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Open questions of the SM

» Experimentally observed non-vanishing neutrino masses
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Open questions of the SM

» Experimentally observed non-vanishing neutrino masses

to introduce a mass term for neutrinos we need to add new particles to
the SM

H H

L, L

— strong evidence for an extended particle content and BSM physics
however no signal of these particles yet
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Open questions of the SM

» Experimentally observed non-vanishing neutrino masses

» Need for a Dark Matter candidate

* No one
understands me..
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.
dork matter
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Dark Matter

> Need for a Dark Matter candidate

> large experimental effort to detect DM
[Schumann ’19]

» so far DM only observed via its
gravitational interactions

» we have not seen particle nature of :
DM

— if DM is a particle it interacts only R
very weakly with matter

ross Section [cm’|
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Open questions of the SM

> Experimentally observed non-vanishing neutrino masses
» Need for a Dark Matter candidate

» measured fermion masses and mixings are very different: flavour
puzzle

» CP violating term in QCD is very small: strong CP problem
» Higgs boson found but it is very light: hierarchy problem

non-observation of new physics might imply that the new physics
sector interacts only very weakly with visible sector & particles not
directly charged under SM group
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Hidden sectors [essig et al. 1311.0029]

does not exclude that the new sector has a rich structure itself &
mass scales possibly well below the weak scale
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Hidden sectors: Portals [essig et al. 1311.0029]

eF™F), vector portal
AH?S? + uH?S scalar portal
y(LA)N neutrino portal

Neutrino portal

SM

Vector portal

Scalar portal
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Hidden sector model for neutrino masses and DM

Based on "A testable hidden-sector model for Dark Matter and
neutrino masses"

in collaboration with Mathias Pierre
published in JHEP 2002, 068 (2020), arXiv: 1912.06661

ot
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Hidden sector model for neutrino masses and DM G,

Pierre '19]

» introduce dark U(1)" under which the particle in the hidden sector
are charged

Julia Gehrlein (BNL) Hidden sector: neutrinos and DM HET lunch seminar 10/26



Hidden sector model for neutrino masses and DM c,

HECIE)

» introduce dark U(1)" under which the particle in the hidden sector
are charged

» hidden sector contains right-handed neutrinos which give mass to
the SM neutrinos via an extended seesaw mechanism

> simplest anomaly-free version of the theory: additional chiral
fermions need to be introduced
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Hidden sector model for neutrino masses and DM c,

HECIE)

» introduce dark U(1)" under which the particle in the hidden sector
are charged

> hidden sector contains right-handed neutrinos which give mass to
the SM neutrinos via an extended seesaw mechanism

» simplest anomaly-free version of the theory: additional chiral
fermions need to be introduced

> find viable DM candidate, one massless state which contributes to
the effective relativistic degrees-of-freedom in the early Universe
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Hidden sector model for neutrino masses and DM G,

Pierre '19]

| U(1) breaking ~ESS DM candidate massless f.

Field $ NF,» N;? XR XL wyr
u@y 1 0 1 5 4 4
Multiplicity 1 3 3 1 1 1

SM particles neutral under U(1)’
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Hidden sector model for neutrino masses and DM G,

HECIE)

| U(1)' breaking ESS DM candidate massless f.

Field ) Ngr N,/? XR XL wr
uQ@y 1 0 1 5 4 4
Multiplicity 1 3 3 1 1 1

SM particles neutral under U(1)’

Liermions = —YSLFHNR — %N_/%NR — yn®*NENR — ¥, ®XRxL + h.c.

DM and sterile neutrino mass have the same origin!
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Hidden sector model for neutrino masses and DM G,

HECIE)

| U(1) breaking ESS DM candidate massless f.

Field $ N,q Nl/? XR XL wr
u@y 1 0 1 5 4 4
Multiplicity 1 3 3 1 1 1

fermion mass matrix (vf, Ng, Ng, X{, xR):

0 yoH 0 0 0
yIHY  uny  yn® | 0
M=] 0 y® 0|0 0
0 0 0 [ 0 yo
T

0o 0 0 |yle o0
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Extended Seesaw [Barry, Rodejohann, Zhang '11, Dev, Pilaftsis '12]

fermion mass matrix (v7, Ng, Ng):

0~ yvwH 0
M, = yTH' un  yn®
0y 0

massless neutrinos at tree level!

— loop-level generation of neutrino masses
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Extended Seesaw [Barry, Rodejohann, Zhang '11, Dev, Pilaftsis '12]

loop-level generation of neutrino masses

z 0] Go
((rr,./\’\«\‘\s 'II \|
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Neutrino phenomenology

same neutrino sector as in [ Ballett, Hostert, Pascoli '19]

(see also [Bertuzzo, Jana, Machado, Zukanovich Funchal ’18] for similar model)

active-sterile mixing angle: U, ; = \/Ig—/f//
R

10-2 g =1 myzp=1GeV, m,=2GeV
. T :
Excluded N
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Neutrino phenomenology

constraints on mixing with electron and Q D
tau neutrinos [ Bolton, Deppisch, Dev '19] %
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Dark sector phenomenology e, pierre 19]

three portals to the SM

» Neutrino portal: active-sterile
mixing

» Scalar portal: mixing with Higgs

» Vector portal: kinetic mixing
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Dark sector phenomenology e, pierre 19]

constraints on dark scalar and dark gauge boson

Mz = 3my, gz =5 x 1072 Mg = 3my, vs = 5my
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Dark Matter phenomenology e, piere 19]

dominant annihilation channel yxy — ww

Qh* ~0.12,my, > my

1
N <290 Gy
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Massless fermion g, piere '19]

43
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Results e, pierre 19]

Qh? ~0.12,my = 4 GeV Quh? ~0.12,mz = 50 GeV
EWPO
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Summary and Conclusions

» constructed a hidden sector below the weak scale under which
sterile neutrinos are charged

> need for additional particles leads to interesting phenomenology
» model presents three testable portals to the SM
> scalar and gauge boson with GeV masses

» DM candidate at GeV scale, massless fermion which contributes
o Neff
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End of the talk

Thank you for your attention!

[all artwork from symmetry mag]
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Backup: Other seesaw mechanisms

> linear seesaw:
0 mp €
M = mE 0 My

eM,zI-O

> inverse seesaw:
0 mp 0
M={m} 0 M}
0 Mgp

Mg > p
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Backup: Neutrino masses

5 m s
1 m3
mijj = _2 Z [C’kclk ZF(mkv m, mp)+ Dy Dj—5- = KF(m2, m2,, mi)}
k: !

gz/ Z Uk, D= %UE//UR%
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Backup: Portals e, pierre 19]

gauge portal:
_ m2sysin2¢
tan(2¢) = W

L5 eAdiy+ Zi, [ﬁ.@ + gz,gtWJ“,] + Zo, [ — el + gz/Jg,]

scalar portal:
AohVhV,
tan(2a) = %
ApVg — AnVp
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Backup: Thermalization dark sector g, pierre '19]

production of dark sector from inverse decays ¢ + ) — Z’

mg = 10 GeV
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Backup: DM phenomenology e, pierre '19]

gz > ¥y : dominant Yy — ww 9z < ¥y: dominant Xx — ¢¢, NasNa s
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BaCkUp: MiniBooNE [ Arguelles, Hostert, Tsai 18]

(see also [Bertuzzo, Jana, Machado, Zukanovich Funchal '18] )

my =30 MeV, ae? =2 x 107° ap = 1/4
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