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NEUTRINO PHYSICS

* Standard Model particle.
* Small but non zero mass.

*¥ Neutrino interactions conserve flavor.

* Interact only via weak (and gravity) force.

MODERN HOT TOPICS:

* search for sterile neutrinos,

* measurement of absolute neutrino masses,
* search for neutrinoless ¢
(are neutrinos Dirac or Majorana particles),

ouble beta-decay

* detection of relic neutrinos,

* study of neutrino oscillations,

* detection of high energy astrophysical

neutrinos and spotting their sources,
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| HREE-FLLAVOR NEUTRINO OSCILLATIONS

ATMOSPHERIC SHORT BASELINE REACTOR SOLAR
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012 = 34° (4.2%) * Is 033 45° 7 (possible v, and v, ™ e I R —
023 =~ 497 (5.2%) symmetry in v;) " - ) o, 2
913 > 90 <31O/0> % g
. L s, 2 |
Am2, ~ 7.4 x 1075 eV2 (2.2%) * Is the]{f?e CP violation in lepton =™ _—
sector? (matter-antimatter ms I my - -
Am3, ~ +2.5 x 1072 eV? (1.2%) ( ,
asymmetry of the Universe ve| | vull] v
(leptogenisis)
Vo Ve Vo Ve
Vo Vo Uy Vg UV 3 UV, * Neutrino mass hierarchy (ordering) is Normal or Inverted?
Uy Vg, I, Ve~ Vﬁ (neutrinoless double beta-decay searches, supernova simulations, relic

neutrinos searches, absolute v mass measurements etc)
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(CURRENT STATUS AND FUTURE PROSPECTS

Normal Ordering
/2

Experiment S
B NuFIT 5.0 1.09+0-12
B Forero et al. 1.20+0:28
- LT
B Super-Kamiokande 1.39+0-28
- NOvA 082135
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v2.0 2020.07: git.jinr.ru/nu/osc

* Recent results of NOvA and T2K showed tension in
preferred values of 6.p.

* Significance is small (<20), both experiments will
keep running.

* NOvA-T2K joint analysis is under preparation.

* After finishing NOvA, T2K and Super-Kamiokande the

only experiments that can measure o-p will be DUNE
and Hyper-Kamiokande.

Inverted ordering rejection

3.0

Forero et al.

NuFIT 5.0 2.7

Super-Kamiokande

1L.19 1) 15 35
16 1J (VA

T2K
NOvVA 1.0 + 05-50
MINOS+ 0.45 1
2 3 4 5 6
Standard deviations
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I FUTURE PROSPECTS

Future neutrino mass ordering sensitivity
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THE NOVA EXPERIMENT
The NuMI Off-Axis Ve Appearance Experiment

Experiment goals:
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* Mixing angle 655 -
ar Detector

..........

Using v, = ve (U, — V)
* Neutrino mass hierarchy

* CP violating phase

X MiXil’lg angle 923

“Near
Detector

Long-baseline,

beam from Fermilab,
two detectors sit at
14 mrad off-axis

Fermilab ‘10 km Ash River
JINR joined NOvVA in 2014 10 km

200 collaborators from 40 institutions and over 7 countries
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OSCILLATION RESULTS: JOINT U, + U, FIT
NOVA Preliminary
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NOVA FUTURE

Currently running with neutrino beam.
x Plan is to run 50:50% v : D ;
* NOvVA is expected to run until 2026 inclusively.

With current analysis, expect:

Signif. of Resolving Mass Ordering (o)

* potential 3-4c sensitivity to hierarchy with tfavorable
parameters;
* possible 2o sensitivity to CP violation.
Note: sensitivity depends strongly on the true values in nature.

Expected improvements for upcoming analyses:

* accelerator — v/v beam intensity;
* test beam — improved det. response model.

Signif. of Discovering CP Violation (o)
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NOvVA/DUNE project
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Improved measurement of neutrino oscillation
parameters by the NOvA experiment

M. A. Acero,” P. Adamson,” L. Ali:aga.'2 N. Anfimov,” A. Antoshkin,® E. Arrieta-Diaz”® L. Asquith,*' A. Aurisano,®
A. Back ™ C. Backhouse,® M. Baird,™'“ N. Balashov,” P. Baldi,> B. A. Bambah,” S. Bashar,* K. Bays,""”
R. Bemstein,'” V. Bhatnagar** D. Bhattarai.” B. Bhuvan.' J. Bian.™' J. Blair."® A.C. Booth.' R. Bowles.™

C. Bmmbel'g.'9 N. Buchanan® A. Butkev
A. Christensen.® T.E. Coan,” M. Colo,® L
M. Dolce, D. Doyle® D. Duefias Tongu
G.J. Feldman,” P. Filip.” J. Franc,” M
R.A. Gomes,"” M. C. Goodman,' V. Grichi
J. HarmelL,”' R. Hatcher,” H. Hausner,”®
B. Jurgowsl;z-fJ J. Jarosz.* F. Jediny,” C. Joht

. 16
O. Klimov, * L. W. Koemer, " L. Kolupaeya M. A. Acero, P. Adamson,"? L. Aliaga,” T. Alion,*® V. Allakhverdian® N. Anfimov,” A. Antoshkin® E. Arrieta-Diaz,”
C.D. Kuruppu, * V. Kus,” T. Lackey, L. Asquith,® A. Aurisano,® A. Back.2* C. Backhouse, M. Baird >/ N. Balashov,® P, Baldi,” B. A. Bambah,"”
M. Lokajicek, ~S. Magill,” M. Manrique Pla S. Bashar,** K. Bays*"” S. Bending, R. Bernstein,'* V. Bhatnagar,™ B. Bhuyan," J. Bian,>*' J. Blair,"® A. C. Booth,
B. Mayes,’ D.P. Méndez,” M. D. Messie P. Bour,” R. Bowles,” C. Bromberg,” N. Buchanan® A. Butkevich,” S. Calvez.® T. J. Carroll, “* E. Catano-Mur,”**
R. Mohanta, * A. Moren,” A. Morozova, © ¥ S. Childress,”” B. C. Choudhary," T.E. Coan,’ M. Colo,” L. Corwin,” L. Cremonesi,** G. S. Davies, ™™
N. Nayak,™ J.K. Nelson,”™ R. Nichol.™ E. P.F. Derwent,"? P. Ding,"” Z. Djurcic,' M. Dolce,** D. Doyle,® D. Duefias Tonguino,® P. Dung,* E.C. Dukes,*
‘:ﬁ 2I§:on;‘ J.ow* Jkil:?ley.'; l;» S»l:ang(]mg H. Duyang,* S. Edayath,” R. Ehdich.*” M. Elkins.* G.J. Feldman," P. Filip,” W. Flanagan," J. Franc,” M. J. Frank”"
.C.C. Porter,”” A. ique, F. Psihas,”™" M. C. Goodman,” V. Grichine,”
V. R)mbov.27 0. S.’:moylov.26 M. C. Sanchez.

PHYSICAL REVIEW D 103, 012007 (2021)

Search for slow magnetic monopoles with the NOvA detector on the surface
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* Three-flavour oscillation analysis,
* including NOvA-T2K joint analysis effort,

X supernova neutrino trigger and analysis development,

% magnetic monopole search,

* high-energy muon spectra,

* east-west asymmetry in muon spectra,
* theory of neutrino interactions.
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* Test bench for measurement of NOvA scintillator properties,

* test bench with detector electronics.
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Abstract  We suggest an empirical rule-of-thumb
culating the cross sections of charged-current qu
tic (CCQE) and CCQE-like interactions of neutri
antineutrinos with nuclei. The approach is based on t
dard relativistic Fermi-gas model and on the notion
trino energy dependent axial-vector mass of the nucle
emed by a couple of adjustable parameters, one o
is the conventional charged-current axial-vector m:
inelastic background contributions and final-state
tions are therewith simulated using GENIE3 neutrit
generator. An extensive comparison of our calculatic
carlier and current accelerator CCQE and CCQE-1
for different nuclear targets shows good or at least qu
overall agreement over a wide energy range. We also
some problematical issucs common to several co
contemporary models of the CCQE (anti)neutrino-
scattering and to the current neutrino interaction ger

1 Introduction

An accurate calculation of the charged-current qua
(CCQE) neutrino-nucleus scattering cross sections
an important issue to ensure the reliability and cor
level of extraction of neutrino oscillation parametc

accelerator 4
problem s closely related to a large experimental unc
in the determination of the weak axial-vector and, to
degree, pseudoscalar form factors of the nucleon &
ally reduces to the experimental uncertainty in the
axial mass, M4, which governs the Q2 evolution of tl
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fundamental interaction and on the nuclear properties and
modeling, but also for its importance in other special

fields in particle physics, such as the mixing of neutrino
flavors, the extraction of the CP-violating phase in the
lepton sector and the origin of the asymmetry between

0/2021/104(6)/ 06302«

matter and antimatter in the Universe. In particular, in the
last years many reviews and works have been dedicated to
these topics [1-10].

‘The total integrated Charged Current Quasielastic
(CCQE) neutrino/antineutrino cross section occqe(Ey)
is an important quantity to be known for the neutrino
scattering and oscillation experiments [11-35]. In particu-
lar, the knowledge of this observable is crucial for choosing
of CCQE channel among others to generate appropriate
final lepton event kinematics in neutrino event generators,
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JINR stand measurements for improvements in the NOVA
detector simulation chain

N. Anfimov,! A. AL ? 0. “ and A. Sotnikov®

aJoint Institute for Nuclear Reasearch,

6 Joliot-Curie Str., Dubna, Russian Federation
bUniversity of Cincinnati,

2600 Clifton Ave., Cincinnati, OH, USA.

E-mail: anphimov@jinr.ru

AsstrAcT: The NOVA [1] (NuMI Off-axis v, Appearance) is a long-baseline neutrino experiment
studying neutrino oscillation phenomenon in the muon neutrino beam. The apparatus consists of a
Near Detector at the Fermilab (U.S.A.) site, where the neutrinos are produced by the NuMI facility,
and a Far Detector placed 810 km away. Both detectors are of similar construction based on a
large-volume liquid scintillator tracking calorimeter with a finely segmented structure.

Two test stands have been built at JINR (Dubna, Russia) to measure the Birks constant for
protons of NOVA scintillator and the signal shaping of the NOVA electronics. During the years of the
NOVA experiment a of the NOVA detectors’ performance
was achieved, in dueto of and
parameters performed at the test benches. The parameters measured using these test stands have
been implemented in the custom NOVA simulation chain.

Keyworps: Front-end electronics for detector readout; Scintillators, scintillation and light emission
processes (solid, gas and liquid scintillators); Instrumentation and methods for time-of-flight (TOF)
spectroscopy: Photon detectors for UV, visible and IR photons (solid-state)

Society under the terms of
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ist maintain attribution 1o
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the total CCQE cross section and particularly i
between the electron and muon neutrinos species is ¢
importance in order to reduce the systematic uncer
for the determination of the CP-violating phase
lepton sector, as it has been shown in Refs. [36-4:
Our aim in this work is to perform a thorough st
the analytical boundaries of the phase space of the
double differential cross section z—£Z—for the rela
Fermi gas (RFG) [43-47) and superscaling with relz
effective mass (SuSAM*) models [48-52] with
scaling formalism [53-57], where the boundaries are
to obtain. To this end, we will study the double diffe
45 CCQE cross section, where x and 4 are the dim
less momentum and energy transfer variables in the :
formalism. This new double differential cross secti
also the very good property, for the generation of tt
charged lepton kinematics in the MC event gen
of an almost flat peak, i.e., very weak dependent
neutrino/antineutrino energy. This important feature
it specially well suited for the generation of these ev
the acceptance-rejection method. It seems that this f:
already known by some scientists working in the
mentation of theoretical models in some MC

013001-1 Published by the American Physical
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NOVA’s INFRASTRUCTURE AT JINR

Total Wall Hours by Site

N

UColor
UCon

NWICG

Cloud

Caltech CMS Tier2

FZU

* Computing: 1k CPU and 90 Tb storage (group needs + experiment production jobs).

* Remote Operation Center (ROC Dubna) for experiment running and taking shifts from JINR.
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THE DUNE EXPERIMENT

%1400 collaborators from ~200
institutions and over 30 countries.

Sanford

Underground | B Fermilab . .
Facilty *DUNE will start ’in late
acility b _ Eg%—:ﬁz}ﬁﬁ?” " . . .
L / 2020s” (this is official statement).
#,,,ﬂ,#v:;;v”)’ff:ﬁ;,,fl’;ffj’:v’:y""’ PARTICLE PRODUCTION
= = DETECTOR N

*Baseline 1300 km,

EE?EE%R X 5CP Sensitivity, MO and all PMNS
parameters.

*On-axis experiment;
*E at peak ~2.5 GeV;

*70 kt FD LArTPC with single/dual
phase under consideration;

*Start with 1.2 MW proton beam at
60-120 GeV (10%Y POT/ year),

*Xup to 2.4 MW beam power by
~2035.

Fermilab
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NEAR DETECTOR COMPLEX

*ND complex with three detectors to scan the beam in the best possible way:
*NDLATr

*¥NDGAr (TMS at the beginning)
*¥SAND

*Spend half of year on axis and half at several points outside. Vital for
systematics control (DUNE-PRISM).

S [
=
< w0l EngineeredSept2017, 120 GeV, 1.2 MW - .
5 i On Axis o i > ; A.m__‘f_:..;fff'-’-z
S [ 1oy Om X FHC v, : e
B X —RHC V|, - . e |
g 30 5 18m - _;f-ﬁif?-v'fif;'i:' S :
L o) ‘
O - ! \ >
9 20 -_ 1k > 54
’e? : i K:»:""a.
10 SAND ‘/ N —
Nl /o S |y \\#
oo s A E, (GeV) DUNE-PRIS
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JINR conTrIBUTION TO DUNE

DETECTOR RELATED R&D)

* NDLATr - light collection module development.
* SAND - straw-tube for STT tracker.

PHYSICS BASED ON PREVIOUS EXPERIENCE

* Reconstruction in SAND, resonance and strange particles, beam monitoring.

* Physics with 2x2 prototype: cross sections, charged particle multiplicity etc
* Oscillation physics, DUNE-PRISM

* Transfer of NOvA exotics analyses

COMPUTING

* 1k CPU (shared w/ NOvA), 0.7Pb storage + 0.5k CPU and 0.8Pb storage in the next three years
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JINR conTrIBUTION: NDLAT

JINR is working on complete light readout system (modules,

Front-End electronics (preamplifiers), ADC, power supply

system, signal/power lines, DAQ and Slow Control)

Tasks for this system:

ArCLight Tile
*Provide tO-trigger for track )
LCM Ti
correction
. . Light Power/Data
*Resolve pile-ups and associate Cables

tracks 1in time

Charge Power/Data
Cables

*Assign detached energy

3.0 meters

events (~ns)

Anode Support
Panel

Pixel Tile
w/ASICs

Prototypes:

*2x2 at Fermilab with v beam
(2023-2024),

*full scale module (2024-2025).

Calibration Fiber

1 0 meters
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JINR conTRIBUTION: SAND

STT FV mass:
. 4.7 t CHz
The primary goals of SAND: 557 kg C
* continuous monitoring of the event rates, beam profiles GRAIN mass
. T LAr
and spectra over time;
* precision in-situ flux measurements of all neutrino flavors o A ass

initially present in the beam:;
* constraining systematics from nuclear effects and related

37.7180

smearing , 18,6600
—5.0000 —5.0000—
JINR group plans for 2023-2026: i
* 2023-2026: development of FE readout electronics including '.‘.‘..3;" Kadiatos: :

ASIC revision, testbeam exposure of small 0.35 m x 0.35 m

3% of mass |

prototypes at CERN to evaluate the performance of -

!
|

different FE readout options/prototypes XX straws G
x 2024: assembly and test of full size prototype with one |
dimension of 4 m. €L CarCH0, D0, et

4 Thickness 0.015 radiation length X e—————
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PROJECT DETAILS: PERSONNEL & STATISTICS

* 48 people from DLNP, VBLHEP, BLTP, MLIT with total FTE = 27.0 (0.56 FTE per group member)
* 5 management positions in NOvA and DUNE:

* DUNE's light readout NDLAr (L3 manager),

* NOvVA’s exotics co-convener,
NOvA’s production co-convener,

*
* NOvA’s three-flavor analysis code review taskforce leader,
* NOvA’s executive committee member.

Engineers 20-25
23 9, ' Doctors 00+ | 10 %

4 % 19 %

Students
0% 16-55 AVERAGE AGE:
6 % 41.5
PhD students Candidates (PhD) WEIGHTED W/ FTE

6 % 31 Y% 38 9 - 26-35
40 %

36-45

Sc. staff preparing thesis 25 %

25 %
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PROJ ECT DETAILS: THESIS, PUBLICATIONS, REPORTS

Over the last three years:
* 8 student’s diploma were defended, 3 PhD thesis.

* JINR group members contributed significantly to 8 collaboration papers and, in addition, published
17 papers on NOvA /DUNE topics with small author list.
* 15 papers in Q1-Q2 journals,
* largest paper citations value is 116 (+ ~50 per year).

* Conference presentations: 31
* Posters: 6
* Talks at parallel sessions: 21
* Plenary talks: 4

* Internal collaboration talks: dozens per year from every actively working group member.
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PROJECT DETAILS: RESOURCES

Cost /Resources,
Expenditures, resources, Cost (thousands distribution by years
funding sources of US dollars) Ist year | 2nd year | 3rd year
International cooperation 540 180 180 180
Materials 350 130 110 110
quipment and 1hird-party
company services 140 60 40 40
Commissioning 30 10 10 10
R&D contracts with other
research organizations 100 30 40 30
Software purchasing 60 20 20 20
Design /construction
Service costs (planned in case of
direct project affiliation)

RESOURCES REQUIRED (STANDARD-HOURS)

Workshop and Design bureau 150 50 50 50
accelerator /installation

reactor etc

BUDGETARY RESOURCES

JINR Budget 1220 430 400 390
EXTRA BUDGETARY (SUPPLEMENTARY ESTIMATES)

Contributions by partners

Funds under contracts with customers
Other sources of funding
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SUMMARY

* Neutrino physics is very exciting and rapidly developing area of high energy physics, with a good

chance on fundamental discoveries. We have just entered a precision era for many directions.

* JINR has a long tradition and expertise of studying the wide scope of neutrino physics subjects,

1NncC

luding oscillations that were proposed in Dubna.

* NOVA is a current experiment that will take data until 2026. It is producing interesting physics with

JINR very noticeable participation in different analyses and detector studies. All contribution has been

doing on existed JINR infrastructure.

* DUNE is a future neutrino mega-science project, next worldwide flagship that can finalize

fundamental oscillation parameters measurement. The JINR involvement in both detector R&D and

physics is very appreciated due to huge expertise in corresponding areas.

*The NOvA /DUNE project is proposed to be extended for 2024-2026 to continue the JINR successful

participation in NOvA and prepare for the future research in this area.
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OVERFLOW SLIDES



Helptul Harmful

STRENGTHS

WEAKNESSES
»p Already fully operational NOvA experiment | . |
»  Approved NOvA running until 2026 an d p Systematic error sources depending on
changeover to DUNE unknown cross-sections and detector
- | . feat
Internal p Tested and confirmed DUNE ND-LAr I?atm;%N'ﬁ e 9031
| ate E star
modules approach (approved at PDR level) ¢ o >ba .
» JINR responsibility for two majoré »p Restrictions for Russian fellows to enter
DOE laboratori
subsystems in DUNE ND (Light detection,. — ADOTALOTIES o |
Straw-tracker) N Export/Import restrictions in the
Russian Federation.
» Rich non-oscillation program | usslall FeAeration
THREATS
OPPORTUNITIES - e '
» Supernova burst, new physics existence ) b aiior APCIELL W CLECLOLS O bealll
| | ardware
Ext ] ) Systematic errors reduction due to new W |
xternal measurements or theory improvement »  Unexpected change of Fermilab plans
 due to signifi
p Development of new methods and ue to significant budget cuts

technologies » Major changes in the world situation

World's best management standards



Distribution by year

Computing resources 2" year 3" year
Data storage (TB) 1 PB [ 1.3 PB | 1.5 PB
- EOS (Cloud) (Cloud) (Cloud)
- Tapes
Tier1 (CPUcorehours) |0 |0 O
Tier 2 (CPU core hours) 0 0 0
SC Govorun (CPU core hours) | 0 0 0
- CPU
| - GPU .
Clouds (CPU cores) 1000 1250 1500




Category

No Full name Division Position Amount of FTE
of personnel
Head of Department,
1. research scientists Alexander Olshevsky DLNP Project leader 0.6
2. research scientists Nikolay Anfimov DLNP Head of sector (deputy) 0.5
3. research scientists Oleg Samoylov DLNP Head of sector (deputy) 0.8
4, research scientists Temur Enik VBLHEP Head of group 0.3
5. research scientists Sergey Movchan VBLHEP Head of sector 0.3
6. research scientists Georgy Kekelidze VBLHEP Head of sector 0.2
7. research scientists Artem Chukanov DLNP Senior researcher, PhD 0.5
8. research scientists Vyacheslav Tchalyshev DLNP Senior Researcher, PhD 0.5
9. research scientists Anastasia Bolshakova DLNP Researcher, PhD 0.5
10. research scientists Liudmila Kolupaeva DLNP Researcher, PhD 1.0
11. research scientists Alexander Antoshkin DLNP Researcher 0.9
12. research scientists Oleg Klimov DLNP Researcher 1.0
13. research scientists Olga Petrova DLNP Researcher 1.0
14. research scientists Arseniy Rybnikov DLNP Researcher 0.3
15. research scientists Alexander Selyunin DLNP Researcher 0.7
16. research scientists Vladislav Sharov DLNP Researcher 0.4
17. research scientists Andrey Sheshukov DLNP Researcher 0.8
18. research scientists Dmitry Shkirmanov DLNP Researcher 1.0
19. research scientists Svetlana Vasina DLNP Researcher 0.5
20. engineers Vasily Gromov DLNP Leading engineer 0.5
21. engineers Sergei Sokolov DLNP Senior engineer 0.6
22. engineers Vladimir Kozhukalov DLNP Engineer 1.0
23. engineers Ksenia Kuznetsova DLNP Engineer 0.5
Electronics engineer
24. engineers Dmitry Fedoseev DLNP (1st class) 0.5



Electronics engineer

25. engineers Alexey Chetverikov DLNP (2nd class) 0.5
Electronics engineer
26. engineers Albert Sotnikov DLNP (1st class) 0.2
27. PhD student Anastasia Kalitkina DLNP Engineer (Associated) 1.0
28. PhD student Anna Morozova DLNP Engineer (Associated) 1.0
29. Master student Yuriy Ivaneev DLNP Associated 1.0
Senior Laboratory
30. Master student Alexandra Ivanova DLNP Assistant (Associated) 1.0
Senior Laboratory
31. Master student Anna Stepanova DLNP Assistant (Associated) 1.0
32. Bachelor student  Petr Lensky DLNP Associated 1.0
33. research scientists Aleksander Kolesnikov DLNP Researcher 0.2
34. research scientists Aliaksei Paulau DLNP Researcher 0.1
35. research scientists Dosbol Baygarashev VBLHEP Researcher 0.2
36. research scientists Kirill Salamatin VBLHEP Researcher, PhD 0.2
37. research scientists Yerzan Mukhamedzha novn VBLHEP Researcher, PhD 0.2
38. research scientists Yury Kovalev VBLHEP Researcher, PhD 0.4
39. engineers Evgenya Vasilieva VBLHEP Engineer 0.2
40. engineers Nikolay Azorsky VBLHEP Engineer 0.2
41. engineers Vitaly Bautin VBLHEP Electronics engineer 0.2
42. PhD student Ismail Kambar VBLHEP Engineer (Associated) 0.2
43. research scientists Igor Kakorin BLTP Researcher, PhD 1.0
44. research scientists Konstantin Kuzmin BLTP Researcher, PhD 0.5
Scientific Leader of JINR,
45. research scientists Victor Matveev BLTP Academician of RAS 0.1
46. research scientists Vadim Naumov BLTP Researcher, PhD 0.5
47. engineers Nikita Balashov MLIT Senior engineer 0.2
48. Master student Nikita Shirokov DLNP Associated 1.0

Total:

27.0



