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#1: sky, snow and scenery

2

Exceptional physical landscape

Perfect environment for discovery and science!
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#2: 20th March solar eclipse

3

Physicists always excited by rare natural phenomena
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#2: 20th March solar eclipse

3

Physicists always excited by rare natural phenomena

State-of-the art technology to observe it

Physicists always excited by rare natural phenomena
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Moriond EW 2015 ! ! ! ! ! ! ! !  ! ! !          S. Henrot-Versillé!

TT (Temperature) spectrum!3!

2013!

What is DM?

In the past century we understood matter. Cosmology and astrophysics tell
that there is more work to be done. If MDM = 100GeV ⇥ 10±40 ⇡ 100GeV it
can be discovered in direct, indirect, collider searches in 2012 or maybe later.

• J. Billard: direct DM searches are
reaching the ⌫ background. Seasonal
variations (DM max in June, solar ⌫

max in January), multiple experiments,
directionality might allow to survive to
the crash on the ground.

• U. Hash: higher order corrections for
DM search at LHC could be relevant. � �� ��� ���� ���
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Neutrinos

Atmospheric and DSNB Neutrinos

7Be

Neutrinos
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Impact on direct detection sensitivity

• First detection of CNS! 
• Diversifying toward solar neutrino physics  
(J. Billard et al., arXiv:1409.0050)

Julien Billard (IPNL) - Moriond EW

(J. Billard et al., PRD 89 (2014))

#3: Plenty of exciting physics results

4

Antineutrino Candidate Selection�

nH� nGd�

Reject$PMT$Flashers�

Muon$
veto�
�

Water$Pool� 0.4(μs� 0.6(μs�

AD$(>20$MeV)� 0.8(μs� 1(μs�

AD$shower$$
(>2.5$GeV)� 1s� 1s�

Prompt$Energy$[MeV]� [1.5,(12]� [0.7,(12]�

Delayed$Energy$[MeV]� 3(σ(
(σ~0.14MeV)� [6,(12]�

Capture$Wme$$[μs]� [1,(400]� [1,(200]�

e+$n$Distance$Cut$[mm]� 500� N/A�

νe + p→ e+ + n
                       |+H→ D+γ                         2.2 MeV  200 µs
                       |+Gd→Gd * →Gd +γ 's    8MeV      30 µs

Inverse(Beta(Decay(((IBD():�

nH� nGd�

���

Super!K:!Proton!Decay!Searches!

•  No!data!candidate!observed!(0.7!expected)!
•  τ/Br(p→eπ0)!>!1.4!×!1034!years!(90%!CL)!!

Also:!
•  τ/Br(p→νK+)!>!5.9!×!1033!years!(90%!CL)!!
•  τ/Br(p→eνν)!>!1.7!×!1032!years!(90%!CL)!!
•  τ/Br(p→μνν)!>!2.2!×!1032!years!(90%!CL)!!
!
(world’s!best!limits!in!each!case)!!

•  a!

22!

Searches!for!Dark!MaFer:!Direct!Detec6on!

•  XENON100!(62!kg!target!–!scin6lla6on!light+ioniza6on):!Axion!search!

•  CRESToII!(phonons!+!scin6lla6on)!600!eV!threshold!

24!

Higgs!Boson!@!LHC!
Produc6on!kinema6cs!

•  Spin!1!and!2!variants!ruled!out!at!
beFer!than!95%!CL!

•  Limits!on!possible!admixtures!of!0−!
or!BSM!

33!

Decay!kinema6cs!

Paolo Meridiani

QUASI INVISIBLE (VBF)

8

ATLAS-CONF-2015-001

Associate Higgs production can be exploited to improve S/B  & 
facilitate trigger in Run2 

VBF

1 ɣ (pT>40 GeV), 2 jets 
(VBF topology), ETMISS 

Main background 
ɣ+jets, W(→eν)+jets 
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Disclaimers

5

• A wise person said: “Never do the summary talk at 
a conference where you can sky”

• The conference ended on saturday

• These are my feelings and the results that most 
impressed me, without any deep afterthought

• It doesn’t pretend to be fully complete

• All inaccuracies are my own

• Much more experiment then theory

• The program was rich and interesting

• Don’t be upset if your favourite result is not here!



Giacomo Ortona                                                                                                                                                                                      LLR Seminar - LLR - 23/03/2015

Outline

6

• Neutrinos

• Dark matter

• Scalar sector

• Standard Model

• BSM

• Top

• Heavy Flavours

• Miscellanea

• Prize winners: Higgs mass and LHCb B→K*μμ
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𝞶, status

7

15!

Current 3ν picture in just one slide (with 1-digit accuracy) 
 Flavors  =  e  µ  τ(

+Δm2 

δm2 m2
ν ν2 

ν1 

ν3 

ν3 

-Δm2 

  Abs.scale   Normal hierarchy…  or…  Inverted hierarchy            mass2 split   

δm2 ~ 8 x 10-5 eV2 

Δm2 ~ 2 x 10-3 eV2 

sin2θ12 ~ 0.3  
sin2θ23 ~ 0.5  
sin2θ13 ~ 0.02  

δ (CP) 
sign(Δm2)  
octant(θ23)  
absolute mass scale 
Dirac/Majorana nature 

Terra Cognita:	

 Terra Incognita:	
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Pontecorvo-Maki-Nakagawa-Sakata (PMNS) matrix 

 �ML-9�GD��"HMO"L"�!�

Mass-squared spectrum (up to absolute scale) 

Mixing angles θ23, θ13, θ12 : known ✔           CP-violat. phase(s) δ (α, β) : unknown ✗  

1 
2 

1 
2 

δm2  

δm2  
Δm2  

Δm2  
<�MOK"-Z�
.GCO"OAF9�

</LSCO4CBZ�
.GCO"OAF9�

δm2, |Δm2|: known ✔       Matter effects (solar ν): ✔           Hierarchy : unknown ✗  

 ���AML4OG#R4GML�GL�K"44CO�X�-,�
��+���BCLPG49�!�

14!

PMSN

15!
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Fit range:165-590 keV

Search for pp-neutrinos: results

pp-ν rate= 144 ±13(stat) ±10 (sys) cpd/100tons

Evaluation of systematics

• Distribution of the best fit values 
for pp-rate obtained varying 
some of the fit conditions (fit 
range, energy estimator...)

• SuperKamiokande (Long Baseline)

• τp→eπ > 1.4×1034 years (90% CL)

• EXO200 ν-less β decay

• No events τ1/2 0νββ>1.1x1025yr

• Borexino (Solar ν)

• pp-𝞶 rate = 144±13±10 cdp/100t

• Φpp=6.6±0.7x1010cm-2s-1 (10σ)

• νe→νe survival rate ~64%

• Borexino (Solar ν)

• pp-𝞶 rate = 144±13±10 cdp/100t

• Φpp=6.6±0.7x1010cm-2s-1 (10σ)

• νe→νe survival rate ~64%

• Daya-Bay (Reactor experiment)

• sin22θ13 = 0.084+0.005−0.005

• |Δmee2|=2.44 −0.11
+0.1010−3(eV2)

• 10−3eV2<Δm41
2 <0.1eV2 

8

Results from 𝞶 experiments
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Results of Oscillation Parameter

sin2 2θ13 = 0.084−0.005
+0.005

|Δmee
2 |= 2.44−0.11

+0.10 ×10−3(eV 2 )
χ 2 / NDF =134.7 /146

15(

•  Most(precise(measurement(of(sin22θ13,(precision(reached<6%(
•  Most(precise(measurement(of((in(the(electron(neutrino(disappearance(channel�

Preliminary�

(nGd(analysis(new(preliminary,(data(set:(24$Dec$2011(to(30$Nov$2013(()�

• SuperKamiokande (Long Baseline)

• τp→eπ > 1.4×1034 years (90% CL)

• EXO200 ν-less β decay

• No events τ1/2 0νββ>1.1x1025yr

Far vs. Near Comparison�

The(observed(rela.ve(rate(deficit(and(rela.ve(spectrum(distor.on(are(
highly$consistent$with$oscillaWon$interpretaWon�

(nGd(analysis(new(preliminary,(data(set:(24$Dec$2011(to(30$Nov$2013(()�

Preliminary�

���

• Borexino (Solar ν)

• pp-𝞶 rate = 144±13±10 cdp/100t

• Φpp=6.6±0.7x1010cm-2s-1 (10σ)

• νe→νe survival rate ~64%

• Daya-Bay (Reactor experiment)

• sin22θ13 = 0.084+0.005−0.005

• |Δmee2|=2.44 −0.11
+0.1010−3(eV2)

• 10−3eV2<Δm41
2 <0.1eV2 

8

Results from 𝞶 experiments

• Daya-Bay (Reactor experiment)

• sin22θ13 = 0.084+0.005−0.005 WorldBest!

• |Δmee2|=2.44 −0.11
+0.1010−3(eV2)

• 10−3eV2<Δm41
2 <0.1eV2 
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• SuperKamiokande (Long Baseline)

• τp→eπ > 1.4×1034 years (90% CL)
• SuperKamiokande (Long Baseline)

• τp→eπ > 1.4×1034 years (90% CL)
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• |Δmee2|=2.44 −0.11
+0.1010−3(eV2)

• 10−3eV2<Δm41
2 <0.1eV2 

8

Results from 𝞶 experiments Super!K:!Proton!Decay!Searches!

•  No!data!candidate!observed!(0.7!expected)!
•  τ/Br(p→eπ0)!>!1.4!×!1034!years!(90%!CL)!!

Also:!
•  τ/Br(p→νK+)!>!5.9!×!1033!years!(90%!CL)!!
•  τ/Br(p→eνν)!>!1.7!×!1032!years!(90%!CL)!!
•  τ/Br(p→μνν)!>!2.2!×!1032!years!(90%!CL)!!
!
(world’s!best!limits!in!each!case)!!

•  a!

22!

Super!K:!Proton!Decay!Searches!

•  No!data!candidate!observed!(0.7!expected)!
•  τ/Br(p→eπ0)!>!1.4!×!1034!years!(90%!CL)!!

Also:!
•  τ/Br(p→νK+)!>!5.9!×!1033!years!(90%!CL)!!
•  τ/Br(p→eνν)!>!1.7!×!1032!years!(90%!CL)!!
•  τ/Br(p→μνν)!>!2.2!×!1032!years!(90%!CL)!!
!
(world’s!best!limits!in!each!case)!!

•  a!

22!

WorldBest
!
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Current++++++++++++Result+
100 kg�yr "
736 mol�yr 136Xe exposure%

Nature (2014) doi:10.1038/nature13432!

Single"Site"

Mul,"Site"

22%

From profile likelihood:"
T1/20νββ%>%1.1Ç1025%yr%
�mββ�<%190%–%450%meV%%

(90%%C.L.%)%
"
 

Improve+Energy+Resolu2on+

“Rota6on%Angle”%in%Scin6lla6on%vs.%
Charge%is%determined%weekly%by%source%
calibra6on%%

The%combina6on%of%the%scin6lla6on%and%
charge%channel%shows%significant%
improvement%over%the%resolu6on%from%
a%single%channel!%

Tessa%Johnson,%Rencontres%de%Moriond% 19%

• SuperKamiokande (Long Baseline)

• τp→eπ > 1.4×1034 years (90% CL)

• EXO200 ν-less β decay

• No events τ1/2 0νββ>1.1x1025yr

• EXO200 ν-less β decay

• No events τ1/2 0νββ>1.1x1025yr

• Borexino (Solar ν)

• pp-𝞶 rate = 144±13±10 cdp/100t

• Φpp=6.6±0.7x1010cm-2s-1 (10σ)

• νe→νe survival rate ~64%

• Daya-Bay (Reactor experiment)

• sin22θ13 = 0.084+0.005−0.005

• |Δmee2|=2.44 −0.11
+0.1010−3(eV2)

• 10−3eV2<Δm41
2 <0.1eV2 

8

Results from 𝞶 experiments



Giacomo Ortona                                                                                                                                                                                      LLR Seminar - LLR - 23/03/2015

T2K

9

• Observation of νμ→νe with 7.3σ 
significance 

• No statistically significant 
measurement of δCP , but -π/2 
looks favoured

• World best measurement of θ23 in 
νμ disappearance

⌫µ ! ⌫
e

appearance measurement

Discovery of ⌫µ ! ⌫e at 7.3�!

Phys. Rev. Lett. 112, 061802,
February 2014

Jordan Myslik (University of Victoria) Selected results from T2K March 15, 2015 12 / 19

⌫µ ! ⌫
e

appearance measurement

Discovery of ⌫µ ! ⌫e at 7.3�!

Phys. Rev. Lett. 112, 061802,
February 2014
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⌫µ ! ⌫
e

appearance measurement

Discovery of ⌫µ ! ⌫e at 7.3�!

Phys. Rev. Lett. 112, 061802,
February 2014

Jordan Myslik (University of Victoria) Selected results from T2K March 15, 2015 12 / 19

Measurements!of!νμ!Disappearance!

16!
•  Interes6ng!that!IceCube!uncertain6es!fit!on!this!plot!!!

•  Summary!of!accelerator!and!atmospheric!νμ!
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VHE 𝞶 in IceCube (I)

10

Very!High!Energy!Neutrinos!with!IceCube!
!!!!!!!

•  Low!energy!shows!good!understanding!of!atmospheric!and!cosmic!muon!
backgrounds!

•  High!energy!(37!candidates)!shows!clear!signal!for!Astrophysical!ν!!
–  5.7!σ!above!backgrounds!

18!

•  Energy!spectrum!of!observed!events!
!!!!!!!!!!!!Downward!going!!!!!!!!!!!!!!!!!!!Upward!going!Downward Upward

• Low energy part of the spectrum shows very 
good understanding of atmospheric ν bkg 

• 37 HE candidates 
• 5.7σ evidence for astrophysical ν origin
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VHE 𝞶 in IceCube (II)

11

• Event topology give information 
on ν flavour

• 9 tracks, 28 showers

• Ntracks≈expected Nbkg

• Proposed an interpretation 
which leaves room for 
increased ν x-section

Very!High!Energy!Neutrinos!with!IceCube!

•  No!evidence!for!clustering!of!events!in!direc6on!

20!

Very!High!Energy!Neutrinos!with!IceCube!
•  Event!topology!gives!informa6on!on!ν!flavour!!

νμ!+!N!→μo!+!X!!!!!!!!!!!!!!νμ!(NC),!νe,!ντ!

19!

•  Number!of!observed!tracks!≈!expected!background!!

•  However,!within!uncertain6es,!data!perfectly!consistent!with!naïve!
expecta6on!!νe,!νμ,!ντ!≈!1:1:1!

•  Need!more!data!!

• Within uncertainties, data 
consistent with 1:1:1 
flavour composition naïve 
expectation

• But no agreement on 
what to expect

• No evidence for clustering
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Double Chooz

12

• Located at Chooz, France

• Measure θ13 via νeνe disappearence

• 8.3t Gd-doped liquid scintillator, with 18t 
undoped liquid scintillator to detect γ  

• Detectors at nearly isoflux positions

• Far: 1115/998m, Near: 465/351m from 
reactors

• Reactors systematics errors >90% 
suppressed

• Near detector completed! Taking data since 
december

• After ~468 days of data (with far detector 
only):

• sin22θ13=0.090+0.032-0.029

ACT II: The two-detector phase

Projected ✓13 precision
Preliminary projection, based on latest Gd analysis (2014):

Total years of data-taking since April 2011

0 1 2 3 4 5 6 7 8

 =
 0

.1
1
3

θ
2

2
 e

rr
o
r 

o
n
 s

in
σ

E
xp

e
ct

e
d
 1

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

0.05

Double Chooz Preliminary

DC-III based (n-Gd only): Far detector only

DC-III based (n-Gd only): Near and far detectors

Range of potential n-Gd-based precision

using near and far detectors

DC-III (n-Gd)

(2014 publication)

JHEP 10 (2014) 086 / arXiv:1406.7763 [hep-ex]

Rachel Carr (Columbia University) Entering the Two-Detector Phase of the Double Chooz Experiment 26 / 31

ACT I: Single-detector measurements

Latest ✓13 measurement with Gd

Visible Energy (MeV)
2 4 6 8 10 12 14 16 18 20

0.
25

 M
eV

Ev
en

ts

1

10

210

310
Data
No oscillation + best-fit backgrounds
Best fit:

2 = 0.00244 eV2m6 = 0.090 at 13e22sin
Accidentals
Lithium-9 + Helium-8
Fast neutrons + stopping muons

            DC-III (n-Gd)
Livetime: 467.90 days
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No oscillation
Reactor flux uncertainty
Total systematic uncertainty

 = 0.09013e22Best fit: sin
2 = 0.00244 eV2m6at 

           DC-III (n-Gd)
Livetime: 467.90 days

Gd analysis of 467.90 live days in Far Detector (2014):

sin22✓
13

= 0.090+0.032

�0.029

JHEP 10 (2014) 086 / arXiv:1406.7763 [hep-ex]

Rachel Carr (Columbia University) Entering the Two-Detector Phase of the Double Chooz Experiment 20 / 31
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Reactor anti-𝞶 anomaly (I)

13

• Observed/
Expected=0.94 
(~3σ) deficit in 
anti-ν rate in short 
baseline reactor 
experiments

The$Reactor$Neutrino$

The$effect$mostly$comes$from$the$detailed$physics$involved$in$$
the$nuclear$beta7decay$of$fission$fragments$in$the$reactor$

$
$Addi;onal$contribu;ons$from:$

$ $(1)$Off7equilibrium$nuclei$and$(2)Increase$in$the$detec;on$cross$sec;on$

The$Reactor$An;neutrino$Anomaly$
$obs/expected=0.94$(~3σ)$deficit$in$the$detected$an;neutrinos$$

from$short$baseline$reactor$experiments$$

From$J.$Kopp,$et$al.$
$JHEP$05$(2013)050$

$

Disagreement!Between!Predicted!and!Observed!
Absolute!Flux!at!Reactor!Near!Detectors!!

•  a!

11!

Daya!Bay! RENO!

• Very difficult calculations

• Quoted syst. can be underestimated by ~2

• Need for new experiments

• Until new data, claims for νs on this basis 
should be rejected
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Outline

14

• Neutrinos

• Dark matter

• Scalar sector

• Standard Model

• BSM

• Top

• Heavy Flavours

• Miscellanea

• Prize winners: Higgs mass and LHCb B→K*μμ
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Direct searches for DM

15

• XENON100 (62 kg target–scintillation light+ionization): Axion search 

Searches!for!Dark!MaFer:!Direct!Detec6on!

•  XENON100!(62!kg!target!–!scin6lla6on!light+ioniza6on):!Axion!search!

•  CRESToII!(phonons!+!scin6lla6on)!600!eV!threshold!

24!

• CREST-II (phonons + scintillation) 600 eV threshold 

Searches!for!Dark!MaFer:!Direct!Detec6on!

•  XENON100!(62!kg!target!–!scin6lla6on!light+ioniza6on):!Axion!search!

•  CRESToII!(phonons!+!scin6lla6on)!600!eV!threshold!

24!
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Indirect searches for DM

16

• Search for astrophysical sources of DM annihilation into SM particles

• Search targets: regions where large DM densities are expected

• Dwarf galaxies, inner galactic halo

• Main results from HESS

• 4x12m telescopes, 1x28m telescope

• No evidences so far even using updated DM models (flat in galactic core)

Searches!for!Dark!MaFer:!Indirect!Detec6on!

•  Look!for!DM!annihila6on!to!SM!par6cles!
•  Search!in!regions!where!large!DM!accumula6ons!might!be!

expected:!
!!!!!!!!!!!!Dwarf!galaxies!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Inner!galac6c!halo!

•  HESS!
–  four!12!m,!one!28!m!telescopes!!
–  energy!threshold!O(30!GeV)!!

25!
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Collider searches for DM

17

• Effective operators fails at high 
energies!

• They can mislead to miss the MET 
signal

• assumed growth of σ ∼ E2/Λ4 In 
models where 1/Λ2 ≈ g2 /M2 , such 
growth stops at the mediator mass

• What we really would see at the LHC 
is the heavy mediator mass 

Searches!for!Dark!MaFer:!Colliders!
•  DM!par6cles!undetected!→!

missing!transverse!momentum!

•  Nega6ve!searches!also!in!
many!other!channels!
–  See!later!

26!

Treatment!of!search!limits!within!EFT/Simplified!
models!will!be!covered!in!the!talk!by!Alessandro!
Strumia!

Z→νν+j

• Tipical signature: Large MET

• No evidence in any channel so far

• “We can find DM in the range 100GeVx10±40 by 2012 or later” (putting dir/
ind/coll searches together)
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Breaking the ν floor

18

• WIMP and low-mass DM searches are 
quickly reaching the ν floor limit

• There’s still hope that we can go through it

1. Reducing syst. unc. on fluxes

2. Target complementarity

3. Directional detection (cygnus vs sun)

4. Annual modulation (wimp: june, ν: january)

What is DM?

In the past century we understood matter. Cosmology and astrophysics tell
that there is more work to be done. If MDM = 100GeV ⇥ 10±40 ⇡ 100GeV it
can be discovered in direct, indirect, collider searches in 2012 or maybe later.

• J. Billard: direct DM searches are
reaching the ⌫ background. Seasonal
variations (DM max in June, solar ⌫

max in January), multiple experiments,
directionality might allow to survive to
the crash on the ground.

• U. Hash: higher order corrections for
DM search at LHC could be relevant. � �� ��� ���� ���
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9

Impact on direct detection sensitivity

• First detection of CNS! 
• Diversifying toward solar neutrino physics  
(J. Billard et al., arXiv:1409.0050)

Julien Billard (IPNL) - Moriond EW

(J. Billard et al., PRD 89 (2014))

11

Considering annual modulation 
• WIMP event rate modulates thanks to the rotation of Earth around the Sun: max. in June 

• Solar neutrino event rate modulates thanks to the eccentricity of the Earth’s orbit: max. in January 

Going beyond the neutrino bound

Julien Billard (IPNL) - Moriond EW

• WIMPs and solar neutrino have a modulation of about 3% which are shifted by about 180 days 

• Still requires about a 1000 of neutrino events to help going beyond the neutrino bound… 

• Additionally, modulation signals in direct dark matter searches have always been controversial

(J. H. Davis, JCAP (2015))

12

0.003 - 1.6687 keV

0 50 100 150 200 250 300 350 400

1.6687 - 3.3343 keV

0 5 10 15 20

3.3343 - 5 keV

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

0.003 - 1.6687 keV

0 50 100 150 200 250 300 350

1.6687 - 3.3343 keV

dRbin/dΩq [ton−1 year−1 sr−1]

0 2 4 6 8 10 12 14

3.3343 - 5 keV

Time: Sep. 6th 2015 18:00

Time: Feb. 26th 2015 18:00 WIMP: mχ = 6 GeV, σSI
p = 4.7× 10−45 cm2Target: Xe

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

Julien Billard (IPNL) - Moriond EW

February 
60° 

September 
120°

Considering directional detection 
• Thanks to the rotation of Solar System around Galactic Center, WIMPs are coming from Cygnus 

• Solar neutrinos are coming from … the Sun

WIMPs

Neutrinos

WIMPs

Neutrinos

3 eV - 1.6 keV 1.6 keV - 3.3 keV 3.3 keV - 5 keV
(C. O’Hare et al., in preparation)

• Depending on angular resolution, the irreducible neutrino background could be largely subtracted 

• But of course, we first need massive directional experiments… but this could be a great motivation!!

Going beyond the neutrino bound

In detector frame
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Outline

19

• Neutrinos

• Dark matter

• Scalar sector

• Standard Model

• BSM

• Top

• Heavy Flavours

• Miscellanea

• Prize winners: Higgs mass and LHCb B→K*μμ
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Higgs signal strengths (by decay)

20

• Comparable results between ATLAS/CMS

• Right on top of the Standard Model

Higgs!Boson!@!LHC:!Signal!Strength!for!Decay!Modes!

•  Results!consistent!with!SM! 31!

!!!!!Signal!strength:!μ!=!σobserved/σSM!

Higgs!Boson!@!LHC:!Signal!Strength!for!Decay!Modes!

•  Results!consistent!with!SM! 31!

!!!!!Signal!strength:!μ!=!σobserved/σSM!
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Higgs signal strengths (by production)

21

• Again consisten with SM

• 2σ fluctuations are not unexpected

• Experiments can play in many way to check particular combination of 
ratios (e.g. VBF)…

• But the take-home message is that so far SM holds beautifully

Higgs!Boson!@!LHC:!Signal!Strength!for!Produc6on!Mechanism!

32!

•  Again!consistent!with!SM!!

–  Of!course,!with!this!number!of!measurements!one!expects!2!sigma!

fluctua6ons!!

•  Many!ways!of!reoexpressing!signal!strength!measurements!to!focus!

on!par6cular!combina6ons!or!ra6os!…..!

–  e.g.,!both!experiments!have!3−4σ!evidence!for!VBF!produc6on!mode!

•  ……!but!the!essen6al!message!remains!the!same:!

–  Data!are!consistent!with!expecta6ons!from!SM!Higgs!



Giacomo Ortona                                                                                                                                                                                      LLR Seminar - LLR - 23/03/2015

Higgs Kinematics

22

• Production kinematics

Higgs!Boson!@!LHC!
Produc6on!kinema6cs!

•  Spin!1!and!2!variants!ruled!out!at!
beFer!than!95%!CL!

•  Limits!on!possible!admixtures!of!0−!
or!BSM!

33!

Decay!kinema6cs!
• Decay kinematics: test spin and parity

H ! ZZ ! 4l

H ! ZZ ! 4l analysis in CMS

Matrix Element Likelihood approach arXiv:1208.4018, use the discriminant
variables:

DJP =


1 +

Pkin
JP (m1,m2,⌦|m4l )

Pkin
0+(m1,m2,⌦|m4l )

��1

, Dbkg =


1 +

Pkin
bkg(m1,m2,⌦|m4l )⇥Pmass

bkg (m4l )

Pkin
0+(m1,m2,⌦|m4l )⇥Pmass

sig (m4l )

��1

Build 2D (DJP ,Dbkg) templates and Likelihoods for 0+ and JP

Tested and excluded 9 models + 3 prod independent models (1�, 1+, 2+)

) + 0
 /L

P J
-2

 ln
(L

-40

-20

0

20

40

60

-0
any

+
h0

any

-1
XAqq

-1
any

+1
XAqq

+1
any

+
m2
XAgg

+
m2
XAqq

+
m2
any

+
b2
XAgg

+
h2
XAgg

-
h2
XAgg

CMS -1 = 8 TeV, L = 19.7 fbs; -1 = 7 TeV, L = 5.1 fbs

CMS data Median expected

m 1± +0 m 1± PJ
m 2± +0 m 2± PJ
m 3± +0 m 3± PJ

G. Ortona INFN & University of Torino Measurement of spin and parity of Higgs boson

Frontiers in Particle Physics: From Dark Matter to the LHC and Beyond, 18-24 January 2014, Aspen (USA) 2014-01-20 8 / 23

H ! ZZ ! 4l

fa3 parameter

Most general spin-0 boson decay amplitude:
A(H ! ZZ) = v�1✏⇤1 ✏

⇤
2

⇣
a1gµ⌫m

2
Z + a2qµq⌫ + a3✏µ⌫↵�q

↵
1 q

�
2

⌘
= A1 +⇢⇢A2 + A3

0+ dominated by A1, 0� by A3

fa3 = |A3|2/(|A1|2 + |A3|2)
if 0 < fa3 < 1 ! CP violation

Interference is negligible

The shape of D0� discriminant
depends on the value of fa3.
We can use it to measure fa3

We can set a limit on CP
violating contributions to HZZ
coupling

3af
0 0.2 0.4 0.6 0.8 1

ln
L

6
-2
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10

12
Expected

Observed

CMS -1 = 8 TeV, L = 19.7 fbs ; -1 = 7 TeV, L = 5.1 fbs

fa3 = 0.00+0.17
�0.00, fa3 < 0.51 at 95% CL

G. Ortona INFN & University of Torino Measurement of spin and parity of Higgs boson

Frontiers in Particle Physics: From Dark Matter to the LHC and Beyond, 18-24 January 2014, Aspen (USA) 2014-01-20 10 / 23

• Spin 1 and 2 
variants ruled 
out at 95% CL

• Limits on 
possible 
admixtures of 
0− or BSM
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Higgs width

23

• ATLAS is combining with WW as well

• At 95% CL: ΓH/ΓSM < 4 (CMS) < 5.5 (ATLAS) 

Higgs!Boson!@!LHC:!Indirect!Determina6on!of!Higgs!Width!!

•  High!mass!tail!in!H→ZZ→l+l−l+l−!sensi6ve!to!ΓH!

•  At!95%!CL:!ΓH/ΓSM!<!4!(CMS)!!!<!5.5!(ATLAS)!

•  Requires!some!assump6ons!
34!
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Higgs searches

24

• Rare/Exo

• H→μμ σ/σSM<7 @ 95%CL (Both)

• H→τμ: First direct limit (CMS) 
BR<0.75% (LFV channel)

• H→J/ψγ probe H-c coupling(HL-LHC)

• Invisible (and quasi-invisible)

• Updated with associated VH/VBF prod

• New channels: mono-j, tt+MET, γ+MET

• Direct limits: 30-80%, indirect: ~30%

• Additional Higgses (e.g. ZZ→llbb)

• HH searches

• In preparation for Run2, not possible in 
Run1

• All searches gave negative results so far

Higgs!Boson!@!LHC!
Searches!for!rare/exo6c!Higgs!decays!
•  E.g.,!H→μμ!
•  Br(95%!CL!limit)/Br(SM)!~!7!(both!experiments)!

–  Br(SM)!=!2.2x10o4!!!!![~1/10!Br(H→ϒϒ)]!

•  Important!to!demonstrate!nonouniversality!of!
lepton!couplings!!

•  Br(H→invisibles)!<!30%!@!95%!CL!
•  Similar!results!from!both!experiments!

35!

Searches!for!addi6onal!(higher!mass)!Higgs!
•  E.g.,!Search!for!H→ZZ→l+l−bb!!(2!botag)!
The!boFom!line:!
•  All!(presented!in!public)!searches!give!

nega6ve!results!

Higgs!Boson!@!LHC!
Searches!for!rare/exo6c!Higgs!decays!
•  E.g.,!H→μμ!
•  Br(95%!CL!limit)/Br(SM)!~!7!(both!experiments)!

–  Br(SM)!=!2.2x10o4!!!!![~1/10!Br(H→ϒϒ)]!

•  Important!to!demonstrate!nonouniversality!of!
lepton!couplings!!

•  Br(H→invisibles)!<!30%!@!95%!CL!
•  Similar!results!from!both!experiments!

35!

Searches!for!addi6onal!(higher!mass)!Higgs!
•  E.g.,!Search!for!H→ZZ→l+l−bb!!(2!botag)!
The!boFom!line:!
•  All!(presented!in!public)!searches!give!

nega6ve!results!

H→ZZ→2l2b
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CMS High mass Higgs search

25

• CMS only

• No additional H 
seen with the full 
run1 dataset

SM Higgs limit on signal strength

WW

ZZ

C’2 limits with the high mass 
combination

Direct search more sensitive than indirect limit in the 200-
600 GeV mass range

The EWK singlet extension

• Any Higgs boson must contribute to V-V scattering and VV→ff unitarization
• Define

• Request of unitarization (+ custodial symmetry) imposes constraint on the C(‘) 
parameters

• No dependence on the Higgs masses!
• Implies rescaling of the SM cross section and width for h2 wrt SM

If new decays are available
(like h2 →h1h1)

The EWK singlet extension

• Any Higgs boson must contribute to V-V scattering and VV→ff unitarization
• Define

• Request of unitarization (+ custodial symmetry) imposes constraint on the C(‘) 
parameters

• No dependence on the Higgs masses!
• Implies rescaling of the SM cross section and width for h2 wrt SM

If new decays are available
(like h2 →h1h1)
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Higgs at the LHC: where we stand

26

• The sheer amount of results delivered by the LHC in 
the Higgs sector is astounding

• Impossible to cover all of them even in dedicated 
talks

• The precision of the results is much higher than was 
foreseen before run1

• Already with this amount of data, we are a factor ~2 
from theoretical uncertainties

• Now our theory colleagues will need a huge effort 
to reduce them

• So far measurements are in very good agreement with 
SM predictions

• Composite H searches have turned out empty so far

• Theoreticians are keen to find H composite of 
fermions for naturalness BUT 

• How to get Yukawas from fermions? Drop Leff?

Higgs!Boson!@!LHC:!Closing!Remarks!
•  So!liFle!data,!such!low!energy!!!(25!ào1,!7−8!TeV)!

–  Even!just!observing!the!Higgs!was!a!surprise!!
•  To!be!able!to!make!such!precise!measurements!is!astounding!!
•  Each!one!of!these!individual!measurements!required!huge!effort!

and!ingenuity!
–  which!flashed!by!in!20!seconds!of!even!the!dedicated!talks!!

•  o!measurements!are!in!very!good!agreement!with!SM!predic6ons!

A!comment!on!theore6cal!uncertain6es!!!
•  Predic6ons!for!signal!strength!

precision!with!300!&!3000!ào1!
•  With!today’s!6ny!dataset!

measurements!within!factor!2!of!
theore6cal!uncertainty!

•  Huge!theore6cal!effort!will!be!
needed!to!reduce!these!uncertain6es!
to!an!adequate!level!!

36!
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Outline
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• Neutrinos

• Dark matter

• Scalar sector

• Standard Model

• BSM

• Top

• Heavy Flavours

• Miscellanea

• Prize winners: Higgs mass and LHCb B→K*μμ
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Overview

28

LHC!

28!
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Global EWK fit

29

• The global fit now includes:

• 2-loops EW corrections

• Mixed EW-QCD terms (at order ααs)

• Theoretical uncertainty on top mass 
Δmt=0.5GeV

• Consistent fit of all data

• χ2/NDF = 17.8/14

• Top priority: measure W mass

• ΔmW=15MeV (direct) wrt 8 (fit)

Global!Electroweak!Fit!
•  Correc6ons!calculated!to!2oloop!

EW!precision!

•  Mixed!EWoQCD!terms!only!at!
order!ααs!

•  Include!Δmt!=!0.5!GeV!theore6cal!
uncertainty!

37!

•  Improving!direct!ΔMW!a!high!priority!
–  ΔMW!=!15!MeV!(direct),!c.f.!!8!MeV!(fit)! •  Consistent!fit!to!all!the!data!

–  Χ2!=!17.8!for!14!d.o.f.!
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order!ααs!

•  Include!Δmt!=!0.5!GeV!theore6cal!
uncertainty!

37!
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–  Χ2!=!17.8!for!14!d.o.f.!
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•  Include!Δmt!=!0.5!GeV!theore6cal!
uncertainty!

37!

•  Improving!direct!ΔMW!a!high!priority!
–  ΔMW!=!15!MeV!(direct),!c.f.!!8!MeV!(fit)! •  Consistent!fit!to!all!the!data!

–  Χ2!=!17.8!for!14!d.o.f.!
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Outline
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• Neutrinos

• Dark matter

• Scalar sector

• Standard Model

• BSM

• Top

• Heavy Flavours

• Miscellanea

• Prize winners: Higgs mass and LHCb B→K*μμ
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BSM Long-lived particles

31

• All “easy” or “fast” analyses already completed by Moriond2013

• Now looking in every corner we can with as much “ingenuity” as 
possible

• Search for Long-lived BSM particles is based on anomalous displaced 
vertex

• Or search for stable massive particle (de/dx)

Searches!for!BSM!Physics@LHC!
•  All!the!`easy’!stuff!was!done!by!Moriond!2013!!
•  Subsequently:!great!ingenuity!in!`leaving!no!stone!unturned’!
E.g.,!Searches!for!Longolived!BSM!par6cles!

•  Search!for!
anomalous!
displaced!
ver6ces!

•  Search!for!stable!
massive!par6cles!
using!dE/dx!in!
pixel!tracker!

49!
Katharine Leney 1319th March 2015

CMS: Displaced Lepton Pairs
Search for non-SM Higgs boson 
decaying to spin-less, long-lived 

boson Χ which can decay to leptons. 
(Also SUSY χ0 interpretation.)

H→ΧΧ, Χ→!+!-  

• Select pairs of isolated, same-
flavour, opposite-sign charge 
lepton pairs. 

• Associated tracks required to have 
|d0|/σd0 > 12. 

• Track pairs fitted to a common 
vertex with χ2/dof < 10 (5) for e 
(µ) channel. 

•Δφ(p!! vector, vector from PV to 
!!-vertex) < π/2. 

• Events required to have at least 
one long-lived particle candidate.

CMS 
arXiv:1411.6977 

Submitted to Phys. Rev. D
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(S)top-pair searches
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• Stop-pair with small top-stop Δm (“compressed SUSY”)

• Very similar to tt events!

• Possible helps:

• Increase in cross-section

• Modified spin correlations

Searches!for!BSM!Physics@LHC!

•  For!large!Δm!this!is!`easy’!
–  See!F!events!with!anomalously!

large!ETmiss!

•  For!low!Δm!stop!pair!events!
look!very!much!like!F!!

•  Exploit:!
–  Increase!in!measured!cross!

sec6on!
–  Modified!`spin!correla6ons’!

•  Nice!example!of!poten6al!for!
precise!measurements!to!be!
sensi6ve!to!BSM!physics!!

50!

Stop!pair!with!small!stopotop!mass!difference!(Δm)!`compressed!SUSY’!

Searches!for!BSM!Physics@LHC!

•  For!large!Δm!this!is!`easy’!
–  See!F!events!with!anomalously!

large!ETmiss!

•  For!low!Δm!stop!pair!events!
look!very!much!like!F!!

•  Exploit:!
–  Increase!in!measured!cross!

sec6on!
–  Modified!`spin!correla6ons’!

•  Nice!example!of!poten6al!for!
precise!measurements!to!be!
sensi6ve!to!BSM!physics!!

50!

Stop!pair!with!small!stopotop!mass!difference!(Δm)!`compressed!SUSY’!

• Boosted top jets (Z’→tt)

• Jet substructure analysis mandatory

• Set limits on Z’ production

Searches!for!BSM!Physics@LHC!
`Boosted’!top!jets!

51!

•  At!TeV!energies!even!the!top!quark!is!`light’!
•  All!decay!products!end!up!in!one!`fat’!jet!
•  Various!techniques!to!disentangle!subostructure!

Use!boosted!technique!to!extend!
measurement!of!top!quark!pT!!

No!excess!
observed!
  #!
Set!limits!on!Z’!
produc6on!
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Outline
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• Neutrinos

• Dark matter

• Scalar sector

• Standard Model

• BSM

• Top

• Heavy Flavours

• Miscellanea

• Prize winners: Higgs mass and LHCb B→K*μμ
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Top mass
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• CMS claims the most precise single LHC 
measurement using lepton+jet

• mt=172.0±0.2(stat)±0.8(syst)GeV

• Very careful JES calibration

• cross-check with b energy scale comparing 
events with Z+jet and Z+bjet

Top!Mass@LHC!
•  CMS:!lepton+jets!
•  Most!precise!single!measurement!

at!LHC!to!date!

•  Requires!very!careful!calibra6on!
of!jet!energy!scale!

•  Crossocheck!of!bojet!energy!scale!!
–  compare!pT!balance!in!Z!+!jet!and!

Z!+!bojet!events!!

44!

Top!Mass@Tevatron!
•  Also!at!Tevatron!significant!

recent!progress!!

•  Rela6onship!between!Mt
MC@NLO!and!Mt

GFiFer!to!be!discussed!in!
talk!by!Alessandro!

45!

• But Tevatron 
combination is still 
slightly better

• mt=174.34±0.37(stat)
±0.52(syst)GeV

• We should be more 
interested in Yt than mt

Top!Mass@Tevatron!
•  Also!at!Tevatron!significant!

recent!progress!!

•  Rela6onship!between!Mt
MC@NLO!and!Mt

GFiFer!to!be!discussed!in!
talk!by!Alessandro!

45!
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Single top production

35

Single-top-quark production: Summary 
!  Different processes sensitive to different new physics mechanisms 

Moriond/EW: 50th Rencontres de Moriond  8 

NNLO 

NLO+NNLL 

NLO 

Upper limit 
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Single top s-channel production

36

• Tevatron produced the first observation (6.3σ) of 
the top production in the s-channel

Observa6on!of!Single!Top!produc6on!in!sochannel@Tevatron!

!!!!!Significance!6.3!σ!
!
!!!!!!!to!and!sochannel!crossosec6on!contour!

47!
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Outline

37

• Neutrinos

• Dark matter

• Scalar sector

• Standard Model

• BSM

• Top

• Heavy Flavours

• Miscellanea

• Prize winners: Higgs mass and LHCb B→K*μμ
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• World mesurement dominated 
by LHCb

• Main channels:

• B0s→J/ψπ+π-

• B0s→J/ψK+K-

LHCb:!CP!Viola6on!in!Bs0!!

Decay!angular!distribu6ons!in!Bs0→J/ψK+K−!

Measurements!
dominated!by!LHCb!
(Bs0→J/ψπ+π−!

!and!Bs0→J/ψK+K−)!
!

57!
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CKM: γ angle

39

• Indirect Measurement:

• γ=66.9+1-3.7 (CKMfitter)

LHCb:!Direct!Measurement!of!CKM!Angle!ϒ!

•  S6ll!a!long!way!to!go!before!direct!
measurements!match!indirect!precision!

58!
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measurements!match!indirect!precision!

58!

• Direct Measurements:

• LHCb γ=73+9-10

• BaBar γ=69+17-16, Belle 68+15-14

• Still a long way to go before 
matching indirect measurement
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CKM: |Vub|

40

• First ever observation of Λb→pμ-ν

• Br(Λb→pμ−ν) = (3.92±0.83)x10-4

• Previous measurements showed 
tensions between |Vub| measurements 
in exclusive vs inclusive decays. LHCb 
results agree with exclusive 
measurements

LHCb:!determina6on!of!CKM!element!|Vub|!
•  First!observa6on!of!exclusive!decay!

Λb→pμ−ν!
–  Br(Λb→pμ−ν)!=!(3.92±0.83)x10o4!!

!

inclusive!
!
!!!!!!&!
!
!
exclusive!
!
!
!!!decays! 59!

Tension!between!|Vub|!!measured!in:!
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Outline

41

• Neutrinos

• Dark matter

• Scalar sector

• Standard Model

• BSM

• Top

• Heavy Flavours

• Miscellanea

• Prize winners: Higgs mass and LHCb B→K*μμ
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From K to Pseudo-Observables

42

• The k-factors (coupling deviations) framework only affects yields. Not 
suited for the study of deviations of SM which affect shapes

• Since the run2 LHC program is full of searches for such deviations 
(SUSY, composite scalar, top partners) a new framework is needed

• Wilson coefficients are an obvious choice, but too much deeply rooted 
in theory, difficult to find a clear relation with observables

• Proposed solution: Pseudo-Observables, which will depend on the EFT 
and the experimental signatures of a given process.

• This means experimentalists and theorists MUST work closely 
together to define the appropriate PO

• PO might be form factors, or parameters of DATA-MC discrepancies 
fits



Giacomo Ortona                                                                                                                                                                                      LLR Seminar - LLR - 23/03/2015

LHC plans

43

• Ramp the current until single 
magnet quenches - “training 
quench” 

• Repeat as necessary 

• No magnet quenched more than 
once

Dipole training 1/ 2 
• 154 dipoles per sector, powered in series 
• Ramp the current until single magnet quenches -  “training quench” 
• Repeat as necessary 

10 year plan 

Run 3: 14 TeV c.m. with peak 
luminosity of ~2x1034 cm-2 s-1    

Run 2: 13 to 14 TeV c.m. with peak 
luminosity of ~1.7x1034 cm-2 s-1    

• Long years – 13 weeks Christmas stop  
• Interspersed with long shutdown every 3 to 4 years 
• Ions very much part of the plan 

LS2: 18 months 
Connection of LINAC4 
LHC Injectors Upgrade 

EYETS 19 weeks 
Extended year end 

technical stop (CMS) 
LS3: 30 months 

High Luminosity LHC 

• 2015 plans:

• 6.5TeV, 25ns, 40<β*<80cm

• Energy issues: 

• Lower quench margins, tolerance to 
beam loss, intensity set-up beams,   
Hardware closer to maximum 
(beam dumps, power converters…) 

• Bunch spacing issues:

• Electron-cloud, UFOs, more long 
range collisions, larger crossing 
angles, higher β*, beam current 
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Outline

44

• Neutrinos

• Dark matter

• Scalar sector

• Standard Model

• BSM

• Top

• Heavy Flavours

• Miscellanea

• Prize winners: Higgs mass and LHCb B→K*μμ
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Silver medal: CMS+ATLAS Higgs mass

45

Precise mass determination 
possible in 2 channels:

• 4l and γγ
• All other channels have ν 

or hadrons in final state

Comparable results among 
the 2 experiments

Lot of work to properly 
assess/correlate/quantify all 
the systematics in the 2 
experiments in order to 
combine properly the 
likelihoods.

Higgs!Boson!Mass!@!LHC!
Precise!mass!
determina6ons!in!
two!channels:!
!

!H→ZZ→l+l−l+l−'
!!!!!!(l!=!e!or!μ)!
!
!
!
!
!

!!!!!!!!!!!!H→ϒϒ'

All!other!channels!
have!ν!and/or!
hadrons!in!final!state!

29!
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Silver medal: CMS+ATLAS Higgs mass

46

Higgs!Boson!Mass!@!LHC!

30!

mH!=!125.09!±!0.21!(stat.)!±!0.11!(syst.)!GeV!
!
!

Overall!0.19%!precision!already!achieved!!

dominated!by!energy/momentum!scale!calibra6on!
(which!is!also!dominated!by!available!sta6s6cs)!

• mH=125.09±0.21(stat)±0.11(syst) GeV 

• 0.19% precision! Among the most precise parameters of the EWK fit

• Systematics dominated by energy/momentum scale corrections 
(dominated by the available statistics)

• Tensions mostly within experiments, no indications of channel 
dependencies
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Gold medal: LHCb B0s→K*μμ

47

• Decay fully described by 3 helicity angles Ω and q2=m2μμ

• Total signal yield: 2398±57ev

LHCb:!B0→K*0μ+μ−!with!3ào1!

Veto!

!

Ψ(2s)!→μ+μ−!!

!

J/ψ→μ+μ−!!

(used!as!a!calibra6on,!

crossocheck!sample)!

52!

_!

K*0→K−π+!

LHCb:!B0→K*0μ+μ−!with!3ào1!

Veto!

!

Ψ(2s)!→μ+μ−!!

!

J/ψ→μ+μ−!!

(used!as!a!calibra6on,!

crossocheck!sample)!

52!

_!

K*0→K−π+!
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Gold medal: LHCb B0s→K*μμ

48

• Significant signal observed in all q2 bins

LHCb:!B0→K*0μ+μ−!with!3ào1!
•  Total!signal!yield!=!2398!±!57!events!
•  Significant!signal!seen!in!each!bin!of!q2!

53!



Giacomo Ortona                                                                                                                                                                                      LLR Seminar - LLR - 23/03/2015

Gold medal: LHCb B0s→K*μμ
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• P’5 is a combination of the 
fitted angular distributions for 
which hadronic form factors 
uncertainties should be small

• Discrepancy SM/Data in 4<q2<8 
bins is about 3.7σ

LHCb:!B0→K*0μ+μ−!with!3ào1!

•  P’5!is!a!combina6on!of!the!fiFed!angular!coefficients!for!which!
hadronic!form!factor!uncertainty!should!be!small!

•  Naïve!significance!of!discrepancy!in!the!two!q2!bins!from!4−8!GeV2!is!3.7!σ!
•  Results!with!3ào1!compa6ble!with!and!more!precise!than!those!with!1!ào1!

56!

LHCb:!B0→K*0μ+μ−!with!3ào1!

1D!projec6ons!of!mul6dimensional!likelihood!for!1.1<q2<6!GeV2!!

Efficiencyocorrected!data!well!described!by!fiFed!likelihood!distribu6on!
54!
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Gold medal: LHCb B0s→K*μμ

50

• J. Matias and D. Straub ran 
(independently) a global fit of 
the SM and compared it with 
LHCb data, adding Wilson 
coefficients for NP in the fit

• χ2SM=116.9/88 (p=2.14%)

• χ2SM=125.8/91 (p=0.92%) 
when including b→se+e-

• BSM with NP in CNP9 preferred 
wrt SM by 3.7σ, 4.3σ when 
including b→se+e-

• CNP9 is linked to LFUV theories

• QCD effects (charm loops) can 
mimic this. If it is NP than it 
should be q2 independent 

The B ! K⇤µ+µ� anomaly

J. Matias and D. Straub got new LHC-B data
about angular distributions in B ! K⇤µ+µ�,
disappeared from co↵ee breaks and slopes,
made global analyses with older data about
B ! K`+`� rates, caused a panic during the
solar eclipse claiming they see BSM at ⇡ 4�:

(̄b�µs)L(µ̄�µµ)L or V

(20 � 30TeV)2

Their analyses mostly agree, Matias also finds
fits with (̄b�µs)R. Such operators can be me-
diated at tree level by lepto-quarks or Z0 such
as Crivellin Lµ � L⌧ .
The charm loop could (?) give a q2-dependent
L ⇥ V e↵ect equal in µ+µ� and in e+e�.
New physics would give an anomaly that does
not depend on q2 but can depend on flavor
and maybe even violate it giving B ! K(⇤)µe.

SM+charm

C9NP=-1.1

C9NP=-C10NP=-0.6

0 5 10 15
-1.0

-0.5

0.0

0.5

1.0

q2HGeV2L

P 5
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Conclusions

51

• An extremely rich physics program has been 
presented at Moriond this year

• Great results on several topics: neutrinos, flavour physics, 
theory, standard model…

• Unfortunately I couldn’t put in everything, but I hope you 
enjoyed this presentation

• High expectations for LHC run2 and for HL-LHC

• Two especially impressive results: 

• from CMS/ATLAS the final h mass combination

• from LHCb a 4.3σ SM incompatibility in B→K*μμ
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Comments

52

• SM looks as solid as ever (despite LHCb efforts)

• Some roads left: 

• 3 TeV SUSY, Z’, flavour violation are still well in the game 

• The experiments are delivering impressive results, but the theory seems 
to have difficulties to keep the pace

• IMHO, we are headed again for an experiment driven period

• Suggestions that adimensional gravity with ggravity reaching a plateau 
before1011GeV might solve naturalness

• Higgs fluctuation during inflation might give baryogenesys

• Vacuum metastability does not depends on Mt/MH alone

• EFT are the latest development, but might not be the best way out

• Not clear how you can get at the same time FV and Yukawa 
couplings



BACKUP
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𝞶 (and DM) detectors common features

54

• Deep underground

• Active/Passive shielding 
around active volume

• Fiducial volume to select 
fully contained events

• extremely high radio 
radiopurity

• Coincidence from more 
than 1 detection technique 
for signal

• Ionization, Cherenkov 
light, phonons, 
scintillation light…

Keys to a precise measurement of θ13  �

!  Baseline$OpWmizaWon$
!  High$staWsWcs:$powerful(reactors,(larger(detectors((
!  ReducWon$of$systemaWc$errors:$

–  Reactor$related:(Far/(near(rela.ve(measurement((
–  Detector$related:(func.onally(iden.cal(detectors$

!  Low$background�
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Jordan Myslik (University of Victoria) Selected results from T2K March 15, 2015 3 / 19
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IceCube

55

• Cherenkov light in ice

• Located at geo south pole

• atm ν only from above

• 1km3 active volume

• 1.5-2.5km deep

• ν detection threshold: ~200GeV

Very!High!Energy!Neutrinos!with!IceCube!

•  Cerenkov!light!in!ice!
•  1!km3!ac6ve!volume!
•  1.5−2.5!km!under!

surface!
•  ν!detec6on!

threshold!~200!GeV!

17!

Very!High!Energy!Neutrinos!with!IceCube!

•  Cerenkov!light!in!ice!
•  1!km3!ac6ve!volume!
•  1.5−2.5!km!under!

surface!
•  ν!detec6on!

threshold!~200!GeV!

17!

• Goal: study the very high energetic 
cosmological ν and look for 
possible cosmological sources

• Possible hints for DM, help to 
study extreme cosmological 
phenomena 
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Results from 𝞶 reactors

56

Keys to a precise measurement of θ13  �
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Uncertainties on expected flux

57

Uncertain6es!in!Calcula6on!of!Reactor!Flux!

Two!different!
calcula6ons!of!
an6oν!energy!
spectrum!

•  These!are!immensely!complicated!calcula6ons!
•  Extremely!hard!to!decide!on!theore6cal!grounds!which!calcula6on!is!correct!

12!

Different calculations 
yield to largely different 
results

• These are really difficult calculations

• Impossible to decide which one is better on theoretical grounds alone

• Quoted syst. are underestimated by ~2. This can cover the anomaly

• Need for new experiments (such as PROSPECT, SOLID, NUCIFER, STEREO)

• Until new data, claims for νs on this basis should be rejected
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Planck

58

• Improvements for 2015:

• Data calibration

• Better control of systematics

• Full mission data (increase statistics)

• Polarization from Planck own 
instruments

• No need to rely on maps anymore

Sum of the Neutrino Masses!

Moriond EW 2015 ! ! ! ! ! ! ! !  ! ! !          S. Henrot-Versillé!

12!

(95%CL limit)!

PlanckTT+LowP+Lensing+BAO+SN/JLA+H0!

Σ(mν)<0.23eV!

⇒ Impact on the first acoustic peak !
⇒ + small scales!

Combined with oscillations measurements!
⇒ Starting to test the hierarchy soon ?!?!

(cf. yesterday’s talk : E. lisi, S. Choubey,!
T. Johnson,...)!

• Results

• Update Temperature spectrum + polarization spectrum

• Σmν>0.23eV, close to what we need to test hierarchy

• Number of Relativistic DOF (3.046 if only photons and ν)

Neff!
Neff is the effective number of relativistic degrees of freedom!
!
Under the assumption that ONLY photons and standard light neutrinos!
contribute to the radiation:!
!
⇒  Neff is the effective number of neutrinos and ��3.046 !
Any deviation from this value can be attributed to sterile neutrinos, 
axions, lepton number violation (cf. yesteday J. Heeck’s talk) primordial 
gravitational waves (GW)...!
!

No convincing evidence for extra relativistic!
component!

Moriond EW 2015 ! ! ! ! ! ! ! !  ! ! !          S. Henrot-Versillé!

13!

Accuracy with Polarization:!
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BSM status

59
CMS Exotica Physics Group Summary – Moriond, 2015!

stopped gluino (cloud)
stopped stop (cloud)
HSCP gluino (cloud)

HSCP stop (cloud)
q=2/3e HSCP

q=3e HSCP
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BSM status

60

Model ℓ, γ Jets Emiss
T

∫
L dt[fb−1] Mass limit Reference

Ex
tra

di
m
en
sio

ns
G
au
ge

bo
so
ns

CI
DM

LQ
He

av
y

qu
ar
ks

Ex
cit
ed

fe
rm
io
ns

O
th
er

ADD GKK + g/q − ≥ 1 j Yes 20.3 n = 2 1502.015185.25 TeVMD

ADD non-resonant ℓℓ 2e,µ − − 20.3 n = 3 HLZ 1407.24104.7 TeVMS

ADD QBH→ ℓq 1 e,µ 1 j − 20.3 n = 6 1311.20065.2 TeVMth

ADD QBH − 2 j − 20.3 n = 6 1407.13765.82 TeVMth

ADD BH high Ntrk 2 µ (SS) − − 20.3 n = 6, MD = 3 TeV, non-rot BH 1308.40754.7 TeVMth

ADD BH high ∑ pT ≥ 1 e, µ ≥ 2 j − 20.3 n = 6, MD = 3 TeV, non-rot BH 1405.42545.8 TeVMth

ADD BH high multijet − ≥ 2 j − 20.3 n = 6, MD = 3 TeV, non-rot BH Preliminary5.8 TeVMth

RS1 GKK → ℓℓ 2 e,µ − − 20.3 k/MPl = 0.1 1405.41232.68 TeVGKK mass
RS1 GKK → γγ 2 γ − − 20.3 k/MPl = 0.1 Preliminary2.66 TeVGKK mass
Bulk RS GKK → ZZ → qqℓℓ 2 e,µ 2 j / 1 J − 20.3 k/MPl = 1.0 1409.6190740 GeVGKK mass
Bulk RS GKK →WW → qqℓν 1 e,µ 2 j / 1 J Yes 20.3 k/MPl = 1.0 1503.04677700 GeVW′ mass
Bulk RS GKK → HH → bb̄bb̄ − 4 b − 19.5 k/MPl = 1.0 ATLAS-CONF-2014-005590-710 GeVGKK mass
Bulk RS gKK → tt 1 e,µ ≥ 1 b, ≥ 1J/2j Yes 20.3 BR = 0.925 ATLAS-CONF-2015-0092.2 TeVgKK mass
2UED / RPP 2 e,µ (SS) ≥ 1 b, ≥ 1 j Yes 20.3 Preliminary960 GeVKK mass

SSM Z ′ → ℓℓ 2 e,µ − − 20.3 1405.41232.9 TeVZ′ mass
SSM Z ′ → ττ 2 τ − − 19.5 1502.071772.02 TeVZ′ mass
SSM W ′ → ℓν 1 e,µ − Yes 20.3 1407.74943.24 TeVW′ mass
EGM W ′ →WZ → ℓν ℓ′ℓ′ 3 e,µ − Yes 20.3 1406.44561.52 TeVW′ mass
EGM W ′ →WZ → qqℓℓ 2 e,µ 2 j / 1 J − 20.3 1409.61901.59 TeVW′ mass
HVT W ′ →WH → ℓνbb 1 e,µ 2 b Yes 20.3 gV = 1 Preliminary1.47 TeVW′ mass
LRSM W ′

R → tb 1 e,µ 2 b, 0-1 j Yes 20.3 1410.41031.92 TeVW′ mass
LRSM W ′

R → tb 0 e,µ ≥ 1 b, 1 J − 20.3 1408.08861.76 TeVW′ mass

CI qqqq − 2 j − 17.3 ηLL = −1 Preliminary12.0 TeVΛ

CI qqℓℓ 2 e,µ − − 20.3 ηLL = −1 1407.241021.6 TeVΛ

CI uutt 2 e,µ (SS) ≥ 1 b, ≥ 1 j Yes 20.3 |CLL | = 1 Preliminary4.35 TeVΛ

EFT D5 operator (Dirac) 0 e,µ ≥ 1 j Yes 20.3 at 90% CL for m(χ) < 100 GeV 1502.01518974 GeVM∗
EFT D9 operator (Dirac) 0 e,µ 1 J, ≤ 1 j Yes 20.3 at 90% CL for m(χ) < 100 GeV 1309.40172.4 TeVM∗

Scalar LQ 1st gen 2 e ≥ 2 j − 1.0 β = 1 1112.4828660 GeVLQ mass
Scalar LQ 2nd gen 2 µ ≥ 2 j − 1.0 β = 1 1203.3172685 GeVLQ mass
Scalar LQ 3rd gen 1 e, µ, 1 τ 1 b, 1 j − 4.7 β = 1 1303.0526534 GeVLQ mass

VLQ TT → Ht + X ,Wb + X 1 e,µ ≥ 1 b, ≥ 3 j Yes 20.3 isospin singlet ATLAS-CONF-2015-012785 GeVT mass
VLQ TT → Zt + X 2/≥3 e, µ ≥2/≥1 b − 20.3 T in (T,B) doublet 1409.5500735 GeVT mass
VLQ BB → Zb + X 2/≥3 e, µ ≥2/≥1 b − 20.3 B in (B,Y) doublet 1409.5500755 GeVB mass
VLQ BB →Wt + X 1 e,µ ≥ 1 b, ≥ 5 j Yes 20.3 isospin singlet Preliminary640 GeVB mass
T5/3 →Wt 1 e,µ ≥ 1 b, ≥ 5 j Yes 20.3 Preliminary840 GeVT5/3 mass

Excited quark q∗ → qγ 1 γ 1 j − 20.3 only u∗ and d ∗, Λ = m(q∗) 1309.32303.5 TeVq∗ mass
Excited quark q∗ → qg − 2 j − 20.3 only u∗ and d ∗, Λ = m(q∗) 1407.13764.09 TeVq∗ mass
Excited quark b∗ →Wt 1 or 2 e,µ 1 b, 2 j or 1 j Yes 4.7 left-handed coupling 1301.1583870 GeVb∗ mass
Excited lepton ℓ∗ → ℓγ 2 e, µ, 1 γ − − 13.0 Λ = 2.2 TeV 1308.13642.2 TeVℓ∗ mass
Excited lepton ν∗ → ℓW , νZ 3 e, µ, τ − − 20.3 Λ = 1.6 TeV 1411.29211.6 TeVν∗ mass

LSTC aT →W γ 1 e, µ, 1 γ − Yes 20.3 1407.8150960 GeVaT mass
LRSM Majorana ν 2 e,µ 2 j − 2.1 m(WR ) = 2 TeV, no mixing 1203.54201.5 TeVN0 mass
Higgs triplet H±± → ℓℓ 2 e,µ (SS) − − 20.3 DY production, BR(H±±L → ℓℓ)=1 1412.0237551 GeVH±± mass
Higgs triplet H±± → ℓτ 3 e, µ, τ − − 20.3 DY production, BR(H±±L → ℓτ)=1 1411.2921400 GeVH±± mass
Monotop (non-res prod) 1 e,µ 1 b Yes 20.3 anon−res = 0.2 1410.5404657 GeVspin-1 invisible particle mass
Multi-charged particles − − − 20.3 DY production, |q| = 5e Preliminary785 GeVmulti-charged particle mass
Magnetic monopoles − − − 2.0 DY production, |g | = 1gD 1207.6411862 GeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 7 TeV

√
s = 8 TeV

ATLAS Exotics Searches* - 95% CL Exclusion
Status: March 2015

ATLAS Preliminary∫
L dt = (1.0 - 20.3) fb−1

√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. 22
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→ see talk by 
S. Majewski
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Multi-Boson scattering

61

Measurement of the WW production cross section:

σW+W-=60.1±0.9(stat)±3.2(exp)±3.1(th)±1.6(lumi)pb

• Consistent with NNLO (59.8+1.3-1.1pb)

First evidence (3.7σ) of 3-bosons final state (ATLAS)

• Wγγ→lνγγ

Issue: NLO EWK corrections are (in most cases) 
not available

Their effect is larger at high pt, exactly where data 
are most sensitive for anomalous couplings effects
 

Mul6oBoson!Measurements!
•  E.g.!W+W−!cross!sec6on!

•  A!trioboson!final!state:!Wϒϒ→lνϒϒ!
•  First!evidence!(3.7!σ!significance)!

•  N.B.!NLO!EWK!correc6ons!are!NOT!
available!in!most!cases!!
–  Largest!effect!in!high!pT!regions!and!this!is!

just!where!data!are!sensi6ve!to!anomalous!
coupling!effects! 38!

TGC!vertex!
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EWK results from Tevatron

62

When coming to EWK measurement, Tevatron has the advantage of being 
able to study asymmetries in the collisions

!!!!!!!!!!!!!!!!!!!!!!!!!!!!_!
EW!Measurements!from!Tevatron:!pp!has!a!big!advantage!!!

W±→l±ν!asymmetry!
!

Z→e+e−!!
forwardobackward!asymmetry!

39!

•  Sensi6ve!to!light!(u,d)!
quark!couplings!!

•  DØ!Z→e+e−!
compe66ve!with!LEP!
combined!AFB

ll!

•  Inclusive!data!
well!described!

!
Separate!low!(25<ETe,ν<35!GeV)!and!high!(ETe,ν>35!GeV)!
regions!poorly!described!

D0 competitive with LEP 
in the Zee forward/
backward asymmetry

Sensitive to u,d couplings

W± ! e±⌫ ������ ���������
Assuming CP, asymmetries folded in |⌘| after checking consistency

R����� E���������� R������ ���� ��� T������� - M. B���� - L� T�����, ��-��/��/���� 8

Inconsistent with the consid-
ered predictions

PRD 91, 032007 (2015)

W→eν charge asymmetry inclusive 
predictions are well describes, but low/high 
pt regions show some inconsistencies
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Gold medal: LHCb B0s→K*μμ

63

• Most of the discrepancy in CNP9, linked to LFV!

Introduction Model-independent analysis Implications for NP models Conclusions NP implications of b ! s measurements

. . . including also b ! s e+e�

Coeff. best fit 1� 2�
p
�2

b.f. � �2
SM p [%]

CNP
7 �0.04 [�0.07,�0.02] [�0.10, 0.01] 1.52 1.1

C0
7 0.00 [�0.05, 0.06] [�0.11, 0.11] 0.05 0.8

CNP
9 �1.12 [�1.34,�0.88] [�1.55,�0.63] 4.33 10.6

C0
9 �0.04 [�0.26, 0.18] [�0.49, 0.40] 0.18 0.8

CNP
10 0.65 [0.40, 0.91] [0.17, 1.19] 2.75 2.5

C0
10 �0.01 [�0.19, 0.16] [�0.36, 0.33] 0.09 0.8

CNP
9 = CNP

10 �0.20 [�0.41, 0.05] [�0.60, 0.33] 0.82 0.8

CNP
9 = �CNP

10 �0.57 [�0.73,�0.41] [�0.90,�0.27] 3.88 6.8

C0
9 = C0

10 �0.08 [�0.33, 0.17] [�0.58, 0.41] 0.32 0.8

C0
9 = �C0

10 �0.00 [�0.11, 0.10] [�0.22, 0.20] 0.03 0.8

�2
SM =125.8 for 91 measurements (p = 0.92 %)

David Straub (Universe Cluster) 13
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Top asymmetries

64

• Lot of interest for top 
asymmetries, since preliminary 
Tevatron results showed 
deviations from the SM

• Impossible to study top 
asymmetries at the LHC

• Tevatron leads in this study

• Full Tevatron dataset agrees 
with (N)NLO predictions

Top!Quark!Asymmetries!

•  Full!Tevatron!dataset!agree!with!latest!predic6ons!
48!

Top!Quark!Asymmetries!

•  Full!Tevatron!dataset!agree!with!latest!predic6ons!
48!
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Results from Borexino

65

Our Sun

pp CYCLE:
~99% of the sun 

energy

CNO CYCLE:
<1% of the sun 

energy

Barbara Caccianiga-INFN Milano 50th Rencontres de Moriond- La Thuile, March 14th 21st 2015

Fit range:165-590 keV

Search for pp-neutrinos: results

pp-ν rate= 144 ±13(stat) ±10 (sys) cpd/100tons

Evaluation of systematics

• Distribution of the best fit values 
for pp-rate obtained varying 
some of the fit conditions (fit 
range, energy estimator...)

• pp-𝞶 rate = 144±13±10 cdp/100t 
• Φpp=6.6±0.7x1010cm-2s-1 (10σ)

Results: pp neutrino survival probability 
• Survival probability for pp-ν can be calculated using the measured 

rate and the SSM predictions;
• P(νeÆ νe) = 0.64 ± 0.12

Borexino results only!
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Vacuum Stability

66
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Precision measurements of Mt (and MH) cannot discriminate
between stability, metastability or criticality ... The knowledge of

Mt and MH alone is not su�cient to decide of the EW vacuum

stability condition. We need informations on NEW PHYSICS in order to

asses this question ...

34

V. 
Bran

ch
ina
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ν θ measurement
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PROLOGUE: Targeting ✓13

Observing reactor ⌫̄e oscillations

P ⌫̄
e

!⌫̄
e

= 1� sin2 2✓13 sin2 �1.27�em2
31 L/E

�

+ term with ✓12 dependence, negligible for L . 1 km

210 310 410
0.5

0.6

0.7

0.8

0.9

1

L = distance from reactor to detector (m) 

P 
ν e

 !
 ν e

 
 _  

_  

Far detector 
looks for deficit!

Near detector 
measures flux!

[�e
m

2
31] = eV2, [L] = m, [E ] = MeV �e

m

2
31 = �m

2
ee

= cos2 ✓12|�m

2
31|+ sin2 ✓12|�m

2
32|

Rachel Carr (Columbia University) Entering the Two-Detector Phase of the Double Chooz Experiment 8 / 31

νe disappearence

PROLOGUE: Targeting ✓13

Two ways to measure ✓13

1. ⌫µ ! ⌫
e

appearance in accelerator beam (T2K, NO⌫A)

P⌫µ!⌫e ⇡ sin2 ✓23 sin2 2✓13
sin2[(1� x)�31]

(1� x)2

+ ↵2 cos2 ✓23 sin2 2✓12
sin2(x�31)

x

2

+ ↵ sin 2✓12 sin 2✓13 sin 2✓23
sin2(x�31)

x

2
sin2[(1� x)�31]

(1� x)2

⇥ (cos�31 cos �
CP

� sin�31 sin �
CP

)

2. ⌫̄
e

! ⌫̄
e

disappearance from nuclear reactors
(Double Chooz, Daya Bay, RENO)

P⌫̄
e

!⌫̄
e

⇡ 1� sin2 2✓13 sin2(�31)

Rachel Carr (Columbia University) Entering the Two-Detector Phase of the Double Chooz Experiment 6 / 31
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