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A few highlights, biased towards my interests 
 

Slides mostly taken from plenary review talks       
(but there were no theory/experimental summaries) 

 
 
 
 

Miriam Watson 
University of Birmingham 

 
 
 
 
 



�  Sheraton Grand Chicago 

�  1,430 participants from 51 countries 

�  Organisation: slightly jet-lagged? 

 



The local area…. 





Conference timetable 
�  3 days each of parallel and plenary sessions 
�  A typical day of parallel sessions (09.00 – 19.00): 

Morning Afternoon 



Extra activities 
�  Outreach Training 
�  Conversation with Students at the African School for Fundamental Physics 

(2016, Rwanda) 
�  Lunch & Learn:  

�  Engaging the public, how to make an impact 
�  What makes a great physics news story, and the best way to tell it (BBC, 

Washington Post) 
�  Making science fun and exciting through social media 

�  1' Minute Elevator Speeches (x40) 
�  2 poster sessions (different posters) 
�  Public lecture: Detection of Gravitational Waves from Binary Black Hole 

Mergers 
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�  Windy City 
Physics 
Slam 

�  ICHEP 
Zumba! 



LHC results: Standard Model and searches 



T.	Camporesi	
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Why'di2photon'searches'

2'

Fully'reconstructed'resonances:'simplest'way'to'discover'new'parAcles'
'
StaAsAcally'significant'peak''
over'a'smooth'background''
•  experimentally'robust'
•  small'systemaAcs'
•  difficult'for'unknown'backgrounds'to'mimic'
⇒ simple'yet'striking'signature!'

Number'
of'events'

mγγ'

  24

Interest of dijet data scouting

Giulia D'Imperio – 100 Congesso SIFGiulia D'Imperio – Università La Sapienza – INFN Roma

● Should be detected also in dijets 

● Standard analysis not sensitive to masses below 1.2 TeV

● “Data scouting” sensitive to lower dijet mass
● 8 TeV results are public, no observed excesses
● needed also at 13 TeV  � very interesting 

The production at LHC is allowed! 

Final'states'with'high'pT'photons:'
•  relaAvely'low'background''
''''''at'hadron'colliders'
•  good'mass'resoluAon'

Many'theoreAcal'moAvaAons'
'

Spin20'' Spin22''
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Bruno Lenzi (CERN) Search for a high mass diphoton resonance using the ATLAS detector 05/08/2016

Introduction

• Resonances decaying to diphotons predicted by several BSM models


• Search for peak (width ~ few %) over smoothly falling background


!

!

!

!

• Results with 2015 data (3.2 fb-1), submitted to JHEP (arxiv:1606.03833)


• New results with 15.4 fb-1 of reprocessed 2015 data + 2016 data presented 
for the first time (ATLAS-CONF-2016-059)
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Benchmark 
model

Search range  
(mass / additional parameter)

Spin-2 (G) RS graviton 500 GeV - 5 TeV k/Mpl = 0.01-0.3
Spin-0 (X) Higgs-like 200 GeV - 2.4 TeV Γ/m < 10%
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Results from 2015 data (arxiv:1606.03833)
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Results from 2015 data (arxiv:1606.03833)
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Since then…

• Impressive performance of the LHC


• Peak luminosity beyond design


• ATLAS data-taking efficiency > 90%


• 12.2 fb-1 of 2016 data analysed


• Data taken until July 16 (< 3 weeks ago!)


• Improved reconstruction and energy calibration, based on experience with  
13 TeV data
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The "new" 2015 data: spin-0 analysis

• 2015 reprocessed and reanalysed


• Excess @ 750 GeV → 730 GeV


• 3.9σ → 3.4σ local significance


• Basically 2 events affected by 
new reconstruction and calibration
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11

With the higher pileup conditions 
of the 2016 data, more work is 
needed to complete the analysis 
in the extended acceptance of the 
spin-2 selection
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A diphoton candidate with mγγ = 2.2 TeV

12
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Spectra for 2016-only and 2015 + 2016 data
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No significant excess in 2016 data, compatibility between 2015 and 
2016 datasets for signal cross-section @ 730 GeV: 2.7σ
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New results: significances for narrow-width signal

14
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New results: significances for wide signal (10%)
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Recap'of'2015'results'
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Search'for'new'resonances'decaying'to'di2photon'pairs'presented,'
based'on'12.9/d'of'13TeV'CMS'2016'data'
•  Mass'region'between'0.5'and'4.5'TeV'
•  Tested'hypothesis:'spin20'and'spin22'resonances'with'different'widths'
'
Data'consistent'with'Standard'Model'expectaAons'
Modest'excess'presented'based'on'2015'(+'8TeV)'data'in'the'region''
around'750'GeV'not'confirmed'by'the'new'data'
•  Results'at'750GeV'compaAble'at'level'of'2.4σ'
'
2016'data'combined'with'2015'and'8TeV'data'
Limits'set'on'the'producAon'cross'secAon'Ames'di2photon'branching'raAo''
•  Negligible'contribuAon'of'the'8TeV'dataset'
•  2016'data'dominaAng'limits'and'significances'
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Summary

• Search for new resonances in diphoton final state (2015 data)


• Spin-2: Randall-Sundrum graviton


• Spin-0: Higgs-like


• Spin-0 analysis updated with combined 2015 + 2016 dataset


• Data consistent with background-only hypothesis over the full mass range


• No excess with a global significance above 1σ


• Broad excess around 750 GeV in 2015 data not seen in 2016 data for spin-0 
analysis


• More work needed to complete the analysis in the extended acceptance  
of the spin-2 selection

17

CMS	

ATLAS	





Some	hasty	ediDng….	

The NMSSM lives
(with or without a diphoton excess)

Krzysztof Rolbiecki
University of Warsaw

Florian Domingo, Sven Heinemeyer, Jong Soo Kim and KR
arxiv:1602.07691, EPJC 76 (2016) 249

K. Rolbiecki (IFT) Chicago, 5.08.2016 1 / 23



or	not	….	
My own related works

• arXiv:1512.07853, “A Higgcision study on the 750 GeV Di-photon Resonance and 
125 GeV SM Higgs boson with the Higgs-Singlet Mixing”, with Kingman Cheung, Jae 
Sik Lee, Po-Yan Tseng, (and work in progress) 

• arXiv:1601.00586, “Diphoton Excess at 750 GeV in leptophobic U(1)’ model 
inspired by E6 GUT”, with Yuji Omura, Chaehyun Yu 

• arXiv:1601.02490, “Dark sector shining through 750 GeV dark Higgs boson at the 
LHC”, with Takaaki Nomura 

• arXiv:1602.07214, “Confronting a New Three-loop Seesaw Model with the 750 GeV 
Diphoton Excess”, with Takaaki Nomura, Hiroshi Okada, Yuta Orikasa 

• arXiv:1602.08816, “ADMonium: Asymmetric Dark Matter Bound State”, with Xiao-
Jun Bi, Zhaofeng Kang, Jinmian Li, Tianjun Li 

• arXiv:1603.08802, “750 GeV diphoton excess as a composite (pseudo)scalar boson 
from new strong interaction” with Chaehyun Yu and T.C. Yuan, composite models

Summary within this new DM model

• A new viable model for DM with rich dark sector &  
Interesting in its own, even if 750 GeV excess disappears 

• 750 GeV excess = dark Higgs 

• Can accommodate a large width with decay into Z’Z’

• Rich collider phenomenology, since dark fermions are 
charged under the SM gauge charges

• No strong constraints from DM (in)direct detection 
expt’s, and rich Indirect signatures and SU(2)L charged 
case under study (arXiv:1607.06218)
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…or	not….	





Will	look	at	a	few	of	
these	results	



σ(13	TeV)/σ(8	TeV)~3.3	



Many	more	results	available	at	Top	2016:	
h9ps://indico.cern.ch/event/486433/overview	



σ(13	TeV)/σ(8	TeV)~3.6	

T.	Camporesi	







See	also	yesterday’s	LHC	seminar:	
h9ps://indico.cern.ch/event/555813/	

















LHC prospects 

Current	plots	(11/10/16)	



(Heavy) flavour physics 















�  Sculpting effects 
near threshold   
(in D0)? 

�  Needs more study 

b-hadron production 
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ICHEP 2016 18/4/2016



pp�bb cross-section at 7 and 13 TeV 

M. Artuso ICHEP 2016
 10 
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Some other topics 
�  Gravitational waves 

�  4 talks and public lecture 
�  Widely presented in Birmingham 

�  Neutrino physics 
�  See Birmingham seminars over last couple of years (and last week) 

�  Dark matter and dark energy 
�  On last (extended) afternoon 
�  Please look at the slides:                                                                       

http://indico.cern.ch/event/432527/timetable/ 



The official conference photo!  
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2017: Lepton Photon in Guangzhou (China)  

9/8/16 13 IUPAP-C11 report @ ICHEP2016 

2017: EPS-HEP (Venice) 

9/8/16 15 IUPAP-C11 report @ ICHEP2016 

2018: ICHEP in Seoul (Korea) 

9/8/16 16 IUPAP-C11 report @ ICHEP2016 

Future ICHEP and Lepton conferences  

•  Lepton Photon 2019: 
!   Toronto (Canada) 

 
 
•  ICHEP 2020: 

!   Prague (Czech Republic) 
 


