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Moriond Summary (in four points) 

1. We live in a world where only 4% of the matter is known 
2. What is known is not self-contained (hierarchy problem,  
    CKM parameters, masses, etc) 
3. But the (standard) model we use to describe it works (even too)  well 
4. And more general models are being constrained (or ruled out)  
by the experimental  results. 
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However  it is clear that: 
1) Dark matter,  
2) Higgs,  
3) Stability of SM (SUSY, etc.)  
4) Precision EW measurements 
5) Flavor sector 
6) Neutrino sector 

are all related!  
  the true model has to explain all together 
  we need (more and more) a strong connection  between experimental  
and theory communities and among communities working on  
different topics in order to have a (as much as possible)  clear picture 
of the situation.  

                      Moriond EW 2012 has been a lively and intense conference,  
                      188 participants  (CMS, ATLAS, CDF, D0  Spokespersons,  
                      CMS and ATLAS physics coordinators,  high level theorists 
                      and many (many!) young researchers from 25 countries 1 



Outline: 
1) Dark matter,  
2) Higgs,  
3) Stability of SM (SUSY, etc.)  
4) Precision EW measurements 
5) Flavour sector 
6) Neutrino sector 
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Dark matter direct searches 
In the era of precision cosmology we know that: 
1. There is substantial body of evidence for DM at different distance scales. 
2. It is 6 times more abundant than baryons and contributes ~1/4 of the total 
energy budget. 

  One of the most outstanding problems  today; connects collider 
physics with  direct searches & indirect detection 

  We know that there is dark matter but we dont know what it is. 
  Candidates: “standard” (WIMP, axion)    & “nonstandard” (sterile 

neutrino,   gravitino, axino,…)  

What is inside the green box? 
 (eg what forces mediate 
  WIMP and SM ? 
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WIMPS detection is challenging 
1) WIMP-nucleus scattering: 
   - low recoil of the nucleus (~10 keV) 
   - very low interaction rate  
   - background, background and background (underground experiments) 

Cryogenic Dark Matter Search (CDMS, Soudan, Minnesota) 

Mirabolfa)	
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WIMPS detection challenging 

Cryogenic	
  Dark	
  Ma/er	
  Search	
  (CDMS,	
  Soudan,	
  Minnesota)	
   KIM	
  

KIMS experiment  
(Korea Invisible Matter Search) 

S. C. Kim 
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WIMPS-nucleus cross section:  
upper limits  

S. C. Kim 
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Steve Worm 

Search of WIMPS at the LHC: 
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Mono photon: spin independent and spin dependent limits from CMS: 

CMS in only one year improves the limit of spin independent cross section  
below 10 GeV and of spin dependent cross section in the whole range 

Search of WIMPS at the LHC: 

Steve Worm 
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Maxim Pospelov 

	
  However Lep1 provided strong constraints on ZNN with the measurement of Γinv 
 N(neutrinos)  = 2.984 ± 0.008  (but 2 σ away from 3, A. Blondel) 

Which is the mechanism of WIMP annihilation? 

9 



Which is the mechanism of WIMP annihilation? 

EW mediator: Higgs 
Maxim Pospelov 

Example of interconnection between fields 10 



Allowed by WMAP 

Higgs at 125 GeV with SM rates if confirmed will push DM candidates up  
 (not compatible with relic density) 

W.	
  Buchmuller	
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Invited guest at Moriond EW was Francois Englert from the 
Brout-Englert-Higgs mechanism. 
Everybody wanted to give him some recognition in the talks 
Conclusion:  a big confusion about the boson name…. 

What about “The Boson”? 
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Invited guest at Moriond EW was Francois Englert from the 
Brout-Englert-Higgs mechanism. 
Everybody wanted to give him some recognition 
Conclusion:  a big confusion about the boson name…. 

What about “The Boson”? 



Jean Francois Grivaz     “The Boson” 
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Impressive improvement  on the measurement of W mass 
at the Tevatron 

Bo Jayatilaka 
15 



Bo Jayatilaka 

Impressive improvement  on the measurement of W mass 
at the Tevatron 
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It was (2009): 
MH = 92 +34

-26 GeV 
MH<161 GeV @ 95% CL 

Impact on the EW predictions of the Higgs mass 
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S. Kortner 
M . Pieri 
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M . Pieri 

S. Kortner 
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S. Kortner 

M . Pieri 
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2.5/2.8 sigmas are substantially reduced by LEE (1% 10%). 
but the excess appear at (about) the same mass and in the same channels 22 



Although the plot include all channels, bb and WW are largely dominant 
(cross-over from bb to WW around 130 GeV) 

95% CL exclusion sensitivity close or below the SM prediction through the 
whole mass range from 100 to 180 GeV 

Clear exclusion around the region of maximal sensitivity (147-179) GeV 
Broad data excess (>2 σ) from 115 GeV to 140 GeV (consistent with a signal) 

Tevatron: the big picture 23 



We should wait until the 125 GeV effect is either killed or established: 
 A particle decaying in two photons is not spin 1 and more probably spin=0 
 Is it elementary? Does it have all properties of the SM Higgs boson? 
 Its discovery would eliminate a great number of hypotheses…. 

The idea that there is a single Higgs particle peak is an assumption, 
for which there is no basis in theory or experiment. 

1) Heidi models:  

Since the Higgs field is in some way different from other fields, 
a non-trivial density is quite natural. 
The scientific goal regarding EW symmetry breaking is therefore to 
measure the Kallen-Lehmann spectral density of the Higgs propagator. 

What about the nature of the boson? 

J. J. van der Bij 

100% “Standard”	
  Higgs	
   Heidi	
  models	
   30% 
20% 

20% 10% 10% 10% 
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We should wait until the 125 GeV effect is either killed or established: 
 A particle decaying in two photons is not spin 1 and more probably spin=0 
 Is it elementary? Does it have all properties of the SM Higgs boson? 
 Its discovery would eliminate a great number of hypotheses…. 

What about the nature of the Boson? 

2) SM with fourth generation Sridhara Dasu 
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Sridhara Dasu 

3) Higgs in MSSM 
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Sridhara Dasu 
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Nazila Mahmoudi 
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W. Buchmuller 

An Higgs of 125 GeV in SUSY is not “natural” and requires a lot  
of fine-tuning 
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An Higgs of 125 GeV  put  severe constraints on all the more constrained SUSY models! 
If confirmed, most of the more constrained SUSY models will be ruled out…. 

Maximal Higgs masses computed in several constrained models  

Nazila Mahmoudi 
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How shall we study X(125)?  
At LHC? 
It is there, and will do it.  
The question: with which precision?  O(10%) or worse (assume 600fb-1) 
Effect of pile-up?. Etc. etc.  
do we need another machine to study more properties or more precisely?  
Performance on couplings self couplings and invisible width?  

At a linear collider ? 
For 125 GeV Higgs, peak cross-section at ~250 GeV = mH+mZ+30 GeV 
But.. 250 GV of accelerastion and luminosity at that energy still  
requires a large amount of power and superb alignment. Cost? 

At a small e+ e- machine?   LEP3 in LHC tunnel (see next slides) 
 Much easier and cheaper than LC but not expandable. 

At a muon collider ? 
Feasibility study ongoing. Not an easy machine!  
Ionization cooling (MICE experiment)  
Virtue: s-channel production µ+ µ- →H , exquisite energy calibration  
and very small energy spread if needed.  

Blondel 
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LEP3 Scheme    arXiv:1112.2518 

LEP operated at 104.5 GeV/beam with  
L = 1032 /cm2/s,  (peak luminosity) 
τb = 6h             beam life-time  
PSR= 20 MW       Synchrotron Radiation power  

Modify parameters (reduce beam sizes by more focusing)  
to increase instantaneous luminosity without increasing intensity too much   
L = 1.5 1034 /cm2/s,  (peak luminosity) 
τb = 12 min        beam life-time  
PSR= 50 MW       Synchrotron Radiation power  
Inject continuously using ancellary accelerator.    
 L = 1.5 1034 /cm2/s                      2 104 ZH events per year  

Blondel 
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SUSY after one year at the LHC: why SUSY? 

Sabine Kraml 
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Sabine Kraml 35 



SUSY after one year at the LHC: no evidence of any excess 
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In the theory community there is  a clear  transition  from 
 simplistic & constrained models  to more general SUSY models  
 (more free parameters can accommodate the absence of any signal..)	
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Sabine Kraml 
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 SUSY signals  are pushed up (but still in the LHC reach)   

Sabine Kraml 

Maximum likelihood fit including also precision  
measurements in the EW and flavor sectors 

 (BR(bs γ), BR(Bsµµ, BR(Bτν), Δaµ,, mtop etc) 
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fact 

denial 

tentative 
 optimism 

acceptance 

SUSY after one year at the LHC:  

40 

Sabine Kraml 



Neubert	
  

The more NP scale is shifted  up 
 the more indirect searches in flavor sector become important 

Neubert 
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B(s) mixing has been an important problem since 25 years….	
  

U. Haisch 



… because it is very sensitive to new particles via loops: 

A. Lenz 
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Very interesting hints of deviations from SM predictions in recent past 
mostly in the Bs sector  (ϕs and ASL) from Tevatron 

Deviations from SM  
predictions by 2-3 σ 

U. Haisch 
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.. But LHCb is quickly solving the issue: 
   phis is now in good agreement with SM (within the uncertainty) 

Pete Clarke 
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Fully compatible with SM predictions 

Mixing induced CPV phase phis: pictorial view of CDF, D0 and LHCb results 

Pete Clarke 
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 Asl still shows an (increasing) deviation from SM predictions 
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But it is very difficult to explain it without seeing any  
deviation in phis (cross-checks of this measurement are needed) 
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CMS with 4.9/fb 

Correlations among different flavor measurements  are important to pin down the BSM  
dynamics: for example phis vs BR(Bsµµ) 
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  Very rare FCNC decay,  
with only contributions from  
C(’)

10 (axial), C(’)
S (Higgs, scalar)  

and C(’)
P (pseudo-scalar) 

— Standard Model  
•  CS and CP negligible  
•  C10 dominates, but helicity suppressed  
•  BRSM = (3.2 ± 0.2) × 10–9 

— Can be strongly enhanced in many NP models 
•  e.g. MSSM with large tanβ 

Bs → µ+µ– 

(or how to investigate the Higgs sector via indirect searches) 

€ 

BR ∝ CS,P
MSSM( )2 ∝ tan

6 β
MA

4

C10	
   CS,P	
  

Buras et al., JHEP 10 (2010) 009!
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BR(Bs→ µ+µ–) CDF D0 CMS LHCb 

Luminosity (fb–1) 6.9 6.1 1.14 0.37 
95% CL limit (10–9) 40 51 19 14 
Value (10–9) 18+11

–9 

  Very rare FCNC decay,  
with only contributions from  
C(’)

10 (axial), C(’)
S (Higgs, scalar)  

and C(’)
P (pseudo-scalar) 

— Standard Model  
•  CS and CP negligible  
•  C10 dominates, but helicity suppressed  
•  BRSM = (3.2 ± 0.2) × 10–9 

— Can be strongly enhanced in many NP models 
•  e.g. MSSM with large tanβ 

  Published experimental results: 

Bs → µ+µ– 

(or how to investigate the Higgs sector via indirect searches) 

C10	
   CS,P	
  

LHCb, PLB 708!
 (2012) 55!
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New preliminary results in 2012 CDF CMS ATLAS LHCb SM 
Luminosity (fb–1) 10 4.9 2.4 1 

BR(B0 → µ+µ– ) 95% CL upper limit (10–9) 4.6 1.8 1.03 0.10 ± 0.01 

BR(Bs → µ+µ– ) 
95% CL upper limit (10–9) 

Value (10–9) 
31 
13 

+9
–7 

7.7 22 4.5 
0.8 +1.8

–1.3 
3.2 ± 0.2 

Best Bs → µ+µ– limit, approaching SM  

B0	
  →	
  μ+μ–

background	
  only	
  
Bs	
  →	
  μ+μ–	
  

SM	
  +	
  background	
  

LHCb-PAPER-2012-007!
to be subm. to PRL!

expected	
  ±	
  1σ	
  

observed	
  

J.A. Hernando Morata  

51 



12 months ago (moriond 2011)	
  

Impact on the Bsµµ result on new physics models 

David Straub  
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Impact on the Bsµµ result on new physics models 

6 months ago (EPS 2011)	
   David Straub  
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David Straub  

Impact on the Bsµµ result on new physics models 
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Interplay between direct and indirect searches 

Bsµµ limit presented at EPS 

	
  m0= universal scalar  mass parameter 
 m1/2 = universal gaugino mass 

N. Mahmoudi  
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Interplay between direct and indirect searches 

N. Mahmoudi  

	
  m0= universal scalar  mass parameter 
 m1/2 = universal gaugino mass 
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Interplay between direct and indirect searches 

N. Mahmoudi  

	
  m0= universal scalar  mass parameter 
 m1/2 = universal gaugino mass 
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Theorists are angry with 
LHCb as it is wiping out 
all the hints of new physics 
in flavor sector 

Alex Lenz  
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CPV in charm	



Large D0 − D0 mixing discovered in 2007 and the new LHCb and CDF results 
about  CP violation in charm are giving new impetus to this field.  

Ф
D
	



no CPV	



“No-mixing” excluded at 10.2 σ: All measurements pre-LHCb consistent with no CPV: 

Present constraints on  
CPV weak because  
CPV ~ xD sin(2ϕD) 
and xD~1% 
 required sub-0.1%  
precision for CPV  
sensitivity! 

Situation up to September 2011: 
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CPV in mixing (indirect) can be related to direct CPV via the relation: 

Independent	
  of	
  the	
  final	
  state	
  

<t>/τ	
  =	
  1	
  at	
  B	
  factories,	
  
~2.5	
  at	
  CDF	
  (displaced	
  trigger)	
  

	
  Considering ππ  or KK final states we 
can build the difference: 

Where:  

Direct CPV in D0 → π+π–, K+K-: 

ACP(K+K-) – ACP(π+π-) =   ΔaCP (direct) + Δ<t>/τ  aCP ind 
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Independent	
  of	
  the	
  final	
  state	
  

<t>/τ	
  =	
  1	
  at	
  B	
  factories,	
  
~2.5	
  at	
  CDF	
  (displaced	
  trigger)	
  

	
  Considering ππ  or KK final states we 
can build the difference: 

Where:  

Direct CPV in D0 → π+π–, K+K-: 

  LHCb strategy: use D0(ππ, KK) decays tagged with D*+D0 π+  
   To first order 

— ACP(f) not affected by detection asymmetries  
— soft pion detection and D* production asymmetries cancel in ΔACP 
— mixing-induced CPV components of ACP(f) largely cancel in ΔACP 

— U-spin symmetry predicts opposite direct CPV for K+K– and π+π– 

ACP(K+K-) – ACP(π+π-) =   ΔaCP (direct) + Δ<t>/τ  aCP ind 
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CPV in mixing (indirect) can be related to direct CPV via the relation: 

Independent	
  of	
  the	
  final	
  state	
  

<t>/τ	
  =	
  1	
  at	
  B	
  factories,	
  
~2.5	
  at	
  CDF	
  (displaced	
  trigger)	
  

	
  Considering ππ  or KK final states we 
can build the difference: 

Direct CPV in D0 → π+π–, K+K-: 

ACP(K+K-) – ACP(π+π-) =   ΔaCP (direct) + Δ<t>/τ  aCP ind 

HCP 2011:  LHCb, 620 pb-1 : first evidence (3.5 σ) of CPV in charm:	
  

Moriond 2012: CDF,  9.6 fb-1, confirms this result 

(- 0.62 ± 0.21  ± 0.10) % 

Combination of LHCb and CDF results in a 3.8 σ deviations from zero.	
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Direct CPV in D0 → π+π–, K+K-: 

EPS 2011 – July 2011 Moriond 2012 (6 months later) 
CPV established at 3.8 σ level 
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Direct CPV in D0 → π+π–, K+K-: 

EPS 2011 – July 2011 Moriond 2012 (6 months later) 
CPV established at 3.8 σ level 

LHCb  gave to the theorists a new present … 
… but they don’t know how to make the calculations 
 (too light to use HQE, too heavy to use chiral perturbation theory) 

Their conclusion: CPV in charm can be either SM or New Physics (!)  



Neutrinos in SM are massless: massive neutrinos are new physics! 
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 θ23 (atm) = 45o, θ12(solar)=32o 

 θ12(Chooz)<13o 

 Unknown or poorly known  
θ13 ,  phase δ ,   sign of Δm13 
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The Daya Bay result (breaking news at Moriond EW): 

 5.2 σ observation  
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Electron Antineutrinos from six 2.9 GW  reactors were detected in six 
antineutrino detectors deployed in two near (flux-weighted baseline 470 m and 576 m) and 
one far (1648 m) underground experimental halls. 

They look for the survival probability of  antineutrinos 
66 



The νe is detected via the inverse β-decay  reaction, νe + p  e+ + n, in a 
Gadolinium-doped liquid scintillator: 
     The coincidence of the prompt scintillation 
      from the e+ and the delayed neutron capture on Gd  
     provides a distinctive νe signature. 

The near-far arrangement of antineutrino detectors allows for a relative 
measurement by comparing the observed νe rates at various baselines. With 
detectors functionally identical, the relative rate is independent of correlated 
uncertainties and uncorrelated reactor uncertainties are minimized. 

3 detectors installed in Hall3, 1 in Hall 2 and 2 in Hall 1  
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Tsunayuki, Double Chooz 

Also results from MINOS and Double Chooz: 

DChooz	
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Consequences of 3-family oscillations:  

I    There will be  νµ ↔ νe     and  ντ  ↔ νe 
oscillation at L atm        

            P (νµ ↔ νe )max  =~ ½ sin 22 θ13    +… (small) 

 II   There will be CP or T violation           

           CP:      P (νµ ↔ νe)  ≠  P (νµ ↔ νe) 

             T :      P (νµ ↔ νe)  ≠  P (νe ↔ νµ) 
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Boris Kayser 
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Boris Kayser 
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Reactors have no δCP or mass hierarchy dependence 
while long baseline experiments depend on both. 
Moreover:   

…..This result opens new and exciting possibilities…. 73 







Moriond Summary (in four points) 

1. We live in a world where only 4% of the matter is known 
2. What is known is not self-contained (hierarchy problem,  
    CKM parameters, masses, etc) 
3. But the (standard) model we use to describe it works (even too)  well 
4. And more general models are being constrained (or ruled out)  
by the experimental  results. 

However the amount of new results is amazing and the particle physics  
community is lively, healthy and strongly interconnected: 
LHC is giving us an emormous set of results, new facilities are discussed 
Things are evolving very quickly and it could be very likely to find in the coming years 
an unambiguous experimental result that can give us  a new paradigm to interpret 
what we already know. 


