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NEUTRINOS AS A BRIDGE INFN

* Neutrino physics (as all astroparticle physics) 1s a bridge between two standard models

-

Standard Model (of particles and fields) Standard Model (ACDM Cosmology)

3o

bottom

* Beautitul, but certainly incomplete » Beautiful, but somewhat ad hoc
Neutrinos: m, v=V ?, 6p (0m1,2), hierarchy ~ 95% of energy density is “dark”
No dark matter candidates ° “Matter”

|

° Ogcp ? Super-symmetry ? Steriles ? BSM * Which role for neutrinos ?

No inflation (connected with Higgs?) ° “Energy”

Gravity is classical only A constant or a field ? Why so small ?

* Quantum gravity ? Different paradigm ? Inflation 1s postulated

Sakharov conditions imposed but not
explained. Which role for leptons ?

CPV insufficient

Can neutrinos help ?
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NEUTRINO PHYSICS AND ASTROPHYSICS INFN

Standard Model

CP Violation
Majorana vs Dirac
Cross sections
Coherent scattering
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STATE OF THE ART INFN
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Oscillations, Neutrino Astronomy
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STATE OF THE ART INFN

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
. Oscillations., Neutrino Astronom
Neutrinos 2 Y
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PV et SN1987a SK SNO ST
%

KamLAND
g é; HomeStake GALLEX IceCube
Oscillations? BOREXino
2= =+ -5 2
| Am?| = 2.4740.04 103 eV? 6p="? (-/2 ?) 6m?=7.40%0.21 10> eV
023=47.5%3.2° 013=8.56£0.15° 012=33.630.77
1 0 0 cos 013 0 sinfi3e” D cosfio sinfio 0\/1 O 0
U= 0 COS (923 sin (923 0 . 1 0 — sin (912 COS (912 0 0 ' O
0 —sinfy3 cosbss — sin#y3€2 0 cos 613 0 0 1/\0 0 e'™2
GURISPUEnIC Reactors L ~ 1 km 30l4x L7
Accelerators LBL IBL L ~ 200 k Reactors
L ~ 700 km = L ~ 200 km
Next generation (JUNO, T2HK, DUNE) has sufficient precision L i

for global fits to almost all parameters

VEV !

Combined T2K, Nova, etc analysis may yield an early “detection”
of CP violation phase op
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AVERY ACTIVE FIELD OF RESEARCH INFN

N. of #neutrino# preprints per year (1978-2018) from iNSPIRE

Pattern reflects breakthroughs and peaks of interest... uHev,
CPV tests

0
2000 Cosmology, 13

(react.,
6m2, 912 Osc. patterns / A —

(solar) (accel, react.)
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1500 (amospgg / /
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From: E. Lisi Neutrino 2018
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CURRENT KNOWLEDGE FROM GLOBAL FIT

INFN

* Example: NuFIT 3.2 ( www.nu-fit.org ) updated to 2018

NuFIT 3.2 (2018)
Normal Ordering (best fit) Inverted Ordering (Ax?* = 4.14) Any Ordering
bfp +1o 3o range bfp +1o 30 range 3o range
sin® 012 0.30770:015 0.272 — 0.346 0.30719-913 0.272 — 0.346 0.272 — 0.346
012/° 33.621978 31.42 — 36.05 33.621978 31.43 — 36.06 31.42 — 36.05
sin? 03 0.53870 055 0.418 — 0.613 0.55470 053 0.435 — 0.616 0.418 — 0.613
023/° 47.21%9 40.3 — 51.5 48.111%5 41.3 = 51.7 40.3 — 51.5
sin® 013 0.022061 00007  0.01981 — 0.02436 | 0.02227700007a  0.02006 — 0.02452 | 0.01981 — 0.02436
013/° 8.547912 8.09 — 8.98 8.587914 8.14 — 9.01 8.09 — 8.98
dcp/° 234133 144 — 374 27812 192 — 354 144 — 374
Am%l +0.21 +0.21
TR 7.4019-21 6.80 — 8.02 7.40102 6.80 — 8.02 6.80 — 8.02
Amge +0.033 +0.032 +2399 — +2.593
0o o7 | T2A94IGGS 42399 42503 | 24651005 —2.562 - —2369 | | Toac 0o 00

Phantom of the Opera: sterile neutrinos
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http://www.nu-fit.org

OPEN QUESTIONS AND THE PATH TO THEIR ANSWERS

Dirac vs Majorana (V#v?) Ouvpp

UpMmnNs unitary?

o 0°?

s OSCILLATIONS

Am?2>(?

U23 maximal? Octant ?

Absolute Mass scale Spectrometers, 1Bolometers, EUCLID
CNO from the Sun BOREXino

Astrophysics IceCUBE, KM3Net

Multi-messenger (GW, photons) VIRGO-LIGO + Astronomy

CvB R&D for PTolemy, Euclid, CMB fits
SN (pulse and relics) Borexino, LVD, JUNO, SK, HK, DUNE
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INFN

NEUTRINO OSCILLATIONS: GLOBAL VIEW

From: T. DeYoung Neutrino 2018
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SOLAR NEUTRINOS INFN

* 2017: final Borexino results on pp cycle 12—
[ B16 SSM (= 10):
) - ® HZ (GS98)
* Complete precision measurement of all 1.1}  LZ (AGSS09met)
components of the chain L
* Precision Test of Standard Solar Model L
0.9F
¢ EVidenCC Of MSW on Pee Allowed regions:
0.8 ()68.27% C.L. -
° ° e o (]95.45% C.L. |
* First hint on solar metallicity | @99.73% CL. ]
07 .0.6l..0.8.ll1.0...1.2..
» HZ tavoured at 20 s
HZ LOW Z Magnetic Moment
) 1:' . T rrrry v v rrrrr] 3 1:' T T T T LI B B B | = ¥ T T
7 09F Borexino data ONLY | ~ 09F Borexino data ONLY |3 - V(PP): Herr = 5x107" g
T = E T o - 30041 v(pp): Uer =0 T
>® 08¢ MSVVLMA 3 >(D 08¢ MSVVLMA E 11 minimal change
Z - B16(GS HZ = - B16(AGSS LZ 3 ‘
T oo7e PP . 3% o7sF PP Be DU 13 | 20{1Z ofthe shape -
z e : : I 1 & ||
0.6 - 0.6 - =
= | ' Pep = = } pep l = & 200- -
0.5 = 0.5 = £ ]
3 E E e = V(Be): gy = 5x10™" g
04F | = 04 x BERET v(7Be): 1y = 0 -
03F p-values: 4  o03fF p-values: 8B 4 |8 e Emmmm -
0.2E- Bx only: 0.998 88 3  ,.E Bxonly:0.362 E 64 A\ v
0 15_ All exp: 0.95 3 3 All exp: 0.465 E \ 1 strongchange _
E 3 0'15 E 509\ | ofthe shape i
0' 1 N TS A | 1 1 ;3 3 3341 = O' L N A | N L s 2 3 s asal - ] "“\\\‘ \.
1 10 1 10 1 [ L. OIS,
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TENSION SOLAR - KAMLAND INFN

10
. — 8 _|
* Fit parameters measured by KamLAND at ST )
° L
reactors and by global fit to solar neutrino o[ )
[ O ([ ] O
experiments are in small tension = 6 B
o~ L _
g [ _
g 4L 7
* 20 tension on 6m? i i
N i
0.2 0.5
. .2
* KamLAND value would give a steep sin' 0,
upturn and smaller day-night effect
in 8B g g soreino(®)
~ g 4 Super-K ;]
i |& - SNO 3
* Better measurements are needed S N E
both at reactors (JUNO) and on SN\ T~ RRIE
solar neutrinos ( HK ? ) i el
It e
- | —— Standard —— NSl-up e ° """" P 1=
0'25_ —— Sterile NSH-dw T
. . Do bl v b by b P T
* N.S.I. with €~0.3 can improve the fit Yeres e Ts 7w

Maltoni & Smirnov - Eur. Phys. J. A (2016) 52: 87
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DOUBLE CHOOZ 2018 INFN

Dy Far detector (FD):
: Data taking 04/2011)
Golfech §8 I$m 1— . ; |
o i Shért b;aseglln;e: i L ¥
B 0 . 8__ ....m.expe”ments Mz.v-;g13eélpeg:1nents .j
i ,,Reactor anomaly“; D:)l/ja Say 9°z; ]
® py i H ;
= i 1
2,4
o 0.4
h -
=% -
0.2
0_
- o ' ' 10 '
2 x4.25 GW,, — Reactor systematics cancelllation by
=~ 1021 neutrinos/s simple geometry (effective iso-flux)

Warning: we do not
—4— NDData understand reactors!

.............. No osci"ation -

=
w
[
w

—4— FDData

.............. No osci"ation

=
N

Best fit on sin 20,, =0.105 + 0.014

Best fit on sin “20,, =0.105 + 0.014

Single Detector 1 ¢ Variance Single Detector 1 ¢ Variance

Multi Detector 1 ¢ Variance 7 Multi Detector 1 ¢ Variance

= ++++H’ f

=
=

X2 1DoF =182/ 112 1

=
=
1 1 1 1 I 1 1 ! 1

Observation / No-oscillation prediction
Observation / No-oscillation prediction

1.0 1 + ............ |._:!.__. 1. ]
0.0 t T + I - o ]
T Double Chooz IV | 1 T Double Chooz IV + Rl
1 Far (818 live-days) - Near (258 live-days) 1
i ] ] ]
08— 2% 3 4 5 6 7 08— 2 3 4 5 6 7
Visible Energy (MeV) Visible Energy (MeV)

From: C. Buck - Neutrino 2018
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LATEST DAYA BAY INFN

SN SLLRLIEY Results with 1958 Days
* Measure sin22813 and |[AmZee| to 3.4% and 2.8% respectively |
effective mass
& splitting
ENE , , 1.267Am>
E) P(ve —V,)=1-sin”26,,sin’ =——solar term
—i ’ 2 4 6 8 AX:O
- _IIIIIIIIIIIIIIIIIII 1.00 1
2of- e | BektFit _
07E- // 0.98} - \W/O oscillations /

: S b EHI :
260 —— _ Y EH2 :
E E i Tm0.96 $ EH3 /( ]
g g |
5 2.43_ _ | 0.94 .

e S e S 0.92)
T 0.900100 200 300 400 500 600 700 800 900
sin*(20,,) Lerr / Ey (M/MeV)
. The statistical uncertainty
2 —

results with Sin 2913 =0.0856 £ 0.0029 contributes about 60%
1958 days ' 2 3 ) (50%) of the total 813

| Amee =(2.52+£0.07)x10~ eV (AmZ2ee) uncertainty.

FP Capri 2018 - Short review on experimental neutrino physi

M. Pallavicini




MEASUREMENT OF 33

* Reactor experiments (disappearance) or 12K (appearance)

Neutrino 2018

Double Chooz
TnC MD (n-H®n-C®n-Gd)

Daya Bay

PRD 95, 072006 (2017)
PRD 93, 072011 (2016)

n-Gd
n-H

RENO

PRL 116, 211801(2016) n-Gd

T2K
PRD 96, 092006 (2017)

2
Am32>0

2
Am3, <0

Total Uncertainty
Statistical Uncerthmtv

sin*(26,,)=0.1050. 014|—l—o—|—|

sm"(26 )—0 084!*'0 003
sm‘(29 )—0 07 11:0 011

g
H——H

082+0.011

f——1 sm*(26 )=0.

Margmallsahon (Ocps9,

{

|
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INFN

20 kt LS, 3% energy “Medium” Baseline
1.4
g Daya Bay,
o °
JUNO' Commg SOOI 19 s Reno, DC KamLAND
* Precision measurement of angles 1.0 ——*# #M - - -}
o
<
* Unitarity, Hierarchy = WBF g
% 06L X Savannah River
. : O Bugey
* Relevant INFN investment “ % Raymo
04 @ Goesgen
° ° . A Kr k
* Purification (Borexino legacy) 02F O Palo Verde
B Chooz ® KamLAND
* Electronics PMTs and ARG Sk 0.0 | | L 53km -
i v\, ' 1 1 2 3 -+
Tracker il e o 0 w10’ JUNO
T T Ml A ke i mmumumml T Distance to Reactor (m)
P (DUe — Ue) = 1 — cos4913 sin22912 sin? Am?2 i — sin22913 c052912 sin? Am?2 L + sin2912 sinZ Am?2 i
21 AE Sl AE 32 AR
~ 1 — cos 913 sin 2912 51n2Amgl i — sin 2913 sin Am2 L ,for Am%2 < Amgz
4AE i _ ““4E
. s Vacuum oscillation probablhty P(v >V)
* Very challenging detector resolution, accuracy 1 Hers o + A = 2240010 o
07919 I"I""I""I""I""
and Stablllty full red line - normal hierarchy
dashed blue line - inverted hierarchy
0.8 -
2 2 2 fog | y
Amz, = Am3y, + Amy, E / \
NH: |[Am2,| = |Am2,| + |Am2,] -
- 311 = 32 21 8 \
2 | _ 2 2 02 a, P .
[Am3, | = [Am3,| — |Ams, | _ 0000
OO — ISOI()Ol - IIO(I)O(; - I15(|)0(; - lZO(I)OOI - l25000
L/E (m/MeV)
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See Ciro Riccio’s talk today

» T2K: working well, 470 kW

* 1.5 102! p.o.t (V) e 7.6 1020 (v)
* 2017: new release dcp e 012 :
* Upgrade T2K-II in progress (ND280)
* CPV 30 ? Possible.
Phys. Rev. Lett. 118 (2017) no.15, 151801 T2K Run1-8 preliminary %107 Fixed Mass Ordering  T2K Runl-8
Pl are A e . E BgE T T s R T
| S e w/ reactor 6133 : : = — Normal - 90CL ]
= = 265t Data Fit Bestfit .. Inverted - 68CL
25— —— Inverted e . — Inverted - 90CL 3
£ — 26 -
E - 3 TF :
= — a2 55k . -
s e hnal =
i = . — 25F : =
| EiS S =B systematic :
= . S22 45k =
5; S NS an s ad s N = y LR L LR T RN R LR L 235; pendlng —é
0 __3 _2 _Il ; : (I] ; :Il é é— 23[1:_1 ! il | I = I ) ) ! l_i]
03, <035: 04 =045 RS ~1ESS 0.65 0.7
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NOVA INFN

* NuMI: longest baseline, from FINAL to Minnesota Ve CC Signal . .
» 700 kW, 810 km, off axis (narrow) neutrino beam '_ >VWW<

* Disappearance, Appearance
p— e — | o Ve CC Signal . -

= .;:--/N—E)V?&“F;Detects)&‘ S | I_ : - 5:. “rapa- e+ p W

g NC Siénal or Background

..... L V'“" l/'.Y T >vvzx< _

{_ P \:Y 71.0 +jz. + p % ¥

'''''' —— —

NOvVA Near Detector: o

Chicago

NOVA Preliminary

> - .. I I I I I I I I
froogle | Normal Hierarchy 90% CL g
NOVA Simulation - — NOvA  —- MINOS 2014 .
- . ———————— 30— ---- T2K 2017 «won IceCube 2017 2
i NOVA Far Detector | [ SK 2017 SN, R
o v, Spectrum | % - -
i V. Spectrum i °°o : :
i g o250 =
i Flux 1-5 GeV: | g - .

5%V, ] I

5 ol— e Best fit ' -
1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
0.4 05 0.6
0 1 2 3 4 5 6

. . 2
Neutrino energy (GeV) M. Sanchez - Neutrino 2018 sin 623

10° Neutrinos / m?/ GeV /5 x 10" POT
S
|
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DUNE | INFN

* Long base line experiment from Fermilab to SURF at Sanford (S5.D.)
* 60-120 GeV proton beam, 1.2 (2.4) MW, 1300 km

* Neutrino and Anti-Neutrino mode

Fermilab Accelerator Complex

o 1300 km ~Vu
_Vu
102 —Ve

Unoscillated vs /125 MeV /m? /POT

—
I
-
&

£y,
ol J_ L—-‘L

10—15

0 1 2 3 4 5 6 7
True v Energy (GeV)
Sanford
Underground
Research . \

Facility o2
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DUNE MAIN SCIENCE PROGRAM INFN

DUNE Conceptual Design Report (CDR)

* GENIE event generation,
Geant-4 beam, fast MC

detector response

* About 1000 v. and ve 1n

7 years

¢ Full fit to four spectra
to extract parameters

* GLoBES configurations
axXi1v: 1606.09550

* In addition:

* SN, proton decay, vV cross

sections, sterile v, new physics

FP Capri 2018 - Short review on experimental neutrino physi

Events/0.25 GeV

Events/0.25 GeV

arxiv:1512.06148
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i —— NC
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60—
40—
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20
0 ek L J_l LA A L 1 lllllll
1 2 3 4 5 6 7 8
Reconstructed Energy (GeV)
900
DUNE v, disappearance
800 3.5 years (staged)
700
— Signal v, CC
600 —NC
- (Vr-i-\’,) CcC
500 V — Bkgdv, CC
400 1
300
200
100

L I |
1 2 3 “ 5 6 7 8

Reconstructed Energy (GeV)

351
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3.5 years (staged)
Normal MH, 5.,=0

30—

— Signal (v,+v,) CC
—— Beam (V_+v,) CC
—— NC

e (V#v,) CC

— (V,#v,) CC

25
20
15F

10

1 2 3 & 5 6 7 8

Reconstructed Energy (GeV)

350

C DUNE v, disappearance

- 3.5 years (staged)
300
250 — Signal v, CC

— Bkgdv, CC

— NC
,T, — (v_+v,) CC

Reconstructed Energy (GeV)
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KEY POINT INFN

* The current understanding of neutrino cross sections with nuclei is not sufficient to
extract all potential science from next generation neutrino experiments

I G. Zoller
214 T2K/Hyper-K
o ‘Jr;f@::.zz;
+1.2 LI RMINOS+
°§ |

|=B(1 0

vV cross section/
e O O «
o N A OO O

10" 1 10 107
v,CC cross section per nucleon E, (GeV)

* Theoretical progress 1s crucial. Another example of the importance of strong
interactions corrections to “weak physics” (¢’/¢€, gu, Ovff matrix elements, .....)
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- SUPERNOVAE INFN

* One of the most challenging theoretical problems, g
all at the extreme %
Strong coupling effects of EW interactions
Highly non-linear and poorly understood flavour e
evolution problem o G
A unique lab for Aol ;
» Particle physics, Nuclear Physics, General Relativity | - 'Y' ‘“' -

* Strong feedback from neutrino-matter dynamics in
truly unique conditions

FIrRST CosmIC EVENT OBSERVED IN
GRAVITATIONAL WAVES AND LIGHT

Shock
| wave

i‘Pr

oto-neutron star

Janka 2018
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SN IN JUNO INFN

5
. 10 - 26 NC, E"=15.1 MeV ]
* Potential breakthrough because of the ol -
very large number of events and resolution |¢ o
:
;g’ 102 -
S 0L
Channel Tvpe Events for different (E),) values [
HALHE ype 12 MeV 14 MeV 16 MeV L
Ve+p—et +n CC 4.3 x 10? 5.0 x 107 5.7 x 10? o1 L
V+p—U4p NC 0.6 x 103 1.2 x 103 2.0 x 103 0.2
vite—u4te ES 3.6 x 102 3.6 x 102 3.6 x 102 Eq [MeV]
v+ 120 5 p+ 12C* NC 1.7 x 102 3.2 x 102 5.2 x 102 NG el
ve + 12C — e~ + 2N CC 0.5 x 102 0.9 x 102 1.6 x 10® | 41Xiv-1507.05613
v.+ 12C 5 et + 2B CC 0.6 x 102 1.1 x 102 1.6 x 102
v_Burst Accretion Cooling
— 400 R | | | J | ) l | | | 1 I | J | | | J I | |  J | | 70 | | | | I  J | | | J I | | J | | ' | | | | | | 14 : | J 1 ' ’ | | ’ I ) | J ) l 1 | | | |
w F 12 F
S 300 & C
= C 10 =V
— C N ¢
Z 200 :
= : 6 &
S - -
E 100 ‘E
2 [ 2
0 O:nnnlnnnlnnnlnnn

A. Mirizzi et. al., arXiv:1508.00785
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SUPERNOVAE IN DUNE

In LArTPC, SNB signal | v + OAr — e + 40K*
dominated by electron neutrinos: €
_50; Neutronization - Accretion 5()'_Cooling
245 45 % g8 :
. , ?40» 40 o025 40F 007
* No single event analysis, | & 3 s N
total charge (or light) . " 0
. 5 25 25 25
signal as a function of i N N
time 15 S 15
10} 10 10
002 (I) o.:xz o.clu o.:)s 0.08 "1 02 03 04 05 1234567809
PY SCHSlthlty tO MAss Events per 0.5 MeV per ms, 40 kton @10 kpc Time (s)
hierarChy and SN 40 Kton argon, 10 Kpc
3 E 8|O Hnfa i eutronization § ccretion § oolin
model with early S e Nedwonkaton hoorl ; Coolns
x = o 70 N
time detection 5 oF | e
GC) = E —+— Inverted ordering
= 50— i
LU = :
40
30 ! 1 5
m— | T I —t— 1 |
PF | AT L —
10 ”':_'_
Edfﬁ, A ) [ S (N S S IO !
0.05 0.1 0.15 0.2 0.25
Time (seconds)
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OSCILLATIONS WITH HIGH ENERGY NEUTRINOS INFN

7|_ I | I I I I | I I [ I | [ [ [ [ | [ [ [ [ | [ [ [ [ _l
L MINOS, 2012 90% i _
.+ o - Super-K, 2012, 90% Lt i
* Smaller precision, but completely N ANTARES, 68% I
. - — ES, 90% -
BT IceCube-79, 68% _
difterent energy range (up to 100 1TeV) i ceCube 75, 6% senmmos
» IceCube and Antares data so far s L -
= : -------------------------
* Sensitivity to new physics and S N i
mass hierarchy TE NG Rl T e -
- ANTARES Q@W
Oscillograms ol R N
1.00 —_————— — ————————. B |C€CU be L AN T"
Normalmassordering ! oo e e e e
04 0.5 0.6 0.7 0.8 0.9 1
0.75 Sin®(26,,5)
0.50
0.25
D
% 0.00
—0.25 BSM nentvine ||
phosic,s'?
-0.50
0.2
~0.75 \ |
\ " . . — «—'
9% 10! 102 100 00

E [GeV]
¢ ? ¢——— vacuum-dominated ——>

matter resonances

From: T. DeYoung Neutrino 2018
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KM3NET INFN

Cities and Sites
of KM3NeT

* KM3Net: key European project for multi-messenger v
* ARCA: Neutrino Astrophysics

* Sources, Acceleration mechanisms

* ORCA (Mass hierarchy)

sin“(6,,)

B2 8O 4 . .0'45. . 0.5 . .0'55. . 0.6
o o NH, 3,0 ] ' #
g e R R R——
= o ; ;

e 3¢ S S .-,.'._..,;...‘;;;.;.;.;.;.;_;,;....; .................. e e
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B COHERENT INFN

* Coherent neutrino scattering finally observed
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* Predicted in 1974, very difficult measurement

10 —1078

* Cross section 1s large, energy recoil very small
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Dark Matter-nucleon cross section [pb]

e ’_10-12

Dark Matter-nucleon cross section [cm?]

* Fundamental physics, SuperNovae, Dark Matter

—
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* Experiment at the SNS, Spallation Neutron
source at Oak Ridge, Tennessee

* Most intense pulsed neutron source

* Very low threshold Csl detectors

100 150 200 250 300
neutrino energy (MeV)
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COHERENT RESULT INFN

°1.4 1023 p.o.t (6 GWhr)
* Observed: 136 * 31 ev, expected 134 T 22

* No signal excluded at 6.7 ¢

* Already constraining NSI »
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STERILE NEUTRINOS ? INFN

. arXiv:1805.12028v1 May 30th, 2018
* Breaking news (well, maybe....)

* MiniBoone excess of low energy electron appearance confirmed!

* Very very confusing..... 500 MeV, 500 m
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* Neutrino-less double beta decay is a portal to new physics e-\ ’e-

* Its observation requires probes scales beyond SM
¢ Lepton number violation

* Majorana vs Dirac mass terms

J. Schechter and J.W.F. Valle, /
* New mass generation mechanisms PRD25 (1982) 2951 ‘
N(A,Z) N(A,Z+2)

* Bariogenesis and/or Leptogenesis mechanisms
* NOT necessarily linked to Majorana v, although it implies non-zero Majorana mass

* Roughly; sensitivity from 1026 y to 1028 y, corresponds to collider energy increase by a
factor 20 (e.g. from Tevatron to LHC)

* Well...., with many less channels for exploration .....
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INFN

208

----- Blinded § Qoo Tl

— Unblinded § [

CUORE Preliminary TOVBB > 1.3 % 1025 N
Exposure: 38.1 kg-yr ' 1/2

* GQUORE: Cryogenic bolometers 139Te

Events [counts / keV]
=

* The coldest m3 of the Universe! :
* First release: Oct. 23rd, 2017 1
2
0

* Neutrino 2018: 2 neutrino signal
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I, = [8.7 % 0.1 (stat.) & 0.2 (syst.)] x 1072% yr~*
Ti), = [7.9 £ 0.1 (stat.) = 0.2 (syst.)] x 1027 yr

(Preliminary)
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GERDA INFN

* 76Ge enriched, ~ 30 kg
* First Ov3f3 experiment with zero background Neutl"ino 20 I 8

4 ¢ keV-1 ke'! = -
. 6 1 O C C g g ° enriched coaxial - 23.1 kgyr [ prior liquid argon (LAr) veto
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— Up grade at 2 O O kg app rOVC d § 10° Monte Carlo 2vBp (T =1.93 -10* yr [EPJC 75 (2015) 9])
O
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KAMLAND-ZEN AND EXO INFN

* EXO (liquid) and KamLLAND-ZEN (dissolved in liquid scintillator)
search tfor Ovpp of 136Xe

* Larger backgrounds, lower E resolution, but much larger masses (ton scale)

Ty/s > 1.07 x 10% yr

A brief history of EXO-200 results Phase-2 380kg
Sensitivity (yr) 90% CL Limit (yr) <mgg> (meV) 1 04 - Period-2
PRL 109, 032505 (2012) 0.7x102% 1.6x102% = —e— Data R 110mAg
Nature 510, 229 (2014) 1.9x10%5 1.1x10%5 b B
PRL 120 072701 (2018) 3.8x10% 1.8x1025 147-398 I — Total U+>*Th+*'"Bi
24 10° = ------ Total (OvBB U.L.) H0p 1 85k 4K
90 > S — PoXeovpp - IB/External
- e sensitivity ' End of run O an e 2vpp xterna
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(mpgg) < (61 — 165) meV
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LNGS PERSPECTIVES INFN

®  Sensitivity for limit setting
® Limit (90% CL)

10%
LEGENDy
Phase Il

T TTT

* 76Ge: GERDA II-2 and LEGEND 200 kg
* LNGS 200 kg

I Illllll

T,,0 90% sensitivity (years)

* Background free experiment possible 107 = &
. . = Phase | g "
* Agreement with US Majorana group N |
10%
E 1 | 1 1 1 | 1 1 1 | 1 1 I | 1 1 I | 1 1 1 |
2014 2016 2018 2020 2022 2024

Date

e Bolometers
Light detector

« CGUPID program to identity the best technology ar

Copper holder
* Scintillating Bolometers ?

¢ Cherenkov from Te ?

o 130Te, 100Mo, 82Se ?

Scintillating crystal
€ Reflecting foil

.(—Teflon support

* 7Zn®Se run in progress and first results

¢ 100Mo at Modane

Temperature
sensor
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NEUTRINO MASS FROM CMB FITS INFN

Moore’s law of CMB sensitivity in uK ...and expected error onZm,,

T T T I I
.

| : : ——— Space based experiments
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EUCLID: DARK ENERGY AND NEUTRINO MASS INFN

w=wp + wa(1-a)

» A#0 ? RG wrong on large scale ? Field ?

| | I I I
* Mission: Measure the evolution of gravitational potential L6 [ | .
. [
and matter over 10 Gy (z<2) using: [
. 0.8 | -
* Cluster formation (BAO) |
: Sy 5
* Weak Lensing 00 — ===~ = N T ]
* Neutrino mass ! Sensitivity down to 0.3 eV o8 - ,’j ;""C:*x?ﬁ“_o .
° ° anck-+ +Union2.
in the sum of all neutrinos Planck WP -SNLS
o -1.6 . .
* Two instruments: ~2.0 ~16 ~1.2 0.8 ~0.4
Wo

* Near Infrared Spectro-Photometer (NISP)
* Visible CCD (VIS)

n.n

Launch 2022 - 6.5 y
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highpass filter
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D / o
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lowpass filter

(readout shutter unit)
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P CONCLUSION INFN

* Not covered for lack of time
* Direct neutrino mass with Katrin, Project 8, microBolometers
* Many sterile neutrino searches at reactors
* Many DBD experiments around the world

* Many future projects (e.g. ESS)

* Neutrino physics is a very active field of research

* Next decade might bring:
» Hierarchy and CPV 1n lepton sector

* Neutrino mass scale (likely from Cosmology first)

e Hard to tell .
S Neutrinos are always
-+ Sterile ? sSurprising !
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