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Warning 1: this work is
“in progress”



Warning 2: because
we're in Victoria we use

K, V



Qutline

Lightning “review” of hidden/dark sectors
g-2
Vector portal is closing

Scalars coupled preferentially to leptons
can open the door



New Physics Frontiers
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Muon g-2

A nagging disagreement + A +...

(Aay,).,. —(Aay), ~(B3+1)x1077

exp

Could be (have been?) a
sign of, e.g., SUSY  Msusy ~ 55+/tan 8 GeV

Czarnecki & Marciano, etc.




Pass through these “portals”
from the to the Dark Side

® Kinetic Mixing: VE B, VY
® The Higgs Portal: (AS® + AS)
® Neutrino Portal: N
ota
® Axion Portal: [a

® Stueckelberg Portal: ./, A"



Early work by
Holdom; Okun

Kinetic Mixing

New U(1)’ V given mass by Higgs h’
1
L=—3Vi = TV F"™ + Do =V (6) + Lsu

Generated by, e.g.:
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with heavy scale: my ~ e km

Can easily have & ~ 10_(3_4>, my ~ MeV — GeV
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V’s couplings to SM fermions

L
y SM gets “dark
p V" millicharge”
y Y

Contributes to g-2



Kinetic Mixing

Pospelov ('08)




Kinetic Mixing
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KLOE o—e'ey

But...
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See also Philip’s .
and Bertrand’s talks1o_4 I
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BaBar, 1406.2980



Kinetic Mixing

But...

See also Philip’s
and Bertrand’s talks
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What about a scalar?

Also contributes to g-2

2

2
ACLMNy—f:inlO_g( Y )

872 my,/v
for a scalar not much
heavier than the muon

° ° — m
However, meson decays limit v, < 10 BTQ
K — mh — i
B— Kh— K0

Is there a way to suppress couplings to
quarks and not to leptons?



L2HDM

2HDM where one doublet couples to
quarks and the other to leptons

— Ly = LY Hylp + QY H,dr + QY H ug + h.c.

? h h
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q | Ca/sp Sa/sp
W, Z|sin (8 — a)|cos (8 — a)

¢ is the coupling in units
of the SM Higgs Yukawa

meson _
decays a ~ 5
require

Assume the heavier is SM-like and the
lighter dominantly couples to leptons



L2HDM

However, even with the couplingto
quarks suppressed... ol
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L2ZHDM+S

Add a singlet coupled through the Higgs Portal

Vportal =5 {AlngHE + A22H;Hq + A12 (Hqu + H;HE>}

Y B e ha
(1

4 013/cs —Sa/cp Ca/cCp 013
q d23/33 Ca/Sp Sa/Sp Ag > A117 Ao = 523 = tanﬁ

W, Z|d13cg + 2385 |sin (8 — a)|cos (B8 — a)

coupling to quarks is

mixing angles §;; ~ A”;”” suppressed relative to
Tz leptons as

tan? 3



L2ZHDM+S

Add a singlet coupled through the Higgs Portal
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L2ZHDM+S

in the vector case:

o
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5 compared to the
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g-2 region moves down by a factor of 200



L2ZHDM+S

g-2<20
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| perturbativity
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in the vector case:

Ling = &eV”ZVMB
compared to the
scalar case:
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L2ZHDM+S

How do we find this thinge

Production at ol JTo1058 Gev
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Other ideas?



Conclusions

® Light, kinetically mixed vector is well
motivated, well studied

® Hidden scalar gives qualitatively
different phenomenology

- could open up g-2 band

- requires different searches
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® Light, kinetically mixed vector is well
motivated, well studied

® Hidden scalar gives qualitatively
different phenomenology

- could open up g-2 band

- requires different searches

Thanks!



