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Experimental summary 

■  The charge 
■  Bread-and-butter physics 

(aka Standard Model physics) 
■  The dark sector 
■  Nu physics 
■  The SMS-like boson 
■  Searching for New Physics 
■  Some parting thoughts 

Paris Sphicas 
CERN & University of Athens 

ElectroWeak Interactions and Unified Theories 
48th Rencontres de Moriond, March 09, 2013 
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Wikipedia/Online dictionary on “summary” 
■  Abstract (summary), a brief summary of a research 

article, thesis, review, conference proceeding or any in-
depth analysis of a particular subject or discipline… 

■  Executive summary, a short document or section of a 
document, produced for business purposes, that 
summarizes a longer report or proposal or a group of 
related reports, in such a way that readers can rapidly 
become acquainted with a large body of material 
without having to read it all 

■  Online Dict: Presenting the substance in a condensed 
form; concise: a summary review 
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Advice on “summary” 
■  Org Committee Member #1: please don’t summarize 

■  Attendee (esteemed colleague): summaries are either 
boring or provocative 

■  Org Committee Member #2: talk about the future 

■  Attendee (another est. coll.): do the vision thing 

■  Attendee (another est. coll.): I feel so sorry for you 

■  Attendee (highly est. coll.): Pontificate! 
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Ad hoc redefinition of talk 

Moriond EWK 2013:  
experimental highlights, 

lots of opinions, 
some summaries 

some observations, 
free advice 

Note added to proof:  
Any and all mistakes are Copyrighted by the summary speaker.   
All rights reserved. 
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Summary 
■  A very large number of new physics results 
■  Including many results on nu physics 
■  But no new physics 

◆  All discrepancies of the past are either gone or moving towards 
their politically correct values 

◆  The new boson looks (decays), sounds (yields), smells (no new 
smells), tastes ((no new flavors) and feels (0+…) like the SMS 
(WHOAVO246GEV) 

◆  No signs of SUSY 
◆  No signs of any exotica 

■  To this day, reasons for believing in accessible Physics 
BSM are both 
◆  Real (experimental): dark matter and neutrino masses 
◆  Virtual (theoretical): natural explanation of nature 
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Cool physics 
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The W+jj emergency is officially closed 
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Hang Yin 
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Dibosons @ TeV 
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Hang Yin 
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Dibosons @ LHC 
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Samira Hassani 
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QCD at work 
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Niki Saoulidou 



Flavor physics 
(aka new physics  

at very, very high scales) 
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T violation (Babar) 
■  Beautiful measurement (though 
not the first T-violation one; yet, it’s a 
very direct and clear one …) 
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14 σ significance 
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CP violation in B0 mixing 
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D0 mixing (LHCb-and-c) 
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No mixing: 
Excluded  
at 9.1σ	
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BS → µµ	
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Note: stat ≈ 3 x syst 
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CP violation in BS (I) 
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27k 



Truly Heavy Flavor 
(“top”, or “truth”, quark) 
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Forward-backward asymmetry 
■  Full cosθt distribution (AFB: 2 bins) 

◆  Expand in Legendre polynomials: 

■  Added dileptons: 

■  Then lepton+jets 
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a1 accounts for AFB 

=0.058±0.053 

Expected from AFB: ~0.76 

Jonathan Wilson 
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Forward-backward asymmetry at LHC 
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Carlo Battilana 
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Top studies 
■  Beyond cross section: kinematic/topological  analysis 
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Carlo Battilana 
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Top mass 
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Carlo Battilana 
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Top mass: an important parameter 
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■  Perhaps even more important than originally thought 
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Tevatron Top Quark Mass Combination 
March 2013 

•  no changes in the combination method 
(BLUE) or systematic assignments

•  2 updated measurements from CDF 
using their final data set (indicated by arrows)


July 2012:"
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Summary  
■  Most abnormalities are gone 

◆  CDF W+jj “resonance” 
◆  B semileptonic asymmetry 
◆  B → τ ν (not shown here, but presented at the conf.)	



■  Top FB asymmetry still there  
◆  But no additional data expected @ 2TeV 
◆  LHC does not see it – but not quite sensitive yet 

●  The issue will not be settled “directly” for a while. But direct 
searches for t-tbar resonances/etc will probably settle this. 
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The Dark Sector 
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Reasons to attend the AMS talk: 
experimental input 
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No fresh source of anti-p! 

The electron bump?  No bump in Fermi / PAMELA data 

A confirmed positron “excess” 

Bruna Bertucci 
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Theoretical input 
1. Positron yield does not need to be measured.   
2. AMS should announce electron spectrum: actual 

exchange follows: (editorial interventions marked “[ ]”) 
A. Theorist: Your positron fraction will look like 

PAMELA [ ’s] 
B. Bertucci: Hmmm… 
A. Theorist: It’s the electron spectrum which [that] will 

matter 
B. Bertucci: What will it look like? 
A. Theorist: sort of like the positron [one] with a few 

fluctuations, maybe 
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■  Still: (many people) eagerly awaiting AMS data 
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Fermi LAT 
■  130 GeV line: one of the current sources of excitement 
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Gabrijela Zaharijas 
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Fermi-LAT (II) 
■  Blind search → no line found 
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Gabrijela Zaharijas 
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Fermi-LAT (III) 
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BUT 

Local 2D fit at 135 GeV 3.35 σ	


(4o x 4o window) 
Including LEE: < 2 σ	



Gabrijela Zaharijas 
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Dark Matter: Xenon100 
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Paolo Beltrame 
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Support from the LHC 
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Dark Matter at the LHC 
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R. Kolb 
CERN Acad. Lectures 
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Dark matter searches += LHC 
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Dark Matter: “bright” future ahead 
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Phonon detection: 
resolution reaches 
low mass regions 

Paolo Beltrame 
Nader Mirabolfathi 
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A parting thought 
■  Belen Gavela 
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Belen Gavela 
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Straight from Woriond 2013 
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39 

Welen 
Wavela 

What if the dark sector is not just U(1)inv? 
They can be wermions 

e.g. “lepton 
jets” 



Nu physics: mixing 
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Neutrinos and mixing 
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Motoyasu 
Ikeda 
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On autopilot of ever-more-sensitive results 
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W/o 
ND280 

With 
ND280 

Motoyasu 
Ikeda 
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Θ13 
■  Daya Bay 
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Sites: 
two near 
one far 

Guofu Cao 
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Θ13 
■  At times t<2011, sin2Θ13 < 0.15 (90%CL) 
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Guofu Cao 
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Θ13: Double Chooz 
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Θ13: Summary 
■  Important for CP 

violation in the 
neutrino sector: 
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CPv ∝ sinΘ12 sinΘ23 sinΘ13 sinδ 



Nu physics: Majorana? 
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0νββ decay 

Mar 09, 2013 
Rencontres de Moriond, EWK session 48 

KAMLAND-Zen 

GERDA 
Limit with current  
configuration hit 

Paolo Zavarise 

Thomas ODonnell 
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0νββ decay: EXO200 
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T1/20νββ (136Xe) x 1025 yr 
> 1.6 (90% CL) 

228Th source 
SS 

Qββ 

Qββ 

David Auty 

T1/22νββ (136Xe) x 1021 yr = 
2.23 ± 0.017 stat ± 0.22 sys 
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0νββ decay; the future: (n)EXO(200) 
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Horizontal bands: envelopes of 
90% CL limits expected (or 
obtained) assuming various NME 
calculations and assuming that no 
signal is detected 
EXO-200 “Present limit”: 
PRL 109 (2012) 032505 

EXO-200 “Ultimate” sensitivity:  
4 yrs liveT, new analysis & Rn 
removal. 

 Initial nEXO” band: directly scaled 
from EXO-200, including measured 
background and 10yr livetime. 

“Final nEXO” band: same detector 
and no BKG other than 2ν 

David Auty 



Nu physics: masses? 
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SPT 
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Brent Follin 
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SPT 

Mar 09, 2013 
Rencontres de Moriond, EWK session 53 

Num of Nus:  

Brent Follin 
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Neutrino mass 
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Brent Follin 
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Neutrino mass 
■  The future: PINGU & DeepCore 
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Sergio Palomares-Ruiz 
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IceCube 
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N. Whitehorn 
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IceCube 
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N. Whitehorn 



The SMS-like boson 
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SMS → ZZ → 4leptons 
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Guillelmo Gomez-Ceballos 
Fabrice Hubaut 

Sign/Exp Exp Obs 
ATLAS 4.4 σ	

 6.6 σ	


CMS 6.7 σ 7.2 σ	



Z1 Z2 
mass 

ok 
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SMS mass (ATLAS and CMS) 
■  CMS 
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mH = 125.5 ± 0.2 (stat)+0.5
-0.6 (sys) GeV 

m4e  = 126.2 ± 1.5 
m4µ  = 123.8 ± 0.8 

ΔmH =  2.3+0.6
– 0.7(stat) 

         ± 0.6(sys) GeV 
2.4 σ wrt ΔmH = 0 (p=1.5%) 

Also: set E-scale,  e/γ  
pdf’s to rectangular  [± 1 
σ] (material models, calo 
samplings calibration…)  

 p = 8% 

BUT CMS situation simpler:  

Vicky Martin 

Conclusion: not an issue 
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H → γγ 	



■  Update from ATLAS 
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Mass window ~125 GeV 
with 90% signal: S/B~3% 

Significance; obs: 7.4σ; exp: 4.1σ	



Mass: 126.8 ± 0.2(stat) ± 0.7(sys) GeV 

Fabrice Hubaut 
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Tevatron legacy 
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What to be 
really proud of 

Wei-Ming Yao 
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So, is it THE SMS boson? 
■  In general, when is a boson the SM Higgs? 

◆  spin 0 
◆  Neutral, CP-even component of complex SU(2)L doublet 

with hypercharge 1 
◆  couplings to SM fermions proportional to masses 

■  The “new boson” can have several non-SM 
properties and still be the Higgs boson of 
electroweak symmetry breaking: 
◆  CP mixture, mixture of two or more weak doublets! 
◆  Composite! 
◆  Nonstandard decay to gg or γγ from other colored/

charged exotic particles in loops 
→ Does it couple like a H-boson?  (i.e. to mass?) 

◆  Measure couplings to fermions and bosons, and see if 
they come out right 

→ What is its CP? 
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Spin-parity from ZZ* and WW* 
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ZZ*:  
pseudoscalar, 
spin-1 and spin-2 
cases excluded at      
≥ 95% CL  

Expected 
separation ~ 2σ 
Data: consistent 
with both 
hypotheses; 
favors slightly 0+	



Spin-2 

SMS 

Mingshui Chen 
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Spin-parity from γγ	


■  Sensitive to spin-0 vs spin-2 
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 Spin-2+ hypothesis expected  exclusion CLs at 93%  
 Observation compatible with spin-0+, slightly favored 

over spin-2+ hypothesis  

Fabrice Hubaut 
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It decays to taus (and thus, fermions ) 
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Combined channels and categories, 
each category in each channel 
weighted by its S/B 

Valentina Dutta 

  Maximum local significance @ 
120 GeV: 2.93σ; compatible 
with 125 GeV SMS boson 

  At 125 GeV: observed signif: 
2.85σ (expected: 2.62σ) 
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H → ττ  
■  Yields by “type” and by decay channel 
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  Consistent picture across channels 
and categories 

  Combined best-fit µ ̂of 1.1±0.4 
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ATLAS fermionic summary 
■  No observation of SM Higgs boson production, decaying into fermions or 

invisibly, in the range 100 < mH/GeV < 150. 

95% CL limits on SM Higgs 
production, for mH=125 GeV 

95% CL limits on SM Higgs, 
for mH=125 GeV 

observed expected 

BR (H→invisible) < 65% < 84% 
observed expected 

VH→Vbb ̅ 1.8 1.9 
13.1 10.5 

H→τ+τ−  1.9 1.2 
H→µ+µ−  9.8 8.2 

Vicky Martin 
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Couplings  
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Both	
  ratios	
  consistent	
  with	
  1	
  	
  

λdu: ratio of couplings 
between down- and up-
fermions 

λlq: ratio of couplings 
between leptons and 
quarks 
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H→invisible search 
■  Z→ee/µµ @ large Etmiss 

expected SM 
backgrounds 

observed 
events 

√s = 7 TeV 
4.7 fb−1 

32.7 ± 1.0 (stat)  
± 2.6 (syst) 27 

√s = 8 TeV 
13.0 fb−1 

78.0 ± 2.0 (stat)  
± 6.5 (syst) 71 

Vicky Martin 

@ 95% CL 
BR(H→inv)  
< 65% (obs) 
< 84% (exp) 
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SMS summary 

 The new boson [is beginning to*] 
look (decay modes),  

sound (yields ~ok ?!?),  
smells (no new modes),  

tastes (no extra flavor-dependence)  
and feels (0+…)  

like the SMS (WHOI1/2AVO246GEV) 

*expresses scientific caution 
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Next (big) jump in 
confirmation in 2.5 yrs… 



Supersymmetry [?] 

(Still) desperately seeking 
SUSY 
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With the full 2011 data (~5 fb–1) 
■  Example ATLAS SUSY search: 2-6 jets plus MET 

◆  Veto leptons (all hadronic) 
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CMSSM SMS 

Msq = Mgl ≳ 1.4 TeV 
Msq ≳ 1380 GeV 
Mgl ≳ 940 GeV 
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■  In theory, it is unnatural not to find what Theory 
predicts; in practice, of course, it is quite natural*. 
◆  Faced with difference between theory and practice, pursuing 

“natural-SUSY searches” [vs “natural SUSY searches”] 

* For those who only read the transps: this is a joke. 

Definition of “natural” 
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Cohen et al (96) 
Barbieri et al (07) 
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Natural-SUSY searches in SMS 
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Natural-SUSY searches in SMS 
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Via sleptons 

Via W/Z 
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SMS: allow parameter variation 
■  Effects can be significant; 
■  e.g. varying MLSP: 

RED: MLSP=0 
Green: MLSP=195 GeV 
Blue: MLSP=395 GeV 
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Gluinos 

Squarks 
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What we put in:  
much simpler… 

Recently: use of simplified models 
CMSSM 

Simplified Model Spectrum (SMS) 
with 3 particles, 2 decay modes 
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A word on models 

It would be useful to have a 
NatMSSM 

Even if this sounds a bit naïve,  
the point is that with the (SUSY) SMS   

and an accumulating set of limits 
we have an  

overall “interpretation issue”  

Mar 09, 2013 
Rencontres de Moriond, EWK session 79 



P. Sphicas 
Experimental highlights 

SUSY is far from excluded (let alone dead) 
■  Yes, simple models (e.g. universal soft masses) being 

squeezed.  But: 
■  Numerous other scenarii still very much unprobed 

[thus very unconstrained]. Two examples: 
◆  Low MET: not only within Rp-violation; small mass splittings 

(would be equally lethal to MET signature) 
●  Could even have all sparticles with mass < ~0.5 TeV… 

◆  Large flavor splitting: very heavy squarks [1st, 2nd gen], light 3rd 
gen (plus gluino at ~1-1.5 TeV). Favored recently… 
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Non-MET SUSY 
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MEG: oh well! 
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If g-2 in “trouble”, 
so is “upper 
SUSY bound” 
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From µ→eγ to g-2 to SUSY 
■  Recall: g-2 is (was?) binding SUSY “from above” 
■  “Obvious SUSY” @ “unnatural” values 

◆  CMSSM cornered.  Not excluded [yet] but looking unlikely [e.g. 
“high fine-tuning price of the LHC” hep.ph/1101.2195] 

■  But: (a) effect of g-2 ?! (b) SUSY >> CMSSM  
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….. pre-LHC 
___ LHC@1fb-1 

MasterCode Project (Oliver Buchmüller et al) 

68% CL 
95% CL 

CMSSM NUHM1 

without 
g-2 
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Parting word on SUSY 
■  Further guidance from theory (heard at Moriond 13): 

 “Supersymmetry will be alive even if we don’t find it at 
the LHC” 
 → My take: sure, but ~ noone will be looking for it. 
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Looking for everything else 
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Searches for BSM physics 
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Actually… 
■  We have NOT looked for EVERYTHING; the equivalents 

of the Centauro searches at the SPS is pursued less 
actively… 
◆  Our credit-award system does not encourage “looking at 

everything” 
◆  Neither does our “funding system” 

■  There are, of course, good reasons for not looking for 
all (possibly crazy) things one can think of 

■  Nota bene: a theoretical paper with a crazy idea goes a 
long way towards encouraging (aka “justifying”) work 
on an idea.  In the absence of a “quantitative limit”, it is 
very difficult to justify the work in front of God and 
people (promotion committees, funding board, etc) 
◆  Obviously, we should look for things not predicted as well… 
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Summary of the  
experimental summary 
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Back to Google 
■  Searching for “how to summarize without being hated 

by everyone” 
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Parting thoughts 
■  J. Iliopoulos (in his dinner speech) mentioned 

that “the real strength of any conference is its 
participants” 
◆  How very true for Moriond 2013: superb results, 

presentations prepared very well.  Physics-rich! 

■  We are living in interesting times: the primary 
“problem” of the summary speaker was/is that 
there is too much information to “summarize”! 
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It decays to taus (and thus, fermions ) 
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Strategy: 
  Select isolated, well-identified leptons, τh 
  Topological cuts (e.g. mT in lτh) to suppress backgrounds 
  Categorize events based on number of jets, τ	
  pT 
  Template fit to mττ shape 

Z→ττ 
Embedding: 
Z→µµ data, 
replace µ with 
simulated τ decay 
Normalization 
from Z→µµ data 

W+jets 
Shape from 
simulation 
Normalization 
from control 
region 

QCD 
SS data, corrected 
for SS/OS ratio 
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Solar neutrinos: Borexino 
■  Reminder: 7Be monochromatic 
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Szymon Manecki 
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0νββ decay; the future: CUORE 
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Silvia Capelli 
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OPERA 
■  νµ → ντ appearance search: 

 2 candidates observed, 1.9 signal + 0.2 background 
expected 

■  νµ → νe oscillation search: 
 non-standard ν oscillations sin2(2θnew) < 7.2 x 10-3 @ 
90% CL  
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CP violation in the charm sector 
■  D+ → K–K+π+ 

◆  In each bin, compute 
■  New: D*-tagged D0 → π+π–π+π– 
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Neutrino mass 
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