Neutrinoless double beta decay of hyperons in covariant

chiral perturbation theory

Zi-Ying Zhao(®XFim)

In collaboration with: Ze-Rui Liang(ZEi%4$%) . Feng-Kun Guo(ZRZ=1id).
Li-Ping He({Ti3%). De-Liang Yao(#k{ZER )
arXiv:2602.08453

e N
FREBRTFSERYERESHTIS  ARE

March 30, 2026

Zi-Ying Zhao (HNU) Neutrinoless double beta decay in ChPT



Contents

@ Introduction

© Calculation in BChPT

© Summary and Outlook

Zi-Ying Zhao (HNU) Neutrinoless double beta decay in ChPT March 30, 2026



Nuclear double beta decays
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Theoretical

Due to the lepton number violation(LNV) in the neutrinoless double beta decay
process, there must be new physics to the process that goes beyond the Standard

Model.
@ Top-down approach: Study signals in explicit BSM
@ Bottom-up approach: Work with effective field theories(EFT)

LsMEFT = £sMm + Z 0(5) + Z (9<6) + Z 0(7) + Z (9<8) + Z 0(9) T

5 5 . . .
O( ) = fklemn<Lk C< )CL’NL)HLH’IL E])Hh)IIESP Iflezl20|ie63t04§? (1979) 1566]
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Y2H?2X 1 gjemng’ (LT CoMV L) H; Hp By, €;(@LQY CL;)H.
€ij (e )mng(LT Cot L) Hy Ha W, ¢ij(edr)(Qf Cur)H;

Zi-Ying Zhao (HNU)

Neutrinoless double beta decay in ChPT March 30, 2026



EFT at various energy scales

[Cirigliano et al. JHEP12(2018)]
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(Eq. 38)
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Hyperon Ov2( decay in BChPT

BChPT is an effective field theory of QCD at low energy based on chiral
symmetry at hadronic level.

A first glance: from quarks to hadrons

Hadron level
Quark level adron leve

o AS=0: X7 [dds] — X T [uusle”e™;
o AS =1: X7 [dds] — p[duult— ¢~ ,E" [dss] — LT [uusle”e™;
0 AS =2: =7 [dss] = plduull— (.
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Chiral effective Lagrangian

The chiral effective Lagrangian relevant to the decay process:
Lo = L3 + LY + Lap—o+ £
@ The LO baryon-meson interaction Lagrangian is given by
1 = . D, _ F o _
Egﬁg =Tr [B (ilp) —m) B] — > (By"vs {uy, BY) — 3 (By"~5 [uy, B])

@ The LO chiral Lagrangian for purely mesonic interaction reads

£® — T, vytpro) + Dot f

v = T{(DLU) DRUT + —=TeUTx + Ux']

@ Low-energy dimension-5 operator for the AL=2 Lagrangian

1
Lap=2= _§<mZ€)ij(V£iCVL,j +01,Cof )
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Counterterm Lagrangian

Under the chiral SU(3);, x SU(3)r group

B — KBK' B— KBK!

u— LuK' = KuR"  TT — LTTL!
Chiral- and Lorentz-invariant counterterm Lagrangian:

LY = 4mo G5 Tr[Bul T u]g,, (g1 + givs) Trlul TTuBl v+ CI] + h.c.

LS = 4imeG% Tr[Bul T uly, 7,7, (92 + ghys) Triut TTuBll "y C(9,0%) + h.c.
LS = 4imeG% Tr[But T ulv, (g5 + givs) Trlu' TTuB)lpy* " C(D,0F) + h.c.
Counterterm Lagrangian can be expressed as

£ =L +rs+ Ly
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Hyperon Ov2( decay in BChPT

Description of 0v23 decay of hyperons at one-loop level in ChPT
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Amplitude structure

Leptonic part

Mass mechanism

M= LWHW = |ept[WL(kl)’YH’YucaéTﬂk@)] H,
~~

leptonic hadronic
AS =0 AS=1 AS =2
Process T = Yteme” N7 s pl L~ BT = pl
ET = Ytemer
Tiept 4muG%Vu2d 4mggG2FVuqus 4muG%VuQs
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Lorentz decomposition of hadronic tensor

34
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O =0, i=1,---,34
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Renormalization

Loop Caculation
e Dimensional regularization (DR) in d dimensions
e MS — 1 subtraction: R = %; + v — 1 — In(4n)
Divergences
e UV divergences: HEZY xR

@ Split couplings: g(’) = 91(/)r + - % R

%

Extended-on-mass-shell scheme

@ Remove PCB terms via finite shift: g(/)T = gg’) +

i

@ Consistent power counting:

g ~0p))  did.3" ~ o)
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Differential Decay Rate

Differential decay rate formula:

dr 1 |Crept* [™

dvs — (2m)3 64miv/s J,,

+ 2
[Mowvgs|” du

where [ Mo, 35|> is obtained from Casimir’s trick:

1 v @ T
[Movss|* = 71CLept*Trly"y" K1y "y by PRI Tx(T ) (B, +m1)Tas(p, +m2)]
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Branching Ratios

107
10’7—4 o 10 = s
‘% 102 10° 10° ', = 1 gnm
~ 70 80 90 100 110 120 100 1.25 1.50 175 2.00 £
Fl my [GeV] my [TeV] -
% & 10
&
107
10730 101; P
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my, [eV] my [meV]
Tow _1 2 B(Bl — Bzfifi)
sec MeV
Process m2, [ / ] This work Experiments
YT —ope e 3.194 x 1077 47x107%0 <6.7x107°
T = Steme” 3.925 x 10714 5.8 x 10738 -
ST s putp” 3.202 x 1078 4.7 x 10728 -
E- = XTe e 3.404 x 1078 56 x 1073  <20x107°
BT s pee 5.706 x 1078 9.4 x 10732 -
BT s pu 2.509 x 1078 41x107%®  <40x1078

Electron- mode branching ratios use mZ, = (100meV)?, while muon-mode branching
ratios use m7,,, = (10eV)?.
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Transition Form Factors

The lepton tensor can be decomposed as

L = ﬂgL(kl)g”VCﬂgL(kg) — Z'ﬂ@L(kl)O"uUCﬂ%L(k‘g)

hv %
Ly Ly

For identical final-state lepton four-momenta ki = ko = k, we define transition
form factors(TFFs) S(s) and P(s)

MOV,Bﬂ = CLept Hp,y Lg'y
= CLept{@(p2) [S(s) + 75 P(s)] ulpr) H{aer (k) gy (k) }

In the chiral limit, the contributions from the 75 terms vanish. We just need to
consider S(s)

S(s) = 8G1 + S(s)"P
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Transition Form Factors
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Summary and Outlook

@ The amplitude of Ov(3 decay involving spin-1/2 hyperons is
computed within BChPT, with counterterms constructed and
renormalization carried out in the EOMS scheme.

@ TFFs are defined, their dependence on s and m; is analyzed, and the
branching ratios of hyperon decays are predicted.

@ Extend the study to the SU(3) particles with spin—% using BChPT.

@ We are currently using a dimension-5 operator for AL = 2, and as
the next step will calculate the decay width in the presence of
dimension-7 operators

Thank you very much for your patience!
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