSR γ recovery, ATLAS: μ 2.5<η<2.7

•backgrounds
➡ irreducible: continuum ZZ*/Zγ* production

• shape from MC, measured ZZ cross section 
slightly above SM predictions (ATLAS, CMS)

➡ reducible:    Z+bb/jets, tt   (low mass)
• estimate from data using control regions

• check: ATLAS+CMS observe Z→4l

15

Higgs→2e2μ
candidate

-_
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Signals: Higgs→ZZ*→4 l
•CMS: 2D !t for signal extraction
➡ matrix element likelihood analysis (MELA) to 

separate signal and background

•events in signal region (~125 GeV)
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Figure 5: The distribution of events selected in the 4` subchannels for the kinematic discrim-
inant, KD, versus m4`. Events in the three final states are marked by filled symbols (defined
in the legend). The horizontal error bars indicate the estimated mass resolution. In the upper
plot the colour-coded regions show the background expectation; in the lower plot the colour-
coded regions show the event density expected from a SM Higgs boson (mH = 125 GeV) (both
in arbitrary units).

signal 

CMS 4e 2e2μ 4μ 4l

exp. bkg 0.7±0.2 1.9±0.3 1.3±0.1 3.8±0.5

exp. sign 1.36±0.22 3.44±0.44 2.74±0.32 7.54±0.78

obs. 1 5 3 9

ATLAS 4e 2e2μ 4μ 4l

exp. bkg 1.53±0.21 2.07±0.20 1.25±0.07 4.85

exp. sign 0.90±0.14 2.29±0.33 2.09±0.30 5.28

obs. 2 5 6 13
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Results: Higgs→ZZ*→4 l

• combined 7 TeV and 8 TeV results:
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16 6 Decay modes with low mass resolution
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Figure 6: The observed local p-value for the ZZ decay mode as a function of the SM Higgs
boson mass. The dashed line shows the expected local p-values for a SM Higgs boson with a
mass mH.

or different-flavour (eµ) categories. Events with more than two jets are rejected. To improve the
sensitivity of the analysis, the selection criteria are optimized separately for the different event
categories since they are characterised by different dominating backgrounds. The zero-jet eµ
category has the best signal sensitivity. Its main backgrounds are irreducible nonresonant WW
production and reducible W+jets processes, where a jet is misidentified as a lepton. The one-jet
eµ and zero-jet same-flavour categories only contribute to the signal sensitivity at the 10% level
because of larger backgrounds, from top-quark decays and Drell–Yan production, respectively.
Event selection in the two-jet category is optimized for the VBF production mechanism. This
category has the highest expected signal-to-background ratio, but its contribution to the overall
sensitivity is small owing to the lower cross section relative to inclusive production.

The projected Emiss
T variable [22] is used to reduce the Drell–Yan background arising from

events where the Emiss
T vector is aligned with the lepton pT, as well as events with mismeasured

Emiss
T associated with poorly reconstructed leptons and jets. The projected Emiss

T is defined as
the transverse component of the Emiss

T vector with respect to the closest lepton direction, if it is
closer than p/2 in azimuthal angle, or the full Emiss

T otherwise. Since the projected Emiss
T resolu-

tion is deteriorated by pileup, the minimum of two different projected Emiss
T definitions is used:

the first includes all particle candidates in the event, while the second uses only the charged
particle candidates associated with the primary vertex. In the 8 TeV analysis, the minimum
projected Emiss

T defined in this way is then required to be above a threshold that varies by cate-
gory. For mH > 140 GeV, projected Emiss

T is required to be greater than 20 GeV in the eµ channel,
and greater than 45 GeV in the same-flavour channels. For mH  140 GeV in the same-flavour
channels, where it is more difficult to separate the signal from the Drell–Yan background, a
multivariate selection is used, combining kinematic and topological variables. In the two-jet
category, a simple selection of Emiss

T > 45 GeV is applied. To further reduce the Drell–Yan back-
ground in the same-flavour final states, events with a dilepton mass within 15 GeV of the Z
boson mass are rejected. The background from low-mass resonances is rejected by requiring a
dilepton invariant mass greater than 12 GeV.

To suppress the top-quark background, a “top tagging” technique based on soft-muon and b-

ATLAS CMS

Mh(min p0) 125 GeV 125.6 GeV

local 
significance

3.6 σ obs. 3.2 σ obs.
local 

significance
2.7 σ exp. 3.8 σ exp.

signal strength
μ=σ/σSM

1.4±0.6 0.7+0.4
-0.3
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Higgs→WW→2l2ν
•experimental signature
➡ 2 isolate leptons (e, μ), missing ET, 0-2 jets (VBF)
➡ large BR, but limited mass resolution (±15 GeV)

•backgrounds vary vs jet multiplicity
➡ mostly tt, irreducible WW, W/Z+jets
➡ kinematic selection (Δϕll, mll), b-tag veto (top)

•broad access compatible with SM
➡ CMS updated ee, μμ and eμ with 2012 data
➡ ATLAS updated only eμ

• less sensitive to Drell-Yan at large pileup
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Figure 8: The 95% CL limit on s/sSM for a Higgs boson decaying, via a W boson pair, to
two leptons and two neutrinos, for the combined 7 and 8 TeV data sets. The symbol s/sSM
denotes the production cross section times the relevant branching fractions, relative to the SM
expectation. The background-only expectations are represented by their median (dashed line)
and by the 68% and 95% CL bands. The dotted curve shows the median expected limit for a
SM Higgs boson with mH = 125 GeV.
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Paolo Meridiani

H ➞ WW
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• Two leptons with opposite 
charge

• Large missing ET

• 6 categories
– 0 jet, 1 jet and 2 jet (VBF)

– same and different flavor 

• Kinematic variables to 
reject background (most 
discriminant Δφll and mll)

• Main background is ttbar 
and irreducible WW (from 
control samples)

CMS

18 6 Decay modes with low mass resolution

Table 4: Observed number of events, background estimates and signal predictions for mH =
125 GeV in each category of the WW analysis of the 8 TeV data set. All the selection require-
ments have been applied. The combined experimental and theoretical, systematic and statis-
tical uncertainties are shown. The Zg process includes the dimuon, dielectron, and tt ! ``
final states.

Category: 0-jet eµ 0-jet `` 1-jet eµ 1-jet `` 2-jet eµ 2-jet ``
WW 87.6± 9.5 60.4± 6.7 19.5± 3.7 9.7± 1.9 0.4± 0.1 0.3± 0.1
WZ + ZZ + Zg 2.2± 0.2 37.7± 12.5 2.4± 0.3 8.7± 4.9 0.1± 0.0 3.1± 1.8
Top 9.3± 2.7 1.9± 0.5 22.3± 2.0 9.5± 1.1 3.4± 1.9 2.0± 1.2
W + jets 19.1± 7.2 10.8± 4.3 11.7± 4.6 3.9± 1.7 0.3± 0.3 0.0± 0.0
Wg(⇤) 6.0± 2.3 4.6± 2.5 5.9± 3.2 1.3± 1.2 0.0± 0.0 0.0± 0.0
All backgrounds 124.2± 12.4 115.5± 15.0 61.7± 7.0 33.1± 5.7 4.1± 1.9 5.4± 2.2
Signal (mH = 125 GeV) 23.9± 5.2 14.9± 3.3 10.3± 3.0 4.4± 1.3 1.5± 0.2 0.8± 0.1
Data 158 123 54 43 6 7
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Figure 7: Distribution of m`` for the zero-jet eµ category in the H ! WW search at 8 TeV.
The signal expected from a Higgs boson with a mass mH = 125 GeV is shown added to the
background.
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Higgs→ττ and W/Z(H→bb)
•CMS updated both with 2012 data
➡ Higgs→ττ in 4 !nal states μτh, eτh, eμ, uu 

• challenging large backgrounds (DY→ττ, W+jets, QCD)
• VBF most sensitive, split others by 0/1 jet and low/high pT

➡ W/Z(H→bb) in 3 !nal states (Z→ll)H, (W→lν)H, (Z→νν)H
• largest SM BR at low mass, but huge QCD background
• search in association with W or Z
• sophisticated MVA to extract signal

➡ total expected limits in both channels close to SM (μ=1)
• CMS improved sensitivities by 50% (70%) w.r.t. 2011
• observed limits are close, needs more data

19
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20 6 Decay modes with low mass resolution

as a broad excess in the distribution of the t-pair invariant mass mtt.

The sensitivity of the search is improved by classifying the events according to jet multiplicity
and the transverse momentum of the reconstructed t. The multiplicity of jets with pT > 30 GeV
reflects the production mechanism: events with zero or one jet are likely to come from the
gluon-gluon fusion process, while events with two jets are candidates for VBF production.
Events including b jets with pT > 20 GeV are removed from zero- and one-jet categories. The
signal purities in the zero- and one-jet categories are increased, and the mtt resolution is im-
proved, by separating events into low- and high-pT subchannels. The high-pT subchannels are
defined by pth

T > 40 GeV in channels with a hadronic t decay, and pµ
T > 35 (30)GeV in the

eµ (µµ) channel. The mass mtt is reconstructed with an algorithm [126] combining the visible
t decay products and the missing transverse energy, achieving a resolution of about 20% on
mtt. Figure 9 shows as an example the reconstructed mtt distribution in the µth VBF category
for the combined 7 and 8 TeV data samples.
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Figure 9: Distribution of mtt in the combined 7 and 8 TeV data sets for the µth VBF category of
the H ! tt search. The signal expected from a SM Higgs boson (mH = 125 GeV) is added to
the background simulation.

Backgrounds in the eµ and µµ channels arise from tt and Drell–Yan production, while W and
Z production with a misidentified th candidate from an electron, muon, or jet dominates in
the hadronic channels. Backgrounds from Z ! tt decays are modelled with Z ! µµ events
in data where each muon is replaced with particles from simulated decays of a t with the
same momentum as the muon. Reducible backgrounds, comprising W+jets, QCD multijet
production, and residual Z ! ee events, are estimated from the data. An improved signal-to-
background ratio is achieved by including explicitly in the event selection for the VBF produc-
tion mechanism the pseudorapidity separation between forward jets and the large invariant
mass of the dijet system. Table 5 shows the numbers of expected and observed events in the
most sensitive event categories (VBF) for the 7 and 8 TeV data sets. The expected signal yields
for a SM Higgs boson with mH = 125 GeV are also shown.

H→ττ 
VBF channel
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... ATLAS did not yet update 
their 2011 result with 2012 

data, will be part of HCP 
updates in November

 for completeness
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Putting All Together...
• full mass rage excluded, but window 

around ~125 GeV
➡ all channels, including those sensitive to high mH

20
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Putting All Together...
• full mass rage excluded, but window 

around ~125 GeV
➡ all channels, including those sensitive to high mH
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Properties of the New Particle
•establishing its nature: is it the SM Higgs ?
➡ measure its mass, spin properties (JPC), couplings, ...
➡ it is a boson and probably not spin 1 (H→γγ)

•mass values:
➡ naive average                                                                                         

125.7±0.4 GeV

•experiments start to study couplings
➡ disentangle decay and production properties

21SMσ/σBest fit 
-1 0 1 2 3

 bb→H

ττ→H

 WW→H

 ZZ→H

γγ→H

CMS -1 = 8 TeV, L = 5.3 fbs-1 = 7 TeV, L = 5.1 fbs

 = 125.5 GeVH m

μ=1.4±0.3

μ=0.87±0.23

by decay by decayby production

ATLAS 126.0±0.4±0.4 GeV

CMS 125.3±0.4±0.5 GeV
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Searches for Supersymmetry

•motivations for (minimal) SUSY
➡ provides solution for hierarchy problem
➡ Higgs mechanism for EWSB is built in and 

predicts a light Higgs
➡ uni!cation of couplings
➡ R-parity conservation: LSP is DM candidate

•SUSY is broken
➡ plenty of SUSY breaking models (CMSSM, ...)

• different sets of free SUSY parameters
• each model has rich phenomenology

• recent results disfavor CMSSM
➡ no light SUSY discovered (so far)
➡ Higgs(?) at 125.7 GeV still within SUSY reach
➡ constraints from rare B decays (Bs→μμ ...)

• instead, “bottom up” approaches
➡ phenomenological SUSY model (pMSSM)
➡ simpli!ed models to express results for   

SUSY s-particle searches
22
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•not !ne tuned Higgs requires:

➡ s-particles linked to Higgs loop need to be light

•3rd generation squarks
➡ cross-sections at LHC expected to be smaller 

than for 1st and 2nd generation 

•generic SUSY searches at LHC
➡ like: “0-lepton”   (signature: jets + missing ET)

• interpretation in simpli!ed model
➡ yield stringent limits on 1st and 2nd gen.

• excluded up to ~1.5 TeV for m(q)=m(g)
➡ not constraining 3rd generation squarks

• needs specialized t and b searches

“Natural” SUSY ?

23

The crucial configuration of supersymmetry

not much constrained but expected belowB̃, W̃ mg̃
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ĩ
e
ĩ
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• simpli!ed models
➡ assumes 100% branching ratios

•gluino mediated Stop
➡ 4 top squarks in !nal state
➡ modes via virtual/on-shell stop

• but limit on m(g) depends little on                
m(t) above/below m(g)

➡ sensitive to m(g)<1000 GeV for          
m (χ0)<380 GeV

•direct Stop pair production
➡ 2W+2b-jets+missing ET

➡ modes with m(t) above/below m(t)
• combination of several signatures 

to maximize sensitivity
➡ “If you cover the white then                                

Weak scale SUSY is probably                                
dead” R. Barbieri (ICHEP’12)

Dedicated Stop Searches

24

ATLAS$Combined$Stop$Exclusion$

20$

˜ t → t ˜ χ 1
0

˜ t →b ˜ χ 1
±

W

b

W
b

W(*)

χ1
0

b

b

±

±

χ1
0

W(*)

m(Stop) > m (Top)

m(Stop) < m (Top)

 [GeV]g~m
500 600 700 800 900 1000 1100 1200

 [G
eV

]
10 χ∼

m

100

200

300

400

500

600

 fo
rb

idd
en

1
0

χ∼t t
→g~

 not included.theory
SUSYσ 95% C.L. limits. SCL

1
0
χ∼t t→g~ production, g~-g~

 PreliminaryATLAS

Expected
Observed
Expected
Observed
Expected
Observed

 6-9 jets≥0-lepton, 

 4 jets≥2-SS-leptons, 

3 b-jets

ATLAS-CONF-2012-103

ATLAS-CONF-2012-105

arXiv:1207.4686

, 8 TeV]-1 = 5.8 fb
int

[L

, 8 TeV]-1 = 5.8 fb
int

[L

, 7 TeV]-1 = 4.7 fb
int

[L

) GeVg~m(
400 500 600 700 800 900 1000 1100

) G
eV

0 1χ∼
m

(

100
200
300
400
500
600

700
800

-1 = 3.95 fbint = 8 TeV, LsCMS Preliminary, 

Same Sign dileptons with btag selection
σ 1 ± NLO+NLLσ = prodσObserved Limit 

σ 1 stat. ±Expected Limit 

~~
~

~

~

~

1



Markus Elsing 25

]2 [GeV/cχM

-110 1 10 210 310

]
2

-N
u
cl

e
o

n
 C

ro
ss

 S
e
ct

io
n
 [

cm
χ

-4510

-4310

-4110

-3910

-3710

-3510

-3310

-3110
CMS MonoJet

CMS MonoPhoton

CDF 2012

SIMPLE 2010

CDMSII 2011

COUPP 2011

 
-

W+Super-K W
-

W+IceCube W

CMS
 = 7 TeVs

-1
L dt = 5.0 fb∫

b) Spin Dependent

SM DM
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collider
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directWIMP Searches
• complementary to (in)direct searches
➡ experimental signature is γ/jet+missing ET

• interpretation is model dependent
➡ needs assumption about the “blue bubble”
➡ effective theory approach for contact interaction 

• choice of operators (~Dn)
• parameters mass mΧ and scale Λ=M*

➡ 90% CL limits on WIMP-nucleon                                      
cross-section for Dirac fermions Χ
• operator for spin independent scattering

• operator for spin dependent scattering

➡ strong limits on spin dependent scattering

J.Goodman et al., arXiv:1008.1783
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•huge list of experimental signatures and models covered
• typical limits achieved up to:
➡ singly produced objects with QCD couplings ~ 3.5 TeV
➡ singly produced objects with EW couplings    ~ 4 TeV
➡ pair produced objects with QCD couplings     ~ 600 GeV
➡ unitarity limited rates  ~ 4 TeV
➡ compositeness scale    ~ 8 TeV

•details in !gures...

No TeV Scale New Physics (yet)
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ATLAS
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• LHCb took 1fb-1 in 2011 (and in 2012)
➡ excellent dataset to place indirect constraints on NP
➡ precision measurements, compare to SM predictions

• rare B decays, especially: Bs→μμ
➡ helicity suppressed in SM, large NP effects prediced
➡ places stringent limit on models increasing BR

• e.g. excludes large tanβ in 2HDM models (like SUSY)

•CP violation in B sector
➡ new measurement of Bs mixing parameters

• CP violating phase ϕs and width differences ΔΓs

➡ reduces phase space for NP:

•CP violation in charm sector ?

➡ no 1% asymmetry in SM, but control on QCD effects ?

Indirect Constraints on New Physics

27

M.Straub, arXiv:1205.6094v1

BR(Bs→μμ)<4.2×10-9 (95%CL)  SM:(3.1±0.2)×10-9

ϕs=-0.002±0.083±0.027rad,  ΔΓs=0.116±0.018±0.006ps-1

ΔACP=ACP(K+K-)-ACP(π+π-)=(-0.82±0.21±0.11)% (3.5σ)

Y. Amhis et al., HFAG, arXiv:1207.1158v1
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What if SM unchanged up to MPl ?
•no new physics up to very high 

scales ?
➡ special meaning of λ≈0 at MPl ?

•absolute vacuum stability with 
Higgs self coupling λ(MPl)≳0 ?
➡ not quite achieved for current “best” values of 

Mt and MH

➡ see discussion of Mt, theoretical uncertainties...

28

Degrassi et al., arXiv:1205.6497v1
Higgs self-couping
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Future Prospects
• current pp run ends in 2012
➡ hope to accumulate ~20 fb-1 at 8 TeV before shutdown
➡ prepare for 13-14 TeV to accumulate another              

~100 fb-1 until 2018 and ~350 fb-1 until 2021
➡ High Luminosity LHC:  ~3000 fb-1 until 2030

•ATLAS/CMS physics reach driven by
• increase in parton luminosity going from 8 to 14 TeV
• sensitivity to smaller cross sections

• LHCb plans for ~50 fb-1 over 10 years
➡ 10% on BR(Bs→μμ), σ(ϕs)=±0.003, ...

•very active detector upgrade programs
➡ keep and improve on physics performance
➡ sustain harder pileup and radiation environment
➡ especially trigger is an issue:

• keep pT thresholds in ATLAS/CMS
• no Level-1 trigger selection in LHCb (40 MHz readout)
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Summary and Outlook

• LHC and experiments are doing fantastically well
➡ very rich harvest of physics results, much broader than any talk could cover
➡ apologies if I did not cover your favorite subject in the last 35 minutes

•a new Boson has been discovered !
➡ its properties are compatible with Standard Model Higgs, but early to tell
➡ exciting times for understanding the nature of EW symmetry breaking

• LHC is a discovery machine for new physics
➡ experiments cover a huge spectrum of signatures and BSM models
➡ no signs for TeV scale physics beyond the Standard Model yet

• this is just the start
➡ machine upgrade from 8 TeV to close to 14 TeV in the 2013/2014 shutdown
➡ expect to take ~350 fb-1 at 14 TeV until 2021  (before start of HL-LHC)

30
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