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Introduction

» Many BSM models exist to cover the limitations of the SM : hierarchy problem, baryon
asymmetry, neutrino masses, dark matter, ...

» LHC provides a great place to search for these models

» Lots of searches for such new physics have being explored in ATLAS and CMS
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relevant topics, as summarized and presented on the first day
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Searches for new bosons

» Vast searches for new bosons have been performing at the LHC with many final states

v Spin-0 h, H, A, HE in 2HDM
* Simplest BSM extension for SM Higgs sector
See Bing Li’s talk ”"Search for BSM
and rare Higgs at the LHC”

v’ Spin-1W’, Z’

* In many models, e.g. composite Higgs

* Possible solution to hierarchy problem
v' Spin-2 gravitons, spin-0 radions

* in extra dimension models

* Possible solution to hierarchy problem
v" Axion-like particles (spin-0 pseudoscalars)

* Specific case of axion is solution to Strong CP problem

e DM candidate
v Leptoquarks (spin-0/1)

e possible explanation for LHCb flavour anomalies

» Full Run-2 dataset: probe multi-TeV masses
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CMS search for high mass resonance in €2 final state

» Background shapes estimated from MC, normalisation from low
m, (<120 GeV) region

> ee: no requirement on the sign of electrons, to avoid significant
drop on the signal selection efficiency of high-energy electrons

» Limits are set on the ratio of c*B for 2’ — €8
Exclude Sequential SM boson Z’,, mass up to 5.15 TeV
and Left-right-symmetric models Z’,, mass up to 4.56 TeV
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Comparable to ATLAS’s results (PLB 796 (2019) 68-87) :
excluded below 5.1 (4.5) TeV for Z’,, (Z’w )
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https://www.sciencedirect.com/science/article/pii/S0370269319304721
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Heavy BSM X - epu, et, ut

» CMS : search for heavy resonance X with .

137.1 fb (13 Tev) -

Lepton-flavor violating (LFV) decays:
—U(1) Z’ with LFV decays: resonance (my)
— Quantum Black Holes (QBH): threshold (m,;,)

> Final states considered: ey, et;, ut, (all m.f
isolated, prompt, no sign requirements)

» Signal inference: B
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— e channel: dilepton mass 1wl

— €1, channels: colinear mass (m_, = m,;
/sqrt(x.V) with visible mass m . and fractlon of
energy x Vs of visible product); reported by CMS
for the first time

> No excess is observed:
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Best limits from
the LHC in the
considered models

e Model-specific limits vs m: excluded Z’ mass up to 5.0/4.3/4.1 TeV, QBH

threshold mass up to 5.6/5.2/5.0 TeV, for ep/et,/ut,

e Model-independent limits on 6*B*A*€ for m > m™": one can check if
his/her favorite model with X-» €8’ (not tested in the paper) is excluded
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http://cds.cern.ch/record/2779023?ln=en

ATLAS: search for heavy charged and neutral
bosons decaying to Wy and ZY » Some commons for ATLAS and CMS:
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Heavy resonance X - Vy

CMS W+y

» Different strategy of event categorization
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e Hadronic decays of V

e Boosted V reconstructed as a large-R jet

mjy spectrum to extract signals

» Upper limits on c*B

explored mass range: 1.0-6.8 TeV
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ATLAS Heavy resonance : X—> HH — 4b

EXPERIMENT . H%bb

Search for spin-0 radion and spin-2 bulk graviton for pair

. . . . X .
production of Higgs boson in the 4b final state
2000000000000 H % bb
» ATLAS with two event topologies: » CMS: two bb pairs with at least one pair highly boosted
v' resolved with 4 b-tags (251-1500 GeV) (reconstructed as a single large-area jet)
v' boosted with 2-, 3-, 4- b-tag categories v" The other pair can be either boosted or resolved
(900-3000 GeV) v' X mass range 1-3 TeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-035/
https://cds.cern.ch/record/2777083/files/B2G-20-004-pas.pdf

Long-lived Scalars : ZH - ZSS - 2| + 4b $arLAs

EXPERIMENT

ATLAS : search for pairs of long-lived scalars using displaced vertices

» Benchmark: Higgs boson production associated with
. . _ H
Z, H decaying to long-lived scalars, Z— |l arXiv:2107.06092 ° < .

(ATLAS-CONF-2021-005)

» Prompt dilepton + displaced jets final state
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{s=13TeV, 139 b
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95% CL upper limit on B(H — aa — bbbb)

» Reconstruct large d0 tracks (Large Radius Tracking,
LRT) to build displaced vertex (DV) : match DV to
displaced jet

® Branching ratios above 10% are excluded at 95% CL
for LLP ¢t as small as 4 mm and as large as 100 mm
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https://arxiv.org/pdf/2107.06092.pdf

AaTLAs  Long-lived Scalars : H - SS - 4

EXPERIMENT

Search for pairs of long-lived particles (LLP) decaying in p> . . _
I—_I—os

the Muon Spectrometer (MS)

displaced multi-track | disappearing tracks
vertices in ID + MET, 4 !

non-prompt
jets, leptons pIETE

.. photons
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» ATLAS using displaced vertices e e g

jets, or lepton pairs

v’ Reconstruct two isolated verticesin =~ <"
MS displaced by 3-14 m T
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http://cdsweb.cern.ch/record/2777238/files/ATLAS-CONF-2021-032.pdf
https://arxiv.org/abs/2107.04838

Searches for Leptoquarks (LQ) ATLAS

EXPERIMENT

> Multiple searches published by ATLAS and ATLAS : pair-produced scalar third-generation LQ with

lepton + b-jet + MET -
CMS, e.g. ATL-PHYS-PUB-2021-017, CMS-EX0-19-015 viep ’ tb arXiv:2108.07665

Ve (ATLAS-CONF-2019-18)
CMS: LQ decay to quark and neutrino u LQ!“I v~ @ LQdecay only to 3rd-generation
> SM particles
arXiv:2107.13021 LQ*_; v,7 @ Search in single-tau channel

(CMS-EXO-20-004) | _137fb7%, 2016-2018 13Tev => Data are found to be

N
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-017/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-015/index.html
https://arxiv.org/abs/2107.13021
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-004/index.html
https://arxiv.org/abs/2108.07665

Searches for new fermions

Many searches for new fermions at the LHC e ﬂg;jjff;ff;j';fflfji;::.'“z””5
excited light quark (gg), A=m,
excited electron, fs=f=f=1,A=m_

> Excited states of quarks/leptons (g*, I*) exclted muon, f. = f= F =1 A=m
e Composited Higgs can regulate Higgs boson mass

Excited
Fermions

*
K

UMSM, |Vey|?=1.8, |Vu|?=1.8

vMSM, |vemv;ﬁ,|2;{|v,_w|2 + |VHN|2} =1.0

Type-lll seesaw heavy fermions, Flavor-democratic
Vector like taus, Doublet

» Vector-like quarks (VLQ)
e Present in various scenarios (extra dimensions, SUSY,
Little Higgs,...) trying to solve the hierarchy problem CMS-EXO-Pub
e VLQs are color=d spin-1/2 fermions but their L/R-handed

Heavy
Fermions

Scalar LQ 1“EI gen ge :31 Yes 139

components transform the same way under SU(2) S el tggn: - o PN -

. . e . . . Scalar LQ 3™ gen Deu =2, 22b Yes 139

e |n simplified models VLQ mix with their SM partners to Scalar LQ 3" gen =2epu =17 >1j21b - 139

. Scalar LQ 3™ gen Oep,217 0-2),2b Yes 139

regulate the Higgs boson mass VQTT o Zt 1 X 2eusden 21b.21] 189
0w VIOBE - Wt/Fb4 X j= )

E“ﬁ VLQ Ts 3 1'5_.-3|L7{_r,,-3 F Wesx rzn{Lﬂalt'sf;gTil 21b,21] Yes ggl

LS vQ T — Htj 7t Teu  =1b=3] Yes 139

» Heavy neutral leptons/neutrinos (HNL) =% vayows les  =1b=1] Yes 36

Y P VLQ B — Hb Oep =2b 1,210 — 139

e Can generate small neutrino mass via seesaw mechanism Big| Sotedauarca - a o 2] -
EE Excited quark b° — bg - 1b1] - 364

L] 'E Excited lepton 3eu - - 20.3

Excited lepton »* JepurT - - 20.3

ATL-PHYS-PU B-2021-03311



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-033/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html

Excited bottom quark b™ in dijets

» CMS: search for resonances (b* and Z') decaying into b quarks
e hg->b*>bg and qq>bb*->bbg (new)
e Z' >bb in Sequential Standard Model and Heavy Vector Triplet model (new)

» Require at least 2 jets with at least one b-tagged jet
* DNN to identify energetic b-tagged jets CMS-PAS-EX0O-20-008 &

» Search for bumps in smoothly falling b-tagged dijet mass spectrum
e mass spectrum well described by a smooth parametrization

- background is estimated directly from data

2018 60 fb™! (13 TeV) 137 b (1 3 TeV

~—

; 10 CMS Pre“_m"nary S I: I T T T T I T T T T T T T T I T T T T | T T T T I :l_

e >=1btag - Data 2000 F CMS 95% CL upper limits -
y 10 —— Fit -> fit(5 par.) o Preliminary

= - 1000 = Observed —

— 10 1 E e Expected =

_g ] N 2000 B £ 1std. deviation -

3 = ] + 2 std. deviation a

° — 100 ~~— HVT model A (g =1) 3

1o 'lt'; - HVT model B (g, =3) 7

2017 SSM Z -

107 10 —

¥2/ndf=19.7/32=0.6 E =

107 Wide PF-jets = 3

. >1.53 TeV — _]

1074 Il < 2.5, IAv] < 1.1 25 .

— 1= —

o) E

2 - -

2 0.2+ 7

0 1 | I 1 I L1 | T . S| | 11 1 I I I 1 11 | L1 1 1 | 1 |

© 2000 3000 4000 5000 6000 7000 8000
Z' mass (GeV)

2 3 4 5 6 7 8

Exclude m,< 2.4 TeV in both the
Dijet mass [TeV]

SSM and the HVT model A

102

10

<):
X
D
0
? 1
<
R[10
X
@
1072
107°

107
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-008/index.html

Single VLQ T—=>tH/tZ in lv+jets ATLAS

» ATLAS: search for the single production of an up-type vector-like quark ’
(T) decaying as T->tH or T->tZ, subsequently H->bb or Z->qq

H/Z

» Final states contain a single lepton with multiple jets and b-jets

» Search for excess in effective mass (scalar sum of objects’ pT) ATLASQ-CONF-2021-O4BO

§  Foamas IPlre‘Iirlni;wllryl  epma ATLAS Preliminary T singlet
G %90 5= 13Tev, 139 16" Ctivightjets .. Vs = 13 TeV, 139 fb’ — 95% CL observed limit
o, U2, s 4 Limits on the mass and P o 34107 =
u . ] . . ! ' -~ - o
60of- PostF JSngeton 4 universal coupling strength L0 T ] =
- S&ets . 1.4 . Fe2x10" E
- thers ] . 1 X - —
i 7 Uncerainty 3 () of the vector like quark ; =
400 = 1.2 . =
C _: 7 (o)
S0 - v kvalues above 0.5 are excluded 2100 B
E 1 o
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100; . E 0.8 1 1 6x10°
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g oF 4 1 v Atamassof1.6TeV, kvaluesas ;g i = |
E g . ) 3 . ; ’ 77 4x107
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- 007? J x . ‘ . : 0.4 7 1 3x10°
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Red contour lines : exclusion limits of equal oxB (pb) mT [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-040/

Heavy neutral lepton and heavy W,

» CMS: search for a right-handed W, and a heavy neutrino

» Search covers both regions of phase space:
. : two same-flavor leptons (e or p) and two quarks,
e boosted (m(W;) >> m,): decay products of the heavy neutrino are
merged into a single large-area jet - one lepton (e or n) and single jet, lJ
v’ subleading lepton within large-R jet cone
v’ Jet substructure used to identify boosted decay

my, (GeV)

CMS Preliminary 137 fo' (13 TeV) . —
T Cotediody T > B.OO.St.ed Slgn.ature S
5000 [~ compined ¢, £2.) e significantly improves ~ ©
Resolved (obs.) E sensitivity for my<0.5 TeV £
4000 |— —— Boosted (obs.) =
o

——— CMS 13 TeV (Resolved, 36 fb™)

» W, is excluded at 95%CL
up to 4.8 (4.7) / 5.4 (5.0)
TeV obs(exp) for ee / uu
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https://cds.cern.ch/record/2776884/files/EXO-20-002-pas.pdf

Heavy Neutral Lepton : displaced dilepton

» CMS: search for heavy neutral leptons (right-handed Dirac or Majorana CMS-PAS-EXO-20-009"=
neutrinos) in final states with three charged leptons (e or u) '

» For my < 20 GeV and small HNL-SM neutrino mixing

parameter (|V,,.|? < 10-2), N can be long-lived Ty % my°Var

» Exclusion limits on mixing parameter of Dirac and Majorana N
with SM leptons improved by an order of magnitude wrt previous
results : exclusions extend in the range of 10-7-10>

eﬁ—
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https://cds.cern.ch/record/2777047/files/EXO-20-009-pas.pdf

Dark Matter and dark sector

CMS Prellmlnary

» Classical DM signature: missing ET + X with X = q/g
(jets), vy, W, Z, H, t, tt = so called “mono-X"' reactions

q g x(my) g
Produced in a contact
interaction involving a
quark—antiquark pair,
or two gluons, and
two DM particles

8pm
V:A(Mmed)

-

Vector and axial

i vector mediator )
q x(m,)

g 2HDM+a

» Allow comparisons with direct detections (XENON1T,

PandaX-ll,... )

t Afa”

» Portal/mediator between SM and dark sector could

be e.g. dark photon, Higgs (exotic decays),...

More from Lailin Xu’s talk “Dark matter and
unconventional searches at the LHC”
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Dirac DM

Vector model

Vector mediator

Myea = 2 X My,

Q. h =012
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10*
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ATLAS-CONF-2021-036 m,[GeV]

Exclusion at 95% CL

— Observed

= = = Expected

Dilepton (137 b ")

[EX0-19-019]

Dijet (35.9-137 ib™)
— farXiv:1806.00843]

[arXiv:1911.03947]

Boosted dijet (77 1b™)

[arXiv:1909.04114]

4500

—E7*+bb, 36.1 b’
EPJC 78 (2018) 18

—ET™+Z(q{), 36.1 fb”’
JHEP 10 (2018) 180

ET*+h(yy), 139 fb”
arXiv: 2104.13240

—ET+Z(Il), 139 fb'!
ATLAS-CONF-2021-029

H'tb, 139 fb™!
JHEP 06 (2021) 145

—ET+h(bb), 139 fo'
ATLAS-CONF-2021-006

— Combination
ET™+h(bb), ET=+2(Il)

—relic density
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#DM_summary_plots
https://inspirehep.net/files/ad2fbff1fd3809b67a8b73fed557f6e9
https://indico.ihep.ac.cn/event/14560/session/24/contribution/101

» ATLAS: search for invisible decays of Higgs boson or dark matter
candidates, produced together with a leptonically decaying Z boson

v Signal extracted from dedicated BDT for H->inv or from m(ll+MET) for DM

Upper limit: B(H-=>inv) < 18% (observed at 95% CL) q
v’ re-interpreted and compared to limits from direct DM experiments at 90% CL

ATLAS-CONF-2021-029

H/DM = inv: Z(ll) + MET

Exclusion limits are also set for simplified DM models

E §
S, e
§ 10740 |— “ All limits at 90% CL
3 -
? —
% 1074 =
b —
10% —
107 _
1048 __
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Limits from this search are particularly
competitive for low DM masses
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» Compared to .
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area enlarged
significantly: —
excluded mediator
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GeV, DM masses up
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http://cdsweb.cern.ch/record/2777235/files/ATLAS-CONF-2021-029.pdf

ATLAS VBF H = Dark Photons

» Both ATLAS and CMS probed coupling of a scalar Higgs boson to a dark
photon through a dark sector via VBF Higgs boson production (y+dark-y pair)

q

v" Takes advantage of 2 large |An| jets recoiling against MET +y

v" Use transverse mass (y+MET) as a discriminating variable to extract signal 7
— 10= _ 130 fb”" (13 TeV)
2 = ! e A = g O T T T T T T T
g - — Observed ATLAS ] % ; CMS — Observed ]
S Expected Vs =13 TeV, 139 b’ 1 5 | B8 68% expected
EF- 1= I Expected + 1o Limits at 95% CL ERE R N L - 95% expected  _
T = e (E;\ngeﬁ?:;(iiwdFU-% VBF Higgs couplings E % ; . 0.05 % o, E
m o 150 fb (GOGEV) -3fb (ZTEV)_: T i 160 (125GeV) - 2 fb (1TeV)

X F = DR JHEP 03 (2021) 011 5
*» L 1 8 f
1072 6
B 102
~ arXiv:2109.00925

10—3 = — ! : ! ! D— 3 PR [ T SN S NN S L R —

102 o 1DmH [GeVL § 200 . :400 600 BO?nH [Geﬁoo
95% CL upper limit on B(H,,s—YYp) : 5% CL upper limit on B(H,,;—7Y;)
0.018 (0'0174’0'007-0.005) ObS (exp) VBF ZH VBF+ZH

. Obs. (%) Exp. (%) Obs. (%) Exp. (%) Obs. (%) Exp. (%) | ZH: JHEPlO{;019)139
most stringent to date 3.5 28743 46 3.67%9 2.9 21749 i



https://arxiv.org/pdf/2109.00925.pdf
https://dx.doi.org/10.1007/JHEP03(2021)011
https://arxiv.org/ct?url=https://dx.doi.org/10.1007/JHEP10(2019)139&v=fb78ef1b

Mono-jet and mono-V (had)

» CMS: search for new particles in events with energetic  *
jets and large MET

q -
JHEP11(2021)153
< CMS-EXO-20-004

.
~

q
H

» DM: decays of the Higgs boson or colorless spin-1 and K

spin-0 mediators ! ! !

» Mono-V: Machine learning (Artificial Neural Networks) is 7
used to identify V-jets and efficiently suppress the QCD jets 4 spin-1 Y X
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%2FJHEP11%25282021%2529153&v=fa471ea3
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-004/index.html

Summary

» A large number of Beyond the Standard Model (SM) models exist to cover the limitations of
the SM : many of them being explored at the LHC

» No significant sign of BSM observed so far

v’ Presented some models/signatures explored
for the first time

v’ Sensitivity with full Run 2 data significantly
improving Run 1 result and early Run 2 data
thanks to new analysis techniques
- Extended phase-space excluded

v" Many more analyses ongoing!

» Run 3 is coming soon with:
v' more data
v new ideas (theory and experiment) to probed
uncovered phase-space

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

ATLAS Preliminary

Status: July 2021 fLdt =(36-139) b V5=8,13TeV
Model Ly Jdetst ET™ [rdim) Limit Reference
T T — Ty T — T T —
,‘g ADD Gy +g/q OepTy 1-4j Yos 139 Mp 11.2TeV n=2 210210874
S ADD non-resonant yy 2y - - 36.7 Mg 86 TeV n—3HLZ NLO 1707.04147
2 | ADDQBH - 2] - 370 |Ma 8.9 TeV. 170309127
G | ADDEH multjet - >3] - 36 | M 9.55 TeV 6, Mp = 3TeV, ral BH 1512.02586
E RS81 Gy — 3y 2y - - 139 Gk mass. 4.5 TeV —01 2102.13405
° Bulk RS Gkx — WW/ZZ multi-channel 36.1 Grw mass 23 TeV kMg =10 1808.02380
8 BukRS Gk — WV — fvaq 1eu 2j/1J  Yes 139 | Gk mass. 2.0 TeV kiMp = 1.0 2004.14636
i | Bulk RS gk — ot ey JiZ Yes 361 Exk Mass 38TeV rim—15% 1604.10823
2UED/ RPP Teu 3 Yes 361 KK mass 1.8 TV Tier (1.1), BAT S 1) = 1 1803.09578
SSM 27 — ¢t 2eu - - 139 Z’ mass 5.1 TeV 1803.06248
w SSM Z7 — 1T 2r - - 36.1 Z' mass 2.42TeV 1709.07242
E Leptophobic Z* — bb 2b 36.1 2’ mass 2.1 TeV 1805.08299
@ Leplophobic Z* — &t Oep  z21b 22J Yes 139 | 2 mass 4.1 Tev. Fim=12% 200505138
8  ssMw i lep - Yes 139 | W’ mass 6.0 TeV 1906,05609
@ SSM W' - v 1T Yos 139 W' mass. 5.0 TeV ATLAS-CONF-2021-025
S SsMW b - z1b =1d - 139 W’ mass. 4.4 TeV ATLAS-CONF-2021-043
T HYT W — WZ = fvggmodel B 1eu 2j/1J  Yes 139 | W mass 4.3 TeV gv =3 2004.14836
< HVT Z' — ZH model B 0-2ep 1-2b Yes 139 | Z' mass 3.2 TeV gv =3 ATLAS-CONF-2020-043
HVT W’ — WH model B Oep =1b=2J 139 W’ mass. 32TeVv av —3 2007.05293
LRSM Wg — g 2p 1J - 80 | Wq mass 5.0 TeV mi(Ng) = 0.5 ToV, g = gx 1904.12679
Clgqqq - 2j - 37.0 A 21.8TeV . 1703.00127
- Cl{iqq 2eu - - 139 A 35.8 TeV U 2006.12946
O Cleebs 2e 1b - 139 | A 18 TeV e=1 2105.13847
Clupbs 2p 1b - 139 A 2.0 TeV =1 210513847
Cl ¢ttt =tep =1b=1] Yes 361 A 2.57 TeV 1Cacl = 47 1811.02305
Axial-vector med. (Dirac DM) Oe Ty 1-4j Yes 139 [ 2.1 TeV 8,=025, g, =1, my}=1GeV 2102.10874
Pseudo-scalar med. (Dirac DM) O e .1,y 1-4] Yes 139 Macd 376 GeV 8a=1 miy)=1 GeV 2102.10874
g Vector med. Z'-2HDM (Dirac DM} 0 e, 2b Yes 139 (LY 3.1 TeV tanf=1, gz=0.8, m{y)=100 GeV | ATLAS-CONF-2021-008
Pseudo-scalar med. 2HDM+a  multi-channel 139 | Mimea 560 GeV tanf=1, g,=1, m{y)=10 GeV ATLAS-CONF-2021-036
Scalar reson. ¢ — ty (DiracDM)  O-1ep  1b,0-1J Yes 361 |ms 3.4 TeV y=0.4, 1=02, m(y)=10 GeV 1812.09743
Scalar LQ 1 gen 2e =2 Yes 139 LO mass 1.8 TeV B=1 2006.05872
Scalar LQ 2™ gen 2pu 2] Yes 139 | LOmass 1.7 TeV B—1 2006.05872
O | Scalar LQ3" gen i 2b Yes 139 | LOjmass 1.2 TeV A(LQY — br) =1 ATLAS CONF-2021-008
= Scalar LQ 3™ gen [ 22), z22b  Yes 139 LQY mass 1.24 TevV BILQY — tv) = 1 2004.14060
Scalar LQ 3™ gen Rep it x1b - 139 LQY mass 1.43 TeV B i) =1 2101.11582
Scalar LQ 3™ gen Oep 217 0-2)2b VYes 139 LQJ mass 1.26 TeV BLQY — bv) =1 210112527
VLQ TT — Zt + X 2ei2p/z8ep 21 b 21] - 130 | mass 1.4 TeV SU(2) doublet ATLAS.GONF.2021.024
g._\"g VLQ BB —» Wt/Zb+ X multi-channal 36.1 B mass 1.34 TeV SU(2} doublet 1808.02343
T 5 VLQ Tspa Toal Tz — We+ X 2(88)28epu=21b21] Yes 36.1 Tsy3 mass 1.64 TeV B Topz — We)= 1. ¢ TisWit)= 1 1807.11883
% g_ VLQ T — Ht/Zt Teu =z1023] Yes 139 T mass 1.8 Tev SU(2) singlet, kr= 0.5 ATLAS-CONF-2021-040
VLQ Y — Wh leu  =>1b>1] Yes 361 Y mass 1.85 TeV BY — W)= 1, cu( Wh)= 1 1812.07343
VLQ B — Hb Oep =22b, =1j, 210 - 139 B mass 2.0 TeV 5U(2) doublet, kg= 0.3 ATLAS-CONF-2021-018
g @ Excited quark ¢* — qg. - 2j - 139 | g mass 6.7 TeV only u* and d*, A = miq") 1910.08447
L S Excitedguark " — gy Ty 1] 36.7 q° mass. 53 TeV only u” and d", A = mi(g") 170910440
S E Eiedquak b" — bg B 1B - 361 | b* mass 2.6 TeV 1805.09299
j § Excited lepton ¢~ Jeu - - 20.3 A=30TeV 1411.2821
Excited lepton »* 3epuT - - 20.3 A=16TeV 1411.2921
Type |Il Seesaw 234 e =2 Yes 139 N® mass 910 GeV ATLAS-CONF-2021-023
LRSM Majorana v 2p 2j - 361 | N mass 3.2TeV m{We) = 4.1TeV. g = g 1609,11105
. Higgs triplet — W=W* 234 epu(SS) various  Yes 139 H== mass 350 GeV DY production 210111861
8 | Higgs triplet H= — If 234eu(SS) - - 361 | H** mass 870 GeV DY prodution 1710.09748
6 Higgs triplet H*= — ¢ JegT - - 20.3 DY production, B(H;* — t7) =1 1411.2921
Multi-charged particles - - - 36,1 | multicharged particla mass 1.22 TeV DY production, iq = 5e 1812.03673
Magnetic monapoles - - - 34.4 monopole mass 237 TeV DY production, |g| = 1gp, spin 1/2 190510130
Ve=13TeV  5=13TeV 1 1
partial data full data 107! 1 10

*Only a selection of the available mass limits on new stafes or phenomena is shown.

| Small-radius (large-radius) jets are denoted by the letter j (J}

Mass scale [TeV]

ATLASExoticsPublicResults
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

CMS-EXO-Pub
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Leptoquarks

Selection of observed exclusion limits at 85% C.L. {theory uncertainties are not included).

String resonance

Zy resonance

Higgs y resanance

Color Octect Scalar, kI = 1/2

Scalar Diguark

ti + ¢, pseudoscalar (scalar), gi,, = BRIg-20) > = 0.05(0.004)
ti+ 4, pseudoscalar (scalar), g, % BR(g-20) = = 0.03(0.04)

quark compositeness (§d), Quss=1
quark compasiteness (1F), D =1
quark compaositeness (9g), Mums= =1
quark compasiteness (£}, Nums= -1
Excited Lepten Contact Interaction
Excited Lepten Contact Interaction

{axial-lvector mediater (xx), gq = 0.25, Gom = 1, my = 1 GeV
{axial-lvector mediator (gg). 9q = 0.25, gow = 1, M, = 1 GeV
scalar mediator (+t/tF), 3= 1, gon = 1, m; = 1 GeV
pseudoscalar mediator {+ttF), @, = 1, gom= 1, my =1 GeV
scalar mediator (fermion portal), A, =1, m, =1 GeV
complex sc, med. (dark QCD), my,, =5 GeV, Ty, =25 mm
Baryonic Z', g, = 0.25, ggu =1, m, = 1 GeV

Z'— ZHDM, gz = 0.8, g = 1, tanf = 1, m, = 100 GeV
Vector resonance, g, =025, gpm=1,m, =1 GeV

Leptoguark mediator, f=1, B = 0.1, &x ou = 0.1, 800 = M5 = 1500 GaVf

RPV stop to 4 quarks
RPV squark to 4 quarks
BPYV gluino to 4 quarks
RPV gluinos to 3 quarks

ADD (jj) HLZ, nep = 3

ADD (yy. 1) HLZ, ngs = 3
ADD G emission, n=2
ADD GBH (jj). npp =6
ADD OBH (ew). nep = 6

RS Gylyyl, kiMn =01

RS QBH (i), nep =1

RS QBH (epl. ngn =1
non-rotating BH, Mp = 4 Tel, ngy = 6
splitUED, i =4 Tev

RS Gelgd. aa), ks =0.1

excited light quark (gy), s =f=F=1A=m;
excited b quark, fo=Ff=Ff=1A=m,
excited light quark (gg), A=m,

excited electron, fs=f=F=1A=m,
excited muon, f=f=Ff =1 A=m;

WMSH, |Van|* = LB, [Vinl' =18

WMSH, [V Vo 20 | Van|* + Vil *h = 1.0

Type-lll seesaw heavy farmions, Flavor-democratic
Vector like taus, Doublet

scalar L (pair pred.), coupling ta 19 gen. fermians, B=1
scalar LO (pair prod.), coupling to 1% gen. fermions, §=0.5
scalar L (pair prod.), coupling to 27 gen. fermions, @ =1
scalar L (pair prod.), coupling to 274 gen. fermions, @ = 1
scalar LG (pair pred.), coupling to 27 gen. fermions, # = 0.5
scalar LG (pair pred.), coupling to 3™ gen. fermions, f=1
scalar LQ (single prod.), coup. to 3 gen. ferm., f=1,A=1

Zp, Narrow resonance

Zp, narrow resenance

55M Z'

S5M Z'(qq)

Z'iqd)

Superstring Z,

LFV 2, BRleg) = 10%
Leptophablc Z°

SSM W (U]

SSM W [Ty

S5M Wlag)

LRSM W Nz, My, = 0.5My,
LASM W {Thia), My, = 0.5Myy,
Axigluon, Coloron, cotd = 1

Overview of CMS EXO results

CMS preliminary

36-140 fb~? (8,13 TeV)

M s S 1912, 12238; 1604.08907 (2)) 137 ot
M T s 1712.03143 (204 Ty 2e + Lyi 2+ Ty) 36 bt
" O Di2eaas . 180801257 (1) + 1y) 36 fbo~!
M s s 1912.12238; 1604.08507 (2)) 137 fio!
M i s = 191212238 1604.08307 (2]) 137 fo!
] 1911.04%68 (3f, = 41) 137 fo~t
M O Da0E=0a4 . 191104968 (34, =41 137 fo~?
Y 1803.0803 (2j) 36 !
— 1812.10443 {28) 36 fbt
a 18030803 (2j) 36 fbt
e 181210443 (20 36 fb~!
M s 200104521 (2e + 2} 77 bt
M s 200104521 (2 + 2)) 77 bt
] 1712.02345 ( = 1j + EF™) 36 fb!
M S DE-2@ 1912.12238; 160408907 (2j) 137 fo~t
] 1901.01553 {0, 1f + = 3j + EF™) 36 fb~!
M 150101553 (0, 1F + = 3 + EP'™) 36 fb~!
I 171202345 ( = 1 + EP) 36 fb~!
M 1810.10069 (4]) 36 fb!
M 1908.01713 (h + EF'=) 36 !
M 1806.01713 (h + EF™) 36 fb~!
M DO GIE5S0 1911.03761 (=3)) 18 fb!
Ll O 03-086 | 181110151 (1p+1j+ EP 77 fb!
M 1808 03124 (2; 4} 36 fb!
M . 38 fo~!
M T EEEEEuEuuucuuuusunaRi g 1.895.01.058 (2]) 38 fp!
M 1810.10092 (6]) 36 fb!
u 1802.0803 {2)) 36 fb?
. 181210443 {2y, 20) 36 fbt
" 1712.02345 { = 1) + EJ=) 36 !
o 1803.0803 (2]} 36 b
I 1802.01122 (ep) 36 fb~!
M 1B09.00327 (2y) 36 fb!
I 1803.0803 (2)) 36 fb!
M 1B02.01127 (ep) 36 fb~1
M 1805.06013 { = 7ilt, v} 36 fb!
LR e 1803.11133 f + 7 36 fbt
M 2 1912.12238; 1604.08907 (2)) 137 fo!
M 171104652 [y +j} 36 fbt
M AN 1711.04652 (y + J) 36 fbt
M S 1912.12238; 1604.08907 (2]} 137!
M S 1511.03052 (Y + 2e) 36 fb~!
M 2SS 1811.03052 [y + 2u) 36 fb!
M <12 180207965 (3H(k, e)) 36 fb~!
M 0.02-16  1806.10905 (20, = 1j) 36 fb~!
M <0.88 191104968 (3f, = M1} 137 fo!
M 012-0.79  1905.10853 (3f, 244, 21, = 1) 77 bt
] <144 1811.01197 (2e + 2j) 36 fbt
M <127 181101197 (2e +2; & + 2j+ B} 36 !
M =153 1808.05082 (2p+2)) 36 bt
. 0.8-15 181110151 (1p+ 1j + E7™) 77 b1
] =129 1B0B.05082 (2 + 2j; p + 2j + E7™) 36 fb!
M <102 1B11.00806 (27 +32j) 36 fb!
M <074 180603472 (2T +b) 36 fb~!
| oous-ooTs 1912.04776 (24) 137 fb!
M 1912,04776 (2p) 137 fb~!
M EX0-19-019 (2e, 2p} 140 fo~t
M s 1912.12238; 1604.08907 (2} 137 ot
] A S U 1905.10331 {1, 1y} 36 fb~!
M D s EXO-19-019 (e, 2p) 140 fo !
" 1802.01122 {ep) 36 fb!
M DO Dos-0as | 1909.04114 (2)) 787!
M =S 1803 11133 0 + B 36 fb!
M PO DA 1807.11421 (T4 B 36 fb~!
M T psSa6 1912.12238; 1604.08907 (2i) 137 fo~!
M 180311116 {21 + 2j) 36 fbt
I 1811.00806 (27 + 2j) 36 fb~!
M i s 1 191.2.122.38; 1604.08907 (2)) 137 fo~t
" i i 1 i i i 1 i i i " 1 i "

0.1 1.0 10.0

mass scale [TeV]


https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html

Thanks for your attention!
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Single production of a VLQ T—>tZ

Top quark decaying hadronically and the Z boson decaying to neutrinos |

» search is sensitive to a T quark mass between
0.6 and 1.8 TeV with decay widths ranging from
narrow up to 30% of the T quark mass

g b(t)
136 fio! 2016+2017+2018 13 TeV
o 10 e {20 Rty V) S 136 f‘b (2016+2017+2018,13 TeV) CMS Preiiminary (2016+2017+2018,13TeV)
= Preliminary -------.. = = Observed 35 8
= r CMS reliminary o g"gg‘%ﬁfggﬁﬁmd : % I~ CMS ~ reliminary _._...._. Median expected ] 'o_n'— 5T
ﬁ 95N/L8xpgctec|i 0T, F/M 001 _8' o [ 68% expected - ‘ET— ﬁ
N o ingle TN L [ 95% expected 425 « 7
= - .35'_
o . = E L
8 a narrow width resonance 3 g of 30% of the T mass 7 ,F -
. ] - 3
T 11 1 F #2
go'e 7 Sos 4 of >
= 1 © = 3 C g
: : : — : .15d
- L 10_— g .‘_’;\-.;
10_2? 0—2:_ E sm
Oré”(')‘%”tl)lé"6‘9')"'1‘“”1'%”12'"1'|é”1"4”1"é 1'|é”1"7'”1'8 T T N N T N TN T P T 5 08 : - v - -
o U/ Lo U le 1o 14 10 1.6 d.d 06 07 08 09 1 1.1 12 13 14 15 16 1.7 1.8 - - : : -

my [TeV] m; [TeV] . my[TeV]
upper limit on cB

CMS-PAS-B2G-19-004
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-19-004/index.html

Long-lived Scalars : ZH - ZSS - 2| + 4q

CMS: search for long-lived particles (LLP) pairs

decaying into jets, with associated Z production

» Both light (d) and heavy (b) jets are considered arXiv:2110.13218

» Benchmark model: Higgs decay to a pair of scalar LLPs  [CMS-EXO-20-003]
v Probing decay lengths from 1 mmto 1 m

> At least two displaced jets (3 tracking-based displacement variables) + 2 leptons P

: 117fb (13 TeV) 117fb (13 TeV)

T R F ™H

CMS scalar decays to d quarks 5 CMS scalar decays to b quarks 3

Constrain B<6% fOl' - pp = ZH — Z(I'T) H(SS); S — dd (100%) - L pp — ZH — Z(I') H(SS); S — bb (100%) ]

1= = 1 =

proper decay - i :

lengths of 10-100 3 | 7

= = 107 =

mm and for LLP ] © 1 ]

SR % CL [~} o i

Masses bEtween 102 — é%éarved Iimitt 4 limit _ 102 — %?aéa?v:d Iimitt 4 limit _

E edian expectea limi 3 F —- edian expected lmi g

40 and 55 Gev R mg = 15 GeV | £1s.d. expected i A— mg = 15 GeV + 1 s.d. expected §
- —— mg =40 GeV [ ] +1s.d. expected 7 [ —— Mg =40 GeV [ +1sd. expected

107 —— mg =55 GeV ] £1s.d. expected = 10 —— mg =55 GeV [ ] +1sd. expected =

q 1 1 lllllll | | IllIII| 1 | IlIIIlF q 1 I IIIIII| ] 1 IIIIIII I | IIIIIIF

1 10 10° 10° 1 10 107 10°

S proper decay length [mm] S proper decay length [mm] 25


http://arxiv.org/abs/2110.13218

U(1), dark gauge symmetry

d

» Consider X as dark photon Z, dark Higgs s or

pseudo-scalar a

%]
~
Q
o=
95 % CL upper limit on 5(gg - H — ZZ_— 4l) [fb]

» Different strategies for ZX and XX topologies
> Report exclusions on cross section, branching
fractions and dark photon model parameters

CMS

H

—_

9
a
|

B(H = X X)x B(X — ee or pp)y
(e
|

Expected exclusmn
— Observed exclusion
Z,Z, — 4l, x = 0.0002

137 fb (1 3 TeV)

BR of H>XX->4l

m, [GeV]

CMS arXiv:2111.01299 BRof H>ZX->4

Exotlc nggs Decay H%XX/Z

: ATLAS :

- Vs=13TeV, 139" -
= —— Observed ]
| Expected -
08— [ Expected +10 ]
L [ | Expected+2 o -
0.6/— —
04— —
09— _
[] B 1 | 1111 | | I | 11 | | I | | I | | 1111 | | I ‘ 1111 ‘ 1 i

1 20 25 3{] 39 40 45 50 59
my, [GeV]

XS of H > 72, >4l

)
5
-
>
wn

107
N oub 7% 7 !
N O 7 bserv % . ATLAS
:I 012 é - Expected / Vs =13TeV, 139 fo"
@ - /.Expected+1o / P Ho 224
°|%oI 0.1— 2|:]Expected+2c / i
g 0.08- % %
:'% 0.06[ %
é 0.04:— %
é 002:—-—— / /%

S S e Tee0 2 a0 405080

m, [GeV]

model-dependent BR(H—)ZdZd)

ATLAS: arXIV 2110 13673

CMS

137 ' (13 TeV)

--------- Expected exclusion
- —— Observed exclusion oo

o ——H->22Z, »4l,£=0.05_.

1 1 1 1 1 1 L ‘ 1 | 1 | i 1 1 1 L I 1 | 1 |
10 15 20 25 30 35
m, [GeV]

€

95 % CL upper limit on kinetic mixing parameter

o
o
©

R o e BRI e o T
ATLAS

{s=13TeV, 139 fb”
—— Observed

----- Expected

[ Expected +t1c

[ ] Expected+2 ¢

0.08

0.07

0.06

0.05

0.04

0.03

0.02

S A S P T
mg, [GeV]

Kinetic-mixing parameter
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https://arxiv.org/abs/2110.13673
http://arxiv.org/abs/2111.01299

Dark showers

» CMS : search for resonant production of strongly-coupled dark
matter, for the first time at the LHC

couplings to
SM quarks

» Benchmark: hidden sector coupling to the SM via a heavy
leptophobic Z' mediator arising from a broken U(1) symmetry

couplings to dark
quarks (dark hadrons)

q X
» Signature: two "semi-visible" jets (contain both visible matter and invisible CMS-PAS-EXO-19-020
dark matter), one of them aligned with MET CMS Simuiaton Prefminary (13 TeV)
-*g 10 | [elein] _I signal(n;dam=20GekVI, | 3
» BDT trained using jet substructure variables to distinguish between semi- [ R e o)
. . . . & TF & - -m, - 3100 GeV 3
visible jets from standard jets £ 410GV
CMS Preliminary 137 fb™ (13 TeV) CMS Preliminary 137 o' (13 Tev) © 107
= L T * 1] F — 1 T T T T T T T
'8_ 95% CL upper limits inclusive ] '8_ 95% CL upper limits BDT-based i
E 10 — Observed (a%) — Theoretical _ '5' 10 — Observed (0£°%) —Theoretical E 1072
o : - -Expected (%) —Observed (o) 3 b ‘ - -Expected (%) —Observed (o/}%") 7
i [ 68% expected Expected (o) ] 1 [ 68% expected Expected (o))
1E [J95% expected —Observed (o) _ [J95% expected —Observed (o) E 10°
- Mg = 20 GeV,r,, = 0.3 - -Expected (o) ] My = 20 GeV, 1, =0.3 - -Expected (2 )
T 10_ 3 1
—1L 3 A4l e
107¢ 1 109 02 04 06 08 1
- 102 | BDT discriminator (J; ,)
mediator 10°%F lusi n ;
masses up to 10_3' Inciusive searc O e
. £ uses only event-level i i
3.9 TeV are - u y ever o BDT-based search medlator mass exclusion
excluded 10+ kinematic variables - . . | 1 increases to 5.1 TeV
2000 3000 4000 5000 2000 3000 4000 5000 27
m,, [GeV] m,. [GeV]



https://cds.cern.ch/record/2778946/files/EXO-19-020-pas.pdf

Status of LLP searches at ATLAS and CMS

ATLAS

EXPERIMENT

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

ATLAS Preliminary

g

g

t

3

600 Gev 3

RPY LQD, E-bl, m; = 600 GaV i
RPV LQD, F-bl, me = 1600 GeV 3
GMSB, g6, mg= 2450 GeV g
GMSB, Gg6, m;=2100 GeV §
Split SUSY, §-adxf, m; = 1300 Gev g
Split SUSY (HSCP), fi, = 0.1, my; = 1600 GeV §
mMGMSB (HSCP) tanfi =10, u =0, m; =247 GeV
Stapped £, f-+tyf, my= 700 Gev 3

Stopped g, §=qdx], 55 = 0.1, mz = 1300 GeV Fi
Stopped g, G—qdx? (uux?). fzy = 0.1, my =940 GeV §

AMSE, x = =x{n =, m. =700 GeW X
9y, mys = 400 GeV X

GMSB 5PSB.

H=XX(10%), X—»ee, my =125 GeV, my =20 GeV X

Overview of CMS long-lived particle searches

CMS

3-140 fb~1 (8, 13 TeV)

M5 PAS-£40-19.021 (Disp. jets) O 00SE0 245

CMS-PAS-EX0-19-021 (Disp. jets) 0.006-0.55 m
1906.06441 (Delayed jet + MET)
<lm

CMS-PAS-EX0-16-036 (dE/dx)

1802.02110 (Jets + MET)

032-34m

CMS-PAS-EXO-16-036 (dE/dx + TOF)

2004.05153 (Disappearing track)

1909.06166 (Delayed y(y)) 0.2-6m

1801.00359 (Delayed jet)
1801.00359 (Delayed py)
0.7-30 m

=07 m
>75m
§0-1.5e+13 m
50-3e+13m
600-3.3e+12 m

1411.6977 (Displaced dielectron)

0.00012-25 m

H-XX(10%), X, mie =125 GeV, my =20 GeV X 1411.6977 (Displaced dimuon) 0.00012-100 m
H=XX(10%), X=bb, my =125 GeV, my =40 GeV X CMS-PAS-EX0-19-021 (Displaced jets) 0.001-0.53 m
dark QCOD, iy, =5 GeV, my,, = 1200 GeV K| 1810.10069 (Emerging jet + jet) 0.0022-0.3 m
10-% 1073 10-2 10°* 10° 10t 10? 10°
<t [m]

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.

Status: July 2021 JLdt=(18.4-139) b V5 =8 13 Tev
Model Signature  [rdt[7] Lifetime limit Reference

RPV T — g displaced vix + muon 136 | tlifatime ! ! ! 0.003-6.0 m J miE)=1 4|T-v 2003.11956
RPV ] — eev/ev/pupv  displaced lepton pair 328 ;(:' lietime 0.003-1.0m m()=1.6TeV. m{y})=13TeV 1907.10087
GGM S — ZE displaced dimuon azg ;(:' lifetime 0.029-18.0m m{g)= 1.1 TV, mix)= 1.0 Tew 1808.03057
GMSB non-painting or delayed y 203 ;(;' lifetime _ SPSB wilh A= 200 TeV' 1408 5542
GMSB - 18 displaced leptan 138 | Fiifetime 8750 mm m{F)= 60D Gev 2011.07812
GMSB % 78 displaced lepton 139 | #iifetime 9-270 mm m(Z)=200 GeV 2011.07812

% AMSE pp — yiv].x7v;  disappearing track 136 | aj lietime 008306 m m{y})= 650 GaV ATLAS-CONF-2021-015
AMSB pp s yirlxjxy  largepivel B/ 184 | ] lifeime . 13eom m{x})= 450 GeV 1506.05332
Stealth SUSY 2 MS vertices 361 | §lifetme 0.1-519m B(g — 5g)= 0.1, m(g)= 500 Cie 1811.07370
Split SUSY large pixel dE/dx 361 | gliletme >09m m{F)=18ToV, m{x§)= 100 Gev 1808.04085
Split SUSY displaced vix + E'® 328 | liletme 0.03-13.2m m{F)= 1.8 TeV, mix]}= 100 GaV 1710.04901
Split SUSY 07,2-6jels +EP™ 361 | @liletime 002im m{i)=18TeV, m{x{)= 100 GeV | ATLAS-CONF-2018-003

B2

Hss ID/MS vix, low EMFirkjets 36.1 | s liletime: 0.12-416m mis)= 25GeV 191112575 L
VH with H —» s5 — bbbb 2( + 2 displaced vertices 139 [ s liletime. 3.6-62 mm m{s)= 25 GeV 2107.06092

‘g FRVZ H — 2y4 + X 2 e-, p-ots 203 - 0-3mm miys)= 400 MeV 1511.05542

é FRVZ H = 2y4 + X 2 p-jots 36.1 ya lifetima 1.5-307 mm m{yq)= 400 MeV 1909.01248

§ FRVZ H = dyy + X 2 u-jets 361 | yalifetimo 3.7-178 mm miyy)= 400 Mev 1909.01248
H 242y displaced dimuon 329 2, litatime 0.009-24.0m m{Z4)= 40 GeV 1808.03057 s
H— 224 2 .1 + low-EMF rackless jet36.1 | Zy litetime 0.21-5.2m m{Z,)= 10 Gev 1811.02542
©(200GeV) 55 low-EMF trk-less jets, MS vix36.1 | s lfetime 0.41-51.5m o> $=1pb m(s)=50GeV 1902.03094

i D(B00GeV) + 55 low-EMF tricless jets, MS vix 36.1 | s litatime. 0.0421.5m % B=1,pb, m(s)= 50 GeV 1902.03094
o1 TeV) 55 low-EMF trk-loss jots, MS vix 36,1 | s itetime 0.06-52.4m o xB=1po m(s)=150Gev|  1902.03094
N W displaced vtx (i or pe) + o 36.1 N lifetime 0.44-37 mm m{N)= 5 GeV, LNC 1805.09787

; N wr displaced vix (s or el + 4 361 | N lfelime: 0.64-22 mm m{N)= 5 Gev, LNV 190509787

1 1 1 1 1
0.01 0.1 1 10 100 or [m]
- Vi=13TeV  yi=13TeV
partial data full data L L 1 L L
“on - imits is shown 0.01 0.1 1 10 100
7 [ns]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSIC

S/PUBNOTES/ATL-PHYS-PUB-2021-033/

38 b (13 Tev)
132 1671 {13 Tev)
38 fb! (13 Tew)
132 Mo~ {13 Tew)
36 b~ (13 TeW)
3ol (13 Tew)
132 fo™ {13 Tev)

132 fo~} {13 Tev)
137 fo=l {13 Tev)
36 fb (13 Tew)
13 b~ (13 Tev)
131677 (13 Tew)

39fb~" (13 Tev)
39 fb~1 (13 Tev)
39 b1 (13 Tev)

140 o~ {13 Tew)
77 fb? (13 Tew)

20 fb=? (B Tew)
20 fb~! (8 TeV)
132 1671 {13 Tew)
16 fb~* (13 Tew)

LHCP 2020

http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-033/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html

Long-lived Scalars : Complementary searches

» Searches for signatures in different subdetectors

can be complementary

Prompt search,
reinterpretation \

ZH DV based search using LRT

8 i— = .[ J nll.l Uy
© ' 4
T L= 3

= J
Q 107 . =
c , P R =
o ATLAS Preliminary ]
.

'é 102 {s=13Tev =

= my, =125 GeV e =

Q ma = 15 GeV :

.

g 10 —— m, =35GeV

- — m,=55GeV CR+(MS1+MS2)

O a m- = 5 GeV

2 104LE: Prompt --my =8 GeV

e} Oif «®-m,=20GeV m, = 15 GeV

(o)} Qi .e-m, =30GeV m, =25 GeV

10°° - m, =60 GeV m, = 40 GeV

10* 10® 402 10!

1 10

Ill

10°

Mean proper lifetime ct_ [m]

6/6gu(gg—H)

H displaced (tracker) {32 fh”' (13 TeV)
107 - T T T T T T TTTT T

10° CMS 95% CL upper limits
> Observed
10°
Median expected
10'E 99 - H, m, =125 GeV
68% expected

10‘ H%SS,SA*w
¥ mg =40 GeV

* mg =55 GeV

arXiv:2012.01581
(CMS-EX0O-19-021)

10

1072

10°

104 Lailil 1 L‘l‘lll’ 1 1111-’z o |
1 10 10° 10
arXiv-2012.01581 C‘:O [mm]

CMS using displaced jets

Can expand the lifetime coverage by using multiple search strategies

’ ,oé
N

f

f
f
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https://arxiv.org/abs/2012.01581

