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From search to precision measurement. 
In the post-discovery era, focus moves from search to 

precision measurements. 
 
Characteristics of the SM Higgs: 
 
Decay modes 
Coupling to other SM particles 
Mass 
Spin and Parity 
Width and lifetime 
Self-coupling. 
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LHC combined measurement of mH. 
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Results. 

Statistical uncertainty dominates. Along with theory developments in cross-
sections, allows detailed couplings comparisons.
We have already entered the Higgs precision era: ±0.19%.
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Phase space explored by CMS  
(so far). 

3.2 (3.7)
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Preliminary results on ttH 

Directly sensitive to top Yukawa coupling (only indirectly 
tested via loops  ggH and Hγγ). Comprehensive studies 
performed by CMS considering many final states 
including multi-leptons, b-jets, and γγ.
 
CMS reported an excess of events with respect to the 
background only hypothesis corresponding to 3.4 
standard deviations and a best-fit value for a Higgs signal 
strength of 2.8 ±1.0 at 68%.
 
Compared to the SM expectation the observed excess is 
equivalent to a 2-standard-deviation upward fluctuation. 

To be watched carefully in new data at 13TeV

Extremely challenging production mechanism (tiny cross sections at LHC Run 1).
Very important to establish the direct coupling of the Higgs to the heaviest quark
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Indirect measurement of ΓH 
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Rare decays: HàZγ
Very sensitive to possible contributions from new physics via decay loops
of new, heavy charged particles.
BRSM 1.54x10-3 (~10-4 including Zàee/µµ)

CMS results BR<9.5BRSM

Z Z Z
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Very rare decays: Hàµµ and Hàee 

Run 1 data show that 
couplings to fermions 
are not universal. 
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Very rare decays: Hàγ*γàllγ, Hà(J/Ψ)γàllγ   
Hàγ*γàllγ  BRSM=2-3x10-5; CMS results: BR<7.7BRSM

Hà(J/Ψ)γàllγ  BRSM=2.8x10-6; important to probe Higgs charm coupling 
 

CMS results BR<540BRSM
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Search for LFV decays of the Higgs 
•  i.e. Hàµτ (CMS performed a search based on the well 

known topologies µτe and µτhad) 

BR<1.51% at 95%CL (0.75% expected) 
Slight excess (2.5σ) observed by CMS.

To be watched carefully in new data at 13TeV
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Study of the H invisible decay width. 
There is still room for decays of H into invisible particles (coupling to light dark 
matter, Hidden Valley models, RH neutrinos etc).

The search is done using two complementary approaches
 
a) Fitting the invisible decay width from the coupling fits. Assuming SM coupling with 
possible BSM contributions  in the loops

BRBSM<38% at 95%CL  @ 125GeV. 

b) Using dedicated channels in looking for VBF production or associated production 
of a Higgs boson with a Z decaying leptonically or in b-jets. 
 
BR(Hàχχ)<58% at 95%CL  @ 125GeV. 

arXiv: 1404.1344

CMS-PAS-HIG-13-005

Still room for suprises. 
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Differential Distributions 
•  Sufficient statistics to produce the preliminary measurements in ZZ and γγ.  

–  Results compared to the most precise theoretical calculations. 

–  No deviation from SM predictions (but statistics is still not 
large enough to challenge properly the predictions). 

CMS-HIG-14-016 CMS-HIG-14-028
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New (possible) schedule for HL-LHC. 
LHC producing 150-200 million Higgs.
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HL-LHC is a Higgs factory 
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Higgs mass and width at HL-LHC 

 
For the measurement of the width we’ll continue 
using the powerful constraints from the  
off-shell Higgs. 
 
The high statistics will bring sensitivity on the  
width down to the SM-level: ΓH=4.2+1.5

-2.1 MeV. 
An independent handle to check for significant anomalous BR. 

The large statistics in Hàγγ and HàZZ*à4l will allow a measurement of mH 
challenging the systematics errors. We could also make the best use of VBF and 
possibly other exclusive channels. Large effort needed on the theory side:
50MeV on ΔmH corresponds to 0.5% uncertainty on the BR measurement. 

Expectations for ΔmH@3000fb-1: 15MeV(stat)±25MeV(syst).
It could be challenged only by a dedicated lepton
Collider.
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Observe rare/difficult decays with 3000fb-1 

•  ttH 
 Signal observation 7-8σ in single decay modes (i.e. ttH(γγ)); 
projected sensitivity on ktop~10%. 

•  Hàµµ 

Signal observation >7σ; 10-15% precision on the signal 
strength. Measure the coupling the second lepton generation. 

•  Hàinvisible 
 Using ZHàll+high missing ET 

 BR(Hàχχ)<6-17% at 95%CL.  
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HàZγ

At HL-LHC signal observation ~4σ; 20-25% precision on the signal strength.
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Hàcc? 
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What precision is necessary on the couplings? 
•  SM couplings can be modified by new physics entering the loops. 
•  Typical effect on the couplings from a heavy particle M or new 

physics at scale M. 

•  For new physics at the ~1TeV mass scale àΔ~5% 

•  Higher scales imply smaller effects arXiv:1310.8361 
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Perspectives for LHC13 and Run2 
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Perspectives on the couplings 

Allowing new physics entering the loops: ultimate precision 2-10%.
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Perspectives on the couplings 

Allowing no new physics: percent level precision for most of the couplings
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Recent improvements in PDFs. 
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H self-coupling: HH production 

~105 HH events produced with 3000fb-1 at HL-LHC
……but very large background (or tiny BR).



G. Tonelli, CERN/INFN/UNIPI                                                  IAS_2016                                                              January 18 2016           26

HHàbbγγ
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HHàbbττ
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Higgs-pair production 
•  It could be a flagship channel for HL-LHC 

–  bbγγ established channel 
–  bbWW looks very difficult (~104 events but very large 

background) 
–  bbττ seems more promising 
–  bb2l2ν could be interesting (~700 events) 
–  bbbb?!?! 
–  others?!?! 

•  With reasonable extrapolations one would expect to reach 3σ per 
experiment. 

Plenty of room for new ideas
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Some of the challenges 
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Conclusion 
•  The discovery of the Higgs boson has opened a new era in physics. 

•  From now on the hunt for physics beyond the standard model will proceed 
along two deeply connected lines of research:  

–  a) direct searches based on the study of collisions at the largest possible energy   
–  b) indirect searches based on precision measurement of the Higgs properties and couplings 

•  While we’ll continue looking for new particles and new interactions at LHC, we 
have already entered the era of Higgs precision measurements. 

•  New measurements and further improvements in the precision study of the 
Higgs sector will be soon produced by the current LHC_13 run. 

•  Ultimate precision on key parameters for Higgs physics will be achievable only 
with the full exploitation of HL-LHC. 
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CMS public results 


