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CUTLINE

Inkroduction aboutb skterile neubrino darke makker

Searches it terrestrial experimem&s . sev\sLEWE,Ej to sterile neubrinos

Neubrino non-standard self-interactions (NSSI):
* whak?
* wkv?
*  how to include them?

* which mea&& own skerile neukrinoe darke makber?
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INTRODUCTION - STERILE NEUTKING DARK MATTER

Definition: sterile neubrinos are neutral fermions, singlets under the SM symmetries.

If neubrinos are Majorana particles: Vs | vy =cosfvs+sinfu,

sterile neutrino can play the role of DM:
no em nor strong interaction, by definition
massive: possibly with mass O(keV)

depending on mixing with active neutrinos: stable over time scales aamparabta with {y

S 8 @ d

dapending own the Prodma&on mechanism: produ&ed i Ehe @.&rbj universe wikh
velocities compatible with large scale structures
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SEARCHES IN TERRESTRIAL EXPERIMENTS

o in the domain of direct detection

° rely on large mixing of Vs <> Ve or Us <> Ve

KATRIN/TRISTAN ﬁ ECHo ‘

Trikium bﬁi&&“dﬁtav Holmium EC Caesium EC
ms S 17.5 keV ms S 2.5 keV ms S 350 keV
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Assumplion: Vg <> Ve and Ty < U, mixing

Mechaniswmw:

the neutrine fields, while propagating in the primordmt plasma,

oscillate between the electron and the sterile stabe

when they interact with the other fields in the bakh,

the wave function has probability o sin®(20yr) to collapse in the sterile state

Evolution of the distribution function fi(p,t) described bfj the Boltzmann equation

0 0 e
gl (P 1) —Hp o fo(pt) & T (Pulve = vsip,1)) fe(p,1)

where Le(p) = ce(p, T) GrpT*

1
(P(Ve = Vs p,t)) = sin®(20s) sin’ (%) o sin® (26 )

* [S. Dodelson, L. M. Widrow, PRL 72 (1994) 17-20]
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In the gtasma, the LS

2\ 2
(ms) sin2(26)
L 59 2p
S111 (QHM) == = 9 R o2
S = 2 Fe S
(Z”p) sin”(26) 1 2(29) | _g"p cos(260) — VT(p)_
where interactions of neubtrinos with particles in the plasma impact on:
. Ce(p) = ce(p, T) GEpT*
2¢(3)T°ns  8V2Gpp 8V2Gpp
: Vr(p) = £V2GF s 32 (pv. + p5.) ey (Pe= + Pert)
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We solve the Boltzmann equation and find the distribution function

A i g
o5 /Tin - ( Mpr > 1 Ce(r,T) ( ST) sin?(26) 1
r) = —
: . 1.66/3. T3 ) |4 [ m2 \2 ) 2 2 | _r
s \/g— B (QT?F) Sin (29) (%—) | (27‘% V) g y —I_ 1
and calculate the passing through

+00
sterile neutrine number demsi&v n(1') = £ 3 / d’>p f(p,T)

n
sterile neubrine vietd = =

: h2Q:SOm31(45

T 474) / R [fo () + o, ()
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100

" Underproduction \

* X-ray bound :
disfavors large values of 0 and m;

[CB, V. Brdar, M. Lindner, W. Rodejohann, PRD 100 (2019), 115035]
[J. Barry, J. Heeck, W. Rodejohann, JHEP 07 (2014), 081]

o Limiks from structure formation :
10/

disfavor small values of M

[R. An, V. Gluscevic, E. O. Nadler, Y. Zhang, arXiv: 2301.08299]

[l. A. Zelko, T. Treu, K. N. Abazajian, D. Gilman, A. J. Benson,
PRL 129 (2022) 19, 191301]

m; |[keV]

o Limit from DM abundance :
rules out large values of 6

10° 1077 100 1073
sin?(26)

Cristina Benso

CERN Neutrino Platform Pheno Week, 16.03.2023




NEUTRING NON-STANDARD SELF-INTERACTIONS - WHAT? WHY?

Definition: Neubrino non-standard self-interactions (NSSI) are a parameterization of new physics
in the neubrino sector in the form of new interactions beyond the SM nvolving only neutbrinos.

E4fective description valid for heavy mediators

G a _ _ A
LNsst = \/g Z Z € e (7aOjvp) (VVOjVCS)

Jj o,B,7,0

Oi=={l 5&une, i~y gEES Va Va

Why are NSSI interesting?
° we expect new physics to come from the neutrino sector
¢ some models desaribing neutrine mass generation Maﬁurattv include NSSI [J. M. Berryman et al., arXiv: 2203.01955]

° NSSI could have significant impact on physics of the early universe (Hubble tension ete.)
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NEUTRKING NSSI - HOW TO INCLUDE THEM?
Assumptions for concreteness:

° heavy mediators —— effective field theory treatment

* only electron flavor-diagonal NSSI considered

* for Majorana nheubrinos: only scalar, pseudos«mtm and axial-vector interactions are non-zero

s ko cap&ure E@.mpera&ure and momenkum depemdamee i Ehe Ehermal Fo&em&at:

G , 1 ,_ R .
L; = _TI; (€5.0) ((VeC?jue) (De(que) mé (7eOjve) (VerVe) > O {I, 7’75,7“’75}
Ce(p) —  Tepot(p) = Te,sm(p) + Te,nssi(p) W
Vr(p) —  Vriot(p) = Vrsm(p) + Ve nssi(p) Q
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NEUTKING NSSI - HOW TO INCLUDE THEM?

¢ Secalar NSSI

it
Fe,NSSI(ZU) = 180 € G2 pT4 VrNssi(p) = 45m €S GF]OT4
¢ Pseudoscalar NSSI
T 7/ 272
I'e nss1(p) = 120 ep GrpT* Vrnssi(p) = TE 2 6P GppT*
o Axial vecktor NSSI
(T 14\/5772
I'e nss1(p) = = G Vr nssi(p) = eaGrpT?
135 45 m?b

following [M. Paraskevas, 1802.02657] [P B. Pal, AJP 79 (2011), 485498]  [J. C. D'Olivo et al., PRD 46 (1992) 1172]
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NEUOTRKING NSSI - IMPACT ON STERILE NEUTRKINGS

Sterile neutrino distribution function

€Ep
_ 100
0.01-
10~
10
S
o)
3= 1076
"G
85 DW + pseudoscalar NSSI
10 m; =10 GeV 1
mg = 10 keV
TS sin®(26) = 1.1x10™
0.001 0.01 0.1 1 10
v 0.1

[CB, W. Rodejohann, M. Sen, A. Ujjayini Ramachandran, PRD 105 (2022) 5, 05501 6]
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NEUOTRKING NSSI - IMPACT ON STERILE NEUTRKINGS

Sterile neukrino produ&mm evolukbion

€p
1 T T o 100
10
10_8 DW + pseudoscalar NSSI 1
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10-10 sin?(20) = 1.1x10~°
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[CB, W. Rodejohann, M. Sen, A. Ujjayini Ramachandran, PRD 105 (2022) 5, 05501 6]
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NEUOTRKING NSSI - IMPACT ON STERILE NEUTRKINGS

Sterile neukrinoe Paramaﬁar space : 100% DM cownskitubed bj sterile neutrinos
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[CB, W. Rodejohann, M. Sen, A. Ujjayini Ramachandran, PRD 105 (2022) 5, 05501 6]
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CONCLUSIONS

Sterile neubtrinoes that mix with active neutrinos are qood dark wmatter candidates.

Tkev can have been proc&wcec& i the e&rlv universe via oscillakion and collisions through

This vanilla scenario is harcltv debectable in terreskrial experiments i the near future.
Active neubrino non-standard self-interactions (NSSI) are well motivated extension of the SM.

Scalar, pseudoscalar and axial-vector NSSI moc&.&fj the production of sterile neubtrino dark
matter in the early universe.

The parameter space region in which Qpy = Q, is enlarged by such NSSI
and Ehej enhance the Fossibiuﬁv to debect sterile neubrine darke mabtter in HUNTER pk&se 3.
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