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The conferences
@ As with all conferences this summer, they were virtual
@ Large differences however on their organizations/interactions however

Neutrino 2020 (22/06 — 02/07) ICHEP 2020 (28/07 — 06/08)
@ plenary + VR posters @ plenary + parallel + ‘short talk’ posters
@ no replays @ scheduled replays
@ 800 — 4k participants @ 3k participants
@ lots of interaction over slack @ mattermost not very active
@ moderators asked questions @ questions ‘mode’ depended on track

o ICHEP slides in | red boxes,
Neutrino slides in | black boxes

» Boxes have links to indico
» For Neutrino talks: video or slides
» For ICHEP talks: only slides

image frg
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https://conferences.fnal.gov/nu2020/
http://ichep2020.org/

The Standard Model and Neutrinos

v properties: Standard Model of Elementary Particles
three generations of matter interactions / force carriers
(fermions) (bosons)
@ charge =0 I Il Il
mass | =2.2 MeV/c? =1.28 GeV/c? =173.1 GeV/c? 0 =124.97 GeV/c?
@ spin=1/2 “" @O I®I[@ | @
. up charm J top gluon higgs
@ only interact weakly \ \ \ -
=4.7 MeVic? =96 MeV/c? =4.18 GeV/c? o
» in SM: v, but no vg ‘@I II'® |l @
. - down strange J bottom photon
@ mass = 0in SM \ \ \
. . =0.511 MeVi/c? =105.66 MeV/c? =1.7768 GeV/c? =91.19 GeV/c? u,)
» From oscillations, m, > 0 - 4 A o ‘ 9
.M, € Mg ‘@0 |FO ([ 5
T | electron muon J . tau Z boson 82
. w \ \ \ 7 \ m 8
) 3 famllles: % ;wev::; ;a.um\:v/cz ZIBZM\e;/IcZ :lsusaeev/cz gg
: 'Y W |- || =
ﬂavor' Ve, V/'“ Vr & electron muon tau W boson <5
1 | neutrino || neutrino JL neutrino (_')g

mass: vy, V2, 3

J. P A. M. de André Status Neutrino 2020 October 1217 2020 4/40



Absolute Neutrino Mass: Direct Measurement — KATRIN
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https://indico.fnal.gov/event/43209/timetable/#212-katrin-first-results-and-f

Absolute Neutrino Mass: Direct Measurement — KATRIN

£m
Final fit result

Best fit results:

c 2 _(_ +0.9 2
18573.9 | m} = (-1.01}7) ev
[ "= — compatible with zero
185738~ —n > probability of 16%, if true m, = 0 eV
E —
N [ —
° F —
2 18573.7 - —
w [ — Ey=18573.7 + 0.1eV
—
185736 = — Q-value : 18575.2 £ 0.5 eV
[ H
L F — good agreement with literature (a=18575.72£0.07 ev)
18573,5- I T T S I S E. Myers et al. Phys. Rev. Lett. 114, 013003 (2015)
-4 -2 0
m? (eV?)

Susanne Mertens

e my,, <1.1eV (90% CL) —run 1 (stats limited)
@ 2x more events to be unblinded soon; started run 3 with improved detector
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Absolute Neutrino Mass: Cosmology limits

@ v play a role in structure formation in the universe
» some model dependency in results
* or we are really getting cosmology wrong. .. and getting good fits while at it
» Measures >_ m, and N&

@ Current limits: ] S m, < 100 — 252 meV [arXiv:2007.08991] \

Weak interactions ei/e+ annihilation  Evolution of all significant components in

were fast Ehe stgndarg cosmo\ogical mf)del CMB+GALAXIES: SUM OF NEUTRINO MASSES

—_— 5 £
10 €l 1
mE 10! % SM neutrinos are relativistic in early universe (CMB),
& s %: then non-relativistic (matter like) in the late universe (DE).
10° i)
— 107 The transition between these regimes is sensitive to M, = X m,
QU
~ 101 = —— 12
= S Zrmeewmo
oo 2 —— Planck + BAO + RSD.
7 / — Planck + BAD + RSD + SN
=] 19 e s i
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https://indico.cern.ch/event/868940/contributions/3905690/
https://indico.fnal.gov/event/43209/timetable/#202-cosmological-probes-of-sta
https://indico.cern.ch/event/868940/contributions/3905690/

Detecting neutrinos

@ We cannot detect the v flow’ — detect only neutrinos that interact

v [

N N’

@ What we can (potentially) measure:

charge of lepton — v vs ¥

flavor of lepton — distinguish between ve, v, v,
direction of | or I+N’ — neutrino direction
momentum of | or [+N’ — energy of neutrino
position of interaction

v

v vy VvYy
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Neutrino Charged Current Interaction with matter

Quasi-Elastic (QE) Resonant (RES) Deep Inelastic (DIS)
vy | vy | vy |
W
A T
N N’ N N’ N }hadrons
514 3 04
< 50.3 Mo
5" 5 Pty
s £ 03 .W!l‘ i
2 20.2 | {
w08 4o, DIs
gog So.1 i . .
%04 3 o1 1] antineutrinos
go. go.o ll s
0 > h S
10? 10" 1 10 102
E, (GeV) E, (GeV)

@ data from v, CC cross section (per nucleon)
@ low interaction probability — large target mass and neutrino flux
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Neutrino Detectors — examples

non exaustive list of types. ..

896 hor.+vert. planes
384 cells/plane
344,064 total cells A

< lght speed in medium

g i

xp
i3

41.4m
A

» [

39.3 m

V>e
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Neutrino Detectors — examples

non exaustive list of types. ..

a
NOvA _
Long, straight track

F Short, wider,

fuzzy shower
] NC ] )
= T TTI— n VU ey

" a(ADC o S00 1000 1500 2000 a 500 1000 1500 2000

OO Timas {ns) Tirmes {ns)
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However interactions don’t happen on free nuclei. . .

n%absorbed by

the nucleus _enr
-0 ¢ d
¥a 7 Y Only neutron
= v“ /AOD —_— o and muon
v >scape: fake
proton \ / / ’ U‘C’PL;IE -
Misidentification
20 ¢ A"
V =
=\ ' ' o > ,_—0 ™’
7

proton
Recoil neutron interacts
Final-state interaction produces a
pion: fakes non-CCQE

with another nucleon

J.P.AM deAndé

Status Neutrino 2020

e

Oregon State

Initial interaction
is not CCQE

But the observed
event looks like it

Initial
interaction is
CCQE but the
observed event
is not!

October 1211 2020
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https://indico.cern.ch/event/868940/contributions/3817078/

However interactions don’t happen on free nuclei.. .

MINERVA anti-v MINERVA provides a broad range of neutrino-nucleus cross sections !
3000———————F—— 7T ;
i QE-like:  background: ] % :
: | [op2h  [)2p2n ] :
L 1l BcE el ]
c 2000 i @ois [EJois -
% i Eres RES E
2 : [Jcoherent-n ]
= 4
S B i
1000~ -
0 P I R
0.6 0.8 1.2 1.4 :
2% Fermilab
Generated EQE/ EV 23 June 2020 Deepika Jena | New Results from MINERVA @ Neutrino 2020 > e @

@ Extensive work from many collaborations to measure cross-section & tune models
» A few experiments dedicated to this purpose!

@ Different atoms, energies, ...

@ Still remains an important systematic to be taken into account!
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Neutrino Oscillation (in vacuum) — overview

v production v propagation v detection

lvj) — 75 1) Vi) = 2 q Uajlva)

A

1
1
:
1
’H :
1
1
v _
et | 1 €
| V2
! ..
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: >
Le ! Le
! STAT
He X
1
1
1
1
1

P(ve — ve, t) = [[(velve, t>‘|2

@ For oscillations to happen {|v,)} and {|;)} different
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Neutrino Oscillations — simplest case
2 flavor case, vacuum
@ 2 v interaction flavours (ve and v,,)
@ mass eigenstates {|vj)} = {|v1), [12)} # {|va)} flavour eigenstates
@ mixing matrix U: |v,) = 3 Uz |v;) with UUT = 1 (ie, U rotation matrix)

cosf sinf
U_< —sinf c059>
@ Propagate through space time as plane waves in mass state:

|ve, t) = Z U;fje_i’:_/t lvj) = cosBe~ Bt |uy) + sinfe™ B! 1)
)

@ P(ve — ve, t) = ||(ve|ve, )]|? = 1 — sin?(20) sin?[(Ez — E;)t/2]
@ Given m;small: E; = \/m? + p2 ~ p+ %’%2 and t ~ L, therefore (E> — Eq)t ~ %"é;’” i
= P(ve — ve,L) = 1 —sin?(20) sin® (Am? )
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Neutrino Oscillations
3 flavor case, vacuum
2L

* % —IiA L
P(va = v5) =) UgUsUsUake™ "%, Ami = mf? — my
jk

@ 3 known v interaction flavours : ve, v, and v, = matrix U is 3 x 3

“atmospheric sector” “reactor sector” “solar sector”

1 0 0 Ci3 0 S136_i5cp Cia S12 0
U= 0 Co3 So3 X 0 1 0 X —S12 c12 O

0 —sx3 €3 —S136’50P 0 Ci3 0 0 1

Sj = sinfjj, Cj = cos 0

@ 0o3, 013, H12: v mixing angles
@ Am?,, Am3,: v mass splitting
» Note: Am5, = m3 — m2 = Am3, + Am3,
@ J{cp: leptonic CP violation phase — different oscillations for v and ©
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Neutrino Oscillations: Experimental Overview

ORCA

KM3NeT-ARCA
—>

1023
1107
1022
1106
=10t =
% 10 E
O, o =
] 5

tau production 1 04
threshold

103

1018 .
108 102 100 10 10! 102 103

E, [GeV] arXiv:1607.02671
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Neutrino Oscillations Matter Effects
@ In vaccum Hamiltonian Hj is

1
2EU diag(m§, m5, m3) U'
@ In matter, Hamiltonian Hy, = Hy + H,-,,t, with Hj,; describing interaction » — matter

» v—uand v —d not interesting as HY, oc 1 and HZ, < 1

» v — e interesting: HS, = diag(V",0,0) + VZ1, with VW = £V2GeN,

* N,: electron densny in medium * + sign for v and — sign for &

Ho =

@ For 2-flavor osc.: § — 0, related to matter mass-eigenstates |v]”)

tan 20 N\ 2 Am? cos 26
tan 260 7, Am = AmP? cos 20 (1 e) +tan226: Nl = ———
N Om = T N/ NG \/ N © 2EV2Gr
@ Resonance condition for specific densities if » and Am? > 0 (or 7 and Am? < 0)
@ Large matter effects in Solar (Am3,) & Atmospheric (Am3,) v
@ As dcp, produce v — v asymmetry (size of effect depends on L)
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de Salas et al, arXiv:2006.11237

w
o

Experimental data (pre-Neutrino2020)

— atmospheric
"> DeepCore
2 3.0 results
1
o
£25 Super-K
2.0 s 1
=k 00,005 L. nol IC-DeepCore
02 03 04 05 06 07 08
5in26,3
3.0 ——
Lo 1 LBL
[ .
7 26 experiments
o
=]
NE;“’ ] MINOS
2.2 :
ﬂ 90, 99% C.L. NO T2K
02 03 04 05 06 07 08
3 sin26,3 NOvA
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10— :
solar
sector %
Cl, Ga, SK 3
SNO, Borexino :E:
KamLAND
90, 99% C.L.
02 03 o4
SBL  £30
reactors 7
2
—25-
Daya Bay e
RENO 2 90, 99% C.L. NO
0.015 0.020 0.025 0.0
sin%6:3
@MariamTortola (IFIC-CSIC/UValencia)

5
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https://indico.cern.ch/event/868940/contributions/3816941/

de Salas et al, arXiv:2006.11237

parameter
Am3, [107%eV?] -
[Am?, | [107%eV?] (NO)

|Am3,| [10-%v?] (10) L2%

sin®oy /1071 (NO) 4.9%
sin®0,, /1071 (10) 4.8%

sin%0;5 /1071

sin?6;5 /1072 (NO)
sin?6;5 /1072 (10)

5/ (NO)
5/ (10)

3.0%
%
8%

AJ'LII‘EJIQO'LI’H OT 9ATIR[SI

Global fit to v oscillation parameters

de Salas et al, arXiv:2006.11237

0.2 0.3 0.4
sin261,

0.

7 0.016 0.020 0.024 0.028

sin26;3

.ot
SUA
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8.5 23

24 25 26
|Am2,] (1073 eV?]

@MariamTortola (IFIC-CSIC/UValencia)

ICHEP 2020 PRAGUE, 28/07/2020

J. P. A. M. de André

Status Neutrino 2020

October 1212020  20/40


https://indico.cern.ch/event/868940/contributions/3816941/
https://indico.cern.ch/event/868940/contributions/3816941/

Neutrino Mass Ordering

@ Sign of Am3, determined thanks to
matter effects in sun

@ Sign of Am3, yet unknown

@ This means vy (mostly v¢) might not be
lightest v!
» ‘Inverted’ ordering — 10

@ NB: You might see ‘hierarchy’ rather
than ‘ordering’ (NO—NH; IO—1H)

. v

-V],L

-V

atmospheric
~2x1073eV?

solar~7x105e¢V2

solar~7x105e¢V2

atmospheric
~2x10-3eV?

-y

Normal (NO)
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Updates to solar neutrinos from SK

Energy scale stability (decay-e from cosmic p)

Analysis Improvements = £05%

*+ Detector simulation improvements [Poster #350: Y. Nakano]
* Improved PMT hit timing simulation
« Improved modeling of water quality non-uniformity

+ Analysis improvements  [Poster #350: Y. Nakano]
« Correction for PMT gain drift (introduced in 2017)

« Improved correction for non-uniform energy
response

E-scale non-uniformity (MC) 1.7% — 0.5%

« Improved spallation cut  [Poster #166: S. Locke]

« 12% more signal efficiency while keeping spallation
rejection efficiency at a similar level (~90%)

Gained ~1 year worth statistics

SE el

[¢)]

SK+SNO fit disfavors the KamLAND
best fit value at ~1.40 (was ~20)

sin‘(@,,
SIn’(©,,)= 0.306-0.014 Am
sin’(0,,)=0.306'3312  Am3,

541319 10
11921) 10° ev2
=(7.51°31) 10%eV?

0219+0.0014

Preliminary

SK+SNO KamLAND

Combined

Contours show 1, 2, .. 5 g confidence intervals

la . 20 3a
0.1 0.2 0.3 0.4 20.5 246 82
sin%(6) Ay
23
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https://indico.fnal.gov/event/43209/timetable/#217-recent-results-and-future
https://indico.fnal.gov/event/43209/timetable/#217-recent-results-and-future

Updates to T2K results

T2 K Super-Kamiokande J-PARC
[ Near Detector 280 m
11000 m — s
b Neutrino Beam —
295 km
T2K Run 1-9 preliminary T2K Runl 10 Prehmmary
z I B e R EE R REEE S S 2 A B e L R e i B R )
= 24 u - s 24 =
= C ] = r |
T 2 E T 22F 3
< F B 4 E B
SIS 4 © F ]
& F E 2 20 -
- lSi:— 3 185 i
3 F - n ]
S 16 —- F ]
g F — Am,=245x10" eVic* E 16— —
S 14F - aml=243a0% vt - e F B
g 12E N i‘vffm, E £ Mp — sin0,,=045,050,055,060 O 3¢p=0 =
5 E - et ] 2 E— Amgy=249x107eV? o b= -2 ]
g [ O d=0 ] £ 12 o Am? =-246x107 eV? 468%systerr.atbest-ﬁt —
2 10F ® 5= — b= C o s.ox v Best-fit 1
< [ ¢ Data(stat. errors only) 7 < 0 = PSP, —e- Data (68% stat err) =
P il N T A PN IS P P I F o ]
83072050 50 70 80 90 100 110 IISIOII”6IOHI|7|0|II|8|0|IH9I()H”1(I)()””110””1£OH
Neutrino mode 1Re candidates . . .
Neutrino mode e-like candidates
Patrick Dunne (p.dunnel2@imperial.ac.uk) 27 |mperia| College T 7@
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https://indico.fnal.gov/event/43209/timetable/#184-latest-neutrino-oscillatio

Updates to NOvA results
NOVA

Ash River

Fermilab

810 km
. 27
_______NOVA Preliminary NOVAFD  13.6x10%° POT equiv v + 12.5x10%° POT ¥

60~NOVA FD - 5 r T T T 1=

IS [ 13.60x10%° POT-equiv (v) ] F ---NH Lower octant ] o)
I 20 - m
E | 12.50¢10% POT (v) ,6\4-_ JUELEE I — NH Upper octant ;
2 50; | = L —— . ---IH Lower octant ] T
5t Q r — IH Upper octant ] @
2 I (&) 3 1=
£ a0~ c Yy 13
Tt © [ 15
S0 o e
o | =2 2
S 30 -
3 | 2
s [ = w1
'9 2 dcp=0 ¢ dgp=nf2 o ]
[2 0= = dcu=3n2 K 2020 bestit 00 + L s o
100 120 E —_—
Total events - neutrino beam 60P 2

* We see no strong asymmetry in the rates of appearance of v, and v,

« Disfavor hierarchy-6 combinations which would produce that asymmetry
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https://indico.fnal.gov/event/43209/timetable/#194-new-oscillation-results-fr

T2K vs NOvA

T2K Run 1 10 Prellmlnary

U T L B e
< 25
—— Normal ordering
20 Inverted ordering
w22 1o oL
90% CL
15 EEd 20 CL
[ JsecL
10
5
0 D\ W
-3 -2 -1

NOvA FD

26

13, 6><102° POT equlv v +12.5x10%° POT v

NH Lower octant
— NH Upper octant

Kreujwijaid VAON

B4 :_ N _:
3 C ---IH Lower octant ]
o F . N
O 3f. IH Upper octant B
c Y ]
Q [ . 7]
(&] t -
=2
[y
B
wn 1

[ L1 . . L

00 g n 3n 2n

@ T2K sees large v, — ve Vs i, — e asymmetry, NOvA doesn'’t
@ However, to complicate things: different baselines = different matter effects
@ Better agreement between exps for 10, but both prefer NO themselves. . .

@ T2K and NOvA working on joint analysis
@ T2K and NOvA are still running. . .

J. P. A. M. de André Status Neutrino 2020
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Future Neutrino Oscillations Experiments

Determine the ordering
@ JUNO: reactor neutrinos
@ ORCA: atmospheric neutrinos

Determine dcp
@ HK and DUNE: accelerator neutrinos

True Inverted Ordering

—————— T

JUNO, 8cores, 3.0% energy res.

--. JUNO, 8cores, 2.5% energy res.

“““““ JUNO, 8cores, 3.5% energy res.
ORCA

—

—_ -
ON P~ OOOCWON D
. T EEmmass

T

Combination, JUNO 8cores 3.0% energy res. ]
- -+ Combination, JUNO 8cores 2.5% energy. res."/'—
- Combination, JUNO 8cores 3.5% energy res .|

Asimov sensitivity [o]

Poster #480

Time [years]

The Hyper-Kamiokande project is officially approved

2020 February : First year construction budget approved by Japanese Diet
2020 May: Univ. of Tokyo President and KEK Director General signed MOU

— The University of Tokyo will
construct and operate

the Hyper-Kamiokande detector

KEK will upgrade and operate
the J-PARC accelerator to produce
a high-intensity neutrino beam

Hyper-K is under construction
Operation will begin in 2027

Fig

=

2 4 6 8 10

@ Further on the future ESSvSB, THEIA,

T2HK, ...

J. P. A. M. de André Status Neutrino 2020 October 1211 2020 26/40


https://nusoft.fnal.gov/nova/nu2020postersession/pdf/posterPDF-480.pdf
https://indico.fnal.gov/event/43209/timetable/#196-hyper-kamiokande

Light Sterile Neutrinos

@ LSND

@ MiniBooNE

@ Reactor
A recalculation of fluxes lead to ~ 6% discrepancy with 2%
error bars Milller et al 201 1, Huber 201 |

Events/MeV

30 anomaly

118

Pt

AJ Fully TH driven

standard

i
- Sﬁ” | nonzero gy, fit § i
1
Fol T
3 o 1 lﬂ" 1 \ 1=
s 1 mean average ratio =

1

Distance to Reactor (m)

But others say that the error bar should be more like 5%

!
10° Miiller et al 2011 0

T T T

T T
e Data (staterr.)

Constr. Syst. Error
rrrrrr Best Fit

MiniBooNE preliminary
v data: 18.75 x 1020 POT-
Combined (v + D) fit

3.0
EY (Gev)

Hayes etal 2013

@ Gallium

Reactor and Gallium anomalies may be theory problem
(though there may be wiggles...)

LSND and MiniBooNE anomalies: same L/E, no obvious culprits,
difficult to imagine correlated background

All four anomalies come from very different experiments
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https://indico.fnal.gov/event/43209/timetable/#207-sterile-neutrino-global-pi
https://indico.fnal.gov/event/43209/timetable/#195-miniboone-oscillation-resu
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Why ‘sterile’ neutrinos?

Opaq [b]

30

@ LEP measured width of Z° boson

» only 3 v with m, < 45 GeV
» from SM symmetries, and small m,, 20
= only 3 families of particles

@ However, if v4 needed
» it doesn’t interact in the SM!
» ‘doesn’t interact’ — ‘sterile’

10

2v

ALEPH
DELPHI
L3
OPAL

¢ average measurements,
error bars increased
by factor 10

86 88 90 92 o4
E_ [GeV]
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Light Sterile Neutrinos — tensions

How well the model fits the data?

X2/dof X
goodness of fieV

Data sets:
Ve and Vv, disappearance
vs.
Ve appearance

J. P.A. M. de André Status Neutrino 2020

Global analysis
8 99.73% CL
o 2 dof
10} £
o
Q.
f;w T—
a.:
E 10° — Appearance
< (~ w/oDiF)
i)isappearance
— Free Fluxes
10_1 - - - Fixed Fluxes
1074 1073 1072 107!
sin? 26,
22 Juli20 Pedro A. N. Machado | Sterile Neutrino Global Picture

Ve disappearance

vy to Ve appearance

$in220c = 4 [Uea|2|Upa2

vy disappearance

4.7 O tension
between DISAPP and APP data sets
under eV sterile interpretation
Exercise: remove each experiment
and see if agreement improves

Z& Fermilab
pmachado@fnal.gov
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Light Sterile Neutrinos: Very Short Baseline Reactor

Sterile Search: Exclusion

mzﬁc\\,

® Ax2doesn't follow X2 distribution
® Wilk’s incorrectly ‘excludes’ RAA at 99.96% CL!

® RAA best-fit excluded: 98.5% CL <
!

® Data is compatible with null S
oscillation hypothesis (p=0.57) ‘E

® Use both Feldman-Cousins and $ to convert Ax?2 values

to statistically valid excluded regions of oscillation phase space

LS ™
g Null Oscilation A Gcliaton’
03| —Toy Ay? ~Toy Az 1 i
—Data Az —Data Ay
0.25
02 [ sensitity, 95% ot 10
015 [ sensitiy, 95% v, 20
L, Exclusion, 95% CL
* — Frequentist Exclusion, 95% CL.
0.05 SBL + Gallium Anomaly (RAA), 95% CL
4 h " M 107" — P——
02 6 8101214161820 2 4 6 8 1012141618 2 -2 -1 .
Ay Ay 1o 10 sin?20,, 1

J. P.A. M. de André Status Neutrino 2020

PROSPECT Experimental Layout rresrec,

® A 4-ton tLi-doped PSD-capable

segmented LS detector at the
HFIR research reactor

 HEU reactor: HFIR burns only 25U
® Very short baseline: 6.7-9.2 meters

 Compact core: <50cm height, diameter

 Challenging environment: <Imwe
overburden, copious reactor Y

discovery of Am? =

@ PROSPECT, STEREO, DANSS exclude
reactor anomaly best fit (RAA)

@ Neutrino 4, rejects RAA, but claims

= 7 eV? oscillation
» assumes Wilks theorem valid. ..
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Light Sterile Neutrinos — Neutrino 4 claim

average
'S
1

N(L, E)/N(L,E)

The first observation of effect of oscillation on search for sterile neutrino

~ ~ L 2 L2
PV, —>V_ )=1-sin“20,, sin“(1.27
Ve e 14 ( Eg[MeV]

AmZ[eVZLim]

e expected, Am*=7.25eV?, sin’26 = 0.26
= Observed, 24p, average (125, 250, 500 keV). Dec, 2019.

A  Observed, 24p, 500keV. Dec, 2019.

500 keV

Am’=7.25¢V?, sin’(20) = 0.26 ¥/DoF 17.1117 GoF 045
Unity %/DoF  29.98/19  GoF  0.08

FI«{ *l*
° L [ -
M | i%éw&
. o % [ ThT

The period
of oscillation
is 1.4m
for neutrino energy
4 MeV

A.P.Serebrov, et al.
JETP Letters,
Volume 109, 2019

0.8 Issue 4, pp 213-221.
067 Average 125, 250, 500 keV arxiv:1809.10561
04 Am’=7.25¢V?, sin’(20) = 0.26 Y'/DoF  19.86/17 GoF 0.8 arxiv:2003.03199

| Unity %/DoF  31.93/19  GoF  0.03 arxiv:2005.05301

T T T 1
1.0 1 @ 20 25
3
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Light Sterile Neutrinos — on-going work for other anomalies

Short Baseline Program (SBN)

* LArTPC detectors at different baselines from Booster neutrino beam searching for
sterile neutrino oscillations measuring both appearance and disappearance channels
with three detectors

T Neutrino Energy: 700 MeV
An =12 oV

ICARUS
600 m._ 470 t

MicroBooNE

SBND
470m, 86 t 110 m, 112t

ity %]
®

sin’(26) = 0.003

©
=

ion Probabili
>
s

noonosom
shuvr
|

arXiv:1503.01520 0 200 400 600 800

Length of Neutrino Flight [m]

@ SBND: under construction
@ 1BooNE: taking data, unblinding soon
@ ICARUS: starting commissioning

1eNp candidate data event

RUN 8617 SUBRUN 46 EVENT 2328

O JSNS? aims to test the LSND anomaly directly.

uses the same neutrino source (muon), target (H) and detection
principle (IBD), but much smaller accidental background due to Gd-
loaded LS and low duty factor J-PARC MLF beam.

J. P. A. M. de André

Summary
o The BEST experiment - first direct search for neutrino oscillations into 4-th flavor
with radioactive source has started 5 July 2019 in BNO INR RAS

o The first stage of BEST is finished and the second stage is nearing completion.
Currently preparatory works have begun for the implementation of the third final one.

Neutrino 2020
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Testing SM — coherent scattering

A neutrino scatters on a nucleus via exchange of a
Z, and the nucleus recoils as a whole; coherent up

to E,~ 50 MeV
scattered
neutrino PR
3
e 3 Max recoil energy is
J— £ 0 2E2/M
H
z 3 25keV for 31-MeV v
boson) Nuclear 3 100 ey
£
2

&4
Dnl

Tocols s i is 20 2
scintillation Racok energy pu¥)

CEVNS cross section is well calculable in the Standard Model

2 (1 — dsin? 2
do G k2(1+0059)(N (1 —4sin® 0w )Z) F2(Q?)

dQ  4n?
CEVNS cross section is large!
%QARIDGE

Coherent elastic neutrino-nucleus scattering (CEVNS)

Neutrino 2020 Virtual Meeting

» Predicted in 1974 by D. Freedman
« Interesting test of the standard model
« Sensitive to non-standard interactions

+ Largest cross section in supernovae
dynamics

« Background for future dark matter
experiments

« Sensitive to nuclear physics, neutron
skin (neutron star radius)

« "act of hubris” - D. Freedman
* Need a low threshold detector

* Need an intense neutrino source

J. P.A. M. de André Status Neutrino 2020
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Testing SM — coherent scattering

First Confirmation of SM Prediction of N2 Dependence

10° More to come ...
Csl
Ng ; v Twice the statistics
- Cs . . .
2 102 — il v Live-time correction
2 e v New QF Measurement
s o : v Verified Linearity of QF PMT *
3]
@ ﬁ % COHERENT Measurements
g 10 j . SM Prediction e LAr
6 »r”;h FF = unity - Twice the statistics in hand
&) / Klein-Nystrand FF _ — and ~5¢ by December 2020
: ! ! : v Improved Neutron Shielding
0 20 30 '4'0' = '5'0' = '6'0' = '7'0‘ = 'g'o' %0 v Data release this week!
Neutron Number https://doi.org/10.5281/zenodo.3903810
* Alexey Konovalov 2019 M7s Presentation
¥,QAK RIDGE Neutrino 2020 Virtual Meeting
J. P.A. M. de André Status Neutrino 2020
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Solar Neutrinos — understanding the sun

Standard Solar Model : “engine” of the Sun, solar
neutrinos production and spectrum predictions

Develo Reaction rate (x10**s7")
ed by P prpoHetty, (IR an% ,,».C,.,,A;HE’ 10-2 10! 10° 10! 10°
105%
JOhn *H+p'—'Het 7 PHe+p* — ‘He +e*+v B
Bahcall 1509 h ] Jessanaaad 0] 0
for more g &7 < w g 2| massive
than 40 Boter—¢TLity, reT 2 5| stars
years , A E]i
He+He—>'He+2p* | | "Li+p*—'He+ ‘H» SB—>"Bet+e
pp chain SRty e e
99.95% 0.05%
Latest SSM >99% of the energy in the Sun the remaining <1% in the Sun ?
spectral prediction = 10"
A. Serenelli BT ;
EPJA, volume 5, ‘g‘ Ly Controversy about the surface
id 78 (2016) = v - metallicity composition of the
5 s 108 o ! Sun: predictions differ up to

N. Vinyolesetal. < ' P 8 1 P
Th A)t, hysical E <10 +17F 28% for the CNO v flux using

€ Astrophysical = 1 lower (LZ) or higher Z (HZ)
J 1, 835:202 ]
ournal, 83o: z o models
(16pp), 2017 10 104

2020 Jun 23 Neutrino Energy [keV]
un

G. Ranucci - First detection of solar neutrinos from CNO cycle with Borexino

J. P.A. M. de André Status Neutrino 2020
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Quest for CNO neutrinos

1

210g; 2 210p,, @, 206py},
7.23d 199.1d

210pg js “easier” to identify wrt 2108j:

@080 80
Energy (k

— The quest for CNO is turned into the quest of 219Bi through #1°Po |

7000 1200 1400
V)

* Monoenergetic decay - “gaussian” peak
7w~ * o decay - pulse shape discrimination

J.P.A. M. de

Thermal insulation &
Active Gradient

Stabilization System
W,

A 2D detailed view - Polonium data spatial mapping vs. time

Cube Labal

)

il i
Q042s 20100920 20180216 20170714

Convective —
condition before  Quiet situation
insulation after insulation

Stabilization measures were very
effective at reducing the 21%Po motion

Crucial
observation:
“Low Polonium
Field” 20 tons
size from which
we can infer
the intrinsic
210po and
hence the 21°Bi
- agreement
with
simulations

20181210 10 see next slide
data fdavl

1. Beginning of the Insulation Program
2. Turning off the water recirculation
system in the Water Tank

3. Start of the active temperature control
system operations

4. Change of the active control set points
5. Installation and commissioning of the
Hall C temperature control system.

2020Jun 23 G. Ranucci - First detection of solar neutrinos from CNO cycle with Borexino

October 1211 2020
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Solar Neutrinos — first measurement of CNO neutrinos!

800

600

400

200

0

Room for
CNO

Others

Events in the ROI

Compendium of the results

CNO-v Rate [cpd/100t]

----- Fit w/o Systematics |y 0@
—— Fit w/ Systematics :
HZ 68% C.I.
LZ 68% C.I. 0.05
s Borexino 68% C.1.
[ Counting Analysis 10.04
0.03
10.02
0.01
0.00
0 2 4 6 8 10 12 14

The enduring Borexino quest of the CNO neutrinos has
finally produced the first observation of the signal

2020 Jun 23

G. Ranucci - First detection of solar neutrinos from CNO cycle with Borexino

Counting PDF

J. P.A. M. de André

Status Neutrino 2020
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~107yr

Quasi-stationary Core Supernova

) : PNS cooling
evolutions collapse explosion

1987A obs.
[ A Ema |
Pre-SN neutrino SN neutrino

Kato 2020a, Asakura 2016, Simpson 2019, Li 2020

)
How early? 15y, 4~ 200pc, N0
X uncertainty: Pre-SN v model / BG condition

Quasi-stationary
evolutions
I 2 ~200ms
v burst

t=a dozen hrs t=a few mins

300t-class Ar detector E!E%

Ve VeV i —

Time to core bounce [s]

DUNE: Kato 2017, Patton 2017b DM experiment: Raj 2020
Yoshida 2019/ Nagakura 2014
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HE v: v, & glashow resonance candidate events

Tau neutrino searches % Partially-contained cascades First Glashow candidate event -6 PeV

Paper coming soon

ICECUBE IcECuBE

[ oo cocate_— vt cocade -+ .ot ] [ — oo wi bt DOV~ it gt DO

bl

L. Mohrmann
T

g DO

<

o

°

8 3 ‘
s <

° H . M 100 . " " " " .

eeraim] e Candidate v+ [ iy 1012 0 0% 10 1016 1017 1018/ \
Bight DOMs are axciuded rom tisanalysls Tive 2lev]

J. Stachurska (IceCube) arXiv/1908.05506
L. Wille & D. Xu (IceCube) arXiv/1909.05162
M. Meier & J. Soedingrekso (IceCube) arXiv/1909.05127

t decay length is 50 m/PeV/
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And much more...

@ Neutrinoless 23 decay — v Majorana particles?
@ Short Baseline Reactor neutrino oscillations

@ Atmospheric neutrino oscillations

keV sterile neutrino searches

BSM theory

Neutrinos for non-proliferation

Diffuse SN v background

v Dark Matter or searches for Dark Matter with v
Multi messenger astronomy

Improvements in facilities
For several areas | didn’t show all people working on them. ..
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Light Sterile Neutrinos — Neutrino 4 claim

COMPARISON WITH OTHER RESULTS OF EXPERIMENTS AT RESEARCH REACTORS

AND NUCLEAR POWER PLANTS

10

Neutrino-4 resss

95% €EL—

\
\

Neutrino-4

STEREO
- 7] 0% L]

26 lo

Neutrino-4

2 2
Am(, eV
-

0.1

DANSS”* L
90%CL
.
b -
NEOS _-7°% .

90% CL

"0.01

sin’(20,)

In experiments on nuclear power plants
sensitivity to identification of effect of
oscillations with [m
is considerably suppressed because of
the big sizes of an active zone. The
period of oscillation for neutrino energy
4 MeV is

But size of reactor core is about

Experiment Neutrino-4 has some
advantages in sensitivity to large values
of Am“'i"1 owing to a compact reactor
core, close minimal detector distance
from the reactor and wide range of
detector movements.

30

J. P.A. M. de André
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