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Golden channel decay to 4 leptons.
CMS preliminary
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Golden channel decay to 4 leptons. fCM

Each event described by 5 variables in Higgs rest frame.
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Convert rate measurement to

K
coupling measurement. ’
K w
Again normalize to SM (K‘SM = 1). &
Kp

Precision ranges from 10 to 30%. «:
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Convert rate measurement to

K
coupling measurement. ’
Kw
Again normalize to SM (K, = 1). .
Kp
Precision ranges from 10 to 30%. «:
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Except Higgs self-coupling %
(ATLAS) — 0.6 < k) < 6.6 (observed) *7
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SM has one Higgs because it
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Ys=13TeV, 36.1 fb™

IS minimal.
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Existing particles

SUSY particles (MSSM model)
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Large number of parameters. Simplifying assumptions:

e R-parity conservation (save the proton)

e Neutralino LSP (WIMP miracle)
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Gluino pair
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How do we detect something

Invisible?

Conservation of (transverse)
momentum.
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To solve hierarchy

problem, mainly need
top partner (stop) to be
light.

Keep light WIMP for
dark matter.

Final state I1s 2 tops +
missing energy.

\s=8,13 TeV, 20.3-140 fb

August 2023

ATLAS Prellmlnary
t.t, production, limits at 95% CL

| | | | |

L

200

400

600 800

1000 1200

m( 'ﬂ

) [GeV]

—— (Observed limits

= = Expected limits

Data 15-18,¥s = 13 TeV, 140 fb

L ~0
=== monojet, t, — bff’ X,

[2102.10874]
= 0L, -t /T, > bWy /T, - bif }
[2004.14060]
1L, 1, -t/ 1, bWy, /1 - bff X,

[2012.03799)]

== 1LNN, t, >ty / t, > bWx_
[ATLAS-CONF-2023-043]

— 2L, 1>t/ 1, bWy /T - bff g
[2102.01444]

Data 15-16,¥s = 13 TeV, 36.1 fb ™
- 11 — ti? /¥1 - bWi? /i — Dbff )Z?
[1709.04183, 1711.11520,
1708.03247, 1711.03301]
— 1, ot
[1903.07570]
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Forget naturalness, just
dark matter.

Look for leptons and
missing energy.

A

March 2023 ATLAS Preliminary Ys=13 TeV, 36.1-140 fb
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Hundreds of
experimental searches

constrain an enormous
variety of SUSY
scenarios.

Folk Theorem:any BSM
scenario has the same
pheno as a SUSY model.

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

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

August 2023 \Vs=13TeV
- -1 - -
Model Signature  [Ldt[b7] Mass limit Reference
L] L} L] L] T L] L] L] I L] L} 1 L] L]
aa, (7_>q/\7(1) 0e,u 2-6 jets E%’?S* 140 G [1x,8x Degen.] 1.0 1.85 m(¥})<400 GeV 2010.14293
@ mono-jet  1-3jets EF 140 | g [8x Degen] 0.9 m(@)-m(X})=5GeV 2102.10874
S 3 zoqah) Oeu  26jets EMS 140 |z 2.3 m(¥)=0 GeV 2010.14293
& g orbidden 1.15-1.95 m(¥})=1000 GeV 2010.14293
% 22, 2-qqWix| Tepn 2-6 jets 140 |2 2.2 m(¥})<600 GeV 2101.01629
L g—qq(LOX, ee, ppt 2jets  EP™ 140 | % 2.2 m(¥})<700 GeV 2204.13072
& 3z 3oqqWZV) Oep 7-11 jets  EPS 140 |2 1.97 mp?‘f; <600 GeV 2008.06032
=} » i > - ~(
2 SSe,u 6 jets 140 |2 1.15 m(z)-m(1)=200 GeV 2307.01094
S 35, gont) 0-1e,u 3b  EFMS 140 |z 2.45 m(¥})<500 GeV 2211.08028
SSe,u 6 jets 140 4 1.25 m(g)-m(¥1)=300 GeV 1909.08457
biby 0e,u 2b EPS 140 | By 1.255 m(¥1)<400 GeV 2101.12527
b, 0.68 10 GeV<Am(h; X1)<20 GeV 2101.12527
w bbb —>b/\7(2) — bhY) Oe,u 6b EZ““ 140 by Forbidden 0.23-1.35 Am(¥3,%7)=130 GeV, m(¥})=100 GeV 1908.03122
§ = 27 2b ERSS 140 | By 0.13-0.85 Am(¥5,¥1)=130 GeV, m(¥})=0 GeV 2103.08189
(&) .
32 i, ol O-lepu  >1jet EP™ 140 |G 1.25 m(@))=1 GeV 2004.14060, 2012.03799
Z g iy, 1> Wb Teu  Bjets/tb EMS 140 |7 Forbidden 1.05 m(¥)=500 GeV 2012.03799, ATLAS-CONF-2023-043
S 5 fi, hi—>tiby, 111G 121 2jets/1 b E';?iss 140 i Forbidden 14 m(%1)=800 GeV 2108.07665
s L Af, Rt /e, ik 0e,pu 2c B 361 |z 0.85 m(t")=0 GeV 1805.01649
o] Oe,u mono-jet  EF* 140 t 0.55 m(f,,&)-m(X,)=5 GeV 2102.10874
i, =0, X9—Z/hE) 1-2e,u 1-4b  EPS 140 | 0.067-1.18 m(¥5)=500 GeV 2006.05880
i, h—i + Z 3e,u 1b EPS 140 |G Forbidden 0.86 m(t})=360 GeV, m(7; )-m(t})= 40 GeV 2006.05880
XX via wz Multiple ¢/jets E‘f?” 140 | ¥4 0.96 m(¥})=0, wino-bino 2106.01676, 2108.07586
ee, jit >1jet EPS 140 | &K 0.205 m(¥T)-m(&})=5 GeV, wino-bino 1911.12606
XiXi viaww 2e.pu EPS 40 | X 0.42 m(¥)=0, wino-bino 1908.08215
XiX5 via Wh Multiple ¢/jets EP 140 | X%, Forbidden 1.06 m(¥))=70 GeV, wino-bino 2004.10894, 2108.07586
o XX vialy/v 2e,pu ERS 140 | XY 1.0 m(Z,7)=0.5(m(¥})+m(t})) 1908.08215
S § ot 27 ER™ 140 | ¥ FRIFRLI 0.34 0.48 m(¥})=0 ATLAS-CONF-2023-029
W= 7 olig, i—60 2e.p Ojets  Ep™ 140 [z 0.7 m(@%)=0 1908.08215
ee, uu >1ljet EP® 140 |7 0.26 m(f)-m(¥})=10 GeV 1911.12606
HH, H—hG/ZG Oe,pu >3b E‘f?ff 140 | & 0.94 BR()?(}’ - hG)=1 To appear
4e,pu 0 jets E.r,]?fff 140 o 0.55 BR(X/‘& - ZG)=1 2103.11684
Oepn =2large jets EF™ 140 H 0.45-0.93 BR(Y] — ZG)=1 2108.07586
2e,u >2jets EFS 140 | @& 0.77 BR(t] - ZG)=BR(X} — hG)=05 2204.13072
Direct ¥1X, prod., long-lived X7 Disapp. trtk  1jet  EP™ 140 [X} 0.66 Pure Wino 2201.02472
S X 0.21 Pure higgsino 2201.02472
1) .
g % Stable g R-hadron pixel dE/dx ERS 140 g 2.05 2205.06013
>ET Metastable g R-hadron, Foqgth pixel dE/dx EP 140 | & [r(8& =10ns] 2.2 m(¥})=100 GeV 2205.06013
S8 I~ Displ. lep EP™S 140 | & 0.7 (0)=0.1ns 2011.07812
— _ 7 0.34 () =0.1ns 2011.07812
pixel dE/dx EP™ 140 |7 0.36 (D) =10ns 2205.06013
YT I X sze—eee 3e,u _ 140 | X{/¥] [BR(Z1)=1, BR(Ze)=1] 0.625 1.05 Pure Wino 2011.10543
YiXT XS — ww/zeeetvy dep Ojets  EPS 140 |G AREONEIE0 0.95 1.55 m(t})=200 GeV 2103.11684
22, 2—qq¥1, X! > qqq >8 jets 140 |z [me))=50 GeV, 1250 GeV] 16] 225 Large A7, To appear
S i is) X S bs Multiple 36.1 t[X,,=2e-4,1e-2] 0.55 1.05 m(¥)=200 GeV, bino-like ATLAS-CONF-2018-003
& if, i—bX7, X1 — bbs > 4b 140 7 Forbidden 0.95 m(tT)=500 GeV 2010.01015
fity, ij—bs 2jets+2b 36.7 f1 lqq, bs 0.42 0.61 1710.07171
fify, h—qt 2e,u 2b 36.1 i 0.4-1.45 BR(f1 —be/bu)>20% 1710.05544
1u DV 136 | & [1e-10< 4 <1e-8,3e-10< A <3e-9] 1.0 1.6 BR(71 —qu)=100%, cosf,=1 2003.11956
X103 IR0, 30, —tbs, X{ —bbs 1-2e,u  >6jets 140 | X} 0.2-0.32 Pure higgsino 2106.09609
L L L L L L L L l L L 1 L L
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]



{-\TLAS Heavy Particle Searches™ - 95% CL Upper Exclusion Limits

NUN-

ATLAS Preliminary

Qtatiiec Marrh 2N21
Lots of other searches froto@o-to9mt  E- 19Tl
Model (,y Jetst ET™ [rLdi[fb™] Limit Reference
L] L] LI I L] 1 1 L] 1 1 LILI I L] 1 ] ] ] ] LI I L] 1 L] L]
- . . ADD Gkk +g/q Oe 7,y 1-4j]  Yes 139 | Mp 112TeV n=2 2102.10874
q:) ADD non-resonant yy 2y - - 36.7 Mg 8.6 TeV n=3HLZNLO 1707.04147
excluding things at the | o YT ER
S ADD BH multijet I >3] - 3.6 M, 9.55TeV n=6, Mp=3TeV,rotBH 1512.02586
© RS1 Gkk — vy 2y - - 139 Gkk mass 4.5 TeV k/Mp, = 0.1 2102.13405
b Bulk RS Gy » WW/zZZ multi-channel 36.1 Gkk mass 2.3 TeV k/Mp; = 1.0 1808.02380
L Bulk RS gk — tt 1e,u >1b, >1J/2) Yes 36.1 gkk mass 3.8 TeV r/m=15% 1804.10823
2UED/ RPP 1eu >2b,>3j Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(A®Y — tt) =1 1803.09678
e S C a e - SSM 7’ — ¢t 2e,pu - - 139 Z’' mass 5.1 TeV 1903.06248
o SSM Z’ - 11 271 - - 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 r/m=12% 2005.05138
S SSMW -ty Ten - Yes 139 | W’ mass 6.0 TeV 1906.05609
() SSM W’ - 1v 17 - Yes 139 W’ mass 5.0 TeV ATLAS-CONF-2021-025
S  SSMW’ b - >1b,>1J - 139 | W’ mass 4.4 TeV ATLAS-CONF-2021-043
© HVT W’ — WZ model B 0-2e,u 2j/1J  Yes 139 W’ mass 4.3 TeV gv =3 2004.14636
V) 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 1epu 2j/1J Yes 139 Z’ mass 3.9 TeV gv =3 2004.14636
Some searches T T e ey
Cl qqqq - 2] - 37.0 A 21.8TeV 7, 1703.09127
- Cl ttqq 2e,u - - 139 A 358TeV. ., 2006.12946
O  Cleebs 2e 1b - 139 |A 1.8 TeV g =1 2105.13847
i i Cl uubs 2u 1b - 139 A 2.0 TeV g =1 2105.13847
Cl tttt >1eu >1b >1j] Yes 36.1 A 2.57 TeV |Cae|l = 4 1811.02305
S e n S I t I Ve t O 3 O I eV. Axial-vector med. (Dirac DM) - 2j - 139 | Mmed 3.8 TeV £,=0.25, g,=1, m(y)=10 TeV ATL-PHYS-PUB-2022-036
S Pseudo-scalar med. (Dirac DM) O e,u, 7,y 1-4j Yes 139 Mpmed 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(x)=10 GeV ATLAS-CONF-2021-036
Scalar LQ 1% gen 2e >2] 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 | LQ§ mass 1.49 TeV B(LQY — br) =1 2303.01294
Q  Scalar LQ 3" gen Oe,u  >2j,>2b Yes 139 |LQZmass 1.24 TeV B(LQ; —» tv) =1 2004.14060
~ Scalar LQ 3 gen >2e,u,>17t>1j,>1b - 139 LQﬁ mass 1.43 TeV BLQY > tr) =1 2101.11582
Scalar LQ 3™ gen Oe,u, 217 0-2j,2b  Yes 139 | LQ¢ mass 1.26 TeV B(LQY — by) =1 2101.12527
Vector LQ mix gen multi-channel >1j, >1b  Yes 139 LQ, mass 2.0 TeV B(U, — tu) =1, Y-M coupl. ATLAS-CONF-2022-052
Vector LQ 3" gen 2eu,T >1b Yes 139 | LQ] mass 1.96 TeV B(LQY — br) =1, Y-M coupl. 2303.01294
o VLQTT - Zt+ X 2e/2u/>3e,u >1 b, >1 - 139 T mass 1.46 TeV SU(2) doublet 2210.15413
x ‘é’ VLQ BB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
« O VLQ T53Ts53|Ts;3 > Wt + X 2(8SS)/>3eu>1b,>1] Yes 36.1 Ts/3 mass 1.64 TeV B(Tsj3 > Wt)=1, c(Ts3Wit)=1 1807.11883
S E VLQT - Ht/Zt 1eu >1b,>3] Yes 139 T mass 1.8 TeV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
3 S VLY - Wb 1e,u; >1b,>1] Yes 36.1 | Y mass 1.85 TeV B(Y — Wh)=1, cg(Wh)= 1 1812.07343
> VLQ B — Hb Oeu >2b,>1j,>1J - 139 B mass 2.0 TeV SU(2) doublet, kg= 0.3 ATLAS-CONF-2021-018
VLL 7 — Z7/Ht multi-channel  >1j Yes 139 7/ mass 898 GeV SU(2) doublet 2303.05441
© - Excitedquark ¢* — qg - 2] - 139 q* mass 6.7 TeV only u* and d*, A = m(q*) 1910.08447
§ g Excited quark ¢* — qy 1y 1] - 36.7 q* mass 5.3 TeV only v* and d*, A = m(q*) 1709.10440
Iy & Excited quark b* — bg - 1b,1] - 139 | b* mass 3.2 TeV 1910.08447
Excited lepton 7* 27 >2 | - 139 T* mass 4.6 TeV A =4.6TeV 2303.09444
Type lll Seesaw 2,34 e, >2] Yes 139 N° mass 910 GeV 2202.02039
LRSM Majorana v 2u 2] - 36.1 Ngr mass 3.2 TeV m(Wg) =4.1TeV, g = gr 1809.11105
& Higgs triplet H** — W*W* 2,3,4 e,u (SS) various  Yes 139 H** mass 350 GeV DY production 2101.11961
< Higgs triplet H** — ¢¢ 2,3,4 e, u (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, |q| = 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 ‘/_=13TeV L1 1 II L 1 1 1 L1l ll 1 1 1 1 L1 11 I 1 1 1 1
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