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LHC is exploring EWSB 
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We are here
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CMS Physics Output
 recently submitted 300th physics paper

 plus, there are preliminary results
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About three 
dozens new 
results for 
Moriond

In this talk: 
very personal choice 
of a couple of topics on 
these themes 
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In Torrential Detail
for the full picture see  https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults 
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SM @ CMS 
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SM @ CMS 
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TOP-12-040
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Perturbative QCD at work
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SM @ CMS 
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legacy H→γγ:
analysis approved
 paper coming soon!
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LHC is exploring EWSB 

12

Fundamental scalar exists!
Are there more of them?
Every time you produce a 
Higgs boson you are learning 
a bit more about EWSB
Every time you produce W/Z 
at large √s you probe EWSB
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LHC is exploring EWSB 

13

Fundamental scalar exists!
Are there more of them?
Every time you produce a 
Higgs boson you are learning 
a bit more about EWSB
Every time you produce W/Z 
at large √s you probe EWSB

In this talk: 
★ Long-lived particles (in Higgs 
decays)
★ Higgs as a new physics tag 
(i.e. in SUSY searches)
★ plus a few more 
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New Physics
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Large number of well-motivated scenarios predict 
long-lived particles

hidden valley models 

rare Higgs decays (the one at 125 GeV or a new 
one) - if there are HVs, Higgs may the particle that 
senses them most: 

RPV SUSY                               (or H cascade) 
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Long-lived particles
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EXO-12-038

New!
EXO-12-037

q̃ ! q�0(! `+`�⌫)

H ! XX, X ! ff̄

generic search, benchmark points
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Strategy
Di-electron decay: trigger on di-photons

 offline match tracks to photons
Di-muon decay: trigger on pairs of not-back-to-back 
muons, as reconstructed in the muon system                
(no track requirement)

 offline match tracks to those muons
 require them to fit into a good vertex                                            
and be isolated
 refit PV excluding the two candidate tracks
 require each candidate track to have high 
significance impact parameter
 impose extra track quality cuts

 no hits where hits should be
 hits where hits should not be (before the vertex)
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Reconstruction of high IP tracks
Many tracking iterations 

used hits are removed so successive iterations 
run on smaller hit collection

Some ~fundamental constraints

track should have at least two 2D measurements

Check track reconstruction with data

cosmics, imbedding, K0S
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|z0|<10 cm |d0|<4 cm
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Signal Efficiency

efficiency is zero for Lxy > 50 cm
inefficiency at high IP shows up for some of the models
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Control regions
Signal vertices should point along 
momentum, background is uniform
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Signal Control
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Control regions
Signal vertices should point along 
momentum, background is uniform
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Signal Control

An ~OK data-
MC agreement

But still get 
backgrounds 
from control 
region
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Test of Background Modeling
Compare small IP significance distributions 

 high sensitivity to the tracker alignment: see effects that are washed out 
for long tracks originating at the vertex 

After the additional alignment corrections see very good closure
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Results
 for the signal region (IP significance > 12σ) observe no events 
in either signal (|ΔΦ|<π/2) or control (|ΔΦ|>π/2) samples
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Higgs as New Physics Tag
New physics (SUSY?) cascades may produce higgses 
as copiously as W’s and Z’s - but the SM Higgs cross 
section is tiny compared to W/Z 

 single W: 105 pb
 W+lots of jets (aka top): 103 pb

 single h: 20 (50) pb
 h + lots of jets (tth):  0.1 (0.6) pb

requiring higgs production                                                   
is a New Physics booster
even paying 2⋅10-3 penalty for γγ                                      
branching one gets ~reasonable number of events

 5/fb⋅0.5pb⋅2⋅2⋅10-3 =  10 events

25

Impact way beyond just SUSY - every time you produce a Higgs you 
explore EWSB: SUSY here is just a great way to “generate signatures” 
with Higgs + stuff.
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Impact way beyond just SUSY - every time you produce a Higgs you 
explore EWSB: SUSY here is just a great way to “generate signatures” 
with Higgs + stuff.
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 can be quite stealthy
 if               is below top mass 
the decay is mostly to chargino 
and b
 chargino decays into soft 
pion(s) and lightest neutralino

 b-jets may be soft, especially for 
smaller mass splittings

 In GM, lightest higgsino decays
 not very often to photons
Z’s and higgses - more higgses at 
low tan β
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“Natural”-ish SUSY
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Mt̃R �M�̃0

Matchev, Thomas PRD62:077702  Mh=105 GeV
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and
 using formulae from Meade, Reece & Shih arXiv:0911.4130 [hep-ph]

assume large M1 and M2, mh ≪ mH, mA
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Br[�̃0 ! hG̃] Br[�̃0 ! ZG̃]

μ > 0 μ < 0

B
r[
�̃
0
!

h
G̃
]

B
r[
�̃
0
!

h
G̃
]
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“Minimal” model

Consider both strong and direct 
EWK production
Two higgses per event, plus b-
jets from stop: 𝞬𝞬bb final state 

For cases when               is 
large, need to combine with 
multi-leptons (coming soon) 
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�̃0 ! ZG̃
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Why use 𝜸𝜸 channel for searches
Start with 2·10-3 suppression
But

 looking for relatively quiet events without large MET or 
very energetic jets - huge QCD and EWK backgrounds 
otherwise

30

 still, a few pb σ·Br 
 narrow peak gives a very 
reliable way to estimate 
the backgrounds
 SM Higgs background is 
negligible
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Event Selection
≥2 isolated photons, ET>40, 25 GeV, |η|<1.44 (barrel)
≥2 b-jets (CSV-medium + CSV-loose) 

Higgs mass window: 120 < m𝜸𝜸 < 131 GeV
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Fit excluding 118-133 GeV window

negligible dependence on fit function, 
use power law

46 events, 46.5±3.8 expected

Looking in mass window looses us a bit 
of sensitivity, but allows us to easily 
scan a variety of kinematic distributions 
in the events
determine background from sidebands

average lower and upper, add half of 
the difference as extra error 
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Event Kinematics

32

 kinematics is different from point to point
 number of taggable b-jets
 fraction of events where the two b-jets from higgs

𝝌0 ~ at rest, moderate pT(h), MET

𝝌0 ~ at rest, small pT(h), MET

smaller pT(h), MET + extra b’s 
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Signal Efficiency
 efficiency on the diagonal does not vanish
 efficiency to EWK production is much smaller then 
to strong production
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stop only stop+EWK
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Points - evts with higgs tag 

Rectangles - sidebands

Lines - stop MC

Simple and robust BG 
prediction allows for quick 
exploration
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 Events with higgs tag + 2 b’s
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Further Event Categorization
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Divide events into three categories
events with ≥3 b’s
=2 b’s and 95 < mbb <155 GeV
 all other events with =2 b’s
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MET in categories

 Use binned MET distributions in the three 
categories for the statistical analysis of the data

36
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The limit

37
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Comparison with multileptons

38

SUS-13-002

 Higgs decays into leptons
 mostly though WW and 𝝉𝝉
 Br[h1 e/𝜇]≈11%, Br[h2 e/𝜇]≈1.8%
 Br[hh3 e/𝜇]≈0.4% - comparable to 𝜸𝜸

 in reality, a little less sensitive - soft leptons from 𝝉, W* and 
larger background (no mass peak!) 
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SUS-13-002

SUS-13-014
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combination of 3l and 𝜸𝜸bb

40

Getting sensitive 
to electroweak 
production
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towards a grand higgsino combination
 multi-leptons (ZH, some HH) SUS-13-002
 4b (HH) SUS-13-022

Plus new γγ, ZH (llbb), etc... Stay tuned!
41

control region signal region
Complementary to 
diphotons and  
multileptons: sensitive 
to higher masses 
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Another angle on HH/HZ final states

even harder: no MET
multileptons and diphoton+tau / e / μ
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N. Craig et al arXiv:1201.0559 

HIG-13-025
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Higgs in Top
 A complementary way to probe tiny BSM Higgs 
couplings: use huge top production cross section

 i.e. FCNC t→Hc
 diphotons have the                                                                      
best sensitivity
 limit FV couplings

43

N. Craig et al PRD 86 075002 (2012) 

most sensitive channels with H→ γγ + e/μ

HIG-13-034
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Summary & Outlook
 Run 1 data is more deeply explored
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Summary & Outlook
 Run 1 data is more deeply explored

 precision measurements
 7 & 8 TeV

 Mt = 172.22 ± 0.73 GeV  (TOP-14-001)
 beginning to see results of “hard” searches

 displaced objects
 low-MET / low HT SUSY searches
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Summary & Outlook
 Run 1 data is more deeply explored

 precision measurements
 7 & 8 TeV

 Mt = 172.22 ± 0.73 GeV  (TOP-14-001)
 beginning to see results of “hard” searches

 displaced objects
 low-MET / low HT SUSY searches

 Higgs tagging is becoming a powerful tool for EWSB exploration
 di-photon mode is often the best

Run 2 (a.k.a LHC at the design energy) is only a year away!
 new, tough challenges - but...
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Never Underestimate Ingenuity of 
Physicists with Lots of Data!
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New Ideas
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Never Underestimate Ingenuity of 
Physicists with Lots of Data!
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Control of systematic errors
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LHC exploration only just begun!
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An amazingly 
interesting 
place to be
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