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Talk Outline

Baryogenesis general aspects

Majorana fermion X carrying baryon number B

» coupled to UDD

Baryon asymmetry in decay and scattering
» UV completion details

@ neutron-antineutron (n — i) oscillation
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Baryogenesis basics

@ Today we only have matter in the (observable) Universe
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» What happened to all the anti-matter?

P Particle physics explanation is most compelling
@ Sakharov conditions for Baryogenesis

» B violation

» C and CP violation

» Departure from Thermal Equilibrium
@ When did baryogenesis happen?

» EW, Leptogenesis, GUT, ...
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Our study: baryogenesis in X — UDD

LD —Myxx + 7 [Dy,. D] [x(81Pr + grPr)" U]
L8 viot D =X (M, PL+ MrPr)x

VV interaction: Dirac fermion x with Q = (U, D) N\
B(Q) =1/3, B(x) = +1 X — UDD
Dirac mass: M, 7
@ Sakharov conditions
» B violation: Majorana mass I\N/IL,R
» C and CP violation: complex g1 r, My r
» Departure from Thermal Equilibrium: Hubble expansion
@ When did Baryogenesis happen?
> At scale M,
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Majorana mass = Dirac x to Majorana pair &,

Majorana mass M splits Dirac x into a pair of Majorana fermions
X, = (X1, A2) with indefinite baryon number, mass eigenvalues M,
x = (UrnPL + U5, Pr) X,
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Baryon asymmetry in Decay X, — UDD

Amplitude (tree+loop): Process A = Ag + A;; Conjugate process A = Af + Af
Decay rate: = gz [dMs |A]%; T€ = 5 [ dNs [A°]?
_r-re
Ag = TFrec

CP violation needs nonzero weak phase (¢) and strong phase (6 = 7/2)
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Interference term Ao = A1 A, A5, = ASAS*

Af(n = ﬁ fd|-|3 Im(flm — ftﬁl) ;o Ap &~ —Al—f(,)?l
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X, Decay at tree-level
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Tree-level decay width as a loop:
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Cutkosky rule: 1/(k* — m? 4 i) — —2mid(k* — m?)
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X, Decay at loop level
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Arrow clash <> Majorana mass <> B violation
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X, Decay tree-loop interference term

Eg. Diagram A tree-loop interference term

Compute Ag;:
@ Dirac traces and the matrix element
@ Loop integral

@ Fold in phase-space (as loop integral) and integrate
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Baryon asymmetry from decay

Benchmark point: BP-A (all masses scaled with M, ):
Mp = 0.25, My = 0.375, My, =1, M, =0.1, |Mg| = 0.11, ¢k = —7/3
Compute the integrals numerically, compute B Asym. (FeynCalc, Mathematica)

BP-A: ¢'s = -11/3; ¢ =0; g +gr =1;

BPA: ¢h=—miSi oL 20 QLrgr=t; BP-A: ¢'n = -71/3; ¢ =0; g +gn =1;
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Scaling factors (M2 /A*, M3 /A, My /)

Ag is phenomenologically interesting
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Multiple operator contributions

Add £ D =% [U:GY,Xn] [XmGYH U]

Benchmark point: BP-B:
Mp = 0.05, My =0.05, M, =1, M, = 0.1, |Mg| =0.11, ¢} = —7/3

BP-B: -Afgy (x1079) BP-8: A (x10°)
Xn a

—_ .
— y N ES v 3 10F[] w@
BP-B: ¢ =0; 9 +gn=1; 7 08
2.x10°°
1.x108 \/12/ El E
at 04

5.x10°°

Scaling factors (M2 /A*, ML /A, M2 /\?)
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UV completion example

In loops or phase-space, if p 2 A, UV completion relevant.
Example: introduce color triplet, vector &, with Q(£) = —2/3:
L) > =3 ™D g7 Dil &" — [X7" (8LPe + grPr) U] €5 + hc.



Scattering B Asym (XQ — QQ vs. XQ — QQ )

SC-1: Xa(pa)D(ki) — D(q1)U(q2) (o)
SC-2: Xu(pn)U(ki) — D(q1)D<(qo)

BP-A(UV); gg =0; gi=1

Scattering
°

(Abo1v)

(oov)

Gov

BP-A(UV); gp =0; g=1

BP-A(UV); gr =0; g=1
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Scaling factors (M2 /A*, MS /A%, M, /%)
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BP-A(UV); gp =0; g=1

BP-A(UV); gr =0; gi=1

(x=M/T)



Th—h Z 4.7 % 108 s at 90 % C.L. [SuperK, 2021]

= (AMa—p)expt < 1073 GeV

3 GvGAseﬁM <1073 GeV = A > §2°10° TeV (for Gy ~ O(1))

[Refinement in future work]
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Conclusions

Majorana pair X, with dim-6 VV interaction to UDD studied

X — UDD decay B asym computed

XQ — QQ scattering B asym computed

These will be inputs (collision terms) to the Boltzmann equation for

computing BAU (ongoing work)

@ n — n oscillation rate estimated
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