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| wonder if there are
others like me.




Let’s address the Big Elephant in the room




ATLAS, Phys.Lett.B 710 (2012) 49-66
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YES Multiple final states NO
YES Indirect evidence NO
YES Theoretical motivation and explanation ?

The 750 GeV excess had several red flags from inception 6



The 152 GeV
Candidate



The Timeline

Nature Rev.Phys. 6 (2024) 5, 294-309

2016 2019 2021
Simplified di-boson model Multi-lepton anomalies ~ FIrSt narrow excess at 151.5+1
predicting multi-lepton excesses Verified in Run 2 GeV with jets/leptons/MET

JHEP 10 (2019) 157  reaching 3.9¢
SUrPRys.J.C 76 (2016) 10, 580 ( ) Phys.Rev.D 108 (2023) 11, 115031

o @ @ @ @ 0

2015 2017/2018 2025
Run 1 excesses Multi-lepton anomalies in Run 1 Narrow excess at
Motivating asymm.  Prediction of mg=150%5 GeV 1521 GeV with 5.3¢
Diboson final states  in association with leptons/jets/MET with leptons/jets/MET

J.Phys.G 45 (2018) 11, 115003 2503.16245

In 2026, continue to accumulate excesses at 152+1 GeV and
exploring Triplet Y=0 leading to triboson excesses



Nature Rev.Phys. (2024), https://www.nature.com/articles/s42254-024-00703-6
Anatomy of the multi-lepton anomalies (2024

m,; <100 GeV,
I'lI" + jets, b-jets dominated by Ob- tt+Wt >50
jet and 1b-jet

I*I" + full-jet veto m,; <100 GeV WW ~30

1=1= & I=1*1] + b- ttW, 4t¢,
jets Moderate H, HZItWZ >30
I=1- & I-1*] et al., In association
no b-jets with h bl b Ly
Z(>1')+1 pP1z<100 GeV ZW >30

Di-lepton invariant mass in MLA predict a scalar with a mass
1505 GeV (J.Phys. G45 (2018) no.11, 115003, see also
Phys.Rev.D 108 (2023) 11, 115031 and arXiv:2306.17209) in association

with leptons and jets. 9



Prediction from the multi-lepton anomalies.

The di-lepton invariant mass is sensitive to the mass of S.

Assuming S2>WW-=2llvv:
mg = 150 + 5 GeV

%
wr 5 w- S
L/Z < C . 2 j >
72

J.Phys. G45 (2018) no.11, 115003

The 152 GeV

Candidate

10



Procedure

(avoiding “cherry picking?”)

(Setting a well-defined procedure is essential to the
integrity of a search. Scanning nullifies significance

dFrom the di-lepton anomalies: m;, < m; < 170 GeV
LIt is critical that search be localized and motivated

JFocus on yy and Zy decays

(JAs per the model that described the multi-lepton
anomalies, we select final state according to di-
boson signatures. S is produced via the decay of
something heavier and not directly

LRe-use Higgs boson data . S

LURemove VBF and boosted topologies H
= Related to direct production

From Run 1 multi-lepton excesses model-dependent prediction
of mg =150 + 5 GeV



Procedure to choose final state: di-photon in association with b-jets,
T-had, leptons (e/u) and jets

Di-photons
% ) S(152) -» yy
H //
Y D-—-—-- <
e ﬂg \\\

“hS's bb,tt, WW "

/

Source of b-jet, t-had, leptons, jets

In Eur.Phys.J.C 76 (2016) 10, 580 also considered S>MET
12



/[arxiv.org/abs/2109.02650

A.Crivellin et al. https
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= 240

o
Analysis of publicly g iig
available yy, Zy spectra S 180
In associated production 9 160
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Result is obtained with public results from the LHC experiments.
Using a simplified model and two degrees of freedom to include
the decay of S>MET (as in Eur.Phys.J.C 76 (2016) 10, 580) and

residual LEE, global significance goes to 3.90 at 151.5 GeV.
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New excesses @151.5 GeV that appeared after the first

combination (see above) in topologies consistent with

associated production:

Events/ 2.5 GeV

Events / 2.5 GeV

144

+ [ (b — veto)

70 }
60 ;
50
401~
30%

20

Vs =13TeV, 140"
S (- vy) + | (ATLAS)
—+— Data
Background
—— SM Signal
BSM Signal
—— Signal + Refitted Background

- ATLAS-CONF-2024-005

I

150 160
m,[GeV]

vy +1+0b

140

Vs =13TeV,139b~"

S(— vy) + = (11 + b-jet) (ATLAS)

—+— Data
—— Background
—— SM Signal
BSM Signal
—— Signal + Refitted Background

140 150 160

m,,[GeV]

Yy +4j

>1800—
1o} ~ T 1600 F
0, Vs =13TeV, 139"
S 6001 S(—> 1Y) + 2 4j (ATLAS) 1] 1400
1400 —4— Data
w —— Background
1200 —— SM Signal
BSM Signal

—— Signal + Refitted Background

800
600
4001
oof ATLAS, arXiv:2301.10486
SRR w0 M0 TS0 60
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Excesses appear in corners
of the phase-space predicted
by the naive H-> SS* model
with S being SM Higgs-like. In
addition, seem to see S in
association with MET and,
possibly, with an extra photon

ATLAS, arXiv:2301.10486

CMS Prellmmary

CMS-PAS-HIG-19-014

137 fb'1 (13 TeV)

|
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Bin for associated
production VH, ttH,
where excess is seen
with di-photons.
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Events/ 2.5 GeV

https://cds.cern.ch/record/2894145/files/ATLAS-CONF-2024-005.pdf
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Events

35F S Bhattacharya, G.Coloretti, A.Crivellin, B.M. 1
. Phys.Rev.D 108 (2023) 3, 035026 :

N
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L
|

Significance o
N
o

1.55— B no SM re-fit ATLAS+CMS _

SM Higgs hypothesis alone. alone
is having difficulty describing the | SM re-fit H->WW - fvfv _
lI+MET transverse mass specitra, T T
giving room to other Higgs-like 100 120 140 160 180 200
signals, including S(151). o my [GeV]
T .'pT . ! : ] ‘ CMS:‘p1>2(')GeV ‘
ATLAS T 2000 - 1 =% D
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! | Currently, interpreting the broad excess in

O g St ) terms of H>S+MET, which appears to be the

= Gevl  |eading final state in excess described above
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Current status of the combination, based on the Fischer

method with 5 n.d.o.f yields largest global significance of a

narrow structure beyond the SM at the LHC

107 S Battacharya, et al. 2503.16245

WS =4y &S = Zv (Phys.Rev.D 108, 115031) w S(— WW*) + EL. 1
mS — yv+ > 4jets #S(— vy)+ (11 + 27)
#S — yy+ > (14 4 1b-jet) = Combination
”””” R R T T N T S TR SR A TR S S SN RN S
140 145 150 155
mg[GeV]

60

o

Significance
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S.Battacharya, et al. 2503.16245

2021 (Group 1)

2023 (Group 2)

2025 (Group 3)

7Y + Eg;iss [207 43]

vy +W,Z [46, 47]

vy + b-jet [48, 49]

vy + 2b-jets [52]
Z(—= 0T )y + 12,55 [53]

Yy+ > (1€ + 1b-jet) [44]
Yy+ > 4 jets [44]
WWw* + EL.[50, 51]

miss

vy + 7 [45]
vy + 24, 7) [45]

3.90 at 151.5 GeV

S(= Z(= 7)) +4
S(— bb) + EL,,,

S(= 1) + Eias

S(—= ¥y) + b-jet
S(—=m+W,Z
S(—=yy) +4£

S — v (inclusive)

Timeline of growing
excess

5.30 at 152.0 GeV

In addition to the 2023
combination,

S(—=yy)+7
S(— vy) +2(¢,7)

4.70 at 151.5 GeV
In additior! to l_:he 2021

combination

S(— vy)+ > 4 jets
S(— WW*) + E;ﬂiss
S(— vy)+ > 1€+ 1b-jet

20



Further

Confirmation of the
152 GeV Candidate

21



Radiative Signature, m,,, spectrum

g—i—
y

Vy

New measurement by CMS of the

inclusive and differential
measurements of the tty cross-
section. Excess at low m,,,
compatible with the excesses in
the m,, spectra in events with
£¢ with b-jet in tt cross-section
measurement (see above)

CMS, JHEP 04 (2026) 086
https://arxiv.org/abs/2511.01995

y 2
156 1,
) Wit 1t &1 4R om e e

New excess compatible with multi-
lepton anomalies in £fy+b-jets
consistent with 150 GeV candidate
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https://arxiv.org/abs/2511.01995
https://arxiv.org/abs/2511.01995
https://arxiv.org/abs/2511.01995

Events / 9 GeV

Radiative Signature, m,,, spectrum (cont.)

CMS data
400F —— S = WWry, mg=152 GeV -
[ { Data - SM background
300¢ VE =13 TeV
[ L=138fb!
200_ 11 - 7
: Toponium
100¢ subtracted l‘-
[ It
T T

200

https://arxiv.org/pdf/2606.24801, to

Vs =13 TeV
L£=138 b1

100 120 140 160 180 200
mg [GGV]

appear in PRD

o(S — WTW—+)
o(S - W+Ww-)

= (2.14 +0.77)%.

Consistent with radiative correction
of S(152) GeV candidate

Mass (GeV) Channel Reference
So>Wtw- > e+l/g£_ljg
15072 (b-jet veto applied) [12]
So>Ww- > £+I/ge_l/g
15017 (with associated b-jet) [45]
1521 3 S — vy, Zy [19, 21]
140t§3 S = WHTW =~ — vl vpy| This work

TABLE I. Mass measurements of a scalar candidate around
150 GeV (see text). 23


https://arxiv.org/pdf/2606.24801

The 152 GeV candidate in Run 3 data, S+2;
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Submitted to: JHEP CERN-EP-2026-075
23rd March 2026
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https://arxiv.org/pdf/2603.20087

The 152 GeV candidate in Run 3 data, S+2j (Cont.)

2HDM+S Triplet (Y=0)
(N2HDM) Channel

Category €4  Etotal
HTM Tight 0.407 0.037

Medium 0.407 0.037

Loose 0.407 0.037
N2HDM Tight 0.331 0.075
Medium 0.331 0.075
Loose 0.331 0.075

Ai

The BSM production mechanisms are distinct from SM VBF.
Expect small signal in VBF tight, but larger signal in medium and
loose bins, which is what we see.
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The 95 GeV
Candidate
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Some tantalizing results around 96 GeV from LEP and CMS, not contradicted
by ATLAS. Interesting to see what the full Run 2 data set has to say. Further

motivates asymmetric searches H>SS'...

LEP, Phys. Lett. B 565 (2003) 61-75

1-CL,

10

10

10

—— Observed 5 _ :
Fooomeesens  Expected for signal plus background

‘90‘

N T R AR AP S
95 100 105 110 115 120

m,(GeV/c’)

30

Local p-value

CMS PAS HIG-20-002

] CMS Preliminary
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107°E E
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- H=vy E
102 30
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 —— Obseved13TeV (Run2) 7 140
10_5 3 | | | | | | | E
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CMS, arXiv:2208.02717

H -

7T

Dedicated search for scalar decaying into
tau pairs. CMS observes a local (global)
excess of 3.1 (2.7)c at ~100 GeV.

Event classification scheme

TT — el
TT — €Th
TT — WUTh

TT — ThTh

tt(en)

No b-tag b-tag
Low-D¢ Medium-D; || High-D, Low-D¢ Medium-D¢ || High-D¢
Loose-mt Tight-my Loose-m T Tight-my
Loose-mr Tight-mr Loose-m T Tight-my
Signal region (SR)

- Control region

ur+et, No b tag, 100< p;'<200 GeV 138 fb! (13 TeV)

)

>

1500 —+— Observed

)
3 CMS [ kg
= ) dets
e o

e
£ 1000} o
o [ Bkg
> —— 990 @ 5.8 pb (m,= 100 GeV)
© | e Bkg. only fit

500}
0

S e e

SRR
-
w —s———— +
n
Qo + u
O o9
.......................
0 50 700 150 200 250 300
m,; (GeV)

dN/dm_, (1/GeV)

Obs./Exp.

Local p-value

— 999 @ 5.8 pb (
Bkg. onl

m,= 100 GeV)
ly fit

I
200

1
250 300

m,, (GeV)

—
<

10

0*e

CMS Supplementary

138 fb™' (13 TeV)
- —

H|gh mass

Low mass

ggo—1T

| |
1000 2000
(GeV)

Y

60 100 200



I ® Data
2000} B Bke
[ B SM Higgs
} 1500} ® BSM [95 GeV]
; B Bkg + SM + BSM [95 GeV] | ]
1 L
1000}
500f
0 i Ly o ar® Ty e 1 b O laiaiaia |
0 50 100 150 200 250 300 350

mi [GeV]

SM Higgs hypothesis alone. alone
is having difficulty describing the
[I+MET transverse mass specitra,
giving room to other Higgs-like
signals. Compatibility with other
signals under study.

3.5/ S.Bhattacharya, G.Coloretti, A.Crivellin, B.M.
. Phys.Rev.D 108 (2023) 3, 035026 :
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With recent results reported by the ATLAS experiment the
significance of a narrow resonance at 95 GeV has reached 3.80
global significance.

—_— O S TT —_ Soyy

S - WW —— Combination

S.Battacharya, et al. arXiv:2306.17209

90 95 100 105 110
mg | GeV]




Potential contributor to multi-lepton anomalies at the LHC

Source of leptons

%Q * AN
S(152) » WW

~ S§'(95) — bb

/

Source of b-jets, etc...
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125GeV | 750GeV | 95GeV | 152GeV

Multiple final states

Indirect evidence YES No ? YES
Theoretical motivation and YES ? YES YES
explanation

The 750 GeV experience taught us that a large local
significance is not sufficient. The situation at 95 and 152
GeV is qualitatively different. We have excesses appearing
in different final states and experimental datasets.

More importantly, in the case of 152 GeV, the mass range
was predicted from the multilepton anomalies before the
narrow excess was identified.
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Agentic Al for
Particle Physics
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The Complexity Ceiling
When data grows faster than understanding

Traditional workflows cannot absorb the scale, diversity and interdependence of modern data.

A crisis of scale and interpretation

1 Data explosion 2 Heterogeneity vy
A data generation
® Petabytes to exabytes @ ® Sensors, images, text
e Continuous streams @ @ ® Simulation +observaton | | | A complexity ceiling
insight slows
while data
accelerates
3  PBrittle workflows 4 Human bottleneck P = e human-led analysis
timer
® Bespoke pipelines 00o e Scarce expertise y i
% e Hard to reuse or scale m e Rising infrastructure cost The challen.ge.|s nOt.only C?mPUtat'onal;
itis eplstemlc.
Unless analysis itself evolves, the next generation of experiments may produce
@ Message

insights more slowly, less completely, or not at all.
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What is Agentic Al?

Al systems that pursue goals by reasoning, planning, acting, and learning — with human oversight.

N Definition
2 @ & Agentic Al goes beyond answering prompts. It can break a goal into tasks, decide what to do next,
use tools, evaluate results, and adapt its strategy.

How it works

o) — Q —_ E _— @ —_— UU[I

Perceive Reason Plan Act Reflect
Takes in data, context, Interprets the situation Chooses a sequence Uses tools, software, Checks outcomes and
and instructions and identifies options of actions or workflows improves the next step
e Core characteristics Human role Why it matters for science
o e Goal-directed o) O o) Humans set objectives, e Automates repetitive technical tasks
ol e Multi-step decision making s QB define constraints, validate e Assists detector operations and monitoring
e Tool use and workflow execution outputs, and remain e Supports complex data-analysis workflows
e Memory and context awareness responsible for critical e Improves efficiency while preserving
e Adaptation from feedback decisions. traceability

@ In short: Agentic Al is an Al collaborator that can decide, act, and iterate toward a goal — not just respond once.
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Old paradigm: Manual, tool-based analysis where
humans configure and manage each stage of the data
pipeline, an increasingly unsustainable model as
scientific data and complexity expand.

Dr. Sai stands at the core of this transformation

= = ’
—

N x (Build and config tools)

&

Dr. Sai system b

Target tasks: HEP physics analysis

Generator & . Selections & Signal —_—
Qptimiztions

Human

N % (Visualized results)

A new paradigm: Human—Al collaboration via

domain-specific languages enables automation of
traditional analysis while preserving transparency

and human oversight.

Modelled and represented
using DSL

Al system|
(Agents) |

\ Human-AlI collaboration

Automation of traditional A

‘%‘ 4 pf*:)ocoedures >
1 |~ ‘
{ %@ < >

>
Data Data

representation
model
A possible new direction: build a large data representation
model and can be aligned or interacted with LLM

User prompt &
interface

RAG
Knowledge base

Multi—agen(system

Finalized DSL
for workflow

Inference & Planning layer
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Agentic Al Scientific Discovery System
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L. Diagnosing
Monitoring and

operating instruments

Anomalies in detector

. @ R
: : Q / hardware and
in Real-Time \‘ data streams

Orchestrator

\
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Automating Traceable Reasoning
Data Analysis Chains




Operations and Maintenance: The Intelligent Co-Pilot

. The Manpower Challenge: HL-LHC Phase-Il upgrades place immense long-
term pressure on collaboration groups, with experts stretched thin across
maintenance and analysis duties.

] Cognitive-Heavy Workflows: Experts currently spend vast amounts of time on
control room software, monitoring panels, and detector recovery procedures.

) Dr.Sai’s Role: Acts as an Intelligent Co-pilot rather than a replacement for
human experts — augmenting capability, not replacing judgment.

J Formalized Knowledge: Transforms operational expertise and manuals into
structured, executable workflows that can be automated and reproduced
consistently.

J Human-Al Collaboration: Automates repetitive tasks while assisting humans in
real-time reasoning and decision-making during critical operations.

) Core Value: Ensures the traceability and reproducibility of all operational
decision processes — essential for scientific rigor.



Intelligent Data Quality Monitoring (DQM)

The Challenge Dr.Sai Enhancement

J The Critical Filter: DQM is a vital shift
task ensuring recorded data meets
rigorous standards required for physics
analysis.

 Traditional Bottleneck: Relies heavily
on manual histogram checks and multi-
subsystem assessments — slow, error-
prone, and fatiguing.

] Alert Fatigue: High false-positive rates
from simple threshold alarms lead to
experts ignoring or delaying critical
interventions.

J Formalized Indicators: Converts
monitoring metrics into machine-
readable objects within automated
workflows.

J Smart Recognition: Utilizes rule-based
and ML methods to identify significant
deviations and rare anomalies
automatically.

(J Decision Support: Assists shifters in
determining if human intervention is
necessary, reducing alert fatigue
significantly.

(J Outcome: Increases inspection
efficiency, reduces human workload, and
standardizes anomaly identification
across all shifts.



Physics Analysis: Multi-Agent Collaboration

Agent Architecture

Planner Agent Coder Agent Reflector Agent
Task decomposition Automated code generation Optimization, improvement,
and workflow orchestration and job submission and introspection

J Complexity and Scale: Physics analysis involves PB-scale data, distributed computing,
and strict requirements for traceability and reproducibility across global
collaborations.

J Grid Computing Diagnosis: Dr.Sai identifies logic errors, site-level failures, and
memory overflows to automatically trigger job resubmissions without human
intervention.

J End-to-End Automation: The Workflow Manager + Multi-Agent design enables
seamless automation from raw data ingestion to final physics results.
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Dr Sai Al Agent Infrastructure
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Showcase:

LATEST READINGS

nvironmental sensing at CERN

>

Environmental spikes and alerts

| | | " handled by Agentic Al
T Use several models, such as Kimi,

: Claude and others.

PM1.0 (ug/m3)

: Agent constrained to a limited

number of queries and tasks

How Kimi K2.6 Reasons — Internal Mechanism

Context Window — 256,000 tokens

7-day Station Histor
false-alarm rate, past dec

Layer 1 —
Data Sources Tool Results — accumulated after each call

Investigation Request —
(inguga grows with each iteration)

System Prompt —
station ID, 1h rolling avg PM2.5, threshold

ole, decision rules, guidance

Layer 2

Scheduler

Layer 3 —
Parallel checks

Layer 4 —
Threshold decisions

Layer 5 — Agent

Outlier check
avg 2 40 pg/m®

¥ L4
Daily average Bucket dedup
MongoDB Savg 24h d

Threshold check
avg 2 103 pg/m?
Direct email
No investigation

Kimi K2.5 agent
lim.run_agent()

E Self-AnentmiMechanism

Every token attends to every other toki

PM10=0 «— PM2.5=5756 — physically impossible |
=

« N
/ Whatdol
still need to
== _ know?
wind_speed=4.9 km/h «— neighbors=0
— no regional spread

understands physical relations|

< 5| —MongoDB — Haversine distance formula

get_station_readings(station_id, hours)
3 — MongoDB nodedatas collection
Retums: PM2.5, PM10, CO2, VOC, NOX, Temperature, Humidity — last N hours

get_weather(station_id)

— Open-Meteo API

Retums: wind_speed_10m, wind, direction_10m, temperature_

2m, relative_humidity_2m, precipitation

Used for; calculate neighbor radius = max(10, min(80, wind_speed_
0m x 1))

Iteration 1
Tool resuit added to context
—» Kimi re-reads everything
—» decides next action

Chain-of-thought loop
— Kimi re-reads everything
— decides next action

get_neighbors(station_id, max_km)

Returns: nearest stations within dynamic radius, names, cities,
distanoes in

km o 5
Used for: confirm if pollution is regional or isolated to one sensor Iteration 2 — calls get_neighbors

— finds 0 neighbors within 10 km

Iteration 3
> calls get_station_readings
— sees frozen data, PM10=0

Used for: checkif sphe ined aoross multiple readings or a single anomaly

N
get_weather |
wind speed — radius km/h J

Layer 6 — Tool calls \

get_neighbors
dynamic radiu:

L e )

!

uts | Brevo SMTP
send_alert() email

DB log
save_agent_event()

max(10, min(80,
wind_speed_kmh x 1h)) — mininum 10
calm conditions, maximum 80 km storm

max 10 iterations
1

‘ get_station_readings 1‘ j

pm2p5, temp, humidity

submit_conclusion
confidence score 0-100 — alert sent anly if:
confidence 2 70, spike sustained across multiple
readings, at least one neighbor elevated OR wind
explains spread, no high false-alarm history

Neighbor radius formula: radius = max(10, min(80, wind_speed_kmh x 1))
Confidence threshold: alert only if confldence 2 7(

Rolling average window: last 1 hour of pm2p5 readings

Daily outlier threshold: 24h average 2 40 pg/m®

|
|
Pre-trained on scientific literature — ‘
)

Calibrated Confidence Score 0-100
Kimi weighs Kimi weighs -— four signals:
Signal 1 — Spike duration: sustained across readings or single point? j
Signal 2— Neighbor confirmation: regional event or isolated sensor?
Signal 3— Wind plausibility: does spread direction and speed make sense?
Signal 4 — Station reliability: false-alarm rate > 70% in last 7 days?

Confidence
Score

_/ confidence 2 70
AND )

YES

)
evidence

consistent? [
NO

alert —
send_alert() via
Brevo SMTP

no_alert —
| save_agent_event()

to MongoDB

| Real example — Origin Centre
Input: PM2.5 rolling avg = 5756 yg/m?
‘ Kimi observed:
- PM10 = 0 while PM2.5 = 5756 — physically impossible
‘ - Sensor temp = 0.01°C vs weather = 9,6/C*» sensor frozen
- wind = 4.8 knvh — radius = 10 km — O'neighbors found
- All readings identical across 20+ timestamps — frozen
data stream
Output: no_alert — confidence 100%
Conclusion: confirmed hardware sensor fault




Industry Relations and Technology Transfer

O Transferable Core Technologies: Dr.Sai’s
formalized knowledge workflows, multi-agent
task decomposition, and DQM anomaly
detection are domain-agnostic and directly
applicable wherever large-scale data quality
and operational automation matter.
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Joint R&D with Al and tech companies

Licensing the Dr.Sai workflow engine
Spin-off ventures targeting smart factory ops
Government funding for dual-use Al infra

pharmaceutica/g

gt DTASAL
@ WO

Medical Environmental
Science Science

Neuroscience

Robotics

N

Space Computer
Science Science



Outlook and Conclusions

1Strong signs of new bosons are emerging in LHC data

 The 152 GeV candidate is now solidly above 50 with Run 2 data

» Confirmation with Run 3 data underway
— First hint available in Run 3 with yyjj final state

O Run 3 data will be decisive to establish 95 GeV candidate signal

' This may be the first clear step beyond the Standard Model
Higgs sector

dAgentic Al is becoming essential for data-intensive science

d It will transform how we operate instruments, analyze data, and
make discoveries.
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