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-‘| Standard Model

» Standard Model (SM), including the experimental tests,
great achievement in human history

» Discovery of Higgs boson makes SM self-consistent




-‘| Beyond Standard Model

» Standard Model can not answer many questions

I Flavor, CP, Strong CP I I Origin of EWSB I

I Dark Matter I

Inflation

I Baryogenesis I
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-‘| Exploration at energy frontier

» LHC-ATLAS experiment hopefully could give some hints

I Flavor, CP, Strong CP I I Origin of EWSB I

I Dark Matter I

Inflation .
I Baryogenesis I .
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-‘| Large Hadron Collider

» Powerful discovery machine with four major experiments

Energy frontier experiments
ATLAS and CMS
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ATLAS experiment
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-‘| Data-Quality for Physics JINST 15 (2020) P04003
» Given the complex of LHC-ATLAS, multi-stage DQ deployed

1) Online monitor, 2) Express stream, 3) Bulk processing,

4) Alignment and calibrations, 5) Bulk Reprocess
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-‘| New Physics searches at ATLAS

No one doing old physics |
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-‘| New Physics search at ATLAS

ATLAS celebrates results of 1000 collision papers

» ATLAS produced more than
1000 papers

» Try to overview the whole field
while highlighting new results
« Can not cover every topics

. Selective and based on
personal preference

«  Apologies if any relevant topic LLISION PAPERS

missed



https://atlas.cern/updates/news/1000-collision-papers

-‘| Searches dirven by big questions

01 Origin of EWSB 02 GUT, Extra-Dim

Di-Higgs, extra Higgs \ \ ' [ 4 Di-boson resonance, W/,
and scalars & Z’ Vector-Like Quark, etc.
- a—)
4 ) S
03 Anomalies driven 04 Dark matter driven
LFV, g-2, v-mass, Invisible decay, mono-jet,
Leptoquark, etc -H, -Z, Wt, 2HDMH+a, etc

05 SUSY inspired

SUSY particles,

Long Lived Particle, etc.
11



B Origin of EWSB

A

) » Thermal history of EWSB
i » o *  Probe the Higgs potential,
ia Higgs self-couplin
; Q;;i/\ : VARN via T PInS

» Extended Higgs sector
 Impact the Higgs potential, leads first order phase transition

. Predict extra Higgs bosons

m? A
Vessn = 7HTH+ Z(HTH)2

Example: @HTH S 2 @ S 2 @ S 4 ESQ S
Complex singlet extension N 2 S+ 2’ |”+ 4’ "+ 1 + a1d + c.c.
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-‘| Di-Higgs production (summary plots)

» At LHC, self-coupling

ATLAS
Vs=13TeV, 27.5-36.1 b

probed via di-Higgs (HH) =~

production

HH also sensitive to BSM =]
heavy scalars or Graviton
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/HDBS/

-‘| HH—bbyy ATLAS-CONF-2021-016
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Both ggF and VBF modes explored
BDT used to define signal regions

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

-‘| Boosted HH—bbtt jHEeP 11 (2020) 163

» First boosted di-tau tagger at ATLAS //

 Reconstructed as R=1.0 jet with R=0.2 sub-jets
/ o

- ldentified against g/g initiated jets by BDT / =
» Complement resolved analysis for my, > 1.2TeV d/

Primary Vertex
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-22/

-‘| Extended Higgs sector

» Many models: MSSM, 2HDM, triplet, etc
» Benchmark models: MSSM-like
«  Five Higgs bosons: h, H, A, H¥

« Two free parameters at tree level: m,, tan 3= v /v,

Charged Higgs: HT —tb JHEP 06 (2021) 145
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-51/

A/H—1tt PRL 125 (2020) 051801

» Down type fermion, sensitive
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-46/

-‘| Doubly charged H**—>WW JyHEP 06 (2021) 146
H L W H

» Additional Triplet of scalar fields

. /Z* - W
«  Account for neutrino masses
. H w* H
through type-ll seesaw mechanism f(:
[’T’7+ q.
» Final states: multi-lepton

> S I \:IlNon—promptIepllon 3 g 60 TTTTTTTTTT T T g 120y IR R
g 8 ? é1Z-TLe\ﬁ3§b" =zz E I; LA S —e— observed 95% CL upper limit E A TLA S —e— observed 95% CL upper Ilmlt_—
2 7 ; _4[’ channel E n\{\/z\/l/f,\yVVZ,VH,VVV i |+§ 50 Vs=13 TeV 139 fo' ! - - - - expected 95% CL upper Iimit_: '% 100? V5=13 TeV 139 fo' 1 - - - - expected 95% CL upper limit
o 65 ¢ Data Hiinx \:l t(V\,l)Z,tfH,t‘fVV,StAt,V'y—; < 40:_ [] expected limit (+20) p ‘r\; 80l [ expected limit (+20)
o sE - HEH Total uncertainty = 2 F \ [ expected limit (+10) g - [ expected limit (+10)

4 ;_ _; % 30:_ Theory (NLO QCD) — % 60} Theory (NLO QCD) {

c [ 3 Tk 1 % .
3= = — lII L ] if‘[ -
Eiieiiiiteine L] 4 C - C -]

2 W/ Z - i 5 j%: C ] T L

E S G L 1 & of =
= = ‘ ] ¥ . % F ] 8 E

[ : x
g 2r | = ] >b< 0 200 250 300 350 400 450 500 550 600 o 0 200 250 300 350 400 450 500 550 600
< 1 M,
a o T = [ my - [GeV] e+ [GeV]
40 60

£ (GeV] Exclusion up to 350 (230) GeV
for pair (associated) production modes


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-06/

-‘| High mass resonance searches

» New resonances at TeV energy scale predicted by many BSM
» Boosted object tagging: important technique at m>1TeV

« Hadronically-decaying W/Z bosons and top quarks
reconstructed as one large-R jet (R=1.0)
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Full hadronic tt resonance JHEP 10 (2020) 61

Explored models:

 Leptophobic Z’ and KK gluon

decaying to tt

A few channels probe up to 5 TeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-48/

-_| Di-boson resonance searches ATL-PHYS-PUB-2021-018

Model

ATLAS Diboson Searches - 95% CL Exclusion Limits

Status: June 2021
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Strategy*
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-018/

-‘| Anomalies in lepton sector
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-| New physics search in ee/puu+0/1b arXiv:2105.13847
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» Model: bs?f contact interaction motivated by B anomalies

10" T

» Strategy: looking for deviation at the high mass tail
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8 1% } —e— Data “%, £ ATLAS — Observed
g 1o Vs=13TeV, 1391 I 7y Hets o 10°s (s=13TeV, 139" . Expected
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A/g. excluded up to ~2 TeV, scale
indicated by B anomalies at ~30 TeV 23
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-‘| Search for 3rd Leptoquarks

» Leptoquarks(LQ)

« Scalar or vector bosons, predicted by N ; N

many GUT-like models ©
* Non-zero baryon and lepton numbers //

« Could explain B anomalies and p g-2 . {b }

OTI‘]

» AtLHC: Pair production Single production  Off-shell production

q q

g q g ’
A
0 o, LQ,/< T
Zas AN LQ
A ! '
A
q - /\
g q l g /
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-‘| Search for 3@ Leptoquarks ATLAS-CONF-2021-008/

» Pair produced LQ — tv/bt or tt/bv tb

> Minimal BRW model >24 >

-
-

~

« Yukawa-type couplings to or g¢ qv ) LQT
[PLB 191 (1987) 442-448] .
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Summary of Leptoquark searches

1st generation

2nd generation

3rd gen (LQ—b7)

3rd gen (LQ—t7)

3rd gen (LQ—tt/bv B=0.5)
2nd-3rd cross-gen (LQ—te)
2nd-3rd cross-gen (LQ—tu)
1st-3rd cross-gen (LQ—[qg/c/ble)
1st-3rd cross-gen (LQ—[g/c/b]u)

Update of S. Xella

[ ATLAS Full Run 2 CMS Full Run 2
I ATLAS Partial Run2 [ CMS Partial Run 2

0 0.45 0.9 1.35 1.8
5 _ale
Observed lower limits on scalar LQ mass [TeV]
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-| Dark matter

~ 100 GeV

Indirect Detection
Thermal Freeze-Out

4 D™ SM
Direct
Detection
~ 200 MeV
DM SM
-

Production at colliders ~ TeV

MSSM Simple.

JHDM  NMSSM Defined number of

Others... B-L

parameters.

Extra dimension

Effective

Complete models. Field

Theories
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-| Dark matter at LHC

mono-jet, -W/Z, -H searches Higgs portal SUSY LSP
_ /V/ ’
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-‘| Mono-Higgs (H-yy) arxiv:2104.13240

» Analysis strategy
- Require 2y + large E,mss p~ PO
- Finalfitonm, L Y

» Explored models: 7’;, Z’-2HDM, 2HDM+a
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-‘| Exotic Higgs Boson Decays

» Higgs portalto /A .90 DM,
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-‘| H—aa—>bbup ArLAS-CONF-2021-009

» Higgs decaying to 2 pseudoscalar

» Large Br(a—bb) and a clean a—up signature

Data / SM

«  Cut-and-count analysis on m,

« BDT trained in multiple m , windows

il T T T T
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-_| H—aa summary ArL-PHYS-PUB-2021-008/

March 2021
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-‘| New resonance searches ATL-PHYS-PUB-2021-009

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: May 2020 fl dt = (3.2-139) fo! \5=8,13TeV
Model (,y  Jetst ET™ [rdfm- Limit Reference
T T T
ADD Gkx +g/q Oep 1-4j Yes  36.1 Mp 7.7 TeV n=2 1711.03301
€ ADD non-resonant yy 2y - - 36.7 | Ms 8.6 TeV 3HLZNLO 1707.04147
S ADDaBH - 2j - 370 Mg 8.9TeV 1703.09127
5 ADD BH high 3, pr zlep 22j - 32 M 8.2TeV , Mp = 3 TeV, rot BH 1606.02265
£  ADDBH multiet - >3] - 36 | M 9.55TeV 1 =6, Mp=3TeV, ot BH 1512.02586
T RS1Gkx —yr 2y - - 367 |[Grkmass 41 Tev =01 1707.04147
§  BUKRS Gk —» WW/2Z multi-channel 36.1 | Gk mass. 23TeV 10 1808.02380
£ | BukRS Gkx — WV — fvqq leu  2)/1J  Yes 139 [Giimass 20TevV 10 2004.14636
W BukRS gk — tt lepu >1b>1J2 Yes  36.1 &Kk mass 3.8TeV Jm=15% 1804.10823
2UED / RPP feu 22b>3j Yes 361 [KKmass 1.8 TeV Tier (1,1), BAD — tt) = 1 1803.09678
SSM Z’ — ¢t 2en - - 139 |[Z'mass 5.1 TeV 1903.06248
SSM Z’ — 1. 2T - - 36.1 2’ mass 2.42Tev 1709.07242
@  Leptophobic Z' — bb - 2b - 361 [Z'mass 2.1 TeV 1805.09299
S Leptophobic 7/ — tt Oep 21b=2J Yes 139 [Z/mass 41 TeV /m=12% 2005.05138
8  ssMW’ ¢y Teu - Yes 139 ['Wmass 6.0 TeV. 1908.05609
8 ssMw oo 1r - Yes 361 |Wrmass 37TeV 1801.06992
Q  HVTW - WZ-(vqgmodelB  Teu  2j/1J Yes 139 | Wrmass 43TeV =3 2004.14636
3 HVTV = WV - qaqqmodel B Oe 24 - 139 | W/ mass 3.8TeV =3 1906.08589
G | HVT V' — WH/ZH model B multi-channel 36.1 [V mass 2.93 TeV =3 1712.06518
HVT W’ — WH model B Oeu 21b>2J 139 [ W/ mass 3.2TeV =3 CERN-EP-2020-073
LRSM Wy, — tb multi-channel 36.1 | We mass 3.25TeV 1807.10473
LRSM Wg — uNg 2pn 1 - 80 | Wg mass 5.0 TeV m(Ng) =05TeV, g = gr 1904.12679
Clgqqq - 2j - 37.0 A 21.8TeV .. 1703.09127
Cl ttqq 2epu - - 139 A 358TeV. ., CERN-EP-2020-066
Cl et ey 21b>1] Yes 361 |A 2.57 TeV [Carl = 4 1811.02305
Axial-vector mediator (Dirac DM) O e, 1-4]  Yes 861 |Muei 1.55 TeV £0=0.25, g,=1.0, m(x) = 1 GeV. 1711.03301
= Colored scalar mediator (Dirac DM) 0 e, i 1-4]  Yes 361 | Muea 1.67 TeV £=10, m(y) = 1GeV 171108301
Q Vv EFT (Dirac DM) Oep  14,<1j Yes 32 [M. 700 GeV m(y) < 150 GeV 160802372
Scalar reson. ¢ — ty (DiracDM)  0-1e,u 1b,0-1J Yes  36.1 my 3.4TevV ¥ =04,1=02, m(y) = 10 GeV 1812.09743
Scalar LQ 1% gen 12e 22j  Yes 361 |LQmass 1.4TeV p=1 1902.00877
Q  ScalarLQ 2™ gen 12u =2j Yes  36.1 LQ mass 1.56 TeV. B=1 1902.00377
= scalarLq 3¢ gen 2t 2b - 36.1 LQ; mass 1.03 Tev B(LQY — br) 1902.08103
Scalar LQ 3" gen 01ep 2b Yes 361 Loé mass 970 GeV' BLQY — 1) =0 1902.08103
VLQ TT - Ht/Zt/Wb+X  multi-channel 361 | Tmass 137 TeV SU(2) doublet 1808.02343
@ VLQBB - Wt/Zb+ X multi-channel 361 | Bmass 1.34 TeV SU(2) doublet 1808.02343
§~ VLQ T3 TogalTois » We+ X 2(SS)28eu21b,21] Yes 361 | Tz mass 1.64 TeV B(Te3 » W)= 1, c( Tos W)= 1 1807.11883
£3 viav-weix Tew 21021 Yes 361 |Ymass 1.85 TeV B(Y —» W) 1, co(Wb)= 1 181207343
VLQ B - Hb+ X Oeu,2y 21b,>1 Yes 798 |Bmass 1.21 TeV xg=0.5 ATLAS-CONF-2018-024
VLQ QQ - WqWq 1eu 24]  Yes 1509.04261
@) Excited quark g* — qg - 2j - only u” and d", A = m(q") 1910.08447
85 Exctedquarkq - ay 1y 1j - only u” and d", A = m(q") 170910440
'§ € Excited quark b* — bg - ib1j - 1805.09209
W 5 Excited lepton ¢* 3ep - - A=30TeV 1411.2021
Excited lepton v* 3eurt - - A=16TeV 1411.2921
Type Ill Seesaw lep 22j Yes  79.8 | N°mass 560 GeV. ATLAS-CONF-2018-020
LRSM Majorana v " 2j - 361 3.2TeV m(We) = 4.1TeV, g1 = gr 1809.11105
& | Higgs triplet H** — (¢ 234eu(88) - - 361 870 GeV/ DY production 1710.09748
£ Higgs triplet H** — (1 3eput - - 203 DY production, B(H;* — {r) = 1 1411.2921
S Multi-charged particles - - - 861 | mulicharged particle mass 122 TeV DY production, lg| = 5e 1812.03673
Magnetic monopoles - - - 34.4 monopole mass: 237TeV DY production, |g| = 1gp, spin 1/2 1905.10130
V5=13TeV  y5=13TeV Ll s A | N P | s PN
partial data full data 107t 1 10 Mass scale [TeV]
*Only a selection of the available mass limits on new states or phenomena is shown. 34

i Small-radius (large-radius) jets are denoted by the letter j (J)
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-1 SUSY

SUSY, a well motivated theory

«  Why Higgs mass so light?
. How can the forces of nature be unified?
. What about the nature of Dark Matter?

\ i B L;
* - m B f::::f:"f::
7 W Gt
> Natural SUSY with relatively light g ; |
stops, gluinos and higgsinos. 2 .
e
g '
natural SUSY decoupled SUSY
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-‘| SUSY top partner

» R-Parity Conservation N 4-body 3-body 2-body
9’ — . = 0
« +1 for SM particles o ki ML
s o ,o‘\,\\-\l 'a;{g«
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=) mfl = m)"([l] 48 T;v\ . \4\\?‘1*\ "\7'\
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-‘| Squeezing the corners of STop

{s =8,13 TeV, 20.3-139 fb March 2021
CT I T T T | T T T I T T T |

_ “ ” — 900

low-energy (“soft”) 5 2 fras
— [t production

SOft b-tag g | 1] g ?;—7002_ Limits at 95% CL
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« track jets with pT> 5 GeV °00; | e
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«  Secondary vertices using 400F Y /e g om
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200¢ £ Elt
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Precise ttbar measurement High-energy frontier

. Spin correlation (“boosted”) particles
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-‘| EW SUSY

» Smaller cross section, comparing to Snenry e
the strong production NLSP

May 2020 ATLAS Preliminary Vs=8,13 TeV, 20.3-139 fb ' All limits at 95% CL

% 400 E o e = =+ Expected limits
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-| Boosted bosons ATLAS-CONF-2021-022

» Signature: two boosted W/Z/h + E;™Miss g /2

P q P //
. . ~ r7 ya ~
«  First search for 4q fully hadronic Xienvy Soight o G
signature at LHC Rheavy e i G
p q P \\\
~ H q h/Z
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-| R-Parity Violation arxiv:2106.09609

» Strong and EW production with RPV decays P

 Final state: 1lepton plus multijets

: miss
* High Nieyp et NO E P
;. T T T T T T T T T I —
42 30F [ | 7] 8 30007 §— %, - titbs ATLAS |
§ | ATLAS - Data = L Vs=18Tev 139M’ ot -
= o
w25 Vs=13TeV, 139 fb" . tt +jets 2= - All limits at 95% CL 7
- ’ ] = i |
pof 1¢+210jets (pr>80 GeV) B we+jets 2000} n
F e §LaD, m(@. 7)) = (2.0, 1.0) TeV Bl Zejets I ]
151 e Other i i 1
e t, m(t, ,) = (975, 600) GeV ] L :' 1
1000 i' 7]
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summary ATL-PHYS-PUB-2021-019

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

June 2021 Vs=13TeV
Model Signature  [Ladt (b~ Mass limit Reference
43, §—q%) Oep 2-6jets 1:2“‘ 139 1.85 m(¥)<400 GeV 2010.14293
@ monojet  1-3jets EM 361 [g [8x Degen] 04 m(@-m(E¥})=5 GeV 210210874
% Oepu  26jets EPS 139 & 23 m(i)=0Gev 201014293
§ z Forbidden 1.15-1.95 m(¥})=1000GeV 201014293
®» Tepu 2-6jets 139 [ 22 m(E})<600 GeV 2101.01629
[ ce.up 2jets  Ep™ 361 | & 12 1805.11381
B gz z-agWziy Oep  7-Aljets EPS 139 @ 1.97 m(¥}) <600 Gev 2008.06032
E SSen 6jets 139 z 1.15 m(z)-m(¥1)=200 GeV 1909.08457
= g gont) 0-dep 3b EP™ 798 |7 225 m(¥})<200 GeV ATLAS-CONF-2018-041
SSeu 6 jets 139 I 125 m(g.)»m(,\'/,\ =300 GeV/ 1909.08457
biby Oep 26 EP™ 139 |y 1.255 m(¥})<400 GeV 2101.12527
by 0.68. 10 GeV<Am(b; X1)<20 GeV 2101.12527
o Biby, by—bta — bhF) Oep 6b Eps 139 |y Forbidden 0.23-1.35 Am(¥2,£)=130 GeV, m(¥})=100 GeV. 1908.03122
H § 27 2h EPs 139 | By 0.13-0.85 Am(T3,11)=130 GeV, m(¥})=0 GeV ATLAS-CONF-2020-031
§§ i, Rtk Olep  =ljet EPS 139 |§ 1.25 m(E)=1GeV 2004.14060,2012.03799
e 8§ hnh —wht) Tep  Bjetsnb EP™ 139 |4 Forbidden ' 0.65 m(E})=500 GeV. 2012.03799
g§ fiy, =y, F1 16 127 2jets b EP'S 139 i Forbidden 14 m(7;)=800 GeV ATLAS-CONF-2021-008
3 S Qi hodt) /&, coct) Oe.u ¢ Epose1 |z 0.85 m(t})=0GeV 1805.01649
“s Ocu  monodet EP 139 | 0.55 m(i.&)-m(¥})=5 GeV 2102.10874
Ty oY, R9—Z i 12ep 14 EPS 139 |R 0.067-1.18 m(i)=500 GeV 2006.05880
iy i +Z Sep b EPS 139 | @ Forbidden 0.86 m(i})=360 GeV, m(i,)-m(¥)= 40 GeV 200605880
Multiple ¢/jets Epi 139 | RE 0.96 m(i)=0, wino-bino 2106.01676, ATLAS-CONF-2021-022
e zljet  ERe 39 |l 0.205 miE)miEy)=
2epn Eps 139 | Ry 0.42 m(¥)=0, wino-bino 1908.08215
Multiple ¢/jets EMs 139 | ¥E/¥y  Forbidden 1.06 m(E)=70 GeV, wino-bino 2004.10894, ATLAS-CONF-2021-022
=3 2ep Ep 139 |E 10 0.5(m(E} ) +m(¥)) 1908.08215
o 2 2r EPS 139 |7 [FL TR U N0A60:8] 0.12-0.39 m(E})=0 1911.06660
B Griig, et 2ep 0jets Ez‘“ 139 |7 0.7 m(E})=0 1908.08215
e, =1ljet  EP™ 139 |7 0.256 m(@)-m(¥})=10 GeV 1911.12606
HH, A—hG/2G Oep >3bh  EP™ 361 | @ 0.13-0.23 0.29-0.88 BR(Y} — 1G)=1 1806.04030
dep 0jets ELM 139 i 0.55 BR(Y) — ZG): 2103.11684
Oepu  =>2large jets EP™ 139 it 0.45-0.93 BR(Y) — 2G)=1 ATLAS-CONF-2021-022
Direct ¥1 ¥ prod., long-lived ¥} Disapp. trk 1 jet Eps 139 | ¥ 0.66 Pure Wino ATLAS-CONF-2021-015
§ « il 0.21 Pure higgsino ATLAS-CONF-2021-015
=8 Stable ¢ R-hadron Multiple %1 |z 20 1902.01636,1808.04095
é’ T Metastable  R-hadron, g—qg¥} Multiple 36.1 1710.04901,1808.04095
3 8 7, I-0G Displ. lep EPS 139 2011.07812
2011.07812
Bep 139 201110843
depu Ojets  Epis 139 2103.11684
45 large jets 36.1 1804.03568
N Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
& >4b 139 Forbidden m(¥1)=500 GeV 2010.01015
2jets+2b 36.7 171007171
2ep 2b 36.1 0.4-1.45 BR(f, —be/b)>20% 1710.05544
T DV 136 1.4 BR(ii—>1)=100%, Cos=1 2003.11956
TR, R ,—tbs, Xi —bbs 12ep  26jets 139 | 0.2-0.32 Pure higgsino ATLAS-CONF-2021-007
1
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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-| Long Lived Particles

» Long Lived Particles (LLPs) predicted
by any model with

Small couplings
e.g. R-parity
violating SUSY

«  Small couplings
Limited phase

Small mass splitting space

«  Decays via off-shell particles

Decays via
heavy particle
e.g. heavy
neutrinos
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Bl Long Lived Particles at ATLAS

Muon
spectrometer  \What makes LLPs so difficult?

displaced
leptons

...........

(meta-)stable * Not triggered by
charged conventional ones

particles + Need special reconstruction

-
LI
-
-

~.. [ disappearing
S tracks
Data flow
-‘k Event filtering Analysis
~ LLPreconstruction .

* Non-standard Backgrounds,

displaced vertex non-simulated

in association with
MET, jets, ...

Higgs-mediate
dark sector
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-| Disappeared track ATLAS-CONF-2021-015

» Small mass gap between ¥*! and ¥°1, long lifetime for ¥*!

J =/ Fake \~ \ \ — Snal tracklet
BN KN 1 3ackground tracklet
P A X1 . - - Not reconstructed
-0 \
X1
~0 7'7$<i_\ )
)E:I: Xl / @
P . N ‘
~
ﬂ.:I:

» Analysi trat 3 10°F | ' 1 2
na ySIS S ra egy O , ~4F ATLAS Preliminary —e— Data £ F
— 103 E Vs=13TeV, 136 b - Fake tracklet 3@— r
~ 10°F Elect K duct === Muon E c 3l %
> “ " . 7] @ 102i Het:]rgxiasgro uction Electron 3 : v
i 1 d pp g t kl t K] F HghEf™SR ... Hadron 3 [
- ISa earln raC e ’ ‘5 10? —— Total Background §
; : : S e, e mE), ) = k3 E
with only pixel layer hit 10 :
107°E . , 0. E F
- E 03
---------- E 0.2 BT P> - AU
.................. 0.1 ATLAS Preliminary
3 £ Vs=13TeV, 136 fb" ]
o "2 ; e 00af T Qg Gl ¢ o) ]
@ 1.5 | ] b 0.03 i"" ------- ATT_Tseu:Tav,:m lb",E:J:rm Obs) |
~ 1 + 0.02F —— ATLAS (8 TeV, 20.3 fb™, EW prod. Obs.)
S 0.5} - == Theoretical line for pure wino
& o ol Ll Cl oot L o L e
Q 100 : 200 400 600 800 1000

1000 110000 +
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-| Displaced leptons arxiv:2011.07812

£
» Benchmark model , N
« Sleptons [ in GMSB model >}£4~ G
 Small coupling to gravitino ;0 G
gives [ a long lifetime Y i F

» Light leptons not pointing to primary vertex

T—1G1G, I€le,u,1]
o T

.
>  Two trigaers Large Radius Track g 10 T e
gg @ 408 ATLAS Preliminary T Expeciedimis |
P L L B B B B B LR B B B I I £ - 1 —— Observed limits
.é T ATLAS Simulation Preliminary T ¢ standard tracking, modified ID alg. ] ;“_:5 ﬁ ;ﬁéif;;? fgl_ | co-NLSP,_
1 M u O n S pect ro m ete r 2 [ 500 GeV &/fi, 1ns ] o standard tracking, standard ID alg. 3 10°- °© = ' —
- w r T a extended tracking, standard ID alg. D CLr
0.8%, __;4 L] extended tracking, modified ID alg. | 102— I:I ﬁm |
2. Single/di-photon i L O~
" g p 0'6__ * Hﬂ T & ++ T 10! |
[ Tae e ] ﬂ¢ —+— .
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02f e 1 - {1 10 .
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-‘| Stopped particles: R-hadron arxiv:2104.03050

» SUSY LLP hadronised (R-hadrons) P e

«  Stopped in the detector, decay later
» Search for jets in empty bunch crossings °

0.05

First empty BX

 Low backgrounds - Low trigger thresholds
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-| LLP summary ATL-PHYS-PUB-2021-009

ATLAS Long-lived Particle Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: March 2021 J€ dt = (18.4-139) fb~! Vs =8,13TeV
Model Signature  [Ldt [ Lifetime limit Reference

RPVE - uq displaced vix + muon 136 |  lifetime ' ' ' 0.003-6.0m i m(B)=1 4I1ev 2003.11956
RPV x9 — eev/euv/upy  displaced lepton pair  32.8 x‘: lifetime 0.003-1.0 m m(§)=1.6TeV, m(x})= 1.3 TeV 1907.10037
GGM Y - ZG displaced dimuon 32,9 | x} lifetime 0.020-18.0m m(g)= 1.1 TeV, m(x)= 1.0 TeV 1808.03057
GMSB non-pointing or delayedy 203 | x3 lifetime . o0ssam SPS8 with A= 200 TeV 1409.5542
GMSB 7 - (G displaced lepton 139 | Ziifetime 6-750 mm m(f)= 600 Gev 2011.07812

S GMSB7o & displaced lepton 139 | #lifetime 9-270 mm m(f)= 200 Gev 2011.07812

% AMSB pp - x50 xfx;  disappearingtrack 136 | x¥ lfetime 0.06-3.06m m(x;)=650 GeV ATLAS-CONF-2021-015
AMSB pp - xix0.xfx;  large pixel dE/dx 184 | % lifetime . 13t90m m(x;)= 450 GeV 1506.05332
Stealth SUSY 2 MS vertices 361 | Siifetime 0.1-519m B(g - 5g)= 0.1, m(g)= 500 Ge 1811.07370
Split SUSY large pixel dE/dx 361 | &lifetime >09m m(#)=18TeV, m(x})= 100 GeV/ 1808.04095
Split SUSY displaced vix + EF™ 328 | § lifetime 0.03-13.2m m(#)= 18 TeV, m(x})= 100 GeV 1710.04901
Split SUSY 06,2-6jets +EP™ 361 | glifetime. 0.0-21m m(g)=1.8TeV, m(x3)= 100 GeV | ATLAS-CONF-2018-003
Hoss ID/MS vix, low EMFirkjets 36.1 | s lifetime 0.12-116m  m(s)= 25 GeV 1911.12575
VH with H — ss — bbbb 2¢ + 2 displaced vertices 139 | s lifetime 3.6-62mm m(s)=25GeV ATLAS-CONF-2021-005

o

§ FRVZ H - 2y + X 2 -, u-jets 203  |FNGHTE 0-3mm m(yg)= 400 MoV 1511.05542

E‘; FRVZH - 2y + X 2 p-jets 361 | ya lifetime 1.5-307 mm m(yg)= 400 MeV 1909.01246

§ FRVZ H — 4yq + X 2 pu-jets 36.1 v lifetime 3.7-178 mm mi(yq)= 400 MeV 1909.01246

T L 2424 displaced dimuon 32,9 [ Zq lifetime 0.009-24.0m  m(Zy)=40GeV 1808.03057
H— 2Zy 2 e, 4t +low-EMF trackless jet36.1 [ Zq lifetime 021-52m m(Zy)= 10 Gev 1811.02542
(200 GeV) »ss  low-EMF trk-less jets, MS vIx36.1 | s lifetime 0.41-51.5m o x B=1 pb, m(s)=50 GeV 1902.03094

% (600 GeV) > ss  low-EMF trk-less jets, MS vix36.1 | s lifetime 0.04-21.5m X B=1pb, m(s)= 50 GeV 1902.03094

P Ty 55 low-EMF trk-less jets, MS vtx 36.1 | s lifetime 0.06-52.4m o x B=1pb, m(s)= 150 GeV| 1902.03094
N - we displaced vix (uu or pe) + u 36.1 N lifetime 0.44-37 mm m(N)= 5 GeV, LNC 1905.09787

;Z:. N we displaced vix (uu of e) + 1 36.1 Nme«:me - .?,‘t;?l-zzmrr: o B B ) m(N):S(isV LNV‘ L 1905.09787

0.01 0.1 1 10 100 cT [m
- V5=13TeV  5=13TeV
partial data full data vnl v vnsnll el e el el
*Only a selection of the available lifetime limits is shown. 0.01 01 1 10 100 4 7

7 [ns]
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-| Summary

YV VYV

BSM new physics extensively searched at ATLAS

« Direct searches for new resonances

* Indirectly searches via precise measurements
 Unconventional signature to cover the phase space gap
Knowledge on the physics at TeV scale significantly improved

The job is clearly not done yet! New ideas needed on both
theoretical and experimental sides

LHC HL-LHC

li 1l LIU Installat -

iy BTV i ik e . —_— HL-LHC

rojec regions GCivil Eng. P1-P5
I T M T T T T BT T T N N
ATLAS - CMS
experiment upgrade phase 1
EEes nominal Lumi | Rnomieat b, ALICE - LHCb 2 % nominal Lumi
75% nominal Lumi l/-—— upgrade 1
luminositv BEDT R




» Higgs potential and BSM opportunity
e https://indico.ihep.ac.cn/event/14180/
» Scope including

« Higgs precise measurements, Higgs
potential, EWPT, extra Higgs or scalars, etc.

Let's meet, drink
and excite more Higgs bosons
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B BSM New Physics

LHC-ATLAS hopefully could give hint to those big questions

I Dark Matter I

I Flavor, CP, Strong CP I Dynamics of

I Baryogenesis I

Precise Higgs measurement, .
BSM interpretation, EFT, etc .

H invisible, Mono-H, -Z tW, etc "

Higgs mechanism

Z' W’
SUSY,
Extra Higgs [ Naturalness |
ALP
LQ

= KK Graviton,etc | quantum Gravity | @
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-‘| Search for Heavy Leptons

[2] [2]
£ 30F aTLAS Préliminéry 'o Data \iIFNP‘ € 7F atLas Prelin|1inary ‘ ‘ Data '\:,FNP'
4 Vs =13 TeV, 139 fb™' 4 Total SM [ Diboson 4 Vs =13 TeV, 139 fb™' 4 Total SM [ Diboson
. . . + W o5 JNLow SR [ Rare top w ZL Region SR [ Rare top
- Excl limits at m(N, L*) > 910 GeV
xclusion limits a , > e " b oo ot -
— m(N’,L*) = 800 GeV — m(N’,L*) = 800 GeV

—m(N’,L*) = 1000 GeV —m(N’,L*) = 1000 GeV

* Most stringent limits on type-lll seesaw
models at LHC i

N FREE RETE FEET RN N
I N RS FETT F AN ST b
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= 1.0k <1
% 0.5 % 0. T
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(2] T T T T T T T T T T
%104 ATLAS Preliminary 4 Data T e 3 O L e '.' .| T T LR B N N
I Vs =13TeV, 139 fb"" 44~ Total SM| [ Diboson = o ATLAS Preliminary —832- ::m:}glfla lep
10° -(F;?':ZrtOp 5 Vs=13TeV, 139 fb" ...(E)xp.' limit2 + 3 + 4 lep 7]
= o Lo — Obs. imit 2 + 3 + 4 l¢ —
, S 10°E Limits at 95% CL = Exp. limit * o P 3
10 n E Exp. limit + 26 =
) - — Type-lll seesaw —
10 3 B BN, L* > e, 1, 1) =1/3 B
G
1 = 10 =
[<] E =
b S
R O O L
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g 0.5 F—eemeedeemmebeeee b e { ..... . y T ' ............................... $o . I ..... 1 =
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B oo o

»  Motivation
. uncoloured + neutral LLPs produced in SM Higgs decay

. scalar/pseudoscalar mediators to a dark sector
» Benchmark: pseudoscalars, 15<m_<55 GeV, 10mm <c1< 1m

» Higgs production mode
. ZH allows leptons to trigger and suppress QCD backgrounds

o
Less prompt tracks >=3 tracks to suppress SM vertiex
‘r" 17 FT T T T T T | T
S 10°E aTLAS + Data E T
§ F Vs=13TeVv, 1391b" M. - 16 GeV 3 1Y / =
/ Preselection, m/ARy,, > 3 GeV " 4 IR E
/ 3 10§r Preselection m m, =35 GV 3 s ATLAS Preliminary "\ "\ . ; ]
S b — moseeel E 102 | f-roTev w4
/ & E ol E = m,, =125 GeV N, ‘ 3
/ r. &10‘5“‘ < “hans 3 ‘é 10°L m, = 15 GeV L ]
Yy 4 F E 35 E —— m, =35GeV 3
y J 102 - a E  m. —55GeV CR+(MS1+MS2) E
\ O Fg °T m, =5 GeV
N V Y7 10°F -~ 2 104EE; Prompt m, =8 GeV e
N\ Voo R e T o ES: e m=20Gev m, = 15 GeV
R : /J/ , R e S [A: --e-m,=30GeV m, =25 GeV
4 107E, | ! | i | 3 105k | e m.=60Gev - -~ m, =40 GeV i
/ 2 4 6 8 10 12 14 E fowd v vvvd vvnd vl vl cvvd vand
- M 10* 10° 102 107 1 10 10* 10°

Mean proper lifetime3, [m]
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-‘| Search for Heavy Leptons

Search for heavy leptons in events with 3/4 leptons
Benchmark model

- Type-lll seesaw model which provides a heavy
Majorana neutrino that could explain small neutrino
mass

- Extra fermionic SU(2), triplet coupled to W, Z, H bosons

Phenomenology similar to other models with heavy
leptons, like Vector-Like Lepton triplets that could be linked
to g-2 anomaly

Dominant backgrounds: WZ, ZZ (diboson) and “rare top”
production (ttV, ttH, tWZ)
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-‘| Muon g-2

» Discrepancy may be explained by
— Leptoquark
— Vector-like leptons

pp - it g FLa @ — pXY bino LSP

— SUSY smuons, ...

June 2021
— 600 . .
= C T imits at | N
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-| Long Lived Particles at ATLAS

> For selected subset of L oip A mskorameey
events, run dedicated “large ‘f;ATL-PHYS-PUB-?O”-O” T Gomned
radius tracking” (LRT), Bosp T E
excluding the hit used by ooretT T e
prompt tracking b T
O~ o '1([30'“7.-' fgﬁwzgmo

Torod [mm]

» Backgrounds
. Cosmic muons
. Mis-reconstructed objects (fake tracks, pileup
contamination, ...)
. Material interactions in detector components
. Beam-induced backgrounds

» Not possible to simulate them well ~




arXiv:2103.16558
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Figure 3.3: LHC constraints for the U; vector leptoquark for the benchmark scenarios with 5% =
(left) and 3% = —1 (right). The 1o and 20 regions obtained from the fit to low-energy data are also
shown.
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-‘| Search for LFV decays Z—Ilt EX0T-2018-36/

» Z-{tvia neutrino mixing at Br=10—>* in SM,
enhanced significantly in BSM

Events / 0.025

Data / pred.

>

[ T T T T T T
[ ATLAS e Data ]
12000[¥s = 13 TeV, 139 o’ S maas fakes

=zl

SR, uz 1P Others b
10000— Total uncertainty = |
A - Zopt (B =5x107):3
o . ]

0o

A T T T T
5 [ — Bestfit signal (5 = 4x10 )
1

! : :
Rhese PEPOT SPPYUUY T Y Y FFL X -
Boseeeessn’s »: R X 3 £
0.95F -

E L L L L L L 1
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Combined NN output

Z—¥t search complements
low-energy searches, eg

T-YW3H

W-$fv

s v jet (= Thad-vis)

> |

TN T/ ) B LEP
TR I I TR TR TR 7

Z=¥e

*

LI BLEE N SR WL RS LRSS

Z=1e

I
I T T A Y Y T I 0218 B

1 10 100
Observed upper limits on B(ZZ=»LFV decay) x 107

1408.5774 Run-1 20 fb-1
CMS-PAS-EXO-13-005 Run-1 20 fb-!
Z. Phys. C6 5) 555 (OPAL)

2010.02566 Run-2 139 fb-!
Z. Phys. C 67 (1995) 555 (OPAL)
2010.02566 Run-1+Run-2 20.3+139 fb"!

Phys. C 73 (1997) 243 (DELPHI)
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