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O EctecTtBeHHbIe: ConHue,
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pagvioaKkTUBHbIE N30TOMbI,
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H 06 eJiIeBCKue n pe MW g% aniepHaixX NRCEIET D eyt anephx

um. B. . dxenenosa ( i uccneaoBaHuin

O 1988 : Leon M. Lederman, Melvin Schwartz and Jack Steinberger 3a oTkpbiTne
MIOOHHOIO HENTPMHO.

O 1995 : Frederick Reines 3a perncrpauuio aN1eKTPOHHbIX aHTUHEUTPUHO OT peakTopa.

O 2002 : Raymond Davis, Jr. n Masatoshi Koshiba 3a HabntogeHne ceepxHoBon SN
1987A.

O 2015 : Takaaki Kajita n Arthur B. McDonald 3a akcnepumeHTanbHoe noaresepXneHmne
OCUMNALNN HENTPUHO.

O Takxe npemua Breakthrough 2016, Bkntovaa akcrneprMeHTbl C yHacTUeM
coTpyaHukos ONAN.

12 anpena 2024 r. POUI-M 2024 Camoiinos O.b. (14N ONAN)



Jlabopatopua ObveanHeHHbIN

HenTpunHaa nporpavma JIAM 2014 gy otemose G@R e

um. B. . dxenenosa uccneaoBaHuin

O BAIKAL (I'ny6okoBogHbIN OETEKTOP MIOOHOB M HEUTPUHO Ha Bankane)
O BOREXINO (OKC peTekTop conHeyHbIX HeUTpnHO B LNGS)

O lNpoekT vGeN (OkcnepnmeHT Ha KariMHMHCKOW aTOMHOW CTaHLUMK Mo pernctpauum
KOrepeHTHOro yrnpyroro pacceAHnAa HEMTPUHO Ha agpax Ge.)

O DANSS (Detector of the Reactor AntiNeutrino based on Solid Scintillator)

O Daya Bay Experiment (peakTopHbivi B KHP)

O GEMMA (Germanium Experiment Searching for Magnetic Moment of Antineutrino)
O GERDA (oBonHon 6e3HENTPUHHBIN 6eTa-pacnad B LNGS)

O JUNO (peakTopHbii B KHP)

O NOVA (yckoputenbHbin B CLLUA)

O OPERA (yckoputenbHbii B LNGS)

O SuperNEMO (Search for neutrinoless double beta decay with NEMO-3 and the next
generation double beta decay experiment SuperNEMO)

O EDELWEISS (Experience pour DEtecter Les Wimps En Site Souterrain.)
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Jlabopatopua ObveanHeHHbIN

HenTtprHHaa nporpamma ONAN B e CEEY eyt sep

um. B. . Qxenenosa ( ¥ UccneaoBaHuin

Accelerator Neutrino | ===

NOvVA DUNE DsTau Baikal-GVD TAIGA DarkSide

Reactor Neutrino Y '

JUNO DayaBay vGEN DANSS BOREXINO

Neutrinoless double beta decay n

SuperNEMO GERDA MONUMENT JUNO BOREXINO

O Camaa obwumpHaA HenTpuHHaAa nporpamma.
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KO M I—I bI'OTe p H aﬂ M O.D.en b ;@ﬂ AnepHbix npobnem Cpiiel  MHCTUTYT AflepHBIX

um. B. . dxenenosa ( i uccneaoBaHuin

O Cuctema Habopa gaHHbIX ¢ aKcnepmmeHTanbHblx yctaHoBoK (DAQ / Online software /
Triggers).

O MogennposaHue cobbituin (Offline software).

O KanmbpoBKU, PpEKOHCTPYKUMA, nOEHTUdMKaUMA YacTuul, TUNOB COBbITUN (CUTrHaN/oH).
O XpaHeHue 1 JoCTyn K aHannay AaHHbIX.

O AHanns/obpaboTka gaHHbIX.

O Hapactpovika B BUAE PasfiyHbIX (PUTTEPOB, UCKYCCTBEHHbLIN UHTENNEKT.

O AHanua gaHHbIX B KOHKPETHbIX YC/TOBUAX OTAEJIbHbIX NMPOEKTOB.
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BbICTPbI MHTEPHET O0CTYN B o oo

Fermilab
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O6beauHeHHbIN
MHCTUTYT AAEpPHbIX
nuccneaoBaHuii

Nabopatopusa

um. B. IN. Qxenenosa

Kanuuunuckaa ASC

(}
Baikal-GVD:
DsTAU: CERN baiikan, 106 km

SuperNEMO:

Modane, France
GERDA, DarkSide:

Gran-Sasso, Italy

JUNO: Kaiping, Jiangmen
in Guangdong province
in Southern China.

Camoiinos O.b. (/19N OUAN)



Jlabopatopua O6beanHeHHbI
apepHbix npobnem MHCTUTYT AAEPHbIX
um. B. . dxenenosa ==1)  UCCNeA0BaHMIA
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E a M Kan G V D ﬁ&ﬁ apepHbix npobnem \, MHCTUTYT AAEPHBIX

um. B. . dxenenosa ( ==1)  UCCNeA0BaHMIA

GVD-Baikal
Telescope

Storage JINR

Apache Kafka _— |
_a» = E Processing .
ol Ay ® -2016 E .
T ® -2017 | ;
@® - 2018 ' l l '
@ -2019 | |
Ly 2020 GCN-Network | L Follow-up GVD-Baikal
(v, GWs, GRBs) ; Analysis Alerts |
? (If Neutrino Candidate is detected)
525m 540 M i '
360M i 5
(In Future) Send Message
90 M Ocramkunexan l
TenebawHA

g GVD-Baikal
Team
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o Jlabopatopua O6beanHeHHbI

NHdppacTpykTypa NOVA BB emooctren  CERY wenyr anepm

* Extensive workloads are split in jobs glideinWMS
H H Glidein Factory,
which are processed in batches S WS Peol »

\_/

* A Workload Management System
controls the jobs — GlideinWMS at VO Infrastructure
FNAL Vo

Frontend

* External resource providers are utilized
via Open Science Grid (OSG) —
. . . Scheduler Central Manager
American Grid infrastructure

* A Tier-2 batch cluster at JINR was ﬁ
connected to OSG to support NOvVA \%\ 7

Condor Condor

L Startd

Worker Node

* A new virtual HTCondor-based cluster
was created which was first dedicated
to NOVA
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o Jlabopatopua O6beanHeHHbI
HTCondor Cloud Cluster I oot QAR o
um. B. . dxenenosa i uccneaoBaHuin

Local NOVA Team NOVA Collaborators
* Local JINR NOVA members can 00
submit grid jobs and local jobs, all I Cf?
other NOVA members — grid jobs o~
on |y GeneraI-Pllrpose VMs
* Local submit nodes are similar to Open Science Grid
FNAL GPVMs with a few additions: T~

. Condor
Local Submit Nodes Compute Element

— =

Condor
Central Manager

— JINR Kerberos authentication
— Additional 20 TB NFS storage

e Since everything in the cluster is a
virtual machine, it can be easily
scaled according to the needs

JINR CLoud

\4

Condor
Wotker Node

Hukunta Banawos (JIUT)
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Jlabopatopua ObveanHeHHbIN

Non-Batch Cloud Usage B e D e

um. B. . dxenenosa ( i uccneaoBaHuin

JINR Cloud

d CIOUd iS universal Infrastructure

* Users can have
personal Vms

' }

H cloud_snova general purpose genie cloud
hd I n te I"a Ctlve a CCGS machine machines [ machine ]
via ssh/X2go/VNC
Supernova simulation c Large-scale event
) An y O S a n d productlon ommonluser area geneiation
software can be [ P'°;gsvs;cgoz"“ submitjobs togra | [ To5r9 e
i I |
I n Stal | ed [ Data VISuahzatlon NOVA soft New model
(event V|ewer) development development
] |
i C a n h OSt We b' [ Supernova trigger Data visualization Data visualization
. . development (event viewer) (ROQOT)
services (like I
[ Trigger monltonng Custom analyses
Jupyter notebooks)
[ Data analysis

Hukunta Banawos (JIUT)
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ObbeauHeHHbIN
MHCTUTYT AAEpPHbIX

AWS and NOvA i o __
B wm. B. N. Nxenenosa uccneaoBanuii

HEP Cloud "\

% . Jlabopatopms

N
NOVA
Job

Queue

submit

[

- N D
FNAL |[ nNovA ("Oregon ('N. Virginia Vlrgml N. Callfornla

Storage || Data
Q. l!l‘
/| s’@%e

® -4.-// EC2 Data EC2  pata EC2 Data
L data (o] Cache | | Cache ) Cache |
\& VAN J & j
R —_
i control ——>»
Peter Shanahan (FNAL) L data—> |

Camoiinos O.b. (/19N OUAN)
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NOVA Remote Operation Center HHE acpu e

um. B. IN. Qxenenosa

Checked connection from JINR to FNAL

First ROC-(UMN) out of FNAL started Hardware installation Taking shifts

sep dec jan j jul oct

<
2015
Started to discuss the idea of ROC-Dubna Setting up the software

Took FNAL certification
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O6beauHeHHbIN
MHCTUTYT AAEpPHbIX
nuccneaoBaHuii

——Display port

UBS cable

—Ethemet cable

—Poyer cable

15
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. .
Iﬂh apepHbix npobnem \ oA MHCTUTYT AAEPHBbIX
um. B. . dxenenosa i uccneaoBaHuin

Raw data transfer system

Topics

Xiaomei Zhang DocDB 10338

Subsystems
/ _RAW
/ DCl
Topic /// RAW
) = e
g Subsystems Topics Ta pe
~

- Rt
N - BED - B o 0 0
\ / L
\'u RTRAW /T'm* KUP : é Arwve é
\——J P! In2p3  CNAF  JINR

_RTRAW
dCache StoRM EOS

Arrlve Reg|ster Replicate W
and

Register
IHEP EOS File Catalogue
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JUNO Distributed Computing Infrastructure g s mwee = Q&R wem

um. B. . Qxenenosa ( il UccneaoBaHuin

JUNO DCl is made up of data network, data N
centres, with their local services, and some global ( )

services. Based on WLCG v\, - hes @

Grid services at sites v, T Y l N
UNO UNO UNO JLNO
.@ v ~v

g9 29
«IHEP, JINR: EOS s
«CC-IN2P3: dCache
« CNAF: STORM

Batch system (HTCondor)

Storage system and Storage
Element

Tape systems

Local monitoring

S Fictool ¢ JSUB: users’ submit tool
pecific tools ¢ ProdSys: production submit tool
*\VVOMS

e CVMFS

*DIRAC (DMS, WMS,

Gr|d g|0ba| services monitoring, accounting, ...)
*FTS

e Rucio

e System support

Multi threading jobs
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Nabopatopua O6beauHeHHbI

JUNO Distributed Computing Infrastructure il smessmoses G wenmyt epn

Data volumes, computational requirements

Estimated Raw data production

60 MB/s <> 2PB/year

year

Estimated other data (reconstructed, 1.0 PB/year
calibration, analysed)
Bandwidth required to copy 3PBin 1 0.8 Gbps

1 event reconstruction goal: 5s with a 18 HS06 core

Rate: 1kHz

Reconstruct 1 year data in 1 year then requires about 120

kHSO06, or about 155 kHS23.
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) % apepHbix npobnem B MHCTUTYT AAEPHbIX
um. B. . dxenenosa i uccneaoBaHuin

: 2024 2025
Sites

CPU Disk Tape CPU Disk Tape
(KHS06) (PB) (PB) (KHS06) (PB) (PB)
TO: JUNO site,
IHEP collengxetltc:iata, DC§II\t/I(? first 180 8 4 180 12 7
reconstruction
T1: full data, ti
CNAF [}, uidaa compuing 20 3 1 20 6 4
T1:1/3 of data, ti
IN2P3  [[.>c e comeuting 15 0.2 2 15 0.2 3
T1: full data, ti
JINR S 120 10 10 150 15 15
T2: no data, ti
MSU powr;(r); n?)tay:to (r)rr11pILi]nI:g
Totals 335 21.2 17 335 33.2 29
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IHEP International Network BB rore e w0 ) i

um. B. . dxenenosa =) UccaenoBaHui

IHEP <> CNAF
o v,
06 — HEP € JINR
JINR m— CNAF €-> JINR

The international link of IHEP has been upgraded to St v
100Gbps from 20Gbps since 229 Sept, 2023

Geneva GEANT

o Shared with other organizations

o |HEP is the main user of the link

Network Test

> The network connections among IHEP, CCIN2P3, CNAF are . —s

gOOd International Network Connection of IHEF

o Test shows the both performance and latency are satisfied
> The network bandwidth from IHEP to JINR keeps 10Gbps
o IHEP connects with JINR via 100G link is not supported

> The solution of data transfer with better performance from IHEP to

JINR is still under discussion
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DUNE Computing Resource Model g meommee = Gl ey s

um. B. . dxenenosa ( i uccneaoBaHuin

* less “tiered” than current WLCG model —
> flatter model proposed by HSF DOMA (SURF) [LBNF) @
working group
— take advantage of existing WLCG sites that can

add DUNE access
— require reasonable minimum size - storage
elements

— allow for CPU only sites with data streaming

* collaborating institutions (or groups of
institutions) provide significant disk
resources (~1PB chunks) %%

* plan to use common tools for most services

* participation in the HSF process important
. . ) Compute Compute
to provide and integrate new solutions [Cepu Ty T cru]
CPU

CPU

Lopu ]

CPU

(W
o
i

Lcry | ceu | cpy |
@ [ cpu [ cpu | cru | @
@
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DUNE Data Placement Strategy gy wowme — G&R o

um. B. . Qxenenosa ( il UccneaoBaHuin

Cumulative Disk

* accomplished with Rucio and FTS3 160 T rmodel Raw
. 140 - model Test
» 2 copies of raw data on tape o oy
120 1
— one copy on each side of an ocean I B iy
— 6 months on disk ‘S 50] o actuat o
. . = ~ actual Test
* 1 replica of reco/sim on tape 2 60—~ actual Tota
— distribute across global Rucio SEs “
— annual reco pass over all data ]
— annual sim campaign to match °T 200 2025 2030 2035 2040
— production resident on disk for 2 years = pr— Cumyiatve Pee
. . . 1200 - TodelTes
« Assume 2 disk copies of reco and sim | odel Raco
— impose shorter lifetimes on tests & sim stages ® 00 T mode moa
v | actual Sim
— R&D exploring data tiers and formats § 201 T Sl naw
£ o001 o Sctuaineco
E -e— actual Total
S 400
200
o] 2020 20'25 20'30 20'35 2040
Year
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DUNE CPU Needs Through 2023 g, o

ObbeauHeHHbIN
MHCTUTYT AAEPHBbIX
nuccneaoBaHuii

HS23 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 2028

2029 | 2030

PDs (kHS23-yrs) | 35| 43| 54| 55| 54| 46| 18| 15| 15

FDs (kHS23-yrs) 0 10 10 10 10 10 20 31 46
ND-SAND (kHS23yrs) | 0| o] of| o| 2| 2| 2| 10| 16
ND-LAr+TMS (kHS23-yrs) 0 0 10 10 51 51 51 51 77
FNAL (kHS23-yrs) 14 21 30 30 47 44 37 54 78

CERN (kHS23yrs) | 3| 5| 7| 7| 11| 11| 9| o o

Global (kHS23-yrs) 17| 26| 37| 38| 59| 55| 46| 54| 78

Total (kHS23-yrs) 35 53 75 76| 119 | 111 93 | 109 | 156

Figure 3: Model of CPU wall-time needs through 2030 in kHS23-yr units. The top 4 lines show division
by detector, the bottom 4 show the proposed division between FNAL, CERN and Global based on the

fractions in Table 2 HS23
DUNE Preli}ninary ! !

LA L B B L B B

150

| —— model PDs

|- == model FDs

| —— model ND-SAND

I ==+ model ND-LAr+TMS

HS23, kHS23-yrs
3

vvgll

S
N

|
sl
N
3
g

12 anpena 2024 r. POUI-M 2024 Camoiinos O.b. (14N ONAN)



ﬁ&;‘i Jlabopatopus O6beauHeHHbIN
Pecypcbl Ha 7 neTt B i, @ o
HDD, PB
B Baikal-GVD B JUNO
B NOvA/DUNE CPU, cores
B Baikal-GVD I JUNO
B NOvA/DUNE Others
7000
Tapes, PB 5250
B Baikal-GVD [ JUNO |l Others
3500
1750
0

2024 7026

2028 7030
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3 a Kn m LI e H M e % AfQEpPHbIX np06neM _,“-'4'-" g WUHCTUTYT AAEPHbBIX

um. B. . dxenenosa ( i uccneaoBaHuin

O O6beavHEHHbIV NHCTUTYT AQEPHbIX UCCNeaoBaHn ocyLecTBnAeT Hanbonee o6LWMPHYIO
HenTpuHHyto nporpammy. FTE > 150

O HayyHble OTKpbITUA MUPOBOrO YPOBHA.
O VIHHOBaUWOHHbIE OETEKTOPHbLIE TEXHOJTOMMN.
O PaspaboTtka nporpammMmHoro obecrnedyeHuA.

O KomnbroTepHble pecypebl: CPU, GPU, xpaHunuuwe gaHHbIX (AUCKW, NEHTHI), BbICTPbIN
MHTEPHET.
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