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What motivates new physics searches?



Dark Matter!

Definitive evidence for something beyond the SM—
we know something exists to explain!

J X

O. Brandt

Direct detection **

/ X

>
Collider production

detector plane

** for astrophysical DM searches, see talk by Marradén Monday 3




Dark Matter!

Definitive evidence for something beyond the SM—
we know something exists to explain!

J X

O. Brandt

Direct detection **

/ X

>
Collider production

detector plane

Ex: ATLAS “mono-top”
shown by G. Unal Monday

ATLAS-CONF-2022-036

** for astrophysical DM searches, see talk by Marradén Monday 4




Dark Matter!

e Axial-vector, vector, or scalar mediation?
e Use effective field theories (EFT), or now more common: Simplified Models.

CMS Preliminary Moriond 2022
— 2000 T T T T I T T 17 1 1 17 17 ;T 1 1 [ 1T 17T 17T I T T T T I ||||||||| I T T T I_
% ; , - ] Exclusion at 95% CL
(5 1800 xial-vector mediator o —
= 4 ; ] Observed
Z 1600 K —
7 . = = = = Expected
%) 1400 : P ]
7)) - P — Boosted dijet (77 fb™)
© 1200 : . T [arXiv:1909.04114]
e ' _ Dijet w/ btag (19.7 fb™)
GL) 1 000 5 __ [arXiv:1802.06149]
% Z E E Dijet w/ ISR j (18.3 ™)
= 800 : 7 [arXiv:1911.03761]
_] Dijet (35.9-137 fb™)
v : — [arXiv:1806.00843]
E 600 ' 2 ] [arXiv:1911.03947]
. \ 3 _ = ] DM + j/V(qq) (137 fb™)
LHC DM WG a 400 Y v Mueg = 2 X Mo — [arXiv:2107.13021]
recs.: A~ L Y 2 — 4
A &y — Q. h"=0.12 . DM+ y (3597
arXiv:1603.04156 200 3“1 ¥ ’f. : fl — [arXiv:1810.00196]
arXiv:1703.05703 0' 11K T T T T DM + Z(l) (137 1)
0 500 1000 1500 2000 2500 3000 3500 4000 4500 [arXiv:2008.04755]

Mediator mass M __, [GeV]

CMS and ATLAS have full programs of DM searches
using missing transverse energy/momentum (MET/pTmiss) or di-jets

ATLAS / CMS summary plots link 5




Dark Matter & the Dark Sector

e Popular in BSM: Dark sector (hidden
sector) models often predicted by string
theory, & motivated in part by dark matter.

S. Mukherjee
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e Interactions w/ SM: weak, indirect, or ‘ & Mediator
through gravity. k Sector |

Standard Model
- SU(3)xSU(2)xU(1)

kinetic mixing (&)



Dark Matter & the Dark Sector

e Dark sector (hidden sector) models can be
predicted by string theory, and motivated
In part by dark matter.

S. Mukherjee

e Interactions w/ SM: weak, indirect, or
through gravity.

Standard Model
- SU(3)xSU(2)xU(1)

kinetic mixing (¢)

Model: U(1)dark Symmetry where kinetic mixing
to SM broken by a “dark Higgs boson S”.
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ATLAS searches for “Dark Higgs” S + DM: SW*W- —qqlv

‘ ATLAS-CONF-2022-038

Semi-visible Jets

CMS fully leptonic result: CMS-PAS-EXO-20-013




Dark Photons

Dark Sector particles can include axions, sterile neutrinos, dark
photons...

Volume 166B, number 2 PHYSICS LETTERS 9 January 1986
An old idea: if there is an additional U(1) symmetry, the new
vector boson A’ kinetically mixes with the SM photon
TWO U(1)’S AND ¢ CHARGE SHIFTS
Bob HOLDOM

Department of Physics, University of Toronto, Toronto, Ontario, Canada M5S 147

e

Model: U(1)dark Symmetry w/ kinetic mixing to SM hypercharge: a “dark photon” (A', Zp, Yad)

A’ acts as a “portal” between the SM and the new sector
A/
Standard Model J\N\/\, Dark Sector

a W2 € A

M. de Napoli




Dark Photons: colliders

LHCb prompt A’ search CMS prompt Zp search

PRL 124 (2020) 041801 turbo stream muons arXiv:2205.08582  scouting muons

Search for dark photon decaying to a pair of muons with real-time reco.
(Both use special triggers to accept more “low mass” events: partial reconstruction)
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PRL 124 (2020) 041801 m( A’) [ GeV ]

Prompt search up to 70 GeV. most stringent limit: 214-730 MeV

Large # of dark photon/dark sector searches at ATLAS, CMS, LHCb

CMS: S. Mukherjee




Dark Photons: HPS / NA62

Heavy Photon Search- JLAB

Nucleus M. de Napoli
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Projected reach assuming to complete the remaining PAC-
approved days with two more periods of operations at 2 and 4 GeV

NAG62: Beam Dump mode

main goal: rare/forbidden K decays
spin-off: dark portal particles!
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Axion-like Particles (ALPs)

Peccei-Quinn solution to the strong CP problem requires the existence
of an axion - a potential dark matter candidate

Axion Mass (peV)
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ADMX experiment uses ultra-low-noise quantum electronics to look for axions converted
to microwave photons in strong magnetic field.

ADMX rules out axion densities which are less than 20%
of the total galactic matter in pJeV range.

KSVZ Dark Matter Fraction (%)



Axion-like Particles (ALPs)

Peccei-Quinn solution to the strong CP problem requires the existence
of an axion - a potential dark matter candidate

JUNO: 20 kton (Jiangmen, CN)
BaBar: Search for B — K a, a— yy future underground liquid scintillator
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Parallel talk: N. Nath

sensitive to ma =[0.1-4.78] GeV

Coherent Captain-Mills Parallel talk: D. Newmark
liquid Ar scintillator LANL

Parallel talk: A. Lusiani




Hierarchy Problem: Naturalness

t
\s R, S = Myiggs
\¢ W Is Naturalness a thing?
MO if fine tuning <10%
BSM: Restrictions:
/\gauge < ~5 TeV
Need to AquariggizTeV
stabilize the AN
Higgs mass. [N ) = = 7 {:} """
But with what? —

" F. Blekman ) i‘( }:



Supersymmetry (SUSY)

* Broken SUSY: a solution to the hierarchy problem—
SM particle partners (sparticles) loops cancel divergences.

* Two main production modes:
» strong (squarks, gluinos)
» electroweak (gauginos, sleptons)

e Spectra can be inverted (light stop/stau), compressed
(giving LLPs)...there are no theoretical constraints!

» Lightest SUSY particle still a contender for dark matter

» Dozens of searches at the LHC!

HAVE YOU
SEEN ME? p t

| SUPERSYMMETRY | CMS new search for stop squarks

in 4-body decays, talk by A. Rizzi
LHC SUSY summaries shown by J. Heikkila




SUSY (Colliders)

Electroweak SUSY production is challenging: smaller cross sections.
Helped by new techniques, and combinations, and full Run 2 datasets.
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ATLAS: Gaugino pair prod.— final state taus. Into compressed region.
Light staus: interesting for Y g-2 & Mw anomalies, and dark matter.



Exotic Higgs? MSSM

Minimal Supersymmetric SM Ty NO b tag 138 b (13 TeV)
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Most sensitive channel at high tan is H/A—TT(+b)

CMS-PAS-HIG-21-001 CMS has slight excess at mA ~ 1.2 TeV, 2.30 global




Exotic Higgs? MSSM

Minimal Supersymmetric SM  pyiting together multiple analyses CMS covers ma < 500 GeV
Two Higgs doublets

. : . _ CMS Preliminary 35.9 b (13 TeV)
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Exotic Higgs: nMSSM

e nMSSM = MSSM + additional Higgs singlet (J. Gunion) which helps
solve the “little hierarchy problem” in the MSSM

e can get H(125), but can have lighter and heavier states such as light
pseudoscalar a; H(125) — aa has been key experimental target



Exotic Higgs: nMSSM

e nMSSM = MSSM + additional Higgs singlet (J. Gunion) which helps
solve the “little hierarchy problem” in the MSSM
e can get H(125), but can have lighter and heavier states such as light
pseudoscalar a; H(125) — aa has been key experimental target
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In Run 2 data, ATLAS sees intriguing excess in bbp final state at m,~52 GeV. .



Exotic Higgs: nMSSM

e nMSSM = MSSM + additional Higgs singlet (J. Gunion) which helps
solve the “little hierarchy problem” in the MSSM

e can get H(125), but can have lighter and heavier states such as light
pseudoscalar a; H(125) — aa has been key experimental target
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In Run 2 data, ATLAS sees intriguing excess in bbp final state at m,~52 GeV. )



Light Neutral Boson!?

* A neutral, light boson ¢ would be a minimal SM Higgs sector extension.
» Scalar, ps, or H-like couplings, or associated prod X¢ (X=W,Z,tt). arXiv:1507.07004
 CMS searches for X¢, with ¢ decaying to lepton pairs in harrow resonances.
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Long-lived Particles

LLPs arise in models of SUSY (compressed spectra or weakly-coupled RPV),
Hidden Valleys, QCD axions, dark matter, dark portal particles, heavy neutral
leptons...Very popular experimental topic in the last years!

23



Long-lived Particles

LLPs arise in models of SUSY (compressed spectra or weakly-coupled RPV),
Hidden Valleys, QCD axions, dark matter, dark portal particles, heavy neutral
leptons...Very popular experimental topic in the last years!
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Territory explored for long-lived SUSY gluinos

L. Jeanty, LLP 11 Workshop, May 2022
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Long-
lived
Particles

SEARCHES FOR NEW PHYSICS | MEETING REPORIT

Long-lived particles gather interest

21 July 2021

LLP candidate A CMS candidate event for the decay of a Higgs boson into a pair of LLPs which
decay into jets (yellow cones) containing secondary vertices (orange circles), in association with
Z—e'*e (green tracks). Credit: CMS / cms3d.web.cern.ch/EX0-20-003/

From 25 to 28 May, the long-lived particle (LLP) community marked five years of
stretching the limits of searches for new physics with its ninth and best-attended

workshop yet, with more than 300 registered participants.

LLP9 played host to six new results, three each from ATLAS and CMS. These included a
remarkable new ATLAS paper searching for stopped particles — beyond-the-Standard
Model (BSM) LLPs that can be produced in a proton—proton collision and then get

stuck in the detector before decaying minutes, days or weeks later. Good hypothetical



Long-lived Particles

Standard
LLPs at LHC: tracking

- displaced vertices
- long time-of-flight
- unusual energy deposits Pixe,{

example q q

All limits at 95% CL
T T T 71

Ewk RPV 7° (LF), 7° (= qqq)

Large radius

. tracking

ATL-PHYS-PUB-2017-014

Left-over hits after the
standard tracking with
looser IP constraints

Up to 300 mm!
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Long-lived Particles

* Theorists began to model and reinterpret (HEPdata) LLP signals.
e 2000’s: theory/exp collaborations blossomed, Moedel began in 2010

* Last decade+, many experiments, including several initiated by
theorists! (LLPs and Portals both)

]}ﬁi:JLLI\QAN rdscri SND@ LHC

NEXPERIMENT

AVa CODEX-b

\/ \/ -
SP . “\\ %
Soarch for Hidden Particles M O e d e I

ANUBISy FACET

“Every Theorist has an experiment!”

B. Shuve, LLP Workshop, May 2022 27
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Long-lived Particles

Upcoming: First data in test runs!

T

NV LLIGAN

milliQan, 2005.06518 [PRD]
milliQan 375 fb!

milliQan
demonstrator

SLAC MilliQ| CMB Ner
(indirect)

i

10-1 100 100 102
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FASER

FASER, 2105.06197 [PRD]

n 5
T — e FASER data (18 ev)
$45
g 4 - neutrino signal (6.1 ev, best fit)
835 - background (11.9 ev, best fit)
£
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BDT output
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Heavy Neutral Leptons

* RH sterile neutrinos lead to HNLs when mixing
with LR states. Majorana or Dirac.

SM Extension with 3 HNLs

. . . Spin-1
() COUId eXDIaIn: Spin-1/2 fermions bc?sons
> V masses uic t

» Seesaw mechanism

Spin-0
Higgs
boson

Quarks

,,9 S | b

strange bottom

» matter/anti-matter
asymmetry : °,M%N1 °V;/Nz °W/N3

Higgs
boson

» dark matter candidate
> Majorana: LFV

Bosons (Forces)

IE N 12 e
L

Leptons
D :
=

T

electron muon tau




Heavy Neutral Leptons

physics beyond colliders
CERN-PBC-REPORT-2018-007

Muon coupling dominance: UZ: Ug:Uz = 0:1:0

10717
'“)—II

displa

ced

I

Prompt

high
Prompt low Mass
mass

10=I2
107!

- e e e e e e = = = o= -

10 my [Gf:‘/.:]ﬂ2

mi = 0.49 MeV

A. Lister, LLP Workshop, May 2022

mp = 5.3 GeV

\mz =91 GeV

How to search?

Below Kaon mass
» Kaon decays (e.g. NA62)

Below B or D masses

* Heavy flavor decays
(e.g. Belle, LHCb, FASER)

Below WV, Z masses

* Displaced & prompt searches
(e.g. LEP, LHC)

Above W,Z masses

* Decays to on shell bosons
(e.g.LHC)

30



Heavy Neutral Leptons

CMS arXiv:2201.05578

A. Escalante del Valle, LLP Workshop, May 2022 ATLAS-CONEF-2019-029
Hand-drawn comparison between ATLAS, CMS, LHCb, and DELPHI results LHCb arXiv:2011.05263
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Territory explored by colliders recently

many HNL results shown at ICHEP!




Neutrino Detectors as BSM tools

* long-lived searches (late trigger)
 beam dump searches: kaons decaying at rest

SIMULATION KDAR Absorber
uBOO HNL Decay (Mass 304 MeV)
\{

* HNLs and HPS (higgs portal scalars)

[ Newl J3

1074
1072~ L\\Q

10-6H PS191 \\_i
—— E949 (\

N _ — NA62
¥ 10774 — 12
= —— KEK
—— NuTeV

* new beam dump 105 e

PIENU
reSUItS 10—9_ ———  MicroBooNE (2020)

== MicroBooNE (Majorana) (2022)
=+ MicroBooNE (Dirac) (2022) NuMI POT:7.01 x 1020

1 M 10_10 T T T I
e x|0 increase in reach 5 100 200 300 400
HNL Mass [MeV]

D. Marsden https:/arxiv.org/abs/2207.03840 32




. compositeness?
_extra dimensions!




Vector-like Quarks

* Higgs- good agreement with SM: Hard to accommodate new particle masses.
» Vector-like fermions: Dirac masses— decouple from EWK scale at large mass.

* Motivated by string theory or extra dimensions.

Weak multiplets (isospingpercharge)

T
21/6 — (B) X
lys =T Jo3=1|T
X B
we- ()

T
lis=B " 2 5= (5) s (5’)

boosted final state particles
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Vector-like Quarks

I%l

New “monotop" search from ATLAS

£ R R R AR R RS RN RRRRN AR
: & | ATLAS Preliminary ¢ Dat —VLQ |
(G. Unal) also looks for single VLQ E oL Amas o epae o ]
. . 1 —  Monot W+ Singl 4
production: most sensitive at the LHC! - LG e e
| Post-Fit 77 Uncertainty— Pre-Fit Bkg. |
1025_ _E
- mt=1.7 TeV
10
R FYFERISEY
G 1.255: }/ ,
(m) JSOFE
Use a BDT classifier to look at 085 555 0.6 065 07 075 08 085 0.9 005 1
benchmark coupling k1=0.5 and XGBua
BR(T—tZ )= 25% Limit: mt (singlet) > 2.2 TeV

(500 GeV gain!)

CMSVLQs: see talks by |. Bonilla and A. Rizzi ATLAS-CONF-2022-036 35




D. Faroughy talk

Vector-like Leptons : L
Additional motivation from recent B flavor
anomalies. Relevant: Searches for 3rd gen L! #321 Model
S ATLAS CMS:
> * Doublet L'=(v'y, T'), Vi W+ T, « EWK focus: L'—tt (vi1), t—qqgb
T—-H/Z 1

* Uses 2 graph NN (bkg, signal)
 final state: at least 2 light e/,
>0 Thag, mMomentum imbalance
 Uses BDT to tag b and tau

.Z —
\ —,
r h
. - i

* represent hadronic event as
point cloud ®

q

example diagram W- G
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Vector-like Leptons

ATLAS:

e Limitson ov. my:

967 GeV (exp) / 898 GeV (obs)

—_
o
N
URLILL B

—

. G(pp—Tv'+T'T+Vv'V') [pb]
S 3 =
N L o
T IIIIIII| T IIIIIIII T 1T T 1T IIII

—
S
w
T T IIIIII|

10_4Er|||||||||||||||||||

ATLAS Preliminary

/s =13 TeV, 139 fo

VLL Doublet Model
95% CL

1

== Theory (NLO)
------ Expected Limit
I Expected 16
Expected 2 ¢
—— Observed Limit

IIIIIII| 1 IIIIIII| L1y

200

400 600

800 1000

1200

M, [GeV]

ATLAS-CONF-2022-044

CMS:

* Fit prefers signal at 2.80 for a
representative 600 GeV VLL

Events / bin

Data / Sim.

40

0.5

) 59.8 fb' (13 TeV
CMS | Data 1 Multijet

i I ttX M ttbb

— Bt M tt (misid. 1)

- | | VLL (600 GeV) 72 Total uncert
- Signal 21 _

- i Signal Region

0

01020304 0506070809 1
DNN,

CMS-PAS-B2G-21-004
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-+ flavor violation?




Leptoquarks

* New scalar (spin 0) or vector (spin 1) particle with fractional electric charge.

* LQs appear in RPV SUSY, GUTs, Technicolor, composite models. Expected at
the TeV scale.

4 a -
b v
b__ /LQ /< s b LQ/ ¢
B° K B,B°@ = e
d d L_IJ a L_I, a DO’(X)’ D+’(>:<)

\

Popular! Candidates to explain some flavor anomalies in B meson

decays: possible hints of lepton flavor non-universality.
Y

* Single (radiation): ~depends on MLq \e% )\
and LQ—Iqg coupling A / \

nice LQ treatment by A. Reimers @PANIC 21

* Pair (strong) production: ~depends on Mq




Leptoquarks

CMS: new search for combined b-tau LQ production

pair single nonresonant
b
b T
\z\/
LQ | E.Tziaferi
+
T /ol\ O. Karacheban
A
g b T
37.4 b (13 TeV)
L AL A L R
10°f & Vector LQ, 2000 GeV, A=25 4 Observed
_PAS- -19- Total signal fit mBkg. in Ob
CMS-PAS-EXO-19-016 otal signal fi mia. o

mBkg. in m, > 200 GeV
mBkg. in m, > 400 GeV
[Bkg. in m, > 600 GeV
— S4B fit, 6 = 0.745% b

e |imits on scalar and vector LQs
with varied couplings

Eventsin all bins

* slight excess (~30) in categories
compatible with the H—1t result 102
driven by non-res categories

o
-
a8)]
—
o
o
@

T New! ¢ _
35 -3 25 2 45 -1 05 0

New ATLAS b-tau LQ resonant result: ATLAS-CONF-2022-037 Log, [S/(S+B)] 40







Anomaly Detection

What do we do when we don’t have a
specific model to look for?

Al/ML used since start of LHC for jet tagging/

—_  B.Nachman

corrections, particle ID, and signal/background
selection
New approach: anomaly detection via

* bump hunting (a la H=YY) with
background from data

I

* unsupervised networks a'“'“\‘
(autoencoders, adversarial nets, ...) T
e weakly or semi-supervised networks
2020 LHC Olympics: blinded samples w/ signals
2021 Dark Machine Challenge SB

May 2022: PHYSTAT Anomalies Workshop Paata(z|m € SB)

= prg(z|m € SB)

SR § SB m

pdata(xlm € SB)

Pdata(z|m € SR) = pbg(q;|m € SB)
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Anomaly Detection

* ATLAS: search for boosted diboson “dijet” resonances with unsupervised NNs.

* Look forY — X+H-ub) (BSM particles Y high mass) and X1 or 2 body)) in hadronic decays.

* Use boosted particle (jet substructure) techniques/taggers, and ML.

$>

S

= .
L% ATLAS Preliminary —— Data
10° &= Fit Range: 1.3- 4.9 TeV _
Anomaly SR — BumpHunter interval
m, in (75.5, 95.5) GeV
" p-value = 9.10E-03
10°
e,
" P
-1
;5 HAHAHHHHHHT
= ;
P :
c ]
:U%,—'5IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_-

{5 2 95 3 35 4 45 5
my [TeV]

Results of background
only fit to all mx categories.

Largest deviation in mx [75.5-95.5 GeV]
Bumphunter interval: my [3424-3805 GeV]

Global 1.470 after trials factor

ATLAS-CONF-2022-45 43




Could not cover

plenty of other new results for ICHEP, SUSY, LHCP

(please see also backup slides)

many types of resonances, including X—(dilepton, VYV, qq, HH), others
touched on current trends at the expense of many classic searches

areas of recent interest where | could not show the depth (LLPs, LQs,
DM, dark sector, VLQs, HNLs...)

BSM physics in many other non-accelerator venues— see parallel talks!

indirect constraints by testing the SM (top quark/EWK sector, rare
flavor processes, g-2, u2e, EDMs...)

interesting analysis techniques like jet substructure, machine learning, ...
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Join us at BOOST 2022

14th International Workshop on Boosted Object Phenomenology,
Reconstruction, Measurements and Searches in HEP

15-19 Aug 2022
University of Hamburg

|5-19 August! Learn about novel analysis and reco techniques
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Near future...

L

Snowmass 2021

DPF Community Planning Exercise

e This month! Gathering in Seattle, Washington, U.S.A., July 2022

* Many contributed papers on future BSM prospects at LHC and other
facilities and frontiers: Energy, Cosmic, Neutrino, Rare, Computing...

» See also European Strategy Report 2020
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Near future...

DPF Community Planning Exercise

Snowmass 2021

e This month! Gathering in Seattle, Washington, U.S.A., July 2022

* Many contributed papers on future BSM prospects at LHC and other
facilities and frontiers: Energy, Cosmic, Neutrino, Rare, Computing...

» See also European Strategy Report 2020

Shout out to
LHC Run 3!
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Final thoughts...

This is a unique time in history: we have no solid prediction of
what might come next (unlike W/Z, top, Higgs).

The ICHEP BSM sessions had 75 parallel talks, each with
several individual results. Community is working hard to
explore all sectors!

Collider experiments still dominate the search space: a number
of intriguing results to watch & follow up in Run 3 and beyond.

New, specialized experiments are demonstrating their “street
cred”, and will soon contribute to the story.

This is a great time to search for
surprises!
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Fine!

Thank you to the ICHEP Local and International Organizing Committees!
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Thank you to the BSM Conveners for great sessions and discussion!

Thank you to the BSM speakers for your inspiration!
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Backup Slides
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Exotic Higgs: 95 GeV state?

* Longstanding but weak excess near the Z pole from LEP (bb)
e Excesses from CMS in yy (old) and tT channels (new)

 Much interest in this question in parallel sessions

AP T A B B B CcMS 197" (8TeV) + 359 (13TeV) > o 19'M$'43relimiqary' — ,,.,1138fb'1(173T9V2
1 - . = 1.6 =) - Low-mass High-mass
g B LEP ’;u) - H > yy — Observed o [
(a) \s = 91-210 GeV = q4b E z
= - + - B Expected + 16 Q
- 1 ‘U ......................
E A Expected + 20 _] Q .
= E 1.2 - p o . 3 10 1L
o [
PJ —— Observed >
O T Expected for backgrouad DI
< _q| 77 EXpecledlorbackgrotglgEgeeEy | s FE o wo. /iR /S ~ N O 1 b
510 = ~
Y¢) ) 102F
(=) 5 b
AO,
P
]
T
3:, 1073k E
el ]
10-2 | | PR L I ! L1 x -..A.l ) ) o ggq)lonl‘y:
20 40 60 80 100 120 F e e 50 s e e o 60 100 200 1000 2000
2 m, (GeV
m(GeV/c’) My (GeV) o (GeV)

[LEP: hep-ex/0306033]

 Biekdtter/Heinemeyer/Weiglein talk: can accommodate in N2HDM

* Boukidi talk: can accommodate in Type Il 2HDM
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Exotic Higgs: Heavy (W)H— (W)WW

Clean same-sign dilepton signature from leptonic W decays.

S ool T T I T T T
— 5 - ATLAS Preliminary —— Observed limit E
; OOE Vs =13 TeV, 139 b - - - Expected limit 3
0 180 (f, fy) = (0. 6200) W Expected * 1o E
L 160: Expected * 20 =
% 140;— — Theory —;
X 120 —
; 100 —;
T 80 E
\% 60 —
© 40 5
20
906400 500600 700 800 900 1000 1100 1200
m,, [GeV]

ATLAS: limits on mn and anomalous couplings H, WW

ATLAS-CONF-2022-033 >3




SUSY (Colliders)

A light stop quark (or is it top squark?) could be key to solving the
hierarchy problem - should be readily pair-produced

but with extra missing Er.

See Mon

b

£ CMS Freiiminary 138 b (13 TeV) -
_ > 1" =
p t Z f 8 100| PP > T T, T b1k NNLOwp NN 1 8
=" R 5(’(1) : %0 =Observed +1 Gtheory UVA | 8
~~e ) e 5‘(’(1) 23 = Expected + 1, £ 2 Gexperiment approach | "8'
p = S i T~ 80_ T . w
t1 f - - Y L 10 @
f E 70 S /5N R R
— < - fo . o
b 60F- fo =4 1 5
Similar to top quark pair production, 500 )k ; —f 1 E

day plenary talk by A. Rizzi ‘

As m(x) approaches m(1), - - =

sensitivity decreases 20 R B 2

- . 7 Z O

. . . ~ 1 0 L I SRS ATAA IR 1 071 S
Limits expressed in terms of m(t) and Am 300 400 500 600 700 800

m. [GeV]

CMS uses an MVA to search for stop in 4-body decays

CMS-PAS-SUS-21-003 >4




Di-boson Resonances

Searches cover range of models:

- Spin 0: extended Higgs, warped extra dimensions(w.e.d.), 2HDM
- Spin 1: heavy vector triplet(HVT), extensions of w.e.d.

- Spin 2: warped extra dimensions

Semi-leptonic and leptonic

Smaller BR but smaller background
and lower trigger thresholds.

/v

Highly-boosted
often dijet-like
final states!

qq/l/v

WIZIHI$Y

WIZIHIp!Y

Hadronic

Largest BR but large background and
q high jet pr trigger thresholds.

C. Mantilla Suarez 55




Di-boson Resonances
CMS searches for X=>HH/HY —=bbyy (Y new light scalar).

b X interpreted either in
< RS bulk model or NMSSM
b
Y CMS Preliminary 138 fb (13 TeV)

.‘\ — T T T T T T T T
H ﬁ\/hh:lw = 1014 _—me =300 GeV (x10“}|| pp—>X—>HY—>'y"fbb (Spln-D)

See Monday plenary talk by A. Rizzi 2

__,m,c =500 GeV (=10
— o m, =550 GeV (x10%

m, = 600 GeV (x10°)

m, = 700 GeV (x10%)

Mx=650 GeV _
My= 90 GeV

local sig: 3.80
global sig: 2.6 (My<150 GeV)
global sig: 3.50 @ My = 100 GeV

m, = 750 GeV (x10%)

= ———>m, =800 GeV (x10°)
e LR R

m, =900 GeV (x10%)

((

m, =950 GeV (x107

W_@x = 1000 GeV (x10%)

200 400 600 800 1000

Consistent with local excesses @:

- Low mass H(yy) @ 95 GeV

- High mass HWW) @ 650 GeV
m, [GeV]

- A(rr) @ 100 GeV CMS-PAS-HIG-21-004




Fractional Charges

* Limited constraints on free fractional charges at LHC masses.

* Motivated in some weakly-connected scenarios: e.g. “portals” with new U(1)
symmetry with boson=dark photon, mixing with SM hypercharge.

« CMS: weakly ionizing particles in tracking detector probing Q=[1/2 to 1]e.

FCP charge Q=¢ x e 59.7 b (13 TeV)

CMS Preliminary ¢ Search region
- 2 Control region

Signal (M = 100 GeV)

Q=e —Q=09e
—Q=08¢ Q=2Re
—Q=05e

Z/v* —_ Binomial fit

Drell-Yan

Number of tracks
2

FCP in 102
silicon tracker 10

S 15F '
= 1BE
3 Il
05 E : . b : . . . . .
0o 2 4 6 8 10 12 14 16 18
[\low dEfdx
hits
» Hit from significant energy loss: dEdx > 3 MeV/cm
Hit from feeble energy loss: dE/dx < 3 MeV/cm
o Missing hit: dE/dx << threshold CMS-PAS-EXO-19-006
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Fractional Charges

* Limited constraints on free fractional charges at LHC masses.

* Motivated in some weakly-connected scenarios: e.g. “portals” with new U(1)
symmetry with boson=dark photon, mixing with SM hypercharge.

 CMS: weakly ionizing particles in tracking detector probing Q=[1/3 to 1]e.

— 1 """ T | T T | T T T | T T T | T T T | T
© .
o = - CMS Preliminary Upper limits at 95% CL 7
/Y o 090 — Observed 4
= i --- Expected o
Drell-Yan 2 08} Em:lc =
= Fi C1+20 .
L 07} -]
s ]
FCPin O 06 E
silicon tracker - -
05— —
04 —
- OPAL74pb™ (91 GeV) -
03 —
— 1 1 I 1 1 1 I 1 1 1 I 1 1 1 [ 1 1 1 I 1 =
50 200 400 600 800 1000
Mass (GeV)

[ Newl J

» Hit from significant energy loss: dEdx > 3 MeV/cm
Hit from feeble energy loss: dE/dx < 3 MeV/cm
o Missing hit: dE/dx << threshold CMS-PAS-EXO-19-006



Dark Portals

HEP open issues Portals Laboratories
strong CP problem
flavour puzzle axion/ALP DESY
dark matter i PSI
dark photon Mainz
. Frascati JPARC (K) CERN
neutrino masses JLAB Fermilab
k scal
EW symmetry breaking o
hierarchy of scales heavy neutral lepton JPARC (v)

matter—antimatter asymmetry

Adapted from B. Batell, G. Lanfranchi/M. Rayner, T. Lin

P_Gianotti
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Long-lived Particles

=suus neutral
—— Charged
3Ny charge

disappearing
track

HSCP

displaced
dilepton

W BSM

M lepton

W quark
photon

M anything

displaced
lepton

displaced
dijet

displaced
vertex

displaced

conversion

displaced
photon

N
~ Not pictured:

out of time decays
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Beyond LLPs: MoEDAL-MAPP

LHC’s first dedicated search experiment- first data in 2015

Hidden Valley

e long-lived
Susy Dark Sector g

highly-ionizing RPV madels _, o "D, Models

Magnetic
monopoles

SusY feebly-interacting

KK extra GMSB models
R-hadrons - dimensions
sleptons g8

1
By

o
RFi
S e L LPS Hidden Sector
= b # Millicharged particles
,:; . eg =Y 4 Mirror-matte <. ' Heavy Neutral

Superstring

Leptons - FCHAMPS

models _gF

Neutrino Mass -/
HIPs s I T
; Stronglhy s . {
o lntlfmldifnﬂ " \ [ "":D-BranpinSp
oo . Ultralight =4 g [ P :
remnants - 3 Quirks MRS RS ' W e X
Particles

Doubly f
charged # D-matt models
Higgs ‘

U suaR - Models

FIPs
N

Monopoles Free Quarks

Phase | MoEDAL-MAPP et
ready for Run 3!

Q-balls (STUMPS)

J. Pinfold
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Leptoquarks

CMS: new search for combined b-tau LQ production

>

> @

* t-channel gives access to
2-10 TeV range!

CMS-PAS-EXO-19-016

[ New! J

—
Mo

—
=

Coupling strength A

New ATLAS resonant result: ATLAS-CONF-2022-037

=]

CMS Preliminary

E.Tziaferi
O. Karacheban

[ Newl J

137 tb~' (13 TeV)

95% CL upper limits

—Observed

---- Expected

) 682 expected
95% expected

| |Expected by

B anomalies
Vector, p=1

~30

non-resonant only-

lIII

TN N W SN MR (NN TR TR T NN NN NN S S S

6000 8000 10000
Leptoquark mass [GeV]

2000 4000
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Beryllium (X17) Anomaly

Original Atomiki observation:
17 MeV bump in 7Li(p,ete-)8Be

Counts/(5 degree)

p
-
3L T+ +
10°F Li(p,e ¢) Be
- e
S -+t
TR —+—+—+ x2
I _._"’__,’__+ . E -1100 keV
— +++
T . R T e SR
—_— e -+ XI -+
- -+ -+ E =800 keV
2 +—o— +—0— =+ ’
10 ° _,_ I R
- +  E_=650keV
x0.1 +4 °
++ +_+_+++ -
—
+ T+
-
s
i
E,= 450 keV +
10 +
i ++4
I T SN P B B S
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© (degree)

Atombki Collaboration

= §+
\
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¢
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N
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o— O (o)
i
-1
= 10
=
=
[*]
Z
= > >
g = S
8 R o
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& NT 2.1 NT
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..... g
........ | IS AT A AT P AT AT AT TSI A TS AT A S AT AT
80 90 100 110 120 130 140 150 160 170
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Beryllium (X17) Anomaly

e MEG-II expt.analyzing data to
confirm Atomiki result

e XI17 dedicated target

e Results soon!

e PADME experiment will look for ete-
resonance at positron energy of 283 MeV:
running this summer-... (B field off)

10—3 I :
~ KIOE 2015 |
.............. —— |
ete” - yy . efem setem | H i
- : : N .
__________ I i | 9
___________________________ u ! : n | 1074
— e AN ! %
__________________________________ — ! ! M| o
___________ 1 1 i EE
! ! | —__ ORsAY, kgk i
i el
ETag ECal i : ETag ECal 10—5

____________________________

10 12 14 16 18 20 22 24
My [MeV] 54



e ATLAS: search for dijet resonances with weakly supervised neural nets

Anomaly Detection

e Look for A = BC for BSM particles A, B, C with mc << ma

e Obtain up to |10x sensitivity of inclusive dijet search!

Events /100 GeV

Significance
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e
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Phys. Rev. Lett. 125 (2020) 131801
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