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Outline

ÅSM measurements at the LHC

ïStatus of the SM

ÅEWK measurements

Åtop-quark related measurements

ïResults at 7,8 and some new at 13 TeV

ÅBSM at LHC

ïLessons from RUN 1

ïWhat to expect at RUN2 at 13 TeVand with 100 
fb-1/ experiment
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Four main results from LHC Run-1
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1) We have consolidated the Standard Model  
(wealth of measurements at 7-8 TeV,  including the rare BsĄʈʈdecay, very  

sensitive to New Physics)

Ą ÉÔ ×ÏÒËÓ "%!54)&5,,9 ȣ 

2) We have completed the Standard Model: Discovery of the 
messenger of the BEH-field, the Higgs boson discovery

(over 50 years of theoretical and experimental efforts !)

3) We found interesting properties of the hot dense matter 

4) We have no evidence of new physics (YET)

R. Heuer, CERN school last week.



July 14th Seminar
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Evolution of the excess with time 
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The BEH scalar (aka ȰHiggs bosonȱ)

ÅSqrt(2) = 1.41.  Useful when dividing 

errors.
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First ATLAS + CMS combined publication 

Sep&1,&2015& Marco&Pieri&UC&San&Diego& 5&

1D2scan&

MH&=&125.09&ҕ&0.24&GeV&
&&&&&&&=&ҕ&0.21&(stat.)&ҕ&0.11(syst.)&GeV&

&Mass&is&measured&with&high&precision&channels&ɔɔ&and&ZZ! 4l&

Measurement in the individual channels 

Sep&1,&2015& Marco&Pieri&UC&San&Diego& 6&

Some&tension&between&the&four&measurements&(pNvalue&~10%)&and&
opposite&in&ATLAS&and&CMS&N&very&good&agreement&in&the&central&values&

90ôs, 00ôs, 10,11: talks started with ñé we 

know everything é except its masséò

ATLAS

CMS

DmH/mH=0.2%

MH = 125.09± 0.24 GeV
= 125.09 ± 0.21 (stat) ± 0.11 (syst) GeV



A scalar, beyond Ȱreasonableȱ doubts
gg, WW, ZZ modes 
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Alternatives tested: 0±, 1± and 2±; 
Excluded at >99% CL
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Is the new particle a Higgs boson? 

ATLAS and CMS have verified the two Ȱfingerprintsȱ 

2) It has spin 0, it is representing a scalar field  

It completes the Standard Model

thus describing ~5% of the Universe

1) To accomplish its job (providing mass) 
it interacts with other particles  (in particular W, Z) 
with strength proportional to their masses

YES !
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All results in agreement with SM

Fitting the 5 main tree
levelcouplingmodifiers +
ʆʈand resolvingall the
loops.
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All vector and 
fermion couplings 
scaled by ʆV and ʆF

Within current precision 
Higgs couplings scale 
with particle masses
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Where have all the 
New Physics signatures gone?

ÅSolutions to the h-problem -> signatures
ÅAll solutions demand the presence of new particles
ïMore Higgs bosons; SUSY partners; New W/Z bosons; new T, B
ïOnce we speak of the Ȱallowableȱ: even ȰVector-Like Quarksȱ

ÅSearches for new physics: main path has been the search 
for these (higher-mass) states
ïIn the beginning inclusively; as time goes by and searches come 

in empty-handed, ask Ȱwhat/howȱ would have escaped?
ÅAnd then tune analyses and go after specific signatures

ÅBroadly speaking, five categories of searches:
ïSearches for new resonances
ïNon-resonant: searches for SUSY (exemplified by MET) 
ïExtending SUSY-like signatures: Dark Matter searches
ïDeviations from the QCD+EWK predictions (compositeness)
ïExotica (e.g. long-lived Ȱstuffȱ)
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Run1 Results
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Summary of CMS SUSY Results* in SMS framework

CMS Preliminary

m(mother)-m(LSP)=200 GeV m(LSP)=0 GeV

ICHEP 2014

lsp
mÖ+(1-x)

mother
mÖ = x

intermediate
m

For decays with intermediate mass,

Only a selection of available mass limits

*Observed limits, theory uncertainties not included

Probe *up to* the quoted mass limit
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Figure 3. Graphical illustration of thehard single-lepton 3-jet (top left), 5-jet (top right) and 6-jet

(bottom) signal regions (SR) used in this paper, shown in the plane of transverse mass mT (see

equation (6.2)) versusmissingtransversemomentumEmiss
T . Thecontrol regions(CR) andvalidation

regions (VR) described in sections 7 and 9, respectively, arealso shown.
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Figure 4. Graphical illustration of thehard dilepton signal regions (SR) used in this paper. The

low-multiplicity (left) and 3-jet (right) hard dilepton signal regions are shown in the plane of R-

framemass MǋR versus razor variable R (seeequations (6.2) and (6.6)). Thecontrol regions (CR)

and validation regions (VR) described in sections 7 and 9, respectively, arealso shown.
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Figure 18. 95%CL exclusion limit fromthehardsingle-lepton channel in the(mĕg,mĕt(ĕɢ0
1)) planefor

thesimpliýedmodel with gluino-mediated top squark production, wherethetop squark isassumed

todecay exclusively viaĕt Ÿcĕɢ0
1 (top) or wherethegluinosareassumed todecay exclusively through

a virtual top squark, ĕgŸtľtĕɢ
0
1 (bottom) . Thedark bluedashed lineshowstheexpected limits at

95%CL, with the light (yellow) bands indicating theÑ1ůvariation on themedian expected limit

dueto theexperimental and background-only theory uncertainties. Theobserved nominal limit is

shown by a solid dark red line, with thedark red dotted lines indicating theÑ1ůvariation on this

limit dueto thetheoretical scaleand PDF uncertaintieson thesignal crosssection.
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Figure 8. Distribution of the missing transverse momentum Emiss
T in the 3-jet (top) and 5-jet

(bottom) tľt (left) and W+jets (right) control regions used in thehard single-lepton channel. The

upper Emiss
T cut, indicated by the arrow, is not applied in these distributions. The purity in

the background of interest is 66% (72%) for the 3-jet tľt (W) control region and 81% (45%) for

the 5-jet tľt (W) control region; the 5-jet W control region is cross-contaminated by tľt events at

the level of 40%. TheñData/SMòplots show the ratio of data to the summed Standard Model

expectation, which is derived from theýtdescribed in section 9. The uncertainty band on the

Standard Model expectation shown here combines the statistical uncertainty on the simulated

event samples with the relevant systematic uncertainties (see text). The last bin includes the

overþow. The ñTop Quarksòlabel includes all top-quark-related backgrounds, while ñV+jetsò

includes W+jets, Z+jets and other Drell-Yan backgrounds such as Z ŸŰ+Űī andɔᶻ/Z outside

the Z pole region. For illustration, the expected signal distributions are shown for gluino pair

production with mĕg = 1025GeV,mĕɢÑ1
= 545GeV and mĕɢ0

1
= 65GeV.
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Post-Higgs-discovery -> LHC run 2 

ÅGood reasons to expect more 
ïWe have really just begun the 

searches
ïMuch space has yet to be accessed
ïAnd there are important new physics 

models yet-to-be invented

Å Precision and rare physics 
ïBeyond our direct production reach 

ÅLHC is also a superb intensity frontier 
machine

Å Investment is critical
ïPowerful detectors, triggers, 

computing 
ÅA sustained period of important results
ÅAnd practical applications 

Å The LHC is the only Higgs, and top, 
Z, Wȣ factory on the planet for 
many years to come!
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LHC

Injectors

LHC

Injectors

LHC

Injectors

Q1 Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1 Q2 Q3

2035
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q4Q2 Q3 Q4 Q1 Q2 Q3Q4

Q1 Q2 Q3 Q4

2029 2030 2031 2032 2033 2034

Q3 Q4 Q1 Q2 Q3 Q4Q1 Q2 Q3 Q4 Q1 Q2Q3 Q4 Q1 Q2 Q3 Q4Q1 Q2 Q3 Q4 Q1 Q2

2022 2023 2024 2025 2026 2027 2028

Q1 Q2 Q3 Q4 Q1 Q2Q3 Q4 Q1 Q2 Q3 Q4Q1 Q2 Q3 Q4 Q1 Q2

2020 2021
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q3 Q4

2015 2016 2017 2018 2019

PHASE 1

Run 2

Run 3

Run 4

LS 2

LS 3

LS 4 LS 5

PHASE 2

LS 4 LS 5Run 5

LS2 starting in 2019 => 24 months + 3 months BC 
LS3 LHC: starting in 2024 => 30months + 3 months BC

Injectors: in 2025 => 13months + 3 months BC

Beam commissioning

Technical stop

Shutdown

PhysicsLHC roadmap

Run 3 Run 4

HL-LHC installation

LIU installation
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Some of the physicistsȭ jargon
Å#ÒÏÓÓ ÓÅÃÔÉÏÎ ɉʎ)
ï ! ÍÅÁÓÕÒÅ ÏÆ ȬÆÒÅÑÕÅÎÃÙȭ ÏÆ ÔÈÅ ÐÈÙÓÉÃÁÌ process
ï Units: barns (10-28 m2)
ïTypical values: femtobarns (fb), picobarns(pb)

Å Luminosity (L)
ïOr instantaneous luminosity
ïA ÍÅÁÓÕÒÅ ÏÆ ÃÏÌÌÉÓÉÏÎÓ ȬÆÒÅÑÕÅÎÃÙȭ
ïTypical at LHC: L = 1034 cm-2s-1

Å Integrated ÌÕÍÉÎÏÓÉÔÙ ɉ, Ͼ ЊLdt)
ïA measure of number of accumulated collisions after a certain time 

period
ïUnits: (cross section) -1 ȣȢ %ȢÇȢ Σ ÆÂ-1= 1000 pb-1

ïTypical at LHC: few fb-1

Å Number of events (N)
ïNumber of (expected) events (N) after a certain time of running
ïN Ͼ ʎ ɇ ,
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Uncertaintiesin physicsmeasurements
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ȰOptimalȱ presentationof (search) results
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Measurements vs predictions
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When wee see something interesting
ÅIs it something new?
ÅOr it can be explained with what we already 

know ?
ÅWhat does it mean for our instruments?
ïWe need to calibrate them
ÅBy measuring something we know very well

ïThen when we see something interesting ->chances 
that it is something new are much larger
ÅWith respect to chances that itȭs a simple bug

ÅBe aware:
ïwe will never be absolutelysure
ïBut we can be pretty sure
ïWhat does the Ȱprettyȱ really mean?
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Theboson

ÅLandmark discovery of boson X(125) marks the start
of long-awaited new research line in the field of 
particle physics.
ïA good candidate for the first fundamental scalar!

ïIs it the long-sought Higgs boson of the (minimal) 
Standard Model?

ïIs it responsible for EWSB? (i.e. is it the excitation of a 
ÓÃÁÌÁÒ ÆÉÅÌÄ ×ÉÔÈ Ö Ͽ Ρȩ

ïDoes it cure the divergence of SM amplitudes at high E 
(WL WL -> WL WLȣɊ

ïIs it embedded into a larger non-SM Higgs sector?

ïDoes it provide a window to BSM physics?

ÅStudy the particle with all possible means at LHC
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Integrated Luminosity 2010-2012
Â 2010: 0.04 fb-1

Ã ί= 7 TeV

Ã Commissioning

Â 2011:  6.1  fb-1

Ã ί= 7 TeV

Ã é exploring the limits

Â 2012:  23  fb-1

Ã ί= 8 TeV

Ã é production
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The LHC performed incredibly well (even better than expected) an this is possible 

thanks to the quality of the design, construction and installation and to the thorough 

preparation in the injectors which were delivering beams well beyond nominal 

parameters



Integrated luminosity for all: 2012 vs2011

2011: target was 1 fb-1; ~6 obtained 2012: target was 15-20 fb-1; ~23 obtained
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LHC in 2010-2011-2012

28September 2015 Javier Cuevas, TAE 2015, Benasque

Fraction of delivered 
data used for physics

pp 2011: 87% 

pp 2012: 89%

Analyses presented in this talk:
L < 5.1fb-1 at 7 TeV

L < 19.6 fb-1 at 8 TeV



13 TeVdata
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ATLAS integrated luminosity at Ћs = 13 
TeV

50 ns
period

25 ns
period

IBL insertion in May 2014

Detector
Improvements:

Reconstruction
Improvements,
EgPUPPI (pile-up
per particle 
identification):


