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PMNS is measured. Is there a right-handed
counterpart?

(
V9 ~ Upwins

Measured by oscillations: {012, 013, 023, A, dcp}

/
VR=?

LR symmetry does not predict V") by itself.
It asks whether a given LH flavour structure has a RH counterpart.

Upmns is input; V5 is the LR question.

Oscillation precision becomes input for right-handed flavour.




Parity as a reconstruction principle

GLR = SU(Z)L X SU(2)R X U(1 )B—L F;\jlrcc)ii;?)l:tTal,Senjanovic’

Generalized P: x=—-—x, L+ R

q. < qmr, Ll {lp = Y=Y

Parity not only a symmetry restoration, it is a flavour constraint

P relates hidden RH flavour to measured LH flavour.




Two LR neutrino branches

Majorana LR Dirac LR
Ag (triplet), N;=Nf, v;=v¢ Xr (doublet), v;#v¢
AL =2 AL=0
0v[3f3, Wgr — (N — Cljj Wgr — lvg = F
strong LNV/LFV probes weak LFV probes

Majorana is loud. Dirac is quiet.
But quiet does not mean empty.



The classic LR signal: Keung-Senjanovic

pp—)WR—>ENR—>€€]]]

* Direct production of WR

* Production of right-handed neutrinos
* Lepton number violation: Same-sign dileptons
* Classic LOUD Left-right signal

Keung & Senjanovi¢, PRL 1983



Majorana LR branch

KS at LHC
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flavour off-diagonal probes

Majorana LR: the same RH leptonic sector links collider LNV, Ov[33, and LFV.




Dirac neutrinos remove the usual LNV probes

Dirac LR: what disappears

Ovpp  absent
same-sign //jj  absent

WR — g\//q E

AL =2 signals  absent

Vi hard to access directly

Where is the physics? In the parity consistency conditions.



Tiny Dirac masses meet Hermitian bidoublet Yukawas

Parity ties M, and M,

COS 0
<(D> =V ( O B Sin B ei(x) ’ \/1(2 = \/1(2]L

M, = v (Yfg) cos B + YV sinp e"“)

M, = v (Yf@ sin g &+ Y. cos B)

€ =sin«x tan2f3

M, — M} ie (e*tan B My — M)

Mo — M) = ie (M, — e ™tanp M,)

m, < m, = small neutrino masses become a consistency condition




Can parity reconstruct V5?

L5 =0y Vv Wy, + gy* VEvR Wa, + h.c.

14
VLE ~ UpmNs = VR =7

Oscillation data become input for the RH leptonic sector.

No loud LNV, but V,é controls Wpr — £,V pg; flavour.



A nonlinear equation determines the RH
leptonic matrix

Reconstructing Vv, from parity

Master equation Output

Input VARV P

= m.

V! ~ Upmns X% = m? +ieHX R
e domain
m\/! mes € /
H= V' hV! enhanced branches
€ = sin x tan 23, Se = 1 shown for simplicity

Solving the master equation reconstructs V5.




Tiny Dirac masses restrict parity breaking

Physical solutions restrict parity breaking

X2 =m: +ieHX with U, = Xm} " unitary

= U,m, — mVUi =jeH

mv scale
m-

m, < my = €] S €max ~

Not every parity-breaking vacuum gives physical Dirac leptons.




But small parity breaking can be amplified
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Physical solutions exist only below the consistency boundary.

Most of the region: V.

Localized band: small € gives sizeable misalignment.

~ \/L
~ VL.

Miightest cONtrols how much parity breaking is allowed.




Small e does not always mean small misalignment

| Hi2|
‘31 my + 52m2]

501, = |05, — 0f,| ~ €

S1=—8 = ]m1 — mz\

small denominator = enhanced RH-LH misalignment

Enhancement comes from branch-dependent small denominators.



Localized enhancement of V;
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Large RH-LH misalignment can occur inside the small-e region.

Enhancement can overlap the strong-CP/EDM-selected region.




The same parameter controls induced strong CP

Experimental anchor LR/Dirac consequence
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Dirac-neutrino smallness bounds the parameter that induces 0.




What does m, < m, mean once parity is imposed?

Majorana LR Dirac LR
m, small = hidden heavy sector m, small = tiny parity-breaking window
parity + seesaw consistency parity + Dirac consistency
= Mp reconstruction = VL, €max

m<<m = |e

~ my m; m,,
— |e‘maxN —emaxNO —
2mp my M.

The Dirac branch is quiet experimentally,

but remembers parity through flavour and strong CP.



Thank you



Backup slides



Same symmetry, different predictions

Majorana LR Dirac LR
Ag (triplet), N, =N, AL=2 Xr (doublet), v;#v¢, AL=0
0vif, Wg — (N — 00jj 0OvRp : absent
u—ey, u—3e wn—e Wp — (vp = F
P : Mp reconstructed from seesaw P VL €mae Omax
loud, connected, strongly constrained quiet, but predictive

In both branches, PP also predicts Vg ~ V.

Majorana tests the seesaw; Dirac tests parity through flavour and strong CP.



What is predicted, what is not

Predicted / constrained Not claimed
V5 direct collider observability
€ max dynamical vacuum selection
Omax €NVelope PQ-like solution
enhancement bands generic large misalignment

This is a structural constraint, not a dynamical solution of strong CP.




How stable is the Dirac benchmark?

X doublet =—

1
A

—~(Lrxg)*? = Mg~ -7

no renormalizable Majorana mass

2
Ve

A

Minimal renormalizable LR is Dirac;

exact Diracness may require an extra symmetry




Theta bar

- X ~
Lg = eSTiaﬁvaaHV dn| < 10726 ecm
d, ~ 1071 0 ecm 0] <1010

0 = Oqcp + arg det(M, M)

P exact = Oqcp =0

P broken = 0 ~ argdet(M,Mj)



VR expansions
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As Migntest Jrows, the spectrum compresses and the enhancement widens.

9/:; — e/_ is signed: large positive or negative values both mean large RH—-LH misalignment.




The classic LR sighal: Keung-Senjanovic
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ATLAS exclusions

Electron channel Vs =13 TeV, 139 fb™", All limits at 95% CL g = Wy L Np = L00W, = £L0])
ATLAS Resolved 36 fb!
JHEP 01 (2019) 016
ATLAS Boosted 80 fb” ATLAS

Phys.Lett.B 798 (2019) 134942  Majorana scenario
CMS Combined 138 fb”
JHEP 04 (2022) 047

....... Boosted Expected (10, )

exp

............. Resolved Expected (16, )

exp

Boosted Observed

=—— = Resolved Observed g ———

TR * WRupto6.4TeV

* Nreach up to 3.5 TeV in favorable regions
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ATLAS, 13 TeV, 139 fb-" (2023)
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