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CP & neutron oscillations
How to engineer CPV in neutron oscillation
Heavy tlavor baryon oscillations and CPV

Contribution to the baryon asymmetry of the
Universe
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Neutron Oscillation Lagrangian

The general

Lagrangian containing L =niy"dn+Lp+ Lp
neutron bilinear Ly = (m, Py, +m* Pp)n
with B-preserving —Lp =0 (61Pp + 05Pr) n+ 7 (02 P, + 67 Pg) ne

and B-violating terms

In terms of 2-comp., LH
Weyl spinors

¢ (B=+1), n (B=-1)
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How does this behave wrt CP?

L =¢£Yigh0,6 +nlicho,m+ L+ Lp

—Lg =m,nE + h.c.
—Lp = 01££ + damm + h.c.



See also talk by Vainshtein
Vainshtein & Berezhiani, Gardner (& Jafari, & Yan) (DM & Ann Nelson 1512.05359)

Neutron Oscillation Lagrangian

Sppeal
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3 phases, 2 fields, naively
can’'t remove all but can
rotate to remove 901 or 0s
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Neutron Oscillation Hamiltonian
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Neutron Oscillation Hamiltonian

Can easily incorporate

— 1 n F 1 HY h.c.
B fields, decays In this LD (pon, — idy) Funot€ + hc
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Gives transition probs.
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CPV in Neutron Oscillations

's measurable CPV possible? Need I'12

n— petv,, n — pe~ 1, dim-12, 3 body, so extremely
suppressed

Need to consider new state lighter

than neutron
My — Me < My, < My + Me

u i _ _
[ £ 5 goud + yo*dy + myxx + h.c.
ns d guarantees stability of X, D
¢ 75 subgroup of B

\d | X number preserved




CPV in Neutron Oscillations

's measurable CPV possible? Need I'12

L D goud + yo*dx + myxx + h.c.
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(Aitken, DM, Neder, & Nelson)

Heavy Flavor Oscillations

What if AB = 2 operatorshad AS =47

[ w u
K EO{S%SEO
. K \ 5 /

K

s kinematically forbidden!
K 2mn < dmg

Dominant constraints could be from colliders

['12, M2 could be much larger
Kuzmin ('96)



(Aitken, DM, Neder, & Nelson)

Heavy Flavor Oscillation Model
»Cint D) —gzd¢*ﬂ3d% — yzd¢>zzd%g 1+ H.c.

- < Same model as described

d é by Nelson but ditferent
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Including weak interactions

What if AB = 2 operators had AS =47
Chirally suppressed. Matching:
Css(qrqrIr)’ — (47Tf7§)2trBéBBB + ...,

Combine with strangeness
changing operators

ZEV, VL2 (mf2) trBCpeThEB + . .

Can estimate constraints on
heavy flavor transition
amplitudes from n osc./DND




Heavy Flavor Oscillations

What if AB =2 operatorshad AS =47 2mpy < 4dmg

but...

Weak insertions

Measured

Limits on dgp =

Operator B required [' (GeV) [22] Dinucleon decay
(udd)* n None (7.477 £ 0.009) x 1028 10-33
(uds)? A None (2.501 £ 0.019) x 10715 1030
(uds)? >0 None (8.9 +0.8) x 10°° 10-30
(uss)? g One (2.27 £0.07) x 10715 102
(ddc)? % Two (1.831011) x 1073 10717
(dsc)? =9 Two (5.87%081) x 107" 10716
5 (ssc)? QY Two (9.5 £ 1.2) x 10712 10-14
(udb)? A Two (4.490 + 0.031) x 10~13 10-13
(udb)? 0 Two ~10-3* 10-13
(usb)? ) Two (4.496 + 0.095) x 1013 10-10
(dcb)? 20, ° Two ~10-12% 10-17
(Scb)2 Q(c)bT Two ~10-12% 10-14
(ubb)? B2),* Four ~10-13% >1
(cbb)? Q' Four ~107121 >1




Collider constraints

Produce color triplet scalars easily
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Collider constraints

Also produced through "RPV" coupling
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Resonant production is important!
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Collider constraints

Scan over scalar masses
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Production In the early
Universe

Need a way to produce the
baryons out of equilibrium

Simplest possibility is long-lived X3

Same as in model described by Nelson, similar to post-
sphaleron scenario of Babu, Dev, Mohapatra

In this case, decoherence is important



Boltzmann equations for U | 4 H prag = T

dt
radiation, long-lived fermion, dp,
=+ 3H:0X3 — _FX3:0X3
neavy B at
dn

— +3Hn = —i (’Hn — n’HT) — F2—i 04, [Ox,n|]

Need density
mat”X n— (nBB nBB) - (nzszs nBB)
Tulin, Yu, Zurek = ™ e T

Change of variables to symmetric/asymmetric components
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Baryon asymmetry calculation: 2 ‘F:‘ =107%,
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Can get observed asymmetry!
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Probing this scenario
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Further work in progress...



Conclusions

Having measurable CPV in baryon
oscillations requires common final states for

baryon & antibaryon

In the neutron system, this is very
constrained

Heavy baryons are less constrained and
could exhibit a large degree of CPV

This could be relevant to baryon asymmetry
of the Universe



