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Cooking up a
Baryon Asymmetry:

Leptogenesis in the Zee Model

By Adam




Obligatory background story before the recipe

e Theuniverse is clearly made of matter, not antimatter
e The Standard Model can't explain this very well...
e ...but BSM physics might be able to




A matter-dominated
universe

???years o Serves 8 billion

Ingredients

e Baryon number-violation
e (C-andCP-violation
e Interactions out of equilibrium

Preparation

Preheat universe using big bang
Add standard model particles

Add secret ingredient (new physics)
Wait up to 13.77 billion years




Extend the Standard Model with:

o asecond Higgs doubletH,, and
o anew charged scalar h

New interactions:

LO- (,queth_ + fapLaLsh™ + T(Y] Hy + Y{ Hy)er + H.c.)

Neutrino masses generated at one-loop:




CP Violating Decays

e |Interference with two-loop diagrams can produce CP violation:

I'(h~ — LL) >T(h" — LL)

\/ C- and CP-violation
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CP Violating Decays

e Interference with two-loop diagrams can produce CP violation:

I'(h~ — LL) >T(ht = LL)

¥ C.and CP-violation

\/ Decays out of equilibrium




M = cpAp + c1Ax

PR

Cutting Rules =

e |[tturnsoutthereisan easier way to do this: Q
o

I'(h~ — LL) —T'(h" — LL) o< Im(cicr) Im(AGA1)

P.S. Coupling constants NEED an
imaginary part for CP violation




M = cpAp + c1Ax

PR

Cutting Rules =

e |[tturnsoutthereisan easier way to do this: Q
o

I'(h~ — LL) —T'(h" — LL) o< Im(cicr) Im(AGA1)

e The amplitude becomes imaginary precisely when intermediate particles go
on-shell

e Togettheimaginary part we
“cut” the diagram in all
possible ways

e = CUTTING RULES!!




T(h~ — LL) — T(h* — T T) o Im(cter) Tm(A%A;)
—2Tm[ AL A = A S / dTL; Ag(h~ — i) Ao(i — LL)

cuts

Cutting Rules




T(h~ — LL) — T(h* — T T) o Im(cter) Tm(A%A;)
—2Tm[ AL A = A S / dTL; Ag(h~ — i) Ao(i — LL)
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Cutting Rules




T(h~ — LL) — T(h* — T T) o Im(cter) Tm(A%A;)
—2Tm[ AL A = A S / dTL; Ag(h~ — i) Ao(i — LL)

cuts

Cutting Rules




T(h~ — LL) — T(h* — T T) o Im(cter) Tm(A%A;)
—2Tm[ AL A = A S / dTL; Ag(h~ — i) Ao(i — LL)

cuts

Cutting Rules




T(h~ — LL) — T(h* — T T) o Im(cter) Tm(A%A;)
—2Tm[ AL A = A S / dTL; Ag(h~ — i) Ao(i — LL)

cuts

Cutting Rules




I'(h~ — LL)—T(h" — LL)  Im(c}cy) Im(AGA;1)
2 Im[AZA] = A5 S / dTL; Ao(h~ — 1) Ao(i — LL)

cuts

Altogether...

e Two nonzero contributions:




I'(h~ — LL)—T(h" — LL)  Im(c}cy) Im(AGA;1)
2 Im[AZA] = A5 S / dTL; Ao(h~ — 1) Ao(i — LL)

cuts

Altogether...

e Two nonzero contributions:

IR divergence!!!!! &




D(h~ — LL) — T'(h* — TT) « Im(cfc) Im(A5A,)
2 Im[AZA] = A5 S / dIL; Ag(h~ — §)Ao(i — LL)

Boltzmann Equation

e |f we wanttodo this properly we should track lepton number asymmetry using
the Boltzmann equation

dng._i.
dt

+3Hnp_r, ~ —Y AL(h™ < LoLg)— ) AT'(h™ <> HiLaeg)
8 Byi
+ Y AL(h™ « H;Lqep).
B,i




T'(h~ — LL) — T(h* = TT) o Im(cler) Im (A% A;)

. —2Im[A5A] = AG Y [ dIL; Ag(h™ — i) Ao(i — LL)
Boltzmann Equation /

cuts

If we want to do this properly we should track lepton number asymmetry using
the Boltzmann equation

dnp_r,

o Lo 4 8Hnp 1, ~ —zﬂ:AI‘(h_HLaLﬁ)—z;AF —H;Lqep)

+ > AT(h™ + H;Lqep).
Bii

X L\>—<§—9—"“E
= - - + 1\‘>< woH = finite
ge 7 > L P~ b
+ h-e . e

(we hope)
vH <:L 4




Summary

e Universe is made of matter
e Zee model might give us this using CP violating decays of

a heavy scalar
e We compute CP asymmetries using cuts in diagrams

e Hopefully resultis finite

Michael Schmidt







Backup - all cuts
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