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Statement of  interests
I’ve worked in BaBar and am a member of  ATLAS

I will focus on results from

Higgs
Electroweak Physics
BSM
Flavour Physics
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Higgs spin-CP

Higgs spin-CP hypotheses tested
Both ATLAS/CMS exclude J = 1,2 essentially above 99.9 % CL for ensemble of  tested models

Combina9on)results)

!!!!!!!!!!!!!page!12!

The)sta9s9cal)procedure)for)the)combina9on)is)iden9cal)to)the)one)of)
individual)analyses.)Exclusions:))
)JP=2+)at)>99.9%)CL)independently)of)fqq)(ZZ+WW+γγ);)
)JP=0C)at)97.8%)CL)(ZZ);)
)JP=1C)at)99.73%)CL;)JP=1+:))99.97%)CL.)(ZZ+WW).)

SM predicts JCP = 0++
hà gamma gamma disfavors spin-1 from theory
NP with extended Higgs sector allow for CP-mixing
Spin-CP probed via hypothesis testing using kinematic observables
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Higgs (125) off-shell width limits
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Width determination via events in high mass tails









But you need to consider that gg à ZZ has 2 
possible (and interfering paths)



Higgs (125) off-shell width limits
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Likelihood profiling 

• Reminder : SM predicts : 
• ΓH = 4.2MeV 

 
• 95% C.L. Limits on ΓH : 

• Expected : 33MeV  
• Observed : 22MeV 

 
• ΓH  Measurement : 

• Expected : 4.2+13.5
-4.2 MeV 

• Observed : 1.8+7.7
-1.8  MeV 

 
• Combination improves the 

individual limits by ~20% 
 

• Compatibility between the 
observed results and the SM 
hypothesis lead to a  
p-value of 0.24 
 

15 

Combined results 
"  Combine 4l and 2ν2l to fit µoff-shell 
"  Include low-mass region (4l) to fit µon-shell  

"  Assuming gon-shell =goff-shell 

"  Ratio of µon-shell / µoff-shell yields ΓH  

New for ICHEP 2014 

µoff − shell < 6.7

ΓH/ΓSM  Observed Expected 
 � =1  

RH
B=0.5 4.8 7.0 

RH
B=1 5.7 8.5 

RH
B=2 7.7 12.0 

ATLAS-CONF-2014-042  

ΓH/ΓH
SM<5.7   

G. Sciolla (Brandeis U.)   

Clever method pionered by CMS to extract higgs width (with mild model dependence)
ATLAS & CMS corner the width to be lower than 22-24 MeV (SM predicts 4.2 MeV) 7	  

Experiment Limit on Γh/Γh
SM 95% CL obs(exp)

CMS 5.4 (8.0)
ATLAS 5.7 (8.5)



Higgs couplings

Higgs couplings thoroughly measured  by LHC
All measurements consistent with the SM
à Next step is to use Higgs to corner NP via couplings (eg. Higgs portal )
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W+W-
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TGC	  
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	  1.4	  σ	  

	  1.0	  σ	  

	  1.7	  σ	  

Significance	  

	  2.1	  σ	  

W+W-

Consistently higher measured cross section than expectations,
Flat excess versus the usual variables (pTll, etc...), where NP is expected
Theory corrections + new PDF pushes  the 2.1 sigma effect to below 1.5 sigma


Possible extra effects to take into 
account

variation in 
Cross Section

Choice of  PDF 2.9 pb

qqàWW (NLOàNNLO+NNLL k-factor) 1.6 pb

qqàWW(NLO EW correction) - 0.5 pb

ggàWW (LOàNNLO+NNLL k-factor) 2.8 pb
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(Very) rare SM process

Can be used as probe for NP (EFT)

No previous evidence of  VVVV vertex

Quite challenging due to dominant WW 
QCD production

First evidence for vector boson scattering
Paves the way for other quartic gauge coupling measurements

W+/-W+/- scattering

EWK-‐VBS	  

ATLAS	  :	  	  3.6/2.8	  sigmas	  (observed/expected)	  
CMS	  :	  2.0/3.1	  sigmas	  (observed/expected)	  
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NP	  

Beyond Standard Model ATLAS-CMS
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Example of  places left to hide 

“Closing the gaps” 

7/7/14 ICHEP 2014 31 
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Near mDM ~ 0 precision top 
measurements are needed. 

At larger mDM ,  
ISR boost and increased luminosity will close the gap. 

  

(e.g. arXive: 1406.5375) 
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b à s l+l- tests structure of  interaction	  
	  
Angular analysis (4D) allows full description
of  all possible polarizations states.

Each state means SM QCD-EW predictions
à Form Factors (F.F.)
 à + NP terms !

Projecting data as function of  certain angles
allows enhancement of  states.

Ratio of  projections allows to cancel F.F

Theory uncertainties are underestimated ?
Difficult to explain with SUSY and consistent with a Z’ of  ~ 7 TeV

B0 à K*0 μμB0 → K*0 µ+µ�  angular distribution 

Johannes Albrecht 

•  Apply different angular folding to access remaining terms 

•  Observables designed that leading form factor uncertainties 
cancel, e.g. P’4,5 = S4,5 / FL (1 - FL) 

•  LHCb observes a local discrepancy on 3.7σ in P5’ 
(probability that at least one bin varies by this much: 0.5%) 

B0 ! K ⇤0µ+µ� angular distribution (part 2)

Can also apply di↵erent angular foldings to access di↵erent angular
terms [PRL 111 191801 (2013)].
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SM predictions from [Decotes-Genon et al. JHEP 05 (2013) 137]

Focus on observables where leading form-factor uncertainties
cancel, e.g. P

0
4,5 = S4,5/FL(1 � FL).

In 1 fb�1, LHCb observes a local discrepancy of 3.7� in P

0
5

(probability that at least one bin varies by this much is 0.5%).

T. Blake Rare FCNC decays 27 / 43
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3.7 sigma effect in P’5

•  Characterize decay in three angles: 

•  Angular distribution depends on 11 terms 

•  Angular terms are powerful tool to separate SM from NP 

B0 → K*0 µ+µ�  angular distribution 

Johannes Albrecht 

B0 ! K ⇤0µ+µ� angular distribution

Angular distribution depends on 11 angular terms:

d4�[B0 ! K⇤0µ+µ�]

d cos ✓` d cos ✓K d� dq2
=

9

32⇡


Js1 sin2 ✓K + Jc1 cos2 ✓K + Js2 sin2 ✓K cos 2✓` + Jc2 cos2 ✓K cos 2✓` +

J3 sin2 ✓K sin2 ✓` cos 2� + J4 sin 2✓K sin 2✓` cos� +

J5 sin 2✓K sin ✓` cos� + J6 cos2 ✓K cos ✓` + J7 sin 2✓K sin ✓` sin �+

J8 sin 2✓K sin 2✓` sin � + J9 sin2 ✓K sin2 ✓` sin 2�

�

where the Ji ’s are bilinear combinations of seven decay amplitudes
A

L,R
k , A

L,R
? , A

L,R
0 & At (L/R for the chirality of the µ+µ� system).

• Large number of terms, simplified by angular folding, e.g. � ! � + ⇡

if � < 0 to cancel terms in cos� and sin� (LHCb).
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B0 ! K ⇤0µ+µ� angular distribution

Can also probe photon
polaristion using virtual
photons in b! s`+`� decays,
e.g. through the angular
distribution of the
B

0 ! K

⇤0µ+µ� decay.

Also sensitive to new left- and
right-handed vector currents.

Decay described by three
angles (✓`, ✓K , �) and the
dimuon invariant mass
squared, q

2.

Analyses are performed in bins
of q

2.

K+

⇡�
K⇤0 ✓K

µ+

µ�

B0

✓`

(a) ✓K and ✓` definitions for the B0
decay

µ�

µ+

K+

⇡�
B0

K⇤0
�

K+ ⇡�

n̂K⇡

�p̂K⇡

µ�

µ+

n̂µ+µ�

(b) � definition for the B0
decay

⇡+

K�
K⇤0

µ�

µ+

B0

�

K� ⇡+

n̂K⇡

� p̂K⇡

µ�

µ+

n̂µ�µ+

(c) � definition for the B0
decay
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Probe for anomalous coupling in case of  NP.

Theoretical uncertainties for processes 
Br( B -> K ll)  are of  O(30%)

Largely cancel for ratio of  branching fractions
fo B à K mumu and B à K ee

Sensitive to new (pseudo)scalar interactions
	  

Challenge in analysis : 
Control bremstrahlung emission from electrons

Intriguing hints of  NP (though a fluctuation  is not impossible).
More data is needed to clear what’s going on

Lepton Universality

•  Correct for bremsstrahlung using 
calorimeter photons (ET>75MeV) 

•  Migration of events into/out of 
the 1 < q2 < 6 GeV2 region  
corrected using MC 

•  Double ratio with resonant decay 
B+ → J/ψ(e+e-) K+ measured 

•  In 3fb-1 LHCb determines 
 
 
(consistent with SM at 2.6σ) 

 

Johannes Albrecht 

Test of lepton universality 
Lepton universality?

Correct for bremstrahlung using
calorimeter photons
(with ET > 75MeV).

Migration of events into/out-of the
1 < q

2 < 6GeV

2/c

4 window is
corrected using MC.

Take double ratio with
B

+ ! J/ K

+ decays to cancel
possible systematic biases.

In 3 fb�1 LHCb determines
RK = 0.745+0.090

�0.074(stat)+0.036
�0.036(syst)

which is consistent with SM at 2.6�.
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3fb-1 
arXiv:1406.6482 
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A = A0
cSM
mW
2 +

cNP
ΛNP
2

"

#
$

%

&
'

Searches for New Physics in flavour 

Contribution of NP as correction to the SM 

What is the scale of ΛNP? What is its coupling cNP? 
Johannes Albrecht 

Introduction

Rare B and D decay measurements at LHC and the TeVatron

�F = 1 FCNC
processes, forbidden at
tree level in the SM.

In extensions to the SM
these processes can
receive contributions
from “new” virtual
particles.

Mediated by EW penguin and box

diagrams in the SM

b s
W

�, Z0

t µ�
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b s
t

W W�

µ�
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b s
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H
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b s
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H� H+
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Rare quark decays: 
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b ! sµ+µ� example

Standard Model

b s

µ+

µ�
t

�, Z0

W� b s

µ+

µ�
⌫

W� W+

t

“New physics” (loop order and at tree level)

b s

µ+

µ�

d̃i

�, Z0

�̃0
b s

µ+

µ�

d̃i

H0

g̃ b s

µ+

µ�
⌫

H� H+

t b s

µ+

µ�Z 0

Sensitivity to the di↵erent SM & NP contributions through decay
rates, angular observables and CP asymmetries.
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•  Correct for bremsstrahlung using 
calorimeter photons (ET>75MeV) 

•  Migration of events into/out of 
the 1 < q2 < 6 GeV2 region  
corrected using MC 

•  Double ratio with resonant decay 
B+ → J/ψ(e+e-) K+ measured 

•  In 3fb-1 LHCb determines 
 
 
(consistent with SM at 2.6σ) 

 

Johannes Albrecht 
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Lepton universality?
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(with ET > 75MeV).

Migration of events into/out-of the
1 < q

2 < 6GeV

2/c

4 window is
corrected using MC.

Take double ratio with
B

+ ! J/ K

+ decays to cancel
possible systematic biases.

In 3 fb�1 LHCb determines
RK = 0.745+0.090

�0.074(stat)+0.036
�0.036(syst)

which is consistent with SM at 2.6�.
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Why it’s interesting ? Well ... because they 
are exotic ... new particles !

Z(4430) observed by Belle at 5.2 sigmas
It is the 2nd charged 4-quark candidate

Properties roughly determined.
LHCb adds 10x times more statistics :

Exotic mesons
Exotic Hadrons at LHCb, ICHEP2014 T. Skwarnicki 13

Z(4430)- spin-parity analysis

• JP=1+ now established beyond 
any doubt

26σ PRD 88, 074026 (2013)

Belle

18σ
using a 

conservative 
approach

5.1σ16.1σ2+

Rejection level relative to 1+

4.7σ14.6σ2-

3.7σ15.8σ1-

3.4σ9.7σ0-

BelleLHCbDisfavored JP

Including systematic variations: 

or or
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tetraquark
molecule

hybrid 
…

Standard
charmonium Standard

D*-D1
*0

threshold 
cusp

JP=0-,1-,2-

d

charged neutral

d

The only other confirmed charged four-quark candidate Z(3900)-

observed by BES-III and Belle in 2013 could be a DD* threshold effect

Exotic Hadrons at LHCb, ICHEP2014 T. Skwarnicki 14

Is Z(4430)- really a particle i.e. a real bound state? 

• Does it follow resonant behavior if not forced to it by the 
amplitude model?

• Replace the Breit-Wigner amplitude for Z(4430)- by 6 
independent amplitudes in mψ!π−

2 bins in its peak region

amplitu
de

phase Rapid phase transition at the peak 
of the amplitude → resonance!

First time ever the resonant 
character of the four-quark 

candidate has been 
demonstrated this way!

Bre
it-

W
igner

data

Argand diagram

Exotic Hadrons at LHCb, ICHEP2014 T. Skwarnicki 2

Standard and Exotic Hadrons

• Longstanding dispute in light meson 
spectroscopy if exotic states exist 
(too many scalar states?). 
– See e.g. recent LHCb-PAPER-2014-012: 

amplitude study of B0→J/ψπ+π− decays; 
f0(500),f0(980) not consistent with the 
tertraquark model

• No convincing experimental proofs 
for existence of elusive pentaquarks

• Recent discoveries in heavy quark 
states have revived hopes for 
conclusive proofs for existence of 
exotic mesons   

meson baryon

e.g. deuteron
mesonic

molecule ? 

pentaquark ?

tetraquark ?

hybrid ?

…
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LHC R(o)un(d) 1 summary plots Combination and SM fit

Very good agreement between indirect and
direct determinations

Global p-value ≈ 20%

Gfitter coll. ’14
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Combination and SM fit

Very good agreement between indirect and
direct determinations

Global p-value ≈ 20%
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Electroweak sector of  SM is still bullet-proof   17	  



LHC R(o)un(d) 1 summary plots 

Conclusion 

!  We’ve just started and there’s a long 
and exciting way to go: 
!  Go from O(10%) measurements to 

differential. 
!  Go from “seen” to O(%) measurements. 
!  Go from limits on rare things to 

observations. 
!  Reduce theory uncertainties. 
!  Explore the full potential of the LHC and 

its upgrades. 
 
!  All it takes is deviation to point 

us on the right way beyond the SM. 

@CMSexperiment @ICHEP2014 

100 

a.david@cern.ch 

Higgs coupling to elementary particles follows exactly SM predictions
spin-CP properties idem.

Particle is up to now fully compatible with SM Higgs boson

Experiment mass value

ATLAS 125.4 +/- 0.4 

CMS 125.0 +/- 0.3

18	  



Should we worry about the universe’s fate ?

Tevatron Top mass combination (July 2014) 

B t lt f h i t i h h l (R I & II)• Best results of each experiment in each channels (Run I & II)
• D0 l+jets and CDF all-jets&dileptons updated since last combination
• All correlations taken into account

A t b t CDF & D0 d b t h l

Mtop = 174.34 ± 0.64 GeV

• Agreement between CDF & D0 and between channels 

Mtop known with      
0.37% precision

26% improvement 
compared to previous 
Tevatron combinationTevatron combination

Phase diagram of        
the standard model:

Tevatron
Top Mass 
±2V�contour

(cf. arXiv:1307.3536)
Moving decisively       
into metastability! Î
(with some caveats)

Assuming that the 
measured mass is 

(with some caveats)

Gregorio Bernardi / LPNHE-Paris 20

the Top pole mass, 
mH~125.2±0.3 GeV

Hinting that universe-metastability is continent-dependent .... 
19	  



non-physics results
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How	  to	  reach	  out	  to	  the	  ignorant	  ?	  
This	  is	  a	  challenge	  that	  cannot	  be	  addressed	  
with	  exposing	  scienIfc	  	  tools	  and	  methods	  
even	  stronger	  
However,	  different	  routes	  can	  share	  our	  
enthusiasm	  with	  a	  wider	  audience	  

Art	  projects	  involving	  science	  topics	  have	  a	  big	  
potenKal	  to	  widen	  the	  audience	  

	  to	  share	  excitement	  
	  to	  trigger	  reflecKons	  inside	  peoples	   	  minds	  

on	  the	  universe,	  on	  science,	  etc.	   	  that	  otherwise	  
would	  never	  happen	  
And	  many	  (all?)	  of	  these	  art	  projects	  are	  even	  
good	  and	  interesKng	  for	  all	  of	  us	  to	  play,	  think,	  
and	  wonder	  about!	  

Xavier	  Cortada	  (2013)	  

non-physics results



Outside of  the meeting rooms

As usual there was a poster Session
 
~ 100 posters across all fields
 of  the conference


Novelty this year (at least for me) :

Competition for « best » poster  (?)

Prize for winner : 750 Euros
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Spares
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Prospects 
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Prospects 
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ATL-PHYS-PUB-2013-011

Prospects 
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Higgs portal CMS
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Higgs portal ATLAS
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B0 à K*0 μμ



30	  

B0 à K*0 μμ
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Exotics - spares


