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Freeze-in & Lepton Flavored Dark Matter
Freeze-in mechanism

» Non-thermalized: small couplings
» SM(SM) — DM,DM

» Qh? « {ov)

Electron Yukawa

is a small parameter in the SM

Lepton Flavored Dark Matter
e

Minimal model with fermionic dark matter
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Minimal Flavor Violation
leads to photon mediated
direct detection process
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Minimal Flavor Violation

» Consider the lepton sector of the Standard Model
Loy DILPL + iegPep + LY, epH

le €R
L~ lu ’ €R~ UR
L, TR

» All but the Yukawa term are symmetric under a large Global symmetry

GLr~SU(3)L Q SU(3)ep
L~(3,1), ep~(1,3)
» MFV hypothesis demands that the SM Yukawa matrices be the only

sources of flavor breaking. Treats Yukawas as spurions transforming non-
trivially under flavor:

LY,erH = Y;~(3,3)

» Models are constructed by adding flavored particles and constructing
operators invariant under G, g




Minimal Flavor Violation: Stability Analysis

Denote the ireducible representation of a SM singlet DM y under G, =

X~ (nL»TnL)L>< (ne:me)eR

And write the most general decay operator

¥, SV A AN - S AN ANy
decay = XL,R R R l l weak
A B C D E F

Condition for O4ec4, T e allowed:
SUB3);:(A—B+E—-F+n,—m;)mod3=0
SUB)g:(C—D—-—E+F+ng—mg)mod3=0

> (A—-B+C—D+n,—m; +ng—mg)mod3 =0

Assume y has lepton number q;y and demand for lepton
number conservation

(n,—m; +ng —mg —qny) mod 3 #0

Batell et al (2011)
Chen et al (2016)




(ng—my+ng—mg—qy)mod3#0

renders specific DM representations
automatically stable up to all orders

XL Xr qin MFV LNC Stable Operators
31) (1,3) -1 v v v ()ZLO-;LVYIXR)BMV: ()ZLquYl)’sXR)BW; (o™ Yixp)HYH
31 GB1) -1 v v v ()ZLUWXR)BW» ()ZLUWVSXR)BW; ()ZLO-MVXR)HTH

Introduce a chiral, fermionic DM transforming nontrivially under flavor group:

XL~(3;1)GLF~(X1:X2'X3)L» XR~(1;3)GLF~(X1:X2:X3)R: where G p~SU(Q3), & SU(3)eR

i 1

1 _ _
[. o P Y, B 1V Y, BHV
int 2Am Y (XLO[,LV IXR) i 2Ary (XLO;WVS 1XR) ] i T

(Lo Yixr)HTH
Magnetic dipole moment (MDM)  Electric dipole moment (EDM) H-mediated

and the masses of the DM partners get related by:
m, (XL XRr) = My im, 1m, = mgm,:m;



Flavored DM Freeze-in and Detection

XL~(3»1)GLF~(X1»X2:X3)L: XRN(LB)GLFN(XLXZ:XB)R: where G;p~SU(3), ® SU(3)e,

-~

&

1 _ v _ v 1 _
Lint 25— (Lo Yixr)B* + ——— (X0 ¥sYixr)B* + —— (0Yixr)H'H
<AMFV B <AMFV ~ &\MFV B
Magnetic dipole moment (MDM)  Electric dipole moment (EDM) H—mediated

and the masses of the DM partners get related by:

m, (XLY1xr) = my im, m, =m.m,;:m;

~

Higgs mediated term = IR freeze-in

Dipole moment like terms = UV freeze-in (sensitive to reheating temperature)

Electric dipole moment like operator lead to direct detection signals enhanced

by 1/v?ER giving the strongest constraints



XL~(3;1)) XR ~(113)
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XLN(Z)]-); XR~(1)2)
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Summary

We consider a lepton flavored dark matter particles in the paradigm of
Minimal Flavor Violation to motivate a small coupling for freeze-in
production of dark matter

Lepton number conservation in conjunction with MFV leads to stability at
cosmological scales

We show with the example of a model that such a stable particle can
reproduce the observed relic density through freeze-in

And we get viable freeze-in models that can be probed in present/ future
direct detection experiments

Thank youl!



For relic density:
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