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The Standard Model of Particle Physics

No gravity!

No verified theory of quantum
gravity

No neutrino masses!

Are they Dirac or
Majorana particles?

No naturalness!

Higgs field parameters seem
highly fine-tuned

BSM searches at the LHC | DESYTH WS 23-09-25 | Tamara Vazquez Schroder

No dark matter!

But needed to explain
astrophysical observations

No dark energy!

The universe is in accelerated
expansion
invisible source of energy?

Not enough matter-
antimatter
asymmetry!

To explain dominance of
matter today

Why 3 fermion
generations?

Underlying symmetry
connecting quark and lepton
sectors?

Why hierarchical
Yukawa coupling?

Why is the top quark so heavy?



Exploring all extensions of the SM

® The sea of beyond the SM theories is vast and difficult to cover in 30 min

Dark Sector <Insert model here>

<Insert model here>

Supersymmetry Heavy Neutrinos

<Insert model here>

Vector-like <Insert model here>

<Insert model here> .
fermions



Summary: ATLAS Heavy Particles Searches :rwrszus

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

ATLAS Preliminary

Status: March 2023 f-[: dt = (3.6 — 139) fo Vs =13 TeV
Model t,y Jetst ET™° [Ldi[b] Limit Reference
L 1 LI I L] L] L] L] L] 1 L L] I L] ] ] 1 1 1 LI I L L} L] 1
. ADD Gkk +g/q Oeputry 1-4j  Yes 139 | Mp 112TeV n=2 2102.10874
QC) ADD non-resonant yy 2y - - 36.7 Mg 8.6 TeV n =3 HLZ NLO 1707.04147
& ADDQBH - 2] - 139 Min 94TeV n=6 1910.08447
5 ADD BH multijet - >3] - 3.6 Mqn 9.55TeV n=6, Mp=23TeV,rotBH 1512.02586
© RS1 Gk — vy 2y - - 139 Gkk mass 4.5 TeV k/Mp = 0.1 2102.13405
b Bulk RS Gk —» WW/ZZ multi-channel 36.1 Gk mass 2.3 TeV k/Mp; = 1.0 1808.02380
w Bulk RS gk — tt leu 21b 21J/2) Yes 36.1 gkk mass 3.8 TeV r/m=15% 1804.10823
2UED / RPP 1eu >2b, >3] Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(A®Y - tt) =1 1803.09678
SSM Z" — ¢¢ 2e,pu - - 139 Z’ mass 5.1 TeV 1903.06248
- SSM Z' - 17 2T = = 36.1 Z’ mass 2.42 TeV 1709.07242
= 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 Mr/'m=12% 2005.05138
S SSMW’ ¢y Teu - Yes 139 | W’ mass 6.0 TeV 1906.05609
o) SSM W’ — v 17 - Yes 139 W'’ mass 5.0 Tev ATLAS-CONF-2021-025
S SSMW' —tb - >1b>1J - 139 | W’ mass 4.4 TeV ATLAS-CONF-2021-043
W HVT W’ — WZ model B 0-2e,pu 2j/1J Yes 139 W’ mass 4.3 TeV gv =3 2004.14636
) HVT W’ — WZ — ¢v ¢’ modelC 3 e, u 2j(VBF)  Yes 139 W’ mass 340 GeV gven=1,g =0 2207.03925
HVT Z/ - WW model B 1eu 2j/1d Yes 139 Z’ mass 3.9 TeV gv =3 2004.14636
LRSM Wk — uNg 2u 1J - 80 Wg mass 5.0 TeV m(Ng) =0.5TeV, g1 = gr 1904.12679
Cl gqqq - 2] - 37.0 A 21.8 TeV 1, 1703.09127
_ Cletgg 2e - - 139 |A 358TeV ., 2006.12946
O  Cleebs 2e 1b - 139 |A 1.8 TeV L=1 2105.13847
Cl uubs 2u 1b - 139 |A 2.0 TeV g =1 2105.13847
Cl tttt >1eu >1b,>1] Yes 36.1 A 2.57 TeV |Cael = 4n 1811.02305
Axial-vector med. (Dirac DM) - 2j - 139 Mped 3.8 TeV 84=0.25, g, =1, m(x)=10 TeV ATL-PHYS-PUB-2022-036
S Pseudo-scalar med. (Dirac DM) O e, pu, 7,y 1-4j Yes 139 Mped 376 GeV gq=1, g=1, m(y)=1 GeV 2102.10874
Q Vector med. Z’-2HDM (Dirac DM) O e, u 2b Yes 139 mz- 3.0 TeV tanB=1, gz=0.8, m(y)=100 GeV 2108.13391
Pseudo-scalar med. 2HDM+a  multi-channel 139 m, 800 GeV tanp=1, g,=1, m(y)=10 GeV ATLAS-CONF-2021-036
Scalar LQ 1%t gen 2e >2j Yes 139 LQ mass 1.8 TeV B=1 2006.05872
Scalar LQ 2" gen 2u >2] Yes 139 | LQmass 1.7 TeV B=1 2006.05872
Scalar LQ 3™ gen 17 2b Yes 139 | LQY mass 1.49 TeV B(LQ§ — br) =1 2303.01294
Q  Scalar LQ 3 gen Oe,u >2j,>2b  Yes 139 LQY mass 1.24 TeV B(LQ; »tv) =1 2004.14060
~ Scalar LQ 3™ gen >2e,u,>17t>1j,>21b - 139 LQS mass 1.43 TeV B(LQY - tr) =1 2101.11582
Scalar LQ 3™ gen Oepu,217 0-2j,2b Yes 139 LO% mass 1.26 TeV B(LQI - bv) =1 2101.12527
Vector LQ mix gen multi-channel >1j, >1b  Yes 139 LO‘,7 mass 2.0 TeV B(U, — tu) =1, Y-M coupl. ATLAS-CONF-2022-052
Vector LQ 3™ gen 2e,u,T >1b Yes 139 LQ} mass 1.96 TeV B(LQY — br) =1, Y-M coupl. 2303.01294
@ VLQTT - Zt+ X 2e/2u/>3e,u >1 b, >1 - 139 T mass 1.46 TeV SU(2) doublet 2210.15413
= 2 VLQBB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
« O VLQ T53Ts3|Ts3 > Wt+ X 2(SS)/>23eu>1b,21] Yes 36.1 Ts/3 mass 1.64 TeV B(Ts3 = Wt)=1, c(Ts3Wt)=1 1807.11883
S E VLQT - Ht/Zt 1eu >1b,>3j] Yes 139 T mass 1.8 TeV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
3o VLAY - Wb e 21b>1] Yes 361 |Ymass 1.85 TeV B(Y — Whb)=1, cr(Wh)= 1 1812.07343
> VLQ B — Hb Oeu >2b,>1j,>1J - 139 | B mass 2.0 TeV SU(2) doublet, k= 0.3 ATLAS-CONF-2021-018
VLL 7 — Z7/H7 multi-channel  >1]j Yes 139 7/ mass 898 GeV SU(2) doublet 2303.05441
© . Excitedquark g* — qg - 2] - 139 q* mass 6.7 TeV only u* and d*, A = m(q*) 1910.08447
§ g Excited quark ¢* — qy 1y 1]j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q*) 1709.10440
j & Excited quark b* — bg = 1b,1]j - 139 b* mass 3.2 TeV 1910.08447
Excited lepton 7* 27 >2] - 139 7" mass 4.6 TeV AN=46TeV 2303.09444
Type Il Seesaw 234 e u >2] Yes 139 | N® mass 910 GeV 2202.02039
LRSM Majorana v 2u 2] - 36.1 Nr mass 3.2 TeV m(Wg) =4.1TeV, gL =gr 1809.11105
S Higgs triplet H** —» W*W=* 2,3,4 e, t (SS) various  Yes 139 H** mass 350 GeV DY production 2101.11961
< Higgs triplet H** — ¢¢ 2,3,4 e, (SS) - - 139 H** mass 1.08 TeV DY production 2211.07505
o Multi-charged particles - - - 139 multi-charged particle mass 1.59 TeV DY production, |g| = 5e ATLAS-CONF-2022-034
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
V-=13TeV v-=13Tev L1 11 l L 1 1 1 L1 11 l 1 1 1 1 L1 11 I 1 1 1 1
partial data full data 107! 1 10

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

T Small-radius (large-radius) jets are denoted by the letter j (J).
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Mass scale [TeV]

ATLAS

EXPERIMENT


http://cds.cern.ch/record/2853754

ATL-PHYS-PUB-2023-008

ATLAS

EXPERIMENT

Summary: ATLAS LLP Searches

ATLAS Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary

Status: March 2023 [£dt = (32.8-139) fo! Vs =13 TeV
Model Signature  [£dt[b™] Lifetime limit Reference
T T 1 T ITrrr T T T T Irrr T T T TIrrl T T 1T T Irrr T T 1 T Irrr T | [ |

RPV — uq displaced vtx + muon 136 t lifetime ! I I I 0.003-6.0 m ! m(t)=1.4 Te!/ 2003.11956

RPV /\"/2 — eev/euv/uuy  displaced lepton pair 32.8 ,\7‘1’ lifetime 0.003-1.0 m m(§)= 1.6 TeV, m(¢?9)= 1.3 TeV 1907.10037

RPV ) — qqq displaced vix + jets 139 )?‘1’ lifetime 0.00135-9.0 m m(79)=1.0 Tev 2301.13866

GGM % - ZG displaced dimuon 32.9 )?‘1’ lifetime 0.029-18.0 m m(g)=1.1TeV, m(¥])= 1.0 TeV 1808.03057

GMSB non-pointing or delayed y 139 ,\7(1’ lifetime 0.24-2.4m m(7%, G)= 60, 20 GeV, By= 2% 2209.01029

GMSB 7 — (G displaced lepton 139 | 7 lifetime 6-750 mm m(f)= 600 GeV 2011.07812
C§ GMSB 7 — 7C displaced lepton 139 | 7 lifetime 9-270 mm m(Z)= 200 GeV 2011.07812
@ AMSB pp — ¥ii%, ¥ F¥7  disappearing track 136 | &7 lifetime 0.06-3.06 m m({7)= 650 GeV 2201.02472

AMSB pp — ¥ii9, ¥1 i1 large pixel dE/dx 139 ,?f lifetime 0.3-30.0 m m(y1)= 600 GeV 2205.06013

Stealth SUSY 2 MS vertices 36.1 S lifetime 0.1-519m B(g — Sg)= 0.1, m(&)= 500 GeV 1811.07370

Split SUSY large pixel dE/dx 139 | g lifetime >0.45m m(g)=1.8 TeV, m(§})= 100 GeV 2205.06013

Split SUSY displaced vtx + E?iss 32.8 g lifetime 0.03-13.2m m(g)= 1.8 TeV, m(¢?)= 100 GeV 1710.04901

Split SUSY 0£,2-6jets +ETS  36.1 g lifetime 0.0-2.1m m(g)=1.8 TeV, m(¥3)= 100 GeV | ATLAS-CONF-2018-003

H—-ss 2 MS vertices 139 s lifetime 0.31-72.4m m(s)= 35 GeV 2203.00587
° H—ss 2 low-EMF trackless jets 139 | s lifetime 0.19-6.94 m m(s)= 35 GeV 2203.01009
= VHwith H — ss — bbbb  2¢ + 2displ. vertices 139 | s lifetime 4-85 mm m(s)= 35 GeV 2107.06092
é FRVZ H — 2y4 + X 2 u—jets 139 | ya lifetime 0.654-939 mm m(yq)= 400 MeV 2206.12181
é FRVZH — 4yy + X 2 u—ijets 139 | yq lifetime 2.7-534 mm m(yq)= 400 MeV 2206.12181
T H— Z,7Z,4 displaced dimuon 32.9 Z, lifetime 0.009-24.0 m m(Zy)= 40 GeV 1808.03057

H—-Z7Z, 2 e, u + low-EMF trackless jet 36.1 Z4 lifetime 0.21-5.2m m(Zy)=10 GeV 1811.02542
_ $(200 GeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.41-51.5m o X B=1 pb, m(s)=50 GeV 1902.03094
?:; ®(600 GeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.04-21.5m o X B=1pb, m(s)=50 GeV 1902.03094
@ P(1 TeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.06-52.4 m o x B=1pb, m(s)= 150 GeV 1902.03094

W — NE,N — tty displaced vtx (uu,ue, ee) + 1 139 N lifetime 0.74-42 mm m(N)= 6 GeV, Dirac 2204.11988

W — Nt¢,N — tly displaced vtx (uu,ue, ee) + u 139 N lifetime 3.1-33 mm m(N)= 6 GeV, Majorana 2204.11988
% W — N¢, N — tby displaced vitx (uu,ue, ee) + e 139 N lifetime 0.49-81 mm m(N)= 6 GeV, Dirac 2204.11988

W — NE,N — v displaced vitx (uu,ue, ee) + e 139 N lifetime 0.39-51 mm | | | m(N)=6 Ge\I/, Majorana 2204.11988

| AT | R T IR L1 I T I
0.001 0.01 0.1 1 10 100 cT [m]
Vs=13TeV  ys=13TeV
partial data full data l il el el ol ol T
*Only a selection of the available lifetime limits is shown. 0.001 0.01 0.1 1 10 100 ns
7 [ns]
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ATL-PHYS-PUB-2024-014

ATLAS

EXPERIMENT

Summary: ATLAS SUSY Searches

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

July 2024 \/E =13 TeV
- -1 - -
Model Signature  [Ldr[fb7'] Mass limit Reference
) 1 | L| L} L] I I L] L} L} | L]
ad, G—a¥1 Oe,u 2-6jets  ER™ 140 1.85 m(¥})<400 GeV 2010.14293
@ mono-et  1-3jets EMSS 140 |4 [8x Degen] 0.9 m(g)-m(¥1)=5 GeV 2102.10874
S 3 goqa Oe,u 2-6jets EMS 140 |2 2.3 m(tY)=0 GeV 2010.14293
P g Forbidden 1.15-1.95 m(¥})=1000 GeV 2010.14293
% 23, 3—qqWx| Tepu 2-6 jets 140 | 2 2.2 m(¥})<600 GeV 2101.01629
Lz §—>qc7(t’€)/\’g ee, i 2jets  Ep™ 140 |2 2.2 m(¥})<700 GeV 2204.13072
B 23 8-qqWZX, Oep  7-11jets EP™ 140 |2 1.97 m(t?) <600 GeV 2008.06032
% SSe,u 6 jets 140 |2 1.15 m(Z)-m(¥1)=200 GeV 2307.01094
= gz gont) 0-1e,pu 3b Ems 140 |2 2.45 m(¥})<500 GeV 2211.08028
SSe,u 6 jets 140 g 1.25 m(z)-m(X;)=300 GeV 1909.08457
b1b; 0e,u 2b  EPS 140 | b 1.255 m(¥})<400 GeV 2101.12527
by 0.68 10 GeV<Am(h; X1)<20 GeV 2101.12527
w ©  biby, by—b¥y — bhY) Oe,pu 6b EE?SS 140 | b, Forbidden 0.23-1.35 Am(/?g,/\:;?)=0130 GeV, m(/\~’?)=01 00 GeV 1908.03122
E S 27 2b B 140 By 0.13-0.85 Am(¥2,7°)=130 GeV, m(Y})=0 GeV 2103.08189
S2 i, il 0-1e,pu >1ljet EMS 140 |7 1.25 m(¥))=1 GeV 2004.14060, 2012.03799
: g_ hi, i —>Wb)?? 1eu Sjets/1 b EP™S 140 f Forbidden 1.05 m(¥})=500 GeV 2012.03799, 2401.13430
% S fif1, h—=71bv, 11 e 1271 2jets/1b E;ms 140 f Forbidden 14 m(7,)=800 GeV 2108.07665
s L {fy, o) /8, ek 0e,u 2c  EP™ 361 |& 0.85 m(Z})=0 GeV 1805.01649
SEIS! Oe,u mono-jet  EF 140 |4 0.55 m(f,,&)-m(¥])=5 GeV 2102.10874
fiiy, i1, X9 —Z/h¥) 1-2e,u 1-4b  EFS 140 |7 0.067-1.18 m(¥2)=500 GeV 2006.05880
hiy, h—h +Z Be,u 1b EPss 140 | Forbidden 0.86 m(¥})=360 GeV, m(7, )-m(¥})= 40 GeV 2006.05880
X viawz Multiple ¢/jets ' EE?SS 140 | ¥} /,\”/g 0.96 m(¥})=0, wino-bino 2106.01676, 2108.07586
ee, pu >1jet EMs 140 | XA, 0.205 m(¥T)-m(¥})=5 GeV, wino-bino 1911.12606
XX via Www 2e,u EPS 140 | X7 0.42 m(¥)=0, wino-bino 1908.08215
Yi¥5 via Wh Multiple ¢/jets EPs 140 | Xj/¥; Forbidden 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
. XiXivial,/v 2epu EF™ 140 | X} 1.0 m(Z,7)=0.5(m(¥})+m(t})) 1908.08215
S § F Tk 27 Ep™ 140 [ENERTRITT0Ss 0.5 m(¥})=0 2402.00603
W= 7 plg, I>00) 2e,p Ojets  Ep™ 140 |7 0.7 m(?)=0 1908.08215
ee, i >ljet EPS 140 |7 0.26 m(?)-m(¥})=10 GeV 1911.12606
HH, H-hG|ZG 0e,u >3b  EP 140 | @ 0.94 BR(T} — hG)=1 2401.14922
4e,p Ojets Ex™ 140 | & 0.55 BR(Y} — ZG)=1 2103.11684
Oepn =>2largejets E7™ 140 | & 0.45-0.93 BR(Y, — ZG)=1 2108.07586
2e,u >2jets EFS 140 | & 0.77 BR(Y] — ZG)=BR(X| — h()=0.5 2204.13072
Direct ¥1X, prod., long-lived Y7 Disapp. trtk  1jet  EP™ 140 [X} 0.66 Pure Wino 2201.02472
= X; 0.21 Pure higgsino 2201.02472
1) .
S O Stable g R-hadron pixel dE/dx EMs 140 | 2.05 2205.06013
o T Metastable g R-hadron, g—gg¥ 1 pixel dE/dx Ep" 140 | & [7(8) =10 ns] 2.2 m(¥})=100 GeV 2205.06013
S 8 -G Displ. lep EPSS 140 | &n 0.74 7(7)=0.1ns ATLAS-CONF-2024-011
~ _ 7 0.36 7(f) =0.1ns ATLAS-CONF-2024-011
pixel dE/dx EMss 440 |7 0.36 () =10ns 2205.06013
G X sze—eee 3e,u 140 Pure Wino 2011.10543
XX 10 — Ww/zetetvy 4e,p Ojets  EP™ 140 m(t})=200 GeV 2103.11684
28, 2-q9¥), X\ = qqq >8 jets 140 2.34 Large 17, 2401.16333
S i i) X s abs Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
% if, i>bXT, X1 — bbs > 4b 140 Forbidden m(¥)=500 GeV 2010.01015
iy, h—bs 2jets+2b 36.7 0.61 1710.07171
nh, hi—qt 2e,u 2b 140 0.4-1.85 BR(7, —be/bu)>20% 2406.18367
Tu DV 136 1.6 BR(7, —qu)=100%, cost,=1 2003.11956
X 133 7Y, 00, —tbs, X1 —bbs 12e,u  >6jets 140 |2 0.2-0.32 Pure higgsino 2106.09609
L L L L L L I L L 'l L L
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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Summary: CMS EXO Searches

Overview of CMS EXO results

CMS preliminary March 2024
String resonance " 579 1911.03947 (2))
2y resonance " DO 0354017120313 (20 + 1y 2e + 1y; 2+ 1y)
Wy resonance " T 15:8102106.1 0509 (1) + 1y)
Higgs y resonance " 07231251808 01257 (1j+ 1y}
Color Octect Scalar, K2 =12 " 05 1911 03947 (2§)
Scalar Diquark " 575 191103947 ()
ti+ ¢, pseudoscalar (scalar, g3, x BRIg~21) > =0.03(0.004) " 00150075 1911 04968 (3¢, = 4t)
tH+ ¢, pseudoscalar {scalar), g2 x BR{$~2!) > =0.03{0.04) M [ 00080134 1911.04968 (3¢, = 4t)
pp+Zy+X ~ [ DB16CMS-PAS-EXO-19-009 (pp+ 24 pp+yl
X=$9, Mg =0 02My, $~lyy) merged diphoton pair M OMS-PAS-EX0-22-022 {2(yy)}
Wy Bmssnsncelpbocic " F 020 M PAS EXO2101T (L4 pE )
SUEP Offiine, To =3 GeV, mg =3 GeV, BriA=nm) = 100% M I D2200MsS-PAS-EX0-23-002 ((SUEPOffline)}
Split SUSY, HSCP gluino with infinite lifetime, fi;= 0.1 s (CMS-PAS-EX0-18-002 (dE/dx)
stau pair production, HSCP with infinite lifetime My CMS-PAS-EX0O-18-002 (dE/dx)
Doubly-charged tau', HSCP infinite lifetime, DY production M2 CMS-PAS-EXO-18-002 (dE/dx}

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are nd?uncluded).
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Mass Scale [TeV]

quark compositeness (#), nugr= 1 Norn 210302708 (2}
quark compositeness (), nupa= -1 Kigr 2103.02708 (2}
Excited Lepton Contact Interaction " 02516 2001 04521 (2 + 24)
Excited Lepton Contact Interaction " 0255 2001.04521 (24 +2j)
vector mediator (gg), go = 025.gon= 1,my=1 GeV ” [ 0350:7191103761 (= 3j)
vectormediator 18,6, =0.1. g =1,,=0.0Lm, > 1 TeV " 022182 2103 02708 (20,20}
{axial-hvector mediator (qq), gg =025, gow=1m; =1 GeV ” 0528 1911.03947 (24)
{axial-Jvector mediator {ir), gq=025,gow =1, my = 1 GeV " 0-1:95 2107.13021 (= 1j +pP'=)
{axial}-vector mediator {#), g;=0.1,gow= 1.9, =0.1,m; > Mpesl? " 210302708 (2e, 2y}
scalar mediator {+4/t1), gy = 1, gou=1,m, =1 GeV ” 0-0.201901.01553 (0, 14 + = 2j+ pJ'=}
scalar mediator (+f), gg =1.gop=1,m, =1 GeV » [ 005-0.42107.10892(0, It + =2j+ p7)
scalar mediator (fermion portal), A, =1,m; =1 GeV w 010:115 2107.13021 (= 1j +pJ'=)
pseudoscalar mediator (+j/V), go=1,gow =1, my = 1 GeV " 00-0/472107.13021 (= 1j +pP'=)
pseudoscalar mediator {+4/th), gq=1.gou=1.m, =1 GeV M 10-0.31901.01553 (0, 1£ + =2j+ pf'=)
pseudoscalar mediator (+tH, gy=1, gow =1,m; =1 GeV ~ [ 005-042210710892(0, U + =2j+ p=)
complex sc. med. (dark QCD), mn, =5 GeV, cTx, =25 mm M 10-1.54 1810.1 0069 (4j)
Baryonic Z', gg = 025,go =1,my =1 GeV " 0.0-156 190801713 {h + pP'=)
2 mediator {dark QCD), Myyy, =20 GeV, ry, =0.3, Gyyy =iy m 211211125 (2) +p§=)
Z'-2HDM, gz = 08,gon= 1,tanf =1,m; = 100 GeV » 190801713 (h 4 p7=)
Leptoquark mediator, 8 =1, B= 0.1, Ay, ow =0.1, 800 <Mcg < 1500 GeV ~ [0 03056 181110151 {1y + 1j+ pP'=)
axion-like particle, f-! =12 TeV-! - [ 05200MS-PAS-EX0-21-007 (pp + vy)
inelastic dark matter model, = 104,05 =0.1 . G003 0,08 OMS-PAS-EX0-20-010 (2 displaced j + p)
inelastic dark matter modd, y=10-7,a=0.1 n [ 002:0.08 OMS-PAS-EX0-20-010 (2 displaced p + 7=}
dark Higgs, go = 0.25,gow = 1, 6= 0.01, my = 200 GeV, mz = 700 GeV ~ [0 0116:0:352 CMS-PAS-EXO-21-012 (14 4 2j + pJ'=, 20 +pJ=)
RPV stop to 4 quarks ~ 0080152 180803124 (2j; 4j)
RPV squark to 4 quarks » P om=0a72 1806.0 1058 (2j)
RPV gluino to 4 quarks " Y 1206.01058 (2]}
RPV stop scouting boosted ~ CMS-PAS-EX0-21-004 (scouting boosted dijet)
RPV mass degenerated higgsinos to trijet boosted scouting » 0.07-0.075 & 0095-0.105 CMS-PAS-EXO-21-004 {scouting boosted trijet)
ADD (jj} HLZ, rep =3 » 1803.08030 (2§}
ADD {yy.#} HLZ, nep =3 ~ 1812.10443 {2y, 21}
ADD Gxx emission, ngp =2 ~ 210713021 (= j +p7=)
ADD QBH {jj}. neo =6 » 1803.08030 (2§}
ADD QBH (ep), no =4 ~ 220506709 (ep)
ADD QBH (et} ne =4 ~ 2205.06709 (et}
ADD QBH {u1), nv=4 ~ 2205.06709 {pt)
ADD QBH (v} nem = 6 ” 20575 CMS-PAS-EX0-20-012 y + )
RS Guxll), kM =0.1 ~ 210302708 {21}
RS Gudqd.gg). kilfa =0.1 " 05216 1911.03947 (2))
RS QBH (j). nep=1 ~ 1803.08030 (2j)
RS QBH{yj). nm=1 ~ 207502 OMS-PAS-EX0-20-012 {y + j}
non-rotating BH, Mo = 4 TeV, neo = 6 " 180506013 (= Tj(L, y))
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® Multiple limits (+ several 2-3 o tensions spread across the board)

® Beginning of the LHC: low-hanging fruits (high mass, large coupling,
low-background, prompt)

® Ve haven't observed anything so far = explore more challenging
regimes!

® New Run-3 results, new corners of the phase-space, better tagger
performances, new models and new signatures in the detector

Evolution of BSM searches at the LHC

Have we given up on finding BSM physics? @

B

<_
(_

Lower masses: difficult to trigger and to
reconstruct; large SM background

Lower couplings: benefit from increased
luminosity

Larger lifetimes: long-lived particle
signatures in the detector
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Heavy fermions &
£g-coupled bosons

Vector-like fermions Leptoquarks
e Hypothetical spin-2 coloured particles e Colour triplet bosons with fractional electric charge
e |Hand RH components transform the same way under SM gauge group e Carry both lepton and baryon number

e Mass not from Yukawas, evade Higgs constraints on 4th gen quarks ® Can enable violation of lepton flavour universality



The (TH+EXP) flavour puzzle

125-6G
® Why similar structure ® Hints for lepton flavour universality violation observed in

g, =V2—" of quarks and leptons? charged and neutral current processes in B-physics

® Why three generations

. o 04 / : - T 7 68% CL tontours -
of particles? TVs e/M o pmala=al e
0 0.35:— LHCbH* —:
® How do they get (x)y _ B(B" = D)+ rp) Bl :
. R(D ) — 0 C ok Belleb( B
different masses? B(BY — DM)+/ly) O3
/ = [L, € 025:_ 1\! LHCY

< Only the Higgs boson 3.80 ereess i RP 021 rravsu pedio Kb om0, :
n<: can distinguish and Rp» combination e ]

4.8M 0.2 03 04 0.5
d 3 between electron, R(D)
e Shange muon an | n . . 5 B -
E4E Cvas them sifirent tensions in angular | Pk
| = om : :
0.511M ‘ (105.7M Iives them diiterent observables and 0.5%@ SM from EOS (GRVDV:2022) —
(7, masses E —— LHCb8.4fbj £
e M 2 BRs of b—sp+p- | = LG, :
= O | : I-%-I Preliminary-

22 WQ (<o <155 0. But... what is the Y. T
V V V. - underlying mechanism to BSM physics behind f : ;,,_é_, l—# E—'
| t AN ying . g
e-neutrino u neutrino -neutrino ] ] f/avour anoma/les? n _
\. do so and assign arbitrary , . , - . =
Vikaw i g? Possible R(D™) explanation: 0 5 10 15
° 2 A
» ukawa coupling leptoquarks LHCh-PAPER-2025-041 q* [GeV?/c?
+ Mmass
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ReSOHa nt S-Channel I_Q CERN-EP-2025-142, submitted to JHEP ATLAS

EXPERIMENT

® First ATLAS search for resonant, s-channel prod. of LQs via ® Final states: e+light-jet, u+light-jet, e+b-jet, u+b-jet

lepton PDFs, LQ decay to 1 lepton + 1 jet
® Using Run 2 (140 fb-") + partial Run 3 (55 fb-1) datasets

® “NLO" contributions via photon PDF motivate also targeting . o
® Fit m) distributions

2-lepton (+jet) final states

® tt, W+jets and Z+jets normalisation factors free-floating
- Common to t-channel and single LQ production as well

ﬂ 106 | | | | | | | | | | | | | | | |
S ATLAS 1 e Data == Total SM
3 10° Vs =13 TeV, 140 fo W-+jets 1l Top
e + b-jet, Post-fit Bl Z+jets Fakes/non-prompt
LO s-channel NLO s-channel 10° Control and validation regions g Other
/4 / g 4
W 10°
Y -.L.Q.- Y ‘Y 10°
/V/‘~~~ LQ ¢ 10
q q q < 1
off-shell L = .,
q ¢ % |
. pair Lo W g single |, g
P A 0.8
/, LQE Q Q9 - N ® <+ 1 © Q9 T o o™ <& 9Q 9 T 9«
P Y o o £ c c c c c ® £ c c c o o £ c
g N . qg = 30 @® ®m @m @ @ @ N @® @ @ @ § = O @
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Resana nt S-(hannel I_Q CERN-EP-2025-142, submitted to JHEP ATLAS

EXPERIMENT

® Results interpreted within minimal §;-model framework, e + light-jet p + light-jet
: : : e F T T 1 2 T T T T T ]
where only a single LQ coupling is non-zero = [ ATLAS 1 = [ aras ]
=l Vs=13TeV, 140 fb! i 41— s=13TeV, 140 fb! —
=367t — 13971 --- 30071 - 3ab! - V/5=13.6 TeV, 55 fb~" . | V/s=13.6TeV, 55 fb™" |
10 - St - e+d, e + light-jet channel - | Sy - u+s, uy + light-jet channel _
. , __ | ]
o ] 3__ __
1 0.8_— ] L -
I : P % C : B N
0.507 0.6/ N Ceened i [ -
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— access high mass & [ 100, 10 — Observedlimit -
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® Stringent exclusion limits on LQ masses when - fs=19sTev, S5t ] - [5=136TeV, 551 :
- S1 - e+b, e + b-jet channel - . Sy > u+b, u + b-jet channel _
combining Run 2 and partial Run 3 data: I ] [ ]
3 — 3 ~
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Off-shell LQ: pp — 7t (+b-jets)

® Using full Run 2 dataset (140 fb-1)

® (Consider only the high-mass region (my; > 100 GeV) and

opposite-sign ThadThad Channel as signal region

- Other channels (ethad, PThad, €M, Same-sign £1h,4) used for

validation of SM background processes
® Detector-level analysis binned in (0, 1, 22) b-jets

® Discriminating variable: my;s(t7)

® Background processes with misreconstructed/fake th,q estimated

using data-driven techniques, others from MC simulation

® Non-negligible destructive interference between signal and SM
/—11 estimated and included

- Dominates over pure-BSM term at low m;

BSM searches at the LHC | DESYTH WS 23-09-25 | Tamara Vazquez Schroder

CERN-EP-2025-063, submitted to JHEP
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EXPERIMENT

O'ﬁ-She" I_Q: pp — TT (+b-jets) CERN-EP-2025-063, submitted to JHEP  SVATLAS

® | Q andZ' interpretation of data results

® Normalisation of tt and DY free-tfloating

- Alsointhis paper: EFT interpretation, & 61— 7" & S~ T T T T 7
. - - ATLAS Expected limit+ 26, i ~ - ATLAS Expected limit+ 2o, -

T anomalous magnetic moment Gt g [ B sTou 0w o 1 8 [ feewTvaon T et

. . _ 3<zct0r —— Observed limit o i 4 ;ctor € —— Observed limit o —

measurement, unfolded differential SR RS oz s ks b T a0 B oz, 155 ]
measurement of 1t cross section 4r B . -

® \ector LO scenarios considered:

\
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- P =L =L =P =1 i i I ]
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® First LQ result combining both
J Leptoquark mass [TeV] Leptoquark mass [TeV]

interference and pure-BSM terms
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Off-shell LQ: comparison

Coupling strength A
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ATLAS

EXPERIMENT

CMS
: . T
® Excess seen by CMS (~ 2.8 o local) not seen by ATLAS (only the latter including interference effects) s
78 \\ \
® \We are becoming sensitive to the region of phase space (A vs m_q) preferred by the B-anomalies
1
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Supersymmetry

e Asuperpartner for every SM particle o R-parity-conserving (RPC): superpartners are

* Fermion superpartners of the Higgs and weak pair-produced and Lightest Supersymmetric
gauge bosons can be WIMP dark matter Particle (LSP) is stable — Egmiss in the final state

® Gauge couplings unify at a single GUT scale * R-parity-violating (RPV): the LSP is allowed to

® Elegant solution to the hierarchy problem decay into SM particles, voiding the Egmiss signature



Supersymmetric: where to search?

® Stringent constraints set on many of the minimal / ‘vanilla’ SUSY models/particles

® Cover the uncovered (and usually more difficult!) phase space If the slepton-neutralino

~0

- Fill the gaps! mass difference is small, %

N » searches become
ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

R Signature [rarm) V5= 13TV complicated because of %

X1

Mass limit Reference
L] L] T L] L] L] L] L] I L] L] T L] L]
3G, G-t Oe,pu 2-6 jets Eﬁ!“ 140 1.85 m(¥})<400 GeV 2010.14293 e e p
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O 33 7-qd(COX) ee, 2jets  EF™ 140 |2 2.2 m(})<700 GeV 2204.13072
D 3z, goqqWzi) Oeu  7-11jets EMS 140 |2 1.97 m(¥}) <600 GeV 2008.06032
2 SSe,u 6 jets 140 |z 1.15 m(z)-m(¥})=200 GeV 2307.01094
Sz gont) 0-1e,u 3b EPss 140 |2 2.45 m(¥})<500 GeV 2211.08028
SSe,u 6 jets 140 |z 1.25 m(z)-m(¥})=300 GeV 1909.08457
: p— T T T T T T T I T T T T
bib Oe.p 2b  EMs 140 | B 1.255 m(¥})<400 GeV 2101.12527 > ! !
by 0.68 10 GeV<Am(b; X1)<20 GeV 2101.12527 G) —
T T 7 ~0 ~0 miss 7 : =0 =0 =0 =
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S L. 0 ) ; - 20 —_— —1 -
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< 5 0, Wb ) 1eu Sjets/1 b Ep 140 | % Forbidden 1.05 m(¥})=500 GeV 2012.03799, 2401.13430 ~~ s - ~0 -
Qg Ah, 1-Tiby, 1116 127 2jets1b EP™ 140 | & Forbidden 1.4 m(#1)=800 GeV 2108.07665 Q- pp — 14 L RK LR’ (— £X1
= % fify, i—>ck 1 68, e—ck) 86,/1 2¢ t Ep 361 |¢ 0.85 m(?Y)=0 GeV 1805.01649 t ; ; —
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-~ o~ ~0 ~0 ~0 :ﬁgq ~l (1 ) ~0(X1 0: AII Ilmlts at 950/0 CL —
1T, Ti> 1, Xa—Z W 1-2e,pu 1-4b  EP™ 140 [ 0.067-1.18 m(¥5)=500 GeV 2006.05880 -
b, h—h +Z 3e.u 1b EF 140 t Forbidden 0.86 m(¥})=360 GeV, m(7; )-m(¥})= 40 GeV 2006.05880 2 —
SN -1 -
,ﬁ,{zg via WZ Multiple ¢/jets _ Eﬁ?“ 140 )Z;/*:’g 0.96 m(¥})=0, wino-bino 2106.01676, 2108.07586 S~— - 8 TeV, 20.3 fo arX!v.1 403.5294 ]
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[} . -
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— , F 0.36 7?)=0.1ns ATLAS-CONF-2024-011 L -
pixel dE/dx EPS 140 |7 0.36 7(f)=10ns 2205.06013 pa r I C eS
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S 7 i) X — tbs Multiple 36.1 m(¥7)=200 GeV, bino-like ATLAS-CONF-2018-003 2 | | " 1 | | | [ | | [ ! | { | | l | A | A A A A
& if, i—bXT, X1 — bbs > 4b 140 m(¥})=500 GeV 2010.01015
fi, hi—bs 2jets +2b 36.7 1710.07171 1 OO 200 300 400 500 600
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*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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RPC sq ua rks & g I T i nos: t+ ETmiSS CERN-EP-2025-132, submitted to EPJC ﬁl&ﬁé

® Secarch for strongly pair produced squarks and gluinos

. . . e
decaying to 1, jets and Eqmiss D ) . < /
. 1 _ & 7/p X7
® Common cascade decay in MSSM -7 Xi
~ =0

® Using Run 2 (140 fb-1) + partial Run 3 (51.8 fb-1) datasets & %_/’Z<' X1  stable SUSY

v particle

® [Events selected with Eymiss triggers . |
T/UV

® Machine-Learning based: ® Cut-and-count based:

11 compressed, 11 high mass, 2t high-mass

- Regions defined with multiclass-classifier
- Channels: 1102, 1112, 270¢% - Emisstitted in 1t SRs and mte'+mt%2 in 21 SRs
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RPC sq ua rks & g I u i nos: t+ ETmiSS CERN-EP-2025-132, submitted to EPJC ATLAS

® For gluino pair production models, gluino masses excluded below 2.25 GeV, and LSP masses excluded below
1.35 TeV for gluino masses around 2 TeV

® For squark pair production models, squark masses excluded up to 1.7 TeV, and LSP masses up to 0.85 TeV

® The cut-and-count-based approach slightly better in compressed region thanks to dedicated optimised region
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BSM (in) Higgs

Two-Higgs-doublet-model (2HDM) Exotic Higgs decays
e Extension of the electroweak Higgs sector by another scalar doublet * Higgs boson decays are particularly sensitive to new physics
® Pheno contains a charged Higgs, a pseudoscalar and two neutral due to the small total width

scalars, flavour-changing neutral currents, and more possibilities for  Models predicting new light scalar(s) can lead to exotic Higgs

CP violation and baryogenesis decays, e.g.: H=>aja; > 4b or H - a1a, = aja1a1=> 6b



X->SH->bbyy

ATLAS-CONF-2025-009 ATLAS

EXPERIMENT

b
: . 0 (2999099999999~ ,
® Secarch for the resonant production of a heavy scalar X decaying S i
into a SM Higgs boson and a lighter scalar S through )\ X L b
X=>SH->bbyy N H Y
. . 0 1099200090900 - B
® Using Run 2 (140 fb-1) + partial Run 3 (58.6 fb-1) datasets ‘Qiz:
. . . . _ . |JHEPT1(2024)047 = "y
® Main backgrounds: continuum di-y non-resonant production and 3o amas |l E
Higgs processes with H=>yy R s A "
previous <

o(pp — X) x

100

® Main updates wrt. previous results:
- Changing from DL1r to GN2 b-tagger
- Mmyy requirement changed from 120-130 GeVto 122.5-127.5 GeV

101

[fo]

® Two SRs based on the number of b-jets, using PNNs

500 ATLAS Preliminary

| Vs=13/13.6 TeV, 140/ 58.6 fb-"
L X— SH - bbyy

| 95% CL expected upper limit

® Expected limits on o137ev are 15% to 73% lower than previous result

ms [GeV]

410"

new

(largest improvements on low-mass region)

2001

® |[nclusion of early Run 3 dataset improves sensitivity by 9-30%

95% CL upper limit on (X — SH — bbyy)1aTev

100+
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http://cds.cern.ch/record/2937875
https://doi.org/10.1007/JHEP11(2024)047

X->SH->bbyy

® |argest deviation from the B-only hypothesis from previous results:

- ATLAS [JHEP 11 (2024) 047]: (mx, ms) = (575, 200) GeV with a

local (global) significance of 3.5(2.0) o

- CMS[JHEP 05 (2024) 316]: (mx, mg) = (650, 20) GeV with a local

(global) significance of 3.8(2.8) o

® No similar deviation as previous ATLAS result, neither in Run 2 nor

Run 2 + Run 3

ms [GeV]

100+
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Dark Sector

Dark Higgs model Dark Photon
e Naturally satisties observed relic density * /p, mediator of a broken dark U(1) gauge theory that kinetically mixes with SM hypercharge
* Massive dark matter (DM) and Z' from dark e |t the dark U(1) is broken by a hidden-sector Higgs mechanism, then mixing between dark

sector Higgs mechanism and SM Higgs bosons also allows the exotic decay h —= ZpZp



How to search for DM at colliders

-
.y PPV
® Three main approaches to detect DM: ) LF}PF

SM - O
- DM-nucleus scattering (direct detection) \ gl
- Annihilation (indirect detection) @ ,

Pair production at colliders / .
e opm

® Semi-visible final state searches: visible object(s) X
+ DM candidates Eymiss g\

® \/isible final state searches: mediator =& SM X (gvﬂ
particles (target evidence of the mediator itself, with
mild dependency on the mass of the DM particle)

® (/nconventional signatures: strongly interacting dark SW\
sector = Dark QCD

- Production of dark quarks = leading to dark
hadron shower = SM hadrons + stable dark
hadrons (invisible DM candidate)
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Dark Higgs, multi-b + pymiss

® First search for resonant hh + Eqmiss at the LHC

® Resonanttopology, 4b back-to-back with pymiss
- Selections made on prmiss-based variables
- Pair b-jets to form Higgs candidates

- Define control, validation and signal regions with NN
score

® Perform fit and statistical interpretation on fully
reconstructable dark Higgs mass (mph distribution)

® Normalisation factors for tt+=1b, tt+light and Z+jets are
free-floating
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CERN-EP-2025-141 (submitted to JHEP) ATLAS

EXPERIMENT
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https://doi.org/10.48550/arXiv.2507.02175

EXPERIMENT

Da rk Higgs, mUIti'b + meiSS CERN-EP-2025-141 (submitted to JHEP) ATLAS

® Upper limits are derived on BSM particle masses for 250 < ms< 400 GeV, excluding Z' masses up to 2.3 TeV
® Significantly extends existing constraints in this mass region from previous analyses

® Complement other lower-mass dark Higgs boson searches, searches for extended Higgs sectors and other
collider DM searches
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Dark Photon LLP to

® Search for displaced multi-muon resonances
® BSM models where a Higgs boson decays to long-lived dark particles

- The hidden sector may interact with SM either through hypercharge
portal, or Higgs portal via a dark Higgs boson Hp

® Analysed 2022+2023 Run 3 dataset (62.6 tb-1)

® [Events classified in four-muon with overlapping vertex or multivertex,
and di-muon with pointing or not pointing (to the secondary vertex)
topologies

® Dedicated di-muon trigger stream (scouting) with low pr thresholds,
recorded at high rate by retaining reduced amount of information

- Explore otherwise inaccessible phase space at low di-muon mass
and non-zero displacement from the PV (masses below 10 GeV for
the first time in a displaced muon analysis!)
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Hypercharge portal
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-016/index.html

Anomaly Detection

What if nature is not described by
any of the available BSM models?
Be model-independent,
search more broadly for signs
of non-SM collisions



Are we really searching for new physics EVERYWHERE?

. | outlier

® Reformulate the question:

- "Does this event look like BSM theory XYZ?", to:

Y
| | |
(=] N = N =) ~N . o) o

: —7'.5 —5'.0 —2'.5 0;0 2'5 5'0 7'5 overdenSity

Background Data

-  "Does this event look like the Standard Model?”

® Use machine learning / artificial intelligence to identity anomalous objects/events

® Types of Anomalies: Outliers vs Overdensities

4
3
2
1
0
1
2
3
4

| | | |
F N w N [ o (=] ~N w =

- Outlier detection: detect very rare signals, but not guaranteed to be optimal

~4 -3 2 0 1 2 3 B -4 3 -2 =1 0 1 2 3 -

- Overdensity detection: probably optimal for any unknown signal in the limit of infinite

. . CWola vs. Autoencoder: (mj,, m;,) = (500, 500) GeV
data, but performance suffers especially as signal strength decreases -

0.9 1

- Many proposals: CWola, ANODE, SALAD, CATHODE, CURTAINS, FETA, R-ANODE, ...

0.8

O
D {
® Secarch for resonant (bump-hunt) or non-resonant anomalies < 07}
. 0.61
- Most of current LHC anomaly detection results focused on resonant searches | | e
g et P E owe
. . . 1 2 3 4 - 5 B 7
- Will focus on a recent ATLAS non-resonant outlier anomaly detection search S/B in SR x10°

David Shih, Anomaly Detection
Topical Meeting, Sept 2025
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Multilepton anomaly detection

® Divide the = 4 lepton phase space into 4 Q =0, Q = £2, and = 5¢ topologies

® Use normalising flows as density estimators, to explicitly learn the background probability from
the MC, and use it as a discriminating feature to detect outliers (anomaly score)

® Optimise two different analyses strategies exploiting the same anomaly score discriminant
= Model independent:
e Define the 50%, 20%, 99% and 99.9% background rejection points as bins

e Usethe <90% bins as control regions, and >90% bins (where available) as signal bins
when certain conditions satisfied, otherwise 50% bin

e Fit each discovery signal bin at a time with CRs and low-anomaly score regions to derive
discovery significances and model independent limits

= Model dependent:
e Use the whole anomaly score distribution as a signal region
e Further split the regions according to lepton flavour and presence of b-jets

e Fit all regions simultaneously to probe benchmark models
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CERN-EP-2025-189, submitted to EPJC ATLAS

EXPERIMENT

Model-independent
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Regions further split by non-Z lepton flavour and
presence of b-jets.


https://arxiv.org/abs/2508.19778

® No significant excess with respect to
the SM prediction

® Competitive limits on benchmark
models + model-independent limits

® LHC first exclusion limit set on the

flavourful VLL model excluding up to
~1.3(1.25) TeV for FI. VLL e (u)
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Multilepton anomaly detection

Ovis [fb]

CERN-EP-2025-189, submitted to EPJC

ATLAS

EXPERIMENT
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GeVand ascalar S mass of 550 GeV, wino-like chargino with a mass of 1300 GeV and a neutralino
mass of 800 GeV, and smuon with a mass of 350 GeV and a neutralino mass of 250 GeV.


https://arxiv.org/abs/2508.19778

Conclusions

® What we search for has evolved

- Investigate new models (more complete, less vanilla)

-  New LQ production modes, RPV SUSY, Dark Sector ...
Many interesting signatures to explore

- Search for the anomalous: anomaly detection searches
with machine learning in the rise

® \We continue in discovery-mode

- High priority to follow up with Run 3 dataset on excesses
observed with Run 2 dataset (+ reanalysing Run 2)

- Without disregarding legacy searches
® Run 3 dataset only shyly used in recent searches
- It takes time to understand thoroughly new dataset

= New results with partial Run 3 dataset gaining momentum!
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® HoWw we search for BSM has evolved

- Explore uncovered phase spaces

- Improve object reconstruction

- LLPs targeted, multiple signatures in detectors

® FExpect atotal of Run 2 + Run 3 dataset of 500 fb-1

Continue being creative and engage in

brainstorming with theorists about opportunities
at the LHC

e First edition of the new SEARCH conference
series in October 2025

e First LHC BSM WG assembly meeting in
November 2025

For more @

etails on current LHC tensions and other exciting

results,

nlease see Johannes' talk on Wednesday!
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Re$0na nt s-(han“el I_Q CERN-EP-2025-142, submitted to JHEP ATLAS

EXPERIMENT

example CRs and VRs: e + b-jet

Nb—jets =0 (e"'light'jet: |-|+light'jet) S(p?liss) Nb—jets > 2 (e+b-jet)

Np—jets = 0 (e+light-jet, p+light-jet) Np_jets = 1 (e+b-jet, p+b-jet)
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RPC squarks & gluinos: t+Epmiss

CERN-EP-2025-132, submitted to EPJC
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Dark Higgs, multi-b + pymiss

® selections made on prMiss-based
AgpY and S(pimiss)

variables: mem, -
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Dark Photon LLP to p 2024016 ¢

Scenario A: long-lived A Scenario B1: long-lived 7 first analysis to study displaced dimuon

vertices beyond 11 ¢cm using scouting data
Dark Shower

Scenarios:

' If only two muons from a SV are found, the event is categorized as a dimuon event. For dimuon

T3 ¢
i events, we first define two orthogonal regions in |[A®(uu,SV)|, distinguishing pointing and
; nonpointing topologies, with |[A®(uu,SV)| < 0.02 and 0.02 < |A®(upu,SV)| < /2, respec-
g tively.
¢’ $
. . _1
. - . - _1 .
CMS Preliminary 621, (136Tev) ~ _  CMS Preliminary e
9 | S R r | ———— T T g : . N ' ' ————— ' I I R - H-2ZpZ = 0.1 .
%J L Dimuon h— ZpZp: mz, = 2 GeV, c1z, = 0.1 cm 8 10*}= Dimuon N ZpZpRhag= 2 GeV, crzzg 0.1 cm E R i : ODszrf/(:i ¥ :
O ly €[0.2, 1] cm h - ZpZp: mz, = 5 GeV, c1z,= 1 cm it -y €[16,70] cm h— ZpZp: Mz, = 5 GeV, c1z,= 1 cm N [ -=. Expected |
5 Isplategp h - ZpZp: mz, = 12 GeV, ¢c1z,= 10 cm o i I:OIstegp h—ZpZp: mz, =12 GeV, c1z,= 10 cm T ’ 0_2 L +20 expected 1
S 1 07 L High pT ScenarioA: m, =2 GeV, ma=0.67 GeV, cta= 1cm S 1 03 £ 'gn Pt ScenarioA: m,;=2 GeV, mp=0.67 GeV,ctp= 1 cm | § g +10 expected §
0 ScenarioB1: m,=4 GeV, ma=1.33 GeV, ct,= 1 cm 0 E ScenarioB1: my=4 GeV, ma=1.33 GeV, ct,= 1 cm % m L — Displaced dimuon with standard streams [JHEP 05 (2024) 047]
qc) + Data qC) B <+ Data S I — Displaced dimuon with Run 2 scouting data [JHEP 04 (2022) 062] i
o E
Lﬁ 105— % = L 1ozr — = 10_3_— f 1
i E : E . ]
B o !
10°- g 101 - -

| i 3 10 3

0; B ....J C

W B O I

0l - 1001 2 |

i : o
I " i o 10° = E
10—1 L I ! II’L m ‘ IM| IHI 1‘” 10—1_ ! | ! o I | | | I | 0:5 I II -; é é I'IIO 2|O 3|O 5:0

04 1 3 9 10 20 30 50 0.4 1 3 9. 10 20 30 50 i M GeV

BSM searches at the LHC | DESYTH WS 23-09-25 | Tamara Vazquez Schroder



LLP triggers

® Dedicated triggers targeting LLPs enable increased
sensitivity to wide variety of signal models

® During Run 3, variety of such triggers were introduced
and/or improved compared to Run 2

® (Capitalise on different CMS subdetectors, hence can
target different phase space in LLP searches

® The powerful complementarity of the program is shown
using Twin Higgs model as a benchmark

Data Total rate [Hz] Pure rate [Hz]
Standard 393 311
Parking 234 182
Scouting 4200 3800

Full reconstruction: standard or parking 586 389

- Calculated from one run in 2024 data for pile-up 63.6 and instantaneous luminosity of 2.1x1034
- Total rate: OR of LLP HLT trigger paths, accounting for overlaps
- Pure rate: total rate not saved by any other HLT path
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LLP triggers

Table 2: The LLP triggers and their total rates at the HLT in Run 3, calculated from 2024 data
for an instantaneous luminosity of 2.1 x 103 cm™2s~!, with a mean PU of 63.6. Triggers im-
plemented for the first time in Run 3 are indicated by a dagger (*). Rate values in parentheses
correspond to the parked data rates; all others are standard data rates except for dimuon scout-
ing. Nearly all rates shown have a statistical uncertainty of less than 1 Hz. “Disp.” is used as
an abbreviation for “displaced” and “req.” is used as an abbreviation for “requirement”. The
terms used in this table are explained in the corresponding subsection within Section 6.

Triggered signature Trigger description HLT rate [Hz]
Disappearing track paiss > 105GeV + >1 isolated track (pr > 50 GeV) 4

>2 disp. 1y, (pr > 32GeV, dy > 0.005cm)*
Disp. tau >1disp. 1, (pr > 24GeV) + >1 u (pr > 24GeV)? 36
>1disp. 7y, (pr > 34GeV) + >1e (pr > 34GeV)f

>2jet (pr > 40GeV, inclusive tagging req.) + Hy > 430 GeV
Disp. jet >2jet (pr > 40GeV, disp. tagging req.) 53 (163)
+ Hy > 240GeV + >1 L1 u (pr > 6GeV)

>2jet (pp > 40GeV, displ. tagging req.) + Hy > 170GeV'
>2jet (pr > 40GeV, inclusive. tagging req.) + Hy > 200GeV* 35
>1jet (pr > 60 GeV, neutral hadron energy fraction >0.7) + Hy > 200 GeV'

HCAL-based disp.
and delayed jet

ECAL-based delayed jet  >1 inclusive and trackless jet" 37 (77)
Delayed diphoton >2 ECAL superclusters (time >1ns)* 15
Disp. photon + Hy >1 9 (pr > 60GeV) + PF Hy > 350 GeV 12

>2 12 u (pr > 10GeV, dy > 1cm)f
>2 13 u (pr > 16,10GeV, dy > 0.01 cm)*
Disp. single and dimuon >2 L2 u (py > 23GeV) 165
>11L2 u (pp > 50GeV, d, > 1cm)?
>1L3 u (pr > 30GeV, d, > 0.01cm)*
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Double disp. L3 muon

Disp. L3 muon+photon

Dimuon scouting

MDS in CSCs

MDS in CSCs + X

MDS in DTs
Jet No-BPTX

Muon No-BPTX

>2 L3 u (pr > 43GeV)

>1L3 u(pr > 43GeV) + 7 (pr > 43GeV)

>1L3 u (pr > 38GeV,dy > 1cm) + ¢ (pr > 38GeV)
>2 scouting u (pr > 3GeV)

>1 CSC cluster (>200/500 hits in outer/inner rings)*
>2 CSC clusters (>75 hits)*

>1 CSC cluster (>100 hits) + >1e (pr > 5GeV)*
>1 CSC cluster (>100 hits) + >1 L3 u (pr > 5GeV)*
>1 CSC cluster (>100 hits) + >1 7}, (pr > 10GeV)*
>1 CSC cluster (>50 hits) + >1 v (pr > 20GeV)*

L1 pss > 150GeV + >1 DT cluster (>50 hits)*
>1 L1 CSC cluster + >1 DT cluster (>50 hits)*

>1 out-of-time jet (E > 60 GeV)

>1 out-of-time L2 u (pr > 40GeV)

EX0-23-016

4200

14

14
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Multilepton anomaly detection: benchmark models

VLLe/u RPV SUSY Winos and sleptons

W/Z/h ¢
2103.11684

VLLe/u through flavourful scalar S 2011.12964
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Multilepton anomaly detection

CERN-EP-2025-189, submitted to EPJC

. -1
g) 1 0 : N 1 ! " ? :
m 1.5 : | | : | | + I
~— 1 I I , 1 I I I . E
o 1 / -/4»‘{»/ i @y A oA A -O/-A,+/ 7.-0--r-tﬂ-a-0-f-+ﬂ-/‘1rﬁ-'0- 4,¢/,,.‘.,...:.,. Rl e RN
© : ! ! : | I !
()] 0.5 : X ! ! , 1 1
0 1 L I | L 5 N | | N 2
C S, C S, C S, S, S, C S, S, C S, S, S, C C S, S, S, C S S, C S,
7 <005 >S50 <905, >905;" <S03 >9055 >993;" >96.3 905, >0, <O3T6 <g 0% 995 99,5306 cgb. > 7b25§£%ﬁ 95551299 03,5905 90551 92 1212 593;2 2905,

BSM searches at the LHC | DESYTH WS 23-09-25 | Tamara Vazquez Schroder

> 10_1:' LA B L L L L L R AL R B L AL L L R R R L LR > 10_15' L B L T T L B 'E
(05’ ~  ATLAS Simulation —— Score < 90% - 8 - ATLAS Simulation —— Score < 90% -
o L V/s=13TeV, 140 fo ~—~ Score > 90% - iy - Vs=13TeV,140 fb™" ~== Score > 90% -
QV - 2Z0b e Score > 99% qV - 1ZOb2SFOS e Score > 99%
~ -
B 10_2 = = ..‘L) 10 2 =5 =
SR 1 5 F -
s [ 1 & L ]
S a3l _ © 103 . _ .. . ..
c 10°F . - c 107F ¥ 5 Training variable Description
Q - " = QO - e, 5
*g - - *g B _ SIEN 3 Inputto4£ Q =0,4¢ Q = +2,and > 5¢ 1Z
| - et -E.": __‘ © | - ag - e ":.E—'
L 0L s H TR ol E B H;f’ P Sum of transverse momenta of leptons
= - s H = I = jets .
- e o o iE E | eurl = H Sum of transverse momenta of jets
- N TR - | LI H T .
- L ' 5 | Ll Luqﬂg . ;M”] ET™ Missing transverse energy
10—5 L PRI (T S ST (T S S R &@Eéﬂ Lrg IUEE., .E 10—5 iﬁu PR T T S R T SN S =i [ S S T R S T TR R S S S ﬂ_u H.J ) Njets Number OfJCtS
0 1000 1250 1500 | 1750 2000 0 200 400 600 800 1000 1200 1400 PT ( Z) Transverse momentam of lepton pair closest to Z boson
mr(4¢, ET°) [GeV] =" 1GeV] Input to 4¢ Q = 0 and 4¢ Q = +2
o 10 F—T— T T T T — T T T T T T T T T T T 1 pr(€f) Transverse momentum of lepton pair second-closest to Z boson
o ATLAS ¢ Data BEZzZ+LF B ZZ+HF m(Z) Invariant mass of lepton pair closest to Z boson
W 108 E Vs=13TeV, 140 fb Wvvv [l QMisID I tt+X : .
’ m(£€) Invariant mass of lepton pair second-closest to Z boson
E >4l WLFe [IHFe EHFu high (3 L invari f1 ir cl Zb d another 1
105 L Post-Fit ] Conv. Multifakes @ Other m™&(3¢) argest 1r}var1a.nt mass of lepton pair ¢ osest to Z boson and another lepton
: /, Uncertainty mi°¥ (3¢) Smallest invariant mass of lepton pair closest to Z boson and another lepton
10°F0z .0z 0z 1z 17 : >z Q=t2 . 5 m(4€) Invariant mass of four-lepton system
F OSFOS ! 1SFOS | 2SFOS | 1SFOS 2SFOS | | : mr(4¢, ET") Transverse mass of four leptons and ET"*
10° F : | ; | | mt(Z, ET") Transverse mass of lepton pair closest to Z boson and ET™*
mr(¢€, EX™)  Transverse mass of lepton pair second-closest to Z boson and ET"**
10 jets : .
: 2., beb; Sum of pseudo-continuous b-tagging score
10


https://arxiv.org/abs/2508.19778

E 1 O _;l r -+ ¢+ 17T 1 [ ¢t °t 7 LE
=" = ATLAS —— Obs. limit -
(@) T\ . eeeees Exp. limit -
i s =13 TeV, 140 fb™ W Exp. limit+ 10 _
E All limits at 95% CL Exp. limit£2 o 3
- —— — Exp. limit 4/ channel
| [JHEP 05 (2025) 075] A
10°'E —— Theory (NLO) -
N :
107 E
10°F E
1 0—4 _l I 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 l 1 |
200 400 600 800 1000 1200
VLLY mass [GeV]
(a)

3‘ 10 §l.. 1 I I LI | I LI B R | I LI B B I LU B l L I L I_E.
=X = ATLAS —— Obs. limit =
© - . ewsses Exp. limit ]
i Vs =13 TeV, 140 fb I Exp. limit+ 16 N
S All limits at 95% CL Exp. limit+2c E
_ ~—— — Exp. limit 4/ channel -
- [JHEP 05 (2025) 075] -
10—1 = ——— Theory (NLO) —=
10°F E
10°F 3

10—4 -I L1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 l
200 300 400 500 600 700 800
VLLS mass [GeV]

(c)

E 1 O ? r -+ ¢+ 7| ¢+ 1 [ 1 1 [ T 17T |_E
Qo = ATLAS —— Obs. limit 3
(o) C\ . eeeee Exp. limit ]
i Is =13 TeV, 140 fb™ I Exp. limit+ 10 |
E All limits at 95% CL Exp. limit+ 2o E
- —— — Exp. limit 4/ channel -
B [JHEP 05 (2025) 075] A
10 ' —— Theory (NLO) -
1072k E
10°E
1 0—4 —I I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1 I 1 |
200 400 600 800 1000 1200
VLL] mass [GeV]
(b)

S 1 O .él.. I I LI B I | l LI B B l I ' I L I L I L '_E.
& - ATLAS —— Obs. limit 3
o} C o eeeses Exp. limit ]
i Is=13TeV, 140 fb™ I Exp. limit+ 10 |
S All limits at 95% CL Exp. limit+ 2o E
- —— — Exp. limit 4/ channel -
- [JHEP 05 (2025) 075]
1 0—1 = ——— Theory (NLO) =
102 =
10°F 3

10—4 -I L1 I L1 1 1 I L1 1 1 I L1 1 1 | L1 1 1 | L1 1 1 I L1 1 1 I
200 300 400 500 600 700 800
VLL; mass [GeV]

(d)

BSM searches at the LHC | DESYTH WS 23-09-25 | Tamara Vazquez Schroder

S, mass [GeV]

Multilepton anomaly detection

1 I 1 1 1 l 1 L 1
ATLAS N
s =13 TeV, 140 fb" .

All limits at 95% CL

—— Obs. limit

Exp. limit

P Exp. limit+ 1o
Exp. limt+2c

IIIIIIIIIIIIIII'IIIIIII||IIIII
|IIlIIIIIIIl|IlIIIIIIIIIlIIIII“l

|
]
B
I
o
I
-
I
o
I
'_

I | I 1 1

200 400 600 800 1000 1200 1400 1600

Flav. VLL, mass [GeV]

(e)
:l 1 I L I LI I 1T 11 I L I LI I L L I l:
— ATLAS E
[ {s=13TeV, 140 fb E
- All limits at 95% CL N
- —— Obs. limit e
- eeeee- Exp. limit .
- [ Exp.limit+1c .
— Exp. limit +2 ¢ i \<10 GeV
- — — Exp. limit JHEP 07 (2021) 167] (X, k_‘____ ]
3 / E
: I Ll | I | l L1 1 l Ll l/ l L1 1 1 l L1 1 l 1 :
1200 1300 1400 1500 1600 1700 1800
m(z, / %,) [GeV]

(a)

S; mass [GeV]

CERN-EP-2025-189, submitted to EPJC

_I LI I I LI I 1 LI I I | ' I ' 1 I I I ' 1 ’,
1600~ ATLAS N
[ {s=13TeV, 140 fo" Lc&c”,/ ]
14001 A imits at 95% oL SN E
- —— Obs. limit \ .
1200 Ex:. jmi @\\\V”j?, \ B
C Exp. limit + 1 :
1000 Eip. I:m:t : 22 \ —
800 -
600 -
400 -
200 I-_l."l"’l’ 1 I | l | I l L1 1 I | I / I | I 1 l—-

200 400 600 800 1000 1200 1400 1600
Flav. VLL, mass [GeV]

)
-I LI I L | I LI | I LI | I LI | l L I L I LU I l:
600 ATLAS 3
- (s =13 TeV, 140 fb" .
500 Al limits at 95% CL -
[ —— Obs. limit Q -
MERCEELEE Exp. limit R\
400: I Exp. I!m?ti1c «\\QL -
- Exp. limit+2 ¢ -
300'_ —— — Exp. limit [JHEP 12 (2023) 081] .
200 =
100 ]
: L1 1 ﬁ Tﬁ_l'_r_l—‘l_/l I L1 1 1 I L1 1 1 I l:

%00 250 300 350 400 450 500 550 600

m(E, ) [GeV]
(b)


https://arxiv.org/abs/2508.19778

