Searches for new physics at high object masses
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The Standard Model -- A triumph...

‘Precise cfescm’yu’on @C Joam’cfe interactions up to the electroweak scale!

Standard Model
O{: i E*V F/‘“’_,_t%gl/,_,,[,\ c.
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The Standard Model -- A triumph... with puzzles
Precise C[@SC?’ 1]911011 (j'/ JOCLT tw[e interactions ujﬂ to tﬁe €[€C1T HISTORY OF THE UNIVERSE o
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https://physics.aps.org/articles/v10/s119
https://physics.aps.org/articles/v13/174
https://physics.aps.org/articles/v8/108
https://particleadventure.org/images/history-of-the-universe-2015.pdf

Hunting for New Physics at the Energy Frontier

P Beyond the Standard Model (BSM) theory models predict:
» Additional heavy bosons
» Dark matter candidates
» Extra-dimentions

> ...

» with properties largely unknown

P Broad range of signatures to analyse at the LHC:
» Hadronic final states
» Leptons

» missing transverse momentum
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https://www.symmetrymagazine.org/article/where-the-higgs-belongs

New Physics searches in CMS

W -=WZ—lv,qq

PRD 105 (2022) 032008

W' — WH — Iv,bb

PRD 105 (2022) 032008
- V' - VV + VH — qq,qq/bb
PLB 844 (2023) 137813 — 7
W'— WZ — qq,vv

CMS Preliminary March 2024 138 fb (13 TeV) (IDMS Rrel{mllglary ~ March 2025
o B o T V' > qa/qq
= JHEP 05 (2020) 033 ;
= ’ __W'—1tb —bqqg,b 1— ==
'E - PLB 820 (2021) 136535 — —
— Z' — 2| — —
s JHEP 07 (2021) 208 B N
Q. W' — v B
% JHEP 07 (2022) 067 — —
8 __Z'—=ZH — ll/vv,cc/iq — —

B2G-23-008 ‘, L

> /
5 _Z'—>7H - lI/vv,bb/Ob — %7’/7;/} ?/ /?J'AX///%/ —
2 EPJC 81 (2021) 688 % ﬁ,v/j(/f/
e __Z'=WW —lv,qq
(—)l PRD 105 (2022) 032008 -1 / /
32
O
o))

—h
<

PRD 106 (2022) 012004

1000 2000
M, [GeV]

/710 203 100 20

P CMS explores a wide range of models and experimental signatures
p This talk highlights:

» Heavy vector resonances: Spin-1 combination: (Run 2)

» New Run3 results on W' — [v searches (Run 3)

» High-mass jet signatures: Dijet and pair of dijet searches (Run 2 & Run 3)
Moriond EW
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95% CL exclusions

Observed
Expected

',/ M, <~5%

tt resonance, (JHEP 2019, 031)
35.9fb™, 13 TeV

I/ My, <~10%

Boosted dijet+y (PRL 123, 231803)
35.9fb" 13 TeV

Boosted dijet (EXO-24-007)

138 fb™, 13 TeV

Dijet+ISR jet (PLB 805, 135448)
18.3fb" 13 TeV

Dijet b-tagged (PRL 120, 201801)
19.7 b, 8 TeV

Dijet scouting (PRL 117, 031802)
19.7 b, 8 TeV

Dijet scouting (EXO-23-004)

117 b, 13 TeV

Dijet (JHEP 2020, 033)

138 fb™, 13 TeV

[,/ M, <~30%

Broad dijet (JHEP 2018, 130)
35.9fb" 13 TeV

[,/ M,<~100%

Dijet x (EPJC 78, 789)
35.9fb" 13 TeV


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#2025_LHC_BSM_WG_general_meeting

New Physics at high masses

How can New Physics (BSM) appear? g

?

Excess //1/bF
(resonance)

g

Excess
(tails)

L |
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New Physics at high masses

Excess IF
(resonance)
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ubmitted to JHEP:
Heavy vector bosons Run 2 Sibeis
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https://arxiv.org/abs/2601.12583

Heavy vector bosons -- Run2 fluctuations Run 2 ilz‘fw"”if?i?fj;ﬂ,m
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https://doi.org/10.1007/JHEP05%282024%29046
http://Phys.%20Lett.%20B%20844%20(2023)%20137813
https://doi.org/10.1007/JHEP07(2021)208
https://doi.org/10.48550/arXiv.2102.08198
https://doi.org/10.48550/arXiv.2109.06055
https://arxiv.org/abs/2601.12583

Heavy vector bosons -- Legacy combination Run 2 Jumited o er

» Combination of 16 searches:
» Maximal coverage of final states
» Different sensitivity across the parameter space

» Interpretation under the HVT framework
» Simplified framework for spin-1 resonances
» Couplings controlled by 2 parameters

Channel Prod. modes my; range [TeV]  Leptons Jets Reference
Z'—thtT DY 0.5-4.0 ¢ty or 2Ty — 47
Z' — 00 DY 0.8-5.5 2/ — 48
W' — (v DY 0.8-6.0 14 — 49
W' — v DY 0.8-6.0 1Ty, — 50]
V' — qq DY 1.8-8.7 0/ ii 51]
W’ — tb (04) DY 1.0-4.0 0/ P 52]
W’ — tb (14) DY 2.0-6.0 14 PP 53]
7' — tt (10) DY 0.8-5.0 14 jtor jji° (54]
Z' — ZH (2¢2b) DY + VBF 0.8-5.0 20 jbP 55]
Z' —ZH (2v2b) DY + VBF 0.8-5.0 0/ jbP 55
Z' — ZH (202q) DY 1.2-6.0 20 i 56]
7' — ZH (2v2q) DY 1.2-6.0 0¢ i 56]
W' — WZ (2q2¢) DY 0.6-2.0 2/ jVor jj 57]
W' — WZ (2q2v) DY + VBF 1.0-4.5 0/ iV 58]
V' — WV/WH DY + VBF 1.0-4.5 14 iV 59
V' — VV/VH DY + VBF 1.3-6.0 0/ iviY 20
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https://arxiv.org/abs/2601.12583

Heavy vector bosons -- Leptonic channels

138 fb ' (13 TeV)

o 10 E I L | =
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» /' - ¢ and W' — £ as leading channels

» Previous 2.7-3.4 TeV fluctuation in Z' — £¢ reduced

» No significant deviations observed

Andrea Malara Moriond EW

Submitted to JHEP:
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https://arxiv.org/abs/2601.12583

Heavy vector bosons -- Bosonic channels Run 2  jubmitted wJ3ER

138 fb™' (13 TeV)
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» V' - VV/VH — had as leading channel
» Run-2 tensions at 1-3 TeV are reduced
» No significant deviations observed

| Mass scan
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https://arxiv.org/abs/2601.12583

Heavy vector bosons -- Coupling scan Run 2 Sumited o j1er

138 fb' (13 TeV)
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P Sensitivity depends on the relative couplings to fermions and bosons
» No significant deviation observed up to 6 TeV

Andrea Malara Moriond EW


https://arxiv.org/abs/2601.12583

" ubmitte X
Heavy vector bosons -- Coupling scan Run 2 e e

138 fb™' (13 TeV)

08_ 5 L L .. | _
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gq12

84, — 8, Scan|
» Beyond the assumption of fermion universality
» 8, — 8H and 84, — 8l entirely excluded
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https://arxiv.org/abs/2601.12583

Search for W — [v

g f

|
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Search for W — Iv Run 3  chsex02400

- CMS Preliminary 62 b (13.6 TeV
One of the most sensitive probes of heavy vector bosons A e B B
> = =
. . D — ¢ Data - W boson - DiBoson =
» Clean experimental signature S 10 = — o
> ngh_pT |SO|ated |ept0n (e or //t) "UE) 10 - M,,=3.6 TeV =—M,,=5.6 TeV Stat. + Syst. é
GD _
. . > miss _
» Large missing transverse momentum a S+ Pr
107'E E
102 & -
» Transverse mass (m;) used as the sensitive variable 0k "‘LLE
_ [ . miss [ . miss 10 & =
» My = \/2 "PrPr (1 — c0s AP(pr, Py )> 05 -
22— T + """""""""
@) 1.5 = } .......................................................................................................... ]
: . = |
» Leading uncertainties: : O;:......{,w,.fﬂ_.,.. ......... Lo -
_ l s o P E
» Exp: Jet and lepton energy scale q °f000 2000 3000 4000 5000 '[('3 'flc]oo
m; [Ge
» Theo: PDF and high-m cross section W
gr
q
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https://cds.cern.ch/record/2957051

Search for W — [v -- Results

» No significant deviation from the SM
» SSM W’ mass excluded up to ~ 6 TeV

» Model-independent interpretation

» Improved sensitivity compared to Run?2
» Higher center-of-mass energy

» Lower trigger threshold for e-channel

62 fb’

'(13.6 TeV)

10

—~ 10%E

O —

S = CMS

w _ Preliminary

X 2 -
< UE e/ + pss
X .

Q

X

©

1 0—2 | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] |

95% CL upper limits
Observed
- - = Expected

B+ 1s.d.
+ 2 S.d.

500 1000 1500

Andrea Malara
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o x B (fb)

Run 3 CMS-EXO-24-021

62 fb" (13.6 TeV)

|
= CMS

Preliminary = o SSMW'NNLO

95% CL upper limits
Observed

- - -. Expected

B =1 s.d.
+ 2 s.d.

e/M + p_r;liss

\
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https://cds.cern.ch/record/2957051

New Physics at high masses

Excess
(tails)
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| ' CMS-EXO-24-011:
Dijet angular analysis Run 2 24-011

paper to be submitted

oo |
.. . = eX — ~ ;
" )(dl]et PCLYr — 2 1 — COS(H*) :‘_

Nonresonant effects in dijet production

» Angular distribution (y,;,,) as the sensitive variable

jet,
» Scattering angle of the dijet system

. . . 0 *
» Small dependence on theoretical uncertainties

E—— : 13817 (13 TeV)

'GHJ I l I I I
/ S 0.2
>3
. /

—— IData CMS ]
----------- NNLO QCD + NLO EW
-= A7, (Cl) =30 TeV

~=i= Al (Cl) =30 TeV

--= A; (GRW) = 13 TeV

S Mags (nED =6 ADD) =9 TeV
— - f,/ ¢, (ALP) = 2.5 TeV

—  A/\|Cg (SMEFT) = 10 TeV

» Normalised differential cross sections:
» Compared to NNLO QCD + EW predictions

0.1

-Iﬂ I I I I | I I I I | —_

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

_ _ 6.0 <M, <7.0TeV
» Detector response accounted for via response smearing |

0.05_—

: - 2r
» Leading uncertainties: oS 15t E
. 5 EF -
» Exp: Jet energy scale and resolution s O;g_ E
» Theo: Scale choice of up/u;, (updated wrt. previous results) 0=z 4 "% % 0 iz 14 16
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http://link
http://link

CMS-EXQO-24-011:
paper to be submitted

Run 2

Dijet angular analysis -- Results

» No significant excess observed CMS 138 fb™ (13 TeV)
. . . I I I | D 1
P Several interpretations provided o 140 Vector/aX|aI-|vector ! ' 09 &
» Quark compositeness I med'ftf'& v ’ 0.8 &
M del 1.2—Mpy=1G€E 0_7;
> B =
models -9, 1.0 06
» Extra-dimensions i 0.5
g =1.
» SMEFT ’ 0.4
Model Observed limit Expected limit 0.8 i
CI A}, g (NLO) 17 TeV 18+20 Tev —0.3
CI Af7 /gg (NLO) 37 TeV 3412 TeV i
CI Ay, (NLO) <19 and 27-31TeV 41177 TeV 0.6 —0.2
CI Ayy (NLO) 50 TeV 45171 TeV ]
CI A}, (NLO) 19 TeV 3917° TeV |
CI A, (NLO) 49 TeV 44111 Tev 0 4 e 101
CIA{_», (NLO) 14.9 TeV 14.0118 TeV ' 1
CI A(‘V_A) (NLO) 15.7 TeV 14.61722 TeV I Expected 68% CL
ADD At (GRW) 13.4TeV 14.2 + 1.0 TeV " 95% CL upper limits Expected 95% CL -
ADD Mg (HLZ) ngp = 2 15.0 TeV 16.0 £ 1.1 TeV 0.2 i _ E)bs er\?epd ,,,,,,,,,,, EPJC 78 (2018) 789
ADD Mg (HLZ) ngp = 3 15.9 TeV 16.9 + 1.2 TeV u Expoctod o JHEP 05 (2020) 033
ADD Mg (HLZ) ngp = 4 13.4 TeV 142+ 1.0TeV - N P | | | | |
ADD MS (HLZ) nED — 5 121 TeV 128 :|: 09 TeV O I I I I I I I I I I I I I I
ADD Mg (HLZ) ngp = 6 11.3 TeV 11.9 + 0.8 TeV 3.5 4 4.5 ) 2.5 6 6.5 /
QBH Mgy (RS1) 6.3 TeV 6.8 + 0.4TeV Med
DM mediator m,,,04 6.2 TeV 6.2 = 0.8TeV
ALPc,/f, 0.42TeV~1 0.38 & 0.03 TeV !
SMEFT C /A2 0.0076 TeV 2 0.0081 + 0.0012 TeV 2
Andrea Malara Moriond EW ~ March2026 20


http://link
http://link

Pair-produced dijet resonances

CMS-EXO-25-004

|9, Jet

X Jet
—

X Jet

|9, Jet

Pair production of new particles X decaying to dijets
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https://cds.cern.ch/record/2947130?ln=en

Pair-produced dijet resonances Run 3 cusex0-26-004

Resonant dijet pair production CMS,
S
» Two dijet resonances reconstructed with 4 jets = S
-l ] pt = 2.20 TeV
P Sensitive observables: — g
. pt = 0.82 TeV
» Four-jet mass my; e

» Average dijet mass m,;

PF Jet 1:

pt = 1.83 TeV
eta =0.71
phi = 2.04
. . . =
» Highest mass events previously observed with Run2 data: =
PF Jet 4. PF Jet 2:
_ pt = 0.59 TeV pt = 1.46 TeV
» CMS: My; = 8 TeV:; my; = 2 TeV \pth 160 etz =012

» Current highest mass events with Run3 data:
»CMS: my; =62 TeV; my;=2TeV

Run/Event: 383326/498320877
Lumi Section: 215
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https://cds.cern.ch/record/2947130?ln=en

Pair-produced dijet resonances -- Results

» Fit of the falling spectrum of my;

» Performed in 771;:/m,; bins— to minimise background sculpting

» Discrete profiling 1s used for background modelling

» No significant excess observed

» Interpretation in diquark models (D2D)

90 b (13.6 TeV)
¢ Data Diquark: S — xx — (ug) (ug)
LO QCD MC — M(S) =8.6 TeV
CMS rreliminary PowExp-3p fi "~ M(S)=50Tev
ModDijet-3p fit - M(S) =2.0 TeV
- - - - Dijet-3p fit M()/M(S) = 0.25
. * *
'g o e 022<0 <024 P 024<a<026 P, 0.26 < . <0.28
-2 i Srees, T Toee,
S e ",
— ot ,hﬁ%l m’?}_fﬁ{'
N q05E o '%\ LA T
S 10°F L ",
Q 1077 i : L:
Q s
1 ®) 10
107°
|O—10
~|2 3
= - 2
LI's |
ST
cU L
alg -
~ :) )
—3 L . . . . . 1 . . . . . . . I . . . . . . . —
2 3 4 5 6 7 8 2 3 4 5 6 7 8 2 3 4 5 6 7 8
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Average dijet mass [TeV]
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Run 3

CMS-EX0O-25-004

CMS Preliminary 90 fb' (13.6 TeV)
| | I I | I I | I I | I I I I | I I | I I | I I | | ] C
N o 1 =10° O
-0 N = ~~
- . \ 1 - 9p,
| o, \I _ — e
i f ) 1w @
__ = // _ E 1 O >
B . ,/ | - LIJ
i / I
u / _ .
— / Jb4 10
- // —_
| ,/ ]
B \ //' Diquark: B 102
_ Suu = xx — (ug)(ug)-
- M, /M =025 7
Mg = 8.4 TeV 1 10
----- 68% Contour ]
- -95% Contour =
L1 1 1 | 11 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | || 1
2 3 4 S5 o6 7 8 9 10

Four-jet mass [TeV]



https://cds.cern.ch/record/2947130?ln=en

Pair-produced dijet resonances -- Comparison Run 3  cusexossoos

» Intriguing excess from Run2 analysis not confirmed

» But more data still to be analysed

138 fb' (13 TeV)
| IIII|IIII

< o | = T CMS Preliminary 90 fb (13.6 TeV)
Q - 4 =210° o S LA L L L L L L L L L B C
— - CMS 1 = B o 29[ 1 =10° o
— — — = e I_ B | - S~
@ f 171 , 5 P 13 2
/p — — _ 4 N . -
CU - — §1O > 7)) | 4 qD
E {4 W g 2L 1 510" @
+— B 8= — B i LI
O . 3 © [ 1 -
= 1.5 = 10 D i _
5l - S 1.5 - — = 10°
D B ] O i _
&) R - S F , -
9 1 B ] 1 02 % 1 B \_ //lDiquark: B 102
q>D B 1 Diquark n E i Suu = XX~ (ug)(ug):
< ,e S =~ (ug) (ug) 1 10 wosirer N 1o
' 68% and 95% 0.5 [ i . 68% Contour |
contours B - -95% Contour .
AT b b b b b b e o Lo v b b s v v b b by 14T
> 3 4 5 6 7 8 9 10 | > 3 4 5 6 7 8 9 10 |
Four-jet mass [TeV] Four-jet mass [TeV]
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https://cds.cern.ch/record/2947130?ln=en

Pair-produced dijet resonances with b-jets

P

X Jet
) —

X Jet

P

Pair production of new particles X decaying to dijets with 2 b-jets

Andrea Malara Moriond EW



Pair-produced dijet resonances with b-jets RUN 2 casex02000

Dijet pair production with 2 b jets 138 fb”" (13 TeV)
CMS

Preliminary

N

» Resonant:

I " : O
» my; and m,; as the sensitive variables

3,
Events/bin

—h
N A O ©

—h
III|III|III|III|III|III|III|III|

» Non-resonant:

N

Average dijet mass [TeV]

» M,; as the sensitive variable
0.8
» Current highest mass events with Run2 data: 0-6
0.4

r

»CMS: my; =55 TeV; my; =1.5TeV

O
N
|

i

T ]

| | | | | |

| | | | | | |
CMS, 2 3 4 5 /6 7
— . p
< Four-jet mass [TeV]

<\
L\ \\
Dijet Pair 1 PF Jet 1
Pt=2.31TeV Pt = 1.98 TeV
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Andrea Malara Moriond EW ~ March2026 26



https://cds.cern.ch/record/2957052

Pair-produced dijet resonances with b-jets -- Results Run 2 ysrx0040:

138 b (13 TeV)
IIII|IIII|IIII|IIII|IIII|IIII£ﬂ
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» Fit of the falling spectrum of my;
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Conclusions

CMS continues to probe new physics at the highest accessible energies
P> Heavy vector resonances

» Run2 legacy combination of 16 channels

» Sensitivity up to 6 TeV

» W' search showcases improved sensitivity using Run3 data
P High-mass searches

» Dijet angular analysis probing non-resonant BSM effects

» Pair-produced dijet resonances

P No significant deviation observed from the SM observed (yet)
» Constantly improving techniques for high-mass signatures
» Large Run3 dataset to be explored

» Sensitivity will continue to grow

Thank you for your attention!
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HVT framework

Submitted to JHEP: arxiv:2601.12583

. (13 TeV)
P Heavy Vector Triplet (HVT): T Tamee = P
> 102} Simulation = Charged V' 3
<b N ]

» Simplified framework for heavy spin-1 resonances
» Massive charged and neutral bosons (Z’ and W)
» Similarities with the SM EW sector

10-1} .
» Couplings to fermions and bosons controlled by g, and g5 o __
HVT model :
<N ey p e p e n ettt -
; 3 ERRLN | | | | .
] 1000 2000 3000 _ 4000 _ 5000 _ 6000
_> 10_1 my [GeV]
Y
1072
107 émv.=2000 GeV 3
: VH/WV
- Model A : — ga/qq’
107 & g_=-0.562 — E
f g, =-0.556 RL ) -
1078 b A N
3 2 1 0 1 2 3
| g2 G, g2 g, * sign(g,)
Ly =—C/— Waqky”—qk —~ c, W“lk;/”jlk — 8y (WaHT?DﬂH + h.c.)
gv 2 8v
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Combination’s results Submittd o JHEP: arxiv2GOLIZSE:

138 fb ' (13 TeV)

5‘106'§| L I L L NN BN =
= sE CMS 95% CL upperlimit —— Combined =
;10 = —— Observed —V'eqq 5
T 10 _ -- Median expected — 7' — tf (1) =
o - 68% expected  _ \w' s 1B (11) >
5 10" F 95% expected — W' 1B (0l) =
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0 f_ ' — bb( t in comb.) _f
107" L
102 | L
10° :
10‘4':"" S
1000 2000 3000 4000 5000 6000 /7000 8000

m, V |
v [GeV] ‘Mass scan |

» V' — gq as leading channel

» Tension at 3.4-4.4 TeV from W' — tb not confirmed
» No other significant deviations
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Combination’s results Submittd o JHEP: arxiv2GOLIZSE:

138 fb™' (13 TeV)

5‘ 1 O E L L L L I ol | E
,% - CMS  95% CL upper limit — Combined 2
> = — Observed — V'— VV/VH _
i = ---- Median expected — V'— WV/WH -
o) B 68% expected W'— WZ (2g92v) . @ Q
% 107 95% expected — Z'— ZH (212b+2v2b) = - |' w
107 E e
107 = [E $
- -
10 g Otheory HVT E
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1 0—6 i T T SR NN TR KN TR SN TN SN N SN T SN T S D TR SR . S SR SR S T |
1000 2000 3000 4000 5000 6000

» V' = VV/VH — had as leading channel My [GeV]

» Tensions at 1 TeV in W' — W(£v)V(qgq) and Z" — Z(vv)H(bb) reduced

» Tensions at 2-3 TeV in V' = VV — had reduced

» No other significant deviations
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| Mass scan

» Mixing of DY and VBF signals, when available!!
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Combination’s results Submited 10 THED: arcivacor 1255

138 b ' (13 TeV)

CDLL I I AL L L L
S 10F cms HVT m,, =3 TeV — Combined =
= - — Observed —Z' — [ ’
E . ---- Median expected W'— v -
g i 68% expected — W' — 1V )
2 i 95% expected —Z' =TT |
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O 1E =
o - .
L B _
o i _
107" | g
I I I I I I I

I—3HH—2IIH—1HHOHH1HH2HH3H
g, x sign(g.)
» /' - ¢ and W' — £ as leading channels

» Tension at 2.7-3.4 TeV from Z' — £¢ reduced

» No other significant deviations
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Combination’s results Submited 10 THED: arcivacor 1255

138 fb' (13 TeV)
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-3 —2 —1 0 1 2 3
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» V' - VV/VH — had as leading channel’

» Tensions at 1 TeV in W' — W(£v)V(qgq) and Z" — Z(vv)H(bb) reduced

» Tensions at 2-3 TeV in V' = VV — had reduced

» No other significant deviations
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Dijet searches

o x B x A[pDb]
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. CMS preiiminary 90 fb' (13.6 TeV
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Local p-value

Run 3
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Pair-produced dijet resonances -- Results Run 3

CMS-EXO-25-004
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