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o In Standard Model M, = 0. But, v flavor mix. v ; < v,
lv,) = 2 U,|v.) =—> M,# 0 =—> New Physics beyond SM

e Light neutrino mass is induced via Weinberg’s dim-5 operator, LL¢
>2

® Large Majorana mass scale A to suppress the neutrino mass via
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V- mass induced from scalar exchange
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o [ntrinsic magnetic property of a lepton is characterized by

— e

dimensionless number, called g-factor = — 77" B, 7= gz—g’
m

° Anomaly,a, = (g, — 2)/2,is a consequence of quantum nature of
elementary particles. R Kusch and H. M. Foley 1948, |. Schwinger 1948

e The Standard Model contribution to the lepton g — 2:

a, = a,(QED) + a,( weak ) + a,( hadron )
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b — s anomalies b — ¢ anomalies
Observables: Ry and Ry Observables: R and R.
Neutral current Charged current
l-loop in the SM Tree-level in the SM
b‘i}/ s ~3.lo : thK ~ 340
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I (B — IZ(*),qu,u_) R (B - DY)
R *x) — — — () — —
S (B = K®e+e~) 7 (B - DM

The New Physics can be heavy The New Physics must be light
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o Promote anomaly-free global symmetry U(l)Lﬂ_LT to gauge symmetry

o /' only talks to second and third generation leptons, constraints are
weak and allow light Z" that can explain (g — 2),

Fermions Bosons
Nr.e (1,1,0,0) | ¢n (1,1,0,1)
NE,u (1,1,0,1) | Ss (3,3, 3,—1)
NR,r (1,1,0,=1)] 5 (3,1, %, +1)
X (1,1,0,q) or x (1,1,0,q)  Julian AT 22

o Resolve Ry via 853 and §; resolve Rp«). Automatically eliminate

dangerous proton and LFV decays.
* No need for ad-hoc discrete symmetry for DM. The light Z" can
mediate a large velocity dependent DM self-interaction that resolve

small scale problems.
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Neutrino masses are induced at tree level via type-| seesaw mechanism

m,~ —mp my'm} mp = v/\/z Diag (4,,4,,4,)

1

M, apldy) api{d)
mp = | a;p{¢y) 0 M,
a;3{¢) M, 0

Lead to two vanishing minors,
-1 -1
(m, " )ap = (m; )33 =0

Predicts Normal Hierarchy

D m;=[0.124 - 0.17] eV ,my; = 0.036 eV, cp = 246° or 114°

J
Cosmological constraints: Z m; = [0.12 — 0.16] eV

If lower bound confirmed, ]

Excluded but add second scalar ¢, ~ (1,1,0,2)
But not prediction!

6 May. 2022 Anil Thapa| R, . R, .(g—2),,v —mass,DM



S3 ~ (39391/39 o 1) b ,LL+

VOSSP L, +h.c.  QBST

2 *
TV YbYs

tb Vts Xem ’/nS3

CH' = — CM = — 0.41 £ 0.09

[Aebischer, et. al, ’19; Becirevic et. al, *21]
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S, ~(3,1,1/3,+ 1) 205\ P, L, + 2RSS, Pyt + 2V oS\ PNy .+ h . c.
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[He, Joshi, Lew, Volkas, ‘91]
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Q' s~
LT.{"__’
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20
= 10-3 +,— +,,— 7/
= 10 e"e” = uu 2/ atBellell
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Gauge boson mass my |GeV]
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y ~ (1,1,0,9)
o (g —2), = my = 0(10 — 100) MeV, relevant hierarchy m, < m,

e Dominant annihilation channel yy — Z'Z"

m _ 2
qg' ~ ().()2\/ a o vy — leptons suppressed by 1/g
GeV

o |Large DM-DM self interactions mediated by the light Z
e Same combination (gy = gg’) enters the DM-DM self-interactions

cross sections describe by Yukawa potential:
a
V(l" ) = x —Xe_mz'r [Tulin et al, *20]

8x XV X2, -
m
o Typical cross section needed to flatten the |0 ~ 107** cm® e)f

cores to explain small structure formation: | ~ 1cm?/¢
2

Typical WIMP cross section: ¢ ~ 1073 cm
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10° , , Dwarf galaxies:
¢  Groups —_— Qg‘;ﬂ;mon —_— Qg‘;r;gon /‘/‘/ .
‘_l"_| 1 I Clusters —_— Qscalar — Qscalar . VelOCIty Of DM ~ [10 T 100] km/s!
- sym asym
- 107 P - oc/m ~ 1 cm?/g
_ A PRt
= ‘;0‘0\6‘0 Pie =30 o ® [Tulin et al, *20]
7107 6,0“599 7 ed
! - _
N;O : O/O.//- / . Clusters:
St _=7TON velocity of DM ~ 1000 km/s,
=< E 2 -~
s . > - o/m ~ 0.1 cm?/g.
> 1 . /‘/‘ e
= 10 Pt P
IS PR\ o _==
. - - _ /'Q/'QX o ®
100 4= e
10 102 103
(v) [l 5]
m, = 4 GeV m, = 15 GeV =
. . O,
asymmetric DM|  |symmetric DM| “§
S

7’ mass falls precisely in the
region in which the Z’ can explain
the (g — 2), anomaly
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e Simple gauged U(l)Lﬂ_LT resolves B- anomalies, muon g — 2 and

leads to velocity-dependent dark-matter self-interactions that can

ameliorate current small-scale structure-formation discrepancies.

e [he models are consistent with observed neutrino oscillation data

and predicts NH.
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