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Covering vast range of new physics signatures

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

August 2023 Vs =13TeV
Model Signature  [Ld: ("] Mass limit Reference
- * o - - - . . ] T T T T T T T LI | T T T T T
ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary 4. Gl Oep  26fols ENS 140 | NEENDESEN) 1.0 1.85 )40 GeV 201014263
) » mono-jet  1-3jets EM 140 | g [8x Degen] 0.9 m(g)-m&")=5 GeV 2102.10874
Status: March 2023 f Ldt=(3.6-139) fb! \s=13TeV o - miss . 20
: S 88 3ot Oepn  26jets EPS 140 |Z 2.3 mEE)=0 GeV 2010.14293
i - .. z Forbidden 1.15-1.95 t)=1 v 2010.14293
Model {,y Jetst ET™ [rdifb™] Limit Reference 5 . ‘ : mX1)=1000Ge
LI | T T T T LI | T T T T LI L | T T T T (I) 88 g_)quXl 1 éH 2-6 jetS . 140 g 2.2 m(X(l))<600 GeV 2101.01629
~~ o~ — H miss o Ly
| ADD Gk +g/q Oepmt,y 1-4j Yes 139 |Mp 11.2TeV n=2 2102.10874 S 2oy ee. it 2jets  Ep’ 14012 2.2 m(¥1)<700 GeV 2204.13072
S ADD non-resonant yy 2y - - 367 | Ms 86TeV  n—3HLZNLO 1707.04147 @ 28.3oqqWZX Oep  7Aljets EP™ 140 |2 1.97 m(¥}) <600 GeV 2008.06032
€ ADDQBH - 2j - 139 | My 9.4TeVl =6 1910.08447 S SSep  Blets 140 |2 115 m(g)-m(¥1)=200 GeV 230701094
S | ADD BH multijet - >3] - 36 | My 9.55TeV n =6, Mp =3 TeV, rot BH 1512.02586 S 5 ot 0-1e,u 3b Ems 140 |z 2.45 m(¥})<500 GeV 2211.08028
©  RS1Gkk —yy 2y - - 139 | Gkk mass 4.5 TeV k/Mp; = 0.1 2102.13405 SSe,u 6 jets 140 |2 1.25 m(g)-mp??):soo GeV 1909.08457
b Bulk RS Gk —» WW/ZZ multi-channel 36.1 Gkk mass 2.3 TeV k/Mp; = 1.0 1808.02380
w Bulk RS gxk — tt leu 21b,21J/2) Yes 36.1 gkk mass 3.8 TeV r/m=15% 1804.10823 biby Oe,pu 2b E;"i“ 140 by 1.255 m(¥})<400 GeV 2101.12527
2UED / RPP lepu 22b, 23] Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(A®D = tt) =1 1803.09678 by 0.68 10 GeV<Am(b; X1)<20 GeV 2101.12527
SSM Z" — ¢t 2eu - - 139 | Z’ mass 5.1 TeV 1903.06248 @25 bbb —b¥5 — bhiY) Oe,pu 6b EE?“ 140 | b Forbidden 0.23-1.35 Am(¥3,17)=130 GeV, m(¥})=100 GeV 1908.03122
o SSMZ' 1o 27 - - 361 |2z mass 2.42 TeV 1709.07242 = % 27 2b  EP™ 140 | b 0.13-0.85 Am(¥3,%0)=130 GeV, m(¥})=0 GeV 2103.08189
c Leptophobic Z’ — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299 S35 - = .30 0-1e >1ljet  Emiss 140 7 1.25 0 2004.14060, 2012.03799
@  Leptophobic Z’ — tt 0 >1b, >2J ’ 100 g8 Oh - K2 T O . m(¥})=1 GeV 14060, 2012.
! : LI Ot . . T s i, . i
©  SSM W’ -1y 17 - Yes 139 | W’ mass 5.0 TeV ATLAS-CONF-2021-025 S8 Hin=niby oG 127 2jetst b Ep™ 140 |4 Forbidden 1.4 m(71)=800 GeV 2108.07665
S  SSMW’ - tb - 21b21J - 139 | W mass 4.4 TeV ATLAS-CONF-2021-043 T £ 0l hiock) /8 ek Oe,u 2c  Ept 361 @ Lo m(F})=0 GeV 1805.01649
&  HVT W — WZmodel B 02epu  2j/1J  Yes 139 | W mass . . * ] ©° Oep  monodet Ey 140 4 0.55 m(f1,&)-m(¥1)=5 GeV 210210874
HVT W' — WZ > (vt model G Seu 2](VBF)  Yes 139 | W mass s  ATLAS Long-lived Particle Searches* - 95% CL Exclusion i, 03, 12/ e 14b  EP 140 | 0.067-1.18 m()=500 Gev 2006.05880
HVT Z - WW model B 1epu 2j/1J  Yes 139 | Z’ mass fafs, b1 + Z 3eu 1b EMss 140 | & Forbidden 0.86 m(¥))=360 GeV, m(7;)-m(¥})= 40 GeV 2006.05880
LRSM Wg — uNg 2p 1J - 80 | Wg mass Status: March 2023 ’ r_L’ a T . - ! i :
Cl gqqq - 2j . 370 |a . 00 w’a Wz Multiple ¢/jets . Eﬁ; 140 xi 1% 0.96 . ~Om(;z?)zo, Wino-bino 2106.01676, 2108.07586
_ Cl itqq 2e - _ 139 A Model Slgnature fL dt [fb_I] Lifetime limit ) ee, upL > 1 jet ETl‘ 140 X1 1X, 0.205 m(¥7)-m(¥})=5 GeV, wino-bino 1911.12606
(@) Cl eebs 2e 1b — 139 A T T T T T T T T T T T TrTT %mw 2 e, E?l“ 140 /?T 0.42 m(/\;(]))=0, wino-bino 1908.08215
Cl pubs 2u 1b - 139 A RPV  — ug displaced vtx + muon 136 i lifetime )3.\"41* "gmia Wh Multiple ¢/jets ETS 140 ;(f/)zg Forbidden 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
Cl tttt 2leu 21b21] Yes 361 |A XXt via b, /v 2epu EMss 140 | X 1.0 m(Z,7)=0.5(m(¥; )+m(¥})) 1908.08215
~0 . . ~0 |: . . > ) . _ _ d )=0. R
o Aiakvector med. (Direc DV - 2j — 139 | RPV Yy — eev/euv/uuv  displaced lepton pair - 32.8 | i, lifetime 0.003-1.0m =G .. . 27 Ems q20 | 034 o048 m(E)=0 ATLAS-CONF-2023-029
Pseudo-scalar med. (DiracDM) Oe, i, 7,y 1-4]  Yes 139 Mined 3 ~0 , . <0 fitar Wi = e pons o, o7 2e,pu Ojets  Emiss 140 7 0.7 m(¥})=0 1908.08215
Q  vector med. Z’-2HDM (Dirac DM) 0 e, u 2b Yes 139 |mz RPV.¥i — qaq displaced vix + jets 139 | i, lifetime S r0fiastoldi 1 cemu > 1ljet  EMis 440 |7 0.26 m(@)-m(Z)=10 GeV 1911.12606
Pseudo-scalar med. 2HDM+a  multi-channel 139 m, GGM)?‘I) 5 7E displaced dimuon 32.9 "?cl' lifetime AH[29kB.2G 0e,p >3)p E%:%ss 140 i 0.94 BR(}S = hG)=1 To appear
Scalar LQ 1t gen 2e >2 Yes 139 LQ mass o 0 e dep 0 jets. Egi: 140 H 0.55 BR(& - ZG:)=1 2103.11684
Scalar LQ 2" gen 2p >2j Yes 139 |LQmass GMSB non-pointing or delayed y 139 | x lifetime 0.2 Oe,u =2large jets E" 140 | & 0.45-0.93 BR(] — ZG)=1 2108.07586
Scalar LQ 3" gen 17 2b Yes 139 | LQ3 mass L. , . 2ep >2jets EPMS 140 | @ 0.77 BR(¥) — ZG)=BR(¥) — hG)=0.5 2204.13072
9 Scalar LQ 3" gen Oeu  22j,22b Yes 139 | LQY mass S GMSB 7 — (G displaced lepton 139 | 7 lifetime 6-750 mm
Scalar LQ 3 gen 22epu,21721j,21b - 139 LQS mass . ) Direct X1 ¥| prod., long-lived ¥+ Disapp. trk 1 jet Emiss 140 | X 0.66 Pure Wi 2201.02472
Scalar LQ 3" gen Oe, i, 217 0-2j,2b  Yes 139 LQd mass g GMSB 7 — G displaced lepton 139 7 lifetime 9-270 mm — Irect X1+ gorod., fong-ived 41 PP ) T ,\7% 0.21 pure”rf%gs?ﬂg 2201.02472
Vector LQ mix gen multi-channel >1j,>1b  Yes 139 LQ; mass n ) . . P o 9@ < . i =
Vector LQ 3 gen 2eu1T >1b Yes 139 LQY mass AMSB pp — 7579, ¥ %7  disappearing track 136 ,\/1—’ lifetime (= % mStable g R-hadron » pfxel dE/dx E;"SS 140 & 2.05 2205.06013
- ] e ‘53‘5 Metastable g R-hadron, g—qqgX pixel dE/dx EP 140 g [1(2) =10ns] 2.2 m()??):mo GeV 2205.06013
@ VLQTT - Zt+ X 2e/2u/>3eu 21b,21j - 139 T mass AMSB pp —»jf}?jf)}[ large pixel dE/dx 139 Xy lifetime 0.3-30.0 g S 77 -G Displ. lep [Emiss 140 &, i 0.7 (%) = 0.1 ns 2011.07812
£ @ VIQBB - Wi/Zb+ X multi-channel 361 | Bmass S — g 7 0.34 (f)=01ns 2011.07812
* S VLQ T5/3Ts53Ts3 » WE+ X 2(SS)/28 e 21b, 21  Yes 36.1 Ts/3 mass Stealth SUSY 2 MS vertices 36.1 S lifetime 0.1-519 m pixel dE/dx Episs 140 7 0.36 7(Z) =10 ns 2205.06013
..g g VLQ T — Ht/Zt lepu >1b, 23j Yes 139 T mass ) ) o
§ 2 xtg E: I-Vl‘gb 102’;11 >22b1 511j21>J1J YES 31%; ;r::zz SpltSUSY large pixel dE/ax 189 g litetime s )?li)?:f/)?(l) ,)?11—>Z[_>f[f 3eu . 140 )?T//ﬂ) [BR(Z7)=1, BR(Ze)=1] 0.625 1.05 Pure Wino 2011.10543
VLL7' — Zt/Ht multi-channel ~ >1j Yes 139 |+ mass Split SUSY displaced vtx + EMiss 328 | & lifetime X ﬁiﬁ@f{?&% Wwizettevy den Ojets  EF™ 140 FE1E s # 0, dgzg # 0] 0.95 1.55 m(¥1)=200 GeV 2103.11684
Excited - o " ) ) 38, 89901, V) = qqq >8 jets 140 z  [m(¥})=50 GeV, 1250 GeV] 1.6 2.25 Large 17}, To appear
% g Eig:tZd gﬂg:k Z* : Zé; 1—y ; i - 31;3 g* :Zg: Split SUSY 04,2-6jets +EP™°  36.1 | g lifetime S 7 X ibs Multiple 361 |7 [4,=2e-4,1e2] 0.55 1.05 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
& Excited quark b* — bg _ 16,1] - 139 [EomEss & MLI=bU A — bbs > 4b 140 |7 Forbidden 0.95 m(¥7)=500 GeV 201001015
Excited lepton 7* 27 >2]j - 139 | 7* mass Hoss 2 MS vertices 139 | slifetime 0.31-72, L, fi—bs 2jets +2b 36.7 |7 [4g:bs] 0.42 0.61 1710.07171
- . ] 11, =gt 2e,u 2b 36.1 i 0.4-1.45 BR(7; —be/bu)>20% 1710.05544
—II_—)Ié{pSel\/III |MS;§S;V\; 2,3,24 e u 222_1 Yes 31 é’:? m mass o H-—ss 2 low-EMF trackless jets 139 | s lifetime 19-6.94 m 1w DV 136 | & [1e-10< 2, <1e8,3e-10< 2, <3e-9] 1.0 1.6 BR(7) —qu)=100%, cosf,=1 2003.11956
jorana v H J - . R Mass 9 ot =0 ,50 _o o+ . -0 L
&  Higgs triplet H** — W*W* 2344 (SS) various Yes 139 | H= mass 35 | = VHwith H - ss — bbbb  2(+2displ. vertices 139 | s lifetime 4-85mm XX, Xy ibs, X1 —bbs 1-2ep  =6jets 14014 0.2-0.32 Pure higgsino 2106.09609
< Higgs triplet H** — ¢¢ 234eu(SS) - - 139 H** mass I
(e} Multi-charged particles - - - 139 multi-charged particle mass o FRVZH - 2yy + X 2 u—jets 139 a4 lifetime 0.654-939 mm |
Magnetic monopoles - — — 344 monopole mass 8] . L L L L et L L L L L
7)) . e e e . . .. _
Vs=13TeV  ys=13TeV L] & | FRVZH -4y +X 2 u—jets 139 | 7a lifetime 2.7-534 mm Only a selection of the avii@eleoones limits on new stadessai2181 10 1 Mass scale [TeV]
partial data full data 10-1 i) _ _ phenomena is shown. Many of the limits are basdd on
L H-ZZ displaced dimuon 329 | Z4 lifetime 0.009-24.0 m simplified models, c.f. refdZior #i@assumptions made. 1808.03057
*Onl lection of the available m limits on new 1 . .
Only a se ?Ct on ot the ‘? a ?b emass [s onne state§ or phenomena is shown H— 7ZZ4 2 e, u + low-EMF trackless jet 36.1 Z4 lifetime 0.21-5.2 m m(Zy)= 10 GeV 1811.02542
+Small-radius (large-radius) jets are denoted by the letter j (J).
(200 GeV) — ss low-EMF trk-less jets, MS vtx 36.1 | s lifetime 0.41-51.5m o x B=1pb, m(s)= 50 GeV 1902.03094
_
]
§ $(600 GeV) — ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.04-21.5m o x B=1pb, m(s)= 50 GeV 1902.03094
@ (1 TeV) - ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.06-52.4 m o x B=1pb, m(s)= 150 GeV 1902.03094
' o : o ® ® e
W — Ne,N — ¢ty displaced vix (uu,ue, ee) +u 139 | N lifetime 0.74-42 mm m(N)= 6 GeV, Dirac 2204.11988 L t t B S M h
W — N¢{ N — Ely displaced vitx (uu,ue, ee) + 1 139 N lifetime 3.1-33 mm m(N)= 6 GeV, Majorana 2204.11988 ’m’ S Se on p yS’CS ln
|
% W — Nt¢, N — ¢ty displaced vitx (uu,ue, ee) + e 139 N lifetime 0.49-81 mm m(N)= 6 GeV, Dirac 2204.11988
®
W — N¢, N — tty displaced vtx (uu,ue, ee) + e 139 N lifetime 0.39-51 mm m(N)= 6 GeV, Majorana 2204.11988
0|001I L L1 IIIOII01 L L L1 IIIOII1 L L L1 IIIII L L L1 III1IIO L L L1 III1II00 L L L1l y’ y ’OS ...
' ' ' ct [m]
Vs =13 TeV Vs =13 TeV
par“aldata full data | 1 Lol 1 Lol 1 Lol r el 1 Lol 1 L1111
0.001 0.01 0.1 1 10 100

*Only a selection of the available lifetime limits is shown.
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Covers vast range of new physics signatures

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

August 2023 Vs =13TeV
. -1 .
Model Signature  [Ld: ("] Mass limit Reference
- * o - - - . . . N T T T T T T LI | T T T T T
ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary 44, Gl Oep  26fols ENS 140 | NEENDESEN) 1.0 1.85 (<400 Ge 2010.14293
Status: March 2023 1 I mono-jet  1-3jets  Ey™ 140 |4 [8xDegen] 0.9 m(g)-m(¥))=5 GeV 210210874
' f'E dt =(3.6-139)fb Vs =13TeV S 22 3430 Oep  26jets EMS 140 |z 2.3 m(1)=0 GeV 2010.14293
i - .. = z Forbidden 1.15-1.95 ¥)=1000 GeV 2010.14293
Model ¢,y Jetst ET™ [rdi[i] Limit Reference Y N 1 ool : mit1)=1000Ge
L I B N | T T T T T 1 17T | T T T T L I B N | T T T T (I) 88 g_)quXl éH a .jetS miss 140 f 22 m(~(l))<600 GeV 2101.01629
. ADD Gkk +g/q Oepu,7,y  1-4]  Yes 139 | Mp 11.2TeV n=2 2102.10874 .QE) 88, 8—qq(tH); ee, ppt 2jets Eﬁi;s 14012 2.2 m(~01)<700 GeV 2204.13072
S ADD non-resonant yy 2y - - 367 |Ms 86TeV  n=3HLZNLO 1707.04147 @ 28.3oqqWZX Oep 7-11jets  E7 140 |2 1.97 _ m(fy) <600 GeV 2008.06082
£  ADDQBH - 2] - 139 | Mgy 9.4TeV| n=6 1910.08447 3 SSeu  6jets o 10 @ L m(@)-m(¥1)=200 GeV 2307.01094
S ADD BH multijet - >3] - 36 | My 9.55TeV n=6,Mp=3TeV,rot BH 1512.02586 S 5 ot 0-1e,u 3b EPS 140 |2 2.45 m()?z)<500 GeV 2211.08028
© RS1 Gkk — vy 2y - - 139 Gkk mass 4.5 TeV k/Mp; = 0.1 2102.13405 SSe,u 6 jets 140 g 1.25 m(g)-m(¥;)=300 GeV 1909.08457
b Bulk RS Gk —» WW/ZZ multi-channel 36.1 Gk mass 2.3 TeV k/Mp; = 1.0 1808.02380 _
w Bulk RS gxk — tt Teu 21b,21J/2) Yes 36.1 gkk mass 3.8 TeV r/m=15% 1804.10823 biby Oe,u 2b EP's 140 by 1.255 m(¥})<400 GeV 2101.12527
2UED / RPP lepu 22b, 23] Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(AGD — tt) =1 1803.09678 by 0.68 10 GeV<Am(b; X1)<20 GeV 2101.12527
SSM Z" — ¢t 2eu - - 139 | Z’ mass 5.1 TeV 1903.06248 @25 bbb —b¥5 — bhiY) Oep 6b Eﬁ: 140 | b Forbidden 0.23-1.35 Am(E3, ¥1)=130 GeV, m(¥})=100 GeV 1908.03122
w SSMZ -7t 27 - - 36.1 | 2’ mass 2.42 TeV 1709.07242 5 % 27 2b Ey 140 | b 0.13-0.85 Am(¥3, ¥1)=130 GeV, m(¥})=0 GeV 2103.08189
€ Leptophobic 2’ — bb - 2b - 361 [2'mass 2.1 TeV ) 1805.09299 32 in, i) Olep  >ljet EP™ 140 |7 1.25 m(E})=1GeV 2004.14060, 2012.03799
2 g%‘,’\t/loar}?b'c f ot (1) Zﬁ 21b, 22 zes ]gg \ZN,'""’SS Hi Te\g — F/m=1.2% e 2 S afy, Wt teu  Bjetsb EMS 140 |7 Forbidden 1.05 m(E))=500 GeV 2012.03799, ATLAS-CONF-2023-043
— vy ) - es mass ! . IS N ~ . ; = . o
ﬁ SSM W’ — v 17 - Yes 139 | W’ mass 5.0 TeV ATLAS-CONF-2021-025 S 3 i, 1=71 13", 7176 i 127 2jets/1b EI:T::Z 140 i Forbidden 1.4 m(rl);)800 GeV 2108.07665
D SSMW - b - 21b,>1J - 139 | W’ mass 4.4 TeV ATLAS-CONF-2021-043 T = Qi ok /EE Tk Oe.p 2c - Ept 361 |C 0.85 __ m(()=0GeV 1805.01649
®  HVT W — WZ model B 02eu 2j/1J  Yes 139 | W mass ] . * ] ©° Oep  monodet Ey 140 4 0.55 m(f1,&)-m(¥1)=5 GeV 210210874
O HVTW - WZ (v modelC e 2](VBF) Yes 139 | W< mass s  ATLAS Long-lived Particle Searches* - 95% CL Exclusion i, 03, 12/ e 14b  EP 140 | 0.067-1.18 m()=500 Gev 2006.05880
EF\gMZ W ﬂ/‘//lVNmOde' B 1 2‘9;1“ 2 11/ J1 Jo Yes 123 Z’ mass P B, hafi +Z 3eu 1 E™S 140 |5 Forbidden 0.86 m(E})=360 GeV, m(7, )-m(E))= 40 GeV 2006.05880
R R -
_ i _ 0.96 m(¥})=0, wino-bino 2106.01676, 2108.07586
g: ggc?c? 2eu 2—J - 3173'8 m(¥F)-m(¥))=5 GeV, wino-bino 1911.12606
O | Cleebs 2e 1b - 139 m(¥})=0, wino-bino 1908.08215
Cl pubs 2pu 1b ) - 139 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
Cl ettt 2lep 21b>1j Yes  36.1 1.0 m(Z,7)=0.5(m(¥;)+m(¥})) 1908.08215
Axial-vector med. (Dirac DM) - 2j - 139 ° ° m(¥})=0 ATLAS-CONF-2023-029
=  Pseudo-scalar med. (DiracDM) Oeu, 7,y 1-4j  Yes 139 0.7 m%)=0 1908.08215
Q Vector med. Z’-2HDM (Dirac DM) O e, u 2b Yes 139 m(?)-m(¥})=10 GeV 1911.12606
Pseudo-scalar med. 2HDM+a  multi-channel 139 0.94 BRWS] = hG)=1 To appear
Scalar LQ 1t gen 2e >2 ] Yes 139 BR(& - ZG)=1 2103.11684
Scalar LQ 2" gen 2p >2] Yes 139 0.45-0.93 o 5 BFf(;(l - ZG)=1 2108.07586
Scalar LQ 3" gen 17 2b Yes 139 0.77 BR(¥! — ZG)=BR( — hG)=0.5 2204.13072
9' Scalar LQ 3" gen Oepu 22j,22b Yes 139
Scalar LQ 3" gen 22ep,21721j21b - 139 0.66 Pure Wino 2201.02472
Scalar LQ 3" gen Oe,u,2170-2j,2b Yes 139 Pure higgsino 2201.02472
Vector LQ mix gen multi-channel >1j,>1b  Yes 139
Vector LQ 3¢ gen 2eut >1b Yes 139 2.02 2 (¥))=100 GeV iiﬁigzﬂi
: . ey e X n L 5 ) g m)= e .
>3eu 21b, > - X1 X1 X 1 -3-30. o, (G ispl. lep 140 | é&@ 0.7 () =0.1ns 2011.07812
@ VLQTT - Zt+ X 2e/2u/>3eu >1b, >1] 139 T mass AMSB pp = ¥TxY. k1 X large pixel dE/dx 139 X lireume 0.3-30.0 g 8 Displ. | ETS é, i 7
=2 VLQ BB —» Wt/Zb+ X multi-channel 36.1 B mass B — ) T 0.34 7(?)=0.1ns 2011.07812
* S VLQ T5/3Ts53Ts3 » WE+ X 2(SS)/28 e 21b, 21  Yes 36.1 Ts/3 mass Stealth SUSY 2 MS vertices 36.1 § lifetime 0.1-519 m pixel dE/dx Eqiss 140 7 0.36 7(?)=10ns 2205.06013
..g E VLQT - Ht/Zt 1epu >1b, >3] VYes 139 T mass
o > >1j Split SUSY large pixel dE/dx g lifetime i cioF 0 o o .
23 xtg g: I_\/I\Zb 10 ee /Ij >2_b1 E,”_LJU st 31%; ;r:::: p ge p 139 | g lifeti > 0. b /Xg S /AN 3e,u . 140 xf/xz [BR(Z7)=1, BR(Ze)=1] 0.625 1.05 Pure Wino 2011.10543
R =eb =1, = f SEST o ; 5 i =0
VLL ¢ — Z7/Ht multi-channel 1] Yes 139 |+ mass Split SUSY displaced vix + EMss 328 | & lifetime deéémst% Wwizeetevy 4ep Olets  EF™ 140 [/%; [Ass # 0, i # 0] 0.95 1.55 m(¥})=200 GeV 2103.11684
- " - . ) 22, 3—qa¥1, X = qqq 28 jets 140 |z [m(¥})=50 GeV, 1250 GeV] 1.6 2.25 Large 1), To appear
2E Eigﬁzg qﬂg:llz 1% 1 ?i - 31:3 — Split SUSY 0¢,2-6jets +EM=  36.1 | §lifetime 00 ~ 7 ik, X0 — tbs Multiple 361 |7 [,=2e-4,1e2] 0.55 1.05 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
25t guark a2 lcg K o - 67 | mase & MLI=bU A — bbs > 4b 140 |7 Forbidden 0.95 m(¥7)=500 GeV 201001015
Excited lepton 7* 27 >2] - 139 | +* mass H-ss 2 MS vertices 139 | s lifetime 0.31-72, fify, i1—bs 2jets +2b 36.7 & [4q.bs] 0.42 0.61 1710.07171
- ] f1f, [—ql 2e,u 2b 36.1 7 0.4-1.45 _ BR(fi—be/bu)>20% 1710.05544
Type Il Se_esaw 234 e,pu 22| Yes 139 N° mass ° H->ss 2 low-EMF trackless jets 139 s lifetime 19-6.94 m 1pu DV 136 fi [te-10< 2, <le-8, 3e-10< 2 <3e-9] 1.0 1.6 BR(7; —qu)=100%, cosf,=1 2003.11956
LRSM Majorana v 2u 2j - 36.1 Ng mass g S+ 0,20 0 o+ 12 56 iet =0 Pure higasi
QL) Higgs triplet H** — W= W+ 2,34 e, u (SS) various Yes 139 £+ moss 35 = VH with H — ss — bbbb  2C + 2 displ. vertices 139 s lifetime 4-85 mm X1/X2 /X1, )(1‘2—>tbs,)(1 —bbs 2eu >6 Jets 140 1 0.2-0.32 ure higgsino 2106.09609
< Higgs triplet H** — ¢¢ 234eu(SS) - - 139 ** mass I
(e} Multi-charged particles - - - 139 multi-charged particle mass c FRVZH — 2y4+ X 2 u—jets 139 y4 lifetime 0.654-939 mm |
Magnetic monopoles - — — 344 monopole mass 8] _ _ o . L L L et L L L L L
Vs=13TeV  ys=13TeV L1l 1 S FRVZH - 4yg+ X 2 u—jets 139 | yu lifetime 2.7-534 mm “Only a selection of the awjgleoones limits on nepv stazeseri2181 10 1 Mass scale [TeV]
partial data full data 10-1 i) phenomena is shown. Many of the limits are basdd on
L H-Zz displaced dimuon 329 | Z4lifetime 0.009-24.0 m simplified models, c.f. refdZior #i@assumptions made. 1808.03057
Only a selection of the available mass limits on new states or phenomena is shown. Ho 72, 2 e, + low-EMF trackless jet 36.1 24 lifetime o m(Zs)= 10 Gev 1811.02542
+Small-radius (large-radius) jets are denoted by the letter j (J).
$(200 GeV) — ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.41-51.5m o X B=1pb, m(s)= 50 GeV 1902.03094
_
]
§ $(600 GeV) — ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.04-21.5 m o x B=1pb, m(s)= 50 GeV 1902.03094
@ (1 TeV) - ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.06-52.4 m o x B=1pb, m(s)= 150 GeV 1902.03094
' o : o ® ® e
W — Ne,N — ¢ty displaced vix (uu,ue, ee) +u 139 | N lifetime 0.74-42 mm m(N)= 6 GeV, Dirac 2204.11988 L t t B S M
W — N¢{ N — Ely displaced vitx (uu,ue, ee) + 1 139 N lifetime 3.1-33 mm m(N)= 6 GeV, Majorana 2204.11988 ’m’ S Se on p yS’CS In
-
% W — N¢, N — tey displaced vix (uu,ue, ee) + e 139 N lifetime 0.49-81 mm m(N)= 6 GeV, Dirac 2204.11988
®
W — N¢, N — tty displaced vtx (uu,ue, ee) + e 139 N lifetime 0.39-51 mm m(N)= 6 GeV, Majorana 2204.11988
0|001 L L L1l IIOII01 L L L1l IIII L L L1l III; L L L1l II1IIO L L L1l II1II00 L L L1l , ...
' ' ct [m]
Vs =13 TeV Vs =13 TeV
par“aldata full data | 1 Lol 1 Lol 1 r el 1 Lol 1 Lol 1 L1111
0.001 0.01 0.1 1 10 100

*Only a selection of the available lifetime limits is shown.

T [ns]



2

nts or anomalies:

/////////



This talk:

= A selection of results from ATLAS and CMS with intriguing
excess of events observed with respect to the SM: especially
where excess appears to be observed in multiple channels /
searches or interesting in the light of other anomalies ... cases
worth following up with more data / additional searches

= Compare ATLAS and CMS where available

» Results with full LHC Run 2 data set (~140 fb-1 at Vs = 13 TeV)
except where noted

= Caveat: by the nature of this talk, results shown are highly
cherry-picked!




Searches for low- or high-mass resonances



Low mass di-photon search

Search in 70 < m,, < 110 GeV from CMS
= Following up on previous search with Vs = 8
and 13 TeV data from 2012+2016 that

observed local (global) significance of 2.8 (1.3)
o (PLB 793 (2019) 320) at 95.3 GeV

= LEP saw a small excess of events (~20) at my = _PAS-HIG-20-002

98 GeV in H(bb)

= |n addition to continuum yy background,
contends with additional background from
Drell-Yan - e*e- with electrons faking photons

= Kinematic diphoton BDT used for signal
selection

S/(S+B) Weighted Events / GeV

[a—y

%10 CMS Prelimin y 1322fb (13T€V)

100_—H — vy —
e ¢+ Data

. m,=95.4 GeV S4B fit -

"N e B component -
REAKe;

60

600 [
400 &

200

200
~400

40
20

0

[ ]2 0 H

80 8 90 95 100 105 110 115 120

PLB 565 (2003) 61

,' 26

:30

m,(GeV/c’)

Note: LEP
excess only for
Ecv=189 GeV


https://www.sciencedirect.com/science/article/pii/S0370269319302904
https://www.sciencedirect.com/science/article/pii/S0370269303006142
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-002/

Low mass di-photon search

1Cl\/lS Preliminary 132.2 fb™ (13 TeV) CMS Preliminary 1322 b (13 TeV)
5 %I T | T | I"I I | T | T | T | I | o |% 3 O 2__|| T 1 | I T T1 | 1T 11 | I 1T 11 | 1T 11 | I | L | I ||__
Ay, ] e < H— YY — Observed ~
> - - _
o 1A VA VAR \ O VA ~ 1o 6'30.18_— B Expected = 10 —
C_S E E ’:@ O.16f— ----- Expected = 20_f
= \ 12, = F 6 B -
_I >- - AN SM ]
102 E R N
10_3 """"""""'""""'"""""""""'\) """"""""""" '_; 3 O m; O1f R _:
E —— Observed 13 TeV (2016) E OI 0.08 :_ _;
104 :_ ——— Observed 13 TeV (2017) _: 0.06 —
E | ——— Observed 13 TeV (2018) ) ,’ _______________________ E . 0.04 _:
| ~ ——— Observed 13 TeV (Run 2) _

105 _ 0.02

:I | 1 1 | I | I | I | I |I | 1 1 | I | | 1 1 IE :
70 75 80 85 90 9% 100 105 110 T R TR T3y STy T
L m, (GeV) m, (GeV)
Excess previously seen in 2016 data persists, combined Limits also set on oy x B(H—->vyy) for additional SM-
2.9 (1.3) o local (global) significance at 95.4 GeV like Higgs boson
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Low mass di-photon search

, , ATLAS-CONF-2023-035
ATLAS also carried out a search in 66 <m,, < 110 GeV e
: . 3 ATLAS Preliminar e Data -
« Categorization of events based on whether photon g UEN, TV 0D o st -
. E 40000 UC? Cgegory — Total Background -
converts to electron pair or not ool E
= Model-dependent search uses BDT for additional event 200007 -
categorization 10000 .
:\é g§:+: : !+:+: :+: L :+: :+! :*: :+: !+:+: = —— :+::i
s _gi_f#'*‘%ﬂ;‘";++"*+'+'++ﬁ"+'+++"#'+'+ '+;'+;+'+'¥'+$++*++;*++++'+§
R E
= 180.:...|....|.....|.....| IIIIIIII S 70 80 90 100 11OmW[Ge\1/]20
. 180 ATLAS Preliminary — Observed CL, limit 1 E
© - Vs=13TeV, 140 fb" o ] - a
N N PP Expected CL_ limit - _ _
& 140 H— vy ° —] -
; [ Expected £t 1o _ B N
:E 1202_ Expected + 2 ¢ E 107" = =
o 100f = - 1 At 95.4 GeV, observe 1.7 o
X I ~ B i . .
s E i 1 (local) deviation for model-
6= U 4  10°F ATLAS Preliminary __ E
A e E ; raTov raont ) Obsenved dependent search
YN U LN N i H—yy |
20~ TR | S| T
- . 107 =
| I I I B S ST AT I S T T T T
70 75 80 85 90 95 100 105 110 70 80 90 100 110

m,, [GeV] 11 my, [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-035/

L ow mass di-tau search

Search for additional Higgs bosons in 1t final state from CMS

= Event categorization based on b-tags, pr(tT) JHEP 07 (2023) 073

-1
. CMS 138 fo'' (13 TeV) O 1CI!VIS ?“PP’eme':?fr{. . 138fb (13 TeV)
- o) E T | R 5 - Low-mass igh-mass ]
ut,+et,, No b tag, p_>200 GeV 138 fb™" (13 TeV) a : —e— Observed T : poo-eee
<™ R L L ~ : . >
% o007 CM S —— Observed 102 = T Expected E o /|
O ' vt Bkg. yf) - I 68% expected ] ©
— - Jet—t - = [ | S
T 400p g j E 10 95% expected 3 9
élj i L Others ] %‘, N RSN NN SRS
© 300r ' I Bkg. unc. . = 1F _
2 : —_— ggp @ 5.8 pb (m¢= 100 GeV): 2 -
O 00k o | T Bkg. only fit 1 -IC:) 10~ :
: 1 10% | e .= 48 _
100} O
| § 107
0 =2 : | ggo—trt
o - Low-mass High-mass
>< 1.1F 10—4 Lo | ! ! ! ooy | | | | | | o | B
n 1 70 100 200 300 1000 mzo(cgev) 200 1000 2000
2 ¢ m, (GeV)
O 0.9
T T TN RN T TN S TN N ST N S AN TN S A [N S S TS AN N N S
0 50 100 150 200 250 300 . . .
m.. (GeV) Largest deviation for ggd production at mg = 100
T

GeV with local (global) significance of 3.1 (2.7) o
12 2.6 (2.3) o at 95 GeV


https://link.springer.com/article/10.1007/JHEP07(2023)073

High mass ZZ search

Search for heavy resonance decaying to ZZ in 200 < mzz < EPJC 81 (2021) 332
2000 GeV in 4l and 2I2v final states from ATLAS 10

S E ATLAS
. . . . . . O] — p Data 2z
= Considers heavy Higgs in narrow width approximation (NWA), g [ 58 1en + .
: : : @ F ggF-MVA-high LV siets, 17
large width assumption (LWA) as well as spin-2 resonance (KK 5§ | v v [
. m 10 Uncertaimy _NWA,m, =600 GeV
graVItO n) N 50 x obs. limit

10

= Both gluon fusion (ggF) and VBF production considered for

NWA . 1
Results in LWA
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https://link.springer.com/article/10.1140/epjc/s10052-021-09013-y

High mass ZZ search

Results in NWA

o 10 = | | = o) 10 = | | =
/I% - ATLAS —— Observed CL limit = ,% - ATLAS —— Observed CL limit _
H L Vs=13TeV,139f" Expected CL_limit i N L Vs=13TeV, 139f" Expected CL_limit i
) i H—2zz - + vy B Expected =10 _ ) i H—Zzz - + vy B Expected =10 _
T = NWA, ggF production Expected + 2 o 3 T = NNWA, VBF production Expected = 2 o 3
T oL T e Expected CL_limit (/"1 11" 1 e Expected CL_ limit ("1 171"}
N W . e Expected CL_limit (/"/'vv) _ N N e Expected CL_limit (/"/'vv) _
L _1 L _1 ]
3 107 E = a 107 F =
o = - 5 -
S - - c -
2 - N R | % i - i
€ 10° NSO = € 107 PENEEReeee
1 B T E o
O - O -
2 ] 2 i
LO 10—3 I I I Yo, 10—3 I I I
=2 500 1000 1500 2000 o 500 1000 1500 2000
m,, [GeV] m,, [GeV]
ggF: maximum deviation at 240 GeV, with VBF: maximum deviation at 620 GeV, with
local (global) significance of 2.0 (0.5) o local (global) significance of 2.4 (0.9) o
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High mass W+W- search

Search for heavy resonance decaying to W*W-in 115 <
mww < 5000 GeV in 2|2v final states from CMS CMS-PAS-HIG-20-016

. : : CMS Preliminary L=59.7 b (13 TeV)

= Search in final states with ee/epy/ppu I e e o
: : . > 3: to:nrortr:t i

= Considers range of signal width hypotheses S 10°E s wtiosor M oot E
. . . ) B — [__] 9gF (1000 GeV) VBF (1900 GeV) 7

= Both gluon fusion and VBF production considered with g 10 o T Unertiny =
. . . . > B ]
different relative contributions VooER <

= [nterpretation also in MSSM scenarios, 2HDM 1— "*,..* —
= DNNs used for event classification, mass reconstruction 1o B | -
102 E

DNN m_ [GeV]

15


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-016/

High mass W+W- search

138 b (13 TeV) 138 b (13 TeV)
— ———

E‘ L L 'E' L L
e 105_ CMS - Observed E 2 105_ CMS - Observed E
£ L Preliminary ---- Expected ] £ L Preliminary ----Expected ]
Al i 68% expected Al 68% expected
X U3 95% expected E Q 1 95% expected E
é - — Exp. for SM-like Higgs- é — Exp. for SM-like Higgs1
% 107 Scenario: f,;.=1 E % 107'¢ Scenario: f,;.=0 E
L L
0 © 107°F
- -
O O
£ : £ 10
a0y TXTeEmEEesess _
O O 10—4_
> >
LO LO
(@) @)
Co e e e Ny 1()‘5—..|....|...|....|....—-
1000 2000 3000 4000 5000 1000 2000 3000 4000 5000
m,, [GeV] m,, [GeV]

Largest local (global) significance of 3.8 (2.6) o found for fvgr = 1 scenario at 650 GeV
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High mass W+W- search

| | ATLAS-CONF-2022-066
ATLAS search in epvv final states, 300 < mww < 4000 GeV

= Considers additional Higgs-like resonance in NWA, and other spin 5 1CF ATLAS Preliminary oo |
{2 B 5115"/ 5\2163‘?;31 DVBF NWA1TeV  (F -
0/1/2 models g 10°F ver1sn Woow W =
LLl
= Gluon fusion and/or VBF production considered depending on model
= Transverse mass between dilepton system and Etmiss used as signal
discriminant e
= | ATLAS Preliminary | - | ATLAS Preliminary : : 0.3§\\W‘*\“‘“\\\\$\§\ \\\\
S F Vs=13Tev, 139 1b” E S s=13TeV, 139 b E o 08— — %
= [ NWA, ggF, H > WW—evuv ] = [ NWA, VBF, H > WW—evuv ] m, [GeV]
- Y |:|‘—’20 _§ " |:|¢20 i
[ =10 i 15_\ |;|i1o _

—— Observed Limits 3 —— Observed Limits |

107 E

107

95% CLs Limit on o(pp— H) x
95% CLs Limit on o(pp— H) x

No significant excess observed!

102

0 500 1000 1500 2000 2500 3000 3500 4000 4500 0 500 1000 1500 2000 2500 3000 3500 4000 4500

m,, [GeV] 17 m,, [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-066/

High mass di-photon search
CMS-PAS-EX0-22-004

138 fb™' (13 TeV
I I | I I I I —]

Search for resonance decaying to yy

= Searches from ATLAS and CMS consider spin-0 and spin-2
resonances

= Fit to di-photon mass spectrum

CMS Preliminary % =5.6 x 102, J=0
X

- == Expected limit

-¢1stddev =
--- + 2 std dev N

—e— Observed limit

PLB 822 (2021) 136651

95% CL limit o(pp—=S—yy) (fb)

(L L L L L B BN AL B LA BN S T TR R S S
| T Tt 1000 2000 3000 4000 5000

e EATLAS ¢ Data — ; :
gm s=13 TeV, 139 fb” Background-only fit =, - —— Observed CL, limit ATLAS . o mg (GeV)
Fl0teN . Generic W signalat04 Tev @ 107~ Expected CL_limit 'S = 13TV, 139 fb7 CMS: most significant excess at
-g --------------- Generic NW signal at 1 TeV XU - S Spin-0 Model .
o107 o ceeenwsgaaztey g o [l Beeced=to NWA 1 1.3 TeV for broad resonance
10° ; Expected £ 2 o = model: 2.6 (0.8) o local (global)
10 ‘,, : ¢ + + ' B 7 . o o
+ + -. = 1 4  significance
1 g WHE : -
.................................... [T 5 -
£ ey M
o O AR R A AT ; : -
g2 - o ] ATLAS: most significant
~4350"#60 600800 1000200 1400 1600 1800 20002200 280 10" 500~ 1000 1500 2000 2500 5000 - Mostsighifican
m,, [GeV]

m [Gev] €xcess at 684 GeV: 3.3 (1.3)

o local (global) significance
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https://www.sciencedirect.com/science/article/pii/S0370269321005918
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-22-024/index.html

Searches for heavy particles decaying to scalars



Search tfor heavy resonance X—YH

Searches targeting resonance decaying to H and additional scalar Y

= Motivated by NMSSM, TRSM (SM extended by two real singlet fields) CMS-PAS-HIG-22-012
CMS Plre/imin‘ary‘ I 1 32lfb‘j (13 TeV)
arX|V231 OO..I 6 43 107 - Median expected 95% expected —

CMS 138 fb (13 TeV)

o (pp — X) B (X = HY — yybb) [fb]

95% CL limit on a(pp — X = YH)B(Y = vy) [fb]

1 0—1 L L | L L L | L L L | L L L | L L L
400 600 800 1000 1200

Most significant excess at my = mx [GeV]

650 GeV, my =.90.G.eV: 3.8(2.8)0 Mild excess seen in Y(yy)H(tt) at my
local (global) significance for = 650 GeV, my = 95 GeV with 2.3 ¢

h—-f h-d s._/ Y(bb)H(vy) local significance (but large LEE)

IIIIIIII

—2 L,
10 100 200 300 400 500 600 700 100 200 300 400 500 600 700 100 200 300 400 500 600 700 800

m,, [GeV]

(Spin-0) X — HY — yybb
B Expected limit +1 0 Expected limit +2 o
----- Expected 95% upper limit —— Observed 95% upper limil 20


https://arxiv.org/abs/2310.01643
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-012/index.html

Search tfor heavy resonance X—YH

Searches targeting resonance decaying to H and additional scalar Y
= Motivated by NMSSM, TRSM (SM extended by two real singlet fields)

arXiv:2310.01643
CMS | 138 fb (13 TeV)

o (pp — X) B (X = HY — yybb) [fb]

' my = 900 GeV JEmy =950 GeV JEmy = 1000 GeV

ol ooy oy e e
10 100 200 300 400 500 600 700 100 200 300 400 500 600 700 100 200 300 400 500 600 700 800

m,, [GeV]

(Spin-0) X — HY — yybb
B Expected limit +1 0 Expected limit +2 o
----- Expected 95% upper limit —— Observed 95% upper limil

Most significant excess at my =

650 GeV, my=90 GeV: 3.8(2.8) 0

local (global) significance for
Y(bb)H(yy)
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ATLAS bbyy

ATLAS VV-r, JHEP 10 (2023) 009
10 —— CMS b@@ , arXiv:2310.01643

CMS bbbb, PLB 842 (2023) 137392
----------- CMS bbrr, JHEP 11 (2021) 057
KRR CMS Prlellmlnary vytt, CMS- PAS HIG 22- 012

200 300 1000 2000

my [GeV]

However, no excess seen by ATLAS
X->Y(bb)H(yy) search at same masses:
largest deviation at (mx, my) = (575,
200) GeV with 3.5 (2.0) o local (global)
significance)


https://arxiv.org/abs/2310.01643
https://arxiv.org/abs/2404.12915

Search for A—=Z(l)H(tt)

Search for CP-odd Higgs decaying to heavy CP-even Higgs and Z JHEP 02 (2024) 197
= Motivated by 2HDM, ma > my favored by electroweak baryogenesis

: : g > F .
models featuring strongly first order EW phase transition: A—>ZH 8 1021 ATLAS " b ~
. E,) - (s=13 TeV, 140 fo” = tZEW+tiH+tiWW+titi -
dominates when ma - my > 250 GeV g [ A--m o -
D1 10 W, L3hi_Zin, Hin450 K -
+ : . - ignal Region tZ . ;
» H>tt becomes dominant when my > 2 m¢. ATLAS search targets semi- | o o P o
: TI L1 2HDM_ . _
leptonic tt decays 'E q“‘g& (m,m = 50450 Gev =
= Mass difference Am = macand - mycand gs signal discriminant 10 AR -
= E e ’?‘ =
— 700 ———T——T _ | # S -
> - ATLAS /s=13TeV, 140 fo~1, bb/gg — A — ZH — + /-t ; J H g o H 1072 ¢ ‘ —
O, 650 :_95% CL upper limit exclusion, type-1l 2HDM _ d e S ‘ "
= | ' A7 A 7 C - : ]
S l : ——% ——% WS- EANETIN EUUN X AR FERUIRL NETRIT FVEUIS AT FUTUrE N
i - e A R R R R A AR RN
600: D tan B=1 Obs. ) Z . Z % 51%‘%\\“**\ ‘\*‘i\‘\‘\\#\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\t\\\\\\\\\\\\\\\\\\\\\\\\\\%E
L -== BExp. /] J J o 80'55..|...|...|...|...|...|...|...|...|..._§
950 —.— A boson width 25% / i O 200 400 600 800 1000 1200 1400 1600 1800 2000
g — tEan p=2Obs. /./' ] Am [GeV]
500~ ©® j ] C g
| /1 Most significant excess at ma =
: "\ 7 :
450r \ S 1 650 GeV, my =450 GeV: 2.9
400/ / (2.4) o local (global) significance
350 55600 700 800 900 1000 1100 1200 55

M a [GeV]


https://link.springer.com/article/10.1007/JHEP02(2024)197

Search for A—=Z(I)H(tt)

Search for CP-odd Higgs decaying to heavy CP-even Higgs and Z

= Motivated by 2HDM, ma > my favored by electroweak baryogenesis
models featuring strongly first order EW phase transition: A>ZH
dominates when ma - my > 250 GeV

» H->tt becomes dominant when my > 2 m¢. ATLAS search targets semi-
leptonic tt decays

= Mass difference Am = macand - mycand gs signal discriminant

= 700 T _ . ,
v  [ATLAS s=13TeV, 1401fb~", bbigg — A —ZH — (+ft ] H g ”
O, [ 95% CL upper limit exclusion, type-Il 2HDM ) e L
I650—_ i A s A s
S I : - -
600} : 141111 171111
L [ tanPB=1 Obs. Z — Z
[ ——- Eaxp. S // g 9 b
550 —.— A boson width 25% S
- 1 tanp=20bs. -~ /
so0f T B, / C e
[ / Most S|gn|ﬁca Nt excess at mpa =
: /
450¢ / 650 GeV, my =450 GeV: 2.9
400} (2.4) o local (global) significance
350500 600 7 900 1000 1100 1200

M a [GeV] 23

CMS-PAS-B2G-23-006
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Q) 2HDM (Type-l), sin(B- o) =1
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e | --- Median expected = — tanB=0.5
1000 =1 Observed tanB=1.0 N
—- r%\:25% — tanp=2.0
900} _
800} ) _
7001 _
600 _
P ./'
5001~ , / 7
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I T T R R
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o | | | I L L 2 | | |
400 600 800 1000

However, excess not confirmed
by recent CMS search in final

state with all-hadronic tt decays


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/index.html

Searches in b+t final states for leptoquarks,
vector-like leptons



Leptoquarks coupled to 3rd generation

= Motivated by B anomalies

b
Search for LQ — bt g@; y < g o A& —
, .7 b
b T

N T LQ
= Consider single and pair production, non-resonant ’ R
production
arxXiv:2308.07826 JHEP 10 (2023) 001
CMS 138 fb™' (13 TeV) e UL
[ Ingle + Non-res. s.imit = lo |
2 95% CL upper limits  Vector LQ: =1, x=1 < 35 :_ ATLAS 4 mme= Single + Non-res. (Exp.limit + 10) _:
5 — Observed — Single Nonres. &D C (s=13 TeV, 139 fb <<<<<: Total (Obs.limit = 10) _
qC) ---- Expected — Pair — Total T_p_ - 95% CL =0 Total (Exp.limit = 10) _
_.3 68% expected Preferred by B anomalies S 3 - U™ model, High b-jet p only Preferred by B anomalies =
2 5 I B I B T Ny T T ] T T 1 O — Interf ith SM lected Excluded region —
= ' /" Y T | CMS observes excess P O g :
S of <4 with local significance 2.8 A3 _:
@) - ' — | i
O F 1 oforLQ mass2TeV, ! -
I [ | ] 1.5— .
E 1 coupling strength A=2.5: : -
11 - — —
: | excluded by ATLAS 'F .- -
0.5 — 0.5 -
L . = 7 _
B ] ] ] ] | ] ] ] ] | ] 1 N iI | ] ] ] ] | ] ] ] ] : O_ : | : |//:‘2‘ : | : | : | I_
' 1000 1500 2000 2500 3000

500 1000 1500 2000 2500 3000
Leptoquark mass [GeV] 25 M, [GeV]


https://link.springer.com/article/10.1007/JHEP10(2023)001
https://arxiv.org/abs/2308.07826

Vector-like leptons

Search for pair production of VLLs in final state with =3

b-tagged jets and upto 2 ts with CMS 2017+2018 data
= “4321 model”, motivated by B anomalies

= EW pair production of VLLs with decay via virtual vector LQ
coupled to 3rd generation

= Fit to Njet or DNN distribution in different event categories

1__II

285 107 (13 TeV)
- Asymptotic 95% CL_expected
B + 1 std. deviation
+ 2 std. deviation
e Observed 95% CL
— Electroweak production

—

500

600

900 1000
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https://www.sciencedirect.com/science/article/pii/S0370269323000473

Many more interesting results ...

g 5| ATLAS — Obs. 95% CL upper limit
= 10 = 5-13 TeV, 139 fb” —— Exp. 95% CL upper limit _§
s :
° e ° ° D Expected limit (+10)
Did not have time to cover several others, including ... . ) oo 2

= Doubly charged Higgs: excess of 3.3 (2.5) o local (global)
for muytt 450 GeV (Georgi-Machacek model) in same-sign
WW scattering at ATLAS (JHEP 04 (2024) 026)
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. Searches for Spin-1/Spin-2 resonances e.g. T
= W >tb, CMS: 2.6 (2.0) o local (global) significance for W’ 2o M8 v
mass 3.8 TeV (arXiv:2310.19893) z e =
« W’/Z' in heavy vector triplet model / spin-2 graviton in %o S
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https://link.springer.com/article/10.1007/JHEP04(2024)026
https://arxiv.org/abs/2310.19893
https://www.sciencedirect.com/science/article/pii/S0370269323001478

Summary

Vast and rich program of experimental searches for new physics at
ATLAS and CMS with LHC Run 2 data. Philosophy: leave no stone
unturned!

No observation of BSM physics yet, but some intriguing excesses seen at

the 2-3 o level worth following up ...
= Some excesses in extended Higgs sector searches across multiple final states ...

= l[ow-mass vy, 1T (90-95 GeV)
= high-mass dibosons (~“650 GeV)

= Some excesses seen in one experiment but apparently not the other ...
= X=>Y(bb)H(yy) at (mx,my) = (650, 95) GeV in CMS (not confirmed by ATLAS)
« A-Z(INH(tt) at (ma,mu) = (650, 450) GeV in ATLAS (not confirmed by CMS)
» LQ—>bt at high mass in CMS (appears excluded by ATLAS)

= More searches to come with Run 2 data, and looking forward to Run 3 and HL-
LHC to follow up ...

Searches using Run 3 data at \/s=13.6 TeV ramping up
= Expanding sensitivity through variety of approaches: ML, new triggers and
data-processing techniques, and more ...
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