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Caveats

> 54 experimental talks

> 12 experimental YSF talks

— congratulations to younger colleagues for very interesting and well prepared
presentations

> Number of new results, ideas, upgrades, exceeded by far the number
of minutes allocated for this talk!
— ... and my absorption rate

> The following is a very personal and non-comprehensive selection of
what | see as a concerted effort to explain our universe
— apologies if your favorite result is not included

Many thanks to all speakers for providing the material for this talk

Any name omission is purely due to sleep deprivation and
will be fixed in the public version on the conference website
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Executive Summary

> LHCb experiment at CERN stole the show this year at Moriond EW
— Last experimental YSF talk from BELLE a pleasant surprise!

> 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

> Observation of CP Violation in charm mesons by LHCb
> 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

What is the goal of experimental program?
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Scientitfic Method

> (Galileo was the father of the scientific method
— Observe phenomena in Nature with experiments
— Make hypothesis about l[aws of Nature (models)
— Make quantitative predictions
— Verify predictions with new experiments

— Successful predictive models promoted to
be a new theory

— Never stop verification and falsification
of existing theories

o taking advantage of theoretical and technological
advancements

Falsification of Standard Model is as relevant as ever
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Standard Model

> Extremely predictive theory since its inception

> [ ast missing piece discovered just 7 years ago
— Compare to gravitational waves and general relativity

> Has successfully resisted 50 years of falsification

> We already know it is incomplete
— Neutrinos are massive

> |t cannot address some basic curiosities and questions
about our Universe
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A few questions and curiosities

> What is the origin of mass?

> Have we found the Higgs boson?

> \What is the origin of mass hierarchy?

e

> Where is all the anti-matter in our Universe? i| 10
> What is Dark Matter?

Atoms

4.9% Dark

Energy

68.3%
Dark °

Matter
26.8%

anti-hydrogen
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Means of Falsification

> Multiple and redundant measurements of well known quantities
— different methods

— different contexts The Known Knowns

— different technologies

> Measurement of very small and precise predictions
— variety of such observables across the spectrum
— typically referred to as indirect search for New Physics

The Known Unknowns

— At LHC now merging with standard Physics thanks to amount of data

> Search for the exotic

— chasing more or less crazy ideas by theory friends
o often motivated by some big question

— Taking advantage of capabillities of detectors for unconventional signatures

The Unknown Unknowns

> New computational tools for more efficient data mining and increasing
sensitivity

> New technologies to improve detection technigues and try new
avenues
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Multi-prong Approach

Shahram Rahatlou, Roma Sapienza & INFN



I/e 1/1
u|l = Uppyns | V2
U, %!
m2
V3
Am?,,
\%)
Am?,, Ams,
Vi
Normal Inverted
Hierarchy Hierarchy

Mixing angles

CP phase

Mass squared
difference

P, » v) =~ 1 - sin2(2923)sin2<

Neutrinos

The known unknown

912’ 813’ 923

5CP

) 2
Amzp Am32

Am3,L >
4E




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
o and how to detect them

— anomalies In flux of anti-neutrinos

> Experimental approach

— appearance and disappearance of each generation
o NOVA, T2K, Day Bay, Ice Cube

— Investigation of flux anomaly at reactors
o Daya Bay, STEREO, PROSPECT, CONUS
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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

(nevtino) 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

NOVA Preliminary
I | I I I I

——
> Both experiments favor maximal - Normal Hierarchy 90% CL -
=, - - —— NOVA — — MINOS+ 2018 7
mixing for neutrinos and 30— ---- T2K 2018 o lceCube 2017 _ _
Normal Hierarchy for mass «— [ "oosSKa2017 -

s | :

o | _

_ (:l-:cy) 25— —

> Slight preference for Normal e | i
. S | _
Hierarchy also by lceCube I ]
DeepCore - -
2.0 ® Bestfit _|

— limited sensitivity N R N
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CP Violation in Neutrinos

e CP conserving values (0, 7) fall outside of the 20 CL intervals !
e Still fall within the 3o CL intervals
e Suggestive result, but need more data

Sensitivity Data (20 CL)
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B 2018 analysis techniques and -
B | projecteld beam exposlure improvemelntsi i
O— %018 2020 2022 2024 Diana Mendez, NOVA
Year
* Analysis improvements and accelerator for up to 900 kW Alain Blondel. T2K
* 20 sensitivity to CP violation for favourable parameters by 2024 ’

* Possible hierarchy determination at 3¢ in 2020

* Joint NOVA-T2K analysis efforts ramping up
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Tau Neutrino Appearance

V_appearance rate consistent with standard neutrino oscillations

v omw v(© o V(© Hatmo
Icecu be IceCuse VI VL‘C mua V< ¢ Data
» 5160 PMTs
» 17 m vertical spacing
» 86 strings

» 125 m string spacing

» 1 km3 volume

23248 S MC Uncertainty | Daa ‘
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> |mportant to constrain PMNS matrix P |
unitarity in tau sector f g
— not yet as constrained as e and p sectors L " .

> Upgraded IceCube detector expected \ .. % + T
to further enhance this program T L ;
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Instrumented Depth
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Neutrino Mass Scale

> Oscillation measurements not sensitive to neutrino mass scale

Cosmology
mz2 m?
o ACDM A . Ve A
ozim@-<0.12—1eV -V,
4 -V
OvBp My’ —— 1 m,?
. A solar~7x10~5e V2
e Majorana phases . 1m,?
atmospheric 1
e Matrix elements ~2x1073eV? .
atmospheric
° ’Zz Uezimi < 0.2—-4¢eV My’ e — ~2x1079eV?
o solar~7x102eV?2
[B-decay & EC
e Final states | v'
0 0
o \/3UailPmiz < 2ev
4

Shahram Rahatlou, Roma Sapienza & INFN



Karlsruhe Tritium Neutrino experiment

> Analyse electron energy spectrum from molecular tritium (3-decay
— take advantage of vibrational and rotational energy

2x10712

1.5x10°12

1x10°12

(P(ke) (/eV)

5x10713

> 3-11 TUll USEU LU

— test analysis framework
o Valérian Sibille, KATRIN
— optimise source and spectrometer parameters

— refine systematics

> Aim at sub-eV sensitivity
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Counts / keV

Neutrinoless Double 3-Decay (Ov[33)

> Rare process in Standard Model sensitive to :

Y

. 4%
— Nature of neutrinos . -
' ' Ve
— lepton number violation ®
: Ve —
— absolute neutrino mass scale T €
447 E

Half life of Ov35 (in case of light Majorana neutrino exchange):

B 7 © Ov )—1 ‘ |2 ( mgg )2
- > 8 — —t
L E) I E
c ol .
103§ § °/ Phase Space Integral: well known quantity
: Nuclear Matrix Element: most critical ingredient, produces uncertainty in
i s the determination of mgg (quenching problem)
- E keV : : : :
- nergy (keV) Neutrino Effective Mass: by measuring T7/,, mgg can be estimate
Experimental sensitivity
105*
- efﬁciency exposure
i M-t
u S &6 ot AE'BI‘\background
1= abundance i index
- energy
- enriched detectors - 53.9 kg-yr resolution
. _ 1025 .
I Ovpp (T,,=1.0-107y) in case of background-free:
oL 2vpp (T1/2=1.93-1o21 yr [EPJC 75 (2015) 9]) (kag <1 at full exposure)
E | ‘ | | | | ‘ | | | | ‘ | | ‘ | . .
500 1000 1500 2000 Socae M-t
Energy (keV)

Aim at background-free experiment
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OvBP with CUORE detector at Gran Sasso

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

130Te is an ideal candidate for the Ov383 search

e Qs moderately high: (2527.515 4 0.013) keV (between the 2T| peak and Compton edge)

e large natural abundance: (34.167 £ 0.002)%

Most precise 2V measurement
— now almost the only source of background

> Energy resolution of 7.7 keV currently

Events [counts keV™]

10°

102

10

10" ——

®%\ paper in preparation

CUORE Preliminary

Exposure: 86.3 kg-yr
| 1 1 1

— Experimental (M,)

R )
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500

P T
1000

1500
Reconstructed Energy [keV

M .
2000

mgg [eV]

Ov
t1/2

> 1.5-10%°yr @ 90%C. L.

mgg > (110 — 520) meV

> Ambitious goal of 9 x 102° yr @ 90% C.L.
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OvRP 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

> Qutstanding performance for GERDA and MAJORANA
energy resolution ~ 0.1% at Qgg
lowest background ever achieved: 6 - 10™* cts/(keV-kg-yr)
exploration of the 0v3/3 decay at the 10%° yr scale

—_
o
IS

|
enriched coaxial - 23.1 kg-yr : [ ] prior active background rejection
‘ [ after liquid argon (LAr) veto

- | |
|
: I after LAr veto and PSD
: Monte Carlo 2vfp - Tw2 from [EPJC 75 (2015) 9]
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> LEG END aImS at SeﬂSItIVIty isotope  T7%, [10%° yr] 5{)72 [102° yr]  mpgg [meV] experiment
of 1027 yr and neutrino effective mass ‘¢ 9 11 104-228 GERDA
Ge 2.7 4.8 157-346 MAJORANA
limit of ~10 meV E;)Te 1.5 0.7 162-757 CUORE
Xe 1.8 3.7 093-287 EXO-200
136X e 10.7 5.6 76-234 KamLAND-Zen
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I~ arXiv:1703.00860, S. Gariazzo et al
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Flux Anomaly at Daya Bay

Jianrun Hu, Daya Bay

> Day Bay confirms 5% deficit in flux of ' 9
anti-neutrinos WRT Huber-Mueller expectation : , A
. : . : 1 4 9
> Fuel composition of 4 primary isotopes: 235U, = .
239PU, 238U, 241 Pu 'g‘ 5 o | — Huber model w/ 68% C.L.
— 235 pelieved to be the largest contribution <, . -
o Typically makes up 50-60% of fuel o H/ N v
— but composition evolves in time ) S -
— C.L
- . . . . 2 3.5 . 68%
> |n addition, investigating discrepancy also ks i, o Lo
. Oy = (6. 04 0.60) x 10°% cxcihh
in spectral shape of prompt energy WS ®e io &3 T oo
around 4-6 MeV o [10=" e/ fisslon]
— reported also by other experiments 80000 gy, ~ data
; : ' : , : ' % B ggé = . full uncertainty
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Sterile Neutrino as source of RAA

Introduction of a 4th neutrino adds a mixing with the v, :

. . Am? . [eV2]L[km
P;e%;e(Ege,L) =1 - Sln2(29new) Slr'l2 (127 ’E;G[FMe]\/][ ])

Suggested oscillation parameter best fit by RAA :
o« Am?, =23 eV?

new

. sin2(29new) = 0.14

3+1 scenario fits better the experimental data points :

LA AL AL L1 I I R 11 o R A1/ e AR B AT
1 el I -
S 7k mode -
7S - B ﬁﬂ ]
deficit ---Z--f------>x--r {I . -
~— 09__ 3+1\) ﬁ H I Iﬁ ’,l — N __
g 0.8—model . \ ]
g — 4 \\ —
= 0.7— \ 2 —
0 L \ /
o \ I \I 2 AR S
5 0.6— R _ S A “
z B eactor Atmospheric Solar
I 0.5— anomaly anomaly anomaly —
~ \ |
0.4 cod o o v v el
10 10° 10" 10° 10° 10° 10° 10°

Reactor To Detector Distance (m)

Laura Bernard, MORIOND, March 19, 2019

> Addressing RAA provides a mean to verify the sterile neutrinos hypothesis
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RAA with STEREO at Grenob\e

Acrylic buffers

Research reactor core ~ 58 MW,

19 5 _—1 5 _25F g5 20—
— 107 Ve s T ] No oscillation
T i1
e Compact core (240cm x 80cm) £ Ce
i c Cell 6
. . | 2 -
o Highly enriched **°U (93%) 8 ror RAA Best Fit
. Gamma-catcher i s
e Short baseline measurement: . o &
scintillator liquid ®
9.4m < Leore < 11.2m (no Gd) £
55 Target 8
6 cells n
scintillator liquid
(Gd loaded) —~— = A= Ll .
ha 1 2 3 4 5 6 7 |
utring PrOpagatIOn Visible energy (MeV)

> Probe anomaly through measurement of distortion of anti-neutrino energy
spectrum as a function of distance
— Independent from prediction

3000 [ -+-—+—‘+‘+-+-_+_ ........... ...................... 2/ndf_333/21
=1 |

> Spectra| Shape: Significant deviation in the 2500 q_lj, ......................... ++ ............................. I

6_7 M eV ran g e tO be inveSti gated Wlth more 2000;_ ..... ............................. ........... ............................. .............................

da ta an d com plemen tary experi men tS 1500 é_ ..... ............................. z*z+
1000 |- ............................. .................. _*__*_

> Best_fit hypotheSiS Of Steriie neUtrInO preferred by 5oo§—i—Data ) ............................. .......... +_;__;_
RAA reiected at ~998% CL ..........................................................................................

Perspectives toward even higher accuracy:
1 Refined tuning of the MC

o
I

—_
e

#
 §
i
i
¥
1

—}— Data / Norm. prediction

B Total uncertainty
|| 22 Exp. uncertainty : : _
2 3 2 5 6 7
Reconstructed Energy (MeV)

Ratio to Normalized
o
©

prediction

o O O ¢
o N ™

1 Complementary calibration observable (source at 6 MeV (Am-C), Boron 12 spectrum ...)

1 Improved background rejection (NN for cuts optimization)
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RAA with PROSPECT at Oak Ridge

>99% of flux from 235U

Single 4,000 L éLi-loaded liquid
scintillator (3,000 L fiducial volume)

11 x 14 (154) array of optically
separated segments

Very low mass separators (1.5 mm thick)
Corner support rods allow for full
in situ calibration access

Double ended PMT readout, with light
concentrators
good light collection and energy
response
~5%VE energy resolution
full X,Y,Z event reconstruction

Same approach as STEREO via spectral distortion

WATER BRICK NEUTRON SHIELD

BORATED POLYETHELYNE

1990009000000 000)
1900999000009 9)
9000090000000 09)
1909090000900 000089)

' {INNER DETECTOR ARRAY) &

1000000060099 90)
1090909000000 000009)
1990909090090 00000869)
1990990009999 009)
J9 099900000000

Concrete Monolith

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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CEVNS: Coherent Elastic veutrino Nucleus Scattering

> A different process that can be used to investigate the flux anomaly
— coherent scattering of low-energy neutrons

> Predicted in 1974 and measured in 2017 by COHERENT experiment

A scatte.red B [ eee "OCg CEWNS — P v, NIN total
neutrino 1ok TICEWS e POV, NN 10
,ﬂ E - \'0 12‘7| CC LI Pb V. NlN 2n

e \looc

-------
---------
- -
p=h
,,,,,
- A
......
-h=
em A"
an
.
-
-
-
«*

T 1
WS S s —
recoil % F .
$ 10"
g [
@ -
9 -
owzé_
scintillation I S st
i ied - Y I s
E ......
T A T B R e s . SR R

> An important background for Dark Matter experiments
— currently a sub-dominant background for Xenon-1T

— But can become important for next generation Darwin experiment
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RAA with CONUS at Brokdort (GE)

2. Low background environment
(material selection, shielding)

Scintillating crystals, Ge-
spectrometer, liquid noble gases

~ —— Energy threshold

Signal

\\ / Background

\ |
N\ '

> Results still statistically limited

Prediction for quenching
factor 0.25: 117 counts

_ .
Unlikely to tackle RAA due to small mass Christian Buck, CONUS
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Energy (and Intensity) Frontier
High-Luminosity Colliders



Energy Frontier after Higgs Discovery

> |Intense scrutiny of Higgs and Yukawa sector

1 B Precision Electroweak and
Higgs properties
2
+|D“¢‘ - V(H) Higgs self interaction

Higgs coupling to bosons and fermions
Yijviv;¢ + h.c. CKM matrix and CP Violation

> While keeping a wide open eye on new phenomena

New light and heavy particles
Lepton flavour universality violation
Leptoquarks
Long-lived particles
Dark matter
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BELLE-Il at SuperKEKB getting ready

[EM Calorimeter (ECL): Csi(Tl)

K, and muon detector:
Resistive plate counter (barrel outer), plastic

cintillator + WLS fiber + SiPM (endcap and
. \_innertwo barrel layers)

article identification:
Time-of-Propagation counter (barrel)
* Prox. focusing Aerogel RICH (forward)

: electrons (7 GeV)
Electron-Positron
linear accelerator [

Beryllium beam
pipe (2 cm diameter)

Vertex Detector (V.
pixel (PXD) + 4-layer

positrons (4 GeV)

He(50%)+C2He(50%), small cells, lon
lever arm, fast electronics

Central Drift Chambe
» First new particle collider after LHC!

> Commissioning run in 2018 with
partial vertex detector
— new collisions by end of this week

— Aiming for 10 fb-1 by Summer 2019
and 50 fb-1 within next 12 months

— Reaching design instantaneous luminosity
of 8 x 1085 cm—2s—11in 4 years by 2024

P PP P g S P P P PP P P P e G P P G
- Prp— Po—— Pe— : 1 -1

" 3020100012

nbkg = B93 & 32

70 - Bellell
°E 2018 preliminary

-
-

1
-y
4
.
-4

-

nsg = 196 » 19

J/p — ete:

delsd?Zpb'

Entries/0.012 GeV/c’)
S 3

&

g

ST T I
! -

> Performance of charged and neutrals
In agreement with simulations

=

T DNCRE T . T T SR T SR
> Ambitious physics program targeting Mie'e) (GeVic’)
search for new phenomena with first 10 fo—1
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CP Violation

FCNC

LFUV

interference mixing and decay

New B0s in Jpsi pipl/KK in LHCb

Bs -> Jpsi Phi in ATLAS

direct CPV

N DO > KsKs

chi b1 with CMS

Spectroscop,
BC"+ and BC+ with CMS

KL -> pi0 nu nu with KOTO

Combination of all BOs in LHCb

First observation in B->VV angular
analysis with rhoK*0

problems in only calculation
avallabie

BF larger thanTH "

Observationof Ab ->Ay o~

top now playing a big role

Observation of DO <> Kpi ee with
BaBar

R(D) and R(D*) from BELLE

Ves/Ved with BES-I

Updated R(K) from LHCb
e K+ => pi- lele with NAS2
/
/ tau > 3mu in CMS
,/
rage B ¢ s

B8 -> | nu gamma

B>Inu
_’J’ ")

\ New calculations strongly needed

tZ¢

Flavor Sector



CP Violation

in Decay B (f 2 ¢ B % 2 C}:M b

a.k.a. A(B—>
Direct CPV ( /)

CP Violation
in Mixing

CP Violation
in interference

J

between Mixing
and Decay

Matter - anti—-matter Asymmetry
CP Violation



Unitarity Triangle(s)

Bg

1-5 T T 1 | T 1T 1 | I I B | T T 1 T T 1 T T 1
: excluded area has CL>0.95 | 9% :
- Yo% 1
1.0 — Kt —
i 5 Amy & Amg
05 — _|
< 0.0 — —
-0.5 — —
- e _
1.0 - Y K —
B % sol. w/cos 28 <0
— Summer 18 (excl. at CL>0.95) —
_1 .5 B I I | I I | | I I | | I I | | I I | N A | ]

-1.0 -0.5 0.0 0.5 1.0 1.5
P

I . SM o) VtsV
> Probing new physics as enhancement ¢ ~ —2arg

in Bs CP Violation
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2.0

0.10

0.05

I I I
excluded area has CL>0.95 | _|

o ¢2 _
(7] .

= 0.00 o L
'0-05 _ 1s . |
i ¢3 sin 2q>1 ~
Summer 18 ]

_0.10 | | | | l | | | |

-0.10 -0.05 0.05 0.10
p

_ +0.00096 .
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Time-integrated CP Violation

> Full amplitude analysis in challenging final state B0— p0K*(892)°
— sensitive to gluon and electroweak penguins
— challenging combinatorial background and pollution from Bo9—a1(1260)-K+

(r+m)(K-*) final state: leading order diagrams » arXiv:1812.07008
w ) u,
- K0 o Longitudinal polarisation fraction in charmless B decays
R, Z,7y
BY Ry _ Uﬁﬁd HFLAV K3 (1430)+
) b _ s ——— ——
I B“<> zé\(}sgw O K0 May 2018 e 013(1430)°
d d _——— ¢K1(1270)+
. . . . === 0K
Doubly Cabibbo suppressed Tree I Gluonic-penguin EIectoweak-penguml = HK Belle
Dominant contribution wkK3(1430)° glﬁBﬁlg
e wKj(1430)*
wkK*t
- wK*O
L _
pK* = 0.164 =0.015 = 0.022 K0+
K*OPO
Large CP asymmetry: Ko 0
. K*tp~
#4770
AL =—0.62+0.09 £ 0.09 . KoK
P —_— KK’
= hint for a relevant contribution from the EW penguin afay
diagram. — WP
e p°p°
—_—g '
= PP
] L} ] L} u 7K*0
> Probing also direct CP violation in baryons I
I I MK
— no experimental evidence so far compared to 20% T
theoretical prediction ——————
0.0 0.7 1.4
Jr

> No hint of CPV in phhh (h=1,k) final states of A% and =9,
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CP Violation in Bs—=J/WKK

Jennifer Zonneveld, LHCb

> Updated time-dependent angular analysis by adding 2016 data

B’ —~J/v K'K

Z:. 0.05 T T T T T T T T T T T T T
2 0.04 LHCb Preliminary

= 003F =

[LHCB-PAPER-2019-013] 7 0.02 + =
in preparation < 001E —

L 0F % =

< g E

B —J/Y ' ;‘Lg-g; E i jL E
arXiv:1903.05530 FB(S)_>f (t) — FBg—>f (t) | | 003 _ _
Acp(t) = ~ sin(¢,) sin(Am,t) ~0.04 .

FBQ—)f (t) + FBQ—)f (t) —0.050_ E— 0'1 e 0'2 E—— 0'3 ]

(—0.3) modulo 2/ Am, [ps]

> Combination with other Bs decays for most precise measurement of ®@s

¢s = —0.040 % 0.025 [rad]

IAl =0.991 £ 0.010
Al,=0.0813 £ 0.0048 [ps]
[- [ge= —0.0024 £ 0.0018 [ps1]

> No evidence for direct CPV

HFLAV
Preliminary

68% CL contours

(A log £ =1.15)

DO 8 fb™!

CMS 19.7 fb~!

0.10 Combined

0.08
LHCb 4.9 fb~!

ATLAS 19.2 fb~!

> Width and interference consistent with ~ >> "~~~/
expectations -0.4 -0.2 -0.0 0.2 ¢(§§[rw]
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CP Violation in Bs—J/W ¢

> Time-dependent angular analysis with 80 fb-1 collected in 2015-2017

> Uncertainties competitive with latest LHCb results

E‘ SN B " ATLAS Preliminary |
= 0.14]-  ATLAS Preliminary ---7and 8 TeV, 19.2fb" 7 8 012 Vs=7,8and 13 Tev |
S | Vs=7,8,and13TeV - 13TeV, 805 fb’ Lo 68% CL contours
68% CL contours — Combined 19.2 + 80.5fb" | < (log =115
0.12: — SM prediction - ! CMS 19.7 fb
0.10¢
0.1+ ".' ..... '“-\,\. -
i § . ] 0.08}
0.08.- 0y '_,-' i LHCb 3 fb~!
0.06 . _ ATLAS 19.2 + 80.5 fb
i 1 : L " | i n " 1 : L ! 1 1 1 1 : . \ \ \ \ . . . . . . . . .
-0.4 -0.2 0 0.2 0.4 -0.2 -0.0 0.2 0.4
¢_[rad] Ps[rad]
ATLAS: Run1 + Run2
Parameter Value Statistical | Systematic
L HCb: JpSIKK uncertainty | uncertainty
é[rad] —-0.076 0.034 0.019
¢s = —0.040 £ 0.025 [rad] Aly[ps™'] | 0.068 0.004 0.003
[ps~' 0.669 0.001 0.001
= +
Al =0.991+ 0.010 A (0) 0.220 0.002 0.002
- Tge=—0.0024 = 0.0018 [ps] 1Ag|? 0.043 0.004 0.004
0, [rad] 3.075 0.096 0.091
0y [rad] 3.295 0.079 0.202
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Probing CP Violation in Charm

> GP violation in Standard Model
expected at ~ 10-3- 104
In charm mesons
— compare to O(1) in B mesons!
T{(M — ) —TFF =T
(M — f)+T(M — f)

Acp(f) =

AAcp = ACP(DO — K_K+) — ACP(DO — 7T_7T+)

N(l—l—

t)
T(DV)

yCP>

A(t) A
i T(DO)

1956

Parity violation
T.D. Lee,

C. N.Yang and
C.S.Wu et al.

1963

> Flavor tagging with soft pion from prompt

charm and muons from semi-leptonic decays

Araw(f) =

N(D°— f)— N(D°— f)

N(D°— f)+ N(D°— f)

D*t - D> K*K)m}

D** - D> ntrn)md

Valid up to 0(1079)

Ap(f)

Physical CP
asymmetry

> A, (f) :!Acp<f>]+

, detection

DY detection asymmetry
= equal to 0, since K"K+ and r~nt
are symmetric final states

asymmetry

+ Ap(7s) +

Ap(D*T)

L

D* production
asymmetry

v

Independent on
the final state

Acp(K~KT) — Acp(n ") = Araw (K" K1) — A

Federico Betti, LHCb

Shahram Rahatlou, Roma Sapienza & INFN

Cabibbo Mixing
N. Cabibbo

1964

Strange particles:
CP violation in K
meson decays

J. W. Cronin,

V. L. Fitch et al.

1973

The CKM matrix
M. Kobayashi and

2001

Beauty particles:
CP violation in B®
meson decays
BaBar and Belle
collaborations

T. Maskawa
2 |- 2
DO DO
f‘ . f =K+K-,r-m+
m —m; Fl_FZ F1+F2
X -_— y - —
I 2T 2
X 9
u
D° Do
*o "
D T -
> T«
pv P B
> -
Ppy P
NS -ND =) - S
Aonl) = N5 pan@op| B D' KYKW X | B - DO(> mhn)u X

Valid up to 0(1079)

Araw(f) = ACP(f) + AD(f) + AD (uu_)+
Physical CP é /
asymmetry
u~ detection

)

= equal to 0, since K"Kt and n~n*

DY detection asymmetry

are symmetric final states

asymmetry

L

Ap(B)

B production
asymmetry

v

Independent on
the final state
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Observation ot CPV in Charm (at last)

> Dedicated TURBO stream with online calibration and reconstruction of events
— Increased event rate and faster turn around for critical measurements

soft pion tag

3

~ ey 200
[\ - E (@ r

S g 1 % 2000F
<< 6000 41 < -
A M | bat = 1800
S 5000 ] S 1600F
= ook Mo’ > kK] — 1400F
N g 7] Comb.bke.] = 1200
~ 3000F 1 7 1000F
g g 1 £ 8oof
S 2000¢ 1 S 600F
3 g 1 B 3
S 1000F 1 g ‘2‘88;
U 0 :. —ls \'\,__Wmmawmmmw”””mmmm U OE p——

2005 2010 2015 2020 2005
m(D'z*) [MeV/c?]
Run2 only

x10°

14 M

f
o/
o

2010

+ Data ]
.DO — 7
Comb. bkg.]

"IA'IIIIJ'III/A'IIIIAWII[M’////I
2015 2020
m(D°7*) [MeV/c?]

AAT85Y = [~18.2 & 3.2 (stat.) & 0.9 (syst.)] x 10~*
AALS e — [_9 + 8 (stat.) £ 5 (syst.)] x 107

> Probing also D% =+ KsKs but no CPV yet

Giulia Tuci, LHCb
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N

Candidates / ( 1 MeV/c?)

D
S
=

500f

100}

400
300F

200

0 4

1850

.D0 — K 7]
’ ] Comb. bkg.

1900

m(D°) [MeV/c2]

Run2 + Run1

Candidates / ( 1 MeV/c?)

Federico Betti, LHCDb

LHCb-PAPER-2019-006

muon tag
x10°
| LHCb - teof
9M 1401
{ Data C
WD’ — KK 1201

100
80F
60f
40f

20F

01800

U,
1900

m(D°) [MeV/c?]

1850

CP violation observed a@
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——

CP Violation From Beauty to Charm

St
o f_

15 Feb 2002
... in time for Moriond EW

... and end of 9th season of X-Files

21 Mar 2019
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Standard Model

B~ B° B’
_ DO(*) pi(*) d
i, d
-
b /f’e B
. LG ' D
B- BO . ........ a0 New Physics R0
u,d a,d DO.(*) D*(*) d

Lepton Flavor Universality
Indirect New Physics



Long Standing Anomalies

o LIS SN St S USRS B T T
8 05E T ok osomonaors Ay’ =10 contours -
24 045 :_ ;l‘;lllcel?,})l;l})lélétl’g;lzloloi(J(%Z&I)S) === Average of SM predictions _:
[~ = Belle, PRL118,211801(2017) R(D) =0.299 = 0.003 7
(b) F ——— LHCb, PRLI20,171802(2018) R(D*) = 0.258 = 0.005 .
\ 04 — [ Average —
: R 5
- B0 ) [Te + F ) S =
B~ B BF(B=>D"uv) 03F l]l E
025F l O _—
02pF [ L - ] R ?(X.):?‘l%l E
0.2 03 04 0.5 0.6
R(D)
2.0 i 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ]
% [ LHCb: JHEP08(2017)055 ]
muons / electrons [b — s ] =L ]
- YR S - .
ud W ud BR(B — K .ll ‘ll ) [ | 1 = ]
b s (R RK = " g 1.0 Eo l ........................................................ |
N BR(B"—= K'e'e : i ]
5 —— :
Al 0.5 F ® LiCh
o L @ BaBar 4
g - LHCD A BZHear 1
OO i ] TR TR N TR RN TR NN T SO TR SR TR S T SR S i
0 5) 10 15 20
o ¢* [GeV?/cY
O *0 + —_ _|_ im 1.57
B* —- K (Kﬂ)yy - ~4-CMs
1:— —~ LHCb
n N
K § Belle
0.5¢ XY sM-DHMV
Of ﬂ—
""""""""""""""""" - S
- osE WA
i NN |
H MU rest frame . H™ BO rest frame \ C
K 0 reSt frame ‘ 1 5 B 11 l 111 l 111 l 111 l 1 111 l 1 111 l 111 l 111 I 1
0 2 4 6 8§ 10 12 14 16 18 20
q? (GeV?)
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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

60F
50F

40F

Events / ( GeV/c?/ 400 )

30L
20

10

0,
oF
oF
—2F
520

Pull

Events / ( GeV/c?/ 400 )

Pull

> No deviation from SM predictions
— dominated by statistical uncertainty

—— Data
3 — Fit
1 8 Signal

Combinatorial

. === Charmonium

Markus Prim, BELLE

20omm7mbm—

15|

05|

¢+ Datafor B® and B* modes |

B SsM prediction

oo .
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q* (GeV?/c*)

- Peaking
204b—mnm—/m—/m/———
[ Belle preliminary
15|
k \ 4
< 1.0 o
ol e {
[ ¢ o "{“ Belle
05| Q LHCb
: + BaBar
: : B su prediction |
oo\ . .
20 0 10 15 20
2 2/.4
q- (GeV</c?) 4)



Updated R(K) by LHCb

> Addition of 2016 data and re-analysis of Run1 data

— X2 Increase in number of B mesons Thibaud Humair, LHCb

— X2 reduction in systematic uncertainty
o better trigger and particle identification
— double ratio to reduce electron/muon differences

. —~ —~1.10
< 300 LHCb < LHCb s [
% —+—Data % 100 —4— Data < [ LHCb
= 250 ' > — Total fit ~1.05F LHCb-Paper-2019-009
= = p
= — Total fit g sofe IR /T B> Ktete i l
§ 200 s B K*utus % B Part. Reco.
%‘ 150 Combinatorial é 60 BB —J/y(ete )kt
g '2 40 B Combinatorial
S 100 S
50 20p .
O.--|--".'...|.f~. ol ...: .... " LT A e o 3 o) 090_...I....I....I....I...-
5200 5300 5400 . 5500 5600 5000 5500 6000 ) 1000 2000 3000 4000 5000
m(K*u*u) [MeV/c?] m(K*e*e) [MeV/c?] min(pT(l+), pT(l_)) [MeV/c]
B(B — K*J/¢(up))
ey = = 1.014 +0.035 (stat. + syst.)
p_ B(BY = Kup) [B(BT — K™ J/¢(upr)) B(B = KT J/p(ee))
W =

- B(Bt — Ktee)/ B(Bt — KtJ/y(ee))
N(KTpp) — N(KTJS/p(ee)) e(KTJ/gp(pp))  e(KTee)

T N(KH /() N(Kee) s(Ktup) — e(KTJji(ee))
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Anomaly is still out there

o 207 Combined Runi + Run2

- LHCb

1.5 Rk = 0.846 1299 (stat.) 19950 (syst.)
[ ] ~ 2.5 from SM.

1.0 i [T
| = new 0.083+0.017 0.089 +0.020
E : RKeRun 1 — O-717J—r0.071J—r0.0167 Rk Run 2 = 0'928t0.076t0.0171
- BaB

03 Rithun 1 = 074579399 £ 0,036 (PRLIIS(2014)151601).
e LHCb Run 1 + 2015 + 2016

ooLl—— o e 1 ~70% of events in common between

-
)

10 15 20
g? [GeV?#/c4]

Compatibility taking correlations into account: LHCb-paper-2019-009

» Previous Run 1 result vs. this Run 1 result (new reconstruction selection): <1 ¢
» Run 1 result vs. Run 2 result: 1.9 o.

> Prospects
— LHCb still has x2 data to analysis (2017 and 2018)
— Additional measurements with Bs, Bc and /v 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

old and new Run1 analysis
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https://cds.cern.ch/record/2668514

R(D) and R(D*) from BELLE  rmmmmeemra

Giacomo Caria, BELLE

> Simultaneous measurement of R(D) and R(D*) and their correlation with 2D fit

to both D and D* samples

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

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

* Results compatible with SM
expectation within 1.20

 R(D) - R(D*) Belle average is
now within 26 of the SM
prediction

 R(D) - R(D*) exp. world average
tension with SM expectation
decreases from 3.80 to 3.10

—~~
x
O
~—"

o

0.42__ T LBlatl)a;. | 1T T T | 1T T T | 1T T T | 1T T T __
L LHCb Combination _

C = Belle 2019 SL B, , t — | v v (Preliminary) ]

- — Belle Combination"2019 (Preliminary) .

- — World Combination 2019 -
0.38 . SM prediction =
0.34F e -
0.3 =
0-26:_ \ N SM prediction B
= 1| R(D) s = 0209+ 0.003 |
0.22F | | RD) s = 02584 0.005 |-

0.2 0.25 |0.3 035 04 0.45 0.5

. R(D)
This result

R(D) = 0.307 £ 0.037 £ 0.016
R(D*) =0.283 +0.018 £ 0.014

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

Shahram Rahatlou, Roma Sapienza & INFN
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LFUV in charm decays

> Probing LFUV with semi-leptonic decays of charm mesons and baryons at
BES-II Sk

= Most precise measurements = No LFU violation in charm decays
err) Systi%l,i)rror
fo. ~0.9 26 1.3 Now Exp.
fs. ~1 1.2 06 D*>I*v [wr] ~10 20 10
fD>K (0) ~0.5 0.35 0.18 D *>lv [pH] ~3 4 2
fo>, (0) ~0.7 126  0.63 DO->K-I*v [e/p] ~1 0.7 035
Vg IS+t ~1 1.2 06 DO>ml*v [e/p] ~2 33 1.7
[V IP02K-e+v 2.5 (2.4-0CD) 0.35 0.18 D.+>¢l*v [e/p] ~4 6
[V 4IP+2u+v ~0.9 2.6 1.3 D *>nl*v [e/u] ~3
IV ID0>mesv 45 (4.4L9CD) 126  0.63 A Al [e/y] ~4 17

Now: Current D/D/A_ analyses are based 2.9/3.2/0.567 fb™! data at 3.773/4.178/4.6 GeV
Exp.: Expected precision is based on 12/12/5 fb-! data at 3.773/4.178/4.65 GeV

Shahram Rahatlou, Roma Sapienza & INFN
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Probing Anomalies at High Mass

> Several models proposing new heavy Z’ or leptoquarks as possible source

b T

> Active program of direct searches underway at CMS and ATLAS

Events / bin

77.3 1" (13 TeV) ._CMS Preliminar 77.3fb” (13 TeV) ) .
— T T T ] T T = = TT | T T T 7T I 11
- ¢ Data 1 O
o5 CMS B 7 7 7wt
" Preliminary —— m(Z)=5GeV,g,=0008 :
i —— m(Z) = 15 GeV, g =0.01 i a
20 —— m(Z)=30GeV, g=0.01 H
i Background syst. uncer. | 107" =
- N ] q +
15 — o i ! H
° ° N ' g1 | CMS: Z—Z'wu—4u (exp.)
I ‘ I i 102 Altmannshofer, et. al. n
5 | W' ! I |' - JHEP12(2016) 106 .
T et ‘? | I Neutrino Trident ]
/0109, B, mixing —
1 !ll!! I D e BR(Z— 4u), Vs = 7 and 8 TeV |
| I I | | | | | I I |

5 6 7 8910 20 30 40 ” - o
Shahram Rahatlou, Roma Sapienza & INFN m22 [Gev] m(Z')[GeV] 47
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Events / 40 MeV

Bs = up with ATLAS

> Standard Model BF =3 x 10-°
sensitive to BSM enhancements

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

> Abundant sample of J/psi K+ as reference

N, E -
0 _ d(s) EJ/YK _
B(Bly = p'p7) = ——~ X [B(BT — J/$KT) x B(J/ — p*p™)]
ptu= AVJ/PKT
18 1 T — T T T T T T T & s of L U L LR L LI LN
1 < =74 g - Run 1 data o
16 ATLAS . e 2015-2016 data i = . ATLAS 2015.2016 data ]
s =13 TeV, 26.3 fo Tota fit 1 & 1 e A =
14+ 0.4163 < BDT <=1 = = Continuum background —] :L : ——— LHCb Run 1 + partial Run 2 data ]
12 b u'Xbackground_— T 08; Likelihood contours for —5
L Peaking background 1 o = _y 2 AIn(L) = 2.3. 6.2 11.8 ]
1 @ o06F ; R | =
10 A = Bg—>u+u'+BO—>u+uf—_ 5 - . A
8F- = 0.4F..i. =
o 1 oz -
4;— 5 0: £ > i B -
O:L_. T 2 2P TN B SV POPRP SIS TS A —0.2[x T P
4800 5000 5200 5400 5600 5800 0 6 7

Mass spectrum in best S/B category

Dimuon invariant mass [MeV]

Shahram Rahatlou, Roma Sapienza & INFN

Olga Igonkina, ATLAS

b ut

B(BY - u* u)[107)

Ju
Ja(s)

SM:
Br(Bs— ) =(3.65+0.23)x10-°
Br(B°—uu) =(1.06+0.09)x10-1°

Best fit of Run 2 data :
Br(Bs— ) =(3.2+0.9)x10°
Br(B°—up) =(-1.3+2.1)x10°10

Run 1 + Run 2 result @ 95% CL
Br(Bs—up) =(2.8+0.8)x10°
Br(B°—up) < 2.1x10°10

First theoretical implications already shown yesterday afternoon!
(see theory summary)

49



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, ¢, s, and now also top decays

14
; g n BR(t — gH) ~ 10-15
‘ : ‘\ BR(r — gZ) ~ 10-14
u/c u/c

Loic Valéry, ATLAS
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FNCN with radiative decay A, = /\y

> Rare radiative decays sensitive to new physics

> Only theoretical prediction affected by large

uncertainties: 10> — 107

Ab-

— Experimental limit  CDF: B(AY — Ay) < 1.9 x 1073 at 90% CL

i
d

Carla Marin , LHCDb

b

i

d “A(1115)

| U

u

> Machine learning techniques to reduce comblnatorlal background and

iImproved particle identification

— 99.8% background rejection
with 1/3 signal efficiency

N(AY— Ay) ngX B(A9 — Ay) L BA—pr)
N(B®— K*0y)  fgo  B(B°— K*04)" B(K*0— K+7~)

Signal excess with 5.6 o significance — first observation of Ag—> Ay

Events / (50 MeV/c?)

Branching fraction measurement within range of SM predictions
B(AY— Ay) = (7.1£1.5+0.6+0.7) x 107°

N
(=)

o

N
(31}

ks
(31}
T T 1

Ag - An

—
(=]

T T 1
"

(=} [$))

LHCDb Preliminary _]

65+13

|

5000

> Begging for new theoretical calculation

5500 6000 6500
m(A%) (MeV/c?)

> LHCDb also investigating other such radiative decays

Latest results from LHCb
@ Best world limit on BT — ptu—putv,

Shahram Rahatlou, Roma Sapienza & INFN

o Full angular analysis of A? — Autp~

U % 7000F

a
o
o
(=]
T

|

© 6000} 32670290

T T T T T T T

LHCDb Preliminary

----- Signal ]
--- Combinatorial
B—K'xny
—ee B = K'ra®%X
e B K*°; ]
B = K'ma®
A — pK'y

B gy

.....

: compatible with SM

15500 6000
m(K*%) (MeV/c?)
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FCNC with charm and strange

> KOTO detector at J-PARC with collimated beam of KO

primary p '
(30(39’\/) 20m beam line ' 7 , Standard Model : FCNC X0 . - - - ‘ o
Sweeping magnet and collimator ;"" - N w* P ;
- Rare: BR(SM) =3x 107! 0 Y Ry
1S ‘t " '
- Accurate: 2
< . v
. . .
- theoretical uncertainty < 2% -

Hajime Nanjo, KOTO 2?1 3 |
-7 — IDTFD’ 2017, 091(‘ﬂ1|
10 — —o—  UL.(90% C.L)
> Best upper limit in 2015 8(3 | 2015 * SES
10782 [PRL. 122, 021802]

Expected SES

G.N.limit| . | 2016-2018
—

BSM? SEScombine ~ 5 X 10_10

— Still taking data and planning an upgraded
detector to dive into New Physics realm

1079

-9
By, iy <3.0%10°00%C.L) &
ISI\/I3.0 x 107!
4 107" 50132014 5015 2016 2017 2018

> BaBar reported a new search in K—1v and observation of
DO—=K-ritete- final state

SES/Upper Limit (90% C.L.)
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Lepton Flavor Violation

£+

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

> NAG62 at CERN reported on K+—=11-I+|+ with of 2017 data
— measurement normalised to similar FNCN mode K+—= 11+l ’ oredicted ackgrount

in Signal Region

% [NA62 “e-Daia
810" — P 005 + 0,05
= = —rtnuty .05+ 0.
Decay BR UL @ 90% CL PDG (2018) UL @ 90% CL Zyotl Eij—m*n’e*v gg;j_:ggsz,
s ST 08 £ 0.
Kt ->n ete? 2.2x10710 6.4x10~10 g Kot 10| 001
: oo oE P Total =
Kt ->nutut 4.2x10™11 8.6x10~11 i 0.91+0.41
E 1 evenjtin SR
10 iy

Alessio Boletti, CMS

> Search for T3 in copious sample of leptons

m(n p*pt) [MeV/c?]

CMS Praiimi 33 b (13 TeV
1wEv—v—rvT7TT{rﬁ—'4@gvv'rv—rTv—rﬁ—rm-rLTﬁT)]

from B and D decays in 2016 data at 13 TeV 2 0 ]
— Dsi — gbwi — ,u+,u_7ri used as reference sample % ”E — spum )
i £ wof4t, 1 | — seogmeoayn

/M'/ g Er‘[‘iil 0+ ] | | 5

e e T 17 N

, :’f : 2 wf gy LS

1o e - h o 1+ T' Il

%

Zz % CMS PAS-17-004 .

Most stringent limit (Belle): BF < 2.1-107° (90% CL) gk 3:
CMS BF(r —3u) <8.9-107° e e
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-17-004/index.html

CMS Preliminary

'8 0 7 TeV CMS measurement (L= 50 7) ]
— 10" O 8 TeV CMS measurement (L < 19.6 &)
@) 0 13 TeV CMS measuremant L S350 ®7)
S Thoocyprodtcom
8 10* _ L Z Z CMS 05%CL limits at 7. 8 and 13 TeV
- Inclusive W and Z top pair
5 10° "
n® " o W
g 102 . °.3 - ?":‘  « | 8
2 o i ;a 6 o2
O 10 - & | 13 ‘
o B ¥ 1 8:8¢
S b 4 | E—,
g : & =i Z pe OB~ “1 1Y &°-
© =" =0 J - :0 e
910 e FEDN e AT S e (O S Fhw e e e R R B -+ frrrren g
(4 WW, WZ, ZZ .: X =
1072 - Ly v i
- : »m - Higgs ]
10°2 i -?-'3‘ Triple and ngrtic - self )
3 Gauge Coupling tttt

interaction
Vector boson scatterm;l

ol
1 ‘w7 "un' TAHTACETET AT ATATS wer
0 wZMhWﬂmewa'mwmylnwnl\,Mg‘mmxmdnﬂh.WWNDOHO«
Al resuls al: hitp.Scem chigo/phy 7/

Standard Model

New Physics through Precision




Precision top physics
> LHC is a top factory

Most abundant production

The LHC world @13TeV mechanism of top quarks
O« ~ 830 pb ‘
5 / Copiously produced via
};; - tt t- and tW-channels & £
0 Otch = 220 pb, Ow-ch = 70 pb, A
° ~ § Rare processes
g Ouww =~ 0.6 pb, Owz =~ 0.8 pb, Oty =~ 0.2 pb,
IS - -
< OuwH ~ 0.5 pb, Otzq ~ 1 pb, Otyq ~ 3 pb,
o Ottq =~ 0.07 pb, oww = 0.02 pb, ; \
£ 4/ tHa ~ P (Y p
Otbh <~ 4 pb , O = 0.01 pb
Rare CKM-suppressed decays
: P <103
icLFV,;FCNC", BNV
""" Not reachable at the LHC
Prene < 10-12 -
(*) FCNC is covered by Loic Valery Process type Peny < 10-27

(**) Higgs results are covered by Stephane Cooperstein P.ry < 1055 “
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Top agreement with theory

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

5 T
& g . £
t
d . Z/v*
u W+ g E
B S— Ll
e ._...._.(.FE%)....:...9..?.?.T_.Q..o..s....(?E?E?.fig_;g_SﬁXﬁQ...R?_ ith”
.............................................................................................................................. me“
_______ (W) = 077731 (stat) ' $13 syst) b FERAREI Good a8reCTet [
2019/03/17 Kirill Skovpen - Moriond EW 2019 "O p
ATLAS 0',,2 = 0.95 + 0.084q. + 0. 108yst pb ERFTEERS  Good agreement with

> 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 4} A
: : : , ' g+
> Top spin correlations also provide valuable comparison : :
. g ——bl¢— g
with theory = | <& " A
— NNLO predictions needed to mitigate discrepancies up to 30 {} [ &

wrt simulations :
Shahram Rahatlou, Roma Sapienza & INFN JaCOb Llnacre, CMS
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Rare top production

> Qbservation of rare single-top production tZq

q q q q’
& 15% precision
" . o i —
W o(pp — tZq — t{70"q) = 111 + 13 (stat) 7" (syst) fb

> Search for tttt production ey
— same sensitivity for both experiments BE {77 (SM)
o expected significance of ~10 Sngle lap. (05 e : i

— over fluctuation in ATLAS

SS dilep. / trilep.

- -
L A A L Al R

g ' g
-8 R
t E ##8 Expected = Yo
. » ««=« Expectled = 20
b t N " —— Observed
g g & - D Expected (u=1)
— A . T T BT CRSREN PR A
t t 0 2 4 6 8 10
y 1 &ty AT
Shahram Rahatlou, Roma Sapienza & INFN 95% CL limiton u = 0™/0™g,, 57



Triple Gauge Boson Production

————r A 1)
AMArAAn |,

Y

——AAAAAN V})
=

Vi
q
S —
V*
Y

=i/

> 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 VW

2] E

§ L ATLAS Preliminary ¢ Data Cvw @mwz

W 10*E 13 TeVv, 79.8 fb" mzz @ Non-prompt [y conv.

E Post-fit 14 104 @ Other WWWw 2¢

77 Uncertainty

_ WWw 3¢
10° WwvZz 3¢
108 WVZ 4¢

Rl — Combined

-8 1 5 |__ 1 1 1 1 g

ﬂ‘-\- 154’,«,—. 2. . D T

« 0.5 ¢ -

“ 0 1 1 1 - 1 1

(] VDF 4('0"‘31,:,10 3/)/ 3(3/ 3(3/ ”?CR 3 OSFgSeI 9”2’ #e’ M”ﬂ

ATLAS Preliminary
—— e

Vs =13 TeV, 79.8 fb™
—— e

! b ’ |
tot. E 8omgined
e Comb. stat.
stat. Comb. tot. tot stat
4062  +40.39
® -+ w=224 55 o3
4054  40.49
| ® | w=047 547 o4a
+0.96 0.49
— e — w=-0.10 54, to.47
+0.92 0.83
o 4 W=244 "o T0.75
"""""""""""""""""""" 40.39
F 4 l"' = 138 -0.37GWWW= 0.68 t
1 I 1 L I 1 1 1 I L L L I 1
_ +
0 2 &6 Oy, =049 7

best fit u = oVVV/o¥W

> Multiboson domain finally accessible thanks to high luminosity of LHC

Alberto Belloni, CMS

Shahram Rahatlou, Roma Sapienza & INFN

Aleksandra Dimitrievska, ATLAS
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Observation of Light-by-Light Scattering

> Forbidden process at tree level enhanced in Pb-Pb collisions ppb p.Pb
— Cross section proportional to Z4 \‘\Qf;/ e
— Another probe of anomalous gauge couplings and BSM contributions )

Y A

— Evidence had been reported already o LHL

> First observation by ATLAS in collisions recorded in Nov 2018
— better trigger and enhanced identification of photons

p.Pb p,Pb

g 50:I LI L L | L | L | L | L T T I: > 18_ I I I I I I I I I | I I I I | I I I I | I I I I H
S e ATLAS Preliminary ] o o ATLAS Preliminary .
o ] -] g - ]
% a0 Pb+Pb |5 =5.02TeV 2 i Pb+Pb |5, =5.02TeV
- ] o — ]
I 350 - Gt :
n —e- Data 2018, 1.7 nb” . 121 ¢ —e— Data 2018, 1.7 nb”’ —
30% ] Signal (yy = vv) E N [__ISignal (yy — vy) §
- [CICEP gg — vy E 10E [ CEP gg — 1y g
- By — ee ] gl yy —ee B
20 B Sys. unc. - - B&] Sys. unc. .
15F = °F E
107 S = - E
5 = 21 + =
O ; L 1: O_ 1 kR ._% ]

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 5 10 15 20 25 30
Aco m, [GeV]

O,rias = 78 £13 (stat) +8 (sys) nb
SM predictions: 49 5 nb
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b-jet
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Higgs

From Discovery to Precision

F IIIV
KFT or va

0.5 pb
70k
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#Higgs produced during

Run-2

I“IIIIIII| T IIIIIII|

ATLAS Preliminary
Vs=13TeV, 24.5-79.8 fb™

my=125.09GeV, ly,|<25,p  =72%
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Higgs Physics in 2019

>

>

>

A standard candle of Standard Model in just 7 years since its discovery
— compare to top, W, and Z

Higgs now used as a probe in searches for new phenomena
— FCNC in top decays

— Search for Supersymmetry

— Search for Dark Matter WIMP candidates

— Decay of heavy new particles to H+X

Couplings to 3rd generation established in past 2 years
— taus in 2017, top and b in 2018

So far it walks and talks like the Standard Model Higgs

Falsification of the Higgs mechanism a critical component of High Energy
Frontier program

Shahram Rahatlou, Roma Sapienza & INFN
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Heather Gray, ATLAS

Higgs Properties

T 1 | T 1 | T 1 | T 1 | T 1 | I
ATLAS Preliminary T
IO ) ——Total Stat. == Syst. "1 SM
> Similar performance for ATLAS and CMS | -137ev,245-79.8 10"
my, =125.09 GeV, |y, | <2.5
I|III|III|III|III|III|III|III|III|III|III pSIVI=71°/° TOtalStatSySt
. . 1 +0.09
ATLAS Preliminary +—e—Tota Stat. EEE Syst. | sM 9gF vy i 096 =01 (=011, —oge)
vg — 13 TeV, 245 _ 798 fb-I ggF ZZ |-iﬂ-| 1.04 i0:15( +0.14 , i0.06)
m, =125.09 GeV, |y | <2.5 ggF WW (== 1.08 +o019( <011, +0.15)
b, = 76% " ogF 1t H— 0.96 0% ( 0, o)
o Total  Stat.  Syst. CgoFcomb. Tl T 104 “voos ( toor, 00Ty
I VBF 1 +040 ,  +031 +0.26
ggF H==H 1.04 +o009( =007, fg’g;) 1Y frim— 39 Toas( Zozos —o19)
| VBF 2Z ' 268 g ( losts oz0)
VBF ——— 121 0% +0I8 4016, VBF WW 059 g3 ( oz, wo021)
VBF 11 = 116 708 ( 135, T9%)
WH = . 130 To5% ( Zozr loz) | VBFbb | —— =—— 301 “i5( 5. To%)
VBF comb. = f2f ToEy( ol ot
zZH | | 1.05 05 ( +02¢, 537) VH vy - 109 0% ( 0%, %)
- 120 VH 2z 0.68 o7 ( ‘o077, l011)
| [ ] 1 +0. +0.
ttH+tH K = — 121 Zoo0 (2047, Zo%g) | VHbb IE ____________________________ 119 'S ( o1, v0xy
| I I | I I | I 1 1 1 I I | I 1 1 1 I 1 1 1 I I | I 1 1 1 I 1 1 1 I I | VHcomb l‘rE.l 115 ig%%( i;).;:, t§:I:§)
06 08 1 12 14 16 18 2 22 24 26 tH+tH vy g 110 o535 ( Zoas. “ois)
. : ttH+tH vV >|—E—< 150 0% ( 138, 10%)
Cross-section normalized to SM value N : 138 <lm( om0
|fHrtH bbb === 079 las( xom, xos)
> Experimental precision approaching ttH+tHcomtT- - r21 8 ( ow, 0)
I I I I I I I I I I I I I I I I I I I I

theory precision even before using

—2 2 4
full statistics of Run2 0 6 8

Parameter normalized to SM value

o ~— ~—
o/osn = 1.11J_r8:8§ = 1.11 + 0.05 (stat. fg:gi (exp. fg:gi (sig. th. fg:gg (bkg. th.)

> Also extensive measurement of differential cross sections

Yacine Haddad, CMS Fabio Cerutti, ATLAS
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Updated Higgs-Top Coupling

> Updated study of top-Higgs coupling in H—=yy
— ATLAS using full Run2 sample
— CMS using 2016+2017 sample

>
5
o 30
N~
o
~ 25
@
£ 20
=)
()]
=< 15
©
£ 10
(d))

b

(L s B B B B B B T T T ] T T T T [ T T 1 ] CMS Preliminary 35.9 +41.5fb™ (13TeV)
: + Data ATLAS Preliminary : _I 6_ T T T T | T T T T T L\ T T | T T +I0-I6 | T T T T _l T T T
ny -1 - = C u. = 1.7 Zo5 ttH ]
o Continuum Background s =13 TeV, 139 fb 1 g C ttH , ; t He>yy ]
- _ 1 o 5 —— syst+sta — _
- Total Background m, = 125.09 GeV e i - —_ statonly .
~ ——— Signal + Background All categories ] - .
- In(1+S/B) weighted sum ] 4 95%CL .
H E 1: 68% CL ]
: 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 N 00_ I 0|5 I I I I -ll I I I I 15 I 2| I I I 2|5 I I I I _3
110 120 130 140 150 160 b
ffH
m,, [GeV] 0/0sm

ATLAS  o/osm

Shahram Rahatlou, Roma Sapienza & INFN Dickinson, ATLAS

=1.88 Foot = 1,88 T2 i(stat) 1051 (expl) 705 ({hes.)

Haichen Wang, Jennet

Stephane Cooperstein, CMS
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H —

invisible

q
> X
> X
q!

-2 Aln(A)

ATLAS Preliminary
Vs =13 TeV, 36.1 b’

— V(had)H(inv)
— Z(lep)H(inv)
— VBF H(inv)
= Combined

-0.2 0 0.2 0.4

B(H—inv) < 0.26 (0.17+007 545) @ 95% CL

0.6

B

H— inv

SM
© o o o
o N o ©

95% CL upper limit on o x B(H — inv)/o
o o
£ (6)]

0.1F

491" (7 TeV) +19.7 b (8 TeV) + 38.2 fb™ (13 TeV)

o
w
TT 1T

0.2F

| |
CMS

L —e— Observed

L --©- Median expected

- . 68% expected

95% expected —

Combined 7+8+13 TeV Combined 13 TeV

Combined 7+8 TeV

Binv < 0.19 (015)

> Aiming for 2-3% limit at High-Luminosity LHC with 3000 fb—1

Shahram Rahatlou, Roma Sapienza & INFN
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The Higgs or A Higgs?
> In BSM models with more Higgs bososn, the lightest can resemble the Higgs

> Direct search for additional light and heavy Higgs bosons with up to 80 fb-

A

2HDM has 5 Higgs bosons 2HDM+S
h: “SM” Higgs ==
H: heavy Higgs | HAH?* <oosted ° resolved
A: pseudoscalar a— uu
H*: charged Higgs a— 1T
| a > bb
125GeV == h Zmu 2m, 2m, m,

mass scale

H/A - 7T, uy, bb,

> So far no excess or evidence and 77 WW hh. 7Zh

only exclusion in theory parameter

Space HY > 1u, th, WTA, WtZ

h = aa = 4y, 4T,

> High-Luminosity LHC two provide x20 uuzt, bbuy, bbtt, 4b
Increase In statistics to answer this question

Shahram Rahatlou, Roma Sapienza & INFN Devin Taylor, CMS 65



_ ==su= neutral
HSCP displaced |m= charged

dilepton |~ any charge

disappearing N ¢
track

(oc-ca---

displaced
lepton

displaced AR\ i v"?:‘. "_....
vertex oo’ : N .'. ~ ¢ .'0.
: “ : .0'
== P Y% displaced
. 7 %, photon
s A
% : . |mBSM
X M lepton
" : ; W quark
& displaced - ¥ gisplaced photon
\ vertex conversion W anything

Credits: J. Antonelli
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Exotica Timeline

> Two-body resonances from day one: leptons, photons, jets

— detector effects not critical 41.41b" (13 TeV)

[

6.11 T =)
10° + Data

105;_
10°E

CMS
I vz - e'e Preliminary
Bt tw, ww, Wz, ZZ,

— sensitive to bumps right away

Events / GeV

> |ncrease complexity and multiplicity

E
=
§§
: 10° il Jet =
Sl of final state e 3
S — better understanding and calibration 1o 3
3 of detector E E
g 107" . E
=¥ > Final states with X + MET 10k L SERE
pp. 107 = | 3
2 . . 4E d il
sll > Really exotic signatures such 10 I | | WE
. : 107 o S P p——
=3 aslong-lived particles .. 50700 200 300 1000 20000
2 — control of detector conditions Z:; 0'39 ..... ...........................,,...,....m,+,*,..+.*;$;H;]"H, —
=1 over longer period 1 =0 S il GRS L
3 g 80100 200 300 1000 2000

— ultimate calibration and alignment m(ee) [GeV]

— optimisation of dedicated algorithms
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Heavy Resonances

Diboson resonance using

Events/ 10 GeV

A(data-fit)/o

Z’ in dileptons boson tagglng with substructure
— — . . = >104. — — —— e
104 & ATLAS . 2 4o ATLAS Prellmlnary ¢ Data
- ‘ /s =13 TeV, 139 b" 3 S \s=13TeV, 139"  ==Fit
10% & A — = 102 --- Fit + HVT model A m=2.0 TeV
= /‘ i *—__Signal = £ -~ Fit + HVT model A m=3.5 TeV
102 L-Smooth i / _ 2 10
= Background ‘ j = ’
10 '§_ . gata | “. _g 101
— ackground-only fit . . -
15 ---- Generic signal at 1.34 TeV, [/m=1.2% ' ot — 102 WZ or WW SR
= Generic signal at 2 TeV, [/m=1.2% b = 1?/DOF = 6.0/4
1 — - .=+ Generic signal at 3 TeV,/m=1.2% 3 ‘+ } 10-3 i . | " : ] "
0 E L N 3 8 "
4 c
24, 44 . S
O Wit ++++++*++} $ B +¢;++++ T b £
4 @)
3- 10 10° 2.10° 3 10°
Meo [GeV]

Excluding particles with mass ~ 4-5 TeV

> Also updated ATLAS diet bump hunt with full Run2
— Addition of full Run2 data extends exclusion limits by ”just” 700 GeV

_ Savanna Shaw, ATLAS Alberto Zucchetta, CMS
Shahram Rahatlou, Roma Sapienza & INFN



Energy vs Luminosity

> Biggest jump in mass limits with increased energy at start of Run2
— Assuming maximal coupling to SM particles
— Most searches published with 36 fbo—1 of data

> With full Run2 data focus on exploring weakly coupled phenomena

10

Coupling
O|Imlt/OSS|V|

1
10™"
1072
107

1074

107

ATLAS
Z'— |l

—u— ATLAS Vs =13 TeV (ee 139 fb™; uu 139 fb™)
ATLAS Vs =13 TeV (ee 36.1 fb™; uu 36.1 tb™)
—e— ATLAS Vs=13TeV (ee 3.2fb™; uu 3.2 ™)
—a— ATLAS Vs=8TeV (ee 20.3fb™; un 20.5 fb™)
ATLAS Vs=7TeV (ee 4.9 fb"; uu 5.0 fb™)
—s— ATLAS Vs =7 TeV (ee 39 pb™"; uu 42 pb™)

IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| [ 1111 IIIII| [ 1] 1HH

1 2

Shahram Rahatlou, Roma Sapienza & INFN

3 4 5

6

Aaron White, ATLAS m,, [TeV]

Collision energy

69



Long-Lived Particles

Search for supersymmetry with

displaced vertex 1
’ -
t . p
/” /
- 23k
NN H
P 23k
q
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Nora Pettersson, Karri Folan

DiPetrillo, ATLAS

Search for supersymmetry with
delayed jets

3ns <t <20 ns

oe

CMS Preliminary L, =137fb"' V(s=13TeV

E 3500| pp - §§, § — g+ G GMSB NLO+NLL exclusion _5
o LI 95% CL expected median =1 o Z
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> Extremely quick turn-around for long-lived particle search

Shahram Rahatlou, Roma Sapienza & INFN

95% CL upper limit on o (fb)
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Supersymmetry

> Many new searches targeting both strong  '*

102 T T | 1

ONNLL—fast (pb)

- 10° ¢ ol A BT

and electroweak production it | LHC, V'S = 13 Te\
— No significant excess observed so far 1072 |
1073

________ P N W, =----0.3 fb

> Strong SUSY searches targeting 10~ [

masses ~ 2 TeV 13( '

1077 |k SUSY

> Searches now using also H—yy and exotic | | 1 1 |
Higgs decays in electroweak production P00 1000 130072000 2500 5000
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Direct Detection Production at Colliders
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) Dark Matter
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recoil energy
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The known unknown




Detection Techniques

. . INE
lonization icl)\ISAIS
Semiconductor detectors (Ex. CoGeNT)
Drift chambers (Ex. DRIFT) SABRE

Credits:
Claudia Tomei

Cryogenic
semiconductor detectors
(Ex. CDMS, Edelweiss)

2 phase noble liquids
(Ex. LUX, Xenon, Dark-Side)

PhOnOnS Scintillating bolometers Light
(Ex. CRESST)

. Inorganic Scintillators (Ex. DAMA/LIBRA)
Superheated liquids (Ex. PICO) Single phase noble liquids (Ex. DEAP)

Radio pure material and clean environment critical for background reduction
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Dark Matter Mass Spectrum

Enectali Figueroa-Feliciano, CDMS
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A Broadband/Resonant Approach to Cosmic Axion
A B RA< A DA B RA Detection with an Amplifying B-field Ring Apparatus
Chiara Salemi, ABRACADABRA

> Probing coupling of axions to SM patrticles
Th e D eteCtO r doi:10.1103/PhysRevlett.117.141801

* Toroidal superconducting magnet
with fixed field, B, Y

* Axion dark matter generates parallel
oscillating effective current

* ...creating an oscillating magnetic
flux through the center of the toroid

* This flux is then read out from a v
pickup loop using a SQUID current
sensor

(I)(t) = gaq”yB?na,:lz V, QPD]\[ COS(Wla,t)gVV

A C. Salemi g

> Sensitivity currently reduced by x 6.5 WRT expectation due to parasitic
Inductance in the circuit

- I_OW frequeﬂCy ﬂOISe due to . ABRA-10cm current limits
mechanical vibration and il

some transient noise yet L ABRADIT
to be understood

> Upgraded 40cm and 1m versions
could probe axion space preferred
by QCD
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SuperCDMS at SNOLAB

> Ge- based detector with phonon-based charge amplification

jNIMP
{

E field

> First observation of e—h+ pairs in Si crystal with
phonon sensor (arXiv:1710.09335)
— Reached also resolution of 0.06 e—h+

> |mproved constraints on inelastic ERDM for both
heavy and light medlators down to 0.5 MeV
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Annual WIMP Modulation

> Strong signal reported by DAMA/LIBRA

— pure Nal crystals
— Not confirmed by any other experiment

— Excluded by many other experiments using
different technologies and methods

1-3 keV

Modulation persists in DAMA Phase 2 :'3 |
* 6+ additional years / 1.13 ton-year _‘E‘
* Threshold lowered to 1 keV ? . 5 1" §
(1 - 6) keV: 9.50 from 1.13 ton- year Bt S S
(2 —6) keV: 12.90 from 2.46 ton-year S 005 |
Signal consistent with Dark Matter %0 025 - +,,%%
+ Mod’n amp.: 0.0103 + 0.0008 cpd/kg/keV R A= NVESEES JP ORI ORESP
« Phase: (145 = 5) days 550.025 ~ ﬁﬂ;:g;
« period: (0.999 + 0.001) year 008 F et
0 2 4 6 8 10 12 14 16 18 20
Energy (keV)

> @Galileo (the physicist) would suggest at least one other experiment to
reproduce results as closely as possible
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COSINE-100 at Yang Yang Lab (Korea)

> 8 copper encapsulated Nal(Tl) crystals,106 kg total
— Detailed Geant4 simulation; BDT background rejection
— Currently background ~ x 2-4 DAMA N AT I PN

> First results with 2 years of exposure

— disfavors standard spin-independent WIMP
interaction with Nal(Tl) as explanation for DAMA/LIBRA

> Effort underway for COSINE-200 with
ultra pure crystals
— 5 year of data needed to confirm DAMA with 3o

10
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Xenon-1T at Gran SassQ

S2
> Dual phase time projection chamber eecronic recoienr g
. . . \ \ \ 7, Backgrounds
— Using s1/s2 discrimination instead g
WP, 1 Drift time
of pUISe Shape Nuclear Recoil (NR) " Particle s e
WIMP signal, neutrons, /ﬂ*&\ ~

> CEvVNS: subdominant background & e (SN S
— will be more important in next generation Darwin experiment

P ioOZation electrons

> Events shown as pie charts showing relative PDF from  ~» v cmsom i

each component for the best fit model of a 200 GeV WIM
Il ER M Surface Neutron I AC W WIMP 0 R [cm]
8000
10743
4000 3
2000 E 1074 g
) &
2 1000 = -
S 3 104 L
400 e a.
i v E R
V) z 107
200 0 L -
03 10 20 30 40 50 60 70 I 500 I 1000 — 1500 = 10_47 = o | . ! Lol ] ] T
cS1 [PE] R2 [em?21 10! 102 103

WIMP mass [GeV/c?]

> 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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> Single phase LAr using pulse shape discrimination WIMP scatters on argon nucleus
Singlet and triplet Ar dimers form
Singlets decay (~6 ns), create
128 nm photons

TPB shifts light to visible,
detected by PMTs

Triplets decay (~1.3 us), create
128 nm photons

TPB shifts light to visible,
detected by PMTs

The DEAP Collaboration, Design and Construction of the DEAP-3600 Dark Matter Detector,

Astropart. Phys. 108, 1 (2019).
—1 0—42 .

S| WIMP-nucleon cross section [cm?

1074
arXiv:1902.04048

10° 10° 10
WIMP mass [GeV/c?]
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Directional Detection

> Nuclear Emulsion based detector acting both as target and tracking device

North
v Celestial
" Pole

Cygnus
Constellation
»

Dark Matter
wind

Cygnus

Polar

Axis . Declination

© Axis

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

10‘37 30 nm - 0.8 ton x year
pointing to the Cygnus Constellation m ——— 60 nm - 16.8 ton x year
Directionality: Unambiguous proof of the galactic origin of Dark Matter 10 : s G5 T = 065 Rt sk
Location: Gran Sasso underground laboratory 107 . '

oF 200 nm - 531.1 ton x year

10 . S T ¥ U | (P S B ] A1 T T Neutrino Floor NEWSdm

104 Billard et al.

> Potential to overcome the neutrino floor,
where coherent neutrino scattering
creates an irreducible background

> Plans (if funded)
— 2020: construction

WIMP-nucleus cross section (cm?)

10°%
1079 -
1074 ‘
108
10 g
1077 &
107 §

\ 10 49 B2 - f__ -_-_.__ L
— 2021: data taking <o EERAME R R S B I
2 3 4
— 2020: analysis ’ " WiMP mass (Gevic) 10
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WIMP at LHC

X

q X q

v/\W/Z/H + MET

<

missing
energy

w TS O<OD

SM
X

gluon(jet) + MET

signature

MET (GeV)

> |n addition to classic MET + mono-object search, also constraining mediator
mass and coupling in simplified models

> NoO excess reported

— Significant reduction of both
experimental and theoretical
background systematics

Sergei Chekanov, ATLAS
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CMS Preliminary ICHEP 2018
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Machine-Assisted Intelligence

> Machine-Learning methods percolating data analysis at fast rate

> Not always the choice of artificial intelligence is an intelligent decision
— Modest gains of 1-5% by using methods at late stages of analysis
— Countered by painful and complicated systematic assessment

> Highest pay-off for deployment at low level to better understand detector
response and particle or event identification

Jet classification

b tagqin

soft lepton
; mproved object 1D

x35 background rejection

. KOTO calorimetry
compared to traditional algo .

g™
p T R e i e T

: Machine Learning §-

- Mt s SNt SN\ P

Nova experiment
feature extraction from images o~

future upgrade detector with iceCube

directionality

NEXT detector for Onubb

BT in COSINE-100 for pulse
shape

99.8% background rejection

XGBoost BDT for Lambda b ->
30% signal efficiency Lambda \gamma

Bs —> mumu backaground rejection

event construction efficiency in rare
B annihilation Inu
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Outlook

> Standard Model still stands strong after Moriond EW
> QObservation 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
o possibly still standing and confirmed by heavy new particles

— Verification of DAMA/LIBRA by Nal experiments
o 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

— And more importantly... some sleep!
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