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Big Bang Nucleosynthesis
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Leptophilic dark matter

Tree-level interactions with SM leptons

DM ____ H DM H
\\\ (;0
E ,M
pM T H DM ’ iz
Charged mediators Neutral mediators

Interactions with quarks at one-loop level




Why Leptophilic?

X SM

Tension between the WIMP miracle and S )\2
direct detection signatures , m

X SM

(00 ~ A*m? 1(14)*(100 GeV)?

32mmy 2 32m(500 GeV)?
A2 (1441 GeV)?
64mm? " 647(500 GeV)?

~3x107% cm®/s

~ 1074 cm?

OB

LUX limits on WIMP-nucleon cross section ~ zb [10™4°cm?]

Leptophilic dark matter is loop suppressed for direct detection

Promising for upcoming direct detection experiments




Which Leptophilic?

Charged Mediators

Couplings to left-handed leptons require additional o
structure

We assume charged mediator couplings to right-handed leptons only

Neutral Mediators

Do not necessitate additional particles charged o o
under SU(2)w )




Which Leptophilic?

Flavor constraints restrict the couplings
of charged mediators

Two broad possibilities

Flavored mediator - sleptons

Flavored dark matter - sneutrino, KK neutrino

Couplings of neutral mediators can have more general flavor structure (e.g. gauged U(1),--)

We assume flavor universal couplings
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g -2
Finite effect, cannot capture by an effective field theory

pot uky,

Chiral symmetry breaking effect

2
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[Czarnecki, Marciano 2001]

Electron g-2 is a less sensitive probe of new physics
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g-2

Locatar = f (a +b7°) FS + hec. I = MpM/MMed

. E = m”/mMed
Charged scalar mediator
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g - 2
Neutral vector mediator

Evector — ﬁ’}/y (CL + 575) H VV + h.c. €= mﬂ/mMGd
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Independent of dark matter couplings

For my < 100 MeV

(g —2), — const.

(g — 2), constraints start being relevant
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Collider constraints
Monophoton
ete” — xx7

Model independent
EFT approach

Not suitable for light
neutral mediators

Cutoff scale A [GeV]

Limits exist for fermionic 0 20 40 60 80 100
dark matter WIMP mass m, [GeV]
[Fox, Harnik, Kopp, Tsai 2011]

Need simplified models for LHC bounds
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Two leptons + MET

Collider constraints

LEP direct production

LHC limits on right-
handed sleptons

Charged Mediator
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Fermionic mediators have much larger production cross section
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Two leptons + MET

Collider constraints

LEP direct production

LHC limits on right-
handed sleptons
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Collider constraints

Neutral mediator

Compositeness bounds
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Collider constraints

Light Neutral mediator

Resonant production at LEP

- Exclusions in the context of specific models
- Excludes coupling strengths of 0(0.01)
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Direct detection

At one loop through photon
exchange

Can analyze form-factors for coupling
to the EM current

Example: Fermion dark matter anapole moment

;

[ = Fy(q?) + g Fy(q?) + 52T Fy(q?) + (74 — da")7° Falg?)

chargew t‘—3‘8""3“(3 \ electric dipole

form-factor dipole moment moment




Direct detection

Self-conjugate particles

Real scalar, Majorana fermions, real vector

Example: Majorana fermion dark matter

v Iz 5
M = Pty ety ettt (19” — 49")7 Falg?)

Only non-zero form factor is P-odd Anapole moment

Leads to velocity-suppressed scattering amplitudes

XYY X @Vuq




Direct detection

Limit significant only for complex scalar and Dirac fermion

Exception:
Dark matter and mediator are highly degenerate

[Kopp, Michaels, Smirnov 2014]
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Direct detection
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Leptophilic dark matter is loop suppressed for direct detection

Promising for upcoming direct detection experiments
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Simplified Models
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