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¨  Theorists having coffee, enters experimentalist. 
¨  Experimentalist: Let’s go down and listen to the 

experiments? 
¨  Prominent theorist: What for? There’s nothing new 

they can tell us. 

¨  I am happy to see all of them here. 



André David (CERN) 

WHEN ONE HIGGS 
IS NOT ENOUGH 



First, a word from the LHC 
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LHC nominal luminosity rate 

1.2× nominal 

NB: this is with 80% 
proton bunch occupancy 
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The future present is bright 
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Let’s go back a few years 

Multi-Higgs 2016 enjoying.higgs@cern.ch 

10 [ http://lhc2008.web.cern.ch/LHC2008/nobel/index.html ] 



2008 Nobel expectations for the LHC 
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David Gross: "a super world" 
I expect new discoveries that will give us clues about the 
unification of the forces, and maybe solve some of the many 
mysteries that the Standard Model (SM) leaves open. 
I personally expect supersymmetry to be 
discovered at the LHC; and that enormous discovery, if 
it happens, will open up a new world – a super world. 

[ http://lhc2008.web.cern.ch/LHC2008/nobel/index.html ] 
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George Smoot: "the nature of dark matter” 
I am looking forward to hearing about the Higgs, because 
I’d like to see the Standard Model completed and 
understood. I’m also hoping that the LHC will begin to 
unveil extra dimensions, and that will have huge 
applications across the board. 
But what I am really looking forward to is 
supersymmetry or something that shows what 
dark matter is made of, so I have really high hopes, 
perhaps too high hopes. 

[ http://lhc2008.web.cern.ch/LHC2008/nobel/index.html ] 
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Martinus Veltman: "the unexpected” 
What I expect from the LHC? That’s a big problem. 
What I would like to see is the unexpected. If it gives 
me what the Standard Model predicted flat out – the Higgs 
with a low mass – that would be dull. I would like 
something more exciting than that. 

[ http://lhc2008.web.cern.ch/LHC2008/nobel/index.html ] 
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Gerardus ’t Hooft: "a Higgs, or more” 
The first thing we expect – we hope to see – is the Higgs. I am practically 
certain that the Higgs exists. My friends here say it is almost certain that if it 
exists, the LHC will find it. 
So we’re all prepared and we’re very curious because there’s little known about 
the Higgs except some interaction signs. 
There could be more than one Higgs, several Higgs, and there could 
be a composite Higgs, but most of us think it should be an elementary 
particle… 
My real dream is that the Higgs comes up with a set of particles that nobody 
has yet predicted and doesn’t look in any way like the particles that all of us 
expect today. That would be the nicest of all possibilities. We would then really 
have work to do to figure out how to interpret those results. 

[ http://lhc2008.web.cern.ch/LHC2008/nobel/index.html ] 

See also arXiv:1609.01725 
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Precision measurements Searches 

Q2 ~ mX
2 Q2 ~ s2 
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Searches 

Q2 ~ mX
2 
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Diphoton resonances 
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>90% prompt-prompt, σm/m ~1% 

For mX = 750 GeV 
3.6σ → 2.0σ after LEE 
(3.9σ → 2.3σ for Γ = 6%) 

For mG = 760 GeV 
2.6σ → 1.2σ after LEE 
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Post-seminar stampede 
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Submitted during the 
seminar! 
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Perhaps a whole fixion sector? 
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The effect of #MoarData 
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The effect of even #MoarData 
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Stampede no “moar” 
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MultiHiggs is all about… 
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Searches 

Q2 ~ mX
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Run 1 summaries 
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High mass H→WW (2015) 
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¨  Signal/gg→WW interference 
accounted for. 

¨  0-jet, 1-jet, and 2-jet VBF categories. 
¨  Final discriminant used: mT. 
¨  Result for different widths. 

[ CMS-PAS-HIG-16-023 ] 



MSSM H→ττ (2015) 
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¨  Coupling enhanced for high tan β. 
¨  Different tau decays used. 
¨  Separating ggφ and bbφ. 

[ CMS-PAS-HIG-16-006 ] 



High-mass H→bb (2015) 
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¨  Inclusive search. 
¨  Veto events with isolated e, μ, or γ. 
¨  FSR recovery adds jets close to b-jets. 
¨  Mass-fit in window around mX. 

[ CMS-PAS-HIG-16-025 ] 



VBF H±→W±Z→3ℓν 
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¨  Georgi-Machacek Higgs Triplet 
Models. 

¨  Select WZ events with VBF-like dijet. 
¨  First time done in CMS. 

[ CMS-PAS-HIG-16-027 ] 



H±→cb 
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¨  Search tt→(H+b)(W-b)→(cbb)(ℓνb) 
¨  Bump hunt. 
¨  Dijet pair selected by kin. fitter 

from at least four jets in an event. 

[ CMS-PAS-HIG-16-030 ] 



HH searches 
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Final state Resonant 8 TeV Non-resonant 8 TeV Resonant 13 TeV Non-resonant 13 TeV 

bbbb HIG-14-013 - HIG-16-002 HIG-16-026 

bbWW - - HIG-16-011 HIG-16-024 

bbττ HIG-15-013 HIG-16-013 
HIG-16-028 

HIG-16-012 
HIG-16-029 

bbγγ HIG-13-032 HIG-16-032 



X→HH search summaries (spin-0) 
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8 TeV 

13 TeV 



And many more results I cannot cover... 
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If interested, you can find more (spin-0) results at: 
•  http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG/index.html  
•  http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G/index.html  
•  http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html  
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Precision measurements 

Q2 ~ mX
2 



Old faithful 
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Old faithful 
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Run 1 2HDM summaries 
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Two states at 125 GeV? 
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¨  Treat production×decay as matrix. 
¤  Single state ⇒ rank 1matrix (1.) 

¨  Test single state against completely 
free values (2.) 

¨  Calculate p-value for data under 
SM hypothesis. 

[ EPJC 75 (2015) 49 ] 



¨  Tested for Run1: 

¨  With concrete BSM 
predictions, 
we could directly test SM 
vs. concrete BSM model. 

p(data|SM) 

ATLAS 0.58 

CMS 0.33 

ATLAS+CMS 0.29 ± 0.02 

Two states at 125 GeV? 
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Still SM ? 
Beyond SM ? 

The future is in precision and accuracy 
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Accelerator physicists 
More collisions 

Experimentalists 
Better detectors & analyses 

Theorists 
Better predictions 

Present 

Future 
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Carlo Rubbia: "Nature will tell” 
I think Nature is smarter than physicists. We should have the 
courage to say: "Let Nature tell us what is going on.” 
Our experience of the past has demonstrated that in the world 
of the infinitely small, it is extremely silly to make predictions as 
to where the next physics discovery will come from and what it 
will be. 
In a variety of ways, this world will always surprise us all. The 
next breakthrough might come from beta decay, or 
from underground experiments, or from accelerators. 
We have to leave all this spectrum of possibilities open and just 
enjoy this extremely fascinating science. 

[ http://lhc2008.web.cern.ch/LHC2008/nobel/index.html ] 



The beautiful boring Universe today 

¨  Up above: 
(Simple) 6-parameter 
ΛCDM. 

¨  Down below: 
(Not-as-simple) ~20-parameter Standard 
Model of Particle Physics. 
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[ arXiv:1303.5062 ][ JHEP 08 (2016) 045 ] 

Looking forward to surprises at higher energy: PeV 
neutrinos, #MoarData at LHC 13 TeV, … 
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“…and references therein.” 

Multi-Higgs 2016 enjoying.higgs@cern.ch 

¨  Experiments’ pages on Higgs results: 
¤ ATLAS: http://cern.ch/go/7lDT 
¤ CMS: http://cern.ch/go/6qmZ 
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