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1 SM Summary
[ ]
\J\’ No Cracks in the Standard Model — Yet ! ATLAS & CMS
IISER PUNE
CMS Preliminary August 2026
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Despite remarkable agreement across 14-15 orders of magnitude, the Standard Model cannot be
the full story — the search for what lies beyond begins here !

Seema Sharma, IISER-Pune ICFA Seminar, Toyama, Japan, November 2-6, 2026 2



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-017/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined

\UJ Beyond SM at the LHC: A Broad Landscape
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The challenge: each topology demands
dedicated triggers, objects, signal regions, and
background methods. O(100) active searches
running in parallel — and anomaly detection to
catch what targeted searches miss.
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Searches for extended scalar sectors - C. Botta
Searches: hidden sectors, heavy neutral leptons etc. - T. Schroeder

Direct searches for new particles/resonances at LHC - S. Sharma
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Dedicated data streams (CMS) - Ref-2026

Prompt offline reconstruction, Full
event content

Parking data stream: Delayed offline reconstruction, full
event content ~6 kHz, ~6.7 GB/s

HLT scouting data stream: No offline reconstruction, only
HLT objects and calibrations ~28 kHz, ~0.8 GB/s

ATLAS and LHCb also have developed similar strategies.
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Overcoming the limitations of standard DAQ flows has substantially extended sensitivity
to low-mass and rare phenomena!
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3
https://cds.cern.ch/record/2961605/files/DP2026_023.pdf

‘j\.‘_ Supersymmetry

IISER PUNE
General remarks
® Supersymmetry extends the SM particle content with a

superpartner differing by spin 1/2 and an additional Higgs
doublet.

® Opens a wide range of interactions some of which need to be
restricted e.g. proton decay. Enforce R-Parity = (—1)3B+L+25,

® Stabilizes the Higgs mass against radiative corrections
(constraints SUSY scale to ~a TeV), provides a potential DM
candidate, coupling unification.

SUSY search program at LHC - a bird eye view
13 TeV

pp, s =
1 ! 1 1 1 1

| Signature based
vanilla searches for
RPC (RPV) SUSY
with (without) missing
transverse momentum
along with a number
of leptons, photons &

jets.
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Compressed Spectra
AM — 0 GeV

Soft leptons or jets or
disappearing tracks

Long-Lived Particles
Displaced vertices,
disappearing tracks,
delayed photons.

Modified vertex finders

Beyond Simplified
Models

pPMSSM global
Bayesian fit (19
parameters, 10 CMS
analyses): maps
survival probability
across full EWK SUSY
parameter space.

Helps identifying blind

& dedicated ML taggers. spots.

SUSY i1s not yet discovered. We extended "vanilla" inclusive searches to specific, difficult scenarios.
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Run-2 + partial Run-3 search (192 fb-1):

Targets pair-production of gluinos and 1st/2nd generation squarks
decaying via charginos / neutralinos & staus / sneutrinos.

Uses events with =2 jets and MET 1n three complementary
>?2 thusing a ML based approach.

channels: 1Ty, Ith + le/lp,

§—q@ (/v/iw) X, via T

Searches for gluinos and squarks with t-leptons
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Dedicated T channels provide unique sensitivity to high tanfs SUSY scenarios mediated by staus.

Summary - Gluino masses up to 2.4 TeV and squark masses up to 1.8 TeV have been probed @ LHC.
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https://arxiv.org/abs/2507.00296
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Search using 1-lepton + = 2 b-jets & multijets
e Small-radius jets & lepton clustered into large-radius jets (AK12)
e Sensitive variables number of jets (Njet), b-jets (Nb), and sum of

large-radius jet masses (MJ)
e Data-driven background estimation across bins of Njet, Nbjet and

MJ

CMS Simulation (13 TeV)
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JHEP 10 (2026) 186

RPYV gluinos and squarks - with large radius jets
Targeting RPV SUSY via baryon-number violating coupling A”’323

CMS 138 fb' (13 TeV)
1 03 . —e— Observed 95% CL limit _
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10
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Excluded gluinos models with RPV decay modes up to mass of ~1.9 TeV.

Also refer to CMS-SUS-23-014 for a generic search with large radius jets
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http://CMS-SUS-23-014
http://dx.doi.org/10.1007/JHEP10(2026)186
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R-parity conserving SUSY using Run 2 + Run 3

Pair-production of top-squarks

Uses 24+ b-jets + MET final states

Dedicated neural networks for low, medium and high AM (stop, LSP)

Up to 50% improvement in expected sensitivity of benchmark point of 1 TeV
due to updated analysis strategy and 20% due to addition of Run 3 data.

Low, Medium, and High SRs are not exclusive
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Stops up to the masses of approximately 1060 GeV are excluded for small LSP masses.
3
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https://arxiv.org/abs/2603.16191

\j\" Pair-production of top-squarks

IISER PUNE
Baryonic R-parity violating SUSY or stealth SUSY
Excess around 400 GeV was reported in Run-2 analysis (1£+ jets). RpvV

q
q
e Current analysis uses 04/ 14/ 2¢+ = 6 jets. p - . P
. . . ’{.l’
 Employs improved background estimation methods t
to better control uncertainties in the modeling of jet - ¢
. o« . . 9 p
multiplicity - uses an distance correlator method to y . !
. . . q
obtain two independent neural network variables. .
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Masses of up to 700 (930) GeV excluded

for RPV (Stealth) SUSY models Overall status of stop pair-production searches
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https://link.springer.com/article/10.1007/JHEP10(2025)236
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EXO-24-033 - JHEP 05 (2026) 191

Long lived electroweakinos & top-squarks

IISER PUNE
Compressed co-annihilation models

Small mass splitting - Am (NLSP, LSP) < 25 GeV

LLP arises naturally in long-lived stop NLSP & bino-wino annihilation

If the LLP decays inside the tracker instead of escaping it, the optimal

signature becomes a soft displaced vertex - dedicated vertex

reconstruction.

Efficiency
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Search excludes top squarks with masses ~ 400—-1100 GeV and wino-like neutralinos with masses ~ 220-550 GeV.
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-24-033/index.html
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CMS arXiv:2402.01888

Combination of Electroweakino searches Arasamxiv:2402.08347

Up to ~300 GeV electroweakinos have been probed in small AM scenarios & up to ~1 TeV otherwise).
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https://arxiv.org/abs/2402.01888
https://arxiv.org/abs/2402.08347

\j\‘- Pair production of long-lived staus

IISER PUNE CMS Preliminary 138 o' (13 TeV
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https://arxiv.org/abs/2503.17186
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-003/fig_13.png

\j\‘— Heavy and light BSM resonances

IISER PUNE
Various BSM models extending the gauge sectors CMS¢
can result in dilepton or di-/multi-jet resonances gl Dijet pair 1
pt = 2.20 TeV
or decays to SM vector bosons. s mass = 2.13 TeV
e Grand unified theories (GUTs) ey

phi = 0.76

Left-Right Symmetric Model
Sequential Standard Model
Ee gauge group Models extending to additional U(1) gauge

PF Jet 1:

symmetries B 1=.%37T1ev
Sequential Standard Model (SSM) ) phi = 2.04
Spin-2 KK Graviton excitations K
p Jet
X Jet
Y
PF Jet 2:
pt = 0.59 TeV pt = 1.46 TeV
X Jet eta = -1.60 eta = 0.12
phi = -1.03 phi = -1.83
p Jet
0
N
-
g Dijet pair 2:
() pt = 1.92 TeV Run/Event: 383326/498320877

new resonance Lumi Section: 215

mass = 1.95 TeV

“44 background

Invariant mass of daughter products —

— QOther handles when neutrinos are present.
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-25-004/
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Massive Gauge bosons: Z’— ee or nu

e Classic dilepton search over a smoothly falling dilepton background from the SM processes.
e Results are interpreted in a simplified Z° SSM, superstring-inspired scenarios and RS model spin-2

M=3TeV

gravitons.
EXO-25-021
Z — ee/upn
o 283 fb' (13.6 TeV)

> 10 T T I T | T T T T R
O 10° CMS —+— Data
9 108 Preliminary B vz - eelyw/te
0 107 ff, tW, WW, WZ, 2Z
CIC) 10° B Jets
> 10° N\ Uncertainty
L g Gy KM, = 0.05,

10°

10?

10

e §
<
—_ —

—

—
9.92°.9
a ~ 0N

—

11114

1000 2000_
m(ut) [GeV]

|
o o
- 01 O O 4

70 100 200 300

(Data - Bkg)/ Bkg

10-" CMS Preliminary
0 E T \. T

283 fb~! (13.6 TeV, ee + p*u-)
T T T T | T T T T | T T T T
— Obs. 95% CL limit

Exp. 95% CL limit, median

LS T ]

width
— 06% — 5%
— 3% 10%
L Z'ssm (width 2.97%)
o =—e= Z'y (width 0.53%)

1IlIIllIIlllllllllllllllll.\l'\l:
1000 2000 3000 4000 5000 6000
m [GeV]
s0! CMS Preliminary 283 b~ (13.6 TeV, ee + u*p-)
m l l I 1 l 1 1 I I 1 I l
= — Mz =06% —- [zMz=5%
c?; 10° - TzMz=3% == Tz/Mz=10%
T ' ’ ¥ Y 96
, it |
\
aaell e e T ity L | ittt 20
102 ?
10—3 “““““““““““““““““““““““““““““
10—4 | | | IR | | | | |
200 500 1000 2000 4000 6000
m [GeV]

5% CL upper limit onn

»

N —_
— o c?\)
') T |||||||| T |||||||| T TTTI T IIIIITI'| T 11T

—
<

1072

1073

arXiv:2607.28334
Z — ee/uu

L
ATLAS
{s=13/13.6 TeV, 140+165 fo™

ee+up-channel

Z' s (3%) > I

Obs. Exp.
Run 2 51TeV 5.1 TeV
Run 3 52TeV 52TeV
Combined 5.5TeV 5.5TeV
L .
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---- Expected

More details on the EFT
interpretation in the talk by
Hannes Mildner

ATLAS and CMS probing masses of new resonances above 5 TeV with unprecedented sensitivity!

Seema Sharma, IISER-Pune
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-25-021/
https://arxiv.org/abs/2607.28334

\j . : EX0-24-021
\ U Massive Gauge bosons: W’— eve or uvy

IISER PUNE

e Search for a massive resonant signal in the high mass tail of transverse mass (mr) distribution.

e Results are interpreted in a simplified sequential standard model (SSM), involving both
production and decay modes of W’.

My = \/ 2P PSS (1 — cos[Ag( Py, Piss)])

CMS Preliminary

SSM W’ masses excluded up to 5.7-5.9 TeV

62 b (13.6 TeV)

AL | LN B | 6207 (13.6 TeV)
%) + Data - W boson - DiBoson § 105 1 I LI I 1 I LI Ll I I Ll LI Ll l 1 Ll LI I LI Ll Ll I Ll Ll
G 102 B o0 ]z [ Jaco ~ CMS — .
~ - L — o _ Prehm,na[y g SSM W' NNLO
‘(Q 10 M,,=3.6 TeV M,=5.6TeV Stat. + Syst. » 1 04 k
§ e e B e/ll + p:"“ 95% CL upper limits
- 1 i} , °+P; 10° — Observed
Vo | -==. Expected
10 g
B +1sd.
10—2 102 D . g S.d.
-3
19 10
10 N
10° 1
2r 107
Q 15
é 1 : : 10—2 1 I L 1 1 I L1 1 1 I 1 L1 1 I 1 1 L1 l Ll 1 1 I 1 1
8 o5 1 1000 2000 3000 4000 5000 6000
01500 2000 3000 3000 5000 500 m,, (GeV)

my [GeV]

Expected limit extended by 600 GeV wrt Run 2 - 50% increase in W’ cross-section in the region of limits

for COM energy 13 — 13.6 TeV.
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-021/index.html

\j\‘— Heavy resonances decaying to multiple SM bosons

IISER PUNE

Many BSM frameworks predict a heavy state e W(z) g0 W /
coupled to electroweak symmetry breaking. Such a \ W@ ffj \\ w) \\ W)
state decays preferentially to W, Z, and H bosons. il .. A
gF gu /’ g
N . (l “LLL
Several handles — resolved, semi-merged, or ! H AW) ]
. X (") (l' )
merged decay products depending on the masses L o
. 4 ‘ 1
involved. v, W2y 8 vy W)
l l I
oM T 0o 2N
Simplified heavy vector-boson triple (HVT) “ I ‘ S
framework for analysis design & interpretation. N .
JHEP 07 (2026) 005 138 fb™' (13 TeV) JHEP 04 (2024) 118
— 1 = | T T T | T T T | U U U 1 | U U 1 U | E m— :I LI | LI ] LI | LI | L LI ] | | LI | LI l:
& Foms | 95%CLupper imi | — Combined | £ oL anas o e et
'> : — Observed — V'—= VV/VH : -> - vg=1 3 TeV, 139 fb-1 [ Expected Lim?[ (+ 16) 3
T ---- Median expected V' — WV/WH 0 5[ _ HVT Model C [ Expected Limit (+ 26) __
o 107 3 68% expected W'— WZ (2g2v) = 10 = —— Theory g =1 =
T 95% expected W' = WZ (2g2]) - o E . Theory /=3 -
; —ZozH@E220) 1 10'E s
Ll — 7' ZH (212q+2v2q) | = = Cm WZ o oull Bxpecied 3
10 = o = 1 03 - LY -4 WZ = vqq Expected —
O\ N N e, . E \‘\-\\ WZ — qqvv Expected E
LN N ‘ 102 .
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HVTs with masses below 2 — 5.5 TeV have been excluded depending on the couplings and model assumption.
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https://link.springer.com/article/10.1007/JHEP07(2026)005
https://link.springer.com/article/10.1007/JHEP04(2024)118

More resonances

NG

arXiv:2608.26935
CMS-EXO-24-028

= ATLAS
Vs=13TeV, 140 fb™

""" c*—cy, f=1,2TeV
--c*—>cy,f=1,3TeV

¢+ Data
—— Background model
SRC b
Fitrange: [1.1, 7] TeV

x? p-value = 0.30
Py, = 0.59, ZBH_024

IISER PUNE Excited quarks & leptons and Quantum Black Holes
First direct constraints on c+ production at the LHC. ‘§ 125
Search for a localized excess in the y—jet invariant mass spectrum. -
q Y 1o
107
q* Ffd 10
1
\\ o
g q 107

For f =1, masses up to 6.0 TeV (g+), 3.5 TeV (c* ), and 2.6
TeV (b~ ) are excluded. QBH ~5.3 (7.5) RS (ADD) are probed.

: : : L CMS 138 fb~' (13 TeV)
Blackholes & sphalerons in events with multiple energetic jets, = 10°F BT 2 T g T T T
. . . = D = =2 95% CL limits
leptons, and photons using the shape invariance of the scalar sum = g5t N34 501 1 el
of the transverse momenta of all objects in the event. S NIMeore08_ gpserved
8 L N — Expected ]
n - 68% expected -
3L .
g 10 95% expected ]
sl 2L _
S 1% :
10 E
1004 -
101 TN E
10—2‘:.|.‘..|‘...|...‘|..H|.H.| .....
Excluded up to 8.4-11.4 TeV semiclassical BHs & 9.0--10.7 TeV string balls. 3 4 56 7 83 I\/?O 1_1|_ 1\?
Recent result from ATLAS using l+jets (arXiv:2604.19495) BH [ € ]
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https://arxiv.org/abs/arXiv:2608.26935
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-24-028/index.html
http://arxiv.org/abs/arXiv:2604.19495

IISER PUNE

LeptoQuarks - connect lepton and quark sectors
e carry both lepton & baryon quantum numbers

* scalars or vectors
e carry color & fractional electric charge

LeptoQuarks (LQs)

Motivated naturally in GUT frameworks,

composite models where quarks and leptons
share substructure, technicolor, RPV SUSY.
Interesting in addressing flavour anomalies.

g

14
>
q

LQ

<

q

Experimental signature: quark+lepton pair (single production) or di-quark+di-lepton (pair-production).
ATLAS & CMS have probed LQ masses of up to 3.5 TeV (single) & 2.5 TeV (pair-production).

https://cms-summary-searches.docs.cern.ch/lq_bar/

LQ(qge)

LQ(gu)

LQ(qgT)

LQ(gv/qt)

ATLASPreliminary

Scalar (single s-/t-channel) A(be)=2.5
Scalar (single s-/t-channel) A(je)=1.0

Scalar (pair) B(LQ - je)=1.0
Scalar (pair) B(LQ » ce)=1.0
Scalar (pair) B(LQ - be)=1.0
Scalar (pair) B(LQ - te)=1.0
Vector (YM) (pair) B(LQ - te)=1.0

Scalar (single s-/t-channel) A(bu)=2.5
Scalar (single s-/t-channel) A(ju)=2.5
Scalar (single s-/t-channel) A(ju)=1.0

Scalar (pair) B(LQ - ju)=1.0
Scalar (pair) B(LQ - cu)=1.0
Scalar (pair) B(LQ - bu)=1.0
Scalar (pair) B(LQ - tu)=1.0
Vector (YM) (pair) B(LQ - tu)=1.0
Scalar (pair) B(LQ = j1)=1.0
Scalar (pair) B(LQ - b1)=1.0
Vector (YM) (pair) B(LQ - b1)=1.0

Scalar (single+non res.+pair) A(bt)=1.5
Scalar (single+non res.) A(bt)=2.5

Vector (YM) (single+non res.+pair) A(bt)=1.5

Scalar

Vector (YM) (single+non res.) A(bt)=2.5

Scalar (pair) B(LQ = tT)=1.0
Vector (YM) (pair) B(LQ - tT)=1.0
Scalar (pair) B(LQ - cv)=1.0
Vector (YM) (pair) B(LQ - cv)=0.5
Scalar (pair) B(LQ - bv)=1.0
Scalar (pair) B(LQ - tv)=1.0
Scalar (pair) B(LQ - te)=0.5
Scalar (pair) B(LQ - tu)=0.5
Scalar (pair) B(LQ - tT1)=0.5
Scalar (pair) B(LQ - be)=0.5
Vector (YM) (pair) B(LQ - be)=0.5
Scalar (pair) B(LQ - bu)=0.5
Vector (YM) (pair) B(LQ - bu)=0.5
Scalar (pair) B(LQ - b1)=0.5
Vector (YM) (pair) B(LQ - b1)=0.5
j refers to u, d, or s quark

Vector

(Yang-Mills)

Seema Sharma, IISER-Pune

ATLAS leptoquark searches - 95% CL exclusion

Status: June 2026
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Nonres. ee, B(LQ-+ue)=1,A=1
Nonres. ee, 5(LQ-de)=1,A=1
LQ(gelLQ(qe).
LO(ge)LQ(que), BILQ-ge, que) =05, g=u,d
eLQ(ge), B(LO~+qe)=1,A=1,g=u,d
LQ(be)LQ(be), BILQ+be) =1

LO(te)LQlte), BLQ-te) =1
LOQ(te/bve)LO(telbv,), B(LQ - te/bve) = 0.5

BlLQ-qe)=1,q=u,d

Nonres. ju, B(LO-+uu) =1,A=1
Nonres. iy, B(LO-du) =1,A=1
LO(GUILQ(qH), BLO~qu) =1, q=u,d,5,C
LO(qu)LQ(qu,), BILQ—=qu)=0.5, g=u,d,s,c
LOQ(quILQ(XDM), B(LQ qu) =0.5, A = 1.
HLQ(qu), BILQ-aqu)=1,q=u,d,A=1
LO(ELO(tu), BLO - tu) =1
LQUbUILQ(bY), BLQ~by) =1
LOUULQ(tu), BLO~t) =1
LOtubv, )L O(tu/bY,), B(LO - tufbv,) = 0.5
TLQ(uT), BLO~uT) =
TLQldr), BLQ»dT)=1,A=1
LQlsT), BILQ-sT)=1,4=3
TLQ(bT), BLO-bT) =1,A=3
©LQ(bT), BLQ-bT)=1,A=25
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LOWbTILObT), BLO-bT) =1

La=1

Nonres. T, A(bT) = 2.5, Aa(bT) =0, Ay(sT) = 0.48 (A
Nonres. TT, A, (bT) = Ag(bT) = 2.5, Ac(sT) = 0.53 (A 5

Nonres. v, Ay(bT) =2.5, Aa(bT) =0, Au(sT) = 0.48
Nonres. v, A,(bt) = Ag(bt) = 2.5, Ay(sT) = 0.53
LQ(ETILQ(bY,) + v,LQ(tT), A(tT) = A(bvy) = 2.5
LQ(bTILQ(tv:) + TLQ(tvy), A(tT) =A(bv;) = 2.5
LO(tTLO(tT), BLQ~t1)=1,A=1
LO(tTILOtT), BILO~tT) =1

LQ(aVeLQ(@Veqa). BLQ-Que) =1, g =u,d,5,

LO(bv:)LQ(bv:), B(LQ = bv:) =1
LO(tve)LQ(tve), BLQ=tve) =1

LQ(uVe)LQ(uve) + velQ(uve), BILQ+uve) =1,A=1

Scalar

I Vector (k=0)
[ Run2(13Tev)
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Overview of CMS leptoquark searches

CMS Preliminary

July 2026
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2024-12
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IISER PUNE

Pair-production of LeptoQuarks (tZor bv,)

Analysis targets couplings between 3rd
generation quarks and 1st & 2nd

CMS-PAS-B2G-25-011
Run-3 result

LO quark- and gluon-initiated pair-production processes

. q LQ g LQ g LqQ Y - LQ
generation leptons - t/t4, t/bv,, bv.bv, ;/ g y % .
/ / /7
. // // ,/ LQ |
Events with leptons (e & w) and \ \ ~ !
\ \ \ -
missing transverse energy along with " s ‘o o 999> T
... . . . 9
additional hadronic activity
220 o' (13.6 TeV)
1of T T T T T T T T T T Ty 220 b (13.6 TeV) 1 220 fb™' (13.6 TeV)
.o . CMS Preliminary } Data [Other [l Singlet MisID 2 Fims ' o 1 2 fcms o E
10° SR electron channel: postfit .W .ﬁ . DY % Unc. C,g 0.9 = Preliminary E g; 0.9 = Preliminary E
’ = o i = o =
""" Prefit —S; (LQ—>te/bv, LH, [3=0.5, mLQ=1 .75TeV) @-0'8 g S, (LQ— te/bv, LH) é &0'8 g S, (LQ— tu/bv, LH) g
o(LQG)=11b 0.7F o(LQLG): NNLO+NNLL E 0.-7F 5(LQLG): NNLO+NNLL E
0.6F = 0.6 -
F 95% CL upper limits 3 F 95% CL upper limits 3
0.5 E_ — Observed _E 0.5 E_ — Observed _E
0.4 - Median expected E 0.4 & - Median expected E
0.3F M 68% expected = 0.3 M 68% expected =
F 95% expected . - 95% expected ]
0.2 = 0.2t =
0.1f = 0.1} 3
O E | I | - I 11 | I 11 I 111 I 11 | I 1 1 I 1] 0 E | | 1 1 1 I 1 1 1 I 111 | 11 1 I 11 1 | 111 1 | 3
800 1000 1200 1400 1600 1800 2000 800 1000 1200 1400 1600 1800 2000

LQ Mass (GeV)

SR bins

LQ Mass (GeV)

For LH couplings, probed masses up to 1.72 (1.76) TeV for LQs coupling to e (W).
For RH couplings, probed masses up to 1.86 (1.90) TeV for LQs coupling to e ().

Recent searches in eqeg CMS-PAS-EXO-24-019 , lepton induced CMS-PAS-EXO-24-005

Seema Sharma, IISER-Pune
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https://cds.cern.ch/record/2961763

i Phys. Lett. B 882 (2026) 141033
\j\‘ Search for LQ with T and MET

HSER PUNE First ATLAS LQ search in Tv+b final state

Motivated by explanation to the R(D(*)) anomaly

via a non-zero cv coupling (otherwise flavor- Non-resonant Resonant
: /s
suppressed in SM). & i
: . / e
Analysis targets non-resonant t-channel (high mass) 9 wwe<—» > T g yre
. . . T
& resonant (low-mass) production, in events split by Lo
0 or 1 b-jet.
. . c ¢ ¢ Ur c Ur
Requires a high-pT th and large MET.
ﬂ . : . : I . I . I : : 3 O)D 2.5_ T I T T T | T T T T T T I T T T | T T T T T T T T T ]
S Data =:U,(1.5TeV) =:U,(3.0TeV) ] B ---- Exp. a
u>.1 10°F %Ti?gTeV, 140 b’ |;|W+jets [ Diboson m 1 E o ATLAS » [ | Exg.ﬂc -
Analysis regions |:|Sing|('-:- t @ Z+jets 7, Uncertainty . Vs=13 TeV, 140 fb Exp. 20 _
10*F Post-it = « Pre-fit Bkg. 3 2__ ,Bis =22 gt;sﬁomalies favoured -
3 - 95% CL upper limit region within 2c i
103k L B anomalies favoured .
L region within 1o -
10%E 1.5 -
10} ] B
1 - 1:—

0.5

g 1-5 ---- \\\:\ ‘ -—_
g et S /{/Mé%%y%’ 2707 -
©
() ’ - —
0 * : * o Lo b v b by b b by
P o, TODNOW/?QS w%mro,, Vo Noo/g 5h0n NS,’,? . 1600 1800 2000 2200 2400 2600 %;35([3663\%00

Probes the parameter space at high (5231, values, not covered by the previous 77 searches.

Upper limits are established on the Ul vector-LQ couplings for masses between 1.5 TeV and 3.0 Te'V.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2025-06/

\j\‘- Vector-like quarks & Vector-like leptons

IISER PUNE

® Vector-like fermions arise in composite Higgs models (Higgs as pseudo-Nambu—Goldstone
boson), string theory, large extra dimensions, and weak-scale SUSY

® Not constrained by SM precision measurements as bare mass terms are allowed.

® Potentially address the hierarchy & fine-tuning problem by acting as top-quark partners

q L q N ds ds
U /3 U /3
/ W
v/ - B = v
q L q E b t

b.t.t W-.H.2

W* H Z

W- H.Z W+ H. Z

b.t.t

® VLLs - colour-singlet fermions, L = (v'y, '), rich decay vy — Wt; " — Zt or Ht

® VLQs - colored fermions with spin-half & some may have non-SM isospins
e Singlets: T (charge 2/3), B (charge —1/3)
e Doublets: (Xs/3,T), (T, B), (B, Y_4/3)
e Triplets: (X, T,B)or (T,B,Y)
® Each VLQ decays via W, Z, or H + 3rd generation quark — enormous variety of final states

Seema Sharma, IISER-Pune ICFA Seminar, Toyama, Japan, November 2-6, 2026




‘j\‘- Exotic VLQ decays T — St

IISER PUNE

Search for VLQs arising as a consequence of compositeness motivated potential existence of additional
exotic scalars or pseudoscalars, called S or ®@. First search at LHC targeting T —t ®(y v).
b

......................

LAS - Data SR3

s=13TeV, 140 fg" — Background-only fit
=== Generic signal at 835 GeV

One ®— vy v (clean signature)
Other @ can decay to: Zy,ZZ, WW, vy, tt

Uses diphoton events with b-jets = 2, high MET | l s Oz
and visible pT, my,>150 GeV

oD

Entries / 10 GeV

III|III|I]I|III|II]III

N

P

Look for an excess in myy spectrum. F O S A T S
= 4200 400 600 800 1000 1200 )
m,, [GeV]
. 138fb " (13 TeV
ATLAS (s=13TeV, 1401b"  95% CL, limit = e e
= 1200 T T T T = 2 CMS Preliminary .
® - & . i3--- expected - 10 , = 150GeV g
G, 1100 - :]—observed - 3
» E = - 68% expected &l
g 1000 H—4y ) 10° Observed -
900 = = 3 RS 95% expected =
C = i m [ ceeee Median expected .
800 FE _—_2 % Theory TT,B(¢ =y y) =1.0 o
: 2y o 107 :
700 & 3 -o-;- Theory TT, B(¢ — y y) = 0.004 E
600 = y 10 =
- ; —
500 F- ! =
400 - = X 1
300 3 = ot
E | I | | :E 10-1 -4 I 1 | 1 1 1
2 [ L L L e —= N — Aelcd
%500 1100 1200 1300 1400 1500 1600 1700 1800 0.8 1 1.2 1.4 1.6 1.8
m. [GeV] m. (TeV)

Vector-like Top quarks masses less than up 1.6 TeV are excluded for all S masses assuming for 100% S—2vy.

VLLs with multileptons (arXiv:2508.19778), VLQs with lepton+jets (arXiv:2605.28538), Heavy top quark X5/3 (CMS-PAS-B2G-24-005), Vector-like T — tH(— WW) (CMS-B2G-24-020), B2G-24-013 (VLQ B -> tW)
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https://arxiv.org/pdf/2607.28381
https://cds.cern.ch/record/2961613?ln=en

o

IISER PUNE

HSCPs - massive charged particles with long lifetime, moving

slowly resulting in large 1onization energy losses — can produce
stubs in muon chambers over several bunch crossings : missed by

standard triggers.
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40 MHz scouting demonstrator data: provides reduced L1

muon information bypassing trigger acceptance requirement.

Upper limits as low as 3.5 fb lepton-like charged particles

with Inl < 0.83 and pT > 500 GeV.

Extends the sensitivity to HSCPs as slow as = 0.15
since - proof of concept for L1 trigger data scouting
system and complementarity to existing searches.

Seema Sharma, IISER-Pune

b)

95% CL upper limit on o (p

CMS Simulation

-1 BX (= i)

Search for Heavy Stable Charged Particles (HSCPs)

Nonres. t pair (13.6 TeV)
- 1 BX (= i+1)

\:I 1 BX (= i+2)

- 2 BXs (= i,i+1) |:| 2 BXs (= i+1,i+2) |:| 2 BXs (> i+2)

B exs

—
Q

10-2f5

103

B 3 Bxs
I T

3.7 fo-' (13.6 TeV)
BN B ]

0.6

= = = HLT-matched

102k

—
o
=)

101 3

L L L N B
[ Median expected

68% expected
- 95% expected
- —— 3/4 layers / BXs
3 3/3 or 4/4 layers / BXs

—

"
4/3 layers / BXs |
3/2 layers / BXs 1
4/2 layers / BXs ]
Observed

ICFA Seminar, Toyama, Japan, November 2-6, 2026

23



https://arxiv.org/abs/2601.20063
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PRL 133 (2024) 201803) & ref

More results using scouting or parked or pileup data
Testing and benchmarking new ideas towards HL-LHC

summary

Phys. Rept. 1115 (2025) 678 & ref
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-23-007/
http://dx.doi.org/10.1103/PhysRevLett.133.201803
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E Summary

IISER PUNE

® No significant excess observed — but many corners of BSM space
remain open or only lightly constrained.

® The combination of targeted searches, anomaly detection & global
fits 1s closing blind spots systematically.

® Run 3 brings us ~300 tb-1 at 13.6 TeV & HL-LHC > ~3000 {b-!
will push sensitivity by another order of magnitude.

The question 1s not whether BSM physics exists — but whether we are bold
enough to look 1n the right places. We are checking every corner !
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Targets AM (NLSP, LSP) <50 GeV

e Softe (W), pT >4.5GeV (3GeV), T pT>20GeV

e with or without an ISR jet
 large missing transverse momentum
Uses a parameterised neural network.
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Compressed EWK SUSY production with z-leptons
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In the individual stau ISR channel, 7-sleptons with masses up to 115 GeV are excluded for AM=30 GeV.

Summary - up to ~300 GeV electroweakinos have been probed in small AM scenarios (~1 TeV otherwise).
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