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TekyLume yCKoOpUTENbHbIE HENTPUHHbIE B o e

< < ﬁaﬁ apepHbIX npobnem \_ BN WUHCTUTYT AAEPHbIX
9KCNEPUMEHTbI C ANMHHON 6a301: T2K 1 NOVA B8 i menenoss  EHE ccneonans

e - 12K

O HeutpuHHbIM nyyok J-PARC (Tokawn)

O BopHbIn 4yepeHKOBCKNM OeTeEKTOp Super-
Kamiokande

O basa ocuunnaunm 295 Km
O Habop ctatnctmkm ¢ 2009 roga (o 2027)

ﬁO;'KFé‘ri)e;ectog,‘ 3% NOvVA

: Ty |’ e <~

: ”1"‘ O YckoputenbHbit kKomnnekc NuMil
(JlabopaTtopua nm. 3.depmn)

O XKngknm cerMeHTUPOBAHHbIN
CUMHTUNNALUNOHHBINA OETEKTOP

O basa ocumnnaumm 810 Km
O Habop ctatnctmkum ¢ 2014 roga (oo 2027)
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O6veauHeHHbIN
MHCTUTYT AAEpPHbIX
uccneaoBaHuin

Jlabopatopua
ApepHbIX npobnem
um. B. . xenenosa
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Jlabopatopua ObveanHeHHbIN

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.
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- % . Jlabopatopms ? ObveanHeHHbIN
OCU.MHHHU.VW' HEUTPUNHO é@u o mm\zs ek M i
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[Am3,| = [m3—m3| Am3y = Am3, Amz; = |m3 — m7|

~ 2.5 x 1073 eV? ~7.5x%x 107° eV?

]/'u/ _> V/’l’ I/e _> I/e I/e —) VG
DKCIIepUMEHTHI DKCIIepUMEHTHI OKCIIePUMEHTDI
atMocdepHbIe I peakTOpHBIE I COAHETHDIE 11

C AAVIHHOU 0a3011 C AAVIHHOU 0a3011 peakTOpHbIE
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TekyLwme ycKopuTesibHble HEUTPUHHbIE e
9KcNnepnMeEHTHI ¢ annHHom 6ason: T2K 1 NOvVA 2

NOVA Preliminar

__NOVA NO 90% CL 26.6x10%° POT-equiv. v-beam |
| With 1D Daya Bay Constraint 12.5x10%° POT V-beam .

O6beauHeHHbIN

JlabopaTopusa
spepHbIX npobnem
um. B. IN. Qxenenosa

MHCTUTYT AAEpPHbIX
nuccneaoBaHuii
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IkcrepmumeHT NOVA

JlabopaTopusa

spepHbIX npobnem

ObbeauHeHHbIN
MHCTUTYT AAEPHbIX
uccneaoBaHuin

The NuMI Off-Axis ve Appearance Experiment

NOvA

MINNESOTA

ONTARIO

IOWA

=== Muon neutrinos
== Tau neutrinos
=== Electron neutrinos

}
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p
/LW Q v)‘}
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Fermilab

ILLINOIS

K. ENGMAN / SCIENCE 345, 6204
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um. B. IN. Qxenenosa
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Ty Jlabopatopua ObveanHeHHbIN
NOvVA. 'pynna ONAN BB oo
. el

um. B. . dxenenosa ( i uccneaoBaHuin

O OcumMnnAUMOHHbIN aHanuns.
O CeyeHnA HENTPUHO B paMKax moaenu coTpyaHukos JITO.

O “Ok30Tnyeckana” pumanka: oeTeKTUpoBaHME HEUTPOHHOIro curHana ot CBepxXHOBLIX, MOUCK
MarHUTHbIX MOHOMNOMEN, aTMOCKEPHbIE U KOCMUYECKUE NMOTOKN YacTuL, U CUrHasbl, TEMHaA
MaTepuA.

O ROC-Dubna. lNepBbin HeamepukaHCKUA LeHTp yaaneHHoro ynpasneHna NOvVA. PaboTaeT ¢
2015 .

O PassuTtan BbluncnutensHaa nHgpactpyktypa MUBK. O6nayHblie pecypcsl.

O [Ba TecToBbIX CTEHAA AJ1A UBMEPEHNIN XapPaKTEPUCTUK INTEKTPOHUKM N XXUOKOrO
cunHTunnatopa NOvA.

O 12 aBTOpPOB B HACTOALWMN MOMEHT. YyacTue B 3agadax koopanHaumm gonsandeckunx
aHann3oB, MEHEO)KMEHT OHNavH (Tpurrepsl) 1 ohdnanH (aHann3 gaHHbIX) NPOrpaMMHOro
obecneyeHna, 3KCNeEPTHOE yyacTme B npoLecce yrnpasrieHna paboTon 0EeTEKTOPOB.

O 3awumuieHbl 2 KaHOUAATCKUX guccepTaumn.

CemunHap ODB3, 19 Hosbpa 2024 Camoiinos O.b.



Ty Jlabopatopua O6beanHeHHbI

M CTO L‘I H I/I KI/I H e I‘/JI T p M H O | | apepHbix npoBnem Coahe. ) uHcTuTyT anepHbix

um. B. . dxenenosa : i uccneaoBaHuin

~ 107
O EcTtecTtBeHHble: ConHue, f&i Extra-Galactic
aTMocdepa 3emnu, £ 10" -
pPaAnNoaKTUBHbIE N3OTOMbI, § 107
B3pbIBbl CBEPXHOBBLIX, D 1o Accelerator
Ondopy3Hble NOTOKN OPEBHUX @ Atmospheric
CBEPXHOBBIX U PENNKTOBbIE §1o° superNova
HeUTPUHO 107
O lVickyccTBeHHble: AOQepPHbIe 107
peakTopbl, yCKOPUTENU 1022
yacTuu, pagnoakTUBHbIE
M30TOMbI 10%
102
100 0 0 A

10* 102 1 10? 10 10° 10° 10° 107 10" 10" 10"
Neutrino Energy (eV)
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Ty Jlabopatopua ObveanHeHHbIN

YCKOPUTENbHBIN HEUTPUHHBIN MYYOK  Ji sepmecwotnen  Cafid ey sepno

um. B. . dxenenosa ( i uccneaoBaHuin

O HentpuHo poxxgatotcAa B [naBHOM nHxekTope NuMI npoToHoB ¢
9Hepruen 120 3B, KoTopble HanpaBnAKTCA Ha YrEePOaHYIO
MM LLEHD.

O [lMocne MmuweHn ycTaHoBNEHbI MarHUTHbIE FOPHbI, KOTOPbIE
JPOKYCUPYIOT MOMOXUTESNBHO U OTPULATESNbHO 3apAXEHHbIE
MEe30HbI B 3aBMCUMOCTW OT pexknma (HeUTPUHO Unu
aHTUHENTPUHO).

O OTuM NMOHBLI U KaoHbl pacnagarTcA, obpasya (aHTU)HEUTPUHO, =
npoxonsA Yyepes3 pacnagHbln KaHarl.

-
st
m‘;’?w

O

MopaepHuaauuna yckopuTesnbHoro komnnaekca Fermilab

O

[MpoekTHaA MOLWHOCTb NPOTOHHOro nyyka asAa NOVA 6binia 700
KBT; HepaBHue obHoBNneHmA Ha 900 KBT.

) Muon Monitors
Target Hall E ted P
rg)\ vacuated Pipe jeam Stop I

O CpenHaa MOLHOCTbL Nyyka cenyac 850 kBT, a netom 2024 ¥8ha ‘
OOCTUrHYT pekopa — 1018 kBT. Lo LA . — L 8. .¢- M

Main Injector
Homn 1 Homn 2

O 9Okcnosunuma nocnegHero aHanmda NOvVA ¢ 26,61x10720 POT o T ‘ / _
(HenTpUHHBLIN Ny4ok) n 12,5x10720 POT (aHTUHENTPUHHbIN Hadron (pion) Monitor "7 W,
My4oK). Rock

CemunHap ODB3, 19 Hosbpa 2024 Camoiinos O.b.
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Cxema paboThbl C ABYMA OETEKTOPAMM g s mosns i el

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

+ bavoxHmi gerekTop + /laabHMIL AeTeKTOP

= PacrioA0XeH B 1 KM I1ocae Iy4KoBOI - pacrioaoxeH Ha paccrosHum 810 km ot
munrienn, Bec 300 ToOHH. IIy4KOBOJ MUIIIeHHN, Bec 14 KT.

= BBIIIOAHSET pOAb MOHUTOPA U U3MepseT = U3MepseT OCUMAASIIVOHHBIN
HEOCLMAASLIVIOHHBIV CIIEKTP ITy4Ka HEeVITPUHHBIN IIy4OK

- gannele b/ ncrnoan3yiorcs gas = YUYUTBIBAET CUCTeMaTu4ecKue
npeAcKasaHus uymcaa cooertuit 8 4/ IIOTPeIIHOCTU DKCTpanoAsnumu us b/
(mporeAypa DKCTPArIoAsIIN) - AA naentuaen b/

CemunHap ODB3, 19 Hosbpa 2024 Camoiinos O.b. 11




JlerekTopsl NOVA

+ TIBX okcrpysus, TiO2 u KuAKUit CUMHTUAAATOP

= MMHepaAbHOe Macao + 5% IceBA0KyMoOAa.

+ CuuThIBaHMe CUTHaJa 4epe3 cBeToCMelaloiiee
OIITOBOAOKHO Ha /1P,

= A/ cocrout u3 ~344,000 kaHa10B.
= cpeAHee 3HaueHNe POTODAEKTPOHOB OT MIOOHOB,
repecekarox 4aAbHNII Kpali, cocraBaseT ~40.

+ IlaockocTu geTekTopa pacroa0>KeHbl P
OPTOTOHAABHO U YepeAyIOTCs MeXAY CODOIA.

~
S,

~—

ITaockoctn BEPTUMKAADBHBIX SI9€eK

ITa0CcKOCTL TOPM3OHTAABHBIX STUeeK
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HeuTpuHHBIE B3aUMOJENCTBUSA

. Jv , //  lepton . . §1.
Q —_ Quasi-Elastic 2,
2 = (QE) 5
Nucleon Nucleon” 3
o8
 lepton -
=0 7 Resonant 2
0 - —=J pion %0,
S (RES)
Nucleon’ N Zo.
Nucleon” >
2 lepton
4 4 D
— eep
v
0 — E.g pions Inelastic + Bce TUITBI HEMITPMHHBIX
Nucleon’ N Scattering B3alIMOAEIICTBIUII B 004aCTH
) (DIS) yccae A0BaH.
‘ Nucleon”
o + JIsMepeHne cedeHnI BasKHO
J
\ ) y/, . AAST YMEHbIIeHIsI
= X i 2-particle CI/ICT}eIMaTI/I‘IeCKI/IX
N N 2-hole

J > ’ Nucleons” (2p2h) HeoIIpeeAeHHOCTeN

OCIIMAASALIMIOHHOIO aHaAM3a.
Nucleons’
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OT1b60p cobniTulM IIpu oMo CVN

[JEIE] EILIE]

o B[ ] =

50 50| i — =
g 20 \ > g Zaof __‘.aa--'-"_;" > _ MEE

30| ¢ - 30 “7\... = =i

20| : T 200

10) - 10 -1

20 40 60 80 100 — 20 20 60 80 100 -
Plane Plane
Ve COOBITHIE v, COObITHE

e

¢ Aast aeHTUUKALIINY COOBITIUI UCIIOAB3YETCsI CBEPTOUHAsI HelipoHHas ceTb CVN
(Convolutional Visual Network).

e

» TexHuka ocHoBaHa Ha aaroputMmax GoogLeNet (KOMIIbIOTepHOe 3peHue 11 MaIlIHHOe
oOyueHne).

R

* KAaCCI/I(l)I/IKaTOp I1I0 HECKOAbKNMM METKaM - Ta >Ke Ce€Tb, KOTOpasl VMCI104b30Balach B
HECKOABKUX aHaAM3aX: Ve, Yy, aTMOCCl)eprIe MIOOHDBI, HeﬁTpaAbeIe TOKI, ...

1]

A. Aurisano et. al, JINST 11, P09001 (2016)
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IIpenckazanue coopiTuu B J1/]

boasbmras craTucTka, HeOCIIUAASIIMOHHBIE AaHHbBIE B b/,

10° ND Events/1 GeV
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PesysbTaT 2020 vy B JAJIbBHEM JETEKTOPE

Neutrino beam

L L L |
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197 All Quartiles — Prediction g
> i " 1-c syst. range |
8 8 ll Wrong Sign: v,CC |
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00

Y, KAQHAVAATHL B AAHHBIX
Haunavuinee npeackazaHue
CvmMapusbiin GoH

= aTMOChepPHbIE MIOOHBI
= [IVJOK

IIpeackasanue 0e3 OCIIMUAAALINI

NOVA Preliminary

BE 2 3 4
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Events / 8.85x10%° POT-equiv

PesysibTaT 2020 Ve B JAJIBHEM JIETEKTOPE

Neutrino Beam

NOVA Preliminary
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High PID
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Ocunnnauum HEUTPUHO
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O6beauHeHHbIN
MHCTUTYT AAEpPHbIX
nuccneaoBaHuii

ROC-Dubna Hh 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

——Display port

UBS cable

s Ethemet cable

—Poyer cable

CemunHap ODB3, 19 Hosbpa 2024 Camoiinos O.b. 20



NHdpacTpykTypa MABK b o

um. B. . dxenenosa ( i uccneaoBaHuin

O GRID v Cloud nndgpactpyktypa ONAN nogoep>xmsaeT

AomMallHue 3agadun n pacnpegenenHole pecypcobl NOVA onA
NMUKOBbIX HArpy3o0K.

O 39 HoBbIX cepBepoB, gobaBnieHHbIX B 0651ako ONAN,
pacumpunun pecypcbl Ha ~1000 agep UM u ~6 T O3Y.

O BupTyanbHble MmawwmnHbl gnAa Hosoro knactepa n OSG-canTa.

O Bo3MOXKHOCTb 06paboTKU JIOKanbHbIX 3a4a4 Nonb3oBaTenen
BHyTpu OUAN.

O lNonHaa BupTyanusauma KomnoHeHToB Grid-canTa, Brnepsble
peannsoBaHHaA Ha Grid-cantax OUAN.

O Pa3Butune cnctembl XxpaHeHMA AaHHbIX. 17 HOBbIX CEPBEPOB
NHTEerpupoBaHbl B 061a4nyto cnctemy Ceph, obecrnedns
6onee 3,8 b oncKoBOro NpocTpaHcTBa ANA XpaHeHUA
OaHHbIX.

CemunHap ODB3, 19 Hosbpa 2024 Camoiinos O.b.
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Glidein Factory,
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VO Infrastructure
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Frontend

Condor | Condor
Scheduler Central Manager
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Worker Node

Banawos H.A.
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NOvVA results: 2020 ana Konynaesa J1./.

NOVAFD  13.6x10?° POT equiv v + 12.5x10%° POT ¥ L L L L B I B By B B B

———— ] 60[~NOVA FD L, —
C ---NH Lower octant ] ®) = 13.60x10%° POT ) sin“26,,=0.085

— F s — NH Upper octant 4 < g .20 20 -(iqUIV ) i
b4 . : -1 © [ 12.50x10%° POT (v) .
- [ ---IH Lower octant ] g o - ~
O [ 1o Q50 1
(@) 3 = o o 2 -3.\/2 T
.9 -/ 7 a S \ -
=2 < © r uo ]
c £ 40— 2 -
D £ L Sin°0,,=0.57 1
w1 ®© ]
| -52 :

2 > il

8CP o ]

. © il
*Disfavor NO, 6 = 37/2 at ~ 2o. 5 ool AM2,=+2.40x107eV? ]
*Exclude 10, 6 = 7/2 at > 3o. = L0 0Gp=0 # dgp= /2 ]

* Combinations that include effect “cancellation” are :Dl 69’?‘? | '1 BFPT ?“/121 | ﬁ ;292? ?e?t fft » i

preferred: 20 40 60 80 . 100 120
Total events - neutrino beam

* since such options exist for both octants and hierarchies,

results show no strong preferences. -



T2K results: 2020 ana

Antineutrino mode e-like candidates

24
2
20
18
16
14
12
10

T2K Runl-10 Preliminary

rrrr|rr ot o rr o T T T

|III|III|III|III|III|I_

Konynaesa J1.[.

AX?

Illllllllllllllllllllll

25

20

15

— Am?, =2.49x107 V2 ® d,=-m2 ]
ce  Am2, = =2.46x107 eV?2 [ 168% syst err. at best-fit —
o 3=l p v Bestfit m
m o = 2 o~ Data (68% stat err.) A
CP ™ ]

1

v v by v b v b v v b v b b vy Iy

T2K preliminary
— Normal ordering

Inverted ordering

1o CL
90% CL
B 20 CL
R

50 60 70 80 90 100 110 120

Neutrino mode e-like candidates

*Preference of 37/2 value and normal MO.
*No CP violation disfavored at >2o.
*Disfavour wide range of d.p values at >3o.
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Tension Konynaesa /1.1,

T2K sees asymmetry in v, and 7,
rate, while NOvA doesn’t.

Normal Ordering

* Huge excitement due to this tension.

o
N

* Two main hypothesis about the
reasons:

o
o))

* true inverted hierarchy in Nature;

in2
Sin“,,
o
)]

* non-standard interactions (NSI):

1 0.4 —

1 - + €ce €ep  Eer [ T2K, NEUTRINO 2020: W BF —=<90% CL --- < 68% CL |

—_ * - u

H = 2F UMU' +a 62” ef:“ Cur 0.3 NOVA: +BF DSQO% cL .see%CL_“

€er €ur  ErT S e =

0.7 —

L Inverted Ordering ]

* €,4 - the size of the new interaction relative 0.6l .

to the weak interaction. o

. q:N - / i

* Longer baseline = larger NSI effect. & 0.5 7]

(] = ]

* Could be due to new heavy states or light 0 b B

mediators. " [ T2K, NEUTRINO 2020: —=<90%CL -~ =<68%CL ]

* But significance is small ( ~ 20) , both o3 | NoA o et ID“;IB%ICL—:
experiments will keep taking data. 0 5 T S 2m 24
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Tension

*
*

*

Huge excitement due to this tension.

Two main hypothesis about the
reasons:

* true inverted hierarchy in Nature;

* non-standard interactions (NSI):

1 1+ €ee €ep  €er

H=_ UMU'+a| €, €eu €ur
* *

€er 6,u7' €rr

€, - the size of the new interaction relative
to the weak interaction.

Longer baseline = larger NSI effect.

Could be due to new heavy states or light
mediators.

But significance is small ( ~ 26) , both
experiments will keep taking data.

Normal Ordering
/2

1'3{'739: 31/2
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Inverted Ordering
/2

3 /4 /4

NuFIT 5.2
de Salas et al.
T2K
Super-Kamiokande
NOVA

1457 3m/2 1547

Inverted ordering rejection

de Salas et al.
NuFIT 5.2

Super-Kamiokande

2.5

179 1) 15 35
16 J (VA

T2K
NOVA 1.0 0547
MINOS+ 0.45 1
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Global Comparisons: O.p

*The 6.p measurements are
consistent across all experiments
and their combinations.

*The uncertainty on 6.p remains
large.

*NOvA and T2K will keep taking
data, possible ~ 20 and ~ 30
sensitivity to CPV for é.-p = 37/2.

*Final measurement of 6.p will be
the task for HyperK and DUNE.

Konynaesa J1.[.

Normal Ordering

*— 0.890% 500

NOvA —

—0.900
NOVA+T2K —e—— ——0.870537
T2K ———— —0.6300370
SuperK ® —0.557"0 308

—-1.00 -0.75 —=0.50 —0.25 0.00 0.25 0.50 0.75 1.00
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Inverted Ordering .
NOvA —— —0.56075:31)
NOvA+T2K —— —0.4700170
T2K —— ~0.45015:169
SuperK . —0.557103%8
SuperK+T2K | |~ | | | | | I_o.47ojg;}g§
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Byaywime yckopuTenbHble HEMTPUHHbIE

Ty Jlabopatopua ObveanHeHHbIN
ﬁh spepHbIX npobnem o MHCTUTYT AAEPHbIX

aKkcnepnmMeHTbl ¢ ANrHHoW 6a3on: T2HK 1 DUNE F&& we.n pxerencsa  EEEED  wcereacoammi

CemuHap /1AM, 13 Hoabpsa 2024

Hyper-K

O YcoBepLeHCTBOBaHHbIN HENTPUHHBIN
ny4ok J-PARC (Tokawn)

O BoaoHbIV YepeHKOBCKMA neTekTop Hyper-
Kamiokande

O 8x 6osblUe nones3HaA macca
O 2.5X HTEHCUBHEW Ny40oK
DUNE

O CywecTBeHHOE 06HOBEHME
yckopuTtenbHoro komnaekca NuMli
(JlabopaTtopua nm. 3.depmn)

O >Kunpgko-aproHosbin TPC
O basa ocuunnauum 1300 Km

O lNopg3emHana nabopatopua CaHdopa

Camoitnos O.b.
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Three-flavo(u)r oscillations

Future landscape: neutrino mass ordering

Future neutrino mass ordering sensitivity

* NOVA’s sensitivity is 2020 ana
projection.

* Realistically ~2¢ along for DUNE

o

currently running experiments

ot
jinr.ru/nu

w/0 joint analyses).
(w/o ] yses) E—

git.ji

NOvA ORCA
* There is a good chance that
NOvVA’s result will be still very N b NG
impactful measurement up to — =
~2028.

* Future 1s very competitive. 2022 2024 2026 2028 2030 2032 2034 2036
Year

Median sensitivity, o
2

1 2023.06:

T2K+SK
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NOvVA Data NuMI events

Beam trigger structure:
550 us window, NuMI
neutrinos arrive for 10 us
starting at 218 us

NOVA Preliminary

1 I I |

| T
____ Data (basic

monitoring selection) I I
~ 7" Background (fit)

~ 7 Beam window

Events / (12 pus)

L + - l -l- J- L JF+
L0 T TR BRI 72 v Eoa ekt e 3 it s AR VA DU
100 150 200 250 300 350

At from tU (Ms)
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https://nusoft.fnal.gov/nova/public/

NOVA Data Non-NuMI events

5 ms of data in the Far Detector

NOVA - FNAL E929

Run: 18975/43

Event: 628855 / SNEWSBeatSlow

UTC Mon Feb 23, 2015 .

14:30:1.383526016  Several hundred cosmic rays crossed the detector

(the many peaks in the timing distribution below)

210 bbby Z|f :
10y ! 1 .
| & -

0 200(

10°

q(ADC)
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NOVA Data Non-NuMI events

5 ms of data in the Near Detector
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Non »-oscillation and non v-cross-section analyses

= The mass of the detectors target part:
- 14 ktons for the far detector,

= 220 tons for the near detector,

+ The detectors location:
= FD is on the surface,
= ND is 100 m underground,
+ Providing to study wide Astrophysical program beyond neutrino oscillation and neutrino cross-section
measurements,
= Search and detection for different signals from Space and the Earth's environment:
= supernova,

- magnetic monopole,

atmospheric muons and neutrinos,

dark matter,

potential signals in coincidence with the LIGO/ Virgo gravitational wave events.

+ Search for physics Beyond the Standard Model:
= Light dark matter,

= Neutrino magnetic moment.
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Data Driven Triggers

+ Data rate including 100 kHz atmospheric muons is 1.2 GB/s.

:::l“dﬂl u"cnllec‘:leld
+ The beam spill data is selected by the time window. ii?

+ Additional physics studies require specific data selection, based Fentterhits

on its own online reconstruction. Prodess o al
channels’ data
+ Detector data is formed in 5ms time slices (milliblocks) and |
distributed to nodes for storage in a circular buffer v v y
Timeslice is
= 170 buffer nodes on Far Detector: 1350s pulter Bufier Bulie e

= 14 buffer nodes on Near Detector: 1900s

: Tngger decisions

+ Milliblocks are processed in parallel DDT processes on buffer v liggers fom all
nodes (13 DDTs/node). | GlobalTngger I Dene e e e
: 10 store data
+ DDT process performs reconstruction and selection, searching Trigger signal [time, duration)
for the specific signature. If the signature is found, the trigger v Determine which

signal is sent.

BulferNodes have the dala
B———
. H
. .

Signal to save data

BufferNodes retrieve
Buffer requested data from thelr
Node butter

Raw data Is saved to disk

+ GlobalTrigger node receives all the the trigger signals and
orders data to be saved to disk for future offline analysis.

Data is saved on permanent storage,
and can be analyzed oflline
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Astrophysics and Particle
Physics Analyses
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Supernovae

SN from 9.6 M star SN from 27 M, star
£=25% £=25%
£=50%

currently operating. . €=99%

= NOVA is the largest carbon-based supernova detector

= In the event of a Galactic supernova, it will provide
invaluable data which, in combination with detectors
using different target materials, will constrain the flavor
content of the supernova burst.

(%
b7}
0
b4
I
[}
©
4

+ The ND and FD have roughly equivalent supernova
capabilities, with the ND’s small mass being balanced
by its low background.

+ NOVA can both selftrigger on a supernova burst, if it is
within 7 kpc (13 kpc) for a 9.6 (27) solar mass star
[ICAP10(2020)014], and be triggered by alerts from
SNEWS.

+ Given the estimated Galactic supernova rate of 3 per
century, there is a 15% probability that NOvA observes
a supernova burst through 2025(6), with the probability
increasing linearly with each additional year.

1/kpc
°
°
8

Y
=)
°
a

SN candidates

0.04 1 density

o4
o
o

Probapility density,
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https://iopscience.iop.org/article/10.1088/1475-7516/2020/10/014
https://snews.bnl.gov

Magnetic Monopole Search

» As a large tracking detector on the Earth’s surface, the FD
has the unique capability to detect low-mass (< 1010 GeV)
monopoles that would not reach underground detectors
while setting much more stringent flux limits than
previous surface detectors. It is also able to record tracks
as slow as 3 = 104, setting it apart from many previous
monopole experiments. [Phys. Rev. D 103, 012007 (2021)]

+ We separate the monopole search into slow and fast
regimes, in which the most distinctive aspect of the signal
is the track speed and extreme ionization, respectively.
Both searches are expected to be background free, and so
the flux limits scale linearly with exposure.

NOVA, 13 year
sensitivity, overall
>5x10° GeV

>10°GeV for > 0.1

"""""""""" ANTARES, |
MA1CO; RO NOVA sensitivity Und%gwatel'
>10"GeV - 10° Gev ~10"°GeV

MACRO >10°GeV,>0.1 IceCube,

16 under ice
>10 G?V > 10° GeV

i

+ A run that continues through 2025(6) would give an
estimated flux limit of 4x10-16 cm~2s-Isr~! for monopoles
with 3x104 < 3 < 0.8, matching or surpassing the ]
MACRO and SLIM flux limits while covering a wider '
range of monopole masses.

L. flux limit (cm2
>
3
@

90% C

10 10° 102 A
Monopole speed (B)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.012007

Cosmic Rays Studies: Seasonal variation

+ NOVA has published a study of the seasonal variation of
cosmic multi-muons in the ND (which is 100m
underground) [Phys. Rev. D 99, 122004 (2019)]. It
confirmed the MINOS observation that the rate of such
events underground is unexpectedly higher in the
winter.

+ The origin of this effect is unknown, although plausible
explanations have been put forward. NOvA’s analysis
thus far has covered two annual cycles. Collecting data
for as many annual cycles as possible provides benefits
both quantitative and qualitative. The quantitative
benefit comes from the need for statistics in the high-
multiplicity bins, where the effect is strongest.

+ But perhaps more importantly, the two years analyzed
so far showed rather different characteristics, with no
clear explanation. This is not a question of statistics, but
must be related to some unidentified conditions that
differ from one year to the next.

+ Asimilar study using FD (on surface) data is published
in 2021 [Phys.Rev.D 104 (2021) 1, 012014]. It was also
seen seasonal dependence in the rate of multiple-muon
showers, which varies in magnitude with multiplicity
and zenith angle.

+ Arun through 2025(6) provides an additional 8 annual
cycles, which may or may not be enough to disentangle
the relevant effects. Each additional year will provide
valuable information.

Oleg Samoylov — Astrophysics & BSM @ NOvA
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.122004
https://doi.org/10.1103/PhysRevD.104.012014

Cosmic Rays Studies: East-West effect

trajectory

» We are studying NOvVA’s ability to measure
the east-west asymmetry of the low-energy -
cosmic ray flux caused by the Earth’s - ;]J\“? “\
magnetic field. N \

Forbidden

« It is related to low-energy atmospheric
neutrinos which form an important
background to future proton decay searches.

» The most difficulty in this study in the ©

NOVA Far Detector is to separate this effect .«
from similar ones from overburden hill o0
asymmetry and reconstruction inefficiency. -

» We expect that the data we have collected so
far is sufficient to reach a systematics-limited
measurement.
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Cosmic Rays Studies: High energy muons

A project has begun to study rare high energy muons in detail using NOvA’s fine-
grained tracking abilities, testing a spectrum-measuring technique proposed in R.P.
Kokoulin and A.A. Petrukhin, “Theory of the pair meter for high-energy muon
measurements,” Nucl. Instrum. Meth. A 263, 468—479 (1988).
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https://www.sciencedirect.com/science/article/abs/pii/0168900288909886?via=ihub

Cosmic Rays Studies: Ultra-high energy showers

Shower Origins CORSIKA

Started exploring distribution of shower origins on the sky. Jreproectin

Compared to Fermi-LAT point
source catalog and AGN catalog

SkyMap 75°
60°

Fraction
< 2 degrees 5
Point AGN =
Source 8 -
Good 0.73 0.64
Not Good 0.85 0.60
Bad 0.85 0.62

Less Good

e
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Cosmic Rays Studies: Variation with solar and
weather events

+ We plan to use ND cosmic data to examine the influence of
short-term weather on the underground muon rate, a
known but understudied effect.

+ We also seek to follow up on claims of cosmic ray
variability during solar flares.

» Study of these phenomena rely on sporadic events outside
our control, each of which is likely to have different
characteristics.

» Every additional year of running improves the prospects in
proportion to the added exposure.
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Gravitational Wave Coincidence

+ NOVA triggers on gravitational wave events observed by LIGO/Virgo as part of its multimessenger

astronomy program [

Phys. Rev. D 101, 112006 (2020

Phys. Rev. D 104, 063024 (2021)]. Our primary

observable is a possible flux of supernova-like neutrinos. This could be from an actual supernova, or it could
be from an exotic source. We are also sensitive to GeV neutrinos and other similar activity. Gravitational
wave astronomy is still a nascent field and there may be surprises in the near future.

Name ND FD SNy SNuss  Name ND FD SNarg SNy.ss
GW1s0014 Untriggered Bad - - GW100728_064510 45.0= 20.6:= 32 5
GWis1012 Untriggered  No dasa GW100731 _140036 Untriggerod Untriggerod 210 400
GW1s1226 Untriggrred Untriggered 110 190 GW190803_ 022701 Untriggered Untriggered 140 230
GW170104 Untriggered Untriggeced 300 500 GW190814 45.0s Untriggered 14 22
GW1T0608 Untriggered Untriggered 400 700 GW100828_053405 4508 181 5 10
GW17T0729 Untriggerod Untriggered 240 400 GW100828_065509  450=  Untriggered 16 21
GW170809 Untriggered Untriggered 110 190 S19090 1ap 4505 4505 al o
GWI170814 Untriggered Untriggered 120 200 GW190909_114149 Untriggered Untriggered 110 190
GWI1T0s17 Untriggered Untriggeced 110 190 51909104 45.05 45.05 1 7
GW1TD818 Untriggesed Untriggered 180 330 S190010h 45.05 45.0= 27 b
GW1T0823 Untriggered Untriggered 260 500 GW190810 112307 Untriggered Untriggered 120 190
GWI190408 181802 No data No daza — — GW190915_ 235702 4505 4505 30 6
GWion12 Untriggeced Untriggeced 170 80 S190023y 45.05 45.0= 32 6
GW190121_213856 Untriggered Untriggeced 210 100 CW100924_ 021846 4505 A5.0= 4 T
GW190425 Untriggered Untriggered 120 190 GW190929_012149 Untriggered Untriggered 200 340
GWI190426 152155 447s Untriggered 13 19 GW190930 133541 4505 45.0s 7 13
GW190503_ 185404 Untriggered Untriggered 150 270 5190930t 45.0s 45.0s 5 10
S1905108 Untriggeved Untriggered 170 280 S191105¢ Untriggered Untriggered 180 310
GW190512_180714 Untriggered Untriggered 190 330 S1911084 4508 A50s 5 &
GWI90G13 205428 2475 Untriggered 14 20 S1911290 Untriggered Untriggered 230 400
GWI190517_055101 Untriggered Untriggeced 120 200 $191204r Untriggered Untriggered 300 500
GW190519_153544 Untriggered Untriggeced 140 0 S191205ah 45.08 45.0: 27 6
GWi90621 4508 4508 6 10 S191213¢ 4505 45.0= 34 T
GWI90621 074559 Untriggered Untriggered 170 280 S191215w 45.0s 4505 4 7
GW190602 175927 45.0s 45.0s 6 12 S191216ap 45.0= 20.52 27 5
GW190630_ 185205 13.08 15.08 5 9 81912220 45.05 45.0= 1 7
GWI90701_203306 4508 45,08 6 n S2001050e Untriggered Untriggered 230 400
GWI90706_222641 4508 1758 25 5 S200112r 45.0= Nodata 16 £
GWI190707 093326 Untri L 220 400 52001141 45.05 4505 9 15
GW190113_052054 Untriggered Untriggeced 170 80 S200115} 45.0= 45.0= 21 1
GWI90413 124308 DUntriggered Untriggered 160 270 S2001284 45.08 45.0¢ 5 8
GWI190424 180646 Untriggered Untriggered 140 240 S200129m 4505 45,05 32 6
GWI190514_065416 Untriggered Untriggered 280 500 S2002(8q 45.0s 45.05 5 7
GW190527 _092065 Untriggered Untriggered 140 240 S200213t 45.05 45.05 5 10
GW190620_030421 Untriggered Untriggered 270 400 S200219ac Untriggered Untriggered 190 300
GWI190708 232457 Untriggered Untriggered 150 270 S200224ca 4505 No data 22 29
5190718y 18.3s Untriggered 17 23 S200225g 4505 4505 34 o
GW190719_215514 Untriggesed Bad — = S2005(2¢ 45.05 45.0= 1 8
GW190720_000836 4508 45.08 4 6 S200311bg 45.05 No data 16 21
GWI190727_060333 4508 45.08 5 9 S200316h, 4505 45.0= 29 5

Oleg Samoylov — Astrophysics & BSM @ NOvA

100

£y [} o]
o o o

Neutrino candidates/live-second
N
o

Neutrino candidates/live-second

T T T T
<+ Data ]
- Background-only fit
—9.6M,
---27TMg

10 20 30 40
Time since GW event (s)
L T T :
+-Data
- Background-only fit

—9.6M, ]
---2TMy

A typical GW event with both FD (top) and ND (bottom)
continuous readout, S200213t. The two supernova

models are shown, normalized to 10 kpc.

‘,}Hé

10 20 30 40
Time since GW event (s)

ICPPA-2022, Dec-02


https://arxiv.org/abs/2001.07240
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.063024

Dark Matter

« Boosted Dark Matter may accumulate in the
Sun and annihilate, producing GeV neutrinos.
The signal is an upwards-going muon in the
FD that points back to the Sun. Because of
NOvVA’s low threshold and segmentation, we
may be more sensitive than Super-K for dark
matter masses 1-4 GeV. The search is likely
background-limited by atmospheric neutrinos,
so the sensitivity scales as the square root of
exposure.

= It is also possible to search for dark matter
produced in the NuMI beam using the NOvA
ND. The signal would be an excess of very
forward ~ 10 GeV EM showers.
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Beyond the Standard Model of
the Particle Physics Analyses
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Light Dark Matter

# LDM is could be described in the
models of feeble coupling of Dark sector
particle to Standard model particle.

«

s
o3

Vector portal — mediator V (Dark
photon)
Created in pp collisions, decays to DM

XX
Indirect production (meson decay)

dominant for low my

]

]

q
q v V X
Y ){
X @@zi\i
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1072 107" 1
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NOvVA estimated sensitivity to a dark photon decaying into
XXT pairs for the benchmark point o) = 0.5 and
m, = 3mX. [Phys. Rev. D 99.051701(R)]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.051701

Fm
3 a Kn I_O l_l e H M e ﬁh Dzhelepov Laboratory C ks, Joint Institute for
f@]  of Nuclear Problems iy, Nuclear Research

O 3a 10 net paboTbl n aHanu3a gaHHbIXx NOVA 6binu onybnukoBaHbl paboTbl Mo
OCUMINALUNAM HEUTPUHO.

O Ony6nmkoBaHO HECKO/IbKO paboT No N3YYEHUIO B3aMMOLENCTBUN HEUTPUHO C MaTEPUEN,
N3MEPEHNIO CEHEHNN HENTPUHO.

O Ony6nnkoBaHbl paboTbl MO MOUCKY 9K30TUYECKUX ABNEHUIN, TAKUX KaK CTEPUSbHbIE
HENTPUHO, TEMHAA MaTePUA, MarHUTHbIE MOHOMOJN.

O Kpome Toro, NOVA npoBoaANT MOHUTOPUHI CUrHaNoOB N3 KocMoca 1 aTmocdepbl 3emnu,
HanpuMmep, onA peructpaumm HEMTPUHO OT CBEPXHOBLIX, MPaBUTALUOHHLIE BOJSIHbI,
aTMOoCdEPHbIE HENTPUHO U MIOOHDI.

Oxunpaemble peaynbTaTthl (2027)

O NOvVA. NlamepeHune nepapxmum macc HeUuTpmHO N dCP co 3Ha4YMMOCTbIO <40 U <20
COOTBETCTBEHHO.

O O6HOoBNEHHbIE pe3ynbTaTbl N0 APYrM HanpaBneHUAM.
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Summary

+ The NOvA experiment provides wide astrophysical program and other particle physics
searches beyond neutrino oscillation and neutrino cross-section measurements.

+ These additional physics analyses stimulate development of the NOvVA subsystems: DAQ,
Trigger, Hardware, Detector simulation.

« 7 paper already published and many analyses ongoing.

+ Many benefit from data collected throughout the full run to 2025(6) or longer, particularly
the background-free search for magnetic monopoles (FD), studies of the variability of the
cosmic ray flux (ND+FD), and our multi-messenger neutrino astronomy program with
supernovae and gravitational waves (ND+FD), all of which improve linearly with time.

+ The next 5 years of NOvVA running will provide unique opportunities to search for new
phenomena.

« Possible application in the future projects: the DUNE experiment, the SNEWS(v2) system,
Multi-messenger astronomy.

+ As a member of [INR group, I would like to thank Russian Science Foundation, which
support our researches under grant Ne 18-12-00271.
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https://novaexperiment.fnal.gov
https://www.dunescience.org
https://snews.bnl.gov
https://astronu.jinr.ru/wiki/index.php/NOvA_Experiment
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