Electroweak Experimental Summary and Highlights

56 splendid EXP talks, several hundreds of experimental
results presented, very dense Moriond - Many apologies
to those whose result(s) are not presented.

57th Rencontres de Moriond
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Disclaimer

Splendid Talks by all young Scientists, many
apologies for not summarising them here!




Experimental ‘EW’ Landscape

- LHC has a clean and well calibrated dataset of ~140 fb_l, still numerous results from Run-2...
Run 3 with ~40 fb~! in 2022 is ramping up, results shown here for the first time!

- Super KEK-B and Belle Il world’s highest instantaneous luminosity (4.7x10* cm?s™) 360 fb~! at
the Y(4s) in 2019-22, corresponding to 387M BB pairs - BES also taking data

- Neutrino experiments are not waiting for the next generation (Hyper K, Dune, JUNO, Legend,
CUPID, nEXO, etc...) with a thriving flurry of experiments covering a broad Neutrino program!

- New generation Xenon DM searches delivering new results (Xenon nT, Lux Zeppelin, PandaX).
Next generation in preparation Darkside 20Kk,

- Precision from low energy observables: nEDM, pEDM, eEDM, g-2 of muon, etc...



The Neutrino Physics (and Astrophysics)

- Mass ordering
- Absolute neutrino mass

- Is the 3 flavour paradigm failing? Are there
sterile neutrinos?

- |Is there CP violation in the neutrino sector

- Is the neutrino a Majorana particle?
- Do we understand neutrino mass effects?

- Ultra high energy neutrino physics!

... and Anomalies (reactor - including 6 MeV
bump, Short baseline, Gallium)!




Absolute Neutrino Mass

Thierry Lasserre

KATRIN Experiment
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Absolute upper bound on neutrino mass!

Combined result: m, < 0.8 eV (90% CL)

Limit dominated by statistics

Data analysed with first two data taking campaigns in 2019
(one order of magnitude more data already taken)!



Absolute Neutrino Mass

Thierry Lasserre

KATRIN Experiment Also dream big... !!!
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Absolute Mass, Majorana Nature - Lepton Number Conservation

Hideyoshi Ozaki Tobi Dixon
KamLandZen Cupid-Mo
The largest amount of 33 nuclei. Mini-balloon Radius = 1.90 m Cupid 100Mo Scintillating and cryogenic

Low BG by distillation and filtration of both
Liquid Scintillator and Xenon.

bolometric technology (evolution from

Xenon mass = 750 kg CUORE 130Te with PID and light to reduce

Data taking started in 2019
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Absolute Mass and Majorana Nature

Reyco Henning

Majorana Demonstrator

76Ge in High Purity Ge detectors (important for the desing of LEGEND) at

the Sanford Underground Research Facility Also probe of Wave Function

Collapse models

Reached an exposure of ~65 kg-yr
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MAJORANA result {MPBP) < 113 — 219 meV  LEGEND expected {MBR) <9 — 21 meV


https://arxiv.org/pdf/2111.13490.pdf

Short Baseline, Reactor and Gallium Anomalies

Vedrana Brdar

etc...)
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Recent analysis of the reactor

deficit anomaly in the light of

several flux models shows

that:

- Anomaly not very significant

- In tension with the Gallium
anomaly



Short Baseline Neutrinos and the Gallium Anomaly

Vedrana Brdar

Baksan Experiment on Sterile Transitions (BEST) Precision Spectrum and Oscillation (PROSPECT)
On the High flux Isotope reactor (HFIR), Oakridge,
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Accelerator Neutrinos

Arthur Sztuc Thomas Nosec 11
NOVA The current two main players vuy-beam experiments!
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Improved sensitivity to mass ordering!



Accelerator Neutrinos

Thomas Nosec

T2K |
- New analysis on the ~ 36 x 10?° POT collected up to 2020
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Accelerator Neutrinos

Arthur Sztuc
NOvVA - New analysis on the ~ 26 x 10%° POT collected up to 2020
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> 4 o0 evidence of electron antineutrino appearance Impressive precision on 6’13 nice to have frequentist cross check!



lce Cube w/ Deep Core

Shigi Yu

Ice Cube... an amazingly broad program! Deep Core with Deep CNNs!

le3 DeepCore 9.3 years
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The First Decade of High Energy Neutrino Astronomy

Francis Halzen 15

Superb review of the birth of multi-messenger and
high energy neutrino astronomy!

date: June 11, 2014
most probable energy: 9 PeV
topology: track




The First Decade of High Energy Neutrino Astronomy

Francis Halzen 16

Superb review of the birth of multi-messenger and
high energy neutrino astronomy!

oscillations of PeV
neutrinos over
cosmic distances to 1:1:1

Fraction of ve

... but not only! PeV neutrinos traveling over cosmic
distances can probe the Standard Model!




The First Decade of High Energy Neutrino Astronomy

Francis Halzen 17
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The birth of Collider Neutrinos (at the LHC)

Ettore Zaffaroni Brian Petersen 18
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The birth of Collider Neutrinos (at the LHC)

Ettore Zaffaroni Brian Petersen
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Looking forward to the emulsion results!
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Coherent Neutrino Scattering

Cristian Buck

CONUS Experiment

Coherent Elastic neutrino Scattering can occur for any
neutrino species below 50 MeV (at low energy neutrino
interacts with the nucleus - effective sum of amplitudes)

the rate o N?

- MeV-neutrino relevant for modelling of supernovae
- Background for Direct Dark Matter detection

- New technique for neutrino experiments

- Searches for BSM phenomena

Coherent elastic scattering of neutrinos off nuclei observed at 6.7¢
with neutrinos from the Spallation Neutron Source (SNS) at Oak
Ridge National Laboratory (COHERENT experiment).

Investigating the lower energy regime (<10 MeV) with a
Ge detector at Brodkorf Nuclear Power Plant

Vector coupling ¢z

Quench factor
measurement made with
neutron source

Difficult for Ge based
detector observation to
be made at reactor!
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Neutrino Overview

- Excellent agreement between long

Cosmolo Neutrinoless B deca R-decay kinematics . .
ey Y Y baseline (NOVA and T2K) with reactor
5 = Zmi Mgy = z U2 m, PMNS data
! i - Anomalies don’t seem to be interpretable
[ rormal orderin 100- as sterile neutrinos (backgrounds and
. ormal ordering :
| —— inverted ordering V/ nuclear mOde|S)
10-1 ¥/ GERDA o
_ s - Strong limits from double beta and
- ém_z_;/ KATRIN experiments
1072 -\\ j"
10,_3 I T ey 10,_3 Bl amassy g 1(,)0 10,_3 — 10,_2 — 10,_1 — 1(,)0
m; (eV) m; (eV) m; (eV) ‘
- Indirect evidence of Cosmic Neutrino Background s
- In fact strong limit on Xm, < 0.11 eV (while -
inverted ordering Xm, > 0.11 eV) —_—

Three flavour picture seems to be standing tall!



Quark Sector Flavour Physics

» ” :
- - Lepton Flavour Universality
4 - Stringent probes of the CKM matrix
bt - Direct CP violation in K
.55 | ., - Searches for new physics in FCNCs
. ', : ;:“ ; '.'_'; : f | ' - Neutron and proton EDMs
. N L g SN S
A ; "\‘;‘;5," N XA B - ... and anomalies (LFU, Vub-Vcb Puzzle,
S Y "'.*:“’j,.;,,."’-: 7 ‘,.' | X\ | _' Cabibbo anomaly)!

Visualizing the proton MIT news


https://news.mit.edu/2022/visualizing-proton-through-animation-film-0425

Lepton Flavour Universality in b — s£¢ Transitions*

Christoph Langenbruch

LHCDb a step back
[JHEP 06 (2014) 133] [PRD 107 (2023) 014511]  , '\ _PRL 125 (2020) 011802]
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0.0 | -0.0 3 B
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Branching fractions Angular observables

affected by form-factors
and cc-loop

affected by cc-loop

SM cc-loop

Vi
N

Lepton Universality

measurements inspired in -
trying to find TH clean

observables!

5

Rk

~ B(BT—= KT|ptp))
 B(Bt— Ktlete )

As EXP clean as possible...

r;/ib =1 [PRD 88 (2013) 3]

' N\

B(Bt— KtJh)(— leTeT)))
B(BT— KtJpp(— |pp”))

X

Lepton Universality Tests

clean
Status late 2022 SM prediction
R | . | 1o
0.045<¢2<1.1 GeV?/c* [JHEP 08 (2017) 055]
R, | . | B240
1.1<¢7<6.0 GeV¥c*  [JHEP 08 (2017) 055
Ry —— B3io
1.1<¢2<6.0 GeV¥c*  [NatPhys 18 (2022) 277]
K% ! . B 150
1.1<¢7<6.0 GeV¥/c*  [PRL 128 (2022) 191802
RK*+ } o : . 1.4 o
0.045<¢%<6.0 GeV?/c* [PRL 128 (2022) 191802]
RpK : . l lo
0.1<¢%<6.0 GeV%/c¢* [JHEP 05 (2020) 040]
IIIIIIIII|IIII|IIII|IIIllllllillll
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RLHCb_ RSM

“Penguin diagrams



Lepton Flavour Universality

Christoph Langenbruch

Experimentally electrons are
very different than muons and

intricate to reconstruct! With a new tighter electron identification and taking

into account all backgrounds, measurements are Iin
perfect agreement with the SM!

TT
PV

Sneaky backgrounds peaking

in B mass but at low q2 were
not identified yet (e.q.

KKK, Krrn) [arXiv:2212.09152] [arXiv:2212.09153]
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Lepton Flavour Universality in b — c£V*

Abnhijit Mathad

LHCb measurement of RD* Two updates from LHCb:

- Combined measurement of R(D) and R(Dx) with a

B (BO — D(*)_7'+1/7.) Both TH and EXP o ' muonic T decay
0 an clean!

B (B — D®~pty,)

R(D™) =

? 04 T 11 | T 111 | T 11 l_l_l r 11 | T 111 [T T 1 1 |_l T 1 1 | LU

S mi sz = 1.0 contours _ _

z  p HFLAV Preliminary] 1. 96 tension with SM WA:3.3c —3.26 wrt SM
0.35 BaBarl2

Bellel5 - R(D=) with a hadronic = decay!

| 36/ ... Signal: B® - D*tt7 7,
0.3 ‘L ,’, HCbZZ,u New for Moriond =) i ’
NEW LHCb22,hig W 9093 P ;e
: | p
! | v P
0.25 [ - Belle19
""""""" No tension with SM WA:3.26 —43.0c wrt SM
Bellel7 PRD 94 (2016) 094008
PRD 95 (2017) 115008 World Average _
0.2 *“§;,¢Y:;;8P;e:;§;°" DL 0n 010y S5 R 20978 20.009 20,007 The new precise LHCb measurement of R(Dx)
©\ _ 0954+ ( PRL 123 (2019) 091801 p=-0.26 _ . .
RD7) = 02420005 Emcaeon2n P(2) = 22% does not show any tension, still present in the
02 025 03 035 04 045 05  0.55 more challenging R(D) channel
R(D)

“Tree level decay



More Studies of » — s Transitions in Belle Il

Cyrille Praz 27

Fully inclusive B = Xsy with hadronic tagging branching fraction for the decay B — K*£ ¢~

New for Moriond

Y ZO A EW 2023
MM WJ M B
W— .......... | W_ f

Y
U, C, —— — u? C7 t
150 x10~* Belle Il preliminary [ =189 fb? New for Moriond © 14| Belle 11 (Prehmmary) N3} 2(2) - Belle 11 (Preliminary)
: T Data EW 2023 E o :_fﬁsdt = 189 fb~! . > 1 s_fﬁsdt =189 fb- !
i - [ = Signa O] [ = Signa
_ 1.25 | C__! Hybrid B - Xsy model @ 1o ==+ Background B —» K* ee % 12 - - - Background B — K*
g Lool | Hybrid mofel uncertainty § of :;:I:' § . _:;:::'
o | T = = 10} L
o - F
g o) - I g £ ol .| .
s : | s sttt E A TR e
W o050 —— i i I 1 17 J
] E e ! O 5o 505 525 504 525 526 527 526 5.29 2521 520 525 524 525 526 527 526 529
S s i - M, [GeV/c?] M, [GeV/c?]
R ool —1 :
T T 0.00 frroeememerefrommmmmmmmmenes s ——
|2 ' 1 T
—0.25 - Observable Signal Yield Measured value [107°] PDG [107°]
18 20 22 24 26 _
£5 [GeV] B(B— K*utu~) 22+6 1.19 £ 0.31750° 1.06 4 0.09
e
B(B — K*ete™) 18+6 1.42 + 0.48 +0.09 1.19 +0.20

Sensitive to non-SM effects and photon-energy spectrum offers
access the mass of the b quark and the function describing its

motion inside the B meson! Many more radiative FCNC B decay results to come!
ion insi .



CPV Measurements - Latest News (LHCDb)

Federico Betti

Time dependent CP Violation in interference between mixing and Also new measurement of y in the channel:

decay (in b — s transition) | f
go.go  LEE B* — D[KFTnTnTnT]h*

b — sss

L I 1 I L I L} I I Ll Ll ] I L] ]

E ¢ Data (a) LHCb

As well as a overall combination with charm

b F s 0 S 6 b measurements leading to a precision in
o A > 0K Preliminary

I Combinatorial

excess of 4 degrees on ¥

—

o3|
A2
5‘{
. |
<
Candidates / 11.25 (MeV/c?)

S s | A L T M

_ >¢ :\m R B'—D°K*, D'—>hha' K3 Preliminary _

\S S . . 0.14 — 0 B DR, D' —hh October 2022

’ = l52l()0l ll l53IOOI ’5:(;0 ll ISSIOO. - l5600 : - SIS IR :

m(K*K' K*K') [MeV/c?) 012 -

From fit of the differential cross section as a function of decay time 0 1:_ -

and angular distribution r -

0.08F -

$5 = (—=0.074 £0.069) rad  CP violating phase (small in SM) ; 06: -

. —+ | I | | I I —

|4] = 1.009 £0.030 Direct CP violating parameter (1 in the SM) 30 40 50 60 70 80 9}9 o
Also polarisation dependent results for the first time! - ( 63 8+3'5 ) °  y=(65.799) CKMifitter

/= =37 y = (65.8 +2.2) UTFit



CPV Measurements - Latest News (Belle Il)

Michele Veronesi and Sagar Hazra

3 new results on time-dependent CP observables with penguins for Moriond
Precision on par with world’s best determinations in spite of much less luminosity

: : -~ go. -
X . ' '
| : + Signal-side
' D~ T vertex
Az ~ At - < - : .
z o e ARy m Pixel detector radius ~ 1.4 cm
Improved vertex resolution from pixel in spite of lower boost '
. (ZBeff) . (Zq)eff) » Belle: By=0.43, Az=200um —> Belle Il: By=0.29, Az=130um New for Moriond New for Moriond New for Moriond
sin = sin(204 EW 2023 EW 2023 _ EW 2023
: — : — : — : : e : : 50:|-3-"u"-;- T T 60 F ;zg tag(q_”) Belle Il(preliminary)
b—sccs Warld Average J . 0.70+£0.02 z a0 fedtaser o : Zo (Z ii; ; - Belle ll preliminary - % sof f Ldt =362 fb”
e — | - ] 50 |- _ -1 ~aq=+1,B Q E
0K®  Average k— } 0.80+0.12 S50 B> 0 Ks ‘ § ;de“SGZfb -e—:- 1, B N gof
-------------------------------------------------------------------------------------------- o . 40 | B'—K3KIKE TD S\ =1 Prag 2 _f
K Average - 0.63 + 0.06 S 20 o ] g %
"""""""""""""""""""""""""""""""""""""""""""""""""""" 5 i Q 30¢ -
K Ks Ks Average *— 0.83+0.17 o 194 £ fﬁ
--------------------------------------------------------------------------------------------- 20 | =
» [°K®  Avérage * 0.57 +0.17 > osf & : 0
----------------------------------------------------------------------------------------------------- @ 10 | > 06F
16 -14 12 -1 -08 -06 04 02 0 02 04 06 08 1 12 14 16 E 00} i g 02k
5 ok T ok
NEW FOR MORIOND < 709 8 6 -4 'ZA 0 2 4 6 8 g* Egigg
t [ps] D S E— At([)ps] 2 4 6
Results are already on-par or comparable B—>KgK5F% 3->K5T[O
with world’s best and illustrate how with App — 0.31 + 0.2070:05 Acp — 0.077015 4+ 0.02 4 0440151
much less luminosity, the improved o oraio 26+8 o . . 37‘15)035 \ 0,03 o 0.05
performance of Belle-II. cp = U —0.08 CP = — 0.45 = Y- Scp = 0.751453 = 0.04

HFLAV: S = 0.74+011943 A =-0.01+£0.14 HFLAV: S = -0.83+0.17, A= 0.15+0.12 HFLAV: S = 0.57+0.17,A=-0.01+0.10



Fernando Abudinén

Rare Decays and Modes News

(Very) rare charm decays in LHCDb

Candidates per 20.5 MeV/c?

Candidates per 8.0 MeV/c?

B(D* — ptp~) <2.6(34) x 107°

18 — 1 .
16 E LHCb 9 fb' e Data =
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Sanjay Kumar Swain

30

B-Physics at ATLAS and CMS

Observation of 7 — 4u narrow resonance Mass of
548 MeV (using high rate low threshold triggers)

1 _
= —(uﬁ + dd — 25§)

T V6

101 fb" (13 TeV)

— Preliminary

N, =49.6

L

----- Signal 1 — 4p
Background
S+B

¢+ Data

x2/ ndf =68 /60

+ 8.1

|||||||||||||||||||||||||||||||

- u hresT\ old function:
I_}‘ I E?E? qﬂ -lr T TITT TI IIHI
: ¢ 11 I 11] t{t lIt it { {tllt}ll 1
05 0EE 06 068 07 075 08 085 09

m,, [GeV]

= 0.8 (stat) == 0.7 (syst) =

10~

-0.7 (B)) x 1077

In agreement with SM: (3.98 * 0.15) x 1071



Di-Charmonium State Observation

Sanjay Kumar Swain

> illlllll|IIII|IIII|IIII|IIIII
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(following observation by LHCDb).
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The Vub and Vcb Puzzle (Belle Il)

Christophe Schwanda

New exclusive and untagged measurements at Belle Il !

| Vcb | and | Vub | discrepancy~3c between exclusive and inclusive New results from Belle |l (only two examples here)...

(have different TH uncertainties)!

New for Moriond

48T T T T T T T T B —> ﬂf’/ EW 2023
S 46 = Exclusive IV _| Ax*=10 comtpurs S
=S Exclusive IV, Varocou The golden mode for |V | exclusive
>:$ S VIV IV, |: global fit . 0 4
~ F B Ay Avenge ? E B(B’ — 7 ¢*v,) = (1.426 & 0.056(stat) 4= 0.125(syst)) x 10
; Z ; E |Vub‘B°—>7r_£+w = (3.55 = 0.12(stat) 4= 0.13(syst) £ 0.17(theo)) X 1077
36 E— —E New for Moriond
_ - EW 2023
34 = —
3.2 _ _ B — [D*f71 Verynew untagged measurement for this
3E m — conference!
28F y=89%
= N A I.)(X? 8.97| = Reconstructing: Dt > DO( — K_n'"')n""
36 38 40 42 44 ; L ..
V! [107] | V| = (40.9 £ 3.0, £ 1.0, + 0.6,)

Limiting factor in precision flavour physics!



Lubos Bician Direct CP Violation in K decays

Yu-Chen Tung

Two very rare golden channels to probe CKM and New Physics! Two new backgrounds have

been identified and studied:

K* — 71U by the NAB2 experiment at CERN
Beam halo Ki. BG (K; — yy)

1st Collimator 2st Collimator
— K
K, I p=_ L 4

’/’

— B= W B I
Magnet }/\‘
(0,0) 1 0;

CKM Triangle . Charm

K; — n°vU by the KOTO experiment at J-PARC

KzBG (K* — nle*v
BR(K; — n%0) g, = 3 x 107 [Buras et al, JHEP 1511] ( " )

o Ist Collimator 2st Collimator
2% uncertainties N
K, = — gm K ’/'

K
- 2015Data 2016-2018 Data - e - I T
344 0 0 500 .
i s [02mas [0 '¢00805l e B - [hra 0 2015 data [PRL.122.021802]
I O . . BR(K;, — n%0) <3.0x 10 at 90% C.L.
— S0E {23 . 30 R )
%) 300;— itlco'ludir::;,’q.lgr}afregion %) 3002— }.9153435 signal vegion . The current beSt limit on BR(KL —> ﬂOIJD) 201 9_2021 data a neW
3 1\ 250  [—————m]5 '
~n g’""’""’j’ P a0 "8 | | 2016-2018 data [PRL126.121801) cetector and anaysis
Qs 573 | 30.16 Q.‘&‘lﬂ’;— [ —— o tools are available!
100 - . . = ‘ 0, - -9
: 1 0 100 0 0 - BR(K; - wvi) <49%x107 at 90% C.L. .
0F 1412003 [0 S0 -1 00 ! K : Looking forward to see the
o 1500 200 ‘z‘so‘o‘ 3000 350 4000 4500 5000 50 600 oo 1360 5000 3500 '30'0'0' ssov i o sowo o | o ackground sources were found. new data
vtx (mm) vtx (mm)

KOTO expects to improve the S.E.S. below O(10-10) by 2027.



Extreme Precision in nEDM

Guillaume Pignol

Superb experiment! Powerful probe for New Physics!
BEst recent limit from nEDM at PSI (2020) K

EDM Iimit / e cm

10
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10%°

10|

10-30

Modified Higgs-fermion Yukawa coupling
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| m electron EDM|

@® neutron EDM """"""" """"""" """"" .

1950 1960 1970 1980 1990 2000 2010 2020 CKM background uncertain, possibly 10-31 e cm 0.001

year

. d u S
/ |d,,| < 1.8 X 107%% e cm  abeleral prL2020) | I I

Vr — . -
L=—==(ksffh +I|iK h
V2 ( fff f(i'{/,Sf ) h,’ .z

Best limit from the nEDM experiment @PSI

0.01L/E 90% C.L. limits from eEDM
B 90% C.L. limits from nEDM
BEEl 90% C.L. limits from ATLAS RUN2

The electron EDM constraint is weaker for taus ~, < 0.3



Charged Lepton Sector

Cedric Delaunay

Magnetic moments (anomalous muon magnetic moment)

- eEDM

- Muon EDM

- Charged Lepton Flavour Violations (MEG |l running, and
many planned experiments)

... and anomalies (g — 2),

Possible measurement with Hyperfine Splitting in

Muonium atoms (¢~ — u ™)
Muonium ongoing F—-—-—————————————— | \ 7 i 11
A : ultimate F———- 1S4/, \ j
Xp _ oSM . -10 within ¢ rrent/ =0
. a® —aM = (251 £5.9)- 10 within cur t
Difference as large as B HPRAL 2021 > 3
O . SM (BMWc-lattlce) o HHFS — _TOILL6 ) :“u ) (7“)
Standard | | EW corrections! SM (R-ratio) @
Model Lattice QCD Experimental
prediction (BMWc) Average

175 18 185 19 195 20 20.5 21

a, x 10° — 1165900

21.5

a,x10°=1165900

1ppm sensitivity
(2ppm anomaly)



Charged Lepton Sector

Cedric Delaunay

Magnetic moments (anomalous muon magnetic moment)
- eEDM

- Muon EDM
- Charged Lepton Flavour Violations (MEG Il running, and
many planned experiments)

... and anomalies (g — 2),

Possible measurement with Hyperfine Splitting in

Muonium atoms (¢~ — u ™)
25,/ F=1
| | | F=0
Muonium ongoing F———————————————— |
@ ultimate F———-—|
exXp SM _ —10 ithi t/
- . a® —aM = (25.1£5.9) - 10 witin curer
Diff | BNL+FNAL 2021 HeH F=1
| ° | lrrerence as large as SM (BMWe-lattice) @ 5.,
' | SM (R—rati \ =
Standare e EW corrections! (R-ratio) @ F=0
odel (BMWc) Average
prediction Y7/ = e e
. . 12 14 16 18 20 22 24 Another observable
17.5 18 185 19 195 20 20.5 21 21.5 a,x10°=1165900 needed

a, x 10° — 1165900



Charged Lepton Sector

Magnetic moments (anomalous muon magnetic moment)

- eEDM

- Muon EDM

- Charged Lepton Flavour Violations (MEG Il running, and
many planned experiments)

... and anomalies (g — 2),

107; < 5107
— 10°; i 1108
< 10°) 1105
@ = _ — 104t 1104
a;? —aM =(25.1+59)-107"° 2 10 110
P : o 103§ 110°
: 107 1102
Difference as large as :
. 101 10!
*— EW corrections! 100l 100
Stn:::::d Lattice QCD Experimental
prediction Ll Average

Observable

175 18 185 19 19.5 20 205 21 21.5
a, x 10° — 1165900




Belle 1l - Tau Lepton Mass

Sasha Dreyer

— : -+ -+
» Large eTe~™ — 77 cross-section and clean » Reconstruct Tiag = 71'—(71'0)1/, LUy and Tsio = RY 77,
environment allow high precision 7 measurements (v missing)
10° 1776.8€I5;0.‘12 |

50: Belle Il Preliminary ¢ data ;
_90F _ & BES (1996 | .
NQ f L dt=189.9 b fit 1776.(96 ??2118 +(;).1275 g
% 40 m,=1777.09 + 0.08 = 0.11 MeV/c® BELLE (2607) | :
O
o 30} 1776.61+0.13 + 0.35 |
Z ¥ KEDR (2007) — B
£ 20f 1776.81 5% +0.15 5
g - BaBar (2009)
W qoF 1776.68 = 0.12 + 0.41 ,

: BES IIl (2014) e

0 e 1776.91+0.12 2138 i
@ 2 + } by d + ; Belle Il (2023) Preliminary L
35 0 S AR 1777.09 + 0.08 = 0.11 New for Moriond
o, AR E ? ¢ {+ + ++* ++ g EW 2023

1 ' II|IIII|IIII|IIII:|IIII|II

7 172 174 176 178 18 182 184

Mmin (GeV /C2] 1774 1775 1776 1777 1778

M_[MeV/c?]
» Benchmark for precision capabilities of Belle |l

» Control of systematic uncertainties is key: World’s most precise measurement of the

IA
S

_— O,
M = \/%+ 2(\/5/2|- EX)EE — PE)|< m, tau mass (6. 107°)!



Dark Matter and a Possible Dark Sector

Joachim Kopp

Neutron Stars can teach us a lot on
particle physics and Dark Matter!

_ - What astrophysical observations do or can
N £ 7 teach us (of neutron stars and primordial black
¥ | holes)

- Direct Dark Matter searches news!
- Dark photon searches
- Axions (and gravitational waves!)

- ALPs: motivated by Cosmology (Axion Inflation),
EW Hierarchy (Relaxion), Flavour Symmetry
(Flaxion or Axiflavon)

... and anomalies (°*Be excess)!

" lllustration ofa néu-t'ron star (Wikipédia)


https://en.wikipedia.org/wiki/The_Magnificent_Seven_(neutron_stars)

Direct Dark Matter Searches

Patrick Decowski Geertje Heuermann 40

Xenon nT Hot Off the Press for Moriond! LZ Results

Science Run-0 Nuclear Recoil Search Data Science Run-0 Nuclear Recoil Search Data
95.1 days exposure 60 days exposure

(4.18 + 0.13) ton Fiducial Volume (5.3 + 0.2) ton Fiducial Volume

Exposure: 1.1 tonne-year Exposure: 0.9 tonne-year

New for Moriond
EW 2023

- 3‘ y

N *Eextractlon
2.9 kV/cm

Edrift

23 V/ecm

cathode

drift time
(depth)

N

Both are dual phase Xenon TPCs



Direct Dark Matter Searches

Patrick Decowski Geertje Heuermann 41

Xenon nT Hot Off the Press for Moriond! LZ Results
Science Run-0 Nuclear Recoil Search Data Science Run-0 Nuclear Recoil Search Data
95.1 days exposure 60 days exposure
(4.18 + 0.13) ton Fiducial Volume (5.3 + 0.2) ton Fiducial Volume
Exposure: 1.1 tonne-year Exposure: 0.9 tonne-year

16oF T T rr T T T T

140 . PandaX-4T -

1 Xenon nT Background reduction: Careful

! ° 1  screening, material selection and Continuous
XENONIT : Radon Removal through distillation

— —
- N
- O
IIIIIIITI
o
]
| |

@)
-
ITIII

LZ Continuous purification of Xe

Events/(t-y-keV..)
@)
-
I

S
O
Ill

N
-
IIIIT

- o/ A. L o T w3
(()). 2.D 5.0 7.5 10.0 12.5 15.
Energy [keV..]

Lolo A1

e smn”
7.5 20.0



Direct Dark Matter Searches

Patrick Decowski Geertje Heuermann 42

Xenon nT Hot Off the Press for Moriond! LZ Results

Science Run-0 Nuclear Recoil Search Data Science Run-0 Nuclear Recoil Search Data
95.1 days exposure 60 days exposure

(4.18 + 0.13) ton Fiducial Volume (5.3 + 0.2) ton Fiducial Volume

Exposure: 1.1 tonne-year Exposure: 0.9 tonne-year

10—43

New for Moriond
EW 2023

Xenon nT First results!

LZ Achieved leading sensitivity

Xenon/DARWIN and Lux Zeppelin join forces
for future project, however meanwhile...

WIMP-nucleon cross-section ¢>![cm?]

WIMP Mass Mpym [GeV/c?]



Direct Dark Matter Searches

Patrick Decowski Geertje Heuermann 43

Xenon nT Hot Off the Press for Moriond! LZ Results
Science Run-0 Nuclear Recoil Search Data Science Run-0 Nuclear Recoil Search Data
95.1 days exposure 60 days exposure
(4.18 + 0.13) ton Fiducial Volume (5.3 + 0.2) ton Fiducial Volume
Exposure: 1.1 tonne-year Exposure: 1.1 tonne-year
10_42 ' : 1 LRl Wy ul, I8 l I I 1 LI I 1 1 1 LI I g
LZ sensitivity (1000 live days) — LUX 2017 -
— 43 B Projected limit (90% CL, one-sided) —— XENONIT 2018 |
NE 10 =\ +10 expected ~——— PandaX-4T 2021 §
9, - 2 ted (corrected) = :
8 ol o o - Xenon nT First results!
5 - -
e F - LZ Achieved leading sensitivity
& 100" E —
S =
c s
3 1074 L
2 = Xenon/DARWIN and Lux Zeppelin join forces
% 10 I for future project, however meanwhile...
A 10-48 N Still a lots of data to come!
10—49 i 1 | | B I | | 1 1 JENpEngeey I 1 1 1 1 S I 1

10 100 1000
WIMP mass [GeV/c?]



Light Dark Matter Searches

Davide Franco Alvaro Chavarria 44

DAMIC-M

Low Background chamber at Modanne
Two 24 Pixel DAMIC prototype CCDs
Exposure: 85 g-day

DarkSide 50

Dual phase Argon TPC @ LNGS
50 kg of active mass
Exposure: 12 tonne-day

DM-e™ scattering

Light mediator
—~107
£
2 .
S Fov=(a m/q) = DAMIC-M, this work
- o
WIMP Nuclear recoil search at low mass! S c - - DAMIGSNOLAB (2010) = SENSE) (2020, rochcio)
-29 = = = EDELWEISS (2020) oo SuperCDMS (2019)
—— DS50 2022 10 . X X
10-39 LNO : DarkSide-50 (2022) - = = XENONA1T (2022)
——— PandaX-4T 2022 --------- PandaX-Il (2021) ==+ XENON10 (2017)
-~~~ LUX 2021 ' go
~ ——- DAMIC 2020 31" . !
§ 107401 10y \ -~ A
Y, : —— XemonlT 2020 o BN\ =
- EQF —— Cresst-III 2019 , e (A
5 < ~—- Pico-60 2019 - S Wt
10—41 —— . 1 201 B “""""":""'""”“” . - ':\ — —
8 i XenonlT Migda 019 1 0_33 ) _.’ N\eo-roiieemt et e e
T T N B DS50 2018 wmk=TTT a7 e ’
o S U N I CDMSlite 2017 N TENgmammm Tl
3 10742 ~——— PICASSO 2017 o L e
' - CDMS 2013 P D N
H 107
B : \ —_— | Cogent 2013
4‘; 10-43 "1 DAMA/LIBRA 2008
= = LAr Neutrino Floor
ﬁ - 10—37 L 1 11 L 1 L L1 1 II 1 1 1 lllllI 1 L 1 L1 111
8 1074 1 10 10 10°
- m, (MeV/c?)
10-45 | | | | |
1.2 2.0 3.0 4.0 5.0 6.07.0 10.0

M, [GeV/c?] Electron recoil searches for very low mass hidden sector DM!
X



Axions : an Ambitious Program... In Hamburg

Andreas Ringwald

[Anselm 85; van Bibber 87]

Light shining through a wall (LSW) e
Production Cavity m Laser Regeneration Cavity

JSLl BRI
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3
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C 5
ol ol 108 I
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Outstanding ‘Examples’ Dark Photon and ALPs Searches

Brian Petersen Sophie Middleton 46
B Tracker - Trk Trk Trk
Faser " L
LI Searches for ALPs with BaBar BaBar
V;to V_eto Ti?ning Preshower (neW reSUIt!)
Scint Scint Scint Scint N o Ve e
D — 4+ 4+ EW 2023
g 10" A2 NoVeto Signa B=— K=a (+a = yy)
- T/ Prehmmary 2 Fiducial Tracks !
First search for 5 10
Dark Photons o
using FASER 1 107
;
107
1072 B
107°
10_4 2 ‘I | 3 4 —_
10 10 10 — 4
Calorimeter Energy (GeV) '> 10
3 | WV T T S \
s | FASER ] ~—
(©®)
= \w\/ Preliminary = - % 5
< . ,/7 _L=27.01b" o 10
10 \ ~~ Expected Limit (+16,,,, 90% CL)]
- Observed Limit (90% CL) _
E Existing Limits :
Relic Target mx=0.6mA., 0y=0.1 — T BABAR 90% CL
. 3eam dump
10-6 | | | | l | | |
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10°°
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4
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’Be Anomaly and PADME

Elizabeth Long

%’» ::g £ e -1somev | B(p, e'e)'’C
g 500 - g ] g ] "
2 a0 | Ty, s The ATOMKI institute DADNE Beam Test Facility is the only facility in the world with
o i R e, R observes the long a positron beam at 282 MeV (yielding 17 MeV centre-of-mass
g 300 e Standing 8B€ anOmaIy, collisions with fixed target e|eCtron!)
5 450 I E, =1.70 MeV .4
S w0 observed also in "He
§ as0 [ and 12C, i e 7 PADME experiment (Positron Annihilation into Dark Matter Experiment)
0 significant excess
o compatible with new Electromagnetic
§ >50 . ) Calorimeter
g, 500 p art|C|e Of 1 7 Mev Positron Spectrometer j
:f; 450 £ Mass.
l% o TimePix3 Beam
350 Monitor £
300 Active Diamond
—_ Target
é 300 | — Dﬁ‘ta 8B
g Ep =210 MeV e E?llzllgzgund PDF ((5 o @; Electron Spectrometer .
% 250 | . ~— a, Charg-’]_:ggPearrtlcle
§ 200 O @ @
ol b - o S
I Run has finished and data analysis is
o ongoing, hoping to shine light on SBe
. - Vee . .
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Direct Searches for new Physics at the LHC

SR -
2R

- Searches for high energy phenomena responsible for Flavour
Anomalies (Leptoquarks)

- Searches for high energy phenomena responsible for Neutrino
masses (searches for HNL, VL-leptons)

- Searches for low mass BSM Higgs bosons

- Searches for BSM Higgs bosons

- Searches for SUSY (Strong, EW, compressed, stealth, etc...)

- Searches for Exotics scenarios of new physics

- Searches for Long Lived particles

48

Aurelio Juste

Haifa Rejeb Sfar

Susanne Gascon-
Shotkin

Katharine Leney

Aaron Paul O’Neill
Jaana Heikkila

Jeremy Niedziela

Steven Lowette



What to Take Home?

1.- Low energy anomalies can be immediately checked at the energy frontier at the LHC

2.- The search program of the LHC aims at leaving no stone unturned

3.- The strength of having several experiments!

S/(S+B) weighted events / GeV

CMS Pre/lm/nary

138 fo (13 TeV)

600 — rrr e I

500 [

400 f$
300 F

200 [

¢ Data
— S+B fit
----- B component ]
B3k B
[ ]+20 ’

100 110 120 130

140 150 160 170

en [GEV]

Katharine Leney

95% CL limit on o(pp — X — eu) [fb]

CMS Preliminary 138 fb (13 TeV)
TIIIIlllllllllllllllllllll llllllll Illllllllllllll_=
8  95% CL limits
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E - expected * 1o
6|
s expected + 2¢

:IIIIllllIIIlllllllllllll|Il|l|llllll|ll|lllllllll:
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Susanne Gascon-Shotkin

New for Moriond

EW 2023
700_ L DL L DL DL AL DL L L B B LA B
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500 —— Background model
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llllllllllllllllllllllllllllllllllllllll
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Katharine Leney

Seems
disfavoured
but needs
to be

properly
checked!



What to Take Home?

1.- Low energy anomalies can be immediately checked at the energy frontier at the LHC

2.- The search program of the LHC aims at leaving no stone unturned

3.- The strength of having several experiments! Susanne Gascon-Shotkin
Katharine Leney
New for Moriond 2.90 local (1.350 global) excess at my = 95.4 GeV Best-fit mass consistent with 3.10
local (2.70 global) excess at mx =
CMS Preiimi 132.2 b7 (13 TeV _ 100 GeV in ggF X—1T channel.
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~ - H— vy — Observed 1 3 - | E arXiv:2208.02717 (accepted by JHEP)

> 09 —] © v | ) N
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What to Take Home?

1.- Low energy anomalies can be immediately checked at the energy frontier at the LHC

2.- The search program of the LHC aims at leaving no stone unturned

3.- The strength of having several experiments!
Jeremy Niedziela

CMS Preliminar 96.6 fo~! (13 TeV)
g [
c
o
10~
BaBar :
LS Type IV 2HDM+S model -
1072 tanB=0.5 -
New for Moriond i
EW 2023 | | | 1 | | | | | | | | | | | | | | | | | | | | | | | | | | | 1—
2 3 4 5 §) 7
m, [GeV]

the largest excess at 2.41 GeV (local: 3.240, global: 1.270),
— side note: 3.10 LHCb excess at 2.42 GeV,




Still Room for Discoveries?

Evolution of exclusion search sensitivity for generic
strongly interacting particle (e.g. gluino)

0 50 100 150 200 250 300 1000 3000

3000

At HL-LHC still a factor of 20 in luminosity:

We are here! ‘

2500} - Still room for discoveries! (~10 can become 50)

-
——
—_—‘
-

- Performance can be improved!

- With new ideas and developments at all levels.

M gluino [GCV]
(\®
-
-
-

- Improving precision will be key!

ICHEP 2016

" /10Z puouo
(13]18M "V puD WD)DS "9 wo.if) *Ib 33 YIys *q wo.4

- Discoveries will however take longer: doubling time of the
luminosity of several years

1500}

9102 d3HOI

0 50 100 150 200 250 300 1000 3000

Lint [fb71]



Very Large Number of SUSY Searches

In large variety of topologies and models

2 '
I . .
* o - -
ATLAS SUSY Searches* - 95% CL Lower Limits : ATLAS Preliminary LG, [£ =3t Sr sy (35% CLencuson Simulation Prelimi
March 2022 ! Vs=13TeV - earcnes imulation Preliminary
. o o 1 HE-LHC, [£d! = 153" : 5cr Biscovery (95% CLexdusion) Vs = 14,27 TeV
Model Signature  [Lar[b™] Mass limit ' Reference 1
T T T T T T LA | lI T T T T Mwel C,ﬂ, T, y Jets Mass “mit 1 seCﬂOh

Go. —ak’ Oe,u 2-6jets EMS 139 1.85 m(t%)<400 GeV 2010.14293 ——r—rT T —

2 % ¢ mono-et  1-3jets ERS 139 |G [8x Degenl 0.9 1 m(@)-m(¥})=5 GeV 210210874 ik, i—qat! 0 4jets 2.9(3.2) TeV m{¥)=0 2.1.1
S 33 5oqa0 Oe,u 2-6jets EMs 139 |z bi m(¥))=0 GeV 2010.14293 33 F—aat® 0 djets 5.2 (5.7) TaV| mix|)=0 2.1.1
S 88 8t ! F Forbidden 1.15-1.95 1 m(¥))=1000 GeV 2010.14293 . 5 e ! 1 i
% 28, 5—qgWi) 1e,u 2-6 jets 139 |2 A2 m(¥})<600 GeV 2101.01629 g B, B—e1i¥) 0 Mulfple : 2.3 (2.5 TaV m{{})=0 213
O 33, 3oqq( O ee, ppt 2jets  EMS 139 |z a2 m(¥})<700 GeV CERN-EP-2022-014 &=
S 88 8—qq(thX, T 1 [ ) -0
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= SSe, 6 jet g 11 2)-m(¥}))= 1909.08457 . o
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o - . - [ |
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1 © MSSM, Blectrowaak DM Disapp. trk. 1jet . 2.0 (2.1) Te\| Wino-ike DM 4.1.3
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S 77 i), X o bs Multiple 36.1 1 m(E0)=200 GeV, bino-like ATLAS-CONF-2018-003 1
& if, i>bXT, X1 — bbs > 4b 139 Forbidden I m(¥r)=500 GeV 2010.01015 # R-hadron, §—gg¥| 0 Muitiple 2 [r(§) =0.1-3ns] 1 34 Te\| mi¥}}=100 GaV 4.2.1

i1, 1—bs 2jets +2b 36.7 1 1710.07171 R on. ¢ 0 Muliple ] 28 TeM 421

i, fi—qt 2e,p 2b 36.1 0.4-1.45 ' BR(7, —be/by)>20% 1710.05544 & R-hadron, 2—qq¥| ' 2.

1u DV 136 1.6 BR(f1—qu)=100%, cosé;=1 2003.11956 GMSB ji—uC; displ. 1 0.2 TeV o 1000 mm 422
'} o - - ol
X131, 79 y—tbs, X —bbs 12eu  >Bjets 139 | &) 0.2-0.32 : Pure higgsino 2106.09609 '
[ |
L L L L L L L L I ! L L L L A A A A A A AL ‘ L ' A A A AL L arxiv:1 81 2'07&1
| |
" . . . _ -1
Only a selection of the available mass limits on new states or 107! 1 1 Mass scale [TeV] 10 1 IMass scale [TeV]
phenomena is shown. Many of the limits are based on : I
simplified models, c.f. refs. for the assumptions made. .

2 TeV 3 TeV HL-LHC YR
Example from ATLAS (similar for CMS) 1812.07831



Very Large Number of SUSY Searches

In large variety of topologies and models

. 1
I . .
* - -
ATLAS SUSY Searches* - 95% CL Lower Limits . ATLAS Preliminary T i ulation Prelimi
March 2022 v V5 =13TeV - earcnes Simulation Preliminary
. » o 1 HE-LHC, [£d! = 153" : 5cr Biscovery (95% CLexdusion) Vs =14, 27 TeV
Model Signature  [Ldr[tb7] Mass limit . Reference i '
T T T T T T LA | lI T T T T Mwel C,’l, T, y Jets Mass “mit 1 sectbn
Go. —ak’ Oe,u 2-6jets EMs 139 1.85 m(¥7)<400 GeV 2010.14293 —— = L L L i
2 44, g—qX1 monojet  1-3jets Egliss 139 G [8x Degen.] 0.9 ] m(q)-mlo??):s GeV 2102.10874 2, B—qgt! 0 djets 2.9 (3.2) TeV| m{x})=0 211
S 2 goqat) Oep  2-Bjots EP™ 139 |% b3 m(¥1)=0 GeV 2010.14293 33, #—rqat® djets 5.2 (5.7) TeM| m(f})=0 2.1.1
g & ! 7 Forbidden 1.15-1.95 1 m(F)=1000 GeV 2010.14293 - i o : ' = o
B 25 zoggWi e 2-6 jets 139 |2 42 m(¥})<600 GeV 2101.01629 € g p—¥) 0 Muliple : 2.3 (2.5) TeV| m{¥)=0 213
O 35 soadtOF° ee, i 2jets  EMS 139 | % a2 m(t7)<700 GeV CERN-EP-2022-014 o ) ,
D 22 8—qq(lo)x, J T ! L o0
B a2, goqqWzil Oeu  7-11jets EMS 139 |z 1971 m(}) <600 GeV 2008.06032 &, 12X 0 Multple 1 24 (26) TeV m{¥;}=500 GeV 213
% SSe,u 6 jets 139 |2 1.15 o m(z)-m(¥1)=200 GeV 1909.08457 o o o ] 5.5 (5.9) TeM 24.2
£ o) Oles 3 EPC 798 |3 I :
SSeu Bl N : 1.4 (1.7) TeV -0 212213
. . miy)=0  <&l.& &0
7 mis: 4 1
blbl 0 e, u 2b ET S 139 g; 1 0.6 [0.85) Tev M[]-' ) ,i'l:}- m[{) 212
PO ~0 ~0 miss % i :
biby, by—b¥y — bh¥ Oe,u 60b EM 139 |5 Forbidden 3.16 (3.65) TeV|
gg A [ake home Mmessages for HL-LHC: : S
Q . : -

g5 i Oleu >liet EP 139 |4 - ' 0.66 (0.84) TeV miE)=0 221

< S i, - WhT) leu BjetsAb EPS 189 |@ 1 !

Q5 i, i—Tiby, 116 1-27  2jets/tb EMS 139 | 1 0.92 (1.15) TaV| m{¥\)=0 222

o - -~ £0 o o 0 miss ~

S = el /88, ek Oe.p 2¢ ER 361 |¢ | -

g Nt et Ocu  monojet EMs 139 |7 : 1.08 (1.28) TeM} m{))=0 223
i, i —>z:\?g, D—-z/mdd 1-2e,u 1-4b  EP™ 139 i u . . ] 0.9 TeV] m{¥})=150, 250 GeV 224
i sen 10 g s |n ISCovery potential or giuinos up to - e :

XX viawz Multiple ¢/jets ERS 139 [/ ] 0.25 (0.36) Te| m{{)=15GeV 2251
ee, uu > ljet  Efis 139 | Xi/5, 0.205 1 0.42 (0.55) TeV 15 GeV 228
XiXi viaww 2e,pu Eps 139 | . .42 (0.55) m{¥})= 2.5,
FEE) via Wi Multiple ¢/jets Ep™ 139 | Ri/F;  Forbidden . . I 0.21 {0.35) TeV| Am(f, X1)=5GeV 2252
=B XXt vialy /v 2e,p EPS 139 | .
® o] L ) OG0 o -
Be ot 2 e |7 ISCovery potential or StoOpsS up to e L T T
S ARl -0 2e.p Ojets  ER™ 139 |7 . (109
cepp > ljet  EPS 139 |7 0.256 1 : —
A, H—hG/ZG Qe 23b EP 361 | & 0.13-0.23 : 0.53 (0.73) TeV m¥)=0 231
e,u jets ENSS 139 H N
Ocu >2largejets R 139 |1 . . I 047 (0.65) Te]  m(f1)=0, m{zs)}=m(ts) 232
_ i 1 0.81 (1.15) TeV/ m{{))=0, m{2;)=m(2) 2.34
Direct ¥1 ¥ prod., long-lived ¥ Disapp. trk  tjet  EP™ 139 [i} 2
X 0.21

ko) 1 Ca

S & stable g R-hadron pixel dE/dx Ems 139 |z 1 0.8 (1.1) TeV Wino-ike ] 4.1.1

SE  Metastable g R-hadron, g—qgt]  pixel dE/dx EPs 139 |z E@=10ns] ' 0.6 (0.75) TeV| Higgsino-ike ¥ | 4.1.1

S8 @i Displ. lep EMs 139 |aq : 0.88 (0.9) TeV Wi DM

| ) 7 1 . .9) Te ino-ike 4.1.3

pixel dE/dx EF' 139 T 1
2.0(2.1) TeV Wino-ike DM 413
1
~tk~F ~0 =~ 0
/\:i/\:lx//\:(l) XTI >zttt 3e,u ' . 139 | . Pure Wino 2011.10543 s g MSSM. Electrowesk DM Disapp. trk. 1jet . 0.28 (0.3) TeV Higgsino ke DM 413
XX XS — WW/Zeeetvy 4e,p Ojets  EMiS 139 1 m(t})=200 GeV 2103.11684 &t
g2, 3-qah). X1 - aqq 4-5 large jets 36.1 1 Large ), 1804.03568 § S MSSM, Blectroweak DM Disapp. trk. 1jet DM mass ' 0.55 (0.6) TeV Higgsino-ike DM 4.1.3
S iR K o bs Multiple 36.1 1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003 1
& T, i—b¥i, X5 — bbs > db 139 Forbidden 1 m(¥7)=500 GeV 201001015 # R-hadron, §—gg¥) 0 Muitiple 2 [r(# =01-3ns] 1 34 TeV m{¥|)=100 GeV 4.2.1
A7), fi—obs 2jets +2b 36.7 ' 1710.07171 + R-hadron. #—saaf” 0 Mulple ! 2.8 TeM 4.2.1
i, fi—qt 2e,p 2b 36.1 0.4-1.45 ' _ BR(i—be/bu)>20% 1710.05544 & " BTN ' 2.
e . 1u DY 136 1.6 . BR(71 —qu)=100%, cosé,=1 2003.11956 GMSB ji—uC; displ. i 1 0.2 TeM o 1000 mm 422
X /X2 /X1, XY ,—tbs, X1 —bbs 1-2e,p >6 jets 139 | A} 0.2-0.32 . Pure higgsino 2106.09609 I
1
L L L L L L L L I : L L L L A A A A A A AL ‘ L l;l A A AL L arxiv:181 2-07831

*Only a selection of the available mass limits on new states or 107! 1 1 Mass scale [TeV] 10” 1 IMass scale [TeV]

phenomena is shown. Many of the limits are based on 1 ]

simplified models, c.f. refs. for the assumptions made. .

2 TeV 3TeV

Example from ATLAS (similar for CMS)

HL-LHC YR
1812.07831



Very Large Number of Searches

(in large variety of topologies and models)

Overview of CMS EXO results

CMS . 36 fb~! (13 TeV) _
1
SSM Z'(48) M, [1803.06292 (21) : 45 1
@ SSMZ/(qq) m, [1806.00843 (2j) i 2.7 i 1
&  LFVZ,BR(ey) = 10% M, [1802.01122 (ep) i 4:4 :
@ SSM W) My [1803.11133 (£ + EP's) ! y 52 I Section
®  SSMW(gd) M, |1806.00843 (2j) ; 33, . ) i i i o
§ miad oy e (orEp) a : Model spin_ .9,5 % .C.L .Lm.".t (.SOI.'d.)’. 5 o 'D'lscloyelry (d.a.Sh) _ mmeic
2 LRSM Wa(INg), My, = 0.5My, My, [1803.11116 (22 + 2j) ! 4e4 KK — 4b 2 ' | | \ | ' | 6.1.1
£ LRSM WR(TNR), My, = 0.5My, My, [1811.00806 (2T + 2j) i 35 1 H H H : H H H e
Axigluon, Coloron, cot6 =1 M. |1806.00843 (2j) i 1 6.1 HVT N VV 1 Hllllll"ll'llillllllllllll. : . : : : 6.4.4 6.4.4
: : 1 1cnmmmm’mmmu- " : W :
— R e e : :
scalar LQ (pair prod.), coupling to 15t gen. fermions, =1 M [1811.01197 (2e + 2j) 1.44 1 GRS - W * w 1 ....-..........'.......,..': | : : 6.4.6
% scalar LQ (pa?r prod.), coupl?ng to 1st gen. fermi.ons, B =0.5 Miq 1811.01197 (2e + 2]:; e+ 2j ar E!rniss) 1.27 : G t?‘ 1 .r'rlr.r.r'r'r.!.r.r'flr.r.r'r‘r.r.r.r'f'r.tq. 'S LR ‘ .- é § 6.2.2 6.2.2
] scalar LQ (pair prod.), coupling to 2" gen. fermions, B =1 Mo |1808.05082 (2 + 2j) 1.53 . RS — oot et aiora e o s errers b « <A -" I : . 2. 2.
§ scalar LQ (pair prod.), coupling to 2" gen. fermions, B=0.5 M, [1808.05082 (2p + 2j; p + 2j + EF's5) 1.29 : Z tt 1 '"""F""""'""""'"""1 ; 6.2.3 6.4.6
j‘.; scalar LQ (pair prod.), Coupling to 3rd gen. fermions,B=l MLQ 1811.00806 (2T+2j) 1.02 I TCZ - ...-...q'....-..6'....'-.'----..'! 5 E - o
scalar LQ (single prod.), coup. to 3/ gen. ferm., B=1,A=1 M, [1806.03472 (2T + b) 0.74 : Z . " 1 i 1 1 : 6.4.6
5 SSM ".-..--"'--.'.'..'.'.‘.. I 5 o
excited light quark (qd), A= m . Zw o ot B L I L LR .': S 6.25 6.25
H H — f=f = = * ; / ---.----.---.---..---“.....-. ......-.....- H
excitec ot quark (qy), fs = =1 = 1A= Mo 7 prom 1 .r.r.r.r.r.r.r..f.r.r.r.r.r.r.r.r.r.r.r.r.r.r.rsr.z"""i""""'""""'" LI 825 004
excited b quark, fs=f=f'=1,A=mq Mo: SSm ------------------------------J-----------------n-- H - -
excitedelectron,f5=f=f’=1,/\=m: Mg+ ' P I.I----h--.----.----.--‘-I' I E
excitedmuon,f5=f=f’=1,/\=m: M ZSSM_) rr 1 .---I--ﬁ-------b-------ﬁ-. i 5 6.24
' ommmum:omu||lmmimmmmmiua i :
quark compositeness (qq), Nurr =1 Nra WSSM - W 1 ulnnnnnlunnunnnnhnnnunnnln! l : : E 627
quark compositeness (£2), g = 1 N WS’SM - LV 1 mnmmmmmmmunmmnmumllmmmn;l : 6.2.6
quark compositeness (qg), Nurr = — 1 Aura : - - 1 1n|nouu|nvh||n|noun|0:ou|nnnnntnnuunur: : :
. _ _ g ' 1 ' ' ' 2.
quark compositeness (£0), Nurr = —1 AlLrr WR - tb - bbt’V ATITTTTIITIITI T ITITITIITTIT TN : i : o0
* e .......’-.......--....‘..---.. ........-..-.-.' :
ADD (jj) HLZ, nep =3 Ms O _’j] . % ------- ------- IIIII.I:IIIIIII1---..--‘-------' § 6.4.6
ADD (yy. ) HLZ, ngp = 3 Ms VMajorana - ( ¢ 1 |f|r|f|f|flforlflflflrlflflflfgflflflflrlflflﬁrorlflflf .- 1 e ': : : 5.1.3 5.1.3
ADD Gk emission, n =2 Mo qq 2 nvouolonnnoplonnlolonoqolonnvouololqonolonom L q esswwe : e
- -—-a- . ' . .
ADD QBH (jj), nep = 6 Mo y Heawy (mpy=mg) I L S i : : 5.1.1 5.1.1
ADD QBH (ep), nep =6 Mogn . 2 fummooresnnaat i :
RS Gk(qd, 9g), kiMp = 0.1 Mo, = t’Y % T N T T T i : 6.3.1
RS GKK([[) k/ﬂpl _ 0 1 MG 'llrllrllrllrllrll-ll.llhll.ll.ll-lllllllll’lllllllr " E
T X « H e :
RS Gix(yy), kiMp = 0.1 Moy, LQ(pair prod.) — bt 0 ‘..........c. I : . H E LHC : 523 5.2.4
RS QBH (jj), nep =1 Magn g : b -1
RS QBH (eu), nep=1 Magn ] LQ - t,J 0 bt s : r =27 Tev L= 15ab 2.1
non-rotating BH, Mp = 4 TeV, ngp = 6 Mgy () LLLLLLLLYS : . 5.2.1
split-UED, u =4 TeV 1R 1 LQ - it arsrians : HL LHC 5
; HY*H™" — rht’it’xt’x(NH)O o : P 5.1.1 5.1.1
(axial-)vector mediator (xx), gq=0.25, gom =1, my=1GeV  m,., [1712:02345 (= 1j + EFss) ! 1.8 1 i r: = 14 TeV L 3 ab
. _ . ‘ — . ' H*"H ™~ 50T (IHY 0 i 5.1.1 5.1.1
1'&:’ (axial-)vector mediator (qq), gq=0.25,gom=1,m, =1 GeV M., [1806.00843 (2j) i i 2.6 . . Th ( ) Lo | L1 | L1 ‘ L1 | . l . | 2 1. 1.
© scalar mediator (+t/tt), gq=1,g9om =1, m, =1 GeV Mmeq [1901.01553 (0, 1 + = 3j + EF'ss)  0.29 arXiv:1812.07831
: pseudoscalar mediator (+t/tD), gg=1,gom=1,my=1GeV M., [1901.01553 (0, 12+ = 3j+ EF'S) 0.3 : (f = e, ,U) 4 6 8 1 0 1 2 1 4
e scalar mediator (fermion portal), A, =1, my =1 GeV My, [1712.02345 (= 1j + EF'™s) - 14 ' 1
complex sc. med. (dark QCD), My, =5 GeV, CTx,, =25 mm  m, [1810.10069 (4j) - 1.54 1 ' MaSS Scale [TeV]
i i 1
| |
E Type Ill Seesaw, Be =B, = B¢ Msigms |1708.07962 ( = 312) 0.84 1 :
S string resonance Ms |1806.00843 (2j) i ] 7.7 '
mass scale [TeV] !
] January 2019

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).

4 TeV 8 TeV

HL-LHC YR

1812.07831

Example from CMS (similar for ATLAS) - latest plot in the backup!



Very Large Number of Searches

in large variety of topologies and models

Overview of CMS EXO results

CMS : 36 fb~! (13 TeV) ;
|
SSM Z/(24) M, |1803.06292 (2£) 45 1
i SSM Z'(qq) M, |1806.00843 (2j) 2.7 v 1
& LFVZ,BR(ey) = 10% M, |1802.01122 (ep) 4:4 1
: SSM W'(Zv) My |1803.11133 (£ + Ef'ss) ' 5.2 1 Section
®  SSMW/(gd) M, |1806.00843 (2j) 3.3 . o foun i ( 2 ) 5 2 ( ) -
8 comwin) e [[807 11421 (o + B " Model spin  95% CL Limit (solid), o lDIISC 'Oyell'y ldlalSh _ HL/HE-LH(
% LRSM Wr(ZNR), My, = 0.5My, My, |1803.11116 Eze + 2j)) 4gh KK — 4b > | —— l —— | | — | | — ! T | ' | oy
2 LRSM Wg(TNg), My, = 0.5My, My, |1811.00806 (27 + 2j 3.5 1 : : : : : .
Axigluon, Coloron, cotf =1 M. [1806.00843 (2j) 1 61 HVT - VV 1 Jenommnannnnng : : : : 6.4.4 6.4.4
B N g . ; H
+ - D R ] H .
scalar LQ (pair prod.), coupling to 15t gen. fermions, B=1 My |1811.01197 (2e + 2j) 1.44 1 GRS SN W W : : : : i : 6.4.6
" . . t . _ . = . 1 - DR R R R B R R R R A B R R R R 1 . .
X scalar LQ (pair prod.), coupling to 15* gen. fermions, 3=0.5 M, [1811.01197 (2e + 2j; e + 2j + E}'5) 1.27 N - - . RN I '
3 scalar LQ (pair prod.), coupling to 2" gen. fermions, B =1 M, [1808.05082 (2 + 2j) . .i e d . 6.2.2 6.2.2
§ scalar LQ (pair prod.), coupling to 2" gen. fermions, B=0.5 M, [1808.05082 (2p + 2j; 1 + 2 Esesess 1 : 6.2.3 6.4.6
§ scalar LQ (pair prod.), coupling to 3™ gen. fermions, =1 Mo |1811.00806 (2T + 2j) P | ; » 4.
scalar LQ (single prod.), coup. to 3™ gen. ferm., B=1,A=1 M, |1806.03472 (2T + b) ': : ~ 6.4.6
n e . : .
excited light quark (gg), A=m * m, [1806.00843 (2)) Ta ke h O m e m eSS ag eS fO r H L- L H C . ::.':::l'.':_'.':::g.'.'::s : 6.2.5 6.2.5
B% excited light quark (qy), fs=f=f =1,A=m, My |1711.04652 (y +j) r'z.....i.......a‘........‘.... :
%IE eXCited bquark’ fs=f= f,=1'/\=m; Mb* 1711.04652 (v+j): .-.--'-"..-'--..:.-.-'--.:.. I: 3 6.2.5 6'2.4
W8 excited electron, fs=f=f=1,A=m; M, |1811.03052 (y + 2e) - i : : : Py
excited muon, fs=f=f=1,A=m; M, |1811.03052 (y + 2p) o' i e
"2 ! 6.2.7
. g quark compositeness (qg), Nurs = 1 A |1803.08030 (2j) D . .t .t . I f Z ) d W p) .t 6 T V d 8 T V "e 1 '
E 5 quark compositeness (££), Nurr = 1 N |1812.10443 (2¢2) I Scove ry p O e n I a O a n u p O e a n e ALLULLCLLCL 6.2.6
§ £ quark compositeness (qq), e = —1 A [1803.08030 (2j) preveevereee
o £ quark compositeness (£), Nurr = — 1 Nore |1812.10443 (20) : ' 6.2.6
..-..-1-..--..!-.-.--.‘ E 646
ADD (jj) HLZ, nep =3 Ms 1803.08030 (2j) : R R '-------q'-------. ; o
ADD (yy, #) HLZ, ngp =3 Ms |1812.10443 (2y, 2¢) D u . | f L k 1 5 2 T V A l...----q.-----: : : 51.3 5.1.3
W Iscovery potential ot Leptoquarks up to 1.0 - e I e e - |sre e
@ ADD QBH (jj), nep =6 Moo [1803.08030 (2j) : : 51.1 5.1.1
=  ADD QBH (eu), nep =6 Moen |1802.01122 (ep) i : '
g RS Gkk(qq, 99), k/Mp = 0.1 Mg, |1806.00843 (2j) i : : : 6.3.1
2 RS Gkk(££), k/Mp; = 0.1 Mg, |1803.06292 (2£) ' .
§  RSGuly) kMa=01 . RB000327,2) STperTpToe : : !en., HE-LHC! s 523 5.24
i RS QBH (jj), nep=1 Mogy |1803. ) i 5.9 : : : ; : : oL
RS QBH (ey), nep = 1 Mogss |1802.01122 (ep) : 36 4 LQ— tu L S ; ' Vsi=27TeV,L=15ab”’ |521
non-rotating BH, Mp = 4 TeV, ngp = 6 Mgy |1805.06013 (= 7j(;l, Y)) : I 9.7 LQ - tT 0 """"'_' : : : : 5.2.1
split-UED, u = 4 TeV 1R [1803.11133 (2 + E's9) i 2.9 I s i HL-LHC : :
1 H++H-— - Th(}i{:IfI(NH)OTlurs " : : e : : p 51.1 5.1.1
(axial-)vector mediator (xx), gq=0.25, gom =1, my=1GeV  m,., [1712:02345 (= 1j + EFss) 1.8 1 P .77 :‘".:'..'.'.'.'. i Vsi=14 TeV,L =3 ab’
§  (axialvector m(?diat(_J)r (94), gq = 0.25, gom = lé;mx =1GeV M, |1806.00843 E2j) - 2.6 : H"H = = 1,07 ¢ ¢" (IH) 0"t T T T T T T T A AN
] scalar mediator (+t/tt), gg=1,g9om =1, my=1 GeV Mmeq [1901.01553 (0, 1£ + = 3j + E 0.29 rXiv:1812.07831
: pseudoscalar mediator (+t/tt), gq=1,gpm =1, m, =1 GeV Mmeq {1901.01553 (0, 14 + = 3j + Episs 0.3 : (f = e, /J) O 2 4 6 8 1 1 1 a 812.0783
3 scalar mediator (fermion portal), A, =1, m, =1 GeV My, |1712.02345 (= 1j + Ef's) 1.4 1 1
complex sc. med. (dark QCD), My, =5 GeV, CTx,, =25 mm  w, [1810.10069 (4j) 1.54 ' : MaSS Sca|e [TeV]
| |
§  Typelll Seesaw, Be =B, =B« Msigms [1708.07962 (= 31) 0.84 ' :
5 string resonance Mg |1806.00843 (2j) ] 7.7 '
1 1 1 1 1 1 1 1 1 1 1 1 1 | ] 1 1
0.1 1.0 ' 10.0 .
mass scale [TeV] :

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). 4 T January 2019 8 Tev

Example from CMS (similar for ATLAS) 1812.07831



Leaving No Stone Unturned !

diséppearing or

displaced kinked tracks

ATLAS Long-lived Particle Searches* - 95% CL Exclusion
Status: March 2019

57

Steven Lowette

ATLAS Preliminary

[L£dt=(34-36.1)fb™! s=8,13TeV

. . Model Signature  [Ldt [fb™'] Lifetime limit Reference
m u It ItraC k Ve rtl CeS : " " e RPV x¥ — eev/euv/uuv  displaced lepton pair 20.3 x': Iife;ime' ; E—_— '} i :'n('é)'=' 1'..:3'Tev, m(;2)='1 .o'Te'v' 1504.05162
l '.. 'o' nQD“QOIntI ng GGM 0 > Z& displaced vix +jets 203 [ x? lifetime m(g)=1.1TeV, m(x?)= 1.0 TeV 1504.05162
§ 1 'o' N " ‘(éo nve rted) ph Oto nS GGM x§ - ZG displaced dimuon 32.9 X‘l’ Iifetime 0.029-18.0 m m(g)=11TeV, m(y})= 1.0 TeV 1808.03057
R - GMSB non-pointing or delayed y 20.3 | x} lifetime  o00854m SPSB with A= 200 TeV 1409.5542
AMSB pp — xx3.xix;  disappearing track  20.3 [} lifetime  02230m m(x;)= 450 GeV 1310.3675
AMSB pp — v, v, v;  disappearing track 36.1 | xj lifetime 0.057-1.53 m m(y})= 450 GeV 1712.02118
AMSB pp - x50 xjx;  largepixeldE/dx  18.4 | x7 lifetime . 131:90m mlx})= 450 Gev 1506.05332
d . I d I t - Stealth SUSY 2 ID/MS vertices 19.5 § lifetime _ m(g)= 500 GeV 1504.03634
IS p ace . € p ons ’ eme rg i N g J etS Split SUSY large pixel dE/dx  36.1 | & lifetime >09m m(g)=18TeV, m(2)=100GeV |  1808.04095
I e pto n -J etS y O r Split SUSY displaced vix + EMs 328 [ g lifetime 0.03-13.2m m(g)= 1.8 TeV, m(y})= 100 GeV 1710.04901
I e O n ai r S Split SUSY 0¢6,2-6jets +EM= 361 |glifetime 0.0-2.1m m(g)= 1.8 TeV, m(y})= 100 GeV | ATLAS-CONF-2018-003
pton p
H-ss low-EMF trk-less jets, MSvtx 36.1 | s lifetime 0.18-120.0 m m(s)= 25 GeV 1902.03094
FRVZ H > 2yq + X 2 e~ p-jets 203  |[JIEHRE 0-3 mm m(yy)= 400 MeV 1511.05542
FRVZH - 2y, + X 2 e—, p—, n—jets 3.4 | yqlifetime 0.022-1.113 m m(yq)= 400 MeV ATLAS-CONF-2016-042
FRVZ H — 4yq + X 2 e—, u—, n—jets 3.4 | yalifetime 0.038-1.63 m m(y4)= 400 MeV ATLAS-CONF-2016-042
trac kl e SS H— Z42Zy displaced dimuon 32.9 Z, lifetime 0.009-24.0 m m(Zy)= 40 GeV 1808.03057
; . H— ZZ4 2 e, u + low-EMF trackless jet 36.1 Z 4 lifetime 0.22-5.3m m(Zy)= 10 GeV 1811.02542
low-EMF jet
OW e S VHwith H — ss — bbbb 1 -2(+ multibjets 361 |slifetime 0-3mm B(H — ss)=1, m(s)= 60 GeV 1806.07355
. t bl $(200 GeV) — ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.41-51.5m o xB=1pb, m(s)= 50 GeV 1902.03094
q u aS I a e (600 GeV) — ss low-EMF trk-less jets, MS vtx 36.1 | s lifetime 0.04-21.5 m o xB=1pb, m(s)= 50 GeV 1902.03094
. . . art I CI eS d(1TeV) > ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.06-52.4 m o xB=1pb, m(s)= 150 GeV 1902.03094
ltitrack vert th
m u I rac Ve Ices I n e HV Z'(1 TeV) = quqv 2 ID/MS vertices 20.3 |s lifetime o x B=1pb, m(s)= 50 GeV 1504.03634
muon spectrometer I WV Z(@ToV)>qa,  2IDMSverices 203 |sletime | 5 51 b, m(s) 50 GeV 150403634
0.01 0.1 1 10 100 cT [m]
- VE=13Tev
*Only a selection of the available lifetime limits is shown. 0.01 0.1 1 10 100 T [nS]

| Sample for ATLAS (same for CMS)

B

Image from H. Russel

Difficult signatures requiring specific complex reconstruction and trigger!



Faithful Uncertainties in Machine Learning

Luigi Favaro 58

Can Machine Learning provide faithful uncertainties in physics?
Jo (%) =~ g(x) Po(x) € [0,1]  py(x) = pya, (%)

Yes, Machine Learning can provide faithful uncertainties in physics. Uncertainty

Regression Classification Generation o " » .
estimation is a critical component of any predictive model, and it is essential to

\ J/ / understand the level of confidence or reliability of the predictions made by the model.

Machine learning algorithms can be used to provide faithful uncertainty estimates for
Highly expressive, non-linear parameterizations physics problems in several ways, such as:

Bayesian Neural Networks: These are neural networks that incorporate Bayesian

probability theory to estimate uncertainty. They use prior probability distributions to
MaChine |earning haS the pOtential tO Significantly en hance represent uncertainty in the model parameters and update them as new data is
our understanding Of fu ndamenta| phySiCS' observed. Bayesian neural networks can provide probabilistic predictions, which give

an estimate of the uncertainty associated with each prediction.

Gaussian Process Regression: Gaussian processes are a powerful and flexible tool for

YeS, faltthI Uncertainties in phySiCS can be prOVided in | regression and classification tasks. They can be used to estimate the uncertainty
several ways. associated with each prediction by providing a probability distribution over possible

functions that could explain the data.

- Bayesian Neu ral NetWOrkS 3. Monte Carlo Dropout: Dropout is a regularization technique used in neural networks

that randomly drops out some neurons during training to prevent overfitting. Monte

- Gaussian PrOCGSS reg reSSiOn Carlo Dropout is a variant of this technique that can be used to estimate uncertainty. It

involves running multiple forward passes through the network with different dropout

masks and then computing the variance of the predictions.

- Monte Carlo drop out

In summary, Machine Learning techniques can provide faithful uncertainty estimates for

Essential tO Validate the uncertainty eStimateS against physics problems, which can be critical in decision-making processes, such as
. experimental design or model selection. However, it is essential to validate the uncertainty
experimental data and ensure that the model captures the et e st .
. gainst experimental data and ensure that the model captures the relevant
relevant phyS|CS accurately. physics accurately.

> Regenerate response




The Precision Frontier at the LHC

0 | I | . I I I I ML I I I I I I ] 10 ) T 5
x - :l : . §: >< : I I I I I ‘I I I I I I:. 1 - 1 | g:_- p I I .l I I g__
< 9 -\ T T E fitter |sw ‘130 “ Y SN S ': _________________________ ] _@ltter Mz 135 ]< 45 E_ fitter |su i
8 - = - SM fit w/o meas\sensithe to sinz(e'eﬁ) :' — - -
~ = 8 , " o . = ——-Ar------- L ettt | Sttt leieieinle* il — 20
- = = = SM fit w/o meas. ensitite to sin (8,) and MH me::-zs. = = =
- = 7 E -~ LEP/SLD [Phys. Rep. 427, 257 (2006)] E 3.5 = T O E
6 = = 6 ;_ -~ Tevatron [arXiv:18 ] _; — =@ 1 decays [P[}G"2016] =
E E 5 - 4 25F | | =
4E =20 G A R e A S =26  2F =
°F E 3 4 150 | =
2E E 2F = ] .\ 18 s Zo
1 E_ _E I 1 ;— ------------------------------------ > - —; 1c 0.5 E— ............ —E
O°C ! I - — | | . R - E
0 1 1 ] I 1 ! — \ I po--t 1 1 I I
80.34 80.36 80.38 80.4 80.42 0.2312 0.2314 0.2316 0.2318 8 11 0115 012 0125 013

GeV : . . .
My, [GeV] sin?(6! ) (M)

- Probe the SM through the measurements of its
fundamental parameters

- Make ancillary measurements to increase precision in other
measurements or searches

... and anomaly (W mass)!



Intermezzo: The W and Z bosons turn 40!

Following the success of The Antiproton Accumulator

putting anti-protons ‘on’ Initial
Cooling Experiment (ICE)

e oy
- ¥ -
—
X0 I
= 30 =S
.

transverse
pick-up

transverse
kicker

(Stochastic cooling)
In 1978 the SppS approved!

UA2
Aiming at electron
channel, no magnetic
field, no muon system, 7

TUNGSTEN CONVERTER A .
high-granular projective L : A
calorimeter (later '
installed first silicon
vertex detector).

CERN Seminar of 1983

CONVERTER

FORWARD CALORIMETER

... to first collisions in 1981 !?

o / / / ," \ I"\ \"‘-.. %\-\:}h :\\:‘:\H\‘
AV R S s AN NN
i / I;" ___:::.'-;:-:3-'::— T-:C'—’ 0 \ N, >

UA1

Tracking drift chamber,
calorimeters, large muon
system, and 0.7 T dipole
magnet

(11
"

AR AR
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https://videos.cern.ch/record/1507644

Intermezzo: The W and Z bosons turn 40!

Discovery of the
W and Z bosons
announced in
January 1983
with 6 W events
In UA1 and four in
UA2!

Z candidate in UAT

Track cleaning pT > 2GeV

W candidate in UAT

Altogether O(100) Z events

EVENTS PER 4 GeV/c?

3
o

.
~a
T

UAT
92 EVENTS

£
1

QCD - background

MY

30 50

20

110

INVARIANT MASS M (e'e’) (GEV/tzl

Events per 2 GeV

g

8

8

&

Altogether O(1000) W events

Discovery of
the W and Z
bosons

Carlo Rubbia,
Simon Van der
Meer




Precise direct invisible Z Width by CMS!

Tairan Xu

Measurement based on missing transverse momentum

36.3 fb~! (13 TeV)
I | 1 1 I I 1

- P Data
ee + jets _I__ ,
™) L. SM pre-fit
.E SM pOSt-ﬁt T [ rrrrrorord I LB
< Z(—wvv)+] - SM §
w W(—) 81/) 41 T | L i
"":’ ) ] ALEPH L - 1 ~ 450 + 48 MeV
o Minor bgrd h i
is QCD multijet - E
Z /0 (= £0) + ] L3 H——H 1498 + 17 MeV
1 1 l 1 1 1 1 l 1 1 1 l 1 1 1 1 I 1 OPAL :_ —:' 539 :I: 31 Mev
. ymbined [ —— 4503 + 16 MeV
'.g —————————————————————————————————
o7 CMS | et 4523 4+ 16 MeV
: 1(13 TeV 36.3 fb~ 1)
T T T T T T T T T T T T -l I L1 1 1 l L1 11 I L1 1 1 I L1 1 1
. L. ' ! ! 400 450 500 550 600
= [ EPPRPS, ALXS J  hSS X  —— Ciny (MeV)
el | e . o *
_3 1 d 1 I 1 L9 1 I 1 1 1 I 1 1 l. 1 I 1 1 1 l 1 1 1 1 e I 1
500 1000 500 1000 500 1000

U (GeV)
Measurement already dominated by systematic

I, = 523 + 3 (stat) £ 16 (syst) MeV uncertainties!

mv




Tau Polarisation in Z Decays - CMS

Tairan Xu 63

' In contrast to e+e— collisions the polar emission angle of the T lepton and its

) / sign is not, or only very poorly, known and can not be used in the analysis.
-~ ’ ‘ q ] " " " " " ]
" Measurement relies in measuring the fraction of tau helicity states, using
/ polarisation sensitive variables!
x1 03_ CMS  Preliminary 36.3 fb" (13 TeV)
t% 9 ;_ | Z —>I TRT, I Z— 17, _;
c\n 8;—eu Nz | tt+jets —;
I 7E W+ jets | Diboson 3
g GE— QCD multijet -¢- Observed _E
LL = o000t =
55 *., E
42_ o* “’0 _i
3E o "*.’ =
Zf?’ .."0, _i
15 Soees
o S e e P.=—A_ =
o 14- ]
3 1.2F .
~ 1.0 [900900000000000000000000000000000004000
§' o&r - P.(Z") = —0.144 4+ 0.015 = —0.144 4 0.006 (stat) & 0.014 (syst).

Visible di-t Mass m,,(e,u) / GeV sin? 6 = 0.2319 + 0.0019 = 0.2319 + 0.0008 (stat) = 0.0018 (syst).



Tairan Xu

sin? 6% = 0.2319

Tau Polarisation in Z Decays - CMS

0.0019 = 0.2319 =

- (0.0008 (stat) =

- 0.0018 (syst).

New CMS measurement with partial Run 2 dataset
comparable precision as measurements at e e~ colliders,

but...
| | I
CMS (13TeV) | preliminary  ——e— -
36.3 b’
ATLAS (8 TeV) | ¢ |
arXiv:1709.03490
LEP-SLD
Phys. Rept. D98 |— -
030001 (2018)
SLD |
L3 |- |
DELPHI |— |
ALEPH |— |
OPAL L
| L —
K 0.15 0.2
Asymmetry A_

Measurement already dominated by systematic
uncertainties already!

LEP-1 and SLD: Z-pole
LEP-1 and SLD: A5
SLD: A,

Tevatron

LHCb: 7+8 TeV

CMS: 8 TeV : ®

ATLAS: 7 TeV
ATLAS: €6 UM
ATLAS: ee.

ATLAS: 8 TeV |

ATLAS Preliminary

0.23 0.231

- 2n/
sSin Oeff

"1 0.23152 + 0.00016

0.23221+ 0.00029
0.23098 £ 0.00026
0.23148 £ 0.00033
0.23142 £ 0.00106

0.23101+ 0.00053

0.23080 £ 0.00120
0.23119 £ 0.00049

0.23166 + 0.00043

0.23140 + 0.00036

0.232

ATLAS and CMS measurements in e e~ and
utu~ final states dominate the precision.

PDF uncertainties are dominant in this
measurement!



Precise Determination of a¢ - ATLAS

Stefano Camarda

New for Moriond

EW 2023 do d30_U+[_

.
= 1 + cos® 6 Ai(y, pT, m)Pj(cos b,
Measurement of the differential full- dpdqg  dprdydm ’Z:; iy, pT, m)Pi( ?)

lepton phase space Z cross section!
Also talk by Menglin Xu for LHCb

o Y < — : : . : .
g " ATLAS Preliminary ] 1.1+ .NangaParbat N . DYTurbo
s - - = N > — * Tl I
13TeV,pp = Z/y* = I'l,p. >25 GeV, n'| < 2.5
o 0.06 == —e- Data — [ i . .
?I,f i . 1 stat. @ syst. ] 1% % 60 i my4 <y, p, Qemit2<p /u, 1 /Q u/Q<2
: - 7 Q. = NLL+NLO resummed
0.04 —— — = = = = : - - i NNLL+N3NLO resummed
—o— 1.1 : — T 40— 0 N°LL+N°LO resummed
- 1 = Artemide LS, )
i —— i i i _8 = B \°LL+N*LOa resummed
0.02 —— — -
: pp > Z —— | -
8 TeV,20.21b" - 20
i ! PR S T ! i ! PR S R ! i ! P arxiv:2303.12781
11— E= Cute+MCFM ] 1.1
O— l 1 | l |
1 ]
-
I I z
g - | l _(g 1.2 je,
S 14— Radish _ s | 2
fe : : o 1 o
= — ©
* o—eo— . ———— oc
P ' 0.8
0 5 10 15 20 25 0

Comparisons done at N3LO-N4LL with
N3LO PDFs




Precise Determination of a¢ - ATLAS

Stefano Camarda

Most precise determination of a¢ based on the Sudakof peak, first measurement based on resummation

- > ————ry — o
8 8 04 < |y| < 08 : ATLAS Pre||m|nary 6_7 ,LI/_
- L 7
= 1.1 ~ 1.1 =
[ [ Pp—Z
i) ie) 8 TeV,20.2fb"
« c |
-eo- Data
-1 Post-fit
0.9 0.9 .
: i B PDF unc.
"] PDF @ Theory unc.
- =0 (mz) +0.002
et, ut
= 80
[}
Q
8
= 60
Q
=
*}
©

1SN
o

PP |
1

s oL 24<ly<28 |  14F 28<|y|<36 -

—d
1

20

Ratio




Stefano Camarda

Precise Determination of a¢ - ATLAS

Most precise determination of a¢ based on the sudakof peak, first measurement based on resummation

Ratio to theory

08<ly[<1.2

1.6<ly[<20 -

1.2

—d
o 1

24<ly|<2.8

_+_

p, [GeV]

Ratio to theory

1.4

PP |
N 1

2.8

<ly|<36 1

ATLAS Preliminary

pp —>Z
8 TeV, 20.2 fb’

-e- Data

----- Post-fit

B PDF unc.

"] PDF @ Theory unc.
= =05 (m,) £0.002

New for Moriond
EW 2023

ATLAS ATEEC
CMS jets
W, Z inclusive

tt inclusive

T decays

QQ bound states
PDF fits

e'e jets and shapes
Electroweak fit

ATLAS Zp_8 TeV

|
-@- Hadron Colliders

ATLAS —@- Category Averages PDG 2022
Preliminary -@- Lattice Average FLAG 2021
-@- World Average PDG 2022
-@®- ATLAS Z P, 8 TeV
— 0.1185 + 0.0021
—e 0.1170 £ 0.0019
10— 0.1188 + 0.0016
0.1177 £ 0.0034
— 0.1178 £ 0.0019
—9 0.1181 £ 0.0037
— 0.1162 £+ 0.0020
o1— 0.1171 £ 0.0031
— @ 0.1208 + 0.0028
0 0.1184 + 0.0008
—O— 0.1179 + 0.0009
| -l'T I I0.1 252 B 0.00P9
0115 .12 (.125 Dels
o (m )

Z



Matthias Schott

W Mass Update - ATLAS

Press release | Physics | 23 March, 2023

CERN press release on Thursday!

Improved ATLAS result weighs in on W boson

An improved ATLAS measurement of the W boson mass is in line with the Standard Model of particle physics

68

Several small improvements, but mostly relying
on the huge analysis effort of the first 7 TeV
result but relying on profiling paradigm (?!)

Systematic uncertainties are considered as nuisance parameters which enter the fit. What does this mean?

1.- All systematic effects are parametrised!

2.- Parameters are fitted along with the Parameters of Interest (e.g. W mass), affect the measurement

through their correlation with the POI(s).

3.- The parameters can be constrained (or measured) in the fit! e.g. PDF parameters can be changed

through the data, and thus is equivalent to PDFs simultaneously fitted on the data!

6

%’ >:<1 p | I | l | | I | I I | | | I | | | | :
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o - .
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w 0.3¢ -
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0.1 =
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81 .02 : l ' A L -
— A .
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New for Moriond
EW 2023

—e— My, Toy Measurements

ATLAS Preliminary
Fits based on p_-distributions Mean = 80358 MeV
RMS =16 MeV
| 1 | | | | | I 1 1 | | | 1 1
80.32 80.34 80.36 80.38 80.4

80.42
my, [GeV



https://home.cern/news/press-release/physics/improved-atlas-result-weighs-w-boson

W Mass Update - ATLAS

Matthias Schott

New for Moriond

Observed shift 10 MeV and precision improved by 16 MeV! EW 2023
______________________ Overview of m, Measuremepts , |
I Ehconenaten | ATLAS Preliminary ™ %= - New W mass measurement from ATLAS is
(s=7TeV,4.6f0" agreeing even ore with the SM prediction
DO (Run 2) : -0 _

arXiv:1203.0293

| - The tension with the CDF W mass is larger
FER B U 12 254590 | - between ATLAS (only) and CDF 3.46 now 46

--------------------------------------------------------------------------------------------

LHCb 2022 - ‘ -

arXiv:2109.01113

- (Tension of CDF measurement with the SM 7o)

ATLAS 2017 s vl s
arXiv:1701.07240 ® Measurement : — [
[stat. une. | Where do we go from here?
ATLAS 2023 Bl Total Unc. : o
T sk ""SM Prediction . — - |
______________________ | 2k | Significant evidence of measurement
80200 80300 80400 systematic bias: need a collective effort to

m,, [MeV] understand this puzzle!
Mw = 8036025 stat) +15syst) = 80360 £16 MeV
mw = 80370 £19 MeV
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e e The ‘Big Picture’

Katharine Leney

Effective tree level couplings of the Higgs boson Effective loop couplings

| @Kk, =k, Ki ~ 11% /
10— + K, is a free parameter | S Ky ~ 6% Grluon
E — SM prediction
—  "Precision on « v 5% H - Kg ~ /% QMd
x> 107 W,z ~ D7 Fho&om
S = - . A\ Kz, ~ 30%
> E Fermiowns EW bosowns g7 '
5 102
S f’ : K.~ 8% Invisible branching fraction Br,, < 11%  DM?
7 Higgs total width I’y ~100%
- K, < 30%
10 = Cl
=111 L1l Lol
1.4} And much more...
< 1'2;_ CP mixing in production and decays of the Higgs
3 sob T I - ii I boson, LFV Higgs decays, FCNC top decays to
I i i f Higgs, rare Higgs decays to quarkonia and photon,
e T T T T and searches for new scalar and pseudo scalar

10" 100 10° 102 states!
Particle mass (GeV)



Vori Maravi Charm Yukawa Coupling at the LHC?

Christos Anastopoulos

Taking a closer look at the search for Higgs boson decays to charm in the VH
associated production...

1 | 1 1 1 1 1 1 I I 1 1 1 I 1 1 1 1 138 fb-1 (13 TeV)
I I I I I I lllllllllllllllllll'lllllllllllllllllll
—e— Observed =~ ----- Median expected
ATLAS o CMS o
(5=13 TeV, 139 b 2 B 65% expected
B R Expected | L = 95% expected
------------------------------------------------------- Combined
0 lepton Expected 7.60
Exp.= 40 x SM Observed 14.4
Obs.= 35 x SM Merged-jet
"""""""""""""""""""" Expected 8.75
1 |epton Observed 16.9 |
Exp.= 60 x SM Resolved-jet
Obs.= 50 x SM Expected 19.0
"""""""""""""""""""""" Observed 13.9
2 lepton oL
CE))[()pi 319>< SSl\lc/I Expected 12.6
S.= 49X Observed 18.3 B
Combination ngpected s
Exp.= 31x SM ‘
Obs.= 26 x SM | | | | Observed 19.1 —
| | 1 | | | 1 | | 1 | | | | | 2L
0 20 40 60 80 1 OO Expected 14.3
. . Observed204 sa a1l a0y T T T B
95% CL limit on n 0 5 10 15 20 25 30 35 40

VH(cT) 95% CL limit on p
VH(H

— CC)



Vori Maravi Charm Yukawa Coupling at the LHC?

Christos Anastopoulos

In contrast to e+e— collisions the polar emission angle of the T lepton and its
sign is not, or only very poorly, known and can not be used in the analysis.

(13 TeV) 138 fb™' (13 TeV)
N PLEETT I AS 1228 Tez el L8] % K] K %D
> ks — - -
O : € 1000~ CMS —+—Observed  [Hll VH(Hc0), p=7.7 _
% s CMS DeepAK1 5 % - [ ] Z+jets [ ] W4jets ~
O m : : : - Merged-jet tt B single to .
= —#— ParticleNet 2 . gle fop 2
| Simulation B ool Al categories B Wothey [ V2o B
g ; anti-kT R = 1.5 jets .5_, - S/(S+B) weighted [ ]vz(z—bb) B VH(H-bb) =
= B ‘O " B uncertain "
- p_>300GeV, n| < 2.4 o 5 ty 2
5 e i = 600 = _
& [ e & - i
S Wk T T % - e )
aa) S = 5 B -
¢ g g B b o et Y, i
It x‘." 200 ‘21 c ,, ‘ Saa—] e _¢_. : =
10-2 — o —|_.

A H—cT vs. H—bb

102 E — H—ccC vs. V+jets

il l | I 1 1 1 I | | 1 I 1 | | I 1 1 1

0 0.2 0.4 0.6 0.8 1 :
Signal efficiency 0780 80 100 120 140 160 180 200

Higgs boson candidate mass [GeV

A leap in sensitivity comes from improved _ _ B
tagging of Higgs and charm! First observation of VZ(Z — c¢) @ 5.7c



Di-Higgs and Higgs Self Coupling

Dennis Roy

Tagging the Higgs boson and b quarks also has an important impact on the di-Higgs production !

CMS 138 fb' (13 TeV)
.. t ' L L ' L
ATLAS Observed limit K, =k =1 —e— Observed ~ ----- Median expected
Vs=13TeV, 126—1391b-" Expected limit A B8 66°% expected
(UHH =0 hypothesis) | (g5
033/":+VBF(HH) — 32.7 fb . . 95% expected
Expected limit +10 - —
imi bb ZZ
[ 1 Expected limit +20 P actod: 40
Observed: 32
Multilepton
Expected: 19
____________________________________________________ O bSEXp ObZef:d: 21
- bb vy
bbYY 42 5 7 Expected: 5.5
Observed: 8.4
bbt* T~ 4.7 3.9 bb 11
Expected: 5.2
Observed: 3.3
bbbb 5.4 8.1 bb bb
Expected: 4.0
------ - ittty Observed: 6.4
Combined 2.4 2.9 Combined
[ N N T N T T N T NN TN NN NN M N NN MO M M AN N N Expected: 2.5
0 10 15 20 25 30 Observed: 3.4 y - N | | o
95% CL upper limit on HH signal strength gy x 1 10 100

95% CL limit on 6(pp — HH) / S heory

Direct evidence of di-Higgs production by both ATLAS and CMS should be
achievable at the HL-LHC!


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-016/

Two new ATLAS Tri-Boson Observations!

Tairan Xu 75
New for Moriond W yA y Observation Wyy observation New for Moriond
EW 2023 EW 2023
Simultaneous fit with pzz,, uzz; data-driven Fake estimated in control regions
WZy observed with 6.3 o WZy observed with 5.6 ¢
— 4 4 L — +2.5 —1
owzy = 2.01+0.30 (stat.) £0.16 (syst.) fb O frig = 12.1*53 b
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Zyy 1.05+0.32  0.15+0.06 0.29+0.10 Multiboson (W H (yy), WW#, Z~v) 76+13 52+1.7
Fé.lke background  30+6 - - Non-prompt j — ¢ 354+ 10 .
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Total predicted 139+ 12 23+5 33+6 | Pileup 10£5 =
Data 139 73 33 Total 1136 34 332+18
Data 1136 333
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— 100 SR W ZZ(e—y) 4 5 FSR W ZZ(e—y) . o (S = 13 TeV. 140 b ! | - DYVYY
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B Top
B Pileup
10
_g 1; gg:%/Post-Fit
? 1S9 T &%\\K\\%\\ﬁk\\ x Tan
..\g 0.75 : 82 : Sraet;glt/Post -Fit
S %20 20 60 80 100 120 140 8 %750 100 150 200 250 _ 300 20 40 =/20 =120 >

P} [GeV] P [GeV] Py’ [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-016/

Flzavetta Shabalina Top Physics Highlight |

Michele Fauci Giannelli 76

ATLAS Measurement of the ttW inclusive and differential cross sections (in 2 same sign leptons channel | "' o™
and 3 leptons)

- Long standing discrepancies
- Critical ancillary measurement for very large number of measurements (e.g. ttH)
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New for Moriond For Moriond EW 2023 !!
(Independent) Observation by ATLAS and CMS of 4 top production!
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New for Moriond New for Moriond New for Moriond

11 12 13
Vs [TeV]

ST

ATI A S H |ggs CrOSS EW 2023 EW 2023 EW 2023
> — 1+~ 1 - T 1 T 1 1 ]
g 190905 A71.45 Preliminary + Data E
= 14000~ (5136 Tev, 31.4 b —Totalpdl
€ 12000_ _ -—olghal p _: a 3 [ T T T T T T T T T T T T T T T T T | —~~ == T T T I T T T I T T T T T T T T T | T T _—
o - H—yy --- Bkg. pdf - -9;- 10 — . ° 7 '8_ — e uuleelep/l+jets 13.6 TeV (L=1.217) .
L 10000:— = o —  ATLAS Preliminary - ~ | X I+ets 13 TeV (L= 137 b CMS —
[ — — | —] - — = -1
= - - A 11+ b-tagged jets O BTV atormy i
6000 — o - . D o0 en8TeV(L=19.7h"
- = & v [ +jets ) 103 |4 I+jets8TeV(L=19.6fb") -
4000 — —] A — . . ) — ¢ alljets8 TeV (L=18.41" -
2000 = 5 " combined Vs=13.6TeV,11.3fb" 3 - = en7TeV(L=5M) -
~ - = — ' L T O — 0O I+jets 7 TeV(L=23f" —
: or— = 2 Vs =13 TeV,< 139 b .-8 — v alljets 7 TeV (L =3.54 b T T T T
g 400 %’ Vs=8TeV,202fb"" -G-J — o ey/l+ets 5.02 TeV (L =27.4-302pb ™) 900:_ .
. 2000 £ 12 \s=7TeV,46fb"  — = 402 : 14
g 0 - Vs =5.02TeV,026 b - 4 = 800L 13
o -200 | | | | | B === NNLO+NNLL (pp) ~ © - : 17
-400=—73¢" 120 130 140 150 160 u Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 _ £ B 2005 3
m,, [GeV] m=172.5 GeV, PDF+ o uncertainties from PDF4LHC21 — - ——— NNLO+NNLL —m—"3% El(Tei/) _
_ . S S S S S S 10 PRL 110 (2013) 252004
oy S B L S L B AL I S U N . — p— = = NNPDF3.0, m = 172.5 GeV, o (m_) =0.118 =
2 90 :_ ATLAS Pre||m|nary — SM o (pp—H, my =125.09 GeV) —: % 1 1 PDFALACZT+scale PDRALAC2T T +# QCD scales only é C | I ] ] | ] t | ] | ] | ‘ ] | ] I ] | ] I L]
E 80 E_ Y H—yy QCD scale uncertainty _E E‘I .05 ' .~ 2 4 6 8 10 12 14
o = ¢ Combined H—yy + H—4l W Total uncertainty (scale ® PDF+a,) ] E 1 ‘ \{5 (TeV)
70 - £0.95 SAALLLTEOLLUEE PR E R R AT L P RRR R L FERREE RN
- 3 = 3
60 . o 0.9 =
C ] © I T B B N
5 ] o
50¢ ] 4 6 8 10 12 14
40F E Vs [TeV]
30t =
- \s=7TeV, 45 fb' ]
20 Vs=8TeV, 20.3 fb' E
3 Vs =13 TeV, 139 fi5' =
10 § .
- \s=13.6 TeV, 31.4 b .
0 m | | ] PRI N S T S T N TR N S



Conclusion

Very intense Moriond 2023 with a landslide of new results!

The number of new results for this conference was overwhelming

Moriond has proved again to be a landmark for the community

Many thanks to all our colleagues for their heroic effort in
preparing for this conference!

Many thanks to the organisers for the outstanding 57th Rencontres de Moriond!!



