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Outline

® Introduction — why new vs ?

® Phenomenological motivations for new vs;:
e new s dark matter?
e new s for short-baseline anomalies?

e new s and missing neutrino mass in cosmology?

Th. Schwetz - Why new s, 9 April 2025 ﬂ(IT



The neutrino challenge
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In the Standard model neutrinos are massless

® absence of right-handed neutrinos
no Dirac mass for neutrinos

¢ |lepton-number Is an accidental symmetry at the renormalizable level
given SM fields and gauge symmetry, lepton number cannot be violated at dim. 4 —
no Majorana mass can be generated

— neutrino mass requires physics beyond the SM
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Standard Model EFT

® Weinberg 1979: unique dim-5 operator consistent with gauge-symmetry of SM

Yy, — - | — %
2
@L<C¢ * ¢TLb — 5 ngaby bL Mgy ~ Y ab A
scale of new physics EWSB: Majorana neutrino mass
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https://news.utexas.edu/2021/07/24/ut-austin-mourns-death-of-world-renowned-physicist-steven-weinberg/

Standard Model EFT

® Weinberg 1979: unique dim-5 operator consistent with gauge-symmetry of SM

Yy — - | — 2%
2
@L<C¢ * ¢TLb — 5 ngaby bL Map ~ Y ab A
scale of new physics EWSB: Majorana neutrino mass

® No indication of scale of new physics!

2 15 2
Y 10°° GeV
m,~ 0.06eV | — - ~ 0.06eV ! ey
1 A 106 A
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https://news.utexas.edu/2021/07/24/ut-austin-mourns-death-of-world-renowned-physicist-steven-weinberg/

Beyond the Weinberg operator <p> <P>

What is the new physics responsible for neutrino mass?

(?

® \What is its energy scale? y ' &

® UV completion of the Weinberg operator?
e tree-level: seesaw type | (singlet fermion), Il (triplet scalar), |l (triplet fermion)
e many realisations at loop level (radiative neutrino mass models)
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Beyond the Weinberg operator <p> <P>

What is the new physics responsible for neutrino mass?

(?

® \What is its energy scale? y ' &

® UV completion of the Weinberg operator?
e tree-level: seesaw type | (singlet fermion), Il (triplet scalar), |l (triplet fermion)
e many realisations at loop level (radiative neutrino mass models)

® Most (but not all') UV completions involve fermionic SM gauge singlets:

sterile neutrinos, right-handed neutrinos, heavy neutral leptons
for this talk: new-vs (,nu-nus®)
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We have no proof for the existence of new-rs

well-known examples of neutrino mass generation
without new fermionic degrees-of-freedom,

e.g. Higgs-triplet (type-ll seesaw),
radiative models (Zee, Zee-Babu)

... but for the existence of new-v physics!
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Where to look for new-rs?

seesaw / GUT
motivation

10-3 eV 10> GeV
O'° GeV
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TeV scale L-R models,

Wh e re tO IOO k fO r n eW'U S ? Am? ~10 eV? to fit better | |radiative neutrino mass,

solar neutrino spectrum inverse seesaw, ...
sterile neutrino seesaw / GUT
dark matter motivation

Y A 4
10-3 eV keV TeV 10'5 GeV
eV GeV 10!0 GeV
- short-baseline| |Leptogenesis via Leptogenesis
anomalies oscillations

® unfortunately little guidance from theory N

Measure what can be measured,
and make measureable what
cannot be measured.

® fO”OW ,,GallleO S prlnC|p|e ? N - Galileo Galile

AZ QUOTES

https://www.azquotes.com/quote/905195
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Heavy new-vs: ~10-1016 GeV

mOtivatiOn seesaw / GUT
® high-scale seesaw £ _l0" Gey

® high-scale leptogenesis Leptogenesis
® GUTs

10 Th. Schwetz - Why new vs, 9 April 2025 ﬂ(IT



Heavy new-vs: ~10-1016 GeV

mOtivatiOn seesaw / GUT
® high-scale seesaw AT

® high-scale leptogenesis Leptogenesis
® GUTs

. . _ 107} i nO /'I ?
possible signatures: vl ao~/
of I ! N i ) _

10 3 : - S

® proton decay (DUNE, HyperK) P N T 0 e
: v o . w1071 ) /i’ I A N ,/'_ "H"_ +/'1_ 4 GeV

® stochastic gravitational waves from cosmic TR A Y A AN logge_vj
" ' ' 10713 ) R 1'7 ,'I\'_' 10'? GeV
strings due tq breaking of symmetry possibly ol if i A AT
related to Majorana mass (e.g., B-L, GUT) L T 101 GeV
10710 y '3 A /I E

Buchmuller, Domcke, Kamada, Schmitz ’13; Dror, Hiramatsu, Kohri, (017 Dror ?Ff,l,',’,,;( 19 I T

Murayama, White *19; King, Pascoli, Turner, Zhou ’20:... 107° 107 107 107 107 107 107 107 107 107 1 10 10° 10° 10°

JIHz]
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,weak scale®“ new-vs: 0.1 GeV-10 TeV

motivation:
® |ow-scale seesaw
(type-ll, inverse seesaw, YMSM, ...)
® TeV-scale left-right symmetric models
® |[oop-induced neutrino masses
® |inks to dark matter candidates
® ARS leptogenesis via HNL oscillations

rich ,,particle physics signatures®;

® HNLs, WR, extended Higgs
sector,... (collider, beam-dumps),

® charged lepton-flavour violation
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new-. dark matter: 1 keV — 100 keV

sterile neutrino

mOtivatiOn dark matter
keV

e 2-parameter model for DM: 0, m,
® very predictive in its minimal version

review: Boyarsky et al., arXiv:1807.07938
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new-. dark matter: 1 keV — 100 keV

sterile neutrino

mOtivatiOn dark matter
keV

e 2-parameter model for DM: 0, m,
® very predictive in its minimal version

review: Boyarsky et al., arXiv:1807.07938

DM production rate: [  ~ G%TS sin? 20,

A?(p) sin*(20)

Sin”(20m) = A2(p) sin®(20) + [A(p) cos(20) — Vp — VT]Q.

A= Am?*/(2p), Vp ~ GiT*p,, Vy, ~ GoT°L,
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new-. dark matter: 1 keV — 100 keV

sterile neutrino

mOtivatiOn dark matter
keV

e 2-parameter model for DM: 0, m,
® very predictive in its minimal version

review: Boyarsky et al., arXiv:1807.07938

DM production rate: | ~ G%TS sin? 20, loop-induced decay (X-ray signature):
2021,
I ~ Gz0°m,
Sin2(2(9m) _ - AQ(p) Sin2(2(9) N
A2(p)sin®(20) + [A(p) cos(20) — Vp — V|
N
A= Am?*/(2p), Vp ~ GiT*p,, Vy, ~ GoT°L, S
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new-. dark matter: 1 keV — 100 keV

13

Boyarsky et al., [arXiv:1807.07938]
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,osclillation scale®“: <10eV A ~10°% V1 to fit better

solar neutrino spectrum

4
103 eV

eV

short-baseline |
anomalies |

motivation:

® phenomenological (effects in oscillations, short-baselines)
® not well motivated from ,top-down" perspective

® (very) low-scale seesaw models exist
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Short-baseline anomalies

Anomaly

Reactor
rate and shape

Gallium / BEST

MiniBooNE

15

Channel

U

€_>I/

€

Status

fading away ( < 20)
systematics dominated

very significant (~50)

significant (3.80)

~25 yr anomaly

very significant (4.80)
relies on background estimate
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Explanation?
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Short-baseline anomalies

Anomaly

Reactor
rate and shape

Gallium / BEST

MiniBooNE

16

Channel

U

€_>I/

€

Status

fading away ( < 20)
systematics dominated

very significant (~50)

significant (3.80)

~25 yr anomaly

very significant (4.80)
relies on background estimate
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Explanation?

systematics/nuclear physics
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The gallium anomaly and BEST results

® Measurements of gallium solar neutrino experiments GALLEX and SAGE
with radioactive 1Cr or 37Ar sources lead to rates lower than expected

BEST coll., Barinov et al., Phys. Rev. Lett. 128 (2022),
no. 23 232501; Phys. Rev. C 105 (2022), no. 6 065502

X2/ dof p-value
CS1, BEST | 32.1/2 1.1 x 1077 (5.30)
CS1, all 36.3/6 2.4 x 1076 (4.70) esriouton ] e
CS2, BEST | 34.7/2 2.9 x 1078 (5.50) st ,
CS2, all 38.4/6 9.4 x 1077 (4.90) e .
SAGE(Cr) - ®

Farzan, TS, 2306.09422

cross sections CS1, CS2 from PARERZ )

Haxton et al., 2303.13623 CALLEXL” y

0.70 0.75 0.80 0.85 090 0.95 1.00 1.05
R
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Can it be explained by eV sterile neutrino oscillations?

® In tension with solar neutrinos, reactor experiments and cosmology!

see also

Berryman, Coloma,
Huber, TS, Zhou,
2111.12530;
Goldhagen, Maltoni,

A : Reichard, TS,
. 2109.14898;

1 02 B 1 02 : | T T T T T Il
Tritium + Solar 20 3 Tritium + Solar
-| Reactor + Tritium + Solar -| Reactor + Tritium + Solar
-| —— RSRF(N/R)+HM -| —— RSRF(N/R)+HM
—— RSRF(N/R)+EF —— RSRF(N/R)+EF
1 O - RSRF(N/R)+HKSS - 1 O u RSRF(N/R)+HKSS -
| —— RSRF(N/R)+KI : -| —— RSRF(N/R)+KI
C\ll_l | c\l|—| -
> > - _
2, — R
— = X—— — % 1H-
ANl < 1 _ — C\l\q— 1 — —
- : & :
< — 1 < :
Gallium } - Gallium
_1 — Ground State 1 — — — Ground State
10 = —— Bahcall E 10 = — —_ —— Bahcall E
Kostensalo ] - Kostensalo
i —— Semenov i I % —— Semenov
| II| ] ] L1 ] ] | I | ] ] I O | ] Lot ] ] I I T I |
1073 1072 107" w 1073 1072 107" w
. 2 . 2
SIN“2V¢e SIN“2V¢e
Giunti, Li, Ternes, Tyagi, Xin, 2209.00916
18
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Short-baseline anomalies

Anomaly

Reactor
rate and shape

Gallium / BEST

MiniBooNE

19

Channel

U

€_>I/

€

Status

fading away ( < 20)
systematics dominated

very significant (~50)

significant (3.80)

~25 yr anomaly

very significant (4.80)
relies on background estimate

Th. Schwetz - Why new vs, 9 April 2025

Explanation?

systematics/nuclear physics

sterile oscillations in strong tension
W reactor, solar, cosmology

difficult to explain

exotic decoherence? [Farzan, TS, 23]

Karlsruher Institut far Technologie



Strong tension btw appearance and disappearance

sin’ 20,6 =

1
— sin
4

? 20ce 5in” 20,

sterile oscillation

explanation of LSND/MiniB

robustly disfavoured

20

Dentler et al, 1803.10661

99% CL —e—=2:- 43" e
. 2 dof 99.73% CL 1
107 2 dof
=) (=) (=) ]
_ Vel V= Ve
N> . ( Fixed Fluxes) _
o 0 L--:lh:h'lilm:_— N>
C\]g ].O ’s‘ 2
E ~~'~. N T —
4 MINOQOS/ : = 0 Appearance
MINOS+ < 10 [ PI() w/o DiF)
107k §)_ disapp DC+SK >
BT . Disappearance
- combined +IC  E £ guxes
[ e e _1 |- - - Fixed Fluxes
1072 107! 107 b i e T
5 10~ 1073 1072 1071
|U,u4| .. 2
SIN” 260,e

non-observation of oscillations in v,
disappearance (CDHS, MiniB,
MINOS+, SK, IceCube)

consistency of appearance and disapp.
data with a p-value < 107°

A ]
Karlsruher

Institut far Technologie
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MiniBooNE and a decaying sterile neutrino

Palomares, Pascoli, TS, hep-ph/05052 1 6; Gninenko, 0902.3802, 1009.5536; Bertuzzo, Jana, Machado, Zukanovich, 1807.09877;
Ballett, Pascoli, Ross-Lonergan, 1808.2915; Arguelles, Hostert, Tsai, I812.08768; Fischer, Hernandez, TS, 1909.09561;
Dentler, Esteban, Kopp, Machado, 1911.01427; deGouvea, Peres, Prakash, Stenico, 191 1.01447; Brdar, Fischer, Smirnoy,
2007.1441 I; Abdallah, Gandhi, Roy, 2010.06 | 59; Abdullahi, Hostert, Pascoli, 2007.1 181 3; Abdullahi et al., 2308.02543; Hoster,
Kelly, Zhou, 2406.04401; ...

® sterile neutrino N with mny ~ keV to ~500 MeV
® produce N either by mixing or by up-scattering

® decay:.
e N = ¢ v, with standard neutrino interaction in detector
e electromagn. decay inside MB detector N — vy/ve*/va’/. .. (no LSND)

® cxciting new physics / rich phenomenology / predict signatures in existing (near
detectors) and/or upcoming experiments (e.g., Fermilab SBN, DUNE, HK, IceC)
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MiniBooNE and a decaying sterile neutrino

MeV
GeV

Th. Schwetz - Why new vs, 9 April 2025
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Short-baseline anomalies — summary

Anomaly

Reactor
rate and shape

Gallium / BEST

MiniBooNE

23

Channel

U

€_>I/

€

Status

fading away ( < 20)
systematics dominated

very significant (~50)

significant (3.80)

~25 yr anomaly

very significant (4.80)
relies on background estimate

Th. Schwetz - Why new vs, 9 April 2025

Explanation?

systematics/nuclear physics

sterile oscillations in strong tension
W reactor, solar, cosmology
difficult to explain
exotic decoherence (?)

sterile oscillations in strong tension
w disappearance data, cosmology
difficult to explain
HNL decay
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The cosmo anomaly:

Why is neutrino mass not seen in cosmology?
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Neutrino mass from cosmology

B I
—ry 7, mo + v/ [Am3,| + m§ + \/|Am3,| — Am3, +m§  (10)

e minimal values predicted from oscillation data for m, = 0:

v _ [ 986+085meV (10)
min = 58 54 (0.48meV  (NO)

e Upper bounds from current data:
o2m, < 0.12eV (95 % CL) Planck CMB+BAO 2018

o2m, < 0.064 eV (95 % CL) DESI 2025 + CMB

25 Th. Schwetz - Why new vs, 9 April 2025

100 A
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&

Planck+BAO 2018

DESI 2025 + CMB
Planck+EUCLID/DESI

NuFit 4.1, 30 ranges

1072

107!
mo (eV)

100
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Tension between cosmology and oscillation results?

updated from Gariazzo, Mena, TS, 2302.14159

1.0 F—/—/————— — i
D J
ES/ DI>S : 5 —%
0.8 - (2024) =3 :5 2 i
o3 & o
Py =1 °)
= IS lo 5
5 0.6- 3| 18 %, i
_g 3 ] 0
2 0.4 2l =
4 - ol | . -
< preferrled by 5 1 terrestrial %
cosmology : I experiments Z
02 n : /‘g -
i I =
0.0

102 101 10°
sum of neutrino masses [eV]
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Hint for the existence of new-rs?

seesaw / GUT
motivation

103 eV keV TeV 10!5 GeV
100 GeV

eV GeV
| e LpmnE g
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Hint for the existence of new-rs?

10-3 eV

eV

iz

keV TeV
GeV
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S€EesSaw

10'> GeV
100 GeV
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Hint for the existence of new-rs?

work with
Miguel Escudero, Jorge Terol-Calvo, 2211.01729
Cristina Benso, Drona Vatsyayan, 2410.23926

S€EesSaw

keV TeV 10!5 GeV
GeV 100 GeV
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[ - /'
Cosmology bounds can be relaxed in non-standard scenarios /700/7;0/@
ley

® dynamical dark energy
Green, Meyers, 2407.07878;...; DESI DR2 2503.14743: ) m, S 0.16eV

® neutrino decay into dark radiation
Chacko et al. 1909.05275; 2002.08401; Escudero et al., 2007.04994;

Barenboim et al.,2011.01502; Chacko et al. 2112.13862: ) m, < 0.42eV

® {ime dependent neutrino mass

Lorenz et al. 1811.01991: 2102.13618; Esteban, Salvado, 2101.05804; Sen, Smirnov, 2407.02462,
2306.15718;

® modified momentum distribution
Cuoco et al., astro-ph/0502465; Barenboim et al., 1901.04352; Alvey, Sabti, Escudero, 2111.14870

® reduced neutrino density + dark radiation

Beacom, Bell, Dodelson, 04; Farzan, Hannestad, 1510.02201:; Renk, Stocker et al., 2009.03286;
Escudero, TS, Terol-Calvo, 2211.01729

Th. Schwetz - Why new s, 9 April 2025 ﬂ(IT



[ - /'
Cosmology bounds can be relaxed in non-standard scenarios /700/770/@
ley

® dynamical dark energy
Green, Meyers, 2407.07878;...; DESI DR2 2503.14743: ) m, S 0.16eV

® neutrino decay into dark radiation
Chacko et al. 1909.05275; 2002.08401:; Escudero et al., 2007.04994:

Barenboim et al.,2011.01502; Chacko et al. 2112.13862: ) m, < 0.42eV

® {ime dependent neutrino mass

Lorenz et al. 1811.01991: 2102.13618; Esteban, Salvado, 2101.05804; Sen, Smirnov, 2407.02462,
2306.15718;

® modified momentum distribution
Cuoco et al., astro-ph/0502465; Barenboim et al., 1901.04352; Alvey, Sabti, Escudero, 2111.14870

® reduced neutrino density + dark radiation
Beacom, Bell, Dodelson, 04; Farzan, Hannestad, 1510.02201:; Renk, Stocker et al., 2009.03286;

Escudero, TS, Terol-Calvo, 2211.01729
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e introduce a set of N% massless new-rs

® 3 mediator X coupled to neutrinos

® convert active neutrinos into massless new-vs after BBN but before CMB decoupling

® ~10 keV new-r dark matter freeze-out in the dark sector

107 —— J
E Dark radiation x
3 |
@ o
1071 ,CLJ Neutrinos v ¥ m, suppression: n,/n>" =
Q
5 > 1=
-
< 107%: 4 .
C a \\
. .
-3 pN "
10 SN e Dark mattery =
10_4 L1 > ;
10 10

Farzan, Hannestad, 1510.02201; Escudero, TS, Terol-Calvo, 2211.01729; Benso, TS, Vatsyayan, 2410.23926
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A seesaw model for large neutrino mass and dark radiation
Escudero, TS, Terol-Calvo, 2211.01729

® 3 heavy new-L's (seesaw)

® new abelian gauge symmetry U(1)y

e a scalar @ charged under U(1)y

e a set of NV, massless new-us charged under U(l)y
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A seesaw model for large neutrino mass and dark radiation
Escudero, TS, Terol-Calvo, 2211.01729

® 3 heavy new-L's (seesaw)
® new abelian gauge symmetry U(1)y

e a scalar @ charged under U(1)y

e a set of NV, massless new-us charged under U(l)y

Yukawa sector

_ ~ ]
—L=NgY, 0y H 5 Nr Mg N

Th. Schwetz - Why new vs, 9 April 2025

NgrYs xp ©

h.c.
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A seesaw model for large neutrino mass and dark radiation
Escudero, TS, Terol-Calvo, 2211.01729

® 3 heavy new-L's (seesaw)
® new abelian gauge symmetry U(1)y

e a scalar @ charged under U(1)y

e a set of NV, massless new-us charged under U(l)y

Yukawa sector

Scalar potential

1] —

— L =NgVY, l, H 5 Nr Mg Nj; + NpYe x1 @+ hec.

V = ,u%{HTH

2
Mg (HTH) + p3|®)° + Mo |®|* + Ao |®|°H'H

Th. Schwetz - Why new vs, 9 April 2025
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A seesaw model for large neutrino mass and dark radiation
Escudero, TS, Terol-Calvo, 2211.01729

® 3 heavy new-L's (seesaw)
® new abelian gauge symmetry U(1)y

e a scalar @ charged under U(1)y

e a set of NV, massless new-us charged under U(l)y

Yukawa sector

Scalar potential

Gauge interaction

- ~ 1 -
—L=NgrY, l; HT 5> Nr Mp Njp + NrYo xr ®+ hec

V=3 HUH + A (HH) + p2|®? + Ao |®|* + Ao |®PHTH

Lt = 8x Ly XY X

Th. Schwetz - Why new vs, 9 April 2025
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A seesaw model for large neutrino mass and dark radiation
Escudero, TS, Terol-Calvo, 2211.01729

® 3 heavy new-Ls (seesaw)

® new abelian gauge symmetry U(1)y L )

e a scalar @ charged under U(1)y mp, = =Ml Y, A= 2 Yo
e a set of N, massless new-vs charged under U(l)y \/5 \/5

_ ST _ ANLmp << Mp
—L=NpY, {; H —|—§NRMRN]%—|—NRY@XL(I)—|— h.c.

mheavy ~ MR

0 " p 0 ,
0 AT 0
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A seesaw model for large neutrino mass and dark radiation
Escudero, TS, Terol-Calvo, 2211.01729

® 3 heavy new-L's (seesaw)

® new abelian gauge symmetry U(1)y

e a scalar @ charged under U(1)y

e a set of V, massless new-us charged under U(l)y

W = g
- ~ 11— J— 7/ X
—L=NpY, {; H —|—§NRMRNR—|—NRY@XL(I)—|— h.c.
| o
my A7 = 8xUyy

Zint = gXZ/;)Fy”)( 8x =

Vo
vy __ 2
/ 7 gXHI/)(

couplings to neutrinos induced by mixing: Z' < vv/vy/yy
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A seesaw model for large neutrino mass and dark radiation
Escudero, TS, Terol-Calvo, 2211.01729

® 3 heavy new-L's (seesaw)

® new abelian gauge symmetry U(1)y

e a scalar @ charged under U(1)y

e a set of V, massless new-us charged under U(l)y

indep. params for pheno:

m,, Mg, 0,

Vo V(I) 5 mZ/

_ ~ ] _
—L:NRY,,KLHH§NRMRN§+NRY¢XL<I>+ h.c.

4

Zint = gXZ/;)Fy”)( 8x =

Th. Schwetz - Why new s, 9 April 2025 ﬂ(IT
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Available parameter space

103
0, =~ 10

V(I) ~ 100 M@V

11% 4
Vo

Th. Schwetz - Why new vs, 9 April 2025

Gauge
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Extending the model to include keV sterile neutrino dark matter

® 3 heavy new-L's (seesaw)

® new abelian gauge symmetry U(1)y

e a scalar @ charged under U(1)y

e a set of V, massless new-us charged under U(l)y

® add one more heavy new-v neutrino N’
=one of the y will also pick up a seesaw induced mass — v

Benso, TS, Vatsyayan, 2410.23926

Th. Schwetz - Why new s, 9 April 2025 ﬂ(IT



37

Extending the model to include keV sterile neutrino dark matter

neutral fermion mass matrix assume hierarchies:
in the basis (x¢,v¢,4<, N, N)
M>M >mp>c'>A>mh, kA"

0 0 0 A M'm2, < Mk'*
0 0 O mp
M,=|1 0 0 0 K
KT M0 e =
AT mE 0 M m, ~ mpM~m7
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Extending the model to include keV sterile neutrino dark matter

neutral fermion mass matrix assume hierarchies:
in the basis (x¢,v¢,4<, N, N)
M>M >mp>c'>A>mh, kA"

0 0 O A M'm3 < Mk'*
0 0 0 mp
Mn — O O 0 I‘\?, o | | |
T M0 My = mixing and interactions:
At my, 0 M m, ~ mpM~'m1, ml,
0, = , 6 =0
My, ~ H,M,—llﬁ',,T Ly o el
M =~ MI _
/ Y ZLint = 8x L, Wrty
keV DM candidate my =~ M .
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DM prOdUCtiOn Via dark freeze-out similar to Berlin, Blinov, 1706.07046, 1807.04282

lrl T T T T TT1 T T T TTT1 | T T T T T T T 11T
§ Dark radiation x g
0.100 ;‘—§ Neutrinos v Neutrino mass bound relaxed "=
s A o zm,<012n;"/n,<09eV =
s 0010== [(X > vV)=260H(T = my/3) —=
m my = 55 keV, my, = 15 keV =
0.001 §—O_ vogoo Ny =10, g, =4 —§
n o Dark matter ¢ —
E Quh°=0.12 -
104 n I R B B O o Nl | BN EE I R R
0.1 1 10 100 1000
mx/T
/ 1 —10 e —2
e assume m,, < niy; Ak =z, 019 GeV
. . . . / <0.v>"/"/)_)XX
® Y/ thermalizes with the dark fluid via yy < Z
4 2
- g My,
e DM freeze-out for 1jg < my, (00) sy = N

Y47 (m3, — 4m2)?
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Right DM abundance in the relevant parameter region

® DM mass
IS5keV < m,, S 100 keV

® DM stablility and X-ray constraints:

Y = VYy,y — vy
suppressed by Hyzw

: —8 a
require 0, S 10 L Bexe
'd CMB bounds:
Excludgdfrom v freestreaming
107t
10° 10° 10* 10°

Vs [keV]
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Signatures of the model Benso, TS, Vatsyayan, 2410.23926

1.0 I ———

— Tgand TSM
- | Tdark/Ty

0.9

f : O 2

g _ : = 0.8¢
S o5 : c z
) i i —_
GL) : : . 4= %
O I ] ) i
Q : ] < I -
- I 1 < — ]
> 0.3F - Q h
oy I i Q .
IN | : e -

° 90 20 40 %0 20 4o

massless dofs: 4N)( + 2
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Signatures of the model

warm DM candidate:

potentially observable cut-off
IN matter power spectrum

determined by kinetic decoupling
of DM from dark radiation

Berlin, Blinov, 1807.04282;
Bringmann, Ihle, Kersten, Walia, 1603.04884

Th. Schwetz -

Benso, TS, Vatsyayan, 2410.23926

[
o
o

cutoff scale Apo [MpcC]

-
o
N

T T
my [keV]
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Summary — why new rs?

® theory suggests (but does not proof) the existence of new-vs,

® put theory gives us very little guidance on where they are
® |ook for them everywhere we can

Th. Schwetz - Why new vs, 9 April 2025
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Summary — why new rs?

® theory suggests (but does not proof) the existence of new-vs,

® put theory gives us very little guidance on where they are
® |ook for them everywhere we can

,ocience is a bit like the joke about the drunk who

THIS 1S WHERE You is looking under a lamppost for a key that he has
\ 9 | lost at the other side of the street, because that’s

| where the light is. It has no other choice.”

Noam Chomsky

BUT THIS IS WHERE THE LIGHT IS.

| O
NO, I LOST IT IN THE PARK. @

Lgf 1

=

»
<o A
-
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backup
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Hint for dynamical dark energy?

cosm.const.: wy=—1,w, =0 \ DESI DR2 2025 [2503.14738]

44

DE equation of state: p = wp

$

w(z)=w0+wal_l_Z

2.80 — 4.20 indication for

deviation from cosmolog. const.

Th. Schwetz -

0 __\_AI* _____________________________________________________
| B DESI+CMB-+Pantheon+
DESI4+CMB+Union3
| B DESI+CMB+DESY5
\ DESI+CMB
—1 - \
3 )
_9
3 : . . . . .
—1.0 —0.8 —0.6 —0.4 —0.2 0.0

DPG, Gottingen 3. April 2025
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Dynamical dark energy and neutrino mass limit

45

> my [eV] > m, [eV]
wowa, CDM+4> " m,
ACDM My
- 2 | DESI BAO+CMB < 0.163
DESI BAO+CMB [Camspec] < 0.0642 DESI BAO+CMB-+Pantheont < 0.117
DESI BAO+CMB [L-H] < 0.0774 DESI BAO+CMB+Union3 < 0.139
DESI BAO+CMB [P1ik] < 0.0691 DESI BAO+CMB+DESY5 < 0.129
ACDM | wow,CDM
— DESI DR2 BAO + CMB (Baseline) | — DESI DR2 BAO + CMB (Baseline)
—— DESI DR2 BAO + CMB + Pantheon+ —— DESI DR2 BAO + CMB + Pantheon+
1.0 DESI DR2 BAO + CMB + Union3 DESI DR2 BAO + CMB + Union3
—— DESI DR2 BAO + CMB + DESY5 —— DESI DR2 BAO + CMB + DESY5
| 1.0
= | =
= l =
= = =
A, 0.51 i ay
i 0.5 1
0.0 . 0.0 . . .
0.00 0.10 0.15 0.20 0.00 0.05 0.10 0.15 0.20

2.y [eV]

2.y [eV]

Th. Schwetz - DPG, Gottingen 3. April 2025
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Available parameter space
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Available parameter space

® thermalization of the dark sector:
= (I'(ow — Z")) 2 H(T = m,/3)
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Available parameter space

® thermalization of the dark sector:
= (I'(ow — Z")) 2 H(T = m,/3)

® avoid thermalization of the dark sector
before BBN:

<F(1/V —> Z/)> < H(T — 07 MeV) . allowed
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Available parameter space

® thermalization of the dark sector:
= (I'(ow — Z")) 2 H(T = m,/3)

® avoid thermalization of the dark sector
before BBN:

<F(1/V —> Z,)> < H(T — ()7 MeV) ‘ allowed

® free-streaming of neutrinos & dark
radiation before/around recombination

(T'Y < H for 7 < 10°

Taule, Escudero, Garny, 2207.04062
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Neutrino mixing with massless states 0,,

® avoid thermalization of y prior
neutrino decoupling due to -
oscillations E
e take into account effective S
potential due to self-interactions

1

=

D!

@F

1

@ 1

O

— |

1

x|

C\]i

1

il

&
=

lQ

P |

PO |

o 1

o 1

0. I

1

1

1

1

1

1
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My |KeV |

Neutrino mixing with massless states 0,,

48

104 <0 < 10-! upper range potentially testable in oscillation experiments
vx T. Ota, 2411.16356
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Constraints on heavy RH neutrinos

M, < 109 =10 GeVv

o perturbativity of Yukawa Yg N y; @

o loop-induced Higgs portal Ag | P | H'H remains
small to avoid thermalization of ® prior BBN
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Constraints on heavy RH neutrinos

M, < 109 =10 GeVv

o perturbativity of Yukawa Yg N y; @

o loop-induced Higgs portal Ag | P | H'H remains
small to avoid thermalization of ® prior BBN

]
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1
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1
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1
\/I;
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=
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PO |
o |
¢ 1
1
1
]
1
1

Comment on leptogenesis:

e standard thermal LG works if N = HL dominates ove
N — ¢y

o otherwise y would thermalize and conflict with NV
= require 1py < My (allows still for Tp; > Try)
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Signatures in a super nova

® SN cooling arguments for SN1987A exclude

Fiorillo, Raffelt,
keV Vitagliano,

35107 Y < < 104
S A7z R 9009.11773
mZ/ mZ/

weaker than BBN constraint 4/ S 10~/(keV/m,)

® Future galactic SN at 10 kpc: neutrino signal in
HyperK from Z' — vv: sensitivity down to

é{/ -~ 10_9(1(6\//1’}12/) Akita, Im, Masud, 2206.06852
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