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Introduction

Then: DM physics as a spin-off of neutrino physics

PHYSICAL REVIEW D VOLUME 30, NUMBER 11 1 DECEMBER 1984

Principles and applications of a neutral-current detector
for neutrino physics and astronomy

A. Drukier and L. Stodolsky
Max-Planck-Institut fiir Physik und Astrophysik, Werner-Heisenberg-Institut fiir Physik,

Munich, Federal Republic of Germany
(Received 21 November 1983)

“We study detection of MeV-scale neutrinos through
elastic scattering on nuclei [...]”

PHYSICAL REVIEW D VOLUME 31, NUMBER 12 15 JUNE 1985

Detectability of certain dark-matter candidates

Mark W. Goodman and Edward Witten
Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08544
(Received 7 January 1985)

“We consider the possibility that the [...] neutrino detector
recently proposed by Drukier and Stodolsky could be used to

detect [...] dark matter.”
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Introduction

This talk:
neutrino magnetic moment constraints

from direct detection and elsewhere
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A Neutrino Magnetic Moments
IZ Direct Detection Constraints
[ Other Constraints

A Model-Building Considerations
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Neutrino Magnetic Moments in the SM

[A Magnetic Moment Operator

| — S

electromagnetic
field strength tensor
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Neutrino Magnetic Moments in the SM

Couples LH and R
lZ Magnetic Moment Operator (
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electromagnetic
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Neutrino Magnetic Moments in the SM

[A Magnetic Moment Operator
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https://inspirehep.net/literature/109011
https://inspirehep.net/literature/9503

Neutrino Magnetic Moments Beyond the SM

A Numerically tiny: < 10-19 g
[4 Can be significantly enhanced in BSM theories

O new loop diagrams, and/or
leptoquark modadel, inspired by
B physics anomalies
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O new “sterile” neutrino states /Nr

Brdar Greljo JK Opferkuch
2007.15563
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https://arxiv.org/abs/2007.15563

Direct Detection Constraints
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Signals in Direct Detection Experiments

lZsoIar v always present in direct detection experiments
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https://arxiv.org/abs/1003.5530
https://arxiv.org/abs/1307.5458

Signals in Direct Detection Experiments

lZsoIar v always present in direct detection experiments
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Signals in Direct Detection Experiments

™ so 1 E enhancement due to -t detection experiments

massless t-channel mediator _ _
eNnhanceu e recun rate ot My-induced scattering
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Signals in Direct Detection Experiments

™ so 1 E enhancement due to -t detection experiments
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Summary of Terrestrial Constraints
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Other Constraints
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Stellar Cooling

[ Inside hot stellar plasma:

O modified photon dispersion relation (= effective mass)
m Plasmons y*

O v*—= vi Nrand y*e- = v, Nre-allowed
O extra energy loss mechanism
O modified stellar evolution, star uses up its fuel faster

Raffelt 1996, 1999
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https://inspirehep.net/literature/430034
https://inspirehep.net/literature/514741
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Stellar Cooling
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Stellar Cooling
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Stellar Cooling
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Stellar Cooling

cooling of supernovae
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Cosmology

Brdar Greljo JK Opferkuch 2007.15563
based on codes developed by

Arbey Auffinger Hickerson Jenssen (2018)
and Depta Hufnagel Schmidt-Hoberg (2020)
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https://arxiv.org/abs/2007.15563
https://arxiv.org/abs/1806.11095
https://arxiv.org/abs/2002.08370

Cosmology

1 BBN

O presence of light Nr during BBN alters Ne#

O Nr decay (Nr ™ v, + y) after BBN alters
baryon-to-photon ratio n.

Brdar Greljo JK Opferkuch 2007.15563
based on codes developed by

Arbey Auffinger Hickerson Jenssen (2018)
and Depta Hufnagel Schmidt-Hoberg (2020)
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Cosmology

1 BBN

O presence of light Nr during BBN alters Ne#

O Nr decay (Nr ™ v, + y) after BBN alters
baryon-to-photon ratio n.

1 CMB

O Nk decay (Nr ™ v, + y) after v decoupling changes Nes

Brdar Greljo JK Opferkuch 2007.15563
based on codes developed by

Arbey Auffinger Hickerson Jenssen (2018)
and Depta Hufnagel Schmidt-Hoberg (2020)
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Summary of Constraints
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Summary of Constraints
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Summary of Constraints
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The Next Galactic Supernova

M Three phases:

Vg Burst Accretion Cooling
400 7 S —
@ :
=) .
o 300}
R
— 200
= :
= 100 -
e™ >
LO)
N
_ | L 1 ) ——6
> O
= O
5 &
@ &)
. s
W) -
& o
S ©
< O

Time [ms] Time [s]

Neutronization burst Accretion phase Cooling phase

from a slide by Amanda Weinstein,
based on a model by the Garching group

JK Opferkuch Wang, in preparation
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https://indico.cern.ch/event/606690/contributions/2591636/attachments/1498685/2333218/TAUP2017_Weinstein.pdf

The Next Galactic Supernova

‘Z Three phases (ve burst, accretion, cooling)

[ Precise (~10%) prediction for flux during ve burst
IZ Galactic magnetic fields convert v = vr

A Expect vi deficit
A Expected limit:

Ly < 10-13 LB

(for Dirac neutrinos)

A 1-2 orders of magnitude better
than existing limits

JK Opferkuch Wang, in preparation
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Brown et al. 0704.0458
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https://arxiv.org/abs/0704.0458

Ultra-High Energy Astrophysical Neutrinos

A Flux deficit

m ynobservable because initial flux i1s not known

[ Modified flavour ratios
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Model Building Considerations
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Neutrino Masses vs. Magnetic Moments

[ Diagrams that generate p are closely related

to diagrams generating neutrino masses
(remove the photon)

1% I NR
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Neutrino Masses vs. Magnetic Moments

[A Generic relation:

1227 Mellly

0z; AZ

T

A For new physics: at 100 GeV: uy~ 1010y & my ~ MeV
C\Ef“‘)’ ‘ \‘,} PEATFORM
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The Voloshin Mechanism

] (vi, NR) as doublet of approximate global SU(2)4

™ Mass term: Nr vL + N v( is forbidden
Magnetic moment: Ng vi — Nr vi is allowed

Voloshin 1988

25
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https://inspirehep.net/literature/253938

A Leptoquark Model

A Add two leptoquarks (in a Voloshin SU(2)4 doublet):
S:1~(@3,1,1/3)
R~ (3,2, 1/6) z

[ Interestingly, S; can explain
the R(D"), R(K™), and/or

(g-2)u anomalies.

BR(B — D™ 1v)
BR(B — D™ puv)

| —— S L —

Brdar Greljo JK Opferkuch 2007.15563
(+ references therein)

BR(B — K®utu )

R(D™)
( ) BR(B - K®ete)

R(K™) =

a7 in <a?<qZax

sjonannes GUTENBERG
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Conclusions
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through neutrino magnetic moments,
dark matter detectors are probing TeV scale physics

iInteresting interplay with astrophysics, cosmology,
and maybe even flavour physics
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Xenon-1T Electron Excess
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(c) Neutrino magnetic moment
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Xenon collaboration arXiv:2006.09721

see also Alonso-Alvarez et al. (2006.11243)
and An et al. (2006.13929)
for promising dark photon explanation
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Big Bang Nucleosynthesis — Basic Concepts

Consider a RH neutrino /Nr with magnetic moment k.
Assume decays after BBN.

A N presence during BBN means faster expansion
O p <« n conversion freezes out sooner = more neutrons

O Less time for neutrons to decay ™ more neutrons

4 Nr decay (Nz ™ v + ) after BBN alters
baryon-to-photon ratio n.

O n is precisely measured at the CMB epoch
O Decrease in n due to Nr decays implies larger n during BBN

O Deuterium disintegration less efficient ™ more neutron-rich nuclei

(For decays during BBN, similar arguments can be made.)

Clﬁw Neutrino JG’U
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Big Bang Nucleosynthesis — Implementation

(Z Use modified version of ALTERBBN

Arbey 1106.1363
Arbey Auffinger Hickerson Jenssen 1806.11095
Depta Hufnagel Schmidt-Hoberg 2002.08370

IZ Needed Iinputs (as a function of photon temperature T,):
O time t
O neutrino temperature T,
O Hubble parameter H

O Photon number density ny

A Solve (integrated) Boltzmann equations:

33
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Big Bang Nucleosynthesis — Implementation

IZ Solve (integrated) Boltzmann equations:

py = —4Hp, + <UU>€6 (nepe — ngquq) T %FN (PN — P?\(fl) ;
Pe = —SeH pe — <OU>€€(nepe — ngquq) ;

pp = —4Hp, + %FN(/ON — p?\(fl) T FeN(pN — p?\(fl) ;

pn = —snHpy —Tn(pn — py) — Ten(pn — Pi) -
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\

Big Bang Nucleosynthesis — Implementation

(Z Solve (integrated) Boltzmann equations:

( — Hubble expansion

CAHp)+ (00)ec(nepe — ngipit) + 3Tn (v — ).
Pe = _3/06 — <Ov>ee(nepe — ngquq) ;

pv = —4Hp, + %FN(,ON — o) FLen(py — PN)

pn = —snHpy —Tn(py — py) — Ten(pon — py) -
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Big Bang Nucleosynthesis — Implementation

(Z Solve (integrated) Boltzmann equations:

K ""‘“ Hubble expansmn
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Big Bang Nucleosynthesis — Implementation

(Z Solve (integrated) Boltzmann equations:

K ""‘“ Hubble expansmn
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Big Bang Nucleosynthesis — Implementation

lZSoIve (integrated) Boltzmann equations:

K ""““ Hubble expansmn

ete— annihilation e+Ng scattering
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Big Bang Nucleosynthesis — Results
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Cosmic Microwave Background

[ Nr decay (Nr m v + V) after v decoupling changes Nes
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