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Baryon number violation

e One of the three Sahkarov conditions to explain matter-antimatter asymmetry in
the Universe

e BNV is commonly predicted in BSM theories

e Due to the fundamental importance, there are a lot of experimental efforts, e.qg.,
IMB, SNO+, KamLAND, Kamiokande, etc. = Null result

e All possible decay channels should be attempted, exotic as well as conventional

— complete analysis of relavant interactions



General |AB| = 1 triple-quark interactions

e [f BNV exists — High energy scale — EFT-based framework

e Triple-quark operators without derivative acting on quark fields in LEFT or xLEFT
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General | AB| = 1 triple-quark interactions

o FFT- baged fra mewo rk Y. Liao, X.-D. Ma, and HLW;, arXiv:2504.xxxxx

e Triple-quark operators without derivative acting on quark fields in LEFT or xLEFT

W E.g. For dim-6 LEFT operators
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When 0. and O, enter?

e |ldentified for the first time
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 Important for exotic nucleon decays:

e Forbidden processes at dim-6: e.g. Al = 3/2 BNV nucleon decays, n — ¢z~
e BNV nucleon decays through higher dimensional operators
e BNV nucleon decays involving new light particles. e.g. aLEFT, DSEFT et al.

e We will show the new structures have nontrivial chiral realizations in ChPT



Chiral and Lorentz properties

e Explore the chiral realization within ChPT

e Decompose each interaction into non-quark and quark factors
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Chiral and Lorentz properties

Triple-quark sector: Chiral group: G = SU3); ® SUQ3)s

e Under the chiral group, each structure belongs an irreducible representation
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Chiral and Lorentz properties

Triple-quark sector:

* [t important to incorporate the correct Lorentz properties tor chiral matching
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Chiral and Lorentz properties

Non-quark sector: Chiral group: SU3);, ® SU3)y
e \We treat non-quark factors as a spurion field.

e \We assign transformation rules to the spurion fields so that the interactions are invariant

* This is a convenient way to organize terms with definite chiral properties

e Organize &g o1 and P53 3 in matrix form similarly
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Chiral matching

* To build the interactions for baryons and pseudosaclars —

ChPT is a systematic and consistent approach

Building blocks in ChPT: 50 A0 N
0 == 4 Sm ) p
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* The higher the chiral order, more suppressed the term
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Chiral and Lorentz properties

E. Delgado et al., EPJA 51 (2015)

° PrOJect the approciate |rredu<:|b\e Lorentz rep. from vector-smor and tensor-spinor.

1 |
\ LQR‘ — — n
FL RFL Rp — FL R F/I;UP}OUFLg — F/I;li{ﬂ .‘ Fﬂyaﬂ 4 (2[ ,uw Gaﬁ] { ,uw Gaﬁ}> PL,R |

LR LR 3 3
(o) [ =0) (5:0) (03)

e Construct the LO chiral-invariant Lagrangian: Y. Liao, X.-D. Ma, and HLW, arXiv:2504.xxxxx
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Involve at least one pesudoscalar
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Determination of the LECs

e \When matching the quark interactions with hadron interactions, there arise low energy constants due to
strong QCD.

LR0 = Tt [P, g3,8BLE — P33, Bad| + 3Tt | Py 01, EBE — Py g5, £ Bd]

C3 : :
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e |OCD results: ¢, =a=—0.01257(111) GeV> ¢, = f =0.01269(107) Ge V> J.-S. Yoo, et al., PRD 105 (2022)

e NDA for the unknown LECs: P
| 3 2
Coma = nP AL~ Caaa~ Af)

Reduced g: coupling constant Y Liao, X.-D. Ma, and HLW, arXiv:2504.xxxxx

coupling m: minimal # of physical fields ~ D: dim. of op. T — ey

' The reliability of N u
S. Weinberg, PRL 63 (1989) H fiad Wi |
A. Manohar and H. Georgi, NPB 234 (1984) can be veritied wit ‘li

B. M. Gavela et al. EPJC 76 (2016)

¢y ~ N2Fy/(4m/2) ~ 0.007 GeV?

e We expect NDA really works, but still we encourage calculations on the two new LECs ¢; and ¢, by
LQCD community
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Phenomenological applications

* There are many interesting applications

=i
%f

—— — ———

P> MYPB)|

e Restricted to nucleon decays induced by the new chiral structrures

e Two types of BNV nucleon decays: (1). Involves only SM particles; (2). Contains a new light particle

A.The Al = 3/2 processes: n — ¢ " with 2 = e, u:

/ leading contribution from; i\/§6‘3 IRy .~ - 1
' ‘ = B “ion. +L < R 0,=T,0"=0,——y4d
irreps 6; ny @ 3 Prn ﬂ- gjddd ! u' 'L H HY S|
N (Foly)
Can be induced from LEFT dim-7 operators Descend from dim-7 SMEFT operators:

O 0 = DL ey, Pt = —091C)1 1 iV,

RGE effects ~ A?

7 % 10° GeV
Ay

[(n— -7t ~ ( )6/(5 % 103 yr)
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Phenomenological applications

B. The process: p — £;7;¢; with?, =e, ¢;= orvice versa

e Among the most experimentally constrained proton decay processes

 Can be only mediated by dim-9 and higher LEFT operators

e Associated with irreps 6L(R) X 3R(L)

O = (EL1, L Grut) Wy d] e, [(p — e*etu™) ~T(p — u*ute”)
4 x 10°GeV
LR —52C —7 ~ ( )10/(1034 yr)
Powa = Nl Ry AW
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Phenomenological applications

e Now we turn to the examples involving a new light particle in the final states.

C. The process p — e¢"a in aLEFT

[@gaLjZI;e]T — _ “ﬂy(e_fu f‘)(ug}’”dg) @elongs to irreps 6z & 3R(L)
+ — LR 4, ,C
p—eta A B o P = — A" ae
b= e*and 2 pea D — I3\, N0 aerd, pr uud d L
7 3
p— e*aK® (with . replaced by s (> o e*a) ~ (1.4 x 10’GeV/A,)
8 X 1032 yr

e The new structures were overlooked or simply discarded as terms of a higher chiral order than the known ones
in the previous work

e The constraint is comparable to the value obtained from operators in the 8L(R) X IR(L) and 3L(R) X 3R(L)

representations
1. Li, M. A. Schmidt, and C.-Y. Yao, JHEP 08 (2024)
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Phenomenological applications

D. Nucleon decay involving a light dark photon (X*)

E.g., Al =3/2 process:n — £ n X! with € = e, u

Oxr = X, (Gadd 0" d) ey €10, ® 1, Pl = NAXMZ,

—1\/2¢y

A =

X””(?Rf“/};m 200 7

3% 10°GeV
Nxy

F(n— £ 7%X) ~ ( )8/(1030 yr)

16



BNV hydrogen decays

e Hydrogen is the most abundant atom in the universe, which can be used to probe BNV
Interactions

e \We estimated the two-body decay widths of hydrogen atom into SM particles by
following a series of EFTs

SMEFT €= LEFT = ChPT

e \We work with dim-6 and dim-/ operators in SMEFT according to the violation pattern of
baryon and lepton numbers.

dim-6: violate B and L but conserve B-L dim-7/: violate B and L but conserve B+L

Amplitude for free particles

m d3p, =
MH—m-i—b — \/ = / (27‘(‘)3 w(pe)Me +Fp—a+b-

2memy, Electron’s wavefunction

W.Q. Fan, Y. Liao, X.-D. Ma, and HLW, PLB 862 (2025) 139335
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BNV hydrogen decays

W.Q. Fan, Y. Liao, X-D. Ma, and HLW, PLB 862 (2025) 139335
Mode LO Feynman diagrams A(6) o 1015 GeV A ~ 1010 GeV

:( Derived bound on hydrogen 2-body decay
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- - _ H — ny — H— I_(O'y —
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Summary

e \We classitied general triple-quark interactions and carried out their chiral
matching.

e \We identified new chiral structures that induce exotic nucleon decays beyond the
conventional ones.

e \We estimated all of four LECs by NDA, which show consistency with lattice results
on two known LECs. We encourage the lattice community to compute the new

LECs.

e \We discussed some phenomenological applications, with more to be done.

Thank You!
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