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•  The LHC today and the    
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•  Status of the Higgs search 
   and expectations for run II 
   and run III 
•  Moment of truth: Desperately      
   seeking New  Physics in run  
   II/III? 
•  Summary 



The LHC: Past and Future 



LHCf 

TOTEM 

MoEDAL 

7 experiments at the LHC! 



                           LHC did very well in 2011/2012 
2011: luminosity 3 . 1033 cm-2 s-1    ⇒  5 fb-1 collected in total 
2012: luminosity 7.8 . 1033 cm-2 s-1⇒  20 fb-1 collected in total 

7 TeV 

8 TeV 



LHC: Coming Back Alive  
      End of March: 

Sector 3-4 showed a 
fault to ground in the  
last steps!! 

The short could be burnt 
away in the week before  
Easter.         Oufff! 

     Delay~ 2 weeks 

Still a lot of validation/commissioning to be done 
with beam in the next 4 weeks…  





LHC: First Splashes and Ramps to 6.5 TeV 
The beam is back!! 

5th April (Easter Sunday, Christ resurrection day) splashes at injection energy  
of 450 GeV/beam, by beam dump just in front of the experiment 

Two weeks ago: Ramp of both beams to an energy at 6.5 GeV 
The machine works! (with low intensities so far) 





Accelerating beams to 6.5 TeV 



 The 2015 Schedule 
As we know it today. Still ‘dynamic’… 

       The Plan  

Includes the present delay 
of 2 weeks. Still intense  
Commissioning ongoing  

The beam energy will  
not be changed in 2015 

Bunch spacing will be 
changed from 50ns to 
25ns (less pile-up) in  
summer 

Total integrated lumi  
for 2015: O(10) fb-1    

We are here Collisions start.. 



Run II Expectation 



Long Term Schedule  



 Latest News 

Of some concern… 



Any Journalists in the Room??? 

SMU University News + many  
blogs (incl. Science, DOE…) 

DIS2015 Conference at SMU 



 Latest News 
First test collisions at 900 GeV today 5/5/2015. Higher energy soon 



•  …are ready for the new data. Experiments are taking 
regularly cosmic rays now.  

•  Many changes with respect to the detectors in 2010-2012, 
i.e. ‘repairs’ or replacements/upgrades. Eg new 
beampipes, DAQ, trigger components and HLT, new 
calibration systems, reconstruction software…  

•  The experiments have to be commissioned as ‘new 
detectors’ 

•  ATLAS: new Insertable pixel B-Layer (IBL), diamond 
beam monitor, new MDTs , RPCs and TGCs installed 
(muon system).   

•  CMS: pixel lumi telescope, SiPMs and PMTs in part of the 
calorimeter, 4th muon station installed (CSCs, RPCs)   

The Experiments 



CMS Pixel Detector   

March 2015 



CMS Muon System   



The LHC Schedule   



Getting Ready for RUN-II 
Physics 



Standard Model Studies 

The study of the Standard Model at 13/14 TeV will be one of the  
first points to tackle at the new energy. 
The first QCD and Electroweak Studies can be done with << fb-1 

LHC is likely to make a careful start with low luminosity for some 
time, and plans a stop after the first 1 fb-1   (to go to 25 ns) 

Note: this plan can still change 



Understanding Soft Collisions   

Z! µµ event from 2012 data with 25 reconstructed vertices 
Pile-up 2012!! 
2x more in 2015!    

Z! µµ 

Most collisions at the LHC do not involve a hard scattering scale: these are so 
called soft collisions. They make up most of a “minimum bias” event sample  

"Detailed studies of multi-particle production in pp  
"Monte Carlos tunes, eg for describing the pile-up  

First (hours) measurements at 13 TeV: Characteristics of soft pp collisions!! 



 Inclusive Jet Production (8 TeV) 

Agreement with NLO calculations over the full range, up to and beyond  
 2 TeV pT jets… Hard scattering via the strong force works well…so far…  

CMS-PAS-SMP-12-012 

Di-jet invariant mass =  
5.15 TeV  (R=1.1 jets)  



W and Z Boson Production 

arXiv:1107.4789[hep-ex] 

Precise measurements can  
already be made with ~ 10 pb-1 



Measurements at 7/8 TeV in agreement with NLO QCD 
expectations.   Present precision 4% 

Top Quark Production at 7/8 TeV 

QCD production of tt-bar pair EWK production of single-top 



Summary: Cross Sections at 7/8 TeV 

Measurements in good agreement with the Standard Model predictions  



Correlations Between Produced Particles  
"Select high multiplicity events 
"Study the correlation between 
two charged particles in the 
angles φ (transverse): 
Δφ and θ (longitudinal): Δθ 

A new phenomenon 
in  the ‘stronge force’? 
"Multiple interactions? 
"Glass condensates? 
"Hydrodynamic models? 
… 

η= -ln tanθ/2 

"Understanding the “Ridge” in pp collisions? New measurements at 13 TeV! 
"Was first seen in AA, then pp (unexpected) and now also pA (~unexpected)  

JHEP 1009 (2010) 091  

All events High multiplicity events 



Elsevier(

PHYSICS(LETTERS(B(

2012: The year of the Higgs! 
Special Physics Letters B 
edition with the ATLAS and 
CMS papers (> 4200 citations 
so far) 

Also… 



Observation of a Higgs Particle at the LHC, after  
about 40 years of experimental searches to find it      

The Higgs Boson 

2013 

2015: Higgs Boson 
well established. 

All accessible  
channels studied 

Essentially all channels 
still statistically limited 



Results Summary @ 125 GeV 

! Overall consistency with SM H boson expectations 

Channel
ATLAS 
Lumi!
[fb-1]

CMS 
Lumi!
[fb-1]

Specialty
σ !

Obs. 
(exp.)

Mass !
[GeV]

Signal !
strength !

µ
JP = 0+

H!γγ 4.8+20.7 5.1+19.6
mass,!

discovery,!
couplings

5.2 (4.6) 126. ! 1.17±0.27 ✔

5.7 (5.3) 124.7! 1.14+ 0.26-0.23 ✔ 

H!ZZ!4l 4.6+20.7 5.1+19.7
mass,!

discovery,!
couplings

8.1 (6.0) 124.7! 1.44 ± 0.4 ✔

6.8 (6.7) 125.6! 0.93 +0.29-0.25 ✔

H!WW!2l2ν 4.6+20.7 4.9+19.4
cross 

section, 
couplings

6.1 (5.8) Compatible!
with 125GeV 1.09 +023-0.21 ✔

4.3 (5.8)
125.5+3.6–

3.8!
(µ = 1)

0.72 +0.20-0.18 ✔

H!bb 4.5+20.3 5.1+18.9 couplings 
to fermions

1.4 (2.6) -- 0.52 +0.40- 0.27 --

2.1 (2.1) Compatible  
with 125GeV 1.0 ± 0.5 --

H!ττ 20.3 4.9+19.4 couplings 
to fermions

4.5 (3.4) Compatible!
with 125GeV 1.43 +0.43–0.37 --

3.2 (3.7) 122 ±7 GeV 0.78 ± 0.27 --

Run-I Legacy papers 



SM-like behaviour for most properties, but continue to look for anomalies, 
i.e. unexpected decay modes or couplings, multi-Higgs production… 

We know already a lot on this Brand New Higgs Particle!! 

Mass =  CMS+ATLAS  
125.09 ±0.21(stat) 
          ±0.11(syst) GeV   

Width =  
A: < 24 MeV  
C: < 22 MeV 
(95%CL) 

Couplings are  
within 20% of 
the SM values 

Spin = 
0+(+) preferred 
over 0-,1,2 

Brief Higgs Summary 



Combination of the Higgs Data 

Simultaneous fit of the four production cross 
sections, normalized to the SM 
The decay BR’s are assumed to be the SM ones 

Overall consistency with the  
Standard Model 

CMS  arXiv:1412.8662 

ATLAS-CONF-2015-007 



Consequences for our Universe? 
Precise measurements 
of the top quark and  
first measurements of the  
Higgs mass: 

New Physics inevitable? 
But at which scale/energy? 

arXiv:1403.6535 

We also know that: 

What can LHC contribute to the DM Q? 



 Summary of SUSY Searches 
No sign of SUSY with the data collected so far   (similar for CMS)    



Summary of Exotica Searches 

Similar for ATLAS    



What Deviations did we Observe? 

? 

To be watched 
in Run-II !! 



Prospects for Searches at 13/14 
TeV   



Higgs Cross Sections @ 14 TeV  

With 100 fb-1  approx 10 x more signal (8 x more background) than run-I 

ttH  approx 20 x more signal 



•  2015: we expect about 10 fb-1. This gives as many 
Higgses as collected in 2012 (and 2 times as many ttH 
events): Repeat 2012 analyses with increased precision. 
Faster increasing reach in high mass searches. 

•  2016/2017: Increase total statistical sensitivity by factor 
3-4 with respect to 2012. 

•  2022: End of run-II: factor 6 increased statistical sensitivity 
    IFFFF we can keep the data quality at least the same 

(pile-up and run conditions…)  

Preparing for Run-II Higgs…    

> 10M Higgses 
per experiment 

"Higgs mass precisions  
    ~ 100-200 MeV enough?  
"Higgs self-coupling precision  
  Better than 20% needed? 
"Higgs couplings? Few %? Better?                   
 (e.g. J. Wells et al., arXiv:1305.6397)   



Higgs → ZZ 



Higgs → bb 

Can do better including VBF channels 



Higgs coupling to top quark 



Rare Higgs Decays 



Higgs Signal Strength 

Based on parametric simulation 



Anticipated Precision with Run-II  

Based on run-I extrapolation 



Predicted Precision on Couplings 



Results for Snowmass and  
the European strategy group 
study  

TLEP publication 
arXiv:1308.6176 

Predicted Precision on Couplings 



High Luminosity LHC Precision 
Higgs couplings: …. 

Determine the Higgs couplings to a few % precision… 



New opportunities: Higgs width  

Using VBF events 



MSSM Higgs Search (Now)  



MSSM Higgs Search (Next) 



•  Many couplings to a precision of ~ 5% (b to 10%)  
•  Top Yukawa couplings to 15-20% 
•  Higgs to mumu to about 30% 
•  Higgs to Zgamma? Maybe combining ATLAS & CMS 
•  Access to more difficult channels such as VBF with H->bb 
•  Differential distributions and fiducial cross sections… 
•  Constrain invisible decay width to 20 % 
•  Total width of the Higgs if the theory follows data precision   
•  No access to triple Higgs coupling so far. With LH-LHC? 

Unless we have some new ideas!! 
•  Note: we will produce ~ 25 Million Higgses in run-II @ LHC 

Better experimental methods to use more than a few per 
mille? New Theoretical ideas to extract information from the 
data? New Theoretical precision? This is the job description   

What we can measure in Run II…    



Search for Massive Objects   
When do we overtake the run-I sensitivity? 



SUSY Prospects @ 2015/2016 
Expect   ~ 10-20 fb-1 in 2015 & 40 fb-1 in 2016   (present guestimates)  

2014  2015-2016 

0.5-1 fb-1 would be enough for first analyses entering new territory 
We expect that have such a sample by Summer 2015!!   



Prospects for SUSY Searches   

Reach for squarks, gluinos  
and EWKinos 
Simulation with expected pile-up 

ATLAS Snowmass Report 



Stop Squark Production 



Bottom Squark Production 



Snowmass Benchmark Models 



Dark Matter Prospects 



Prospects for Di-jet Resonances  
ATLAS-PHYS-15-004 



The Prospects for ll Resonances 

µµ 



Overview on SUSY and Exotica 

Mass reach for discovery  
for various Exotica 

Mass reach for discovery  
for SUSY searches 



Heavy Flavor: Bs(d) →µµ 



Particles with Milli-Charges?   
CMS search for fractional charged particle arXiv:1210.2311  
Q=1/3e > 140 GeV; Q=2/3e >310 GeV     (95% CL. dE/dx) 

A “new” idea  -> Hunting for particles with  
charges ~ 0.1-0.001e    arXiv:1410.6816       



Summary: The LHC is Back! (almost) 
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•  The LHC is gearing up for a swift restart. The experiments are 
ready for run-II. Let the collisions come!! (expected for June) 

•  The run-II data will allow for the first precision measurements 
in the Higgs sector. Maybe we’ll see cracks in the SM? 

•  A prime goal for the LHC is to look for New Physics. The run-I 
data have cut strongly in the phase space of New Physics: eg 
supersymmetry and exotica. Mass range extended at 13 TeV  

•  Understanding Dark Matter is the next big challenge! Generic 
studies with MET are a high priority for the upcoming studies 
Maybe dark matter couples to the Higgs directly? 

•  With one to a few fb-1 of 2015 data, the LHC will overtake the 
run-I searches. 2015-2016 could well be very crucial – and 
very exciting years!!! 



Epilogue… 


