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Plan

* MlHdhopmauma o KoHdhepeHUnm
* OCHOBHbIE HOBble TeMbl (NOYTK Be3ae Ha ocHoBe 1IN)

— ABTOHOMHbIE areHThbl

BbiBOAbl HA OCHOBE CUMYNALNN
* (Simulation-Based Inference)

CkBO3HOM AndodpepeHumpyemMbI KOHBENER
* (End-to-End differentiable pipeline)

[TPOrHo3bl N0 06 bEMaM AiaHHbIX
[1pOrHO3bI 3anpoCcoB Ha BbIYNC/IEHUS
[1poeKT Ana aHann3a gaHHbIX

* (Dedicated Analysis Facilities (Afs))

* PaspaboTtaHHbiv undopoBon ABoMHMK (L11)
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IcTopunsa KoHpepeHUnn
* Cepua KoHgrepeHuun CHEP
cTapTtoBasia B 1985 roay.

* [lpoBoauTcA npumepHo pa3 B 18
MecCALEeB B pa3HbIX CTpaHax.

* OObIYHOE YMC0 YYACTHNKOB CBbILLE
500.

* CHEP-2026 B baHrkok/TannaHpg (25-
29 Maq) https:/findico.cern.ch/event/1471803/
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TemaTrKa: NCnosib30BaHNE KOMIMbHOTEPHOM
MHPPACTPYKTYPbI B KPYMHbIX 3KCNEPUMEHTAX

Track 1 — Data and Metadata Organization,

Management, and Access (50)
Track 2 — Online and Real-time Computing (55)
Track 3 — Offline Data Processing (54)
Track 4 — Distributed Computing (44)

rack 5 — Event Generation and Simulation (42)
rack 6 — Software Environment and Maintainability (33)

(g8§:< /7 — Computing Infrastructure and Sustainability

Track 8 — Analysis Infrastructure, Outreach, and
Education (30)

Track 9 — Analysis Software and Workflows  (44)
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Oral BbicTynieHnsa n3s P

e [ly6Ha (ONAWN) — 2
* lybHa + MockBa (BLL3) —1
* TOMCK —1

e [ATUMHA -1
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ABTOHOMHbIN W AreHT

* 11 AreHT — 3TO nporpaMmmHas CUCTema,
kKoTopas ucnosblyet N (06bIYHO B hopme
LLM) ons aBTOHOMHOIO AOCTUXEHUSA Lesien u
BbINO/IHEHUA 3a4a4 OT UMEHU
nosb3oBaTesien, obnagasd cnocobHOCTLIO K
PacCyXaAeHWUo, NIaHNPOoBaHUIO,
3anoOMUHaHNI0, a Takke NMPUHATUIO peLLeHnn,
obyyeHunto 1 aganTtauun.
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KntoueBblie hpernMBOPKM
aBTOHOMHbIX areHToB

Dr.Sai: HoBaTopcKkas MHoroareHTHada cuctema B BESIII, kotopas obpabartbiBaeT
Takue 3ajaudn, kKak oTeop 1 noaroHka gaHHbix. OHa npefocTaBifeT niaH
COTpyAHnYecTBa YesnioBeka n VIW, rae areHT BbICTYNaeT B KAUeCcTBe aKTUBHOIO
napTHepa B HayYHOM MbILLSIEHUN. -
https://indico.cern.ch/event/1471803/contributions/6967082/

LHCb Brain: areHTHbI1 MOMOLLHWK, pa3paboTaHHbIN A8 NOAAEPXKKM OnepaLnid,
pa3paboTku nporpamMmmMHoro obecnevyeHus n aHanmnsa. OH NCMONb3yeT
NHTENNEKTYaslbHbIA MapLLpyTHU3aTop Ha ocHoBe LLM ana HanpaBneHnsa 3anpocoB K
crieyyann3npoBaHHbIM cepBepaM NnpoTokosa KoHTekcta mogenn (MCP) u
BHYTPEHHUM C/ly>)X6am O/19 BbINOMHEHNSA 3a4a4, a He NPOCTO reHepaunmn TekcTa.
https://indico.cern.ch/event/1471803/contributions/6966788/

Archi: ppeiiMBOPK C OTKPbITbIM NCXOAHbIM KOAOM A8 co3faHna areHTos NI,
NCNoMb3yeMblil TPYNMNO BbluMCUTENbHbLIX onepauuii CMS. OH aBTOMaTn3vpyer
nccnegoBaresibCckue 1 onepaunoHHble padoyre npouecchbl, 06beHAS
AOKYMEHTaLUMio, Ko U ANarHoCTUKY B peasibHOM BpeMeHU, YToObl MOMOYb
onepaTtopam N CHU3UTb Hayoysk Ha 3KCMNepToB.
https://indico.cern.ch/event/1471803/contributions/6967119/

SciBot cneunann3npoBaHHbIl MOMOLLHWK A1 NporpamMmbl COXPaHeHUs OaHHbIX U
aHann3a RHIC. OH ncnonb3yet apxutektypy Retrieval-Augmented Generation
(RAG) gna obecneveHns 6e3onacHoro AocTyna Ha eCTeCTBEHHOM A3bIKe K
ﬁecmm_ne_mmvl COXPaHEeHHbIX Hay4HbIX 3HAHWUNA.
ttps://indico.cern.ch/event/1471803/contributions/6966830/
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Examples

Workflow Management: Researchers are exploring "agentic Al"
interfaces for distributed High Throughput Computing. These
a%ents can leverage the Model Context Protocol (MCP) to submit
jobs, check status, and transfer data, closing the gap between
complex infrastructure and scientific output

Operations and Diagnostics: At Belle I, Al agents are being
explored for automated analysis of grid job logs, failure
classification, and root-cause suggestion to reduce service
downtime

Metadata Automation: The Metadex project for DUNE uses a
multi-agent architecture to automate metadata pipelines, including
workflow planning, flagging anomalies, and dynamic query
construction from natural language

Collaborative Interaction: A new paradigm is shifting away from
traditional GUI-centric workflows toward a dialogic interaction
where users collaborate with software via conversation, creating a
feedback loop of "what you say is what you see"
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Underlying Technologies

* These agents typically rely on Large
Language Models (LLMS) integrated with
experiment-specific knowledge bases via
Retrieval-Augmented Generation (RAG).

* While these agents act with high degrees of
autonomy, the community emphasizes the
continued necessity of human-in-the-loop
controls for security-critical workflows.
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Simulation-Based Inference

* Simulation-Based Inference (SBI), and specifically
Neural Simulation-Based Inference (NSBI), Is
emerging at CHEP 2026 as a critical methodology
for statistical interpretation.

https://indico.cern.ch/event/1471803/contributions/6968234/attachments/3283447/5868309/SBI_Toolkit CHEP.pdf

* Simulation-Based Inference (SBI) — also called
likelihood-free inference — is the family of methods
you use when you have a stochastic simulator x ~
p(x10) (e.qg. Pythia + Geant4 + reconstruction) but
no tractable likelihood p(x I 0). Instead of evaluating
the likelihood.
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Key Frameworks and Toolkits

NEEDLE: A columnar workflow orchestrator designed for large-scale
NSBI . It uses a directed acyclic graph (DAG) workflow manager for
training/evaluation and employs Dask-based libraries for efficient

memory management when reading ROOT and Parquet formats.
https://indico.cern.ch/event/1471803/contributions/6968231/

nsbi-common-utils: An open-source Python toolkit that provides a
modular, end-to-end workflow for NSBI, including data preparation,
model training, and statistical
Inference.https://indico.cern.ch/event/1471803/contributions/6968234/

everwillow g\JAX Ecosystem): A model-agnostic inference tool that
leverages JAX for differentiable, likelihood-based inference. It allows
analyses to benefit from hardware acceleration, analytical gradients,

and live fitting visualization.
https://indico.cern.ch/event/1471803/contributions/6968265/

Differentiable RooFit: Researchers have demonstrated end-
to-end SBI workflows within the RooFit framework by _
Integrating neural surrogates. This approach uses Automatic
Differentiation (ADI) via tools like Clad to calculate exact
gradients of the full likelihood with respect to model
parameters. hitps:/indico.cern.ch/event/1471803/contributions/6968265/
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Representative Applications

* Precision Flavour Physics (Belle Il): SBI is used to measure
deviations from the Standard Model in semileptonic B - K «£ +¢
—decays. Neural network approaches, including Deep Sets to
enforce event-level permutation invariance, allow for meaningful
parameter recovery even with detector smearing and background
contamination.

* Neutrino Physics (JUNO): The JUNO experiment employs NSBI
for Neural Monte Carlo Tuning. By using transformer-based and
normal|2|ng1_flow-based density estimators, they can approximate
intractable likelihoods to recover energy response parameters with
near-zero systematic bias.

* Collider Physics (CMS): CMS is leveraging NSBI for Effective
Field Theory (EFT) analyses involving top pair production. This
approach is particularly effective when many parameters of

Interest make hand-engineered variables insufficient for inferring
the likelihood.
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End-to-End differentiable pipeline

* An end-to-end differentiable pipeline in high-
energy physics (HEP) is a modular analysis
framework where every stage—from event
selection and observable construction to
histogramming and final likelihood-based
Inference—iIs mathematically differentiable.

* This enables the use of gradient-based
optimization across the entire workflow, allowing
analysts to systematically tune every parameter
of an analysis simultaneously to maximize
statistical sensitivity or minimize systematic
uncertainties.
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Hardware Optimization and Detector
Design

* The importance of differentiability extends beyond
data analysis to the physical design of experiments:
* https://indico.cern.ch/event/1471803/contributions/6968005/

* Differentiable Simulation: Applying algorithmic
differentiation to tools like Geant4 enables gradient-
based optimization for detector hardware parameters
and design.

* Interoperability: Most differentiable ecosystems are
built on JAX, which provides multi-hardware
acceleration (GPUs/TPUs), allowing these complex
optimizations to run efficiently on modern
heterogeneous computing resources.

CHEP-2026 rewiew Andrey Shevel
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Forecast for Data Volumes

HL-LHCéRun-4 and Run-5): In Run-4 (starting ~2030), data transfer
rates and computing resource needs are expected to grow by an order of
magnitude (10x) compared to Run-3. By Run-5, these demands are
antlflpated to double again as the LHC reaches its ultimate luminosity
goals.

Exabyte-Scale Storage: Major experiments like ATLAS have already
surpassed 1 exabyte of stored data. HL-LHC operations are expected to
generate scientific data on the scale of multiple exabytes annually.

DUNE: The Deep Underground Neutrino Experiment is projected to
Igroduce approximately 30 PB of raw data per year from just its first two
ar Detector modules. Single data records for readouts will reach GB

scales, orders of magnitude larger than current collider event sizes.

Spin Physics Detector (SPD): This experiment at the NICA complex
expects a raw data stream of 20 GB/s, resulting in an annual volume of
10 PB of preprocessed data.

Einstein Telescope (ET): As a next-generation gravitational wave
observatory, ET Is expected to require computing and data resources on
a scale similar to LHC experiments.
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Forecast for Computing Power

* The "one-size-fits-all" approach to computing is being replaced by
heterogeneous architectures to handle the massive increase in
processing demands:

Scaling of Workloads: The number of jobs processed by accounting
systems like AUDITOR is expected to increase by a factor of 7 to 10
for the HL-LHC era. Similarly, the number of concurrent jobs at
CERN's Tier-0 is expected to rise by a factor of 4 to 7, growing from
the current 125,000 to potentially nearly a million.

End of x86 Dominance: The HEP community is entering a "Resource
Renaissance" defined by the proliferation of ARM, RISC-V, and
diverse GPU generations.

Experiments are increasin%ly offloading reconstruction and simulation
t"’]EfS-k-S to GPUs to achieve the necessary throughput and energy
efficiency.

Real-Time Processing at 40 MHz: Next-generation trigg?\ﬁrs must
perform offline-quality reconstruction in real-time at 40 MHz,
necessitating massive use of FPGAs and Al Engines to manage sub-
microsecond latency requirements.
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Mitigation and Efficiency Strategies

* To manage these projections within feasible budget and energy
constraints, the community is adopting several innovations:

Data Format Transition: Transitioning from ROOT TTree to the new
RNTuple format is delivering a 50% reduction in storage footprint and
faster I/O performance.

Networking Upgrades: Wide Area Networks (WAN) are being
upgraded to 400 Gbps and beyond.
* There is a concerted effort to remove IPv4 entirely from WLCG links by the

arll_dl_ol_f| (%026 to support the horizontal scaling of storage servers required for

Al-Driven Reduction: Machine Iearnin% techniques, such as GANs
and Diffusion Models, are being used for fast simulation to reduce the
CPU hours spent on traditional Monte Carlo production by several
orders of magnitude.

Energg—Aware Computing: Sites are implementing predictive models
and CPU frequency scaling to modulate power draw in alignment
with grid carbon intensity and electricity costs.
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Dedicated Analysis Facllities (AFS)

* CERN Analysis Facility: Evolves SWAN (ICERN’S web-
based analysis environment) to support columnar
workloads using Dask to manage concurrent resources

from the batch farm. -
https://indico.cern.ch/event/1471803/contributions/6968292/

* Purdue Analysis Facility: A Kubernetes-based platform
for CMS researchers that integrates with LLM-enabled
IDEs and agentic tools to assist with code development

and debugging. o
https://indico.cern.ch/event/1471803/contributions/6968305/

* Next Generation (Triggers) Platform: A CERN project
that unifies traditional workflows with a centralized pool of
accelerator resources (GPUs/FPGAS). Users access these

Interactively through SSH, notebooks, and VSCode.
https://indico.cern.ch/event/1471803/contributions/6966769/
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Integration and Orchestration Tools

* interLink: A technology that allows a
workstation or local Kubernetes cluster to
transparently offload payloads to remote
supercomputers (HPC centers) while

preserving a local-like interactive feel.
https://indico.cern.ch/event/1471803/contributions/6966738/

* fapptainer: Enables researchers to run
unchanged experiment-specific software

(distributed via CVMFS) on varied HPC

resources from their interactive environment.
https://indico.cern.ch/event/1471803/contributions/6966454/
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The Digital Twin (DT)

* Natural-language interaction with
DT.

* Specialized command set and
extensions with custom options to
guery the live monitoring data.

* These requirements motivate the
use to of locally embedded large
language model (LLM) features to

guery the ontology and operational
data.
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KaK ncnonbioBartb LLM

* be3 cTpororo KoHTposa LLMS CK/NMOHHbI K
railounHaunsm.

* YT06bI MMHMMW3NPOBATL BEPOATHOCTb
ranfilouMHaunm npeanpuHAaTbl BaXHble
Luaru:

~ Vicnonb3oBaH dopenmBopK “INounck B
OHTO/10TUWN U [ONONTHUTENbHAA reHepaLuns
LLM” (Retrieval Augmented Generation -

RAG).
~ Temnepartypa reHepauyun LLM = 0.

CHEP-2026  Andrey Shevel
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Pa3paboTka OHTO/10rnm

* [NpocTenwas doopma OHTO/IOTUMN — 3TO ONMUCaHue
OObeKTa Ha eCTeCTBEeHHOM A3bIKe.

* Cama paspaboTka OHTO/10rMN BbINOHANACH
(NnokazaHo Ha cneayroulem cnanae)
nocpeacTBOM cneumasibHOro uuknia c
ncnonb3oBaHnem dopenmaopka RAG.

* B npononHeHne ncnonb3oBaHa 60siee cTporas
doopma oHTONOrMKU, rae cucTema onvcaHa Ha
A3blke OWL, ¢ ncnonb3sosaHnem npuioxeHus

PI‘Otege . [Enabling Operational Data Analytics for Datacenters through Ontologies,

Monitoring, and Simulation-based Prediction https://doi.org/10.1145/3629527.3652897] .

CHEP-2026  Andrey Shevel
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Cycle to develop/correct the text description

(Markov chain)

Description
draft
( Correction of the }(
! 1 lsystem description
a \ 4 N R
Transform the _)Prepare N Receive Bl Aneviers A
system the set and acceptable ?
description of analyse
into vector | |duestions the
database and enter| |answers
\ /) linto RAG from
~ | RAG
~ o Complete

cycle
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Digital twin logic

The text
from
admin

Eontmoga onitoring

data

\

Retrieve the data fragments from

> databases to the entered text on
the base of similarity

L

/
Answer to LLM
< admin ) | “ §|7Prompﬂ

2026-05
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Implemented digital twin architecture

Monitoring
data

)

A
Gateway
server \

Log
database
server

)

The ontology
--> [lama.index familly
--> LLM --> Ollama
(in separate server with GPU)

Y

Bigital Twin frontena
(package streamlit)
on local laptop )

\

AN

SSH
channel

2026-05
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[1peaBapuTesnibHbie pe3ybTaThl

* PeasinzoBaHHbIV npoTtoTtun LI noka3sas
creaytoLlee:

® “BbicTpbIN” OTBET ( 1+ MWHYT) Ha NOArOTOBKY
OTBETa Ha BBEAIEHHbLIN BOMNPOC
agMUHUCTparTopa (onmcaHue CeTm — OKOJ10
200 cTpaHuu).

® [JoKkasbIBaET TEKYLLEEe COCTOSAHNE
3anpoLUeHHOoro cepeepa.

® BO3MOXHOCTb MHTEpnpeTaLum cooodLLeHns
N3 CUCTEMHOTO Jsi0ra C UCnoJsib30BaHNEM

cpeacts LI/,

* B yenom: LU nomoraet onbITHOMY
aaAMUHUCTPAaTOopPY.

CHEP-2026  Andrey Shevel
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Example of the answer from DT

You entered: 2026-05-27 14:44:15 — what is dbserv?

Completion code: 200

Any answer of digital twin must be checked!

The answer took around 1.7 minutes or 100.0 seconds

Streamlit: The frontend has been performed on MacBook-Pro.local

2026-05-27 14:45:55 — The digital twin answer: {"answer":"Based on the provided documentation, dbserv
(specifically dbserv.pnpi.spb.ru ) is avirtual server hosted on the physical machine new-
dbserv.pnpi.spb.ru . Key details from the text include:

Purpose: Serves as the web server for O®B3.
Operating System: AlmaLinux release 9.4 (Seafoam Ocelot).

Network & Aliases: Has the alias hepd.pnpi.spb.ru and a secondary network interface with IP

192.168.14.195 (DNS: dns2.pnpi.spb.ru).
Host Environment: Automatically starts via KYM on the physical host new-dbserv.pnpi.spb.ru .

Installed Services: Runs Apache 2.4.57, PostgreSQL 13.16, Postfix 3.5.9, BIND 9.16.23, Mailman 3.3.8,

CHEP-2026  Andrey Shevel 29



CtoumocTb peannsaunn L

* Peaninzaumna LI TpebyeT Tpyao3arTpar oT
KOMaHabl aAMUHUCTPATOPOB +
obopynoBaHue (cepBep, GPU(S)).

® iIMeem banaHc:

* OgHaxabl pa3paboTtarb LA nnm
HaHATb AOMNO/IHUTENbHBIV LUTAT Ha
BPeMS XXWU3HW CepPBEPHOU CeTn.

* OagHako L moxeT ObITb pa3padoTaH Kak
4yacTb N/1aHOBbLIX paboT N0 MoAepHM3aL NN
CUCTEMBI.

CHEP-2026  Andrey Shevel
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Tpyaoo3sarpartbl No noaagepxxke L1/

* Py4yHan paoorTas:

* Koppekuns OHTO/0rnMmn npu
IOObIX N3IMEeHeHnax B ceTu.

*Yem 60/bLUE AeTASIEN B
OHTO/IOTNN, TEM TOYHEEe
oTBeTbl. HO 1 bonbLue
Tpyao3aTpar Ha pa3padoTky
OHTOJ/TIOTUMN.
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Kak oueHnTb Bnmnadmne L

* CpaBHUTb OObIYHbIE
npoueaypbl agMUHUCTPATOPOB
C UCMno/s1b30BaHNeEM 1 6e3
ncnonb3oBaHnsa L.

* ONpoc aaMUHUCTPATOPOB 06
X BrneyartneHum ot
ncnonb3osaHuna L.

CHEP-2026  Andrey Shevel
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YPOKU

LiIncppoBon ABOMHUK, KOTOPbIN HACTPOEH Ha
KOHKPETHbIN KpYyr 3ajady, ¢ ucnosb3oBaHnem LLM -
OT/INYHbIN NMOMOLLHMK agMUHUCTPAaTOpA.

KauecTBO nomoLym LumMchpoBOro ABoHNKA B
3HAUYNTE/IbHOW CTEeNneHn onpeaenseTcsa KauecTBOM
OHTO/10TUW.

Hannune GPU HeobxoamMmMon Npon3BoAnUTEIbHOCTY
ABNSAETCA OAHUM U3 NnpeaBapuTesbHbIX YC10BUMN.

[Tpouecc NoOCTPoeHUsa LUMPPOBOro ABOMHUKA MOXXET
OTKPbITb CMOCOObLI YNy4yLleHns camon cuctemol — LI
NPOn3BOANT BO3AENCTBME Ha OpUrnHa.
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3akryeHne

* lNpenctasneH paboTaloLwmnii NPOTOTUMN LUIPOBOro
OBOVHMKa MOMOLLHMKa agMUHUCTpaTopa ans
ynpasfeHns cepsepHoun cetn n3 10 XoCTOBbIX
cepBepoB, 25 BUPTYyasibHbIX MaLlVH, KOTOpbIe
BbIMOJTHAOT AeCATKN coyHUM ana OPB3.

* ABTOpPbI AEMOHCTPUPYHOT NOAX0M, KOTOPbIA MOXET ObIThb
MacLLUTabupoBaH A5 60/1ee CNOXHbIX 0ObEKTOB:
* Bo/blUMe 3KCNEPUMEHTa/TbHbIE CUCTEMbI Takmne

Kak
* NEeTEeKTopbI,
* ycKkopuTenu,
* Worldwide LHC Grid (WLCG),
* Future distributed physics ML systems.

* Takoun noaxon CTaHeT cTaHAapToOM B 0603pMMOM
GyayLiem.

CHEP-2026  Andrey Shevel
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Questions?
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O0630pHasa nHpopmaums
Mmatepunanos CHEP2026

* [10 CCbINKE npsimepspmsmrucsorcrerz MOXHO HAUTU
HEeCKO/1bKO 0030pHbIX han/ioB marepuanos
CHEP2026, koTOopble A NpUrotoBus c
NMOMOLLIbIO CPeaCcTB MalLMHHOIO 0By4yYeHus.

CHEP-2026 rewiew Andrey Shevel
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https://hepd.pnpi.spb.ru/CSD/CHEP-2026/

Al B CO00OLLIEHNAX

* Machine learning — 96
e Al — 53
* Artificial Intelligence — 28
e LLM - 20
* Digital Twin - 4

CHEP-2026 rewiew Andrey Shevel
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