
  

Summer conference summary

● LHCP http://lhcp2019.buap.mx/

● EPS http://eps-hep2019.eu/

● Lepton-photon http://leptonphoton2019.ca/

● ICNFP https://indico.cern.ch/event/754973/overview

http://lhcp2019.buap.mx/
http://eps-hep2019.eu/
http://leptonphoton2019.ca/
https://indico.cern.ch/event/754973/overview


  

Topics

● Neutrino properties

● Flavour physics and low-energy pobes

● New particle searches

● Electroweak symmetry breaking

– Higgs physics

– Electroweak precision observables

– Vector boson scattering



  

Neutrino properties



  

Atmospheric neutrinos from Super-Kamiokande

Excellent  agreement between data and simulation in 19 event categories….
Simultaneous analysis of Dm

23
, sin2q

13
, sin2q

23
, d

CP
, including T2K and reactor data



  

Reactor neutrinos : q
13

“Normal” 
hierarchy 
strongly 
favoured : 
90-95%CL, 
depending on 
analysis



  

Neutrinos beams : T2K



  

Flavour physics



  

Direct CP violation in Charm meson decays!



  

B physics

Impressive improvements in B
s
 mixing parameters 

in LHCb
CKM angle g : tensions (~2 std.dev.)

- between measurement results (B0
S
, B+)

- between experimental world average and 
   “prediction” from triangle unitarity



  

B physics

R
K
 = BR(B+ → K+mm) / BR(B+ → K+ee)



  

→ Belle 2



  

→ Belle 2



  

→ Belle 2 “physics commissioning” : D0 lifetime in D* decays



  

→ Belle 2 “physics commissioning” : D0 lifetime in D* decays



  

→ Belle 2 “physics commissioning” : D0 lifetime in D* decays

0.5 fb-1 (now)
→ ~5 ab-1 (~2022/3)

→ 50 ab-1 (2027)



  

New particle searches
(LHC, Dark matter experiments)



  

Limit, limits, limits

Extra dimensions

W’, Z’

Contact int.

Dark matter
Leptoquarks

Heavy quarks

Excited fermions



  

Limit, limits, limits

Generally require inventive reconstruction / analysis algorithms, or good control of E
T

miss



  

Dark matter (more limits)

● Axions (~eV and lighter), WIMPs (GeV – TeV)

(in Xenon, the recoil energy spectrum of a WIMP with mass 6 GeV 
and SI cross section 5×10−45 cm2 matches that of 8B Solar neutrinos)



  

Electroweak symmetry breaking
(LHC)



  

Precision electroweak observables – sin2q
eff

From forward/backward asymmetry
In Z → ee, mm decays

Issues : 

direction of initial quark/antiquark?
→ PDFs

theoretical framework. The LEP 
paradigm (factorized corrections, form 
factors Dr, Dk, DkDk…)
→ work only on the Z pole; pp 
experiments “integrate” over a large 
mass window
→ full NNLO corrections needed; only 
NLO available off-peak this far.   



  

Precision electroweak observables – sin2q
eff



  

Precision electroweak observables – prospects for sin2q
eff

, m
W
 

These two very strongly PDF-dominated 
measurements will greatly benefit from 
improved constraints on the proton 
structure.

New DIS data in particular could 
“remove” this source of uncertainty 
almost completely.



  

Top quark mass



  

Top quark mass



  

Higgs boson properties : m
H

Mass known to <0.2% today; will reach <0.1% with the complete Run2 dataset



  

Higgs boson properties : H → cc



  

Higgs boson properties : H → cc



  

Higgs boson properties : H → mm

Very reminiscent of the H → gg search, with less sensitivity, better theory (for 
background), and better control of reconstruction resolution (using Z → mm). 
Still mostly a search; combined LHC results after Run3 should be conclusive.



  

Higgs boson properties



  

Vector boson scattering at high energies

Control regions at low m
JJ

→ normalize backgrounds
Fairly pure signal (all EW) 

at high values



  

Vector boson scattering at high energies

Experimentally clean final state. Challenge : extract EW component (QCD dominates!)



  

Vector boson scattering at high energies

Experimentally clean final state. Challenge : extract EW component (QCD dominates!)



  

Vector boson scattering : prospects and link with Higgs

https://arxiv.org/abs/1412.8367



  

Summary

● Neutrino physics entered the precision era (or I just realized…)

● Belle II will boost B physics by an order or magnitude, in both precision 
measurements and searches for rare decays

● The pace of LHC results slows down a little... significant increase in the data 
sample will now not happen before a long time.

– Still, precision measurements (W, Z, top, Higgs) have beautiful perspectives on 
the mid term, and detector/machine preparations for the HL-LHC are in full swing

– Finally, we close in on the last element of the electroweak “triangle”, namely 
explicit studies of vector boson scattering at the highest energies and their 
interplay with the Higgs boson properties, and with EWPO’s in W, Z production.
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