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Most importantly ...

● Another vibrant and stimulating meeting, in the Moriond tradition
● Wonderful talks, containing many many new results 
● Thanks to the organisers for the exciting programme

– and to the secretariat & computing support for taking good care of us all

● Many thanks to the speakers and to others who have patiently 
answered my dumb questions

● I cannot attempt to cover everything, so will be selective
– apologies for omissions & mistakes
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@Moriond
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One year ago ... 
(from Andreas Hoecker's summary slides)
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Then at ICHEP 2016 ...
(from Shih-Chieh Hsu's plenary talk)
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5σ
5σ

http://jsfiddle.net/adavid/bk2tmc2m/show/

worth remembering when 
discussing other anomalies … 

as I am about to do

http://jsfiddle.net/adavid/bk2tmc2m/show/
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Fake news!

(just two examples)
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The spectacular success of the LHC

Astonishing machine availability during 2016
Is it possible to have too much data? (No, but it causes issues...)
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The health of hep-ex
https://arxiv.org/help/stats/2016_by_area/index

is this a cause for concern?

https://arxiv.org/help/stats/2016_by_area/index
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The health of hep-ex
https://arxiv.org/help/stats/2016_by_area/index

Probably not
(instead, are we becoming more selective 

about putting material on arXiv?) 

Total hep-ex Without conference 
reports & proceedings

(tc c or tc proceedings)
2007 706 321

2008 926 414

2009 865 390

2010 696 369

2011 1111 617

2012 1100 690

2013 945 500

2014 924 544

2015 849 573

2016 779 535

Statistics from INSPIRE

O(500) new papers in 12 months
Roughly ½ from LHC …

so roughly ½ from elsewhere

https://arxiv.org/help/stats/2016_by_area/index
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Success or failure?

● Any suggestion that we have “failed” to discover new physics 
should be rejected

● Our job is to explore nature, without bias
● However …

– possible that signals are waiting to be found

– but we are not looking in the right place

– good new ideas are (always) needed 

● We have not succeeded as much as we would like, yet
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Some good (and accurate) news

● Many discoveries being made
– just not the ones we want the most, perhaps

Morello
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The Standard Model scalar
BEH boson is (nearly) 5

Main features (mass, spin) now established
But developments still happening at a rapid rate
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In case the analogy is useful ...

● gravitational waves: 1 (baby)
● BEH boson: 5 (child)
● neutrino oscillations: 15 (teenager) 
● top quark: 22 (young adult)
● W & Z bosons: 34 (prime of life)
● dark matter: 37 (identity crisis)
● beauty quark: 40 (middle aged but still life in the old dog)
● Moriond series: 51 (can teach the young bucks a thing or two)
● muon: 80 (keeper of the family secrets?) 

(date of birth and, in some cases, {p,m}aternity open to discussion)
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BEH mass
Oda
Mei

H → ZZ* → 4l
CMS-PAS-HIG-16-041

about 2‰ precision
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BEH width
Oda
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BEH couplings
Oda
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BEH couplings
Gaycken

H → μμ
ATLAS-CONF-2017-014
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BEH couplings
Gaycken

Exciting prospects for 
improved H → bb,  ττ 

& Zγ results soon

Readioff
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BEH couplings
Petrucciani

visible excess

ttH production
CMS-PAS-HIG-17-004

ttH coupling known through loops 
Ideal to compare with tree-level determination
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ttH coupling
Petrucciani
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BEH self-coupling
Cadamuro

bbττ mode
CMS-PAS-HIG-17-002

Crucial to test shape of V
H
 & thus test origin of electroweak symmetry breaking
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BEH self-coupling
Cadamuro

Resonant (BSM) search Non-resonant (SM) search

Observation will require
full HL-LHC statistics

& ATLAS+CMS combination
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Electroweak fits
Han
Erler

let's look at these in reverse order
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top mass (Tevatron)
Han

Bartoš

D0 combination: 174.95 ± 0.40 (stat) ± 0.64 (syst) GeV arXiv:1703.06994
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top mass (LHC)
Owen

m
top

 = 173.34 ± 0.76 (0.36 ± 0.67) GeV

Measurements 
systematics limited, but 

many systematics 
uncorrelated between 
analyses → still room 
for improvement with 

more data
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(Aside: top production)
Owen
Dobur

ttV coupling

Also
● Double differential tt production 
● Improved p

T
 modelling

● Top polarisation
● Boosted tops
● Single top production – measure |V

tq
|

● Search for tttt 



  28

sin2θ
W

Han
Apyan
Erler

New experiments & improved 
measurements will allow to better 
measure the running (Belle II?)

Tevatron combination
(D0 Z →μμ preliminary results 

not yet included)

good scope for improvement at LHC
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W mass @ Tevatron
Han
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W mass @ ATLAS
Andari
Rolandi

p
T

m
T

μ+

e+

μ–

e–

arXiv:1701.07240



  31

W p
T
 modelling

Andari
Rolandi
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Constraining the PDFs
Apyan
Forte

Rolandi

JHEP 01 (2016) 155
W charge asymmetry at LHC

Impact of charm mass

Good prospects for data-driven progress
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p production in pHe collisions
Graziani

LHCb results will 
help to constrain 
this uncertainty

LHCb-CONF-2017-002
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Proton-air cross-section with Pierre Auger
Colalillo



  35

SM fits: EW & CKM

Both sectors overconstrained in the SM – ideal for precision tests
Progress in the EW fit will be challenging

Most measurements in CKM fit statistically limited

Erler
Zupan

Belle II + LHCb phase 2 upgrade: improvement in reach of factor 2.7-4
Like going from 8 TeV to 21-32 TeV!
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sin(2β) & cos(2β)
Röhrken

Measurement using B → Dh0 decays
(b→cud transition – theoretically clean)

with D → K
S
ππ Dalitz plot modelled

RULED OUT

BaBar & Belle preliminary
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γ – tree-level CP violation

Carson
Eitschberger

Zupan

Theoretically pristine

Γ = (74.0 +5.8

−6.4
)°

Can reach 0.4° with LHCb 
phase 2 upgrade

arXiv:1612.07233

Lubej

Good prospects to reduce 
σ(|V

ub
|) to ~1% at Belle II
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φ
s
 from B

s

0→J/ψK+K– Carson

PRELIMINARY

LHCb average
(J/ψφ, J/ψπ+π–, D

s

+D
s

–, J/ψK+K–)

 φ
s
 = 0.001±0.037 rad.

LHCb-PAPER-2017-008

Sensitivity to CP violation at the 
SM value with LHCb upgrade
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CP violation in charm oscillations

Morello
Weidenkaff

x = Δm/Γ only 2σ from zero
essential to improve
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CP violation in charm oscillations

Morello
Weidenkaff

x = Δm/Γ only 2σ from zero
essential to improve
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Neutrino oscillations

Off-axis detectors
NoνA: ν

μ
 disappearance 

T2K: ν
μ
 dis- + ν

e
 appearance 

NoνA's longer baseline → better 
sensitivity to matter effects 

(mass hierarchy) 

Jediny
Nakadaira
Meregaglia

Carroll
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Neutrino oscillations

Future prospects excellent

sin2(θ
13

) now the best measured ν parameter!

Octant still to be determined

Jediny
Nakadaira
Meregaglia

Carroll
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Neutrino CP violation
No significant constraint at present

Future prospects excellent

Jediny
Nakadaira

Carroll
Schwetz
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Sterile ν ≡ testing PMNS unitarity     

Carroll
Danilov

Bonhomme
Giunti
André

Several hints of anomalous behaviour
Tension with other measurements
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Sterile ν ≡ testing PMNS unitarity     

Carroll
André

No evidence for sterile νs in 
MINOS/Daya Bay joint 
analysis or in IceCube
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Sterile ν ≡ testing PMNS unitarity     

Danilov
Bonhomme

No evidence for sterile νs in DANSS
Many other very short baseline 

experiments coming soon
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Precision measurements with p
Hori
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Precision measurements of g
Moore
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Electroweak diboson production
Đurić
Dutta

ATLAS STDM-2015-021 & arXiv:1703.04362

Observations of VV production expected soon (with 13 TeV data)
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BSM & Naturalness

+ =

?
Unnatural!
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Classic SUSY searches
Kuwertz

Marionneau
Petridis

Huge numbers of new results – astonishing organisational achievement
No significant signals – updated limits.  More still to come with 13 TeV.

Results also interpreted in 
context of dark matter

Madsen
Gerosa
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Generic BSM signatures
Dijet resonances

Gao

● ATLAS: sliding window mass fit
● ATLAS: angular analysis to limit contact 

interactions
● CMS: data scouting to reach lower masses
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Generic BSM signatures
Dilepton resonances

Radogna

No signals – strong limits
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Generic BSM signatures
Diboson resonances

Li

Small excess 
in ATLAS data 
at ~3 TeV not 
seen in CMS

Jet grooming 
to handle 

pile-up
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What then?
Shchutska
Radogna

Hod
Genest
Spieza

Still plenty of phase space to be explored in Runs 2, 3 & HL-LHC

However, stronger limits point to weaker couplings
& to more exotic signatures

New ideas (both theory & experiment) needed

LFV dilepton
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Example: Fourier analysis
McCullough

Any obvious signals 
would have been 
noticed, but still 

interesting to 
explore further
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Many types of long lived particles  

Spieza
Hulsbergen

Kaji
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BSM searches in Heavy Flavour
Tolk

Mulder

purely leptonic final states are theoretically clean

Run I results also from ATLAS

CMS+LHCb combination (Run I) LHCb only (including Run II) arXiv:1703.05747

LHCb also presented first direct limits on B
s

0→τ+τ– arXiv:1703.02508
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BSM searches in Heavy Flavour
Hirose

Weidenkaff

purely leptonic final states are theoretically clean

Results also available from BaBar
Sensitivity close to SM level for B+→μν

Good agreement with previous 
measurements and lattice QCD
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BEH BSM
Outschoorn

H→a
1
a

1
 CMS-PAS-HIG-16-035

Also
● H → invisible
● H → LLP
● ...
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BEH BSM
Outschoorn

H→μτ  arXiv:1502.07400



  62

Dark matter
Kahlhoefer

until today!
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Scottish spiced rum
Definitely BSM!

(Until now, unable to find gin called “neutrino mass”)
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Direct DM searches
Masbou

New LUX spin-dependent limits
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Direct DM searches
Giroux

PIC060
Look and listen for bubbles 

caused by WIMP interactions in 
superheated freon

Exciting prospects for 
improvements in sensitivity
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Direct DM searches
Gaior

DAMIC search for low mass wimps in CCDs
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Direct DM searches
Masbou

Exciting prospects to cover phase-space 
down to ν floor
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Astrophysical WIMP searches
Viana

Dwarf galaxies

No clear signal for 
DM in searches by 
HESS and Fermi
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Alternatives to WIMPS
Dark photons, axions, ALPS, ... 

Röhrken
Gavela
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Neutrino mass
Possibly the most 

fundamental question in 
particle physics today

Being addressed by 
several experiments

Decowski
Wagner
Calvez

Highly sophisticated 
background suppression 

techniques
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Neutrino mass
Decowski
Wagner
Calvez
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Neutrino mass
Decowski
Wagner
Calvez

Several other new/upgraded experiments 
on similar timescales
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Pink unicorns

5σ
5σ
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B → D(*)τν
Wormser

Betti
Hirose

Signal

More new results “coming soon”
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B → D(*)τν
Wormser

Betti
Hirose

3.9σ
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(g-2)
μ

Theory predictions Experiment

New experiment at FNAL will reduce uncertainty by factor ~2
Improvements in theory uncertainties also anticipated

3.6σ
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B(B→K(*)μμ)/B(B→K(*)ee)

One important question finally answered:
“Will LHCb have results on R(K*) at Moriond?”

2.6σ

Bifani
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P
5
' and friends

Bevan
Dinardo

ATLAS-CONF-2017-023 CMS-PAS-BPH-15-008

Angular observables in B0 → K*0μ+μ– decays
(not only P

5
' – several others measured)

Fits done in several bins of q2 = m2(μ+μ–)
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P
5
' and friends

Bevan
Dinardo

ATLAS-CONF-2017-023 CMS-PAS-BPH-15-008

Congratulations to both experiments 
for completing these difficult but 

important measurements

Essential to continue with Run 2, 
and work on triggers for future
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P
5
' and friendsX.Xσ

Bevan
Dinardo

No average yet (difficult for many reasons)
Look forward to improved results from LHC Run 2 & Belle II

Ongoing theory discussion 
re: hadronic uncertainties

Important that data-driven 
progress is possible
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Dark matter annual modulation?
Masbou

DAMA/LIBRA claim in tension with many other experiments
Still don't know what is causing modulation

arXiv:1701.00769
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Proton radius puzzle?
Antognini

Possible experimental 
explanations need to be 

investigated
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ε'/ε & B(K→πνν)
Lurkin
Soni

Nierste

2.8σ

Close to design 
performance

● tracking
● particle identification
● vetoes 

More data being 
analysed (2016) & 
taken (2017-18)

Options for Run 3 & 
beyond

K0T0 experiment at 
J-PARC to measure 
B(K

L
→π0νν)
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“Science is the new rock and roll” (*)

Prof. Brian Cox
(* probably not an accurate quote)

We do not have, and it is becoming increasingly likely that we will not 
have, another discovery that allows such a straightforward statement

“I think we have it”



  85

“Science is the new rock and roll” (*)

Prof. Brian Cox
(* probably not an accurate quote)

“I think we have it”

“You can't always get what you want …
but if you try … you might find …

you get what you need”

So let's keep trying.
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