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Event with 78 reconstructed vertices along ~10 cm. 

The LHC Run 1: a bountiful harvest 
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¨  LHC delivered ~30 fb-1. 
¨  Challenge: 

precision physics with 
~20 simultaneous 
proton-proton collisions. 

[ http://cern.ch/go/K8Tj ] [ http://cern.ch/go/ZW9S ] 



July 4, 2012 
Looking up to a new boson 
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[ http://cds.cern.ch/record/39448 ] 
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Excluding SUSY scenarios... 
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9 [ http://cern.ch/go/W6Wp ] 



…and Exotics scenarios 
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A possible Run1 summary 
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The reach of higher energies 
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12 [ http://cern.ch/go/FnH6 ] 



Run2 preparation and operation 
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¨  6.5 TeV. 
¨  25 ns bunch 

spacing. 
¨  β* = 40 cm. 



Back to the #13TeV future 
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Run2 preparation and operation 

¨  Inner b-layer (IBL). 
¤  4th Si pixel layer. 

¨  Finalize muon coverage. 
¨  Trigger/DAQ 

¤  L1 rate: 75 to 100 kHz. 
¤  L1Calo: better MET. 
¤  L1Muon: rate reduction 

from coincidences. 

¨  Liquid He supply to 
magnet. 
¤  Field-off periods. 

¨  New lumi. detectors. 
¨  Trigger/DAQ 

¤  L1Calo: better tau 
trigger. 

¤ DAQ2: new hardware. 

CLIC Workshop 2016 
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ATLAS CMS 



The 2015 harvest 
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¨  Already average 13 interactions per bunch crossing at 25 ns. 
¨  Gaining experience for the long haul: 

¤  ATLAS IBL operation. 
¤  CMS liquid Helium supply for solenoid. 

Prelim. luminosity unc.: 5%  

“IBL off”: 3.5 fb-1 

“All good”: 3.2 fb-1 



Many early results during Summer 
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¨  Charged particle densities and correlations. 
¨  (Single) top production. 
¨  Single boson production. 
¨  First (negative) search results. 

¤ But the first events in the tails. 

[ ATLAS-CONF-2015-042 ][ CMS-PAS-EXO-15-001 ] 



On the shoulders of giants 
detector makers & theory calculators 

CLIC Workshop 2016 a.david@cern.ch 

“Yesterday’s discovery is today’s calibration, and tomorrow’s background.” – V. L. Telegdi [ http://cern.ch/go/lf9C ][ http://cern.ch/go/KD8D ] 

W, Z, and γ bosons 

Inelastic collisions: ~7×1010 

Top quark 

Higgs 

Eight 
orders of 

magnitude 
of EWK, 
top, and 
Higgs 
Physics 
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…on both sides of the ring 
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47+ analyses on full 2015 dataset 
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20 [ http://cern.ch/go/hK8r ][ http://cern.ch/go/QT7H ][ See also https://indico.cern.ch/event/442432 ] 

Cannot cover all. Focus on new reach and previous or new “hints”. 



Where 2015 goes beyond Run1 
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h(125) in ATLAS  
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1.5σ obs. 
(1.9σ exp.) 



h(125) in ATLAS  
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1.5σ obs. 
(1.9σ exp.) 

0.7σ obs. 
(2.8σ exp.) 



h(125) in ATLAS  
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1.5σ obs. 
(1.9σ exp.) 

0.7σ obs. 
(2.8σ exp.) 1.4σ obs. 

(3.4σ exp.) 
(-1.3σ to SM) 



Towards h(125) in CMS 
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H→γγ: Photon identification score in 
diphoton events. 

ttH, H→bb: multiplicity of b-
tagged jets. 



Towards h(125) in CMS 
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H→γγ: Photon identification score in 
diphoton events. 

H→ZZ: four-lepton mass distribution; Z→4ℓ 
peak and on-shell ZZ turn-on visible. 

ttH, H→bb: multiplicity of b-
tagged jets. 



Diboson resonance searches 

CLIC Workshop 2016 a.david@cern.ch 

27 

8 TeV 
For m ~ 2 TeV 
3.4σ → 2.5σ after LEE 
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8 TeV 
For m ~ 2 TeV 
3.4σ → 2.5σ after LEE 

13 TeV 
No significant excess, 

but not conclusive. 
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8 TeV 
For m ~ 2 TeV 
3.4σ → 2.5σ after LEE 

13 TeV 
No significant excess, 

but not conclusive. 

8 TeV 
For m ~ 1.8 TeV 
~ 2σ 

13 TeV 
No significant excess, 

but not conclusive. 



SUSY opposite-sign dileptons 
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8 TeV [ arXiv:1503.03290 ] 
on-Z 
3.0σ only in ATLAS 
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8 TeV [ arXiv:1503.03290 ] 
on-Z 
3.0σ only in ATLAS 

13 TeV 
21 obs. (10.3±2.3 exp.): 2.2σ 



SUSY opposite-sign dileptons 
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8 TeV [ arXiv:1502.06031 ] 
Below Z 
2.6σ only in CMS 

13 TeV 
Both 8 TeV 

excesses 
disfavored 

8 TeV [ arXiv:1503.03290 ] 
on-Z 
3.0σ only in ATLAS 

13 TeV 
21 obs. (10.3±2.3 exp.): 2.2σ 



ATLAS 
fully hadronic 

CLIC Workshop 2016 a.david@cern.ch 

33 

Run 1 exclusion 

Background rejection 



CMS fully hadronic 
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¨  Multiple analyses: MHT, HT, MT2, Razor, αT. 
¤ MT2 analysis in bins of HT, Nj, Nb. 

For each topological region below, bins in MT2 



Dielectron resonance searches 
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Dielectron resonance searches 
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Dijet resonance searches 
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Dijet resonance searches 
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q* 
W’ Z’ 



Dijet resonance searches 
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q* 
W’ Z’ 



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



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%) 



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 



Post-seminar stampede 
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Post-seminar stampede 
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Submitted during the 
seminar! 



Perhaps a whole fixion sector? 
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Is it trivial to combine significances? 
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48 [ http://cern.ch/go/9spl ] 



Summary 
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Summary 
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Is the SM all 
there is? 
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Do we know 
what’s next? 

Is the SM all 
there is? 
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t	yet	

Do we know 
what’s next? 

Is the SM all 
there is? 



Still SM ? 
Beyond SM ? 

Outlook 
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Accelerator physicists 
More & other collisions 

Experimentalists 
Better detectors & analyses 

Theorists 
Better predictions & tools 

Present 

Future 
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The CLIC effort 



Outlook 

¨  LHC13: last chance before “direct BSM 
desert”. 
¤  Tevatron: Run I → top discovery, Run II → SM 

precision. 
¤  LHC 2010: early SUSY and EXO exclusions. 

¨  Run2 potential still to be fully explored. 
¤  Higgs physics barely started. 
¤  Top physics to open new chapters. 
¤  SM measurements to be improved. 
¤  Much BSM phase-space still to be probed. 

 
¨  We have a long way to go. 

All it takes is  deviation. 
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CLIC workshop 2019 ? 
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The beautiful boring Universe today 

¨  Up above: “Simple six-
parameter ΛCDM”. 

¨  Down below: (Not-as-simple) 
~20-parameter Standard Model 
of Particle Physics. 
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[ arXiv:1303.5062 ][ ATLAS-CONF-2015-044/CMS-PAS-HIG-15-002 ] 

Looking forward to surprises at higher energies: PeV 
neutrinos, LHC 13 TeV, … 
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For discussion 
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Diphoton resonance searches 
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Reference Exp. Collision 
energy 
[TeV] 

mX search range 
[GeV] 

Interpretation 
benchmark 

PRL 113 171801 ATLAS 8 65 – 600 Scalar 

PRD 93 (2015) 3032004 500 – 2800 Spin-2 

PLB 750 (2015) 494 CMS 150 – 800 Scalar and Spin-2 

CMS-PAS-EXO-12-045 500 – 3000 Spin-2 

ATLAS-CONF-2015-081 ATLAS 13 200 – 2000 Scalar 

CMS-PAS-EXO-15-004 CMS 500 – 4500 Spin-2 

[ http://cern.ch/go/8KNW ] 



CMS: combination with 8 TeV 
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For mG=750 GeV 
3.0σ → 1.7σ after LEE 

Expected limits.  
8 TeV cross-section 

scaled to 13 TeV 
assuming GRS. 


