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3 massive v’s only: determine masses and mixings

- oscillations
- absolute mass €= how precise should we know?
- Dirac or Majorana

more than 3 neutrinos

- sterile neutrinos

- L-violation €=> any one of them a major discovery!
- NSIs
- large magnetic moments

methods: precision = 6;; , m;, Am;;?, over-constraining
MH, CP =» enough precision to extract it
other = 0vff, coherent scattering, ...
physics goals:
precise flavour information €-> origin of mass/flavour?
lever arm to other new physics !

learn about sources =



Learning from Neutrino Sources
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See e.g. Esteban, Gonzalez-Garcia, Maltoni, Martinez-Soler, Schwetz

Normal Ordering (best fit)

Inverted Ordering (Ax* = 0.83)

Any Ordering

bfp 1o 30 range bfp £1o 30 range 30 range
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Absolute mass limits from Mainz and Troitsk: m; <2.2 eV

Limits from cosmology: 0.17-0.2 eV

Future:

KATRIN = just started operation = 0.2¢V

Projects, ...

Upper limit on m,,
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Precision with Reactor Neutrino Experiments

identical detectors = many errors cancel
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Oscillations:
- affect rate & shape

Earlier reactor experiments:
- calculated spectrum

- rate normalized by P .. mal
- event rate = flux * x-section

* position & time correlation
* delayed energy information
=» background reduction!
Gd loaded liquid scintillator
=>» stability, transparency, WLS, ...
DC: 2,1,0 reactors on - bg

- uncertainties in x-sections?
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=» an extra (sterile) neutrino with a small mixing angle and

a mass O(eV) or heavier could have oscillated @ 10-100m
averaged out: reduction by 2 * sin2(6,) ~ 0.06 —
€= active v-unitarity tested @ few % =» consistent 2 | ¢

Am2pey ~1 €V2
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I
=» check with a new experiment at shorter baseline I -
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Surprise 2: A Bump in the Spectrum

! I I

Double Chooz, RENO L1sE | e {115
and Daya Bay: " |~—RENO
1.1I- |+—+Double Chooz IS

- all see unexpected bump
In near and far spectrum
- 0,3 measurement robust
-> expectations are Huber
(235U,239,241Pu)
and Mueller (238U) ot 1 1 1
> RENO has largest bump b E oo (VEV)
- Double-Chooz used Huber and Haag (238U) for expected flux

1.05

0.95 N/ 0.95

Normalized Ratio to Expectation

0.9

High energy v’s €<-> short lived isotopes ...little known

Nuclear theory:
theory errors ...maybe explainable...
better = experimental test

M. Lindner, MPIK - 8



Anti-Neutrino Event Rates

event rates = flux * x-section

= cross-section is safe ~ E2

= event rate emphasizes medium
energies

= uncertainties in v-flux?
=> HE tail has reduced weight

= BUT: more than 800 nuclides
from the fission of 235U
and others: 238y, 239py, 241py, ...
- many instable fission products
-> reactor is during steady
operation in a flow equilibrium

M. Lindner, MPIK -



Nuclear Reactors as Antineutrino Source

* Reactors like Chooz A+B = 8.5 GW,, example: fission of U233

« Few percent of the released energy PU+n—> X, + X, +2n
=» escapes with anti-neutrinos 10,000 e S

2> 2¥10*lv/s € O(1 kW/m?*) @fences ™
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“ = 0.010 k

()
P 0.001
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UorPu » p

o % g . most  likely A
el W9 LoV OV o7 =» on average:
g 8 @b * 6 neutrons B-decay to
4 8 & 6 protons to reach

stable matter

* 1.5 v, emitted
with E> 1.8 MeV

« measured e spectrum of U235, Pu?¥, Pu?4
=> calculate v, — spectrum =2 certain precision

= two “identical” detectors...
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SU+n—> X, +X,+2n
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Reactor Spectrum Predictions

ILL data nuclear
(B spectra) databases

conversion mixed summation

old: Schreckenbach Mueller SV [31? S(E
new: Huber
T branchlng ‘
outcome: fission e neutrino
- reactor flux anomaly unexplained Y Spectrum

- most impressive proof of existence of dark sectors
P=4GW,, @15m from core = 150kW/m? in anti-neutrinos

M. Llndner MPIK - 12



The ILL [3- Spectra

Expected v-fluxes originally
determined from measurements of
electrons (3-spectra) at ILL

- inversion: v-spectra from B-decays

> ILL fission B-spectra for 235U, 239Pu, 241Pu

» converted to antineutrino B-spectra by
fitting to 30 end-point energies

» originally, used ENDF nuclear database

=» beware of uncertainties...

FIT
/
Sy(E)= ) (a) S'(EE;)

i=1,30

S'(E,Ey)=Eyp,(E,—E,)’ F(E, Z)(1+

M. Lindner, MPIK

o 1 2 3 4 5 6 7 8 9 10

Es (MeV)
K. Schreckenbach et al. PLB118, 162 (1985)

Z-> 2, and J are parametrizations!
corrections)

13



Si(EsE(l;)= Eﬂpﬂ(E(l) _Eﬂ)zF(E9 Z)(1+ 6corrections)

1) Z of the fission fragments )
> Z; which determines the Fermi function =» Zeﬁf ~a+b Eo +C Eo

On average, higher end-point energy correlates jz '

with lower Z 46!

< -> different nuclear binding energies Rl
42r

40_

38+

2) sub-dominant corrections O, cctions Sy
E, MeV)
™
— O, = Finite size correction to Fermi funct
6correction (Ee’Z’ A) - 6FS + 6WM + 6R + arad s .
Owm = Weak magnetism

6z = Recoil correction

3) Contributing B-branches: 30 = ?

J., = Radiative correction



G2

3

S(E,

t_pE(E,-E,)F(E,Z,A)1+6,, (E, Z,A))

corr

Ops = Flmte size correction to Fermi function
Owyv = Weak magnetism

Original approximation by parametrization: | 6,:5 + 5WM = 0-0065(EV - 4MeV))

In the updated spectra, both corrections were applied on a state-by-state basis

An approximation was used for each: 108 — e
106 -]
- slope =1/2(5_. . +3_.) 1
10ZaR fiaf st Ol
Ops = — e ————Eg; R=12A" I I -
|
4(u, -1/2 -
6WM =+ (MV ) 2Eﬂ %098» -
3M n @ 0.96 -
Z - — Electrons

0.94_— — — Antineutrinos

I S 6 8
Kinetic energy (MeV)

= leads to a systematic increase of in the antineutrino flux above 2 MeV
= might account for half of the anomaly...



Forbidden transitions introduce a shape factor C(E):

G2

S(E,Z,A)="5 pE,(E, ~E,) *C(E)F(E,,Z,A)(1+6,, (E,,Z,A))

corr (

Corrections for forbidden transitions: uncertainties or unknown

Classification AJ™ Oper. Shape Factor C(Ee) Fractional Weak Magnetism Correction dww(Fe)
Gamow-Teller:
Allowed 1+ Y=oT 1 z ';‘,};;{42] (EeB? — E,)
15t F, 0~ [=,7°"  p2+ E2+2B2E,E. 0
15t F. pa 0~ (2,7 AE2 0

- 1- 2, g2 _ 42 po—1/2] | @2+E2) (8% Ee—Ev)+28°Ec Ey (Ey—Ee) /3
1°¢ F. 1 %, 7] pe + E; — 3B °EvE. Mnga ] (Z+EZ—48Fy B /3)

. _ - w—1/2 2+ E2)(B*Ec—Fv)+2B°EcEy (Ey—Ee)/3
Unig. 1°* F. 2 £, 7]? P2+ E2 3 [Gy=32] | CoetBu oy BB
Fermi:

Allowed o+ T 1 0
15t F. 1~ rT P2+ E2+ 2B%E,E. 0
15t F. Jy 1- rT E2 -

Forbidden transitions are part of the uncertainty in the calculated expected spectrum
=» Might account for up to 30% increase (while being consistent with ILL B-spectra)
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— Daya Bay
* Huber-Mueller
- Present

e Simultaneous fit to
Daya Bay and -spectra,
with improved description
of Z.; =¥ significantly
reduced anomaly
Hayes, et al.
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* New fit is within the
Daya Bay 1o error bars

e DCH+RENO+DB combined?
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Huber-Mueller uncertainty ' ' ! ' '
eo—e Normalized Ratio Daya Bay to Huber-Mueller —
oo Normalized Ratio Daya Bay to Present
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.
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what happens to
the bump with the
optimized Z 4 ?

1.05—
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|

= better!
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=» The bump depends on how the ‘expected’ spectrum was derived
=» Shape differences partly reflect assumption in the conversion of B-spectra
= But: Beware of collecting effects that go in the right direction...



* Forbidden transitions — unlikely; etfect ~<1%

 Harder neutron spectrum
conceivable, but so far no indication from theory and any data

i Expectation
+—« Daya Bay

. |=—=RENO

1= |*— Double Chooz

11.15

 Dominant from 233U
conceivable; would fit to
the fact that RENO has
biggest effect.
=» clarification required

1.1

-11.05

—
T T

-10.95

Normalized Ratio to Expectation

) R — e 0.9

e Errors in the ILL B-spectrum measurements
possible, initially considered likely, now unlikely



* ENDF database predicts an analogous bump
in the beta-spectrum relative to Schreckenbach
Dwyer, Langford, PRL 114, 012502 (2014)

* The European database JEFF does not
predict the bump
Hayes, et al. PRD, 92, 033015 (2015)

* The bump in ENDF is largeley a mistake

in the database for fission yields at mass
A=86. Plus other shortcomings of ENDF
Corrected: ENDF no longer predicts a bump
Sonzogni, et al. PRL, March 2016




Do sterile neutrinos exist?

Understand / explain reactor anomaly

Understand / expplain the bump

=» use well understood reactor spectra
- improved analysis of experiments
- new experiments...



Project . E L status tensions with cosmology...
MeV) (m) _
SAGE [166] Ve STCr 0.75 <1 in preparation P Ner=3.x<~4
CeSOX [167, 168] Ve 144Ce 1.8-3 5-12 in preparation BBN...
CrSOX [167] Ve S1cr 0.75 5-12 proposal
Daya Bay [169, 170] Ve 144Ce 1.8-3 1.5-8 proposal
JUNO [171] Ve 144Ce 1.8-3 <32 proposal Nevertheless:
LENS [172] Ve.Ve  'Cr,°He 075,535 <3 abandoned = lab tests important
CeLAND [173] Ve 144 Ce 1.8-3 <6 abandoned
LENA [174] Ve SICr, Ar  0.75,0.81 <90 abandoned
Source experiments Also important:
P > keV sterile v =WDM..
Project P Miarger L Depth status
(MW)  (tons) (m) (m.w.e.)
Nucifer (FRA) [175] 70 0.8 7 13 operating
Stereo (FRA) [176] 57 1.75 9-12 18 =mrpreparattorr=»  running
DANSS (RUS) [177] 3000 0.9 10-12 50 ~in-prepasetien=—p running
SoLid (BEL) [178] 45 - 80 3 6-8 10 in preparation
PROSPECT (USA) [179] 85 3,10 7-12,15-19 few in preparation
NEOS (KOR) [180] 16400 1 25 10 — 23 =in-prepasatien=p result, withdrawn
Neutrino-4 (RUS) [181] 100 1.5 6-11 10 proposal
Poseidon (RUS) [182] 100 3 5-8 15 proposal
Hanaro (KOR) [183] 30 0.5 6 few proposal
CARR (CHN) [184] 60 ~1 7,11 few proposal

Giunti 1512.04758
Reactor experiments



RENO Correlation of 5 MeV excess with 23°U isotope fraction

g?f;r;r;![r;gr yC|e0.663 235U isotope fraction vs. time _ Interaction Fraction (U235)
e \
burnup in LEU 062
reactors changes ) 1 oL
isotope fraction of reactor cycle *” E_ SN
Jan/2012 Dec/2012 Dec/2013 Dec/2014 J an/D:’.gtl:

=> effect on spectrum" Correlation of 5 MeV excess with 235U fraction
3

T T T T 3 T T T T

Near Near

=> not yet significant

2.5

=» use HEU+LEU

2.5F

Fractional 5 MeV excess (%)

Fractional 5 MeV excess (%)

Fit function X2 Fit function X2
ol Ax*=1.261 y = p0 1.592 H ol Ax*=1.174 y = p0 1.407 H
P-value =0.207| v = o0 + p1*x | 0.331 P-value =0.240| y = b0 + p1*x | 0.233
1 | L I 1 L | n I f
0.55 0.6 0.65 0.55 0.6 0.65
U235 fraction U235 fraction

* what if cosmology (N ) conflicts with sterile v’s?
=» check assumptions/errors on both sides
=>» or new/extra physics on one side

M. Lindner, MPIK - 23



SOX: Radioactive Source (@ BOREXINO

Combined (100-150) kCi

} 10 225 g '
' F q o,=0015 ]
| F 1 o,=003 |
| L '
Nylon vessels Sm— — an'::;e
150 pm thick am—
|
Scintillator | Shape — cate oy
270 ¢ PC-PPO ‘ ,:‘ on|y
-
s E — shape oy
Liquid Buffer - 1 | & E
~1000 ¢ PC - A SoaA? [ anomalies ||
ot I o
s - S i L
Rate
1" | 95% CL
= Only
. . \
T J . y
i ._’ % 107" 99% CL
!. ,‘i “Co"HPr 3.7 PBqg 1 best &
Source - ! S = (280 tons) |
Under the " ;’ m'mam‘t:m \“ i 2102 3“‘0." R ‘16v 2‘{01 3)(1'0 '
Floor J 30000 eventart. Sy e | L sinztl()“i

large detector combined with 100-150 kCi Ce-144 source
goal 1% normalization uncertainty 2 met & ready (TUM)
precise shape & rate measurement

authorizations in Italy OK

contract between CEA and Mayak settled

=> delivery scheduled for fall/end of next year =» data taking

M. Lindner, MPIK = 24



M. Lindner, MPIK

STEREO @ ILL Reactor (HEU)

i

. ste[’p

»\/‘

57 MW, compact core < 1m
~8—11 m from core
15 mwe overburden

Segmented detector with Gd loaded LS

=> 400 v per day

= Spectral distortions in identical cells

HEU: burn only 235U = compare pwr stations

— 10 - p—
& U SO SO U SO0
s =
3 e
NEC
< P 4/
= o i i
X it \\:‘\j&
AL
xS
1 5\(‘(' <
2 X e
T \ =
. i "
Val
i i \E\
10-1 | ————— RAA contour @ 95 % CL : I~
- RAA contour @ 99 % CL N W =S
*  BestFit i e
Exp. contour @ 95 % - Shape . ekt
Exp. contour @ 95 % - Norm+Shape
I 1 I T 11 I 1 1 1
10™ 1
Sin?(20,.,,)

25



= ratio of HEU to LEU spectrum for different hypotheses

Combine STEREO (HEU) )
and Double Chooz ND (LEU) = 2y runtime
12 ; = uncertainties: statistical +
T 1 15F.. lines fompolynomialfiy ; reference spectra
™~ - : ° . o °
3 TAE" —4— excessinallisotopes 1o s significance of discrepancy
© . --<--- noexcessinU™ . e I I .
u;: 1 Si | ¥ » only °U: 4.2¢
3 09 :%‘Lﬂ: """"" ] » no excess in HEU: 5.5¢
2 0ol — T S
* 0.65huint .. I | = significance including energy
2 3 4 5 6 7 8 resolution:
antineutrino energy [MeV]

» only 2°U: 3.7¢
Buck, Collin, Haser, ML » no excess in HEU: 4.7¢0
—> can realistically be done (also with other results)



m_ 19t result > withdrawn

DANSS 1st data interrupted — continue

m running

SOX @ Borexin source delivery next fall
SoLid Phase | & Il *

2016 2017 2018 2019 2020

=» Very interesting results as of next year




Coherent Neutrino Scattering

The Standard Model has six different interactions of neutrinos with matter:

. 5 have already been detected

VI\/I v\/v V\/” V\/v v\/“
1T0
e ™ v e e n/\p n/<n p~ \ghadrons
inverse muon (tau) elastic electron (quasi) - elastic nuclear excitation and Deep inelastic scattering
decay scattering nucleon scattering resonant production and jet production
. 1 has so far not been detected:
Vi Vi ] ]
~~— Coherent neutrino-nucleus scattering: CvS
A/\A = conceptually important
= useful method to test new physics

A. Drukier, Leo Stodolsky, Phys.Rev. D30 (1984) 2295 (1984), DOI: 10.1103/PhysRevD.30.2295
28

M. Lindner, MPIK



Z-exchange of a neutrino with nucleus neutrino neutrino
=> nucleus recoils as a whole \ /

=> coherent up to E,~ 50 MeV

Quw = N — (1 — 4sin?0,)Z

do(E,,T) G% MT 2)2 2
- QLM (1 2E3) F@)* ~N

Important: Coherence length ~ 1/E
= need neutrinos below O(50) MeV for typical nuclei
- low energy E, €= lower cross sections €-> flux!




The Neutrino Spectrum

—10
o0 | N /10 GW at a distance of 150 km
o Sinernaus burst 19a7 / reactor neutrinos:
E Reactor anti-v ca. 4% of the thermal power P
=1 N ool 3.9 GW D ca. 150 MW in v’s
10 : dilution by distance R
10° | Terrestrial anti-v flux ® ~ P/R2
10 Atmospheric v ca. 7TkW/m? at 15m distance
1oer v from AGN
e Cosmogenc But: Interaction is
b v - extremely weak
e e T T e T e e e e o - grows with neutrino energy
peV meV eV keV MeV GeV TeV PeV EeV

Neutrino energy

source flux

reactor neutrinos (3 GW, at 10m distance) 5 x 10M3  /ecm”2/s
solar neutrinos (on Earth) 6 x 10M0 /cm”2/s
supernova (50 kpc Abstand, for O(10) seconds) ~ 1079 /cm”2/s
geo-neutrinos (on the Earth’s continental surface) 6 x 1076 /cm”2/s

M. Lindner, MPIK = 30



0.035

Accelerators: o0s0}

n-decay-at-rest (DAR) v source 2 oos.
Different flavors produced il
relatively high recoil energies £ oot
=» close to de-coherence m

= COHERENT project

Reactors:

Lower v energies than accelerators
Lower cross section

Different flavor content

implications for probes of new physics
=> Will follow this route

Anti-neutrinos per MeV

Neutrino Energy (MeV)

(o tinanen e R vegelotal 1981, Kopaienzore [
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mb

L,

Cross section o

101
10—/12
10—43 i
10—/1/1 i
10741

10—/16 i
10747}
10—48 i
10749}
10—50 i
107°1 L
10—52 i

10—53

2 MeV 7 Ez -

4 MeV T .= > _

6 MeV M Nuclei + 2E nu

8 MeV i

fluxfolded ]
500 1000 1500

Recoil energy [eV]

=» this shows the importance of low thresholds

2000




Event Rates for a conceivable Experiment

Detector: BEGE or SAGE type germanium diode O(1kg)
Distance D=15m; 3.9GW &= flux = 3.12*10'3/cm?/s

For a 1kg detector: Background ~ 1/kg/keV/day
Suitable shielding (not trivial!) a la GIOVE

Pulser/Threshold [eV] |QF =0.15 QF = best fit QF =0.25

60 /180 971/61/15.8 2173/85/25.6 9194/127/72.3
65 /195 588/58/10.1 1488/81/18.4 6962 /123 /56.4
70 /210 352/55/6.4 1014/78/13.0 5272 /120 /44/0
7517225 207 /52/4.0 686 /75/9.2 3989/117/34.2
80 /240 120/49/2.5 460/71/6.5 3012/113/26.7
85 /255 69/46/1.5 306 /68 /4.5 2 269/110/20.7

S[1/yr] / B[1/yr] / R=S/B

Maneschg, Rink, Salathe, ML
= Not trivial (reactor flux, detector threshold, background reduction)

but doable on a short time scale!
= Even a 1kg detector would see CvS very soon
= what then?

M. Lindner, MPIK -
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1) DM experiments assume coherent DM scattering - test of CvS

2) Neutrino floor of direct DM experiments *IS* due to CvS

10-39

10-40¢

S © o
L &L
w (3] p—

WIMP-nucleon cross section [cm?]

perCOMS Soudan COMS-iite

s 3
5 ¢

E

SuperCOME Coudan Low Threchold
ON 10 S2 (2013)
b COMS-Il Go Low Threshold 2011) 103
A
11074
107

=)
&

1107
110~
110°°

WIMP-nucleon cross section [pb]

& o ;
................ LFT
r (Green ovals) Asymmetric DM \ \ . "- '''''''' ’ ‘10—“
(Violet oval) Magnetic DM NN /
(Blue oval) Extra dimensions -12
[ (Red circle) SUSY MSSM \ o oesw 110
A MSSM: Pure Higgsino /
| @ MSSM: A funnel Wy yosene {10-13
@ MSSM: Bino-stop coannihilation .
* MSSM: Bino-squark coannihilation ) ) 0_1 4
1 10 100 1000 10!‘
WIMP Mass [GeV/c?)



high statistics =» precision = various interesting topics...

100kg detector

4GW @ 15m

flux ~3*1013/cm?/s
background 1/kg/day

BSMsens=AS/S

Maneschg, Rink, Salathe, ML

Puler/Thresh | QF=0.15 BSMsens |QF=BF BSMsens |QF=0.25 BSMsens

[eV]

40/120 647 474/ 1*10‘3 965 999/ 1*10‘3 2_9*106/ 6*10'4
8291/78.1 10 775/89.7 15 158 / 189

45 /135 407 092/ 2*10'3 664 316/ 1*10'3 2.1*106/ 7*10‘4
8 036 /50.7 10 519/63.2 14 866 / 144

50/150 254 745/ 2*10'3 458 072/ 1*10'3 1.6*106/ 8*10_4
7780/ 32.7 1 0264/44.6 14574 / 84.9

557165 158 109/ 3*10'3 315 843/ 2*10'3 1.2*106/ 9*10‘4
7524 /21.0 9971/31.7 14 318/ 84.9

60 /180 97 066/ 3*10'3 217 277/ 2*10'3 919 435/ 1*10‘3
7 305/13.3 9716/22.4 13 026/ 65.6

65/195 58 827/ 4*10’3 148 848/ 3*10’3 696 196/ 1*10‘3
7049/8.3 9 460/15.7 13 770/ 50.6

70 /210 35 154/ 5*10'3 101 386/ 3*10‘3 527 204/ 1*10'3
6830/5.1 9 204/11.0 13514/ 39.0

757225 20 711/ 7*10‘3 68 573/ 4*10'3 398 867/ 2*10‘3
6575/3.2 8 949/7.7 13222 /30.2

80 /240 12 042/ 9*10‘3 46 008/ 5*10'3 301 231/ 2*10‘3
6355/1.9 8 730/5.27 12 966/ 23.2

85 /255 6 924/ 1*10‘2 30 598/ 6*10-3 226 910/ 2*10‘3
6136/1.1 8 474/3.6 12 711/179

BSMsens=AS/S S[1/yr] / B[1/yr] / R=S/B




Magnetic moment for minimal v masses are very tiny:

. _32*10-19( )
Dirac: Il'klc Y K“B

. MM\ (TeV\?| m2 /-
Majorana: M < —9 i =
J pr S 410 MB(eV)(A) =3
New physics = detectable enhancements
due to new physics: 0% ' r
magnetic, = 10-10

SUSY, extra dimensions, ...

At least new best limits:
e-scattering (GEMMA) and astrophysics:

Ly < 3x 10711y,

(do/dT) (1045 om2 MeV - fission~")
S
|

weak, sin 2 O, = 0.226

1

Scattering on protons coherently
enhanced: = detectable at low energy
(Vogel & Engel 1989)
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Neutrino Magnetic Momement CEvNS Limits for 2:1 °Ge, %Si

1_x1o-1°_ v ——— y ——— 1 ' — 11—t
5 5.x10°1|- -
O i 4
o
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X Present limit
§ /
?
:‘5 .
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3 — 10° kg-year -
— 10* kg-year
1. -12 A A ad o o s ol A A PR PR | a A a b . s s
sl 5 10 50 100 500 1000

Detector Recoil Energy Threshold [eV]

100kg * S5y = 500 kg-year ; low threshold = one order of magnitude better



NSI’s €-> new physics at high scales
Which are integrated out 4
7’, new scalars, ... = g; f

LnsT ™ €a2V2Gp([Trg VP via)(FLpfL)

M I%V => Competitive method to test TeV scales
€] =

€=0.01 €= TeV scales



NSI-Potential of O(100kg) Detector

100kg detector, 5 years operation @ 4GW ML, W. Rodejohann, X.Xu
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~10 TeV ~TeV

M. Lindner, MPIK -



Searches for new Physics: Sterile v’s

Various indications / hints for steril

tensions with cosmology?

- eV hints with small mixing

- keV warm dark matter
with tiny mixing < 10-8

= Different mass ranges,
but any sterile state

would motivate others

=» test if flux deviates
from 1/R2

=>» time scales compared to other
projects

M. Lindner, MPIK

Am,z4 [eV?]

x* Significance, 100Kg, 3yr, Sm, Unbinned, Ex>10 eV
10

10()

3
:

107!

100 kg
Ge @ reactor

1073 102 107! 10
Sill2 29|4

B. Dutta et al, arXiv:1511.02834
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Nuclear Physics with coherent Scattering

Remember: DAR sources close to decoherence €= combine with reactor measurements

we can start to explore nuclear form factors

P. S. Amanik and G. C. McLaughlin, J. Phys. G 36:015105
K. Patton et al., PRC86 (2012) 024612

| Form factor: encodes information
jv F2(Q?) about nuclear (primarily neutron)
distributions

do G2

_ _F
dT(E’T) o M

) 2T (T)2 MT

E " \g) B

Fit recoil spectral shape to determine the F(Q2) moments
(requires very good energy resolution,good systematics control)

4.50 F——| Ar-C scattering 7 7
"o 4.00 .
Example: E
~— J
tonne.-scalte = 350l +: qugl
experimen = predictions
at tDAR source B 300 S
~ 10% uncertainty
L /7 on flux
2.50 & | =

M. Lindner, MPIK -



Clean SM prediction for the rate =» measure sin20,,eff ;

2 172
GfE
41

0.242

(N —(1—4

g v

0.232

0.23

deviation probes

new physics

sin? Oy

)Z)*

Plot based on
arXiv: 1411.4088

Qw et other PVES

v-DIS

BSMsens =
10-3 =» Asin?0,, = 0.006
104 =» Asin?0,,= 0.0006

Example: hypothetical
dark Z mediator
(explanation for g-2
anomaly)

CEVNS sensitivity is @ low Q;
need sub-percent precision to compete w/

electron scattering & APV, but new channel

slide adopted from K. Scholberg



Nuclear Sateguarding

P. Huber, talk at NA/NT workshop, Manchester, May 2015

Presence of plutonium breeder blanket
in a reactor has v spectral signature

23817 4 g —s 23977 ﬁ) 239Np ﬁ) 239p,,

10kg %°Si

239Np Upper: core+blanket

> }
@ 8 £ .
£ 8| » S 300, Lower: core only
. ,
a8 xQ ; |
< 239U & & 200!
(] w [
3 i
£ |
100
0.0 0.5 1.0 1.5 2.0 ot : ;
0 50 100 150 200
E, (MeV] Recoil energy [eV]

v spectrum is below IBD threshold
=» accessible with CEVNS, but require low recoil energy threshold

a) This is of interest to IAEA
b) Could be used as an extra “sensor” in reactors (close to core €-> 1/R?) = safety, optimal burn-up

M. Lindner, MPIK - 43



* Neutrino physics was, is and will remain a hot field

 Important and unique insights into
- fundamental interactions, important consequences: BAU...

* 3 neutrino flavours =» precision area
- reactor neutrinos + neutrino beams = origin of fermion masses?

e More than 3 neutrinos
- Majorana masses, L-violation, sterile v‘s, NSIs, large magnetic moments, ...
=» any one of them would be a major discovery

* Coherent neutrino scattering will be a new tool
- will contribute / make use of better B-spectra
- will allow new experiments to test
- coherent v scattering €-> DM & WIMP scattering
- mag. Moments, NSIs, steriles, sin?0y,, F(q?), safeguarding, ...



