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Let’s start with our archeologist friend..

..who has no clue where to dig..

..to find the hidden gem!




Particle physmlsts searchmg new physms ’ Archeologlsts excavatlng hldden gems

'Y What mass & lifetime? Which final state? { Which place to dig?
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Archeologists excavating hidd

en gems

Our archeologist friend found the spot!

But still does not know how deep down to go!
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Particle physmlsts sea,rchmg new physms | Archeologlsts exca,vatlng hidden gems E

; _
How much data we need? ? How deep to dig?

i.e, how small is the cross-section of the
new particle? |




Particle physicists searching new physics Archeologists excavating hidden gems

Challenging ’

Collect more data! g

Dig as deep as possible!

Search everywhere! Dig everywhere &



WE ARE INDEED SEARCHING EVERYWHERE

We will hear more in
Other CMS/ATLAS plenaries

Status of searches in the long-lived particle and dark sectors Marianna Liberatore
Gaston d'Orléans 11:00 - 11:30
Searches for supersymmetry and additional Higgses Sarah Louise Williams
Gaston d'Orléans 11:30 - 12:00

Top quark rare or BSM interactions and the studies at new energy at CMS Laurids Jeppe

Gaston d'Orléans 10:00 - 10:30

And parallels

Searches for new physics in the Higgs sector at ATLAS 15:50- Imma Riu
Gaston d'Orléans 15:30 - 15:50
Searches for new physics in CMS in events with jets, leptons and photons in the final state Devin Mahon
Gaston d'Orléans 15:50 - 16:10
Searches for leptoquarks with the ATLAS detector Volker Andreas Austrup
Gaston d'Orléans 16:10 - 16:30
Search for new physics with long-lived and unconventional signatures in CMS Soham Bhattacharya
Gaston d'Orléans 16:30 - 16:50
Searches for BSM resonances in ATLAS Elise Maria Le Boulicaut
Gaston d'Orléans 16:50 - 17:20

Exotic BSM search program of ATLAS/CMS is a broad and diverse topic.

Only selected glimpses in this talk.
More details in other plenary+parallel talks during this week.




 PLETHORA OF NEW EXOTIC BSM RESULTS IN 2023

Leptoquark pair production (3rd generation)  High-mass resonances in photon+MET

Leptoquark single production (3rd generation) Excited taus

Clockwork gravity search Vector-Like taus

Right-handed neutrino (resolved and boosted) Vector-Like Quarks

Axion-Like Particles with AFP Multi-charged particles

ttZ’ to 4 tops Low-mass Z’ search in the 4mu channel

CMS results

Long-lived heavy neutral leptons

Dark matter particles decaying to WW

Search for inelastic dark matter in events with displaced muons

Search for GeV scale resonance decaying to a pair of muons

Search for W' bosons decaying to a top and a bottom quark



https://arxiv.org/abs/2303.01294
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2022-39/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-010/
https://arxiv.org/abs/2304.09553
https://arxiv.org/abs/2304.10953
https://arxiv.org/abs/2304.01678
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-003/
https://arxiv.org/abs/2303.09444
https://arxiv.org/abs/2303.05441
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-020/
https://arxiv.org/abs/2303.13613
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-57
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-013/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-012/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-010/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-005/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-012/index.html

 PLETHORA OF NEW EXOTIC BSM RESULTS IN 2023

| will show a subset
of these results
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AXION LIKE PARTICLE (ALP)
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. . Diphoton ALPmass|  ,;p f‘ Id| Coupli
light-by-light resonance search ] | = O;ft;ng
scattering y Use LHC as a Y'Y collider! photon

Proton tagging Forward scattered protons are detected in the

p p ATLAS Forward Proton (AFP) spectrometer
ching T~
Proton energy loss fraction Select events where Proton energy loss fraction
fi iph : d in AFP
measured from diphoton (EW) Eyy is close to Eapp . | measured in (Carp)
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AFP ATLAS detector AFP
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Scattered
proton «—— ___

>
Proton beam

-
Proton beam

AFPs are tracking+timing detectors Final state proton can be intact or dissociated

https://atlas.cern/updates/briefing/looking-forward-light-matter Photon

- 210 m >



AXION LIKE PARTICLE (ALP)

y Y
ALP .
. . o Diphoton
light-by-light me, 1 /Qf:’\ﬂﬂ\_;;sonance search
scattering Y ’ y

» Signal MC generated using
SuperChic generator.

» Coupling f-! set to 0.05 TeV-!

Coupling constant f'[TeV]

A

» Narrow-width approximation.
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1

2

1
d0"ad,a — —mX

4

1
\f\

~

L= F¥YE

’LALP mass

ALP field | Coupling
‘ with
l photon

I I I I ! 1 |

ATLAS
\s=13TeV, 14.6 fb
—— Observed CL; limit

Expected CL; limit

|| Expected =10
Expected + 2 o

I | 1 | I | 1 | I | 1 1 | 1 | 1 I 1 | 1 | 1 | | I | 1 |

200 400 600 800 1000 1200 1400
m, [GeV]




WPRIMETO TOP & BOTTOM QUARK

q jetw 2 1,

» Reconstruct W and top from event
kinematics

» Use those to reconstruct W’ mass

3 signal regions

» Only jetw is b-tagged

> Only jetqpis b-tagged

Q CMS ¢ Data — W'3. 8TeV(1%) RH
Preliminary - Other backgrounds QCD > BOth jetw, and jettop are

=
R2B A Muon % Stat + syst unc Ogys! Ostat E;
= b-tagged

1 control region

» No b-tagged jet

10~ _
102 . » Backgrounds: tt, single top,
—— = W +jets, QCD
o e . E
2 ] » Background estimation via
4F

1000 1500 2000 2500 3000 3500 4000 4500 5060 55[(29 ?})}00 mass sidebands in data
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WPRIMETO TOP & BOTTOM QUARK

it _ VFf 2 i 5\ | [ Jifj 5\ TTA7/ . .
L7 = ZﬁgW’fi'Yy[“R (1+97) +ag (1 =) W¥f; + hc, Wqiq; interaction

CKM for quarks  Regulate chirality fractions of W’ (left-handed or right-handed)

Interference with SM W-boson taken into account when oy 1S non-zero

» Difterent width (1, 10, 20, 30%) and chirality assumptions.

» Small excess at 3.4-4.4 TeV in muon channel. Local: 2.60. Global: 2.00.

—

Left handed 95% expected Right handed 95% expected
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PERIODIC SIGNALS

Clockwork/Linear Dilaton (CW/LD) model

q Y Associated with quantum gravity
G* Predicts narrowly-spaced spectrum of resonances in mass
> 0.016—————T——————T———T——
G [ ATLASPreiminary - ilgn;(ln,o\c(nvaev Ms = 8500 GeV' |
a fy t0014_ \/§=13TeV,139fb‘ = » WIS = _
% [ _
S I Towers of gravitons |
: o 0-0ter with small splitting -
Two important parameters ! , -
0010k || " in mass B
» k: mass parameter that - I '
determines the onset of the 0.008[- I -
KK graviton spectrum : .| ]
» Ms: 5D reduced Planck V
mass ” ”
o 0.002}- “ -
Challenging signature due to low H | _
. . o Y AVIVA ]
Slgnal Cross-sections 0.000 1000 2000 3000 4000 5000
my[GeV]

scales inversely with (Ms5)3



PERIODIC SIGNALS

Search uses continuous wavelet transform (CWT)

to analyse mass spectra in frequency domain.

Output of the CWT is 2D image. Periodicity of
signal can be revealed as a local “blob”

Excludes values of M5 in the range 11 TeV to 1 TeV

for values of k in the range 100 GeV to 5 TeV.
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INELASTIC DARK MATTER

P Inelastic (off-diagonal) coupling between 1 & and Y2

14

Compatible with observed thermal-relic DM abundance

A

14

X1

p J

> |nelastic dark matter model (iDM) Missing transverse
> Predicts at least two inelastically coupled dark momentum

matter states accompanied by a dark photon
> DM production cross sections can be large

> up to a few femtobarns for high-mass and
displaced signals.

> Dark photon decaying to nearly mass-degenerate
dark matter states

> Mass splitting m(Xz-x1) small or o _(MA)*
(Ampm)°

> Heavier state x2 can be long-lived
> Soft & displaced muons in final state

Soft & displaced
muons




INELASTIC DARK MATTER

Interaction strength
€
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Kinetic mixing

between dark photon
and SM photon
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coupling strength of
U(1)p in dark sector
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PAIR PRODUCTION OF 30 GENERATION LEPTOQUARK

Leptoquark (carrying both lepton and baryon number)

p / Many degrees of freedom! Rich
LQ _ T phenomenology.

> Mass, electrical charge, scalar/vector type, Yukawa
couplings

-
D LQ \ » Can be produced in pairs, singly, oft-shell, s/t-channel
b > [ parameter: Determines branching fraction of LQ into

charge lepton or neutrino

Analysis performed in 7iepThad and ThadThad

channels

~ 1 LI I I LI I | | |||||||| I |||||||||||| l LI ]

P - —]

0 - -

. - ATLAS =

Parameterised neural network (PNN) used for T 995 =777 -

. . (@] 0.8 ’ =

signal extraction. =L ~"E ScalarLQ ]

e @ 0.7F g5%cC.L. =

Parameterised in terms of generated LQ mass. 0 65 2

: : : O — . limit =

PNN consists of three hidden layers, each with 32 nodes. 055 e (E):: "mt E

é """"""" Obs. £ 1Gtheory g

0.4 mmm Exp. £ 1o,,, =

Obs. limit [GeV] 0.3F EXP. £ 204y, -

02 g =

Scalar LQ 1490 N -

Vector LQ (minimal-coupling) 1690 B o o o -
Vector LQ (Yang—Mills) 1960 806700300 900 7000 1100 1200 1300 1400 1500

LQ; [GeV]



GEV SCALE RESONANCE DECAYING TO MUONS

» Search for ultra low mass dimuon resonances
CMS Preliminary Scouting Triggers, 96.6 fo™! (13 TeV)
» Mass range: 1.1-2.6 GeV and 4.2-7.9 GeV S 107 :
. . O E — Upsilon Trained Selection
» Data collected by dedicated scouting muon 8 ol __ Jhy Trained Selection
. o E»
trigger. % b '
. . S 10° g
» Muons reconstructed at high-level trigger g E \_jk ___________________
used in analysis. 10f E
» Muons required to pass a MVA discriminant H Y training optimal for higher mass
10 g— ° 3
» Two MVAs based on J/{ and Y(1S) - J/W training for low mass/boosted
» Results interpreted in context of dark photon and R e I . S T
m,, [GeV]
pseudoscalar 2QHDM+S) —
CMS Preliminar 96.6 fb~' (13 TeV)
(qV} C |
q - “ 4o
10-5
LHCb
Zl 1076
107 BaBar
q ¢t CMS Comparable or more sensitive than LHCb and BaBar!
10—8 i I L L L | L ] L i | L L | L L L 1 | L L L L | ] L 1 ] | 1
2 3 4 5 6 7
[ sw ) ui) u) Dark Sector . o . mz, [GeV]
R ' ° - Model independent limits on oxBxAcceptance also provided for
BEREE AYATAVATAY LWLV VLY
Bl € (lalioptichon'Zoy) the inclusive and boosted selections.
_ , . ),




SEARCH FOR ZPRIME N 4 MUON CHANNEL

» Search for low mass Z’ predicted by Lu-Lt model

» 7’ only couples to muons and taus.
> Not directly produced in pp (or ee) collision.

» Search ranges from 5 to 81 GeV

1 1 _ _
Lz = _ZFa,BFa'B + §M2,Z’“Z£, — 8z Zy(Ly b+ ayu— Gy —Ty%1) g
\\
- 10— . 27/ o
z 107 i ; /| ATLAS
= | (E)bser‘t’e: | Vs = 13 TeV, 139 b}
2 S xpecte - ; Q
ATLAS ! - ! >
L Vs=13TeV,139fo~" | WS Expected +10 10-1} é\o{;@b
3 | Expected +20 [ .' § D
t 10"} | ] ' F oS
a ; | ] ' T \(b«\’b
5 : 0 Q;\.Q
c |
(@) 1 i
2! | overs gap in/Neugrino Trident and
E ! Bs mixing nfeasufements
_. 10-2
O | S ATLAS exp.
& | W —— ATLASobs. |
giRvS vl —— Neutrino Trident |
| —— B¢ mixing
—for 102 10

Z’ mass mz[GeV]



SEARCH FOR DARK MATTER IN WW EVENTS

» Dark Matter particle acquires mass
through its interaction with dark
Higgs (s)

» Dark Higgs(s) lighter than dark

\ matter.

Dark Matter

W+

W > sin® = mixing angle between SM
- Higgs and dark Higgs.
. 1
» Search performed in 2 channels: . 400 CMS Preliminary 13_7 fb' (13 TeV) T -
» di-leptonic: main variable is o : 32532?5 ;nir;czhg;ose(:\l/w | - g
transverse mass of the trailing % 3501 ST e 0, __ G
lepton and MET E - — S*;Z:Q’_eje‘f;’ o o
> semi-leptonic: main variable is 300 o010 ‘
BDT score (BDT trained on 13 -
input variables) 250 1
» Backgrounds: WW, Z—np, W +jets, E
tW, tt 200
10™

» Limits derived in (ms vs. mz) plane,
for different my assumptions,

500

1000

1500 2000 2500

m.. [GeV]



TO REITERATE, WE ARE SEARCHING EVERYWHERE!

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: March 2023 fﬁ dt = (3.6 — 139) fb! Vs =13TeV
Model t,y Jetst ET™ [rat[iv] Limit Reference
T T — T T T T —

ADD Gk +&/q Oepty 1-4j] Yes 139 2102.10874
ADD non-resonant yy 2y - - 36.7 HLZ NLO 1707.04147
ADD QBH - 2j - 139 191008447
ADD BH multiiet - >3] - 36 . Mp =3 TeV, rot BH 1512.02586
RS1 Gk — vy 2y - - 139 2102.13405
Bulk RS Gy » WW/2Z multi-channel 36.1 1808.02380
Bulk RS gxx — tt lep =1b 2102 Yes 361 /) 3 1804.10823
2UED / RPP lep >2b>3] Yes 361 Tier (1,1), B(AM — &) =1 1803.09678
SSM 2’ — (t 2ep - - 139 1903.06248
SSM Z" — 1. 27 - - 36.1 1709.07242
Leptophobic 2’ — bb - 2b - 361 1805.09299
Leptophobic 2’ — tt Oeu 21b22J Yes 139 rim=12% 2005.05138
SSM W’ — (v leu - Yes 139 1906.05609
SSM W’ — 1v 17 - Yes 139 ATLAS-CONF-2021-025
SSM W’ — tb - 21b 214 - 139 ATLAS-CONF-2021-043
HVT W’ — WZ model B 02eu  2j/1J  Yes 139 2004.14636
HVT W' —» WZ — (v£'¢ modelC 3er 2j(VBF) Yes 139 2207.03925
HVT Z/ — WW model B teu  2j/1J Yes 139 8= 2004.14636
LRSM Wg — puNg 2u 14 - 80 m(Ng) = 0.5TeV, g = gr 1904.12679
Clqqqq - 2j . 37.0 21.8TeV 1703.09127
Clttqq 2ep - - 139 I 2006.12946
Cl eebs 2e 1b - 139 2105.13847
Clpubs 2p 1b - 139 2105.13847
Cl tttt lep  21b21] Yes 361 2.57 TeV —4n 1811.02305
Axial-vector med. (Dirac DM) - 2j = 139 25, g,=1, m(x)=10 TeV ATL-PHYS-PUB-2022-036
Pseudo-scalarmed. (Dirac DM) Oe,u,7,y  1-4j  Yes 139 & 210210874
Vector med. Z'-2HDM (Dirac DM) 0 e, 2b Yes 139 tang=1, g7=0.8, m(y)=100 GeV' 2108.13391
Pseudo-scalar med. 2HDM+a  multi-channel 139 tanfi=1, g=1, m(x)=10 GeV ATLAS-CONF-2021-036
Scalar LQ 1t gen 2e 22j Yes 139 B=1 2006.05872
Scalar LQ 2™ gen 2 22j Yes 139 B= 200605872
Scalar LQ 3" gen 17 2b Yes 139 B(LQ! 2303.01294
Scalar LQ 3 gen Oepu  22j,22b  Yes 139 B(LQ! 2004.14060
Scalar LQ 3 gen 22ep,z21721),21b - 139 B(LYE 210111582
Scalar LQ 3 gen Oep,2170-2j,2b Yes 139 B(LQ! 210112527
Vector LQ mix gen multi-channel >1j,>1b  Yes 139 B(0h - tu) =1, Y-M coupl. ATLAS-CONF-2022-052
Vector LQ 3™ gen 2eut >1b Yes 139 BLQY — br) = 1, Y-M coupl. 2303.01294
VIQ TT - Zt + X 2e/2u/>3eu >1b,21] - 139 SU(2) doublet 2210.15413
VLQ BB — Wt/Zb+ X multi-channel 36.1 SU(2) doublet 1808.02343
VLQ T3 Tojal Tz » We+ X 2(SS)/28 e > 36.1 B(To3 = We)=1, c(TasWe)=1 1807.11883
VLQ T — Ht/Zt Ten 139 SU(@) singlet, k7= 0.5 ATLAS-CONF-2021-040
VLQ Y - Wb 1en 36.1 B(Y - Wh)= 1, c(Wh)= 1 1812.07343
VLQ B — Hb Oeu 22 139 SU(2) doublet, k5= 0.3 ATLAS-CONF-2021-018
VLL 7' — Zt/Ht multi-channel 139 SU(2) doublet 2303.05441
Excited quark g* — qg. - 2j - 139 only u* and d*, A = m(q") 1910.08447
Excited quark ¢* — gy 1y 1] - 387 only u* and d*, A = m(q") 1709.10440
Excited quark b* — bg - 1b1j - 139 1910.08447
Excited lepton 7* 27 >2] - 139 A=46TeV 2303.09444
Type Il Seesaw 234epu >2j Yes 139 2202.02039
LRSM Majorana » 2u 2j - 361 m(We) =4.1TeV, g1 = gr 1809.11105
Higgs triplet H** — W*W* 234 e,u(SS) various  Yes 139 DY production 210111961
Higgs triplet H** — ¢ 234epu(SS) - - 139 DY production 2211.07505
Multi-charged particles - - - 139 DY production, gl = Se ATLAS-CONF-2022-034
Magnetic monopoles - - 344 | monopolemass 2.37TeV 1905.10130

Vs=13TeV L

DY production, |g| = 1gp. spin 1/2
1

partial data 107t 1
*Only a selection of the available mass limits on new states or phenomena is shown.
‘Small-radius (large-radius) jets are denoted by the letter j (J).

10 Mass scale [TeV]

L eee—

Overview of CMS leptoquark searches

—

CMS Preliminary 20-137 fb~1(8, 13 TeV)
LO(&j)LQle)). BRILQ~ej) =1, j=u,d 1811.01197

~_~

T rotenoen+ oerow. t0.j=u.d 181101197

5; eLQlej), BRILQ»ej)=1,A=1,j=u.d 1509.03750

N LO(et)LQlet), BRILQ~et) =1 2202.08676
LQ(UAILQ(c), BRILQ - pc) =1 1808.05082

’; LO(HOLO(HC) + LO(HOLQ(Y,S)., BR(LQ +HC.v,s) = 0.5,0.5 1808.05082

E} HLQ()), BRILQ»p) =1, j=u.d 1509‘03750_n5-

g LO(UOLQ(uD). BRULQ-pt) =1, A=1 160005515 5 U T]

LOUEILQIuY), BRILQ»pt) = 1 2202.08676
LO(TbLQ(Th), BRILQ = Tb) =1 1811.01197
’S TLQlth), BRILQ~TH) =1, A=1 1806.03472
\l; LO(TtLQ(v:b) + v:LQ(tt), Equal LQ coupling to Tt, v:b, A=2.5 2012.04178
S LO(TOLQ(v<t) + TLQ(v:t), Equal LQ coupling to Tb, v<t, A=2.5 2012.04178 s
LO(tLQ(Tt), BRILQ— T =1 2202.08676 o
| 00OV BRLO v = = 100,030 eSS
g‘ LOWbLOW:b), L0~ vib) = 1 1000.03460 s ———ESS)
N
Q) LO(VtLQut), LO-vit) =1 1:90/9..01346 ) 15O =
N L0l + vt BRILO v =1 A=1 2107.13021 =
0.00 0.‘25 0.50 0.‘75 1.(I)O 1,55 1.‘50 1.115 Z.E)O
I Scalar W Vector(k=0) mm Vector(k=1) Mass [TeV]
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ATLAS Long-

ved Particle Searches* - 95% CL Exclusion
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ATLAS Preliminary

Status: March 2023 JLdt=(32.8-139) b V5=13TeV
Model Signature  [Ldt[b7] Lifetime limit Reference
RPVE - puq displaced vix + muon 136 | ¥ Iifetime “ ! m(B=14 Ta!l 2003.11956
RPV {0 — eev/euvjpuy  displaced lepton pair 328 | &7 lfetime 0.003-1.0m m(@)=1.6 TV, m(9)=13 TeV 1907.10037
RPV 0 — qqq displaced vix +jets 139 | ¥ lifetime - ocowseom m(F)~ 10TV 2301.13866
GeM il - 2& displaced dimuon 329 )?2 lifetime: 0.029-180m  m(g)=1.1TeV, m(i})= 1.0 TeV. 1808.03057
GMSB non-pointing or delayed y 139 | ¥? lfetime . o02a24m m(E3. G)= 60, 20 GeV, By=2% 2209.01029
GMSBT - (& displacedlepton 139 | 7 ifetime . em0mm m(@)= 600 GeV 2011.07812
GMSB ¥ — 16 displaced lepton 139 | % lifetime . s2omm mi(f)=200 GeV 2011.07812
AMSB pp — ¥i70, % #7  disappearing track 136 | ¥ lifetime  o0e306m m(i;)= 650 GeV 2201.02472
AMSBpp — Fii0. 77 largepixel dEidx 139 [ § lifetime [0 800m T ntr)=e00Gev 2205.06013
Stealth SUSY 2MS vertices 36.1 | §ifetime 0.1-519m B(g — 5g)- 0.1, m(g)~5006ev|  1811.07370
Split SUSY large pixel dE/dx 139 | & lifetime [Soasm 0 m@=teTeVim(@)=100GeV [ 220506013
Spiit SUSY displaced vix + £ 328 | & lifetime 0.03-132m m(g)=18TeV, m(i})= 100 GeV/ 1710.04901
Split SUSY 0f,2-6jets ~E7™  36.1 | glifetime. 0.0-24m m(g)=18TeV, m(i})= 100 GeV | ATLAS-CONF-2018-003
Hoss 2MS vertices 139 | slifetime [ ost72am  m(s)-ascev 2203.00587
Hoss 2 low-EMF trackless jets 139 | s lfetime  o0i%6wm m(s)=35 GV 220301009
VHwith H — ss — bbb 2( + 2displ. vertices 139 | s fetime o assmm m(s)=35 GeV 2107.06092
FRVZ H = 2y4 + X 2 p—jets 139 |yalifetimel " 0654-939mm m(ya)= 400 MeV 220612181
FRVZ H — dyq + X 2 p—jets. 139 [ 74 lifetime . 275%mm m(yq)= 400 MeV 2206.12181
H>Z4Zy displaced dimuon 32,9 | Z4 lifetime 0.009-24.0m m(Z,)= 40 GeV 1808.03057
Ho 2z, 2 e, 1+ low-EMF trackless jet36.1 | Zq lifetime 021-52m m(Zg)~10GeV 1811.02542
(200 GeV) — ss low-EMF trk-less jets, MS vix 36.1 [ s lifetime 0.41-51.5m @ x B=1pb, m(s)= 50 GeV. 1902.03094
BB00GEV) —ss  ow-EMF tricless jets, MS vix36.1 | s lifetime 0.04215m o B=1pb, m(s)=50 GeV. 1902.03094
(1 TeV) - s low-EMF tricless jets, MS vix 36,1 | s lifetime 0.06-524m oxB-1pb,m(s)-150GeV|  1902.03094
W = NEN - €ty displaced vix (upue, ee) +p 139 [ Niifetime | 0.74-42mm m(N)=6 GeV, Dirac 2204.11988
W = NN = ffy  displaced vix (e, ee) + i 139 | N lifetime . 3133mm m(N)=6 GeV, Majorana 2204.11988
W = NEN - €ty displaced vix (uu e, ee) + e 139 [ Niifeime 04981 mm m(N)=6 GeV, Dirac 2204.11988
W o NN - €ty displaced vix (e, ee) +e 139 | N \i!— m(N)= 6 GeV, Majorana 2204.11988
1 1 1 1
0.001 0.01 0.1 1 10 100 cr [m]
V5=13TeV
partial data 1 1 1 1 1 1
*Only a selection of the available lifetime limits is shown. 0.001 0.01 0.1 1 10 100
7 [ns]

L ——————

e ——




WRAPPING UP

WHAT I§ THERE TO LOOK FORWANRD TO?



NULL RESULT = DISAPPOINTMENT
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Before we began the Now

hunt for new physics We have better idea where

Where to look? to look. We can plan
analysis/make triggers

Everywhere! accordingly
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NULL RESULT = INSIGHT



IMPROVEMENTS IN RUN3

Used long shutdown (2019-21) time to make needed improvements/adjustments in
detector-hardware / electronics
object reconstruction software
calibration strategy

Improved triggers for Run3. Usage of GPUs allow us to run more complicated
algorithms at trigger level.

Improvements in Data scouting (Trigger-level-analysis) and data-parking strategy.
More computing resource allocated to collect and process more data in Run3.
New triggers for long-lived particle searches.

Ability to trigger on displaced muon at hardware trigger.

Increased usage of ML in software-based triggers, object reconstruction, calibration
and in physics analyses.

Utilise timing capability and longitudinal depths of different sub-detectors in
trigger-level and analysis-level.

And many more ...




ALL SET & ALREADY STARTED TO EXPLORE RUN3 DATA

13.6 TeV center-of-mass energy

More integrated luminosity
expected compared to Run2

The hunt for exotic BSM is on!

LHC data is valuable and finite.

Our main aim is to make the
most of it.
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QUESTIONS ?



EXTRA SLIDES



CWT calculates measure of similarity, between wavelet and signal at
different scales and positions. The result is a two-dimensional
representation that shows how the frequency content of the signal
changes over time.

Signal

roo | _
W(a,b):%f_ F(m) y ma O dm

wavelet (Morlet wavelet)

w(x) — 1 e—xz/B (ei27th . e—ﬂ'chz) ,

VBr

A 2D picture can be produced by taking the norm of the coeflicient
W(a, b) for all values of a and 5.

CWT in this analysis defines how much of a certain frequency is
present in the signal at a given invariant mass bin.
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