ExXperimental Results
on Exotic Searches

ATLAS

EXPERIMENT

The Ninth Annual Large Hadron Collider Physics Conference
Halil Saka (University of Cyorus), on behalf of the ATLAS, CMS, and LHCD collaborations
June 8, 2021



LHC on Beyond the SM Physics ATLAS

35.9-137 fb' (13 TeV)
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® 10+ years and counting, the LHC physics program is as active as ever. E& " cMms wz =
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Playing the hand we are dealt

e | HC experiments provide a well calibrated environment, but we have a 6(SM) to get past.

A typical BSM search seeks:

- More leptons (useful at a hadron collider) ..and probes for: ’ \ ;

- More jets (or substructure, or flavor tagging, ..) - Resonant TR AN 1 N o | N d

- More long-lived - Semi-resonant / end-point \ \
- Non-resonant (tail enhancement)

structures, oftentimes with multivariate technigues
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All results at: http://cern.ch/go/pNj7
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l. ATLAS "5

e A limited survey of LHC searches for various extensions of the SM. S cprvmran v Vomppmmn WLLLLELLLLELL %
T @I @I @ |: L@ | @
up charm top :' E gluon higgs
Extended Gauge Sector / New bosons @D 9| @ | | @
down strange bottom | 3 = | photon
- EXtra dimenSiOn mOdels (\/KK, GKK, L] -) v =0.511 MeV/c? =105.66 MeV/c? =1.7768 GeV/c2 TR . =91.19 GeV/c?
e . & " H B ) ;
- Grand unification theories (leptoquarks, ...) Ce electron || muon || tau Z boson
. . . ° A ;2.2 ev/c2 ;:1.7 MeV/c2 ;:15.5 MeV/c2 _=180-39 GeVv/c?
- Technicolor, composite Higgs (W', Z',...) - @ |- @ |- @ W
electron muon au W boson I
- neutrino heutrino neutrino
A New Heavy Fermions
. - Chiral structure important
v - Mass independent of EWSB

Additional Scalar States

- A common feature in SUSY models . :
. Compositeness

~ Mixing with Higgs

- New forces/particles integrate out at low energies (SM)

. Please see dedicated sessions on:
A bias towards very recent results from - Dark Matter, SUSY interpretations/searches
ATLAS, CMS, and LHCDb - precision SM, Higgs measurements and reinterpretations
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Extended gauge sector ATLAS %

137 fb (13 TeV)
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- On the other side of the spectrum are searches with - NEe z T U N arXiv:2103.02708
: S e e ; 10 AL N\ PLB 796 (2019) 68-87
- - miss .: Cinclusi I e <15)
bosons / third generation / p" signatures 10k v; , mgu;,.v\j o i  eEa iEP 06 (2020) 033
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— hadronic techniques . ATLAS e T L R I T JHEP 03 (2020) 145
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CMS EXO-19-017

m,, [TeV]

Good to think in terms of signatures <« Simplified models help us to keep track*

*Heavy Vector Triplet model (HVT): couplings to quarks, leptons, Higgs are free parameters
- Model A [aka Sequential Standard Model (SSM)]: BR(V" — ff) important
- Model B : BR(V' — VV/VH) dominant - Model C : VBF production only,
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https://arxiv.org/abs/2103.02708
https://arxiv.org/abs/1903.06248
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https://arxiv.org/abs/1910.08447
https://cds.cern.ch/record/2758647

Heavy charged bosons: W' — ¢v aTLAs )

® Sole handle is the lepton reconstruction and identification
back-to-back £-p™isS: Ady ~ x - Events are collected by single lepton or p7*** triggers (€/u vs 7) | 7 (15TeV)
q f e M8 ey o s snvenanme
e Probe the m(Z, p7**) spectrum for a very wide kinematic endpoint éizz = Db Syt ucatanes
W’ - detector effects / calibration are particularly important 3w

—
o
w

® New results from ATLAS (zv) and CMS (ev, uv)
- Most stringent limits on W’ (assuming dominant decay mode to fermions)

g’ v .
1 - W’ decays into any lepton flavor are excluded for m(Wg,,) <5 TeV =
Model independent limits ~ 107 fb at my > 3 TeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-025/
https://cds.cern.ch/record/2758647
https://cds.cern.ch/record/2758647
https://arxiv.org/abs/1906.05609

Heavy charged bosons: W' — WH aTLAs

ATLAS CONF-2021-026

Y ' . ' ' 1 - »
Diboson searches a wide, inclusive "heavy object” program

S . A thorough scan of HVT parameter space
Simple recipe: bump hunt, but ... with Run-2 dataset is in the pipeline:

- collimated decay products, large-R jets — substructure < 1 fb level constraints , form > 3 TeV

H - bb (58%)

e Most sensitive probes of W' — WH are in semileptonic decays
e CMS: (VW/VH inclusive analysis)

e ATLAS: - merged large-R jet, mass decorrelated tagger
- Resolved dijets or merged large-R jet: my,, = [0.4,5] TeV - Higgs tagging (dedicated double-b tagger)
- Higgs tagging (single/double subjets b tagged) - 2-dimensional fit in the my,, — my plane
- HVT Model B: most stringent limits at at lower masses - Mass exclusion at 4 TeV
(~5fb at 1 TeV) o e S (S TEY 137 o' (13 TeV)
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2 ATLAS Preliminary All limits at 95% CL = T 300 - < 95% CL upper limits _
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-026/
https://cds.cern.ch/record/2759298
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-19-002/

The ‘flavor issue’

® LFU tensions observed by LHCb* could hint at BSM physics
- possible explanations involve new bosons with preferential couplings

to third generation S|\ fermions
* LHCb-PAPER-2021-004

See talk on high mass

mediators by Claudio
Quaranta on Wednesday

e | epton Universality Violating /' /j/
- enhanced couplings to third generation b

with non-negligible mixing between third and second gen.

-

® “Third generation” vector leptoquarks
- pair + single production mode ;
- LQs with couplings to all third generation fermions /
LQY ’

- ttv(b) final state (with resolved/merged top)

- 4 jets, with at least 3 b-tags
- First search probing up to 3.6 TeV
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35 — k 1 —_— LQV LQV +T LQV - LQV LQV +T LQV B anomalies — w 10 §— \l.gD—atlS TeV, 'E- : :
3 :_ - — LQV LQV - LQV LQV (950/0 CL) _: \q\./ o ;_ :Eackground %1 0—12_ - ~ E
— | = : umpHunter Int - ]
- ——— LQV Cee T LQV — E = | © bbZ'~> bbbb (M [ -
— — s | o bbZ'—> bbbb (M
2.5 1>2.5 excluded by EWNPM L R — 10° e ' ST | TR T T e SO TS
= ’ . , ! 2 — 12141618 2 22242628 3
— S R ) B ot My 2 [TeV]
2= LOLQO — thty ' — N .. L =
[ K4 o’ | o Ny e — ©0q
— R i EE ' 10 Lo ,
1 5 e 7 a ! Sl = FD Fit Range: + BH Scan Range:
— TL Q — ItV PO : ,' i —  [730, 3672]gGeV ' [1300, 3672] gev
— AT S — | FDFit 2p-Value: 0.89 | BH p-Value: 0.55
1 ppEE et Iy 7 = .
| B e : i' ] -
= e 1 7 107" &=
0.5F e ! 3 o 2
— ! 7 q
O ooy by by by N T R SR R S T T S N "Lé
0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2
ATLAS CONF-2021-08 constraints on scalar LQ with similar decay modes mLQ [TeV

Halil Saka (University of Cyprus)

Experimental Results on Exotic Searches - |LHCP 2021



https://arxiv.org/abs/2103.11769
https://arxiv.org/abs/2012.04178
https://indico.cern.ch/event/905399/timetable/?view=standard#day-2021-06-09
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-019/

Tri-body resonances: Gy, — ggg

CMS PAS-EXO-20-007

First LHC search for a trijet resonance with a boosted dijet

- KK gluon decays into 3 SM gluons via a radion (spin-0)

Double resonance in the M(R1)-M(R2) plane

- Select on radion M(R2) mass, look for three-body resonance M(R1)
- Empirical 3-parameter fit to data, in up to 22 regions

Significant improvement (~500 GeV) on the bounds for the WED benchmark model

-R2 jet substructure improves model sensitivity beyond the classic dijet searches
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https://cds.cern.ch/record/2771810

Tri-body resonances: Wy, - WWW ATLAS |

® First LHC search on a triboson resonance

CMS PAS-B2G-20-001

A1)

/ %Xu %%% - - KK eXCIted maSSIVe W bOSOﬂ (bUlk RS WED mOdel) WKK —> RW —> WWW See% by Antonis Agaprtos
v, %‘;‘V @) on Di/Tri boson resonances

e Targets events triggered by a lepton, with additional “large-R jets” (AK8) on Monday

Jet - 2 W-tagged jets
9 - 1 “WW?”-tagged jets including merged hadronic+leptonic W\W decays (lepton-in-jets)
W 1 ® [vent categorization based on jet masses and the NN tagger score (substructure)
- need consistency with SM W — jj
q (v . .
Jet o 2 ¢ A lepton+jets resonant peak is sought after. 137 7 (13 TeV)
a @ E) 3-5:_ CMS Preliminary A g
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Formp = 1 TeV, Wy masses are
excluded below 3.3 TeV
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https://cds.cern.ch/record/2759857
https://indico.cern.ch/event/905399/timetable/?view=standard#day-2021-06-09

Higgs, as a gateway to BSM ATLAS

S Preliminary {s=7TeV,L=5.05f";y{s=8TeV,L=5.26fb"
T | T T T | T T T I T T T T T T T |

T T
12 :_ ¢ Data
: 1 [ z+x
10r l [zv.zz

[]m,=126 GeV -

l

(I A
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m,, [GeV]

® |n a decade, the journey of the SM Higgs boson:
- signal
- background (e.g Rare SM measurements, eg. VW)
- discovery tool

Events / 3 GeV

o N H » o
T

® H serves as a “standard candle” in BSM analyses
- known mass, known decays

H-tagging (H — bb) -Re: Diboson searches!

® H has quantum numlbers of the “vacuum” (no coupling is forbidden)
- Particles in an extended scalar sector
(with hidden dynamics) would mix with the SM Higgs
- portal to hidden sectors
- Sufficient freedom for exotic couplings
BR(H—Non-SM) could be up to 0(10) %
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Exotic nggs decays: ZH — ZSS — 2¢4b

4

See talks by Carlos V. Sierra and

Rachel C. Rosten on LLPs on Monday

e Target Exotic H boson decays in associated production
- S could be light, and/or with small couplings — long lived

e Prompt dilepton + displaced jets final state

e Displaced jet tagging (tracks’ IP, transverse angle, PV-association)
- >2 displaced jets (in tracker volume)

e Similar constraints from ATLAS and CMS on
BR(H — 8§ — 4b)forct=1mm-1m

CMS Preliminary

—_
e}

107"

IIIIIII

1

"‘\:‘-_-— ‘_l 1 1 rrrri I ] I' 1 1 rrri "' I I\' 1 \:‘jl‘ r} R LI |
ATLAS Preliminary
it {s=13TeV, 139 fb”

| % ’ y o . ']
cee. * L NY JEEEN
we s ZH,H—>aa K
.o - b} . s & .
7—, ‘ " ‘\‘I ‘
. — — o 7 SO
T * . Y
A H — SS - bbbb ~ + &,
",", . 0' $
'0

| “Tn =i ma=45 GeV
ittt m, = 35 GeV

| -==m, =25 GeV
BR exclusion ~4% at ~55 GeV ma =15 GZV

~5% at ~15 GeV
llI 1 | | 1 IllIII

T 4
llllllI L1 1 111

1

117 fb' (13 TeV)

13
1812 ZH; H— SS; S— bb; ct = 20 mm —¢- Data
10" B(H — SS) =20% Bz~
100 E -vveeene Mg = 55 GeV firt
10 F — — Mg =15 GeV
10° Other
10
10°
18f’1
]
10°
10°
10
]
1 8-;
10-
107°

— Background pred.

3.5
1.75

95% CL upper limit on B(H — aa — bbb

1072 107"

Halil Saka (University of Cyprus)

1
Mean proper lifetime ct, [m]

0 _+__+_+ I

0'Data

I (] e

-3.5

Data - pred.

NJII'S > 2

Experimental Results on Exotic Searches - |LHCP 2021

VR1 VR2 VR3 VR4 VR5 VR6 VR7 SR

)

S

S
—
o

™

—>

95 % CL Upper Limit on BR(H

-k
o
w

—h
o
V)

10

CIVIS Preliminary

(/':'\I I\ A\ 2
A A D)/ g
H
g
g
3

EXPERIMENT
CMS PAS-EXO-20-003

ATLAS CONF-2021-005

Most stringent
constraints for

me S 15 GeV

w.r.t. inclusive
searches at the
LHC

arXiv:2012.01581
Eur. Phys. J. C 79 (2019) 481

117 o' (13 TeV)

/

;  pp—=ZH— Z(T) H(SS); S — bb (100%) ]
= Similarly for - — Observed limit (95% CL) =
- S — dd — — Median expected limit -
g_ X mS=1SGer mS=4OGer mS=55(BueV
B 68% 68% 68%

- expected expected expected

B BR exclusion ~3% at ~55 GeV

~10% at ~15 GeV

II“‘IIII I IIIIIIII I IIIIIIII I IIIIIIII

_L_IIIIIIII| [ TTTI

10 10°
S proper decay length [mm)]

12


https://cds.cern.ch/record/2767507
http://cdsweb.cern.ch/record/2759209
https://arxiv.org/abs/2012.01581
https://arxiv.org/abs/1902.03094
https://indico.cern.ch/event/905399/timetable/?view=standard#day-2021-06-07

Exotic Higgs decays: H — 5SS — 4

* First CMS search for long-lived “hadronic showers” in the Cathode Strip Chambers of

the endcap muon system

e Magnetic flux-return yoke (steel) + CSC used as a sampling calorimeter (4 layers)

e Clusters are built in the CSCs with [—5,12.5] ns cluster timing

e No excess over SM: expected 2 *+ 1 vs observed 3 events.

*Similar ATLAS search with partial Run2 data: PRD 99, 052005 (2019)
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https://cds.cern.ch/record/2647833

Exotic Higgs decays: complementarity

VH prompt ZH displaced
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http://cdsweb.cern.ch/record/2759209
http://arxiv.org/abs/arXiv:2012.01581

Very light bosons

See Deborah Pinna’s talk on DM int

CM

Y \J /:;‘/’

erpretations,

also talk by Federico Redi on Dark Photons today

¢ CMS scouting dataset with a dedicated dimuon trigger stream

- at a high rate, with low thresholds, reduced event/muon information

CMS PAS-EXO-20-014

CMS Preliminary 101 fb~' (13 TeV)

ly € [0.2, 1] cm
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e A “narrow signal” bump hunt in multi-dimensional space > :
- Probed mass range: 0.3 - 50 GeV P{W 107 - ﬂ /\
/ LN TR
: e . Ay 0
e Together with LHCb, the most sensitive probe of this phase space up to date 100
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Similar LHCb search: PRL 115 (2015) 161802

Comparable constraints, sensitivity.

15


https://cds.cern.ch/record/2767659
https://cds.cern.ch/record/2045144

See talks by Matthias Kommon on HNLs on Monday,

The fermion sector

¢ Masses independent from the EWSB
- Mixing with SM leptons, quarks, or neutrinos possible.

by Timothy R. Andeen on VLQs on Thursday

* Heavy SU(2) fermions N mix with neutrinos — ~naturally light mass states (the seesaw mechanism)
- The SU(2) singlet : N f

\/mM—|—4m]23:|:mM
my = 5 > <

2

mny <

m%/mM

(Heavy Neutral Leptons - HNL) New heavy state

2

- The SU@) triplet : N°, L%

Singlets Doublets Triplets

X
t ¢
b’ b’

¢ Vectorlike fermions
- Help to stabilize Higgs mass (third generation favored)

- Mix with SM fermions — could explain structure of fermion families
- Present in various scenarios: extra dimensions, SUSY, Little Higgs,..

VLQs

- Vectorlike top and bottom (T, B) searches are a major program at CMS and ATLAS

- “Leptons are not forgotten”.
First search on vectorlike taus (doublet) with partial Run-2 dataset

Halil Saka (University of Cyprus) Experimental Results on Exotic Searches - LHCP 2021
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https://arxiv.org/abs/1905.10853
https://indico.cern.ch/event/905399/timetable/?view=standard#day-2021-06-07

EXPERIMENT [&

Vectorlike Quarks: pair production aTLAs By

{ - e Strong BB/TT production independent of mixing with SM fermions
ooste
/. candidate
A / ® [nal state with one boosted leptonic Z candidate:
> 1b-tag - 2L or 3L, with additional b-jets and large-R jets
t/b - BEvents are classified in “boosted jet tag”’ type and multiplicity (0,1,2+)

Boosted jet tagger (V/H/t): NN multi-classifier, large-R (1.0) jets
T/B

large-R jets @ Among the best constraints on Singlet/Doublet BB, TT: 1.2-1.4 TeV

pp — TT/BB V (or H) 4 - Upper limits on mass in the BR plane for - .
V model independent interpretations Most stringent consi"r aints on
T — Wb/Zt/Ht VLT doublet (1.47eV) improved
*
B — Wt/Zb/Hb by ~100 GeV
*ATLAS combination: PRL 121, 211801 (2018),
*CMS all hadronic: PRD 100, 072001 (2019)
g 105;_ AITLAIS Fl>relirlnina;y o ¢I[_)ataI --IS?ng;Iet TIT | .IVV.I | 3 ;- %\
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-024
https://arxiv.org/abs/1808.02343
https://arxiv.org/abs/1906.11903

Vectorlike Quarks: single production ATLAS

ATLAS CONF-2021-018

' . = - .
® Production via mixing with SM quarks | CMS PAS-B2G-19-004 |
q

pp — Bq(b) - Single > pair production for masses above ~TeV, depending on mixing strength e
B — Zb/Hb L . . i
1 - 1 ® Hadronic signatures with forward jet(s), and b-tagged jets
ATLAS: VLB — tri-b-jet resonance ‘myg’
. - A large-R jet with double b-tagged subjets consistent with Higgs mass _
W pp — Tq(b)
i, CMS: VLT — top-Z kinematic endpoint in m(t, Z — vv) T — Whb/Zt/Ht
b - Resolved/partially boosted/boosted “top tagging” '
b h ‘ ® Best constraints on single production: ~1-2 TeV for a given width (5-30%) M
- single production constraints could be comparable (or better) o

Dominant single production mode if BR(B - Wt) ~ 0 with respeCt to the pair prOdUCtion.

> R L L L B B BN B . merged, = 1 fwd jet 59.7 fb' (13 TeV
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http://cdsweb.cern.ch/record/2760012
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-19-004/index.html

Lepton flavor violation in Z

e Search for LFVinZ — et Z — ut decays

Lepton flavor is not a protected symmetry in the SM
Jets aside, LHC is also Z producer! (more than 8B Zs in Run2)

 All mixed flavor final states are considered: €y, U7, €U

e MVA methods needed to sift out the signal from SM Z — 77

¢ Best bounds on LFV decays of Z with taus, surpassing LEP:

—6
BR <510
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Heavy leptons
mixing with SM ?
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Final state, polarization assumption

{Thad Run 1 + Run 2, unpolarized 7 [9]*

{7 Run 2, unpolarized v

Combined {T Run 1 + Run 2, unpolarized

LEP OPAL, unpolarised 7 [10]
LEP DELPHI, unpolarised 7 [11]
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8.1 (8.1) 9.5 (6.1)
7.0 (8.9) 7.2 (10)
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* to appear in Nature
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http://cds.cern.ch/record/2767691
http://cds.cern.ch/record/2740585

W—I—
LHCb Eur. Phys. J. C 81 (2021) 248

‘VMNF

()
+ LHCb Eur. Phys. J. C 81 (2021) 81
o Study of W decays to probe low mass HNLs through their mixing with neutrinos Ve H
N N4 HNLs with light
ce L ¥ lepton flavor
e Prompt, resonant N — u]] signature _ v i/ et e
- . e Displaced N — euv J couplings:
- Both LNV (SS) and LNC (OS) final states + jets H ] W* = e*N/u*tN
- First limit on LNC decays of a prompt heavy neutrino - ¢ty < 15 mm (eu form a secondary vertex)
| VﬂN|2 > 1072 excluded for my ~ 10 GeV - Exclusion limits on oy — 7y 1y
- Also first probe of N — ujj decay at low masses (<20 GeV) - First direct LLP— ¢uv search at LHCb
= I B e — — 7T =i Cascade b decays: Independent bb decays: . , —
— — ' . . . O
— o lepton-number-violating Runt, /b LHCb - -ow Aand m: hlg? dISp | IHllglhl %Rv a@(‘jll‘r? ’Alo_\-NT(-jLSp' | ? LHCb (a) mrp = 7.0 GeV/c?
10! & °© lepton-number-violating corrected Vs =7,8TeV N& [ LHCH Run2 data[§ 1L --o-- DPP /,x”D i
— = lepton-number-conserving —~ G6F T T + Deta ] % 10 — Total ' 5 --5-- HIG ’D,/’
— = lepton-number-conserving corrected § - Un-signal-like excess — m w — w 1 > K miie = 47 GeV/cz, ng L 6 o N— ////, L
1072 i mZ - 510 Low AR background| & [ “—__ R o T
— i ot Erf};t“m'—; = [ High AR background & Decays outside VELO 1
10—3 - § (15GeV/e?) - 8 100k } Data T‘j gt
— - ;cg same-sign —: ,_C"S ; & S T T
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107% ~ - O : Y } i : l}}i 0.1} .
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ot) [GeV/ 2 0.0] b—— [N Y B X Y 1 1 Y I | O M 1 O { 1 !
CMS prompt trilepton search (PRL 120, 221801 (2018)) m(unjet) [GeV/c’] 0 20 30 40 50 60 =0 280
excludes LFV N with | V,y|> 2 2X 107 at my = 15 GeV Meor [GeV/c?]

ATLAS trilepton displaced vertex search (JHEP 10 (2019) 265)
excludes | Vﬂle > 2% 107 % at my =7 GeV
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https://cds.cern.ch/record/2744120
https://arxiv.org/abs/1802.02965
https://arxiv.org/abs/1905.09787
https://cds.cern.ch/record/2746781

Heavy leptons: pair productio

e Pair production of heavy fermions, NV O, L= (Type lll Seesaw)

- Production via EWK interactions

- Mass degenerate SU(2) triplet

- Decays via flavor democratic
mixings with SM leptons

e Variety of final states with electrons or muons, jets, and pr

- 3 leptons: 0-1, 2 or more jets
-4 leptons: 20, =0,+2

® Most stringent limits to date: ~ 910 GeV
- Vlery similar constraints from CMS as well

Halil Saka (University of Cyprus)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-023/
https://arxiv.org/abs/1911.04968
http://cds.cern.ch/record/2728390

TOo summarize ATL

® Diverse set of Exotic searches probing a multidimensional phase space at the LHC
- extended boson / fermion sectors (few GeV to few TeV)
- (light Iin the dark)

- direct probes of new physics over 4 orders of magnitude in mass

® \/ibrant activity on the mature Run-2 dataset in the months to come,
and rise of new innovative technigues and practices in the wake of Run-3
- Trigger level analysis is a powerful tool (less is more)
- ML is now an industry standard
(jets are the new leptons, advanced analysis techniques)
- “Non-standard” uses of our detectors
(New triggers, detector upgrades to facilitate this further)

e Hadron colliders have been with us for only 50 years:
- proven discovery machines!
- we have all the reasons to look forward to the next ~20 years of the the LHC

https.//cerncourier.com/a/discovery-machines/
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LHCDb flavor anomalies: tests of LFU

LHCb-PAPER-2021-004
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https://arxiv.org/abs/2103.11769

Leptoquark searches

pp — LQgLQg, all contours at 95 % confidence level

June 2021
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[arXiv:2101.11582]

ttbv

[ATLAS-CONF-2021-008]

sbottom-07

[arXiv:2101.12527]

ATLAS, 36.1 fb™' (obs.)
[JHEP 06 (2019) 144]

Q,;LQ;3, all contours at 95 % confidence level
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m(LQ3) [GeV] m(LQ3) [GeV]
CMS

scalar LQ (pair prod.), coupling to 1%t gen. fermions, B=1 M <1.44 1811.01197 (2e + 2j)

scalar LQ (pair prod.), coupling to 1%t gen. fermions, B8 =0.5 M <1.27 1811.01197 (2e + 2j; e + 2j + EY'ss)
% scalar LQ (pair prod.), coupling to 2"4 gen. fermions, B =1 M <1.53 1808.05082 (2n + 2j)
S scalar LQ (pair prod.), coupling to 2" gen. fermions, B =1 M 0.8—1.5 1811.10151 (1 + 1j + EY'ss)
§ scalar LQ (pair prod.), coupling to 2"d gen. fermions, B =0.5 M <1.29 1808.05082 (2u + 2j; p + 2j + Ef'ss)
§ scalar LQ (pair prod.), coupling to 3" gen. fermions, B =1 M <1.02 1811.00806 (2T + 2j)

scalar LQ (single prod.), coupling to 15t gen. fermions, B=0,A=1 M 1-1.6  EX0-20-004 ( = 1j + Einiss)

scalar LQ (single prod.), coupling to 3™ gen. fermions, B=1,A=1 M <0.74 1806.03472 (2t + b)

0.1

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-017/

Heavy neutral leptons aTLAs

Eur. Phys. J. C (2021) 81:248

Fig. 1 Properties of a heavy
neutrino as a function of its
mass [21,22]: (left) the
branching fractions to final
states with a muon and (right)
the lifetime, assuming a
coupling of 10~

B(N — uX)

—] |||||||I ||||||||| IIIIII|,l| IIIIII|,l| IIIIIIllI_I_L_I_I_I_I,ll IIIIII|,l| II|||_|_|_ll| IIIIIIllI_I_LL_I_I_I,II 1158

107 E — N — pud — N — ucb
—0—8; — N — uus — N — pev,
_9E —N—>,uub_N_>WWu
__0_10 ? N — ucd N — utv;
10 E — N — ucs
10—11||||||||||||| T R N RN RN SR NN SO SO N NN T SR
20 40 60 30 20 40 60 30
my [GeV/c?] my [GeV/c?]
2 \? 2
2 My My
olpp o> W)-B(W —->E¢N)=oc(pp > W)-BW - tv)-|U|I"|1 ; ] 4 ;
msy, 2my;,

Halil Saka (University of Cyprus) Experimental Results on Exotic Searches - LHCP 2021 26



CMS long-lived particle searches

RPV UDD, §-tbs, mgz=2500 GeV
RPV UDD, g-tbs, mgz = 2500 GeV
RPV UDD, t—»dd, m;= 1600 GeV
RPV UDD, t—»dd, m;= 1600 GeV
RPV LQD, t-bl, m; = 600 GeV
RPV LQD, t-bl, m; = 600 GeV
RPV LQD, t-bl, mi = 1600 GeV

GMSB, §—9G, m; = 2450 GeV

GMSB, §—9gG, mz = 2100 GeV

Split SUSY, §-qqdx?, ms = 2500 GeV

Split SUSY, §—qqdx?, m = 1300 GeV

Split SUSY (HSCP), f3, = 0.1, mg = 1600 GeV

EE mMGMSB (HSCP) tanB8 = 10, u> 0, m; =247 GeV
@ Stopped t, t=tx?, mi= 700 GeV
Stopped g, §—qgx?, f33 =0.1, mz = 1300 GeV
Stopped g, §-qgx3(uux?), fzo = 0.1, mg =940 GeV
AMSB, x = -xn*, m,+- =700 GeV
GMSB SPS8, x?-yG, my = 400 GeV
H-XX(10%), X—ee, my =125 GeV, my =20 GeV
& H-XX(10%), X-uu, my =125 GeV, my = 20 GeV
§ H-XX(10%), X—bb, my =125 GeV, my = 40 GeV
@ H-XX(10%), X—bb, my = 125 GeV, my = 40 GeV
= HoXX(10%), X-bb, my =125 GeV, my = 40 GeV

dark QCD, my,, =5 GeV, my,, = 1200 GeV

Overview of CMS long-lived particle searches

CMS Preliminary

3-140fb1 (8, 13 TeV)

ATL

EXPERI

g 2104.13474 (Displaced vertices) [IE0.0006=0:09 m|
g 2012.01581 (Displaced jets) [ 0:003=1"m|
e 2104.13474 (Displaced vertices) _
e 2012.01581 (Displaced jets) [ 0l002=1:32'm|
t
£ CMS-PAS-EX0-16-022 (Displaced e + displaced p) [ 0l0005=04"m|
f 2012.01581 (Displaced jets) [N01005=0:24'm|
g 2012.01581 (Displaced jets) 0.006—-0.55m
g 1906.06441 (Delayed jet + MET) 0.32—-34 m
g 2012.01581 (Displaced jets) 0.007-0.36 m
g 1802.02110 (Jets + MET) <lm
g CMS-PAS-EX0O-16-036 (dE/dx) >0.7m
T CMS-PAS-EXO-16-036 (dE/dx + TOF) >7.5m
e 1801.00359 (Delayed jet) 60—1.5e+13 m
g 1801.00359 (Delayed jet) 50—-3e+13 m
§ 1801.00359 (Delayed pp) 600—-3.3e+12 m
x* 2004.05153 (Disappearing track) 0.7-30m
X0 1909.06166 (Delayed y(y)) 0.2—-6m
X 1411.6977 (Displaced dielectron) 0.00012-25m
X 1411.6977 (Displaced dimuon) 0.00012-100 m
X 2012.01581 (Displaced jets) 0.001-0.53 m
X CMS-PAS-EXO-20-015 (Hadronic CSC decays) 0.12—-450 m
X CMS-PAS-EXO-20-003 (Displaced jets + Z) 0.004-0.248 m
Xpu 1810.10069 (Emerging jet + jet) 0.0022—-0.3 m

1 1 1 1 1
10~/ 10> 1073 1071 10! 103

ct [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.
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140 fb~! (13 TeV)
132 fb~! (13 TeV)
140 fb~! (13 TeV)
132 fb~1 (13 TeV)
36 fb~! (13 TeV)
3fb~! (13 TeV)
132 fb~! (13 TeV)

132 fb~! (13 TeV)
137 fb~1 (13 TeV)
132 fb~! (13 TeV)
36 fb~! (13 TeV)
13 fb~! (13 TeV)
13 fb~! (13 TeV)
39 fb~! (13 TeV)
39 fb~! (13 TeV)
39 fb~! (13 TeV)
140 fb~! (13 TeV)
77 fb~! (13 TeV)

20 fb~! (8 TeV)
20 fb~! (8 TeV)
132 fb~1 (13 TeV)
137 b~ (13 TeV)
117 fb~1 (13 TeV)
16 fb~! (13 TeV)
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ATLAS EXxotics searches

ATLAS Exotics Searches™ - 95% CL Upper Exclusion Limits

Halil Saka (University of Cyprus)

ATLAS Preliminary

Status: March 2021 fL dt = (3.6 — 139) fo Vs=8,13 TeV
Model t,y Jetst ET™ [Ldi[fb™] Limit Reference
] ] | L] I ] ] ] ] | L] I ] ] ] ] ] ] | L] I ] ] ] ]
2  ADD Gkk +g/q Oepu,r,y 1-4]  Yes 139 Mp 11.2TeV n=2 2102.10874
S ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
2 ADD QBH - 2] - 37.0 Min 89TeV n=6 1703.09127
() ADD BH multijet — >3] — 3.6 Min 955TeV n=6,Mp=3TeV,rot BH 1512.02586
§ RS1 Gkk — vy 2y - - 139 Gkk mass 4.5 TeV k/Mp; = 0.1 2102.13405
S Bukk RS Gkx » WW/ZZ multi-channel 36.1 Gkk mass 2.3 TeV k/Mp = 1.0 1808.02380
g Bulk RS Gk —» WV — {vqq 1eu 2j/1d Yes 139 Gkk mass 2.0 TeV k/Mp = 1.0 2004.14636
m Bulk RS gk — tt 1leu >1b,>1J/2) Yes 36.1 gkk Mass 3.8 TeV /m=15% 1804.10823
2UED / RPP 1le,u >22b,>23j Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(ALY - tt) =1 1803.09678
SSM Z’ — ¢t 2e,pu - - 139 Z’ mass 5.1 TeV 1903.06248
" SSM 7" - 17 271 - - 36.1 Z’ mass 2.42 TeV 1709.07242
c Leptophobic Z” — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
8 Leptophobic Z’ — tt Oe,u >1b,>2J Yes 139 Z’ mass 4.1 TeV M/m=12% 2005.05138
S SSMW ¢y Teu - Yes 139 | W’ mass 6.0 TeV 1906.05609
o SSM W’ — 1v 17 - Yes 36.1 W’ mass 3.7 TeV 1801.06992
g) HVT W’ - WZ — fvqgmodelB 1 e,u 2j/1J Yes 139 W’ mass 4.3 TeV gv =3 2004.14636
T HVT Z/ - ZH model B 0-2e,pu 1-2b Yes 139 Z’ mass 3.2TeV gv=3 ATLAS-CONF-2020-043
S HVT W’ — WH model B Oep 2>210b,>22J 139 W’ mass 3.2 TeV gv =3 2007.05293
LRSM Wg — tb multi-channel 36.1 | Wg mass 3.95 TeV 1807 10473
LRSM Wg — uNg 2u 1J - 80 | Wg mass 5.0 TeV m(Ng) = 0.5TeV, g1 = gr 1904.12679
Cl gqqq - 2] - 37.0 A 21.8TeV 7, 1703.09127
—  Clltqq 2epu - - 139 | A 35.8TeV 7, 2006.12946
O  Cleebs 2e 1b — 139 |A 1.8 TeV g =1 ATLAS-CONF-2021-012
Cl upbs 2pu 1b - 139 A 2.0 TeV g =1 ATLAS-CONF-2021-012
Cl tttt >1eu >1b,>1] VYes 36.1 A 2.57 TeV [Cat| = 4n 1811.02305
Axial-vector med. (Dirac DM) Oe,u, 7,y 1-4] Yes 139 Mmed 2.1 TeV 84=0.25, g, =1, m(x)=1 GeV 2102.10874
S Pseudo-scalar med. (Dirap DM) Oeu, 17,y 1-4j Yes 139 Mmed 376 GeV gq=1, gy=1, m(x)=1 GeV 2102.10874
Q Vector med. Z’-2HDM (Dirac DM) O e, u 2b Yes 139 Mmed 3.1 TeV tanp=1, g7=0.8, m(y)=100 GeV ATLAS-CONF-2021-006
Pseudo-scalar med. 2HDM+a Oe u 2b Yes 139 Mmed 520 GeV tanp=1, g,=1, m(x)=10 GeV ATLAS-CONF-2021-006
Scalarreson. ¢ — ty (DiracDM) 0O-1e,u  1b,0-1J Yes 36.1 my 3.4 TeV y=0.4, 1=0.2, m(y)=10 GeV 1812.09743
Scalar LQ 1%t gen 2e > 2] Yes 139 LQ mass 1.8 TeV B=1 2006.05872
Scalar LQ 2" gen 2 u > 2] Yes 139 LQ mass 1.7 TeV p=1 2006.05872
G Scalar LQ 3" gen 17 2b Yes 139 LQ} mass 1.2 TeV B(LQ3 — br) =1 ATLAS-CONF-2021-008
~ Scalar LQ 3™ gen Oeu >2j,>22b Yes 139 LQ; mass 1.24 TeV B(LQ3 - tv) =1 2004.14060
Scalar LQ 3" gen >2e,u,>21r>1j,>1b - 139 LQS mass 1.43 TeV B(LQY - tr) =1 2101.11582
Scalar LQ 3™ gen Oeu,>17r 0-2j,2b Yes 139 | LQj mass 1.26 TeV B(LQJ — bv) =1 2101.12527
VLQ TT — Ht/Zt/Wb+ X  multi-channel 36.1 T mass 1.37 TeV SU(2) doublet 1808.02343
>Q VLABB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
® § VLQ Ts5/37T53/T53 > Wt+ X 2(SS)/23eu>1b >1] Yes  36.1 | Tsszmass 1.64 TeV B(Ts3 > Wt)=1, c(Ts3Wt)=1 1807.11883
£ S VLAY - Wb+ X Teu 21b,>1] Yes 361 |Ymass 1.85 TeV B(Y — Wh)=1, cg(Wh)= 1 1812.07343
VLQ B - Hb+ X Oeu 22b,>21] Yes 79.8 B mass 1.21 TeV singlet, xg= 0.5 ATLAS-CONF-2018-024
VLQ QQ — WqWgq 1eu >4)  Yes 203 [lQimasSEee0Gev 1509.04261
S <£ Excited quark ¢* — qg - 2] - 139 q* mass 6.7 TeV only u* and d*, A = m(q*) 1910.08447
L S Excited quark g* — qy 1y 1] - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q*) 1709.10440
§:> £ Excited quark b* — bg - 1b,1] - 36.1 b* mass 2.6 TeV 1805.09299
Wi @ Excited lepton ¢* 3e,u — — 20.3 = A =3.0TeV 1411.2921
Excited lepton v* 3eut - - 20.3 A=16TeV 1411.2921
Type Ill Seesaw Tepu > 2] Yes 139 | N° mass 790 GeV 20008.07949
LRSM Majorana v 2u 2] - 36.1 Ngr mass 3.2 TeV m(Wg) =4.1TeV, gL = gr 1809.11105
3 Higgs triplet H** — ¢¢ 2,3,4 e, u (SS) - - 36.1 ** mass 870 GeV DY production 1710.09748
< Higgs triplet H** — ¢r e u,t - - 20.3 DY production, B(Hf* — ¢r) =1 1411.2921
@) Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |g| = 5e 1812.03673
Magnetic monopoles - — — 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
v_=13'rev ‘/_=13TeV L1 11 | 1 1 L1 11 | 1 1 1 1 L1 11 | 1 1 1 1
partial data full data 1071 1 10

*Only a selection of the available mass limits on new states or phenomena is shown.
tSmall-radius (large-radius) jets are denoted by the letter j (J).
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-009/

ATLAS Diboson searches

ATLAS Diboson Searches - 95% CL Exclusion Limits

ATL

EXPERIMEN

ATLAS Preliminary

Status: June 2021 L= (361 _ 139) fb—l \/E =13 TeV
Model Channel’ Strategy* Limit Reference
Bulk RS (knre = 35,Ag =3TeV) R — WW,ZZ - vvqq, tvqq, tlqq resolved, boosted | | | Eur. Phys. J. C 80 (2020) 1165
Bulk RS (knre = 35, A = 3 TeV) R— WW,ZZ - qqqq boosted JHEP 06 (2020) 042
" RS1 (k/Mp; = 0.01) Gkk = vy resolved arXivi2102.13405
.§) RS1 (k/Mp; = 0.05) Gkk = vy resolved arXiv:2102.13405
S RST (k/Mp = 0.1) Gkk = vy resolved arXiv:2102.13405
"c§3 Bulk RS (k/Mp; = 0.5) Gkx — WW — evuy resolved Eur. Phys. J. C 78 (2018) 24
*g Bulk RS (k/Mp; = 1.0) Gk — ZZ — e’ vt resolved Eur. Phys. J. C 81 (2021) 332
- Bulk RS (k/Mp; = 1.0) Gk = WW — evuy resolved Eur. Phys. J. C 78 (2018) 24

HVT (gr = 0.14, gy = —2.9)
HVT (gr = 0.14, gy = —2.9)
HVT (gr = 0.14, gy = —2.9)
HVT (gr = 0.14, gy = —-2.9)
HVT (gr = 0.14, gy = —2.9)
HVT (gr = 0.14, gy = —2.9)

W’ —- WZ — vvqq, tvqq, tfqq

W’ - WH — ¢vbb
W’ - WZ — qqqq
W’ - WH — qqbb
Z' - WW — fvqq
Z' — ZH — vvbb, ttbb

resolved, boosted

resolved, boosted
boosted
boosted

resolved, boosted

resolved, boosted

Bulk RS (k/Mp; = 1.0) Gkx —» WW,ZZ — vvqq, {vqq, ttqq resolved, boosted 0.3-2.0 TeV Eur. Phys. J. C 80 (2020) 1165
Bulk RS (k/Mp; = 1.0) Gkk = WW, ZZ — qqqq boosted JHEP 06 (2020) 042
HVT (gr = —0.55, gy = —0.56) W’ - WZ — &'t resolved Phys. Lett. B 787 (2018) 68
HVT (gr = —0.55, gy = —0.56) W’ — WZ — vvqq, €vqq, t€qq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT (gr = -0.55, g = -0.56) W’ — WH — tvbb resolved, boosted ATLAS-CONE-2021-026
HVT (gr = —0.55, gy = -0.56) W’ - WZ - qqqq boosted JHEP 06 (2020) 042
HVT (gr = —0.55, gy = —0.56) W’ - WH — qqbb boosted Phys. Rev. D 102 (2020) 112008
HVT (gr — ~0.55, g — ~0.56) Z' = WW = ewr resolved Eu. Phys. J. C 78 (2018) 24
HVT (gr — ~0.55, g — ~0.56) 2 = WW - tvaq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT (gr = —0.55, gy = —0.56) Z' — ZH — vvbb, ttbb resolved, boosted ATLAS-CONF-2020-043
g HVT (g = —0.55, g1 = —0.56) 7' WW > qqqq boosted JHEP 06 (2020) 042
3 HVT (gr = -0.55, gy = —0.56) Z' — ZH — qqbb boosted Phys. Rev. D 102 (2020) 112008
% HVT (gr = 0.14, gy = -2.9) W' — WZ — tvl't resolved Phys. Lett. B 787 (2018) 68
Q)

Eur. Phys. J. C 80 (2020) 1165
ATLAS-CONF-2021-026
JHEP 06 (2020) 042
Phys. Rev. D 102 (2020) 112008
Eur. Phys. J. C 80 (2020) 1165

ATLAS-CONF-2020-043
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HVT (gr = 0.14, gy = -2.9) Z" - WW — qqqq boosted 1.3-3.1 TeV JHEP 06 (2020) 042
HVT (gr = 0.14, gy = -2.9) Z' — ZH — qqbb boosted 1.5-2.65 TeV Phys. Rev. D 102 (2020) 112008
I I I I I I I I I
0.2 0.4 0.6 0.8 1 2 3 4 5

Vs=13TeV W Vs=13TeV
L =36.1 fb_l L =139 fb!

Excluded mass range [TeV]

*small-radius (large-radius) jets are used in resolved (boosted) events

"with€ = u, e
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