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EXOTICS AND BSM
IN ATLAS AND CMS



The Standard
Model (SM)
leaves many
guestions
unanswered

Plethora of
beyond SM
models (BSM)

Only few
observational
hints

Exotics and BSM in ATLAS and CMS
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https://www.uni-muenster.de/Physik.TP/research/klasen/research/physics_beyond_the_standard_model.html

Public results webpages
ATLAS Exotics HDBS
CMS Exotics Preliminary B2G

Exotics and BSM Searches iIn ATLAS and CMS

« ATLAS and CMS have a rich and very active .
exotics search program
« ~140fb~! of pp collision data at \/s = 13TeV

recorded in Run 2 (2015-2018) .
» Pushing mass limits and precision

Many full Run 2 results already public

and maore C()ming SUSY: P.Matorras-Cuevas, Sep.5 9:30
Dark matter: A.Albert, Sep.7 19:00

This talk: selection of results with focus on
recent, full Run 2 analyses

Overview of CMS EXO results

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

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

Status: JULV 2021 IL dt = (36 _ 139) fb—l \/_ = 8’ 13 TeV String resonance " TESEI 1917 13738 1604 08807 121 137 fo~t
M I £ J t , Emiss £ di[fb 1 L Ref Zy resonance M DS 171203103 (2u + Lyi2e + 1yi 2 + Ly) 36 fht
etsT t[fb~ imi ren Higgs  rescnance M MF2=335 | 180800257 (1j+ Lyl 36 b
ode Y T f [ ] imit ererence .E Calor Gctect Scalar, &) = 12 " OIS=NT0] 1912.12238: 1604.08507 12j) 137 i1
TrrTT y T ML ! T L T T T Scalar Diguark . GESSIEN1912.12238; 1604 08507 12 137 f?
‘,_.ﬂ ADD Gk + g/q Oe,pu, 1,y 1-4j Yes 139 Mp 11.2TeV n-2 2102.10874 1f 4, poeudoscalar (scakir], ol,, x BRIG-2h=> = 0,030,004 " 0.015-0.075 181104968 (36, = 46 137 fo~t
= ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZ NLO 1707.04147 tf + #, preudascalar (scatar), g, * ARG > =0.03(0.04} " 0.108-0.24 1971.04968 (34, =4f1 137 fi!
£  ADDQBH - 2j - 37.0 | My 89TeV n=6 1703.00127 - .
@  ADD BH multijet - >3] - 3.6 My 955TeV n =6, My =3TeV, rot BH 1512.02586 auark composheness (o), fue=1 BN 5030803 (2 36 b
E RS1 Gk — 2 - - 139 Gy mass 4.5 TeV k/Mp — 0.1 2102.13405 wuark composieness (L fuan = S 1BLE L0443 [2H) 36 fb~t
3 had Y | ¥ KK /Mp; = 0. : nuark composkeness (gl Tiss= = 1 SEITEN 1503.0803 (2)) 36 b=
Bulk RS Gy — WW/ZZ multi-channel 36.1 Gk mass 2.3 TeV k[Mp, = 1.0 1808.02380 T COMGOSHENESS (M, Mamn = — 1 BRI 1512, 10443 420 36 fb-1
g Bulk RS Gy — WV — fvqq 1epu 2j/1J Yes 139 Gkk mass 2.0 TeV kfMp; = 1.0 2004.14636 Excited Legton Contact Interaction IE=506 2001 04521 {2e +2j1 77 -t
lﬁ Bulk RS gxx — tt 1eu =1b 2102 Yes 36.1 Bkk Mass 3.8TeV r/m=15% 1804.10823 Excited Lentan Coract interaction -. OUESETN 200004521 (3 + B) 77"
2UED/ RPP leu 22b,23] Yes 361 |KKmass 1.8 TeV Tier (1,1), BAMY — 1) =1 1803.09678 LEN 17120 3 36 T
Laglal-leectar mediakor (el g = 025 Joy = 1My = 1 GeW L =1 LFL202345 | = 1j + BF™| o
SSM Z' — ¢t 2eu - - 139 Z' mass 5.1 TeV 1903.06248 (asial-Fwectir mediator (), g; = 0.25, gom = L iy = L Gev " D=2 1912 12238 1604.08507 2]} 137 -t
° SSMZ" - 17 27 - - 36.1 Z’ mass 2.42 TeV 1700.07242 scalar mediator [(+0tEh ga= 1 g = 1, = 1 Gey u <138 190101553 0, 16+ = 3) + E7™) ;g m-_
Leptophnbi(: 7' — bb _ 2h _ 36.1 Z’ mass 2.1 TeV 1805.09299 i pseudascalar mediatar [£60h 9y = 1, Jom = 1, M = 1 GV M =0.2 190101553 (@, LF + = 3 + Ej™} . __'
<) o g - scatar mediatar [fermion partall, 4, = 1m, = 1 Gev o =LA 171202345 | = 1) + 07 36 fb
§ ;SSF;;ODWhIDDICf — tt ‘? eu >1b,22J zes 133 Z' mass 4.1 TEV;.o - r/m=1.2% ?gg:gg;gg E comples st med (dark GO, iy, =5 Gev, £ty = 25 Fim w SL5A0 181010065 (&)l ' 36 fh!
— fy e = es W’ mass e . Baryanic 2\, gy = 0.25, gou = 1. mg = 1 GeV o SIS 1906 01713 h + By 36 fb-
© SSM W' — 1v it - Yes 139 W' mass 5.0 TeV ATLAS-CONF-2021-025 7~ FHDM, g = D, gorg = 1, Can8 = 1, m = 100 GV o WSS 190801713 [h+ EF) 36 fp!
g SSM W' — th - >1b,=1J - 139 W' mass 4.4 TeV ATLAS-CONF-2021-043 wertor resonance, g, = 0,25, goa = Lom, = 1 Gey W 03507 1911.03751 (= 3j 18 fb—*
g HVT W' — WZ — {vqq madel B 1eu 2i/1J Yes 139 W'’ mass 4.3 TeV gy =3 2004.14636 Leptogquark mediaton 8= 1 B = 0.1 A py = 0.1 800 < My < 1500 Ge¥ M BI-06 181110151 (1p+ 1j + EfF*) 770"
HVT Z’ — ZH model B 0-2epu 1-2b Yes 139 | 2" mass 3.2 TeV gv =3 ATLAS-CONF-2020-043 o -1
HVT W’ — WH model B Oep  >1b224 139 | W mass 32Tev av =3 2007.05293 g o b " Mo 03 2k B d
LRSM Wg — ulr 2u 1J - 80 | Wr mass 5.0 TeV m(Ng) = 05TeV, g1 = gr 1904.12679 = AP gluine ta 4 quarks e QSN 1505 01058 2j) 38 b2
; RFY gl to 3 quarks " =LSN 1510.10092 (&)1 36 bt
Clgqqq - 2] - 37.0 A 21.8TeV i, 1703.09127
— Clttaq 2epu - - 139 A 358TeV. . 2006.12946 ADD i} HLZ, ngn =3 W S12)) 16030902 12)) 36 bt
&} Cl eebs 2e 1b - 139 A 1.8 TeV & =1 2105.13847 ADDH i, M1 HLZ, g = 3 " SOEN 1812 10443 2y, 21} 36fh7
Cl uubs 2u 1b - 139 A 2.0 TeV g =1 2105.13847 ADD Gy emission, o= 2 " REH 171202345 | = 1 = B 36 !
Cl tett >lep =1b>1j Yes 361 [A 2.57 TeV |Cacl = 4 1811.02305 ADD QBH [jl, A = & M B 1503.0803 (3]} 360
ADD QB (2u), mn = M SR 120201122 jep) 36 fb
Axial-vector med. (Dirac DM) Oep, ¥ 1-4j Yes 139 Mpyed 2.1 TeV 84=0.25, g, =1, m(y)=1GeV 2102.10874 RS Gaelyyl, ke =01 M S 1800.00327 (2y) 36 fh™
Pseudo-scalar med. (DiracDM) Oeu, 7.y  1-4]  Yes 139 | Migea 376 GeV 8a=1, g=1, m(x)=1 GeV 2102.10874 AS OEH i), ne = 1 u S0 1801.0803 (24} 36 fh-
2 Vectormed. 2'-2HDM (Dirac DM) 0 .y 2b Yes 139 | M 3.1 TeV tanfi=1, gz=0.8, m{y)=100 GeV | ATLAS-CONF-2021-005 S el el " SE o i L 0501 = A v i
Pseudo-scalar med. 2HDM+a  multi-channel 139 Mued 560 GeV tanf=1, g;=1, m(x)=10 GeV ATLAS-CONF-2021-036 ::I‘i‘r—u:nf':.u"n! v e 1.: WESEE 160311133 (1 + EF I } e 36 fb-
Scalar reson. ¢ — ty (DiracDM) 0-1e,x  1b0-1J Yes 36.1 my 3.4 TeV y=04, 1=0.2, m(y)=10 GeV 1812.09743 RS Geclidh, gl by = 0.1 " BIS=2i6 1912.12234; 1604.09007 (2j) 137 fio-l
Scalar LQ 1%t gen 2e 22j Yes 139 | LQmass 1.8 TeV B=1 2006.05872 auclbed . et -
H itod light quarc gyl fy = Fm P 1 A, M A=SEN 1711 04652 (y + I 36 fb
Scalar LQ 2™ gen 2u >2j Yes 139 LQ mass 1.7 TeV p=1 2006.05872 excited b quark, fo=f=F =1 A=m; : M TSUEN 171104852 [y + ) 36 Th™
O Scalar LQ 3" gen 17 2b Yes 139 | LA mass 1.2 TeV B(LQS — br) =1 ATLAS-CONF-2021-008 i aucited light queark {gg), A= m; u DISSEEN 1917 12238; 160408907 (2]} 137 il
~ Scalar LQ 3" gen Oe,pu >2j,22b  Yes 139 LQY mass 1.24 TeV BLQY - tv) =1 2004.14060 i gcited slacirnn, fm = =1, A=) " BUES=20) 1511 03052 Iy + 2a} El
Scalar LQ 3" gen >2eu, 21721, 21b - 139 '-g = 1.43 TeV BLQY —» tr) =1 2101.11582 eacited muon, fy = f=F = LA u EESEEN 101103052 iy + 2w 36 fb-
d —2i ¢ N —
Scalar LQ 3" gen Oep.217 0-2j,2b Yes 139 JLG5mass 1.26 Tev B — b) =1 210112527 . GMSM, [Vaf? = L8, (Vi = 1.8 u 213 190202965 (3¢(p, o}l 36 b~
VLQ TT - Zt + X 2eu>3en >1b,21) - 139 | Fiase 1.4 Tev SU(2) doublet ATLAS-CONF-2021-024 FE NS Vel 4 Vil = 10 . . ey e
29 VOS5 Wzt x oo 37 [Bmes 134760 Sut) i om0zt B D o e : — e
3 'E VLQ To/3 T3l Tos = W+ X 2(SS)/28eu21b,21] Yes 361 Tsy3 mass 1.64 TeV B(Tsjz = Wi)=1, ¢ Ts;aWit)=1 1807.11883 = -12-0. 2 s =42
T a‘ VLQ T — Ht/Zt 1eu >1b,23] Yes 139 T mass 1.8 TeV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040 sealar L (pair prod.), cougling o 1% gan, farmions, @ =1 " <144 101101187 (Ze + 2]) 36 fh
vLQ Y — Wb Teu =1b, 21| Yes 36.1 Y mass 1.85 TeV B(Y — Wb)=1, cp(Wb)=1 1812.07343 seatar LG (pair prod.), coupling ke 1% gen. fermions, 8=0.5 M =137 181101197 (de + 2 e + 2+ BP 36 b~
VLQ B —» Hb Qeu 22b 21j,21J - 139 B mass 2.0TeV SU(2) doublet, kg= 0.3 ATLAS-CONF-2021-018 wealar LG [pair prod.), caupling te 27 gen. fermions, # = 1 M =153 100805002 (2p+ 2) 36 fb
- - scatar L) ([pair prod.), coupling ko 2 gen. fermions, = 1 W 015 1811100151 {aj + 1j + BF=) 77 b~
-g @9 Excited quark g — gg - 2j - 139 q° mass 6.7 TeV only u* and d*, A = m{q") 1910.08447 seatar LG [pair prod.), cougpling to 2 gan. farmions, £ = 1.5 M <139 180H.05DEZ (2 Bjg o+ 2 @ EEFE 36 fh™
pe] _5 Excited quark g* — gy 1y 1j - 36.7 q" mass 5.3 TeV only u* and d*, A = m(q") 1709.10440 = scatar LG (pair prod.), coupling ko ¥ gen. fermions, =1 M =103 1281100808 {Zv + 2] 26 b~
E £ Excited quark b* — bg - 1b 1] - 36.1 b* mass 2.6 TeV 1805.09299 seakar LQ [5ingle prod 3, coup, ta 37 gen, tarm.. f=1,4=1 " =074 L006.03372 (IT+ b 36 fb”
5 Excited lepton £* Beu - - 20.3 A=3.0TeV 1411.2921 _
. 2. raTw rEsanancE 0.6115-0,075 191204776 (20 137 fb
Excited lepton »* 3eput - - 20.3 A=16TeV 1411.2921 T r:-rx :::::-:1: : n.u-l:u 101204778 (2p) 137 fb~?
H SEMZ ] B2-5F Ex0-19-019 (2e, 2ul 140 fs~t
Type Ill Se.esaw 234eu 22.' Yes 139 N® mass 910 GeV ATLAS-CONF-2021-023 S5M Z(g4) M WE=28 | 1912.12238; 160403907 (2} 137 bt
LRSM Majorana v 2pu 2] - 36.1 Ng mass 3.2 TeV m(We) = 4.1TeV, g1 = gr 1809.11105 Ptadh M 0.01-0.125 1905.10331 (3], y) 36 fb
. Higgs triplet H** — W*W* 2,34 e, (SS) various  Yes 139 H*E mass 350 GeV DY production 2101.11961 Suparstring Z. . DS EXO.19.015 |2e, 2y 140 fio-t
Qo Higgs triplet H** — £¢ 234eu(SS) - - 36.1 H*% mass 870 GeV DY production 1710.09748 LFY 2, BRie) = 10% " B2 1802,01122 (ewl 36 fh
g Higgs triplet H** — (r Jeurt - - 20.3 DY production, B(H}* — fr)=1 1411.2921 ; Leptopnobe Z° o a.05-0.4% 150508114 42)) 78 TD_
Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |q| = 5e 1812.03673 E i:: :::E"" L o 0]»:;31? t;]l]l.‘-'s.UElJ's [T ] ;2 II;
. . _ ’ ol " A=4 | 1807.11421 (v 4+ B
Magnetic monopoles - — - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130 P N GS=SE 1917 1792m 1508 o 2 137 fot
Vs=13TeV Vs=13 TeV Fa——. L L | L L el L L T — LRSM Waithyl, My, = (1.5Mp, " SO0 1000 11116 (21 + 2§} 36 fb
o -1 LRSM WaiThG L Mo, = 0.5Mw, M =350 1211 00306 127 & 2 36 fb~
partial data full data 10 1 10 Mass scale [TeV] Axigluce, Ealoron, cati = 1 » OS=EA 191212230, 160408807 (3j) 137 bt
*Only a selection of the available mass limits on new states or phenomena is shown. 0.1 1.0 10.0
Selection of abserved axclusion limits at 95% C.L. (theary uncertaintios are not includad), mass scale [TeV] LHCP 2020

‘+Small-radius (large-radius) jets are denoted by the letter j (J).

Exotics and BSM in ATLAS and CMS

Ann-Kathrin Perrevoort
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HDBSPublicResults
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G/index.html
https://indico.cern.ch/event/1066112/contributions/4490226/
https://indico.cern.ch/event/1066112/contributions/4487739/

Lepton-Flavour Universality

B anomalies:

Several observations point at violation of
lepton flavour universality (LFU) In b — s£¢

transitions, ex R(K)

U >
BT : Wt
v/ Z°

'K+

Related to several Exotics searches:

Leptoquarks

Heavy vector particles W' and Z’
b — sf¥f contact interaction

Tests of other symmetries in the lepton sector:

Dilepton ratios

Lepton Flavour Violation

Exotics and BSM in ATLAS and CMS

P.Koppenburg et al. (2016),

Scholarpedia, 11(6):32643
L HCh-PAPER-2021-004
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R(J/v) 7

BaBar

0.1 < ¢*><8.12GeV?/c*

. Belle

1.0 < ¢? < 6.0 GeV?/c*

LHCb 9 fb™!
1.1< ¢?<6.0GeV?c
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http://www.scholarpedia.org/article/Rare_decays_of_b_hadrons
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2021-004.html

ATL-PHYS-PUB-2021-017
CMS-EXO-19-015

CMS-EXO-20-004
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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
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-004/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-13/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-18/
https://arxiv.org/abs/2108.07665
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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
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-004/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-13/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-18/
https://arxiv.org/abs/2108.07665
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Heavy Gauge Bosons

« Heavy charged and neutral gauge bosons W'
and Z' in theories with extended gauge sectors
(technicolour, Little Higgs, composite Higgs)

W' — fv decays
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Exotics and BSM in ATLAS and CMS
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Heavy Gauge Bosons

W' —- WH

q’ b

» Search for resonance in semi-leptonic channel
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Heavy Gauge Bosons
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CMS-EXO-19-019
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Vector-Like Quarks
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Vector-Like Quarks
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Lepton Flavour Violation in Z Decays
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