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natural sources

the Sun

solar metallicity
oscillations in matter

Supernovae

dynamics of collapse
collective oscillations
gravitational waves

diff. SNv background

DSNB discovery
mean SNv spectrum
(dark) SN rate

the Earth

radiogenic heat
U/Th in crust/mantle
U/Th ratio

solar hydrogen fusion
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Investigate physics of the sources / neutrino properties and oscillations

Significant German participation: Aachen, Dresden, Hamburg, Heidelberg, Jilich, Mainz, Miinchen, Tibingen
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Solar neutrinos

Exploration of the Solar Interior

only messengers
reaching us directly
from solar center

currently most
interesting:
contribution
of CNO cycle
to solar fusion
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- elemental
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Neutrino Oscillations in Matter
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Borexino in a nut-shell

THE A, B AND C OF GRAN SASSO

Experiments at the Gran Sasso National
Laboratory are housed in and around three
huge halls carved deep inside the mountain,
where they are shielded from cosmic rays
by 1,400 metres of rock.

Gran Sasso
National
Laboratory
.

Adriatic
coast

Fiducial

Volume

new 4-year data set with

= record radiopurity levels:
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Expected neutrino signal in Borexino JG|U

weak elastic v-electron scattering
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Multivariate fit to Borexino data

Energy spectrum + radial fit (external y-background)

after fiducial volume cut + cosmogenic 11C cut
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Phase-2 results: Neutrinos from pp-chain JG|U

Results on pp-chain neutrino rates

Earlier result NEW (cpd/100t)
144413410 134 £107%8,
PP (11%) =—T—> (11%)
78e | 460 +1.5%1¢ 46.3 £1.1137
(4.7%) =—t—> (2.7%)
3.140.6+0.3 2.43 +0.361313
Pep (22%) =——t—p (16%, HZ)
sg | 0-2210.4£0.1 0.22013:312 + 0.006
(19%) =—t—b  (7.7%)




Phase-2 results: Neutrinos from pp-chain JG|u

Results on pp-chain neutrino rates Tracking solar oscillation probabilities

Earlier result NEW (cpd/100t) = assuming high-metallicity SSM (GS98)
144+13+10 134 +10%8, " including Phase-2 8B neutrino results
PP (11%) — T (11%) Ie ——
7Be 46.0 +1.511:8 46.3 +1.1134 0.92— Borexino results 3
(4.7%) =ty (2.7%) = ogE (rate errors) 3
> “E 3
3.140.640.3 2.43 +0.361333 T o7E PP (£11%) .
Pep (22%) =——t—b (16%, HZ) £ £ ’Be (+3%) 3
sg | 0-22%04+01 | 022073012 + 0006 £ osE | B (£8%)
(19%) =——t=—b (7.7%) s g s
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neutrino energy [MeV]
— confirmation of MSW-LMA solution

in vacuum and matter regions
— transition region to be explored further



Phase-2 results: Neutrinos from pp-chain JG|u

Results on pp-chain neutrino rates Tracking solar oscillation probabilities

Earlier result NEW (cpd/100t) = assuming high-metallicity SSM (GS98)
144+13+10 134 +10%8, " including Phase-2 8B neutrino results
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Outlook: Quest for CNO neutrinos

@ " CNO cycle subdominant in the Sun (~1%),

OP
"Qj@ but dominant in more massive and older stars
@

wwet - myery sensitive to the solar metallicity
)‘i“’;v (abundance of C, N direct impact on rate)

= up to now: only upper limits for the Sun

@,
CNO signal in Phase 2 data set
o 301
é E ____ pp/pep ratio fixed to 9 new upper
[ HZ solar model . .
=t limit on CNO
20- contribution to
e v spectrum,
: but no positive
10 .
: detection yet
5[t
Ci\y\-_.b s b Laaa Lo g daaal
0 2 4 6 8 10 12 14 16

CNO rate (d-100t)?
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Outlook: Quest for CNO neutrinos

@ 2C @’ = CNO cycle subdominant in the Sun (~1%),
"Q}@ but dominant in more massive and older stars
13N
@ vt moyery sensitive to the solar metallicity
F;v (abundance of C, N direct impact on rate)

@ = up to now: only upper limits for the Sun
13C

9 Y,§“N . Future effort on CNO neutrinos
CNO signal in Phase 2 data set = an additional 3+ years of data taking

— * main background: 21°Bi beta-decays

HF L opepratofedto — hew upper with very similar spectral shape to CNO

= T limit on CNO - evaluate 21%Bi rate in central region of the

20 contribution to detector by using the decay of 219Po

v spectrum, in secular equilibrium

z::ccer::(’zigr?i;g;/e —> further stabilize the detector temperature
gradient to mitigate entry of new 219Bi/Po

from convective currents
" " CNO rate (d-100t)" - extensive simulation of fluid mechanics

150

10
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Neutrino oscillations : what we know

flavor PMNS mixing matrix U;,3; = oscillation amplitudes mass
states [ A , States
Ve 1 0 0 C13 0 813€_i5 cio2 S22 O 14
L = 0 C23 593 0 1 0 —S812 (12 0 1)
V- 0 —S923 (23 —8136z5 0 C13 0 0 1 V3
Super-Kamiokande Daya Bay, RENO, DC SK,SNO [KL,Bx]
atmospheric: 0,3~45°? reactors: 68,3=9°, §=-1? solar: 61,~33°
m?> mass squared differences — oscillation frequencies
A
I s e AmZ, = Ami, > KamLAND+solar: +8x105 eV2
° Amgtm — Am§2 ~ Am§1 - SK+acc+reactor: +2.5x1073 eV?
Am?

Michael Wurm (Mainz) Low-energy neutrinos 12



Neutrino oscillations : what we lack

PMNS mixing matrix Uz«3 = oscillation amplitudes

Ve I 0
L = 0 C23
Vr 0 —$93

normal ordering
2

1)

2
Ar’nsol
141

Y 1
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C13 F) 813€_i5

0
S923 0 1 0
23 51360 |0 cp3
What is the

= octant of 0,3(245°)?
= leptonic CP-phase?

<— = mass hierarchy?
(sign of AmZ2,;.,,)

= PMNS unitarity:
sterile neutrinos?

= other non-standard
effects/interactions?

Low-energy neutrinos

cig S12 0 2
—s12 ¢12 0 v
0 0 1 Vs
inverted ordering

m2

A
1)

— Amg,)
141
Am?

atm
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Implications of neutrino mass hierarchy

Degeneracy of MO & &

Lightest vs. effective 8 neutrino mass
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Cosmological neutrino mass vs. MO

Current Cosmology (95% U.L.)

KATRIN
¢. 2020
(95% U.L.)

---------- Future Cosmology - -
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Concepts for MO measurement

Very-Long Baseline
Neutrino Beams

Low-energy atmospheric
neutrino oscillations

DUNE

Mid-baseline reactor
neutrino oscillations




JUNO in a nutshell

Physics objectives
® neutrino mass hierarchy

= sub-% measurement of
solar oscillation parameters

= astrophysical neutrinos

" nucleon decay
= eV-scale sterile neutrinos

crau
Kaza stan Monron
f Mongolla

— Bzzé’:ﬂ‘.?:‘a"f{‘/";w“g;"
JUNO characteristics 2 i s«aaouapan
= liquid scintillator detector: 20ktons \}‘-_,uum '-;_,j-_\.;», o SW,%’,'}'O,“ o
* number of PMTs: 17,000 (20“) Mg'“"',i',f_{':sb 3 %Z” W
= energy resolution: 3% at 1MeV prak'?a" Nepal T L
= rock overburden: 700m ~ India ﬁ
= distance to reactors: 53km “(Agjmiﬁi\ Map data 2016
defecfor sife

Michael Wurm (Mainz) Neutrino mass ordering in JUNO 16



Reactor antineutrino oscillations

Common three-flavor reactor electron-antineutrino survival probability:

Am?2 Am?2
P —1—sin?(20 sinQ( 31)—sin2 20 sin2( 21)
ee ( 13) AR ( 12) AE
1.0
5 08}
©
S 06|
- Ve
3 || s,
_ 02
neutrino source: g neutrino detector:

only V, created ' 1 10 100 only v, interact
Distance (km)

—> oscillation parameters are extracted from v, disappearance pattern

- however, the formula above implicitly assumes Am?;, = Am?;,

Michael Wurm (Mainz) Neutrino mass ordering in JUNO 17



P =1— Py — Py — Pss 20kt LAB-based
. . %% - scintillator
Py = cos* 013 sin® 2015 sin® Aoy 4 TR

P31 = COS2 912 sin2 2013 SiIl2 A31

P32 = Sin2 912 SiIl2 21913 SiIl2 A32

!
s w®  T o
P~ e

o e
Pi 3

55km baseline

Nuclear
reactor(s)
JP~30GW

neutrino energy [MeV]

energy range of
reactor spectrum

Michael Wurm (Mainz)

reactor spectrum +
oscillations
normal hierarchy
inverted hierarchy

2 3 4 5 6 7
neutrino energy [MeV]

U
g
U
»
R
g
g
U
g
U
g

- MH from position of spectral wiggles

40 50
distance from source [km] -2 energy resolution (~3%) decisive!

Low Energy Neutrinos 18



JUNO sensitivity to mass ordering

p— 10— — VAT: 1% a m?, prior
\é [ Vﬁ: no prior
- I 68% of exp. JUNO
95% of exp. JUNO

50% vs. 50%
—— 1.1% vs. 98.9%
——3.7x10® vs. 1

Years
JUNO’s expected sensitivity level
(assuming 3% energy resolution)
JUNO alone based on 6 years: ~30

+ precise data by T2K/NOvA on Am? : 4o

Michael Wurm (Mainz)

Neutrino mass ordering in JUNO

JUNO, arXiv:1507.05613

Experimental conditions:
= E resolution: 3% at 1MeV
" statistics: 100,000 ev

Sensitivity budget Ax?
Statistics only +16
different core distances -3
reactor background -1.7
spectral shape -1
S/B ratio (rate) -0.6
S/B ratio (shape) -0.1
information on Am?,, +8

19



JUNO progress JGU

Slope tunnel
1340m

|

Vertical shaft]
581 m

|

Jan 20 Start of construction
May 21 Scintillator filling
End 21 Start of data taking

Lab excavation has §/)” 'v
reached ground level A v
‘ I. footprint:

~5600 m?

Michael Wurm (Mainz) Neutrino mass ordering in JUNO



German contribution to JUNO

= Physics studies: Mass hierarchy & o NMO x2 4 years (NO = True)
astrophysical neutrino sources —— JUNO single
PINGU single

= Novel reconstruction methods for complex = —— JUNO single + PINGU single

event topologies (muons) and particle ID
= |iguid scintillator characterization and

radiopurity monitoring in OSIRIS 3 150
= PMT quality control for large 20" PMTs:

more than 7,500 PMTs already tested

= detector electronics, intelligent PMTs 2

200 1,

100 1

0 T T T T T T T
—-2.50 -245 -240 -235 -230 -—-225 -220 -215 -2.10
Am2, [-1073 eV?]

Michael Wurm (Mainz) Neutrino mass ordering in JUNO 21



German contribution to JUNO

= Physics studies: Mass hierarchy & 200 NMO 2 4 years (NO = True)
astrophysical neutrino sources l \ — ﬁ:g;::g;e
= Novel reconstruction methods for complex e — JUNO single + PINGU single
event topologies (muons) and particle ID 105
* liquid scintillator characterization and 0.9 ®
radiopurity monitoring in OSIRIS 0.8
= PMT quality control for large 20" PMTs: 0.7
more than 7,500 PMTs already tested 0.6
= detector electronics, intelligent PMTs 0.5
04 |
03 1t
0.2
0.1
10°

Michael Wurm (Mainz) Neutrino mass ordering in JUNO 22



German contribution to JUNO

= Physics studies: Mass hierarchy & o NMO x2 4 years (NO = True)
astrophysical neutrino sources —— JUNO single
PINGU single

= Novel reconstruction methods for complex = —— JUNO single + PINGU single

event topologies (muons) and particle ID

1.0 -4
= liquid scintillator characterization and 0.9 3
radiopurity monitoring in OSIRIS 08
= PMT quality control for large 20" PMTs: 0.7

more than 7,500 PMTs already tested
= detector electronics, intelligent PMTs

Michael Wurm (Mainz) Neutrino mass ordering in JUNO 23



German contribution to JUNO

= Physics studies: Mass hierarchy & 200 NMO x? 4 years (NO = True)
astrophysical neutrino sources l \ — Ltl’:gusisr;:;ele

= Novel reconstruction methods for complex 2 — JUNO single + PINGU single
event topologies (muons) and particle ID _ o

* liquid scintillator characterization and 5 1405 3
radiopurity monitoring in OSIRIS > 140s

= PMT quality control for large 20" PMTs: 1407

more than 7,500 PMTs already tested
= detector electronics, intelligent PMTs

Michael Wurm (Mainz) Neutrino mass ordering in JUNO 24



German contribution to JUNO

= Physics studies: Mass hierarchy & 200 NMO x? 4 years (NO = True)
astrophysical neutrino sources — Lﬁ:gusisf;g;ele

= Novel reconstruction methods for complex e — JUNO single + PINGU single
event topologies (muons) and particle ID | —1710 5]

* liquid scintillator characterization and 1409 @
radiopurity monitoring in OSIRIS 1d0s

= PMT quality control for large 20" PMTs: 1407

more than 7,500 PMTs already tested
detector electronics, intelligent PMTs

1 GBit/s sampling

3.5 decade dynamic range RAM

8 bit resolution in full range x

VULCAN
A GCU
PMZT:B MN Global Control Unit POE i
TIA  ADC Buffer FPGA - ﬁ
3x ] hit ﬂ
| ) |

Power /hongshan ’ | 0
Cloc 3 - "”
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Outlook : low-energy v projects

Borexino : Phase 2 results released last year, now entering [ e
final phase aiming to detect the CNO neutrino signal ’ r

JUNO : civil construction of underground laboratory is
on-going, more than half of the PMTs received

further projects that could not be covered in this talk: e

WmE v

Double-Chooz : end of physics data taking in 2017
publication of two-detector result on 6,3 imminent

Super-Kamiokande : detector is drained this summer
in preparation of new phase with gadolinium-loading

- enhanced sensitivity for diffuse SNv’s + proton decay

SNO+ : will come online with Te-loaded scintillator this year
there might be a short v observation phase beforehand

eV-mass sterile neutrinos : most of the short-baseline reactor
experiments now running, first results coming in

-> initital anomalies under pressure but still inconclusive

- many exiting results on v oscillations and observations to come!







Solar neutrino spectrum

r |
= based on Standard Solar Model (SSM)
. . p+tp—> H+e'tyv, ptpte — H+v,
(SSM uncertainties on flux) | |
99.8% ) 0.2%
p+’H— *He+y
85% 10°
' |
1018 *He + *He — *‘He + 2p| |*He +*He > Be+v | |*He +p > *He + e+ v,
1ol E-P P H+et +v, 15% — 0.016%
101" ‘Bet+e - Lityv, Be+p—> Bty
1010 7Be (i?%) EREY
. o Li+p— 2'He B >2 'Hete'+v,
3 10° 1 pep(1.2%) | PP 99% |
o 108 — | ]
S 107 \ He
o 8B (—\;‘\4%) " @ e P
) - @
S ®
Uo) 105 /// 15N 13N
104 — | @ w
10% ) 1 Fov
| | ] | | | | | I | | ] 150
1071 1 10 @
Neutrino energy (MeV) @,
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Ten years of Borexino
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Current status of solar oscillation data JG|U

10
0)0-8 T T T T 7T T T LI B — T T T T 1 T T T =10
n® pp Be pep . GNO °B ‘Hep - ng
i 10" ©
N E >
L a0t £
] c
vacuumos! ;107 %
oscillations : Lo T
E<IMelV 05| 1.
[ 10
0.4 110*
f g8 matter
031 o 1, p oscillations
, * T Ex5MeV
0.2 410
: 1
0.1 S
=10
= L 1 L e L . E10'2
10 1 10

v Energy in MeV

= Presence of vacuum and matter-dominated regimes confirmed
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Open issues in solar physics: Metallicity G|

Metallicity can be derived from
Optical spectroscopy (Fraunhofer lines)

Helioseismology (sound speed profiles)

Reaction A(I)v (Z) A(I)SSM A(I)exp ey [ SHPIISSM (- 10):

@ HIGH-Met (GSO08)
® LOW-Met (AGSS09)

Allowed regions:
(O 68.27% C.L.
O 95.45% C.L.
O 99.73% C.L.

0.7
04 05 06 07 08 09 1.0 1.1

Michael Wurm Solar neutrino spectroscopy



Borexino purification campaign (2010-12) JG|U

loop-mode purification
- extract at the bottom

- refill at the top _
_try to keep re-mixing 2) water extraction

inside low | washing LS with
. ultrapure water
| - removes 210pp

- adds 210pg?
BOREXINO
scintillator
target

1) nitrogen purging
bubbling LS with
ultra-pure nitrogen
—> removes &Kr

Michael Wurm Solar neutrino spectroscopy 31




Borexino radiopurity in Phase Il (pp-v) JGU

All rates given in counts

4

10 210pg (~1) per day and 100 tons
< 10° 72T Bxl:  ~660 N
D - effectivel
< 0 Bx-11: 58312 removed by
3 Synthetic l, N purging
S5 10
o
5 210Bj (+1.5)
S 10 | Bx-I: 4113
o Bx-II: 2718
o _
< 10 2
I=
@ 10
L

10~

5 [N | A, T R \ |
10 100 200 300 400 500 600 700
Energy (keV)
Natural radioactivity: 233U  Bx-I: (5.3%0.5)x108g/g
(decay chains broken)  232Th (3.8+0.8)x10*8g/g
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New thermal insulation for Borexino

slide by N. Rossi

Time development of temperature sensors

168-)

Top

mmw LEMPErature

Borexino Insulation,
(Picture: Yury Suvorov)! ==

ﬂ

Bottom

0000 000 01:00 01:00

s time
2015 Dec 9yh: insulation stop
2015 Jul 1st: Water loop OFF
2015 May 15: first insulation ring 18

- inverted temperature gradient established to stop convection of 21°Po
- indirect determination of 219Bi decay rate when secular equilibrium is reached

Michael Wurm Solar neutrino spectroscopy 33



Dentler et al. (2017)

V.2V, dlsappearance Vu%Ve appearance vu—)vs dlsappearance
: = N e
10} 5 by { 10p 2N - Preliminary
') 1 AL e L . 3
- 1, .
2 i = L
- 2 ., g . LSND
> el © MBapp
; 100 T amae- § E I ‘~.~6..... 1 100} v | / (0//\‘ greactors+Ga
< H | ~12° N \ A o,.m%:_'
g 3! | MiniBooNE v MINOS/ LT —
- 2l ah gy MINOS+ : VB @Eagi;"'-
QI Uiy Y, 2016 :
+ R/ s
1071k gl » \:930/\/ ! 1C(2016)
95% CL . gl 107 F 9906 L, 2dof . _ § 7
10-3 1072 10! 10-3 10-2 107! 102 107!
2 1 2 2 2
IUe4| V4 IUe4| IUp.4| IUu4|

= however, an observation of v v, disappearance is lacking
" no contradiction to v_,~>v, disappearance anomalies,
® but conflict with LSND/MiniBooNE results on v,~>v, appearance

2 =~ 2. U.,|%2=sin%0_. = 0.04
for Am?,; = 1leV |Ueal SN Ve > Sin2,, = % |Uey]2| U |2 < 10°
|U,4|%=sin?6,, <0.03

Sterile neutrinos 34
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New doubts on understanding of sources /2

Daya Bay Near Detector spectrum

E (A) e — Data
20000— - . B Full uncertainty

E - ~ - Reactor uncertainty
o 15000 — = ~.  —ILL+Vogel
- - =
$ 10000 =
= — —— s
5 - . I d

= = ntegrate

5000/ .

: 1 1 1 . -—.'_'_
5 E‘ 1.2 ;_(B) Poteletetelele
53 14 B
g3 -+, RS
ﬂh. > locos o -y '0'0'0'0‘0'0'6'0:.‘ QKA .......o: & ‘:':’s. : 'Ei
2 E :l:l::l ’ l::
g _g 0.9 elele
E E 0.8 z— 885

- 1

4—
s - 1073
3. % 1028
X 0 10°2
] = 4 ®
7} -2 10 8
o~ - 5 ud
1= 1 MeV window o
2 : g 10
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)
Prompt Energy (MeV)

Sterile neutrinos

JG|U

=Short-baseline 0,5 experiments
observe a deviation from spectral
prediction: ,5 MeV bump“

= unknown feature in reactor
neutrino spectrum?

= detector calibration issue?

Comparison of experimental spectra
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New doubts on understanding of sources #2 JG|U

=" Daya Bay: dependence of anti- o
neutrino reaction rates on reactor- )
. A
burn up shows discrepancy for 23°U s X
energy-integrated v cross-section - 1 4 9
=energy-resolved data is inconclusive o | e ) 68% L
é 5.0
IBD rate dependence on core composition ~ 45
£ 4
Fas; > 40
0.63 060 057 0.54 0.51 L L
?6.05 ~~~l T T T T ,:‘:‘,335 — 65%
-% 6.00 +~~ 3 ' 95%
g8 = (10.1+1.0) x 1074 o
:E 5.95 } 3.0 a;j1:56.04i0.62))x10*43 99.7%
o 5.90 fmmmmmemee T oo 52 56 60 64 68 7.2
LE) 585 L o35 [107% cm? / fission]
7 5.80 | Corresponding energy-integrated X-sections
i 5 75 |— Best fit - =+ Model (Rescaled) R
- - -+ Average ¢ Daya Bay
B 5.70 I I I I
0.24 0.26 0.28 0.30 0.32 0.34 0.36

Fysg

Michael Wurm (Mainz) Sterile neutrinos 36



Cosmological constraints on light steriles G|

= Cosmological observations able
to place stringent bounds on the
number N s and mass sum Zm,, of
light (i.e. thermalizing) sterile neutrinos

0.900

0.885

0.870

- -] 0.855

- 0.840 &

" Most important observables
o Cosmic Microwave Background
o Big Bang Nucleosynthesis
o Large-scale structure

- 0.825

Ho [km s~ Mpc™']

0.810
0.795

0.780

T
i ! 0.84
0.80

- 0.76

= Bounds from PLANCK (+BAO):
0 Netr =2.99 £0.20
o Xm, <0.49 (0.17) eV (95% C.L.)

" These limits can be avoided by
introducing additional physics,

e.g. sterile neutrino self-interactions
Dasgupta, Kopp [arXiv:1310.6337]

- 0.72

Ho [kms™ Mpc™]

0.68

0.64

- still, accommodating sterile v's needs tuning ...

1 1 1 1 0.60
0.0 0.4 0.8 1.2 1.6
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Recent NEOS result

eof (@ 2t . = Experiment at RENO site (South Korea)
- so- ‘ M ] " @Gd+LS detector (1t) at 28m from reactor
() A 2] .
S sl gg_ : ] = Shape comparison to Daya Bay spectrum
; B .". i 2L . .
S 30 R MBS s e B - —> First results in late 2016:
€ Mo Data signal (ON-OFF) 3 } H H H
L% 20 4 Data background (OFF) _ no signs of oscillations found
10"_ ----- MC 3v (H-M-V) ’ _— G T T L L L B WA Mo
[~ MC3v(DayaBay) s = | RAAallowed ' 1=
e e A e oz | 90% CL IR
I —+ NEOS/H-M-V S 95% CL 2
S 1.1 (b) Systematic total H’H++++++ — < N 99% CL | g
s | t <
E:: 1 0_+++ +++ ........ H ........ ++ H++++ ....................... *+++++ ***{} | LE
g I # - + I = > Excluded =
a - — .
- NEOS 90% CL .
o — : : : : L - — — Bugey-390%CL |
1.1 (c) —+ NEOS/Daya Bay ] I Daya Bay 90% CL_
S Systematic total
£ i i
3 | E— i |
o
3
8 —— (1.73 V2, 0.050) _
----- (2.32 eV?, 0.142) w1 |
0'91_ . 2| . é . ‘11 . E'I: . é s _} R ;0 10 C 1 ||||l--2-""| . NN
Prompt Energy [MeV] 107 107 sin228 1
14

— Note: DANSS (Kalinin NPP) has published very similar (preliminary) results this spring...
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Current status of v_.—v, oscillations JGlv

Recent global analysis by Gentler et al. (2017) investigates two scenarios:

= fixing reactor neutrino fluxes Dentler et al. (2017)
to model predictions = T LT
— “evidence” for v increases to 2.90 E : <é> ]

=~ | ]
= letting reactor fluxes float freely "g - é:; |
— hint weakens somewhatto 1.9¢ < | |

Note: v, — v, oscillations still favored
as they are compatible to spectral data 1

-U 1.1 T T
8 NEOS data :
Q i flux fixed (2 dof)
"'E lo C.L.. s
o 1.05 = 20 C.L.
a 1 : Jo CLL. )
~ H u \ ¢ flux free (2 dof)
S 1 ) LA — — — - i loC.L. 1
"g * | ﬁ ’ 20 C.L.
g HH + i
i i 01 1 b ——— 1 | I ] 1 ) I
© 0.9s
flux-free, no-osc 0.001 0.01 0.1 1
flux-fixed, osc,(btp| . 9
flux-fixed, osc(bfp,) — — — - Sin 2914
0.9 1 1 1 1 1 1 1
1 2 3 4 5 6

7 8 9
energy [MeV]
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STEREO: First experimental results JGJu

D. Lhullier, Moriond EW 18

-> test of null-oscillation hypothesis

[ 2F . . [
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STEREO: Exlusion plot v,— v, oscillations JG|V

D. Lhullier, Moriond EW 18

Preliminary

101 L

|
|
|
T -
\
¢

N
-
- b

\s
—

2 ~

— exclusion range
reaching into the
parameter space
preferred by

the anomalies
RAA 95% C.L.

Amgt(eV2)

— - RAA99% C.L. N — in agreement with
*  RAA: Best fit \Q:Q NEOS/DANSS results
10-11 1 STEREO Exclusion Sensitivity (66 days) : 90% C.L. N
1 STEREO Exclusion (66 days) : 90% C.L. - further results can be
1 STEREO Exclusion (66 days) : 95% C.L. expected in 2018 ...
1072 1071 1
in2(20,) T92.6+7

Michael Wurm (Mainz) Low Energy Neutrinos 41



World-wide efforts at reactors

Experiment Reactor | Overburden Detection Segmentation Optical Particle ID
Power/Fuel = (mwe) Material Readout Capability

DANSS — = "= 3000 MW ~50 Inhomogeneous | 2D, *5mm WLS fibers. | Topology only
(Russia) ! - LEU fuel PS & Gd sheets
NEOS 2800 MW ~20 Homogeneous | none Direct double | recoil PSD only
(South Korea) LEU fuel Gd-doped LS ended PMT
nulat 40 MW few Homogeneous | Quasi-3D, 5cm, | Direct PMT | Topology, recoil
(USA) 2 fuel °Li doped PS 3-axis Opt. Latt & capture PSD
Neutrinod 100 MW ~10 Homogeneous | 2D, ~10cm Direct single | Topology only
(Russia) 22U fuel Gd-doped LS ended PMT
PROSPECT 85 MW few Homogeneous | 2D, 15¢cm Direct double | Topology, recoil
(USA) 35 fuel 6Li-doped LS ended PMT | & capture PSD
Solid 72 MW ~10 Inhomogeneous | Quasi-3D, 5cm | WLS fibers topology,
(UK Fr Bel US) U fuel “LiZnS & PS multiplex capture PSD
Chandler 72 MW ~10 Inhomogeneous | Quasi-3D, 5cm, | Direct PMT/ | topology,
(USA) 2 fuel ®LiznS & PS 2-axis Opt. Latt | WLSScint. | capture PSD
Stereo g . STMW ~15 Homogeneous | 1D, 25¢cm Direct single | recoil PSD
(France) U fuel Gd-doped LS ended PMT

N. Bowden (Neutrinoi6) N
Michael Wurm (Mainz)

Low Energy Neutrinos

first data
2017

first data
2017

prototype
2017

starting
2018

started
2017

first data
2018
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