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Relative Neutrino Masses & Neutrino oscillations

AA major achievement of particle physics e —
A It is important by itself, as a macroscopic g B T . Am 2 {_-&u-
manifestation of quantum effects (atre) or
: - Am
A It proved that neutrinos have non zero masse<C Am 2 {!_“E c —
huge impact to particle physics & cosmology (solar)
A Neutrinos are the possible source of CP violation Ne R Ny, » n, » n, »
which could explain the matter antimatter asymmetry - - ,
in the Universe P( 8> g =sin’( @ sin*(1.27Dm-L/E)
A After 24 years of its discovery, we still miss: Sj}%iﬁ?ﬁ; Oscillation  Oscillation
A Mass ordering (Dm2,5| € Dm2,.) amplitude TSNSy
A CP phase q23& DM?2,, CP phased & q13 0., & DM?,, Majorana phase
P )
A q23 octant 1 c13 ‘ |:12 S2 0 @ 0
: e V=|0 Czs _512 Cz 0 ! @ 0
A Very precise knowledge of oscillation 0 -8, _513 o 1/ o0 0 1
parameters Atmospherlc reactor solar Double beta

accelerator accelerator reactor dec%ys
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0,3 and Dm?;,

ANew results fronDayaBaynGdcapture:

si1122813 = [)‘(-:}8531:8:38% (2.8% precision)

Normal hierarchy: ~ Am3, = + (2.45470020) x 1077 eV?
= S 7 20, B
(2.3% precision)
Inverted hierarchy: ~ Am3, = — (2.55977020) x 1077 eV?

AExpect final results frodaya Bapn combined
nGd+nHanalysis: ~2.6% for sy, ?

ARENGQGeported new results(up to 2019)

sin226,5 = 0.0892 + 0.0044(stat.) + 0.0045(sys.) (7.0 %)

|AmZ,| = 274 + 0.10(stat.) + 0.06(sys.)(x 10~3eV2) (+ 4.4 %)

ARENGwill continue for another ~3 years(up to 4400

Sinf2q,5. 6.4%; Dm?.. 4.1%

ADUNEcan measure s#2q,, in appearance channel,

to a precision of ~ 5%
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Bronner,HartnellWan,Stuttard

0,3 and |Dm?;,)|

ANew results froml'2Kand Nova 20

— 71—
- Normal Ordering 90% CL
- —— NOVA — - MINOS+ 2020

---- T2K Nature 580 - lceCube 2018
----- SK 2018 IRE N

Nova best fit: Normal hierarchy :ﬁ
AmZs, = (2.41#0.07)x103 eV2  2.9% :EZ
<]

5Tn215‘23 = 0'57+[].[]4_D.03 ~6%
5=082m1 L e e
2.0 & Best fit
A SuperkandIcecubealso reported new results o
from atmospheric neutrinos
. . — o N 2OF
AVarious combined 2 sk oK ety 1 Fu ol orserng
. g 2_45;— | _§ 15; Inverted ordering
analysis on the way  Z..¢ E Yt 77 oL
=l 2 sE E 12F Y 90% GL
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Koshio,Zhao

0., and Dm=,,

ATension between solar & reactor result reduced tb .

AJUNCcan simultaneously measuyen,; and‘ ;,using
reactor antineutrinos and solar neutrinos with a great

2 _ 0.034
sin“(6,) = 0. %l(ﬁoozo

| Amg, = 7.5470 12 X 107eV?
51112(6'12 =0.305+0.014

Am.zzl = 6. l()le 04 % 1072eV?

- 0.75 %
recision.
Ap §in%(8,) = 0.30540013
HyperKwill improve the solar neutrino result Am2, = 7.49%019 ¢ 10-S?
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Zhao,Yasuda

Future: Significant Improvement Expected

AJUNQwill determine most oscillation Curent | JUNO JUNO
parameters to a suipercent level (PDG2020) | ~ 100d) (6y)
- | Dm?,, 1.3% 0.8% 0.2%
AT2KandNovawill improve siflg 2
. 23 Dm 32
slightly D2, 2.4% 1.0% 0.3%
AORCAIcecube DUNEand HyperKcan sinzqy., 4.2% 1.9% 0.5
Improvesirtg,; significantly: Sin?d, 5 3.2% 47.9% 12.1%
~4%(PDG202@ ~1.8%(1 exp.) T o .
ACombined analysis may reach ~ 1% f = =~~~ === Po -
af 2 .
Aq,, octant can be probed with a good 2 :
sensitivity 1 :
0.42 0.44 0.46 0.48 0.5 0.52 0.54 D.ESSi?‘.%Z ol ;al

~ 3 —bo

DUNE 2002.03005

Beam+Atm=~ 3 — Eic%

HK 1805.04163



Bronner,Hartnell,Zhao,Muether,Denton

Reactor v, signal IBD event number (x103)

Mass Ordering

ANo concrete evidence of MO from individual R °
JUNO Simulation Preliminary

experiment 2K, Novand Superk -
AGlobal fit seems slightly prefer NO&)3 2

A Definite answer will come frodUNOHyperK -
' 555 : stat. only
DUNE, ORGandlIcecube i WO —— NO: stat+all syt.

==== |0: stat. only
[ —— 10: stat. +all syst.
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Bronner,Hartnell e

‘Muether,Wilson C P p h ase 0 oo

0.5

2
sin“B,,

A~270 (-90°) seems slightly favored by maeyp.s(< 3) oaf

Normal Ordering

- T2K: WBF — <90%CL -- .
[ NOvA: +8BF [ | <o0%cL [l <e8%cL

ACombined analysis may give more preference, but not stabley o5

0.7
[ Inverted Ordering

T2K: — <980% CL

L NOvA: <90% CL []<68%cCL -

Nla-

ADUNE& HyperKcan give a more definite answer
_ 0.6
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Absolute Neutrino Massed) & b bdecays

AFrom cosmologygm. < ~ 0.1 eV@95%CL _— A ——

A Future experiments may determine the mass X4n ~10 years

B NO L__IN(®

100; ;

B TV T/ S R
Ab decays caprobem,~ 0.2 eV (future 0.02 eV ?) L Esteban, S, Garinzzo Pightest [€V]
M, =[E | Ug P m2 ]2 \ o S |
Katrin sensitivity | <7
AOn b decays can probkl, ,~0.01 eV ? e
1/Mb L 4= | Ei (Uei )2 m Vi | 107
./eV
A Search for A b decays is a no loss game: 1
A 1f On b decays see Majorana neutrinos, lepton number violation g [ e e IO Newsemens
A if no 0 b decays up t&/M,, ¥~ 0.001 eVC lightest neutrino mass can s |
be determined to be ~rbeV E
10-3 ;_iZZ::::-;-ﬁ:..___‘_‘:_________:,:;"_ _______________ _
_ _ J. Caoetal, N ‘ .
Lesgourgues Lasserre Mena, Simkovic arxiv:1908.08355 1 T R

m, [eV]



Lasserre

b decays: Katrin for m

v measurement of the

electron ff —spectrum
Fermi, Nuovo Cim. 11 (1934) 1-19

v’ based on kinematics and
energy conservation

v'm?2 spectral distortion, maximal at
endpoint energy E,

v incoherent neutrino mass : mf, = E |UE.,5|2 .
]

e

v’ independent of cosmology

v’ independent of neutrino nature

e

S e—*

R

Eo = 18.56 keV
T1/2=12.3 years

3He



Count rate (cps)

Residuals (o)

Time (h)

b decays: Katrin for m

101

Spectrum 1% campaign
with 1 o errorbars x 50

Spectrum 2"¢ campaign
with 1 o errorbars x 50

10°4
3 4
. t
1 - J J I T I
%'S:b]' .
0.0 oot '
—2.51 « Uniform Stat. Stat. and syst.
15 campaign
H ‘ ‘ ‘ mm 2™ campaign
0o 50 100

Retarding energy — 18574 (eV)

Lasserre

LR | T T T UL B R

Limit before KATRIN 1°* Result

First campaign (spring 10} KATRIN goal
v total statistics: 2 mil § .| |
v best fit: m2 . e
v limit: m, 07

10~
Second campaign (auf N Mighest (V)

v’ total statistics: 4.3 million events
v best fit: m?2 = (0.261337) eV?(stat. dom.)
v’ limit: m, < 0.9 eV (90% CL)

 Combined result{m, < 0.8 eV (90% CL)

12




b decays: New Projects

AECHO & HOLMS: calorimetric sensors coupled
to 13Ho implanted sources
A Obtained neutrino mass limit: ~ 150 eV

A Promise: ~ 1leV

AProject 8: Cyclotron Radiation Emission

Spectroscopy(CRES)

A Phase Iproveof principle

A Phase Il successful

A Uncertainties understood

A m, <178 eV @90% C.L.
A Phase IlI:

A Atomic T system & Larger cavity
A Goal in 5 years: gx 0.4 eV

A Phase IV: 5 years ?
A Goal: ;< 0.04 eV

67 HHO—> 6

Gastaldo+Novistski

Dy* +v,
Dy =Dy + E.

T, = 4570 years (2*101 atoms for 1 Bq)

Qgc = (2.833 £0.030%*%' + 0.015%") keV
S. Eliseev et al., Phys. Rev. Lett. 115 (2015) 062501

m
—— Fitted model
—— Predicted endpoint, Bodine et al.
1o interval = 18550*22 eV

Standard deviation in mg?, a

_~ Phase Il

Phase IlI:

26 GHz Cavity

Atomic T, 4x10 m

. Phase |V Goal

16 16 -3
T, 7.5x10  +H,, 13.4x10 'm

E 100

- 10

A® “ULI| SSEW D) %06
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b bdecays: two modes

2v mode: a conventional Ov mode: a hypothetical

2" order process process can happen .
in nuclear physics .c. S8 ot
Py only if: oMV;tO&:_Q @ yr T :
“D
o« V=v ¢

OvBp decay can
be separated
from other modes .|
using kinematics

@ B
(2

xBp

% Majoron, the Goldstone
boson of lepton symm
breaking

P TP I BN N SR | PRI | I
° 500 1000 1500 2000 2500 ]

Ekectron sumn epergy / he¥

Continuous Monochromatic

b spectrum b spectrum



2nb bdecay mode

A 2 modeb hbdecays would have a half lives in excess
of 1*F%years
I M. GoeppertMayer, Physics. Rev. 48 (1935) 512

A second order process
Only if the first order
beta decay Is
energetically forbidden

Experimental observation of

2nb BRSOl 2a €&y wmdpy nQa
._ | (left hand) neutrinos are

L, Dirac




Goals of @& b Bensitivities

AGoal 1¥M, ¥s~ 0.01 e\tovering 10 region,
achievable in 10 years

ATargetmass ~1T

AGoal 2¥M, Y~ 0.001 e\fo determine the
absolute mass of the lightest neutrino and = »i=—
Majorana phase, achievable in 20 years ?

A Increase the target mass by a factor of 10 to {00 »
10-100 t target mass

—_— |’:’n,5,s|=llmeV | | '
m— |mgg| = 0.3 meV ]
AGoal 3¥M,, ¥+~ 0.0001eV to cover (almost) all wof =l =tmv | om)
possible parameters space of Majorana |

A
™ vy Sl

. . . 180 1 = 180}
neutrinos to prove or diprove Majorana | ©
neutrinos, achievable ? '

00 | 90 |
A Increase the target mass by another factor of 10 to !

100C 100-10000 t target mass

e ]

0

0

104 10=3% 102 10! 104 10=3% 102 107!
m, [eV] my [aVd]

J. Cao et al., arXiv:1908.08355



b bdecays: Summary of Current Result

LSimkovic

Gerda 5Ge 127.2 18 79-180
Majorana 6Ge 26 2.7 200-433
CUPIDO 82Se 5.29 0.47 276-570

NEMO3 100Mo 34.3 0.15 620- 1000
CUPIDMo 100Mo 2.71 0.18 280-490
Amore 100Mo 111 0.095 1200-2100
CUORE 130Te 1038.4 2.2 90- 305
EXG 200 136Xe 234.1 3.5 93- 286
KamLAND Zen 136Xe 970 23 @

3
<mee>: z I,er.i|2 m; &;
i=1

v mass from BBROv decay

(e==+1 if CP is conserved)

17



b bdecays: KamLANEYen

ALoad 3983%Xe(91% enrichedjto LS
AFill LS into a balloon at the center of P ng n 201 -2015

KamLAND

Almprovement ofKkamLANEZen 800
over KamLANEYen 400:
A 136Xe amount doubled

A Balloon produced in clasis cleanroom:

10 times les$32Th background

A New rejection method for C &e
spallation products

AReached the 10 region for the firs Z

time
T12>2.3 1026 yr

1 M, R <36-156 meV

KamLAND-Zen 400
320-380 kg of Xenon

| [ A &g e e Ak s

Reanalysis ——————

KamLAND-Zen 800

~750 kg of Xenon
DAQ started in 2019

= el N N

uuuuuuuuu

Gando

~1 ton of 136Xe
Better energy resolution

pr :
"y
l T T 3

1 St ré5u|f arXiv:2203.02139v1 [hep-ex]

% Duff (90% C.L. UL,
- Total (e UL) —— Carbon spallation + 7" Xe
—— e 28

a) Singles Data —— Total

Xenon spallation products
Internal R1

- IB/External BRI

Salar neutring ES+0C

Visible Energy (MeV)

v
]
=]

& Long paper in preparation

KamLAND2-Zen

o
S

T

W
o

KamLAND-Zen upper limits
QRPA - IBM
SM —— EDF

Effective Majorana mass (mgs) (meV)

III\\IINol PR

Predictions

Te|

T @me

b e e e __ e e e

0o 10t 102

Lightest neutrino mass (meV)
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b bdecays: Future Prospects

|sotope
SNO+ 130Te
KamLAND2 -Zen 136X e
NEXT-HD 136X e
nEXO 136X e
LEGEND-1000 6Ge
AMoRE-II 100Mo
CUPID 100Mo
CUPID-1T 100Mo
JUNO-b b 136X e

130‘|‘e

Mass(t)

A = T e e

0.24

50
100

<my g>,meV
19-46
~20
14-40
7-22
10-40
12-22
12-20
4-7
4-10
3-14

We may be very close to heV

Zolotarova,Schoenert

JUNO-b b

Zhao et al.,arXiv: 1610.07143,
CPC 4T 2017 5
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SchoenertWurm, Cabrrera

How to Reaclin, ¥s < ImeV

A Increase the target mass while reducing backgrounds:

A6 Y A0 YT ' A ¥
b 3 CUORE ¥
L ]

EX0-200 2@ Y|

i Internal backgrounds by purification and/or tagging

I External backgrounds by tagging, (9sliielding and/or
reduction of the surfacerolume ratio

i 8B solam background reduction by directionality

A Technology choices |
i Gas & sampling detectors seems hard T e

I Liquid scintillator detectors need to improve loading:
A 136Xe: reduce the cost by 1 order
A 130Te: increase the loading, reduce internal backgrounds

I Crystal detectors need to improve shielding(#r?) and reduce the cost
A International efforts for cope with the escalated cost:

I Enrichment, R&D, site, shielding detectdyperk THEIA ?)

I New ideas(resolution ?kiquid&@ ¢ 1 9L! 2 X

o
S

LZ-nat
KLZ-400 -
NEXT-100 SN.m SN8+JI -
PandaX-ll - e

"y
o
[y

o ¥
MJD SuperNEMO
®

KLZ-800 - - EzZenr

-
o
9

GERDA-I o
3 Anore-ll - gPAnIN

® cuPID® KL2Z

Sensitive background [events/(mol yr)]

_ . LEGEND-200®

-
=
IS

nEXO ¥
NEXT-HD

-
o
&

@ 7 N .
R R e Moa\‘ LEGEN.D-1000
S !

-
o
&
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Coherent Elastic NeutrindNucleus Scattering

Wh at l S Coherent Elastic
is a process in which neutrinos scatter off a nucleus

Uy A
20 : .
¢ Predicted in 1974 by Freedman
D. Freedman, Phys.Rev. D 9 1389 (1974)
Uy

A ¢ Measured for the first time in 2017 by COHERENT
D. Akimov et al, Science 357 (2017)
¢+ Dominant process for E, £ 50 MeV
2
. . i ;F ;-\,TQEQ
¢ Cross section increases as N2 OSM ™~ — Ly,

4L
s

/

Neutrino cross sections

coherent scattering

Strongly enhanced
cross-section

2 1075
1076 -
inverse beta decay
No energy 10—?-<:|
threshold 10-8
0 B 4 6 8 10 Raimund Strauss — Magnificent CEVNS 2018

Ey [MeV]

Bonifazi

21



PersheyBonifazj Giunti

Coherent Elastic Neutrindlucleus Scattering
A New results from COHERENT .. . &g, o .. COMERENT CEVNS detectors

i ;E')ata'ﬂesi dlual Target Technology Fid. Mass Threshold Deployment
i full-exposureCs|Na] data: 11.65, o B, cens CsiNal  Scintillation  14.6 6.5 keVy 2015
Shape and rate agrees well with Sl\/% i =;R‘;E+V':"5N i Liquid Ar  Scintillation  24.4/610 kg 20keV,,  2017/~2023
3 € o ] Ge lonization 18 kg 0.4 keV__ 2022
| Ardata: 3s g0 j Nal[TI] Scintillation 3500 kg 13 keV,, 2022
I NSI and dark matter searches i

A Dresdenll found a strong
preference folCEVNSignals at
reactors using Ge detector(s:8

A Tens other experiments at beam
and reactors: no signals yet

A Upgrades and new experiments -
on the way

A Powerful for searches: DM, NSI.
a | 3 y S l:l A é a. 2 YS y l:l é. @® ruture/Planned

sidual (counts / 10 eV 3 kg day)

2202.09672



Ohlsson, DCrescenzo,Kling
LeachMessinal_asserre,Novitski

Search for New Physics

A A Iong liststerile neutrinos proton decays, NSI, Unltarlty test, dark sector heavy

VSAdzINAY 243X ySdziNAy2 RSOl € A== -
i Very high energies: |
A At LHGxp.s FPFSHIPSNDX |
I At medium energies:
A HyperK DUNESuperKicecub& L/ ! w! { = {.b5X X

I At low energies
A JUNO, JUNDAO,PROSPECT = . 9{ ¢X L{h5! wXX

I keV neutrino searches:
A Katrin, Project 8, Magnetn, BeESTHUNTER, etc.

Al 2aYA0 ySdziNAyYy2 &aSI NOKSay
A In 5 years from now, several new experiments will be
operational, new results are expected

=)

- ;TsoDAR Neutrino Source




Sterile Neutrinos and Anomalies
A An active area with a lot of experiments and

mZ
anomalies me v,
I Most anomalies at ~& s level
. . . . Am?
i Simplest 3+1 model seems in tension to cover all )
anomalies M | —
A Some anomalies seems real, but maybe not related to Lo eV,
sterile neutrinos m? Vi
ACKNBS YIAy Otl&aasSa 27 .@@@ &
i Reactor anomaly TUTERR R b TR T ET
A Neutrino-4 anomaly Ry
i Ga anomaly ) =
I LSND anomaly s -
Rum = 0.936"0 022

10 102 I103
L [m] . 24
Guntiet al, PLB 829 (2022) 137054



Kopp,Licciardj Bowen, Voge

Reactor Anomaly

A Flux deficit can be explained as sterile neutrino

Phys. Rev. Lett. 118, 251801 (2017)

Ay?
A Many experiments reported nevesults, no oscillation L
signals beyond= except e
I Neutrino4 sees a 24 oscillation signal, but rejected by STEREO 5'0 /
at 3]5 ‘ A / """""

A DayaBay reported that the flux deficit is mostly froi#uU
A Other reactor and dedicate#3U spectrum measurement

confirmed theDayaBay result T2 56 60 ea es 2
A Current flux calculations using these new data :

C.L
68%
95%
99.7%

Fagy [10~" ¢m? [ fission]
=
n

%] =
un o

[N L e B I L
(6. 04 + 0,60} = 10+

t— Daya Bay 7= ILL <%~ Palo Verde = Rovno91

no deficit, but the 5 MeV bump is still there Lt e
A Further improvement by JUNDAO and s T T s . e e S
PROSPEGIfor reference nuclear data = 8
i Neutrino physicsCEVNS & S| NODKS a5z ¢ o
i Nonproliferation application s .

I Precision input for nuclear data L fm] 25



Ga Anomaly

A BEST confirmed GALLEX & SAGE deficit, but no

dependence on the oscillation baseline

A Katrin+Reactoexperiments excluded most
regions of the Ga anomaly

A Seems not due to sterile neutrinos but other
explanations should be looked for.

A Future:

i 9Zn by BEST
I New data from PROSPECTII, DANSS
I New experiments: JUNDAO andsoDAR

Elliott,Kopp Licciardi

Winklener& Spitz
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A MiniBooNHargely confirmed LSND anomaly

A MicroBooNHlid not rule out theMiniBooNE
allowed region, and confirmed its backgrounc s
estimation, at least partially.

A DayaBay+Minosxclude part of thevliniBooNE

allowed region

A TheLSND+MiniBooN&homaly still exist

i Other backgrounds ?
I Sterile neutrinos ?

I new physics ?

I More complicated models: Sterile N$1,Decay

Decoherence)

A Futuré SBNDICARUS, JSNESNSL L >

LSND Anomaly

Wei,LicciardiPark,

Arguelles,Schukraft
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Caccianigazhao

Solar Neutrinos and Solar Physics

A Borexinoreported new CNO results: LT T
F— I~ r ¢ T ¥ T ¢ T ¥ T *+ T ¢ 1

C r—t Ve THRYAL 8p_

Results (including sys errors) ] C — gglpC_)Vv — 11BCev and °B-v
Rate(CNO)= 6.7 +20 , , cpd/100t 10° E — %8 ... external backgrounds

.......... other backgrounds

®(CNO)=6.6 *20 ;ox 108 vcm 2 s -1

- Total fit: p-value = 0.2

-
o
(¥

Events / oN,

A CNOnull hypothesis excluded at 57

A Energy spectrum(shape) compatible with
electrons scattered by CNO neutrinos

------

-
o
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Diffused Supernova Neutrinos

A Latest results fronSuperk

'r
A SuperkKGdsuccessfully operated for 2 years with 0.01%
loading. Phase 2 with 0.03% loading just started

e Sensitive to 1.5 ve/cm2/s, Horiuchi+09 model is 1.9

e Combined upper limit of 2.6 Ve/cm2/s

e Most optimistic signals are excluded

e Best fit is 1.310-994 g5 Ve/cm?2/s

e 1.50 excess over background expectation

Signal right at the corner ?

A JUNO can significantly improve the sensitivity

A Future experimentsHyperk
A Shall be discovered in ~15 years from now !

Mastbaum,VaginZhao
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CosmieNeutrinos and Multtmessengers

A Astrophysical neutrinos firstly observed lmgcube _
i SAFFdzaSR FfdzE FyR &2d2NDODSa v

—

A BaikaiGVD confirmed the flux result, KM3NET is N

joining the force Sk N
A In association with Multmessengers gf\% "

I neutrino detectors:JUNOHyperK DUNE X ") - T

i GW detectors: LIGQirgo,Kagrd;osmieExplorer,LISA X 11 mmmmmm

I Cosmierays and Hlgs: HWAC, HESS, Magic, LHABSOX

E[eV]

10 Year track-like events (E>10 TeV, ptv, )

edu/data-relea

I grays and Xays in space: Swift, Fermi, GECAMJE X T

A A bright new era for astrophysics:

I Quantitative understanding of AGN, Blaz&psiazar GRB,
SuperNovad dzZNE G X O0AY I NE YSNHSNEZIX

I Origin and acceleration mechanism of Cosrais
I Neutrino oscillation and new physics searches

Bartos, TjusWu, ParkHeijboer,Dzhilkibaye\}

IceCube (PRL, 2020)

1 2 3 1 5 6
— log,y(Piocat)
30

— Good angular resolution
— Best sensitivity at Northern sky




Sato,Fedynitch Friend

Flux

] flux _
A Increased precision of experiment requires better N
understanding of sources(Flux), final states, and interactior ..
Cross sections

0%

A Each type of experiments have specific issues N
I Solar flux: ~35%, interactions ~1% ratio to Honda flux

i Reactor flux: 2%, interactions <1% - i;g‘M;HHm bt i
A With Near detector, flux errors < 1% GaE = FLUKA
i Atmospheric, flux: ~80% B
i Accelerator, flux: ~80%
A Off the energy peak, flux uncertainty can be much higher P )
A Main flux uncertainty is hadron production cross sec*~- AF, W. Woodley, M.-C. Piro, ApJ 928 27 (2022)
A With near detector, flux errors ~3% e DO ) B |
i Cosmic I e it ||
A A long time development of Monte Carlo T
packages for atmospherrcflux L S S b | -



JachowiczFields, Lu, Gardine
en, Kling, DCrescenzo

Interaction Cross Sections

A Progresses dheoretic understanding and calculation

A A lot of measurement of cross sections by experimen
and their prototypes

I Many experiments: T2K, NOWAicroBooNe MiniBooNE
MINERVAX

A Dedicated experiments
I High energy neutrinoASERISND, and FPF at LHC
I Medium energy neutrinos: CLASed . . 1.5f L

A Great effort of Monte Carlo Modelling and improvement S~ %_ /

©
N
Y
. . w 1 ——————
I GENIE, NELNUWIT), G|BUU Z + l - MINERVA Data
, MicroBooNE 5.3 x 10"°POT MicroBooNE 5.3 x 10'°POT 3 —l— —— GENIE 2.12.6
. . r — CENE 0006, NuWio 1921 b — GENIE V30006 NaWio 1902, o] w MnvGENIE v1
A Still a lot to do, in TR S 1 oot -0 B e v
] E 15 j 7 ndf=8.6/10 £ ndf=6.5/10 E‘; i+ " yindf=18.4/% xmdf=17.0/8 g w—— NuWro SF
particular for new | 1++ﬁ-+»++ e £ —howelre
- > [ ,i’-:-:- gu 1 L L
experiments ..l 2 05 10° 107 1 10
Pl E Q% (GeV?d)
b -
(new nucleus) ST SO
0 1 2 3 4 Q 0.5 1 15 2 25

E, (GeV) Phys. Rev. Lett. 128, 151801 (2022) w=v=E,-E, (GeV)
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Wurm, Buck Cabrera

New Technologied.S

A Approach 1: Hybrid of Cerenkov and Scintillation detector for Directionality
I Method: Waterbased LS, slow scintillation light, fast PMT or LAPPD readout
i { SOSNYt LINRG2GeLISa Fad G2ya aol ft g
I Direction capability using normal LE®rexinosolar neutrino data
I Future:
A Jinping 500tA 4kt
A THEIA: 108t: for neutrino oscillations andrOb decays
A Approach 2: loading for neutron tagging aor ® decays
I Successfulbdloading up to ~0.10.3%,DayaBay, RENO, Doubzhooz
I Teloading: 0.5¢ 4.0%, SNO+, JUNOb
A Approach 3Dpaque LS detector with a fiber array
I 3D Imaging + timing: TRi&e
I Good PID: e+,-eg, n,p= X
i CAOSNI FNNI& Ay | dzyAFTF2NYXY YSRA

) o ‘! (mm) : u“ P
Stochastic calorimetry order 0.1% [~105 PE/GeV] — excellent control of hon-stochastic

=100MeV: accelerator, atmospheric, p-decay, etc Anatael Cabrera (CNRSIN2P3)



New Technologied-ArTPC

A New ideas to for a large detector, easy
operatlon and more applications:

SR N  plectrio 898
Low power, low noise readout 4 44
SiPMat HV(300 KV) surfaces, il W oue
Analog signal, HV and power over fiber O?M An;m;meéi
Large area reflective coating with WLS to collect lig oo \ - ‘@K
Flat opticaimetalensesas light concentrators Reconstruted image  ignalon wires

coupled with small are&iPMs
Magnet to discriminate particle charges

Electron multiplication in liquid to low the threshold
to <100 ke\C DM, CEVNS

Proportional scintillation light i Ar

Dopants to convert scintillation light into charge for |
lowing the threshold and improve resolutidh On b b F&§AS &

Integrated charge and light (L) sensor
Dual readout TPCs

Fava

A =128 nm scintillation light:
40000 y/MeV wo electric field.
Response time ~ 6 ns + 1.6 lJS.

lonisation electrons:

42000 e /MeV.
Drifted (E) toward planes of wires on which they
induce a signal. Response time = drift time (ms).

B=(0,0.7,00T



NAKANORoKUjo

New Technologies: Emulsion Detector

A Nuclear emulsion film: optical resolution < G SONIUIE SXPERMETS
A Scanning system(GPU): ©52.5¢10 n#/h

I Large field of view
I Mosaic imaginer with beam splitter to eliminate the dead zone¢ g

A The decline of the photographic film Industry lead to
the development of emulsion films at Nagoya
I Stable and consistent large scale gel production

T New automatic rotlto-roll faC|I|ty for coatlng and drymg to
supply films~ 8 n#/d 2 —

A Track efficiency: 8697%

A Start to supply for exp.

A a new stage for neutrino
physics using emulsion
films

Il 2021 May.- Introduction of
] Roll-to-roll emulsion film Emulsion Gel Production System
I coating facility i

il started practlcal operatlon
4 (R Ip ustion in the dark)

=

in cooperation with former members of Fuji Film

Developing self-produced nuclear emulsion
that satisfies our own research requirement.




Zhao

Projects: JUNO
A Installation in smooth progress, after civil issues resolves ‘ \ “|\|||||WIIl'/l, ; /

A Key components production in good shape, technical anQ
engineering problems solved.

A Ambitious requirements, such as the energy resolution
(3% @1MeV), cleanness(1@/qg), etc. seems realizable

A LS Filling will start next year
o Liquid scintillator (20 kton) )

NIM.A 908 (2021) 164823

Poster: #265
Four purification plants to achieve target radio- purlty 107" g/g U/Th and 20 m attenuatlon Iength at 430 nm.

Add 5_/L_PPO and 3 mg/L b|_s_§M§_B_j
All the LS related systems will finish assembly in summer.

SS pipes to
underground

OSIRIS for LS qualification

-
Jie Zhao 85%



Wilsori  Sekiguchi

Project:HyperK& T2HK

A Beamupgrade in progress, now: 0.5 MW, goal: 1.3 MW

A Civil construction went on smoothly

A Near detector(T2K) upgrade, and the intermediate detector in progress
Ataca LINRPRdAzOGAZY aiil Nﬁéﬁev HNY LIASOS&acx

71 m high
68 m diameter
260kt water

G
Approach and Peripheral
tunnels, Summer 2022

Operation
starts 2027

il /': A ; ;’ e
R .‘ i 2 ]
|I Cavern Excavation
Tank
Construction }

; sk = PMT production
Access tunnel complete, Feb 2022 7




