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EXOTICS AND BSM
IN ATLAS AND CMS



A The Standard
Model (SM)
leaves many
guestions
unanswered

A Plethora of
beyond SM
models (BSM)

A 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

A ATLAS and CMS have a rich and very active
exotics search program

A x p T AA of ) rncollisiondataat/i p & A6
recorded in Run 2 (2015-2018)

U Pushing mass limits and precision

A 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

A 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
, miss = . £y resonance " O85=4 171203145 (20 + Lyi 2e + 1vi 2§ + 1y) 36"
Model £, v JetsT E fL dt[fb~'] Limit Reference Higgs ¥ resonance o W72=335 | 1805,00257 () + 1yl 36 fb?
T Calor Gctect Scalar, &) = 12 " OIS=NT0] 1912.12238: 1604.08507 12j) 137 i1
T T T T T T T T T T T T T T T T _ . -
. Scalar Diquack w ESSTE1912.12238; 160408507 121 137 b
‘,_.ﬂ ADD Gk + g/q Oe,pu, 1,y 1-4j Yes 139 Mp 11.2TeV n-2 2102.10874 1 4 &, peeudascalar (scabar, o, x BRIG—=2I > = 0,030, 004) " 0.015-00075 190104968 (3, = 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 - .
S ADD BH multijet - 23 B a8 Mo 055 TeV n—6, Mp — 3 TeV, rot BH 1512.02586 nuar: mm.:ms:cnr:m ::r:',!l Mss =1 =rEEy 103 oao:::t - ;g f[g_
.E_ RS1 Gk — »y 2y - - 139 Ggg mass 4.5 TeV kap] =0.1 2102.13405 ::::—u ‘n:::::r:::: cm:l'.l,llrll.ﬂ.:n 1 <175 lso:.om;z 2 " 36 bt
° Bulk RS Gy — WW/ZZ multi-channel 36.1 Gkx mass 2.3 TeV k/Mp; = 1.0 1808.02380 WK COMOUSHENESS (I, Mamn = — L BRI 1512, 10443 420 36 fh-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 lepu 22b 23] Yes  36.1 KK mass 1.8 TeV Tier (1,1), B(ALY - tt) =1 1803.09678 [
Laglal-leectar mediakor (el g = 025 Joy = 1My = 1 GeW L =LE 17110234512 1 + 7™ -
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
SSM Z' — 11 2 - - 36.1 Z' mass 2.42 TeV 1709.07242 soatar mediator =0tk 9. = 1 9o = Loy = L Gey M =20 19010155310, 10 + = §j + |1"“J. 36 fb=*
g Leptophobic Z* — bb = 2b - 36.1 Z’ mass 2.1 TeV 1805.09299 i ::::“:;:L’:TJ::‘L:“;T:L‘I‘; L _'“':“ 1'_""P=E;1 ey : ] 120101553 {0, L + = 3) + Ef™) T ;g I_E_.'
-, . B L Au=Lmy=1G - 712 T
§ Iéesﬁopwh’oblc[z - tt ?g.,u >1b,>2J zes lgg ‘ZNmass 4.1 TeVG.o - rim=12% fggz-ggégg E complen SE. med. 4ok 0CD), e, =5 GEV, €t =25 mim " =153 181010005 (4j) ECR TR
—= v H - es " mass e A Baryonic ', gy = 0.25, gom = 1. m = 1 GeV o LS 190801713 (h + By 36 fb-
© SSM W' — 1v it - Yes 139 W' mass 5.0 TeV ATLAS-CONF-2021-025 7' - PHDM, 4_];- 08, Gory = 1, tang = 1, m, = 100 GeW 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—*
o 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 2z’ - ZH model B 0-2epu 1-2b Yes 139 | 2" mass 3.2 TeV gv =3 ATLAS-CONF-2020-043 [ — S 1003124 3 Al 36 fp-1
HVT W’ — WH model B Oep z1b =2 139 | W’ mass 3.2TeV av =3 2007.05293 p sk e A " — Exinipafl 1
- -~ T sqquark bo 4 quarks M OISEFA) 180502058 (2 £
LRSM Wg — ulr 2u 1J - 80 | Wr mass 5.0 TeV m(Ng) = 05TeV, g1 = gr 1904.12679 H AP gluine ta 4 quarks e QSN 1505 01058 2j) 38 b2
n t 0 x i 36 b
Clgqqq - 2j - 370 | 21.8TeV i, 1703.09127 APV gluinas to 3 guarks " RIS 1E10.10092 {Ef)
—  Clttaq 2epu - - 138 | A 358TeV. . 2006.12946 ADD (i} HLE, g = 3 " 1 10030803 12)) 36 1h*
&} Cl eebs 2e 1b - 139 A 1.8 TeV & =1 2105.13847 ADDH i, M1 HLZ, g = 3 " SOEN 1812 10443 2y, 21} 36t
Cl uubs 2u 1b - 139 A 2.0 TeV g =1 2105.13847 ADD Gy emission, o= 2 " REH 171202345 | = 1 = B 36 fh
Cl tttt ztex 21b21] Yes  36.1 A 2.57 TeV |Cael = 4m 1811.02305 ADD QBH (], e = & " ] 1503 0803 (2j) 36;2'
ADDQBH (240, P = & M A 180201122 jep) 38
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-
E Vector med. Z'-2HDM (Dirac DM) 0O e, 2b Yes 139 | Mipea 3.1 TeV tanfi=1, g7=0.8, m(y)=100 GeV | ATLAS-CONF-2021-006 E RS QBH o), ;= 1 u B 1202.01122 tows) 36 fb
) . _ . non-rotating DM, Mo = 4 TeW, ng = & M SETN 1005 06013 = TjiE, whh 36 fh
Pseudo-scalar med. 2HDM+a  multi-channel 139 | Mined 560 GeV tanf=1, gy=1, m(x)=10 GeV ATLAS-CONF-2021-036 Kalit-LIED, jris 4 Tl 1 WASZEN 160311133 (1 + 7~ 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 " EUSSEIAN 191212234, 1604.08007 (3]} 137 fio-l
Scalar LQ 1% gen 2e =2 l Yes 139 LQ mass 1.8 TeV =1 2006.05872 wecited hght quark (gyl, fom fm Fm ], A, M SIS 1711 04652 (y + I 36 fh™
Scalar LQ 2™ gen 2u >2j Yes 139 LQ mass 1.7 TeV =1 2006.05872 excited b quark, fo=f=F=1,A=m] M TEWE 171104552 [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-
rd > -2j LQf} mass 4 ) = .
Scalar LQ 3™ gen Oeu, 217 0-2},2b Yes 139 - 1.26 TeV B(LQF — bv) =1 2101.12527 o MM, [l = LB, [Vf? = 1.8 " <12 180202065 (304, &)l 36 fb-
VLQ TT — Zt + X 2e2ui>3ep >1b,>1) - 139 | Tmass 1.4 TeV SU(2) doublet ATLAS-CONF-2021-024 R LS LAV Wl =10 . " CRURSIEE M 11505 126, 2 ) e
=@ VIQBB - Wi/Zb+X multi-channel 36.1 | Bmass 1.34 TeV SU(2) doublet 1808.02343 g Trpel) sees iy fernins, Favordemedrati . ey oy b )l e
3 'E VLQ Ts/3Ts/3|Tss - Wt + X 2(SS)/28epu=1b21] Yes 361 Ts/3 mass 1.64 TeV B(Tsz — Wi)=1, ¢ TosWe)=1 1807.11883 Brtar e taus, Double " L - 53434, 24021, 217
T a. VLQ T — Ht/Zt Teu 21b2>3] Yes 139 T mass 1.8 TevV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040 wealar L (pair prod,), cougling ke 1% gen, formions, =1 " <144 1B11.01187 (e + 2j) 36 b
vLQ Y — Wb Tepu =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 = sealar LG (pair prod. ), coupling ke ¥ gen. fermions, f=1 M =103  1811.00206 (27 * ) 36 fb-
E £ Excited quark b — bg - 1b 1] - 36.1 b* mass 2.6 TeV 1805.09299 seatar LG Gingle prod.), coup, ta 37 gen, tarm., f=1,4=1 M =74 1B06.03372 2T+ bl 36 fh™
5 Excited lepton £ 3epu - - 20.3 A =3.0TeV 1411.2921 _
. 2. raTw rEsanancE » 0.6115-0,075 191204776 (20 137 fip1
Excited lepton »* 3eput - - 20.3 A=16TeV 1411.2921 2;., narTow resanance " a.11-0.2 101204778 (2p) 137 fb~?
; - ] oo sEMZ H DRSS EXO-19-019 [2e, 2] 140 fbt
Type n Se.esaw 234 e 22,' Yes 139 N mass 910 GeV ATLAS-CONF-2021-023 SSM (a4 o ME=2190) 1912.12238; 1602 08907 (24} 137 bt
LRSM Majorana v 2p 2] - 36.1 | Ng mass 3.2Tev m(Wg) = 4.1TeV, g1 = gr 1809.11105 2t} P 001-0125 190510331 (2], 1y) 36 b
o H?QQS tr}plet H** — W*w* 23,4 e, u (SS) various Yes 139 H** mass 350 GeV DY production 2101.11961 Suparstring 7, " BUZ=AE) EX0-19.015 |2a, 2p] 140 -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 1h
Multi-charged particles - - - 36.1 mulii-charged particle mass 1.22 TeV DY production, |g| = 5e 1812.03673 E S5 Wity " o ORS=531 1003.11133 12+ B ;2 IE_
i _ _ _ i _ ; S5M WiTu) " 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 fo-t
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 Wai Th ) My, = 0.5My, M =350 1211 00306 127 & 2 36 fb~
partial data full data 10 1 10 Mass scale [TeV] Axiglucn, Caloron, cobd = 1 " OSSN 1912.1228; 160408807 |2j) 137 fiy!
*Only a selection of the available mass limits on new states or phenomena is shown. ofl 1}3 1.3:_0
mass scale [Tev] LHCP 2020

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

Exotics and BSM in ATLAS and CMS

Selection of sbserved exclusion limits at 95% C.L (theary uncertaintios are not includad),
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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/

P.Koppenburg et al. (2016),

o o Scholarpedia, 11(6):32643
Lepton-Flavour Universality
Ry [1.1,6] — °
Ry~ [0.045,1.1] - @
A 6 anomalies: Ry 11,61 - .
: : : : Ryx [0.1,6] z
Several observations point at violation of P (2.5.4] - .
lepton flavour universality (LFU) in w© i Jb/b s P} E‘;]]— -
- . . s = opTpm) [1,6] 4 =
transitions, ex Y U BB ) .
| ( > U | U > U B(B" — utp) - =
B_|_ ‘ W_+_ 'K_I_ B+ ‘ LQ 'K+ Muon g — 2 =
b < S b “«—— - < S R(D) o
| W | | | R(D*) - .
v/ Z° a e 1' R A
E,_ €—|— E;— | | | | | | I | | | | | | | ! ]:’11.112'111r:1r ’ i
. : - _— BaBar
A Related to several Exotics searches: 0.1 < g2 < 8.12 GeVre
A Leptoquarks
A Heavy vector particles & aand ¢ — ' ot < 60Gevie
A O [ JWntact interaction
A Tests of other symmetries in the lepton sector: . LHChO &b
A Dilepton ratios T T
A Lepton Flavour Violation 0 ! 0 R,
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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
L e ptO q u ar kS P~ LQSLQ3, all contours at 95 % confidence level Jine 2021 ATLAS EXOT-2019-13
g

1B

B T I B - L B B B _
b .e > oo ] ATLAS Preliminary S 9N scalar ATLAS SUSY-2019-18 (arXiv)
q % o oF i s=13Tev,139fb" dov!n-type LQs - -
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& 0'7;_ ------- expected _; jTD 095_ ATLAS _E
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. _ e e _ ., ] 1; > TLAS, 36.1 fb" (obs.) E = ]
A LQs produced in pairs in "Q"@usion and AN N WA G 03E , E
' L1 1 T —— il | L1 L1 | L1 | L1 1 L1 02 K 7
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- | | | T il | | ]

&2
o
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LQ;i__ U, T "3 Single + pair 1 B T.e777 Single + pair 3
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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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