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 Trying to do a summary of Moriond 2013
 Many physics results were presented from many collaborations (LHC 

and Tevatron experiments, Fermi-LAT, Ice-cube, ...) 
★ I will only discuss a (biased) selection of particle physics results

for astro-particle results see 
Denis’ presentation
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Overview
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 Event the highlights amount to a lot of 
physics in a short time...

★ Standard Model (SM) precision 
measurements
★ Higgs boson
★ Searches for new physics (both direct 
and indirect)

 Will try to draw some conclusions
★ mainly from discussion at the 
conference, and the two very good 
summary talks at Morion EW
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Tevatron di-jet Excess Disappearing
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 CDF saw an excess in the di-jet mass spectrum in the 
WW/WZ→lνjj, not confirmed by D0

 new improved jet calibration to account for differences 
in gluon and quark jets reconstruction using γ+jets and Z
+jets events → disappearance of the excess
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Diboson Cross-Section Measurements
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 why study diboson production at LHC?
★ provide fundamental tests of the SM (cross-
section measurements, anomalous TGC, ...)
★ main backgrounds for Higgs studies

 very good data-MC agreement
 at LHC and Tevatron no deviations from the SM 

predictions are observed

WZ cross-section

ZZ cross-section
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Diboson aTGC Measurements
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 why study diboson production at LHC?
★ provide fundamental tests of the SM (cross-section measurements, 
anomalous TGC, ...)
★ main backgrounds for Higgs studies

 very good data-MC agreement
 at LHC and Tevatron no deviations from the SM predictions are observed

Limits on WWZ aTGC couplings
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Top Studies
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Tevatron (march 2013): 
mt = 173.20 ± 0.51 (stat.) ± 0.71 (syst.) GeV

= 173.20 ± 0.87 GeV 
CMS (7 TeV data): 

mt = 173.36 ± 0.38 (stat.) ± 0.91 (syst.) GeV
= 173.36 ± 1.10 GeV

 may probe theoretical SM predictions
★ or reveal non SM contributions...

 top is an important background for many SM (Higgs) 
and Beyond the SM (BSM) searches 

top mass measurement

tt cross-section

→ remarkable agreement with theoretical 
expectations reached

→ LHC top results start to be competitive 
with the Tevatron ones
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Higgs Tevatron Legacy
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 the yellow band corresponds to the 
projection made in 2007

 reached today thanks to the introduction 
of new and improvement of existing analysis 
techniques

Tevatron techniques extensively used at 
the LHC experiments

 excluded regions @ 95% C.L.
★ high mass: 149 < mH < 182 GeV
★ low mass: 90 < mH < 107 GeV

 broad excess observed
★ significance > 2σ for 115 < mH < 140 GeV

Tevatron experiments combination
overall agreement with LHC discovery
compatibility with SM Higgs boson
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Higgs Bosonic Decays: H→ZZ(*)→4l

8

 update/confirmation of summer discovery
 local significance

★ CMS: 7.2σ (vs 6.7σ exp. for a SM Higgs) @ 125.8 GeV
★ ATLAS: 6.6σ (vs 4.4σ exp. for a SM Higgs) @ 124.3 GeV

 signal strenght [µ = σ/σSM]
★ CMS: µ = 0.91+0.30-0.24

★ ATLAS: µ = 1.7+0.5-0.4



 update/confirmation of summer discovery
 observed excess, local significance

★ CMS: 3.9σ (vs 3.5σ exp. for a SM Higgs) @ 125.0 GeV
★ ATLAS: 6.6σ (vs 4.4σ exp. for a SM Higgs) @ 126.8 GeV

 signal strenght [µ = σ/σSM]
★ CMS: µ = 0.78+0.28-0.26

★ ATLAS: µ = 1.65+0.34-0.30
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Higgs Bosonic Decays: H→γγ

cross-section compatible with a 
SM Higgs!
to say more we need to measure 
its parameters and couplings...

CMS cut based analysis

CMS significance lower than the one 
previously published: observed changes are 
statistically compatible at less than 2σ

9
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Mass Measurement
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ΔmH = mγγ - m4l

 best mass fit [combining γγ and 4l]

★ full 2011+2012 data sample used
★ uncertainties dominated by e/γ energy scale

 mass difference: 2.3+0.6-0.7(stat.)±0.6(syst.)
★ 2.4σ from ΔmH = 0

 125.5 ± 0.2 (stat.)+0.5-0.6 (syst.)

ATLAS

→ statistical effect?

 good agreement between mass 
measurements

★ full 2011+2012 data sample used
★ uncertainties dominated by lepton/γ scales

 γγ: 125.4 ± 0.5 (stat.) ± 0.6 (syst.)

4l: 125.8 ± 0.5 (stat.) ± 0.2 (syst.)

CMS

overall good agreement between mass measurements
next goal: moving to precision measurements

γγ
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Higgs Properties: Spin/CP Measurement
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0+ is generally favoured against the other models tested
measurements still dominated by limited statistics

 spin-parity measured in different decay channels [ZZ(*), γγ, WW]
 H→ZZ(*)→4l
★ assuming 0+: pseudo-scalar, spin-1 and spin-2 (minimal coupling model) excluded at ≥95% CLs

 H→γγ ATLAS
★ assuming 0+: spin-2 (minimal coupling model) excluded at ≥ 93% CLs

[only sensitive to spin-0 vs spin-2]
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Other Higgs Decay Channels: H→ττ
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2.85σ observed @ 125 GeV (2.62σ expected)
µ = 1.1±0.4

 details on two leading channels, but many other nice studies have been shown:
★ low mass, bosonic decays: H→WW, H→Zγ, VH decays, ...
★ low mass, fermionic decays: H→ττ, H→µµ, ttH→ttbb̅, VH→Vbb̅, ...
★ high mass searches: H→ZZ→2l2q, H→ZZ→2l2ν, H→ZZ→2l2τ, ...

 a lot of excitement for Higgs fermionic decays:
★ first hint that the new boson decays to fermions: H→ττ [CMS]
★ reinforces the hypothesis of a SM Higgs giving mass to bosons AND fermions
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Electroweak Fit With GFitter
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 blue line: full SM fit
 grey band: fit without MH 

measurement included → gives 
MH = 94+25-22 GeV, 1.3σ from the 
measured value

 MH measurement allows for 
precise constraints of MW, Mt

here assuming that the new particle is the 
SM Higgs boson

impressive consistency of the SM!
what do other direct and indirect 
searches for new physics say?

heavy flavours
susy, exotics
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Natural SUSY Searches
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 contours shown belong to different stop decay channels, different sparticle mass 
hierarchies and simplified decay scenarios
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Direct Searches for New Physics
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very comprehensive list of new physics searches going on!
unfortunately the bottom line is...we don’t see anything new [for the moment]!
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Bs,d→μμ Results from LHCb
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 Highly suppressed decays in SM
★ flavour changing neutral current 
restricted
★ enhancement or suppression of BR 
can provide indirect evidence of 
physics Beyond the SM (BSM)

,H+$

,H+$

A0,h0$

first evidence, in agreement with the SM prediction
[probability of background only fluctuation 5x10-4 corresponding to 3.5σ]

BR(Bs→µµ) = (3.5+1.5-1.2 (stat.) ± 0.2 (syst.)) x 10-9

SM expectation: (3.54 ± 0.30) x 10-9
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Bs→J/ψΦ Measurement from LHCb
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 Bs→J/ψΦ and Bs→J/ψπ+π- provide a direct measurement of CP violating phase Φs

★ mass, lifetime and angular information simultaneous fit performed

confirmed very good agreement with the SM prediction
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Θ13 Measurement from Daya Bay
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Current Status:
solar and reactor: Θ12 = 33.6o ± 1.0o

atmospheric, accelerator: Θ23 = 45o ± 6o (90% C.L.)
accelerator, reactor: Θ13 = 9.1o ± 0.6o!

R = 0.944 ± 0.007 (stat.) ± 0.003 (syst.) sin2(2Θ13) = 0.944 ± 0.007 (stat.) ± 0.003 (syst.)

important for the CP violation in the 
neutrino sector:

CPv ~ sinΘ12 sinΘ23 sinΘ13 δCP

CP phase?
mass hierarchy?

Daya Bay is a short baseline reactor neutrino experiment measuring the flux of anti-neutrinos 
from the reactors via inverse beta-decay reaction
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Latest Results from MEG
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BR < 5.7x10-13 (2009-2011 data)
4x more stringent than previous result

back-to-back

coincident

monoenergetic:
Ee = Eγ = 52.8 MeV = mµ/2

 world’s most intense µ+ beam at PSI
 detectors: 900L Xenon γ-rays detector + positron spectrometer
 µ→eγ can occur in SM at a very low rate: if measured → evidence of BSM
 showing first combination of 2009, 2010 and 2011 data with improved analysis



C.Maiani 25.04.2013 séminaires du SPP

(My) Conclusions
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 showed only a small biased selection of results
 up to now, the Standard Model stands his ground
★ no signs of deviation from its predictions are found in a very broad range of 
measurements
★ the new-found particle looks like a SM Higgs
★ no new physics has been found in direct or indirect searches

 perspectives: there are open issues still!
★ dark matter: new matter? new force?
★ naturalness and fine tuning problems indicate existence of new physics at the 
TeV scale
★ neutrinos: CP violation phase? mass hierarchy? Majorana neutrinos? 

 very intense (experimental) physics programme for the next years
★ precision measurements of new boson parameters and couplings
★ increase precision in the heavy flavour sector measurements
★ continue searches for new physics (SUSY, more Higgs-bosons, more gauge 
bosons, ...)
★ more on neutrino physics perspectives from Denis’...

we just reached the TeV scale, but haven’t quite explored it yet
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Backup Slides
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Tevatron di-jet Resonance Disappearing
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 CDF saw an excess in the di-jet mass spectrum in the 
WW/WZ→lνjj, not confirmed by D0

 new improved jet calibration to account for differences 
in gluon and quark jets reconstruction using γ+jets and Z
+jets events → disappearance of the resonance
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Tevatron di-jet Resonance Disappearing
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 gluons are more coupled to the strong force field than quarks → a gluon 
produces more particles in hadronization than a quark with the same energy

 calorimeter response is in general non-linear: a quark jet is better 
reconstructed than a gluon jet (where you have  more particles with lower 
energies)

 why the problem was seen at CDF but not at D0 or the LHC experiments?
★ CDF was calibrating jets only using γ+jets events, dominated in pp̅ 
collisions by γ+quark jet events → mis-calibration for gluon jets
★ now using Z+jets and γ+jets events the calibration is correct, D0 was 
already using this
★ at the LHC: very good calorimeters compensating a lot (small 
difference in reconstruction), also Z/γ+jets dominated by quark jets 
used for calibration together with QCD events (50-50 gluon/quark jets) 
→ few percents difference at low pT
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Higgs Bosonic Decays: H→WW→lνl’ν’ (l=e, µ)

excess

CMS



























unknown solar neutrinos (KamLAND)atmospheric neutrinos





Liquid Scintillator drugged with Gadolinium
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T Violation Measurement From BaBar
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 very nice measurement of time reversal 
violation in the B0 meson system

★ not the first observation, but quite 
direct, unambiguous one

 ϒ(4S) decays into an entangled pair of B0 
mesons

★ the state of the first B at time t1 
dictates the state of the second B at time 
t2 > t1
★ Flavour tag: a B decay to l+X (l-X) 
projects it to B0(B̅0) state, tag → B̅0(B0)
★ CP tag: a B decay to J/ψKL (J/ψKs) 
projects it to B+(B-) state, tag → B-(B+)








