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Beyond the Standard @ CMS

Model(s) , Signatures

» Extended Higgs (in Alexandre’s Talk) | ﬁ - il * Anomalous detector signatures
» SUSY (in Tomek’s Talk) > . “ *Long Lived Signatures

» Composite/bounded quark states By

Tools 2L Corners
* Deep Multivariate information ...”/ » Granular phase spaces
* Novel trigger strategies = A * Going left

* Novel data-taking strategies * The multi-TeV range
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Infinitesimal compositness - excited quarks

4

Statistical analysis:
From t* system to

Selection

DNN with two-tier decorrelation
from kinematic variables
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Infinitesimal compositness - excited quarks

Excited quark states
imply substructure

Upcycled Run2 analy

*35.6 fb-1 to 138 fb-1

e Looser selection on
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The wide and boosted - mono-top models

DM particle

E L — (not detected)
T —— PT,i :
)

DM particle

* Top quark recoils vs invisible (not detected)
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The wide and boosted - mono-top models
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Exclusions depend
on V and y masses

Compared to DM relic
density measurements
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The light and boosted - di-jet + ISR

The boosted realm

CMS Preliminary July 2024
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QCD bkg overwhelming and poorly predictable

Boost the signature:

e access low-mass
* higher bkg control
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ParticleNet selection:
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The light and boosted structures
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Enhance by granularity: di-lepton + b-jets

Lepton Flavor Violation ABCD

Bottom fermion fusion Z’ in dimuon final states
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Used as CR

D: Di-electron + bjet + j
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Enhance by granularity: di-lepton + b-jets

Bottom fermion fusion Z’ in dimuon final states

D: Di-electron + bjet + SR : Di-muon + b-jet +
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Enhance by granularity: di-lepton + b-jets

No signal detected in probed mass ranges —> EFT indirect search
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Enhance by granularity: di-lepton + b-jets

limits on A on bb £, Alg* for + bs £

138 fb™" (13 TeV, uu}

llllllllllllllIIIIIIIIIIII

95% CL upper limits

— Observed

---- Expected, median

B Exp. (68%)

Exp. (95%)

— bb — I, constructive LR

bb £ exclusions
split in chirality scenarios

| 1 1 | 1 1 1 I 1 1 1 I 11 | | | 1 | | | 1 1 | | I

| 1

| lllll[ll | Illlllll

111 lllllll

] llllllll | RN

Illl

%{ -
= r CMS
=10 = Preliminary
X -

T L=y
Qo -
o r

5 i

107"

1072

10_35—

10‘45—

6 8 10
Lb

Lb

Raffaella Tramontano

12 14 16 18
A [TeV]

_RY

~ ./

20

1.5

0.5

Test of LFV
CMS preliminary 138 fb™ (13 TeV) 5 5 CMS preliminary 138 fb™’ (13 TeV)
__ | | | | | | | | | | | | __ 8 . __ | | | | | | | I | | | | 1
i ] =1 I ]
- . BB + BE category -_ = - BB + BE category 7]
- O JetS SM expectation B a4 N 1 b + 2 b SM expectation B
- —¢— Observed flavor ratio | - 2—__ . —¢— Observed flavor ratio |
s —— DY MC flavor ratio _ _ JetS —— DY MC flavor ratio _
[ _ 1.5 [ _
: : — : 2
_‘_:;:=9=Z§Z:$Z + - 3 | | |
: —— : — "
— — 0.5 —
i ] ] ] oo ] ] ] [ O ] | ] oo | | | |
3 3
10 m [GeV] 10 m [GeV]

13

PAS-EXO-23-010



https://cds.cern.ch/record/2905176/files/

Muon detector showers - VLL via LLPs

CMS Simulation
CSC

Raffaella Tramontano

& 33 segments in ME-2/1

N

high-multiplicity
MDS *

10*

Events

103

10°

10

107"

1072 ki

1.5

Data/Bkg. model

0.5

CMS Preliminary 138 b (13 TeV)
w 10*E
T = ¢ Data (IT)
G>J B Background model
L 3l Background model unc.
1 O E mv|_|_=300 GeV, ma=2 GeV, CTa=0.060 m
S TEPTPPERTP M, =500 GeV, m_=2 GeV, ct,=0.040 m
5 mrrmpma=— - mVLL=7OO Gev, ma=2 GeV, C'ta=0.025 m
10°F
10 e e

+ ,,,,,,,,,,,,,,,,,,,,,,,,,,,, -
ol T e :
10—2 [ | | l Ll | | I

L | |

138 fb™ (13 TeV)

CMS Preliminary

¢ Data (IT)

Background model

Background model unc.

my,; =300 GeV, m_=2 GeV, c1,=0.060 m
my,, =500 GeV, m =2 GeV, c1,=0.040 m
L TE NI - my, =700 GeV, m_=2 GeV, ct,=0.025 m

ey 494944 Jdeg g d ol
90 100 110 120 130 140
DT Cluster N

Am——

Data/Bkg. model
o
(@]

10 )

hits

|||||||
|||||||||

|||||

i b
--------------------------------- E Novel Signature for

Muon dedicated detectors!

100 120

140 160 180 200 220 240
CSC Cluster N

hits

14

CMS-PAS-EXO-23-015



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-015/index.html

Muon detector showers - VLL via LLPs
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Data streamline frontiers for Run3

Pivoted for specific physics cases in Run2 -> expanded to larger scopes in Run3

—> Delayed reco: can be used with time consuming algorithms

'9 | I | L O R B | I I | R R A I I
§ 10°= CMS Simulation Preliminary = o
> . o » ‘ i
O Run-3 displaced-jets trigger efficiency o
GC) Run-2 displaced-jets trigger efficiency 1
— ) O -
» PARKING - - > ©10° ppoH,m,=125Gev  — Me=0FeH S
2 SR N I t . ® [ H-SS,S—bb I ey N
F A few 1000 events/second ormai stream. S . UI)
- delayed availability for analysis 2 a = 0.
novel dedicated triggers s a
= |
: =
NORMAL
®gs 1000 events/second O
" normal availability for analysis 1 %
:1 1 1 | I Y N I 1 1 | I ll 1 1 | I . . l[:
1 10 10? 10°
L S ting 2022+2023 62.6 fb"" (13.6 TeV
.\\\ \ \ SCOUTING C%D El T[T T T Icl()lul I|n|g| T T 1 l.ll-l N LR I I(I T Iel:) CTO [mm]
10 000 events/second (or more) = QOOE—EI\II_IS_ -8 Data opposite sign  —] O
reduced data format = 800 reliminary 3 ()
normal availability for analysis g - g
L 700 ] v
600 = — ()
oot / — 17 observed <
CMS DETECTOR . - : : -
records 40 000 000 times/second Ru n 3 = 400: I n s Co Utl n g d ata ! 5
PF candidates scouting o ra
- (7 )
200F E
1003 O
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https://cds.cern.ch/record/2865844/files/DP2023_043.pdf
https://cds.cern.ch/record/2905110/files/NOTE2024_006.pdf
https://cds.cern.ch/record/2905110/files/NOTE2024_006.pdf

Strategy:

Search for ¢ structures
* Two channels:

QCD (with perturbative and EW corrections) against / +>3jets

L0 +>2 jets
* t: fully reconstructed kinematics (algebraic)

NP « {1 spin dependent variables

Non relativistic QCD | o
¢ scalar (H) or  F bound stat for selection/categorization
pseudoscalar (A) boson ;- L Dound state

«Check m; for discrepancies from QCD only

CMS pPreliminary £, 3] 138 fb~1, Run 2 (13 TeV)
W= Other . tX tf Prefit uncertainty {  Data
e i s O P DO T s [sessyseiss s s S aTEE e
10 - 0.0 <|cos(6;)] <0.4 B 1.2 = 1'1_No tt bound states = 1'1_
2 103} = = S
O | v Y, { X + I
~ O e O % et
4 102 3 1.0fms | 8 1.0 s Dlow ~
C ' ¢ ?
9 8 T e :
L 10% o O | Postit 2 | Post-it
¥ S |Prefit 1 QCD + A/H (365 GeV) I QCD + 7,
. acapoe 9 . 9. .
500 1000 1500 500 1000 1500 500 1000 1500 500 1000 1500
m (GeV) mg (GeV) My (GeV) mg (GeV)
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https://cds.cern.ch/record/2911775?ln=en

Observation of a new structure @ top-antitop threshold

QCD (with p

f

@ scal
pseudosca

CMS pPreliminary
/W= Other

<Events / GeV>
= =
(@) (@)

500

Raffaella Tramontano

Deviation from pQCD is observed
> 50 significance

Close to tf production threshold (~350 GeV)
Favours pseudoscalar hypothesis over scalar

CMS Preliminary

138 fb~! (13 TeV)

95% CL exclusion, 'a = 1.0% mjx

95% expected
BN 68% expected

------ Median expected

Observed
[T Fate > Ta

1.0}

CMS Preliminary 138 fb~! (13 TeV)

é_‘; 1.4 95% CL exclusion, I'a = 1.0% max
95% expected Observed
1.2| M 68% expected I Mare > Ta
------ Median expected

0.8}

0.6|

i mmmm
0.4 ?

When plugged in with QCD,
no other significant deviation observed

) only

1500
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https://cds.cern.ch/record/2911775?ln=en

Conclusion

*Beyond the SM physics calls for original approaches
* Today: (Non exhaustive) review of tailored approaches in
*Models
*Tools
eSignatures
eCorners
* Hints (or maybe not only hints) of possible BSM physics
*Run2 and early Run3 data: perfect playground

*Novel probes

*High stats -> high granularit a0€eS"
-Nogvel Models o ! SM public results pad
oS B EXO)
xoftic gearches (d/

Towards HL-LHC and future colliders Eo oM bosons 2"
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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EXO Summary-HNL

Overview of CMS HNL results

Selection of observed exclusion limits at 95% C.L. ({theory uncertainties are not included).

Raffaella Tramontano

Mass Scale [TeV]

CMS Preliminary March 2024

WMSM, Va2 = 10, V2= 10 n feV 180610905 (= 1j +2p) 36 fb~!
Wpe-lll Seesaw Heavy Fermions, Flavor Democratic M 20208676 (3¢, = &, 11+ 34, 2v+ 2, 31+ 14, Iv + 24,27+ 1Y) 137 fo~!
Type-lll Seesaw Heavy Fermions, B.=1.0,8,=8:=0.0 ~ 220208676 (3¢, = &L, 11+ 34, 2v + 2, 3v + 14, It + 24,27 + 11} 137 fb~?
Type-lll Seesaw Heavy Fermions, By =1.0, B. =B, =0.0 - 137 fb~?
Type-lil Seesaw Heavy Fermions, Br= 1.0, B: =B, =0.0 w 137 fb~?
WMSM, Va2 = 10, V2= 00 n 138 fb~!
LRSM Waleha ), My, <Mul =200GeV) " 137 o}
LRSM WaleNa ), My, = 0. 5M, " 137 !
LRSM WauNn), Mg, <Mn (= 200GeV) " 137 fb~?
LRSM WalpzNe), My = 0.5Mug ~ 137 !
LRSM ZafeNr), Mz, <0.5Mn{ = 100GeV) " 137 b~}
LRSM ZaleNr), M, =0 25Mz, . 230706950 (2e, =4j) 137 b~}
LRSM Zalula), Mz, <0.5My,{ = 100GeV) " 2307.06950 (2, z4j) 137 fb!
LRSM Zaljuha), Mu, = 025Mz, - 230706959 (2p, =4j) 137 b~}
B Faratore B iy <1 . 221003082 {2e + 2j) 137 fb~?
c°‘: ""”'.te ':' miens e My <A ; 221003082 (2p +2j) 137 !

LRSM Wa{TNg}, Mrg =0.8My; | : 1-3.52 TeV 181100806 (2t +2j) 36 fb~?

LRSM WalTNr}, Mrg, = 0 2My, " | 1-375TeV 181100806 {21 +2j) 36 fb~!
Displaced Majorana HNL, [V |?=1.0 x 10-2 M 220105578 (2e + 11} 137 b}
Displaced Majorana HNL, [V, | =1.0 x 10-3 M 220105578 (2p+ L) 137 fo~!
Displaced Dirac HNL, [VaF =1.0x 10-3 M 220105578 (2e + 11} 137 b~}
Displaced Dirac HNL, [Vy|?=1.0 x 10-3 M P 263 1a093GeY 220105578 (2p+ 1) 137 fo~!
Displaced Majorana HNL, V|2 =1.0 x 10-3 M CMS-PAS-EX0-21-013 (e, =1j) 137 fo~!
Displaced Majorana HNL, [V, | =1.0 x 10-3 M P 2ISI20GeY OMS-PAS-EXO-21-013 (1, = 1j) 137 b~}
Displaced Dirac HNL, [V F =1.0x 10-3 M P Et22GeY] OMS-PAS-EX0-21-013 (le, z1j) 137 fo~!
Displaced Dirac HNL, V4|2 =1.0 x 10-3 M P 27S128GeY OMS-PAS-EXO-21-013 (1, 2 1j) 137 b}
Displaced Majorana HNL, [V | = 5.0 x 10-3 . . 13-26Ge/ CMS-PAS-EX0-22-017 (e + MDS) 137 b~}
Displaced Majorana HNL, [V, |2 =5.0 x 10-3 M . 13-27GeV CMS-PAS-EX0-22-017 {u + MDS) 137 fo~!
Displaced Majorana HNL, [V, P =1.0x 10-3 m | 1255196V CMS-PAS-EX0-22-017 {e/p + MDS) 137 b~}
Displaced Dirac HNL, VP =5.0x 10-3 M © 145-2.9GeV CMS-PAS-EX0-22-017 {e + MDS) 137 b~}
Displaced Dirac HNL, [V,y|? =5.0 x 10-3 M  145-3.1GeV CMS-PAS-EX0-22-017 (p + MDS) 137 b~}
Displaced Dirac HNL, [V, P =1.0x 10-3 M 13-2.16eV CMS-PAS-EX0-22-017 {e/p+ MDS) 137 b~}
Displaced Majorana HNL, [V |?=1.0 x 10-3 M P ISI96eY OMS-PAS-EX0-21-011 (26, 1j) 138 fb~?
Displaced Majorana HNL, V4|2 =1.0 x 10-3 M P IETIS56eY OMS-PAS-EX0-21-011 {2y, 1) 138 fb~?
Displaced Dirac HNL, [V F =1.0x 10-3 M P ESaGeY OMS-PAS-EXO-21-011 (2e, 1jl 138 fb~?
Displaced Dirac HNL, [V, =1.0 x 10-3 . P ESIESGEY CMS-PAS-EXO-21-011 {2y, 1j) 138 b~}

Displaced HNL from B meson decay, V4|2 =5.0 x 10-3 | a6 240304584 (BParking) 42 fp~!
- Type | Seesaw VBF SSWW, |V, =1.0 ™ | OIS 220608956 (2u +2j) (137 b~

" 1 i 1 " " 1 P | " i i 1 1 i PR | " i 1 N L i " " " " P | 1 1 "
103 102 10-! 10° 10}
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EXO Summary-LLP

UDD, §-tbs, my =2500 GeV
UDD, §~tbs, mg =2500 GeV
UDD, t-dd, m; = 1600 GeV
UDD, t-dd, m: = 1600 GeV
LQD, t-bl, m: = 600 GeV
LQD, t-bl, m: = 460 GeV
LQD, t-bl, mi = 1600 GeV

GMSB, §-gG, ms = 2450 GeV

GMSB, §+gG, my = 2100 GeV

Split SUSY, §-adx?, mg= 2500 GeV

Split SUSY, §-adx?, mg= 1300 GeV

Split SUSY (HSCP), fz = 0.1, m = 1600 GeV

MGMSB (HSCP) tanf = 10, u>0 , m: = 247 GeV

Stopped t, t-ty?, mi = 700 GeV

Stopped §, §-adx?, f;,= 0.1, my= 1300 GeV

Stopped g, g-qax3 (uux3), f = 0.1, m; =940 GeV

AMSB, x *=y2n* , m,= =700 GeV

g-qdx; or g4, XX =xin*, m; = 1600GeV,m = 1575GeV
d-qx? or @x, x£-xin*, my = 2000 GeV, m, = 1000 GeV
t=ty? or byE, x& —x’n*, mi = 1100 GeV, my = 1000 GeV
GMSB, x2—HG(50%)/ZG(50%), me = 600 GeV

GMSB, x?—HG (50%)/ZG(50%), my = 300 GeV

GMSB SPS8, x2-+yG, my = 400 GeV

GMSB, co-NLSP, [+IG, mj =270 GeV

H~Z0Z5(0.1%), Zo-pp, my =125 GeV, my = 20 GeV
H~Z0Z0(0.1%), Zo-up(15.7%), my = 125 GeV, my =5 GeV
H-XX(10%), X—~ee, my = 125 GeV, my = 20 GeV
H-XX(0.03%), X=II, mx = 125 GeV, mx =30 GeV
H-XX(10%), X-bb, my = 125 GeV, my = 40 GeV
H-XX(10%), X-bb, my = 125 GeV, my = 40 GeV
H-XX(10%), X-bb, my = 125 GeV, my = 40 GeV
H-XX(10%), X-TT, my = 125 GeV, my =7 GeV

dark QCD, my_, = 1500 GeV, m.,, = 10 GeV, agonstic
dark QCD, myx_, = 1500 GeV, m._, = 10 GeV, GNN

H-XX(10%), X=bb, my = 125 GeV, my = 40 GeV

H-XX(10%), X—=dd, my = 125 GeV, my = 40 GeV
H-XX(10%), X=1T, my = 125 GeV, my = 40 GeV

Overview of CMS long-lived particle searches

CMS Preliminary

March 2024

2104.13474 (Jets with displaced vertices) [N G0006=009m
2012.01581 (Displaced jets) [O03=1]

2104.13474 (Jets with displaced vertices) NG 00035=008m
2012.01581 (Displaced jets) [0 00Z= 1325

2012.01561 (Displaced jets) [NOI005=024]

i S S A A T P T

2012.01581 (Displaced jets) [0 6060551
1906.06441 (Delayed jet-+ MET) [ 0522541
2012.01581 (Displaced Jets) [J 0007036 M

1801.00359 (Delayed jet)
1801.00359 (Delayed jet)

> Q: Q: 7 o~ Qr Qr Q0 Qr Q0

L3

2004.05153 (Disappearing track) . 07-30m
1909.03460 (Disappearing tracks +jets withMz) | 011-10m

1909.03460 (Disappearing tracks + jets with Mz) = 026-2 m

1909.03460 (Disappearing tracks +jets with M) | 025-9m
2212.06695 (Trackless jets + MET) [ Ggasio m)
2212.06695 (Trackless jets +MET) | 005-04m
1909.06166 (Delayed y(y)) | 02-6m

2110.04809 (Displaced leptons)  5e05-2.65m

»~
=i

>~
H -

e

TR R

1801.00359 (Delayed pu)

220508582 (Displaced dimuon)  5e05-5m
2112.13769 (Displaced dimuon scouting) | 00001-025m
14116977 (Displaced dielectron)  0.00012-25m
2110.04809 (Displaced leptons) | 0001-012 m
2012.01581 (Displaced jets) |1 0001053
2110.13218 (Displaced jets +Z) | 0.004-0248m
2107.04838 (Hadronic decays in CSCs) [ O a2
2107.04838 (LLP decays in CSCs) [ 002=23m

I 240301556 (Emerging jet + jet) (LI 0003=0 3

CHMS-PAS £X0-23-013 (Displaced Jets Run3) (1 000052577
CMS-PAS.£X0-23-013 (Displaced Jets Run3) (100 0,005 =25
CMS-PAS £X0-23-013 (Displaced Jets Run3) [ 000E=08
1 1 1

><><><§<§<><><><><><><><><

10! 10!
ct [m]

103 103

et
<
-

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.
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140 fb~*
132fb
140 fb*
132 fb
36 fb~?

118 fb~*
132fb~?

132fb
137 b
132fb
36 fb~?*
13 fb~?
13 fb~?
39 fb~?
39 fb~?
39 fb~?
140 fb*
137 b
137 b
137 b
138 b~
138 b~
77 fb~?
118 fb~*

98 fb~?
101 fb~?

20 fb~* (8 TeV)

118 fb~*
132 fb
117 b
137 b
137 b
138 fb~*
138 b~

35fb~* (13.6 TeV)
35fb~* (13.6 TeV)
35fb~* (13.6 TeV)
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B2G Summary

Raffaella Tramontano

VV/VH/HH/Vy resonances

HST

Z',HVT B

W, HVT B

Radion, A\g = 3TeV

Bulk G, k/Mp; = 0.5

»R - qqy » Wy (gm=0.1, A=4My)
» W - qqy - Wy(gm=0.1, A =4My)
[>Z' (2016 combination)

[>Z' - ZH - qqtT

» Z' - ZH - (£, w)bb

»Z' - ZH - qqqq

»Z' - WW - qqqq

»Z' - WW - fvqq

»Z -

»Z' - ZH - flvv,cc/dq

> W’ (2016 combination)

>W' - WZ - fiqq

» W - WZ - vvqq

» W - WZ - fiqq

>W' - WH - qqtT

» W - WZ - qgqqq

» W - WH - fvqq

» W - WZ - fvqq

W = v

»R - ZZ - vwqq

>R - HH - qqtT

» R = HH (combination)

» R - HH —» bbWW (lep.) merged-jet
» R - HH —» bbWW (lep.)

» R - HH - t1YYy (ot in HH Comb.)
» R - HH - multi-leptons

» R - HH - yybb

» R - HH - bbbb merged-jet

>R - VV-qqqq

» R - WW - fvqq

>R - ZZ

>R - WW

»R->WW

>G - ZZ - v

>G - ZZ - flqq

» G- ZZ - vvqq

» G- ZZ - flqq

» G —» HH (combination)

» G - HH - bbWW (lep.) merged-jet
» G - HH —» bbWW (lep.)

» G —» HH - t1yYy (not in HH Comb.)
» G - HH - multi-leptons

» G — HH - yybb

» G - HH — bbbb merged-jet

» G- WW - fuqq

S

S333FZFFFFIFFIFFIEIIIFRIFRRES

CMS Preliminary

36 — 138fb~! (13 TeV)

PLB 826 (2022) 136888
PLB 826 (2022) 136888
PLB 798 (2019) 134952
JHEP 01 (2019) 051
EPJC 81 (2021) 688

PLB 844 (2023) 137813
PLB 844 (2023) 137813
PRD 105 (2022) 032008
JHEP 07 (2021) 208
B2G-23-008

PLB 798 (2019) 134952
JHEP 09 (2018) 101
PRD 106 (2022) 012004
JHEP 04 (2022) 087
JHEP 01 (2019) 051

PLB 844 (2023) 137813
PRD 105 (2022) 032008
PRD 105 (2022) 032008
JHEP 07 (2022) 067
PRD 106 (2022) 012004
JHEP 01 (2019) 051

2403.16926 sub. to Phys. Rep.

JHEP 05 (2022) 005
2403.09430, bub. to JHEP
HIG-22-012

JHEP 07 (2023) 095
2310.01643, Acc. by JHEP
PLB 842 (2023) 137392
PLB 844 (2023) 137813
PRD 105 (2022) 032008
JHEP 03 (2019) 128

JHEP 03 (2020) 034
HIG-20-016

JHEP 03 (2018) 003

JHEP 09 (2018) 101

PRD 106 (2022) 012004
JHEP 04 (2022) 087

2403.16926 sub. to Phys. Rep.

JHEP 05 (2022) 005
2403.09430, bub. to JHEP
HIG-22-012

JHEP 07 (2023) 095
2310.01643, Acc. by JHEP
PLB 842 (2023) 137392
PRD 105 (2022) 032008

0.7 -1.1
0.8-1.4

0.9-2.2

— 0.2-1.4

0.8 - 3.7 b 138

0.8- 3.7 > 36!

1.3-3.9
1.3-3.5
1.0-4.0

1.4-3.0
0.8-4.3

— 0.4 -2.7

«— 0.5-2.0
0.9-2.6

0.7 -1.5

T IR

— 0.8-2.3
«— 0.3-0.4
—¢— 0.3-0.6
— 0.2-0.6
— «— 0.3-1.0

— 1.3-2.6

— «— 0.3-1.9
— 0.2-1.1
— 0.1-0.8
> 0.6-0.8
— 0.4 -0.9
— 1.0-1.2
— 0.5-1.2
0.3-1.9
— 0.8-1.4

— 1.0-1.8

1.
0.9 -2.7

1.0-4.0

1.3-4.4
1.0-4.0
1.0-3.9

0-2.9

0.2-3.1

0.9 -3.0

1.0-3.1

0.9 -3.0 ~— Simulation boundary

0 1 2 3

- 5

Excluded mass range at 95% CL [TeV]
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Phenomenological MSSM interpretation of CMS searches

oia CMS proliminary 138 fb™' (13 TeV)
o }f ARl IR R LU R (RSB

LI LN LN B |

® Performed first statistical

oy

combination of SUSY searches s
o . o ©
with full Run2 luminosity e S
Removed most of %
parameter space S
& Ir;‘ the fromleworl; :'fs > E R
enomenologica |2 o3¢ arameter space
N ( MSSM): 19 f A Natural Spectrumls o} M- -
@ P ree General “bottom-up” viewpoint § 0.1
% parameters i
Ll
2 n Y . “Nuclear Family”
O ® Useful tool to identify rvrbints)
© weak spots in our program -
V4 500 GeV._ f2
2 e
7 ® Gives us a big picture under > SR =E L | { i CMS rotmnay oot 19760
= realistic assumptions (e, § | 7 e 16 ’ .
I on relative branching s —— Closeness to igs
CU v - R -
= ratios) X J=Eawdi  Still room for light o :
= cé : EWKinos Removetd most of
° g0 . 1 parameter space
® quantified as fraction of £ ﬁ
tested models that g |t ot
survive the exclusion (g
m., [TeV]
al
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-004/index.html

1t comparison with ATLAS

Comparison with ATLAS - /]

= 18, 2b, >=4 jets category for both ATLAS and CMS - compare pre-fit

E.g. high |cosB*|

Similar excess In data
IN low My bins!

Also in £ (backup)

13.09.2024

Raffaella Tramontano

Events / 50 GeV

Ratio to Bkg.

Ot
B Multijet
[ Single top [ Z+jets
[MOthers 7 Uncertainty

In the lower panel:
m,=500GeV, tan=2.4 x 10
— my=800GeV, tanB=0.4 x5

———rr ———r
ATLAS ¢ Data

107k Vs=13Tev, 140 1" [CJW+jets

A/H — fi, 1-lepton

g Resolved 2b

10° E~ 0.8<|cos6*|<1
Pre-fit

.....

-
-
o

yrY 7 /S , /) ‘ / 7
77277
> 4 /S ANFFF | / / / /7
Bz ALY

N\

m; [GeV]

Approval talk of HIG-22-013 | Laurids Jeppe

138 fb~1, Run 2 (13 TeV)

t Data

0.9 < |cos'(6;';)| <1.0

Comparison with ATLAS

Uncertainty . -
| ] = ATLAS has published a Run 2 result for A/H — tt: JHEPOS8 (2024) 013
= They see no excess and make no mention of toponium / tt bound states
— need to understand the differences!
e . 1
P £3.0 CMS Preliminary 138 fb~! (13 TeV) Pseudoscalar
- 95% CL exclusion, M4 = 5.0% m 0 -
(@)] A A
. . . 95% expected 1 Observed 5 A) Wldth
500 1000 1500 2-5 - 68% expected **]——I rAtf > rA —E 2-5 | I I 1 1 1 1 1 I
------ Median expected =2 ATLAS
43 DE | \/s=13TeV, 140 fb"

2.0 /
- A 1, [IM=5%

No observed 1.5 1.5
excess for ATLAS
1.0} QN1 1011111114 1.0
[ 400 GeV.
ATLAS expected , oi¥ N\ R ATLASOobs
limits sllg_h_tly less | _ ATLAS exp (+16 and +20)
SenSItlve | No tt bound states | .
0.0 4(I)O R 660 . . 860 1000 0.0 - . 1 . 1 1 Ftt>lrtotal l(unph)l/smal)l §
400 500 600 700 800 900 1000 1100 1200 1300 1400
Ma [GEV] M
A [GeV]
13.09.2024 Approval talk of HIG-22-013 | Laurids Jeppe 40 DESY.
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