


▻ LHCb experiment at CERN stole the show this year at Moriond EW                              

Observation of CP Violation in charm mesons by LHCb  !!!

▻ Flavor anomalies are still alive after updated result by LHCb                                           

− x2 more data still to be looked at by LHCb  

− Heads up to BELLE, CMS, and ATLAS 

▻ Neutrino experiments on track to tackle CP Violation as well 

▻ Rich program across energy and mass scales to detect rare processes − 

indirect search for New Physics 

▻ Standard Model physics at colliders entering New Physics territory 

▻ Vibrant and diversified direct search program for New Particles 

▻ Multi-prong approach to Dark Matter expanding  

− Not just WIMPs but also very light or exotic candidates pursued 

Executive Summary 
Shahram Rahatlou


Moriond Electroweak Interactions & Unified Theories 



CP Violation
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Unitarity Triangle(s)

▻ Probing new physics as enhancement 

in Bs CP Violation
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New Physics!

 3Katya Govorkova

CP violation in B s 

Moriond EW 2019                                                                  21 March 2019
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* Sensitive probe of New Physics in B s  mixing 
* Precise test of Standard Model through the measurement of s



CP Violation in Bs→J/ΨKK

▻ Updated time-dependent angular analysis by adding 2016 data


▻ Combination with other Bs decays for most precise measurement of Φs


▻ No evidence for direct CPV


▻ Width and interference consistent with 

expectations

Ekaterina Govorkova, LHCb

Jennifer Zonneveld, LHCb
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Analyses strategy

B⁰s →J/ψ K˖K˗ 
[LHCB-PAPER-2019-013]

B s →J/ψ π˖π˗ 
arXiv:1903.05530

Using 2015 (0.3 fb-1) and 2016 (1.6 fb-1) data  
measure s , |λ| and

 ΔΓs and Γs - ΓB   

to test the Heavy Quark Expansion 
prediction of Γs / ΓB  = 1.0006 ± 0.0025

 ΓH - ΓB  

 since the final state is almost 
entirely CP-odd 

Simultaneous fit to the decay time and three  
helicity angles 

and m(π˖π˗)in 6 m(K˖K˗) bins

in preparation

 contribution
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 14Katya Govorkova

Selection efficiency as a function of angles

Moriond EW 2019                                                                  21 March 2019

h-

h+h-

h+

Kinematic selection and detector acceptance are  
causing non uniform efficiency as function of decay angles

B s →J/ψ K˖K˗ 
[LHCB-PAPER-2019-013]

B s →J/ψ π˖π˗ 
arXiv:1903.05530

      angular distribution in MC / 
expected without acceptance effect

      fourth-order polynomial 
parameterisation 
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CP asymmetry in B s →J/ψ K˖K˗

Moriond EW 2019                                                                  21 March 2019

ACP(t) =
ΓB̄0

s→f (t) − ΓB0
s→f (t)

ΓB̄0
s→f (t) + ΓB0

s→f (t)
∼ sin(ϕs) sin(Δmst)

 21Katya Govorkova

CP asymmetry in B s →J/ψ K˖K˗

Moriond EW 2019                                                                  21 March 2019
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s 0.1σ away from SM 
consistent with Standard Model 

s 1.6σ away from 0  
consistent with no CPV in interference  
between direct decay and after mixing 

|λ| consistent with 1 
consistent with no direct CPV 

Γs/ΓB   consistent with HQE prediction

Conclusions

B s →J/ψ K˖K˗ 
[LHCB-PAPER-2019-013]

B s →J/ψ π˖π˗ 
arXiv:1903.05530

s = 0.040 ± 0.025 [rad] 
|λ| = 0.991 ± 0.010 

ΔΓs = 0.0813 ± 0.0048 [ps-1] 
Γs- ΓB  = 0.0024 ± 0.0018 [ps-1]

 25Katya Govorkova Moriond EW 2019                                                                  21 March 2019

s 0.1σ away from SM 
consistent with Standard Model 

s 1.6σ away from 0  
consistent with no CPV in interference  
between direct decay and after mixing 

|λ| consistent with 1 
consistent with no direct CPV 

Γs/ΓB   consistent with HQE prediction

Conclusions

B s →J/ψ K˖K˗ 
[LHCB-PAPER-2019-013]

B s →J/ψ π˖π˗ 
arXiv:1903.05530

!s = −0.040 ± 0.025 [rad] 
|λ| = 0.991 ± 0.010 

ΔΓs = 0.0813 ± 0.0048 [ps-1] 
Γs- ΓB⁰ = −0.0024 ± 0.0018 [ps-1]

-0.4 -0.2 -0.0 0.2 0.4φc-css [rad]

0.06

0.08

0.10

0.12

0.14

∆Γ
s
[p
s−
1
]

ATLAS 19.2 fb−1

D0 8 fb−1

CMS 19.7 fb−1

CDF 9.6 fb−1Combined

LHCb 4.9 fb−1

SM

68% CL contours

(∆ log L = 1.15)

HFLAV

Preliminary
Spring 2019



Shahram Rahatlou, Roma Sapienza & INFN

CP Violation in Bs→J/Ψ !
▻ Time-dependent angular analysis with 80 fb-1 collected in 2015-2017


▻ Uncertainties competitive with latest LHCb results

 36

Olga Igonkina, ATLAS
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)

▻ CP violation in Standard Model  

expected at ~ 10-3 – 10-4  

in charm mesons


− compare to O(1) in B mesons! 

▻ Flavor tagging with soft pion from prompt  

charm and muons from semi-leptonic decays

Shahram Rahatlou, Roma Sapienza & INFN

Probing CP Violation in Charm
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▻ Dedicated TURBO stream with online calibration and reconstruction of events


− Increased event rate and faster turn around for critical measurements 

▻ Probing also D0 →KsKs but no CPV yet

Observation of CPV in Charm (at last)

Federico Betti, LHCb

*%),-
+ (∗+ → ()(→ ,

LHCb-PAPER-2019-006
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Lepton Flavor Universality  
Indirect New Physics

  

Standard Model

New Physics



Shahram Rahatlou, Roma Sapienza & INFN

Long Standing Anomalies 
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Discrepancies in B physics

RD & RD anomalies

b cτν vs. cμν
theoretically clean
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Shahram Rahatlou, Roma Sapienza & INFN

R(K*) and R(K*+) by BELLE
▻ Updated R(K*) and first measurement of R(K*+) with 711 fb-1 of data collected  

ion Y(4s) resonance


▻ No deviation from SM predictions


− dominated by statistical uncertainty
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Shahram Rahatlou, Roma Sapienza & INFN

Anomaly is still out there

▻ Prospects


− LHCb still has x2 data to analysis (2017 and 2018) 

− Additional measurements with Bs, Bc and Λb will be useful to understand the puzzle 

− Updated R(K*) still to come  

− Updated R(D) and R(D*) could also help understand differences between charged and 

neutral currents (written before Friday PM session) 

− Input from BELLE-II and other LHC experiments most welcome

 44

]4c/2 [GeV2q

0 5 10 15 20

K
R

0.0

0.5

1.0

1.5

2.0

BaBar

Belle

LHCb Run 1

LHCb Run 1 + 2015 + 2016

LHCb

Rnew

K Run 1 = 0.717+0.083
−0.071

+0.017
−0.016, RK Run 2 = 0.928+0.089
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RK = 0.846
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−

±

Compatibility taking correlations into account:

I Previous Run 1 result vs. this Run 1 result (new reconstruction selection): < 1 σ;
I Run 1 result vs. Run 2 result: 1.9 σ.

~70% of events in common between  

old and new Run1 analysis

Thibaud Humair, LHCb

LHCb-paper-2019-009 



R(D) and R(D*) from BELLE
▻ Simultaneous measurement of R(D) and R(D*) and their correlation with 2D fit 

to both D and D* samples


▻ Eagerly awaiting the release of the paper or conference note!

Giacomo Caria, BELLE

• Most precise measurement of 
R(D) and R(D*) to date 

• First R(D) measurement 
performed with a semileptonic 
tag

• Results compatible with SM 
expectation within 1.2σ 

• R(D) - R(D*) Belle average is 
now within 2σ of the SM 
prediction 

• R(D) - R(D*) exp. world average 
tension with SM expectation 
decreases from 3.8σ to 3.1σ 

R(D)
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LHCb Combination

 (Preliminary)ν ν l → τ, 
Tag

Belle 2019 SL B
Belle Combination 2019 (Preliminary)
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SM prediction

 contoursσn

R(D) SM = 0.299± 0.003

R(D∗) SM = 0.258± 0.005.

SM prediction

R(D) = 0.307± 0.037± 0.016

R(D∗) = 0.283± 0.018± 0.014,

This result



Fits -update

Thanks, David, updates made in LaThuile Straub

32



y

L Huuu 

Huuuu 

Hu
 

¦¦
  

u HHH

π-

e-e+

K+

D+

D-

π-

m+
v

y’’

Shahram Rahatlou, Roma Sapienza & INFN

LFUV in charm decays
▻ Probing LFUV with semi-leptonic decays of charm mesons and baryons at 

BES-III
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Most precise measurements

Constant Syst. error (%) Stat.  error (%)

Now Exp.

fD+ ~0.9 2.6 1.3

fDs+ ~1 1.2 0.6

fD K
+(0) ~0.5 0.35 0.18

fD p
+ (0) ~0.7 1.26 0.63

|Vcs|
Ds+ l+v ~1 1.2 0.6

|Vcs|
D0 K-e+v 2.5 (2.4LQCD) 0.35 0.18

|Vcd|D+ m+v ~0.9 2.6 1.3

|Vcd|D0 p-e+v 4.5 (4.4LQCD) 1.26 0.63

No LFU violation in charm decays

Decays
Syst.  Error

(%)
Stat. error (%)

Now Exp.

D+ l+v [m/t] ~10 20 10

Ds
+ l+v [m/t] ~3 4 2

D0 K-l+v [e/m] ~1 0.7 0.35

D0 p-l+v [e/m] ~2 3.3 1.7

Ds
+ fl+v [e/m] ~4 6 3

Ds
+ hl+v [e/m] ~3 4 2

Lc
+ Ll+v [e/m] ~4 17 5

Now: Current D/Ds/Lc analyses are based 2.9/3.2/0.567 fb-1 data at 3.773/4.178/4.6 GeV

Exp.:  Expected precision is based on 12/12/5 fb-1 data at 3.773/4.178/4.65 GeV



Single leptoquark solution

minimal, predictive: Vector LQ, for RK and RD ”just around the

corner” Angelescu

29



Pati-Salam leptoquark solution

Heeck Pati-Salam LQ’s for RK and RD and seesaw II with NO

2 scalar LQs, S1 ”just around the corner”

2LQs Hati connecion with (radiative) m
ν
, dark matter and LFV

30



Z0 solutions

simplified LZ = (Q̄λQγµQ+ L̄λLγµL)Z
0µ Collider reach depends on

up-vs down flavor in couplings λQ,L in mass basis; third familly

hypercharge U(1)0; anomaly cancllation

Angelescu

Planck/GUT scale framework, m
ν

seesaw, with VL fermions King

31



Rare Processes 



Shahram Rahatlou, Roma Sapienza & INFN

Bs → μμ with ATLAS
▻ Standard Model BF = 3 x 10–9  

sensitive to BSM enhancements


▻ 26 fb-1 of data collected in 2015-2016


▻ Abundant sample of J/psi K+ as reference

 49

Olga Igonkina, ATLAS

B(B0
(s) → µ+µ−) =

Nd(s)

εµ+µ−

εJ/ψK+

NJ/ψK+

× [B(B+
→ J/ψK+)× B(J/ψ → µ+µ−)]×

fu
fd(s)
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2015-2016 data

Total fit

Continuum background

 X background-µ +µ →b 

Peaking background

-µ +µ → 
0

 + B-µ +µ → s
0

B

 SM :

Br(Bs→μμ) =(3.65±0.23)x10-9 

Br(B0→μμ) =(1.06±0.09)x10-10

Best fit of Run 2 data :

Br(Bs→μμ) =(3.2±0.9)x10-9 

Br(B0→μμ) =(-1.3±2.1)x10-10

Run 1 + Run 2 result @ 95% CL

Br(Bs→μμ) =(2.8±0.8)x10-9 

Br(B0→μμ) < 2.1x10-10

Mass spectrum in best S/B category
First theoretical implications already shown yesterday afternoon!  

(see theory summary)



Shahram Rahatlou, Roma Sapienza & INFN

Flavor Changing Neutral Currents

▻ Forbidden in Standard Model at tree level


▻ Typically small predicated rates and hence sensitive to new particles in strong 
and electroweak penguin loops


▻ Rich area of probe in b, c, s, and now also top decays

 50

W−

W−

γ

u, c, tb s

u, c, t

u, c, t

γ

H−b s

• BR(            ) ~ 10-15  

• BR(            ) ~ 10-14

t → qH

t → qZ
t

Z

u/c

ℓ

ℓ t

H

u/c
Loïc Valéry, ATLAS



Shahram Rahatlou, Roma Sapienza & INFN

FNCN with radiative decay Λb →Λ!

▻ Rare radiative decays sensitive to new physics


▻ Only theoretical prediction affected by large 

uncertainties: 10–5 — 10–7


− Experimental limit  

▻ Machine learning techniques to reduce combinatorial background and 

improved particle identification


− 99.8% background rejection  

with 1/3 signal efficiency  

▻ Begging for new theoretical calculation 


▻ LHCb also investigating other such radiative decays
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y CDF: B(Λ0
b
→ Λγ) < 1.9× 10�3 at 90% CL.

Carla Marin , LHCb

N(⇤0
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→ ⇤�)

N(B0
→ K ∗0�)

=
f
Λ0
b

fB0

×

B(⇤0
b
→ ⇤�)

B(B0
→ K ∗0�)

×

B(⇤→ p⇡−)

B(K ∗0
→ K+⇡−)

×

✏(⇤0
b
→ ⇤�)

✏(B0
→ K ∗0�)

Signal excess with 5.6σ significance → first observation of Λ0
b
→ Λγ

Branching fraction measurement within range of SM predictions

B(Λ0
b
→ Λγ) = (7.1± 1.5± 0.6± 0.7)× 10−6

Latest results from LHCb

Best world limit on B
+
→ µ

+
µ
−

µ
+
νµ

Full angular analysis of Λ0
b
→ Λµ+

µ
−: compatible with SM



▻ Neutrino-less double beta-decay a prime probe of LFV


▻ NA62 at CERN reported on K+→π−l+l+ with of 2017 data


− measurement normalised to similar FNCN mode K+→π+l+l-  

▻ Search for τ→3μ in copious sample of leptons  

from B and D decays in 2016 data at 13 TeV


−                                         used as reference sample

3 0566

Shahram Rahatlou, Roma Sapienza & INFN

Lepton Flavor Violation
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Joel Swallow, NA62

Alessio Boletti, CMS
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Neutrinos 

The known unknown
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Neutrinos

▻ Only confirmed proof of Physics Beyond Standard Model (BSM)


− mass term confirmed by oscillation experiments but not predicted in SM 

▻ Open Questions


− origin of the mass and nature of neutrinos 

− overall mass scale 

− mass hierarchy of 3 generations 

− mixing angles  

− CP violation  

− existence of new (possibly sterile) neutrinos 

◦ and how to detect them 

− anomalies in flux of anti-neutrinos 

▻ Experimental approach


− appearance and disappearance of each generation 

◦ NOvA, T2K, Day Bay, Ice Cube 

− Investigation of flux anomaly at reactors 

◦ Daya Bay, STEREO, PROSPECT, CONUS



ν-fits Update PMNS, masses

Hernandez

Some tensions (Kamland 2σ -∆m
2

21
, NOvA-T2K (δCP ), Normal ordering favored

9



Neutrino Mixing and Mass Hierarchy
▻ Taking advantage of both appearance and disappearance 


▻ NOvA: 2 detectors using NuMI beam from FNAL with narrow energy spectrum


− First anti-neutrino data: Total analysis exposure 6.90x1020 (antineutrino) + 8.85x1020 

(neutrino) POT  

− Additional antin-antis-neutrino data collected and to be added 

▻  T2K: 2 detectors using narrow energy beam from J-PARC


− recent run mostly in anti-neutrino (50% more statistics wrt neutrino 2018 results)  

− best year of data taking in 2017~2018 

▻ Both experiments favor maximal  

mixing for neutrinos and  

Normal Hierarchy for mass


▻ Slight preference for Normal  

Hierarchy also by IceCube  

DeepCore


− limited sensitivity
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Diana Mendez, NOvA

Alain Blondel, T2K
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CP Violation in Neutrinos
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Neutrino Mass Scale
▻ Oscillation measurements not sensitive to neutrino mass scale 

Cosmology

• ΛCDM

•
q

i
mi < 0.12 − 1 eV

0νββ

• Majorana phases

• Matrix elements

•
-

-

q

i
U

2

eimi

-

- < 0.2−4 eV

β-decay & EC

• Final states

•

Ò

q

i
|Uei|

2
mi

2 < 2 eV

m
2

0

solar~7×10−5eV2

atmospheric

~2×10−3eV2

atmospheric

~2×10−3eV2

m1
2

m2
2

m3
2

m
2

0

m2
2

m1
2

m3
2

ν
e

ν
µ

ν
τ

? ?

solar~7×10−5eV2



Shahram Rahatlou, Roma Sapienza & INFN

Neutrinoless Double β-Decay (0νββ)
▻ Rare process in Standard Model sensitive to


− Nature of neutrinos 

− lepton number violation 

− absolute neutrino mass scale
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0νββ with CUORE detector at Gran Sasso

▻ Cryogenic detector of 750 kg of high-purity TeO2 crystals readout by 

bolometers 


▻ Most precise 2νββ measurement 


− now almost the only source of background 

▻ Energy resolution of 7.7 keV currently


▻ Ambitious goal of 9 x 1025 yr @ 90% C.L.

•
130Te is an ideal candidate for the 0νββ search

• Qββ moderately high: (2527.515 ± 0.013) keV (between the 208Tl peak and Compton edge)

• large natural abundance: (34.167 ± 0.002)%
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Stefano Dell’Oro, CUORE
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0νββ with LEGEND detector

▻ Successor of GERDA and MAJORANA detectors using 76GE


− First stage with 200 kg of 76GE aiming for 0.6 counts/t/yr 

▻ Outstanding performance for GERDA and MAJORANA


▻ LEGEND aims at sensitivity  

of 1027 yr and neutrino effective mass  

limit of ~10 meV
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Reactor Anti-Neutrino 

Flux Anomaly (RAA)
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▻ Day Bay confirms 5% deficit in flux of  

anti-neutrinos WRT Huber-Mueller expectation


▻ Fuel composition of 4 primary isotopes: 235U,  
239Pu, 238U, 241Pu 


− 235U believed to be the largest contribution 

◦ Typically makes up 50-60% of fuel  

− but composition evolves in time 

▻ In addition, investigating discrepancy also  

in spectral shape of prompt energy  

around 4-6 MeV


− reported also by other experiments

Flux Anomaly at Daya Bay

 22

Liang Zhan, Daya Bay

tions at commercial reactors

Laura Bern

Jianrun Hu, Daya Bay
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RAA with STEREO at Grenoble

▻ Probe anomaly through measurement of distortion of anti-neutrino energy 

spectrum as a function of distance


− independent from prediction 

▻ Spectral shape: significant deviation in the  

6-7 MeV range to be investigated with more  

data and complementary experiments 


▻ Best-fit hypothesis of Sterile neutrino preferred by  

RAA rejected at ~99.8% C.L.
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RAA with PROSPECT at Oak Ridge

▻ Same approach as STEREO via spectral distortion


▻ Spectral shape: Huber model broadly agrees  

with spectrum but exhibits large  

chi2 and not a good fit 


▻ Best-fit hypothesis of Sterile neutrino preferred by  

RAA disfavoured at >95% C.L.
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Karsten Heeger , PROSPECT

ation access along full segment length
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Standard Model 

New Physics through Precision

Inclusive W and Z

WW, WZ, ZZ

top pair

tt+X

S
U
S
Y

Higgs 

self  

interaction

Triple and Quartic 

Gauge Coupling

Vector boson scattering
tttt
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Precision top physics
▻ LHC is a top factory

 55 3Kirill Skovpen - Moriond EW 20192019/03/17
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tXq**

Most abundant production 
mechanism of top quarks  
σtt ≈ 830 pb 

Copiously produced via  
t- and tW-channels  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Not reachable at the LHC  
PFCNC < 10-12 

PBNV < 10-27 

PcLFV < 10-55

(*) FCNC is covered by Loic Valery 
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Kiril Skovpen, CMS



▻ Cross section of ttbar + V measured by both experiments with 2016 data


▻ Differential cross section of ttZ now better precision than NLO calculations


▻ tt+bb production now exceeding theoretical knowledge!


− Important background in study of top-Higgs Yukawa coupling 

▻ Top spin correlations also provide valuable comparison  

with theory


− NNLO predictions needed to mitigate discrepancies up to 3σ 

wrt simulations

 4Kirill Skovpen - Moriond EW 20192019/03/17

14% precision

22% precision Good agreement with 

NLO predictions
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Top agreement with theory

 56

13% precision

22% precision

Good agreement with 
NLO predictions
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Jacob Linacre, CMS
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Triple Gauge Boson Production

▻ Search at ATLAS (79 fb-1) and CMS (36 fb-1) for WWW in final states with 3 

leptons or at least 2 same-sign leptons + jets


− ATLAS also considering WWZ and WZZ  

and reporting first evidence for VVV 

▻ Multiboson domain finally accessible thanks to high luminosity of LHC
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VVV	production
• Production	of	three	massive	vector	boson	at	LO:

• Two	searches:	

W W W (two	same-sign	leptons	with	at	least	two	jets	or	three	leptons)

W (two	same-sign	leptons	with	at	least	two	jets	or	three	

Z	and	W±Z	Z	(three	or	four	leptons)

	production
e	

hood

n	the

Measured	production	cross	se

üσWWW=	0.68	1	F.C?
0	F.C> pb

üσWWZ =	0.49	1	F.?W
0	F.CF

	 pb

in	agreement with SM	predi

Alberto Belloni, CMSAleksandra Dimitrievska, ATLAS
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Observation of Light-by-Light Scattering
▻ Forbidden process at tree level enhanced in Pb-Pb collisions


− Cross section proportional to Z4 

− Another probe of anomalous gauge couplings and BSM contributions 

− Evidence had been reported already 

▻ First observation by ATLAS in collisions recorded in Nov 2018


− better trigger and enhanced identification of photons
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muon g − 2

Hadronic light by light contribution from lattice QCD

Blum

”Prel. QEDL a → 0, L → ∞ limits taken; QED∞ w.i.p. Unlikely that

HLBL will rescue SM”

7



g − 2, both of them

Hoferichter

Note, ∆aµ > 0; possible correlation with µ → eγ, and muon EDM.

”[Model with VL fermions] works for ae but tensions with aµ”.

Modification with extra scalar (for aµ) and ae from Higgs work –

interesting lepton flavor structure beyond (me/mµ)
n scaling Hormigos

8



Higgs 
From Discovery to Precision
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Higgs Properties
▻ Similar performance for ATLAS and CMS


▻ Experimental precision approaching  

theory precision even before using  

full statistics of Run2


▻ Also extensive measurement of differential cross sections
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 0.25+
 

ZZ VH   0.68  (  0.78−

 1.20+
  ,  0.77−

 1.18+
  ) 0.11−

 0.18+
 

bb VH   1.19  (  0.25−

 0.27+
  ,  0.17−

 0.18+
  ) 0.18−

 0.20+
 

 comb.VH   1.15  (  0.22−

 0.24+
  ,  0.16±  ) 0.16−

 0.17+
 

γγ tH+ttH   1.10  (  0.35−

 0.41+
  ,  0.33−

 0.36+
  ) 0.14−

 0.19+
 

VV tH+ttH   1.50  (  0.57−

 0.59+
  ,  0.42−

 0.43+
  ) 0.38−

 0.41+
 

ττ tH+ttH   1.38  (  0.96−

 1.13+
  ,  0.76−

 0.84+
  ) 0.59−

 0.75+
 

bb tH+ttH   0.79  (  0.59−

 0.60+
  ,  0.29±  ) 0.52± 

 comb.tH+ttH   1.21  (  0.24−

 0.26+
  ,  0.17±  ) 0.18−

 0.20+
 

µ = 1.11+0.09
−0.08 = 1.11 ± 0.05 (stat.) +0.05

−0.04 (exp.) +0.05
−0.04 (sig. th.) +0.03

−0.03 (bkg. th.)

Heather Gray, ATLAS

Fabio Cerutti, ATLASYacine Haddad, CMS
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H → invisible 

▻ Aiming for 2-3% limit at High-Luminosity LHC with 3000 fb—1
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Exotic Phenomena 
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Credits: J. Antonelli
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Heavy Resonances

▻ Also updated ATLAS diet bump hunt with full Run2


− Addition of full Run2 data extends exclusion limits by ”just” 700 GeV

 68

3
10

1−10

1

10

210

3
10

410

E
v
e

n
ts

 /
 1

0
 G

e
V

ATLAS
-1= 13 TeV, 139 fbs

Data

Background-only fit

/m=1.2%ΓGeneric signal at 1.34 TeV, 

/m=1.2%ΓGeneric signal at 2 TeV, 

/m=1.2%ΓGeneric signal at 3 TeV, 

210×3
3

10
3

10×2
3

10×3
[GeV]eem

4−
2−
0
2
4σ

(d
a
ta

-f
it
)/

∆

Signal
Smooth

Background

Excluding particles with mass ~ 4-5 TeV 

Z’ in dileptons

Alberto Zucchetta, CMS

Diboson resonance using  

boson tagging with substructure

Savanna Shaw, ATLAS



Shahram Rahatlou, Roma Sapienza & INFN

Long-Lived Particles

▻ Extremely quick turn-around for long-lived particle search
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Supersymmetry
▻ Many new searches targeting both strong  

and electroweak production


− No significant excess observed so far 

▻ Strong SUSY searches targeting  

masses ~ 2 TeV


▻ Searches now using also H→γγ  and exotic  

Higgs decays in  electroweak production

 71Matthew Gignac, ATLASMarco Masciovecchio, CMS

0.3 fb 

 

 

EW 
SUSY 

 pixel layer! 

W+jets

�̃±

1

�̃0

2

W

hp

p

�̃0

1

⌫

�̃0

1

b

b

�̃±

1

�̃0

2

W

hp

p

�̃0

1

`

⌫

�̃0

1

�

� + MET 

en 

h

Z

�̃0
1/�̃

0
2

�̃0
1/�̃

0
2

p

p

�

G̃/�̃
0
1

�

G̃/�̃
0
1

`+
`−

h

Z

�̃0
1/�̃

0
2

G̃/�̃
0
1

p

p

�

G̃/�̃
0
1

`+

`−

 [GeV]
1
±χ∼ = m

2

0χ∼m

200 400 600 800 1000 1200

 [
G

e
V

]
10
χ∼

0

200

400

600

800

1000

1200

1400
CMS Preliminary

  l
~
 l

~
 →, pp 1

-χ∼
1
+χ∼ →, pp 1

±χ∼
2
0χ∼ →pp July 2018

 (13 TeV)-135.9 fb

1

0

χ∼

 =
 m

1
±χ∼m

Z
+m
1

0

χ∼

 =
 m

1
±χ∼m

H
+m
1

0

χ∼

 =
 m

1
±χ∼m

Expected

Observed

=0.5)l, BF(ll)=0.5, xl
~
lν∼l→2

0χ∼
1
±χ∼1709.05406, 3l (

=0.5)l, xl
~
lντ∼→2

0χ∼
1
±χ∼1709.05406, 3l (

=0.5)l, xτ∼τντ∼→2
0χ∼

1
±χ∼ comb. (τ1807.02048, 2

=0.5)l, xl
~
νν∼l→1

-χ∼
1
+χ∼SUS-17-010, 2l OS (

=0.5)l, xτ∼νν∼τ→1
-χ∼

1
+χ∼ comb. (τ1807.02048, 2

)1
0χ∼

1
0χ∼WZ→2

0χ∼
1
±χ∼1801.03957, comb. (

)1
0χ∼

1
0χ∼WH→2

0χ∼
1
±χ∼1801.03957, comb. (

)
L/R
µ
∼

L/R
µ
∼, 

L/R
e
~

L/R
e
~

1806.05264, 2l OS (



q

q q q

Direct Detection Production at Colliders

χ χ χ

χ

Dark Matter  

The known unknown



Shahram Rahatlou, Roma Sapienza & INFN

Dark Matter Mass Spectrum
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Enectalí Figueroa-Feliciano, CDMS



Minimal ADM, mν and BAU

asymmetric dark matter scen. mDM ⇠ 5mp gives ΩDM ' 5Ω;

”minimal” 2 RH neutrinos, SM⇥SU(2)D ⇥ Z3

Covi

Works with Yukwas with large CP-phase; only one Majoranaphase a low enery; effective mass

meff = |
P

miU
2

ei| within few meV.

16



Xenon-1T at Gran Sasso

Shahram Rahatlou, Roma Sapienza & INFN

▻ Dual phase time projection chamber


− Using s1/s2 discrimination instead 

of pulse shape 

▻ CEνNS: subdominant background


− will be more important in next generation Darwin experiment 

▻ Events shown as pie charts showing relative PDF from  

each component for the best fit model of a 200 GeV WIM 


▻ Limits with 1 year of exposure


− p-value of ~0.2 for  m >= 200 GeV does not disfavor a signal hypothesis
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DEAP-3600 at SNOLAB
▻ Single phase LAr using pulse shape discrimination 
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3.3 tonnes of LAr

with a ~30 cm GAr layer

Acrylic <ow guides facilitate <uid <ow 

during =lling, poten%al recircula%on

5 cm thick acrylic shell 

contains the LAr

255 8” PMTs

3 µm thick TPB coa%ng shiAs 

UV LAr scin%lla%on to visible 

Foam =ller blocks between 

light guides provide further 

insula%on and shielding

45 cm long acrylic light 

guides transport light to 

PMTs, provide thermal 

insula%on and shielding

The DEAP Collabora%on, Design and Construc)on of the DEAP-3600 Dark Ma
er Detector, 
Astropart. Phys. 108, 1 (2019).

● WIMP sca0ers on argon nucleus
● Singlet and triplet Ar dimers form
● Singlets decay (~6 ns), create 

128 nm photons
● TPB shiAs light to visible, 

detected by PMTs
● Triplets decay (~1.3 μs), create 

128 nm photons
● TPB shiAs light to visible, 

detected by PMTs

By looking for events with a large 

frac%on of fast scin%lla%on light, 

we iden%fy nuclear recoils, which 

may be caused by WIMPs

Shawn Westerdale, DEAP

231 live days aAer run 

selec%on and dead%me 

correc%ons

824 kg =ducial mass

0 events in ROI

Exclude S.I. WIMP-

nucleon cross sec%ons 

above 3.9×10-45 cm2 for 

100 GeV/c2 WIMP mass arXiv:1902.04048 
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Directional Detection
▻ Nuclear Emulsion based detector acting both as target and tracking device 


▻ Potential to overcome the neutrino floor,  

where coherent neutrino scattering  

creates an irreducible background


▻ Plans (if funded)


− 2020: construction 

− 2021: data taking 

− 2020: analysis
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Valerio Gentile, NEWSdm

Aim: detect the direction of nuclear recoils produced in WIMP interactions 
Background reduction: shielding surrounding the target
Fixed pointing: target mounted on equatorial telescope constantly 
pointing to the Cygnus Constellation 
Directionality: Unambiguous proof of the galactic origin of Dark Matter
Location: Gran Sasso underground laboratory
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Annual WIMP Modulation
▻ Strong signal reported by DAMA/LIBRA


− pure NaI crystals 

− Not confirmed by any other experiment 

− Excluded by many other experiments using  

different technologies and methods 

▻ Galileo (the physicist) would suggest at least one other experiment to 

reproduce results as closely as possible
 77

right Lab, Yale University �3

Phase1  

Phase2

WIMP
● WIMP sca0ers on argon nucleus

 ≲ 100 keV 

nuclear recoil

• Modulation persists in DAMA Phase 2

• 6+ additional years / 1.13 ton-year

• Threshold lowered to 1 keV

• (1 – 6) keV: 9.5σ from 1.13 ton- year

• (2 – 6) keV: 12.9σ from 2.46 ton-year

• Signal consistent with Dark Matter

• Mod’n amp.: 0.0103 ± 0.0008 cpd/kg/keV

• Phase: (145 ± 5) days

• period: (0.999 ± 0.001) year
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COSINE-100 at Yang Yang Lab (Korea)
▻ 8 copper encapsulated NaI(Tl) crystals,106 kg total


− Detailed Geant4 simulation; BDT background rejection 

− Currently background ~ x 2-4 DAMA 

▻ First results with 2 years of exposure


− disfavors standard spin-independent WIMP  

interaction with NaI(Tl) as explanation for DAMA/LIBRA  

▻ Effort underway for COSINE-200 with  

ultra pure crystals


− 5 year of data needed to confirm DAMA with 3σ
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Reina Maruyama, COSINE
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WIMP at LHC

▻ In addition to classic MET + mono-object  search, also constraining mediator 

mass and coupling in simplified models


▻ No excess reported


− Significant reduction of both  

experimental and theoretical  

background systematics
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Sergei Chekanov, ATLAS
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Outlook
▻ Standard Model still stands strong after Moriond EW


▻ Observation of CP Violation in D mesons another victory for Standard Model


▻ Flavor anomaly still there and to be pursued at low and high mass


− Redundant measurements and revamped interest for Z’ and LQ 

▻ My desiderata or wish list for near future (~ 5 years) based on this week


− Resolution of flavor anomaly 
◦ possibly still standing and confirmed by heavy new particles  

− Verification of DAMA/LIBRA by NaI experiments 

◦ Possibly also in the southern hemisphere with SABRE 

− Reaching the neutrino floor at low mass with superCDMS 

− First evidence for coupling of Higgs to second generation fermions 

− Updated heavy neutrino searches at LHC 

Shahram Rahatlou


Moriond Electroweak Interactions & Unified Theories 




