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Motivation

B: conserved perturbatively in the SM

B: violated only through non-perturbative effects such as sphalerons
and instantons: strongly suppresed at low energies

Matter-antimatter asymmetry = baryogenesis:
Sakharov conditions including B

No observation of BNV processes experimentally so far and
Increasingly stringent bounds

@ Study neutrino-extended EFTs with BNV and vs: ¥SMEFT & vLEFT
BChPT VLEFT VSMEFT

Hadron EW NP

e STCF, large Af A_ production rates = study A7 — 77 /K" + v

o Signature: efe™ — Af A_, A_ taggingand A/ — M' + missing
e Apparent BNV in Al decays at STCF
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Model frameworks — the vLEFT

S,RR — __
Ocdd = Eaﬁ’y(cg,ang)(l/LdR,y)
S,RR — __
02 = €*PV(cg, dra)(Tisry)
S,RR — _
Oy = P1(cq,5rs)(VLdry)
dd €211 AS,RR
ngf. ) A2 Ocdd + h.c.
cds,csd €212 AS,RR |, €221 4S,RR
L 2 A2 Ocs + A2 Oy +he
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VLEFT matched to BChPT

e To compute I'(A — 7 /KT + v5), we follow the literature for
matching the vLEFT to the BChPT

@ However, BChPT is rigorously applicable only to the light-flavor
baryon octet, and its direct use for the charmed baryon A/ lies
outside its formal domain of validity

@ To account for this mismatch, we promote the light-baryon-level
(proton) matrix elements to the A case and apply a conservative
order-unity variation to the corresponding hadronic form factors

@ = We vary each Al matrix element by a multiplicative factor of 2
and 1/2 as a systematic uncertainty associated with extrapolating the
low-energy EFT matching into the heavy-flavor sector

o Captures the expected size of SU(3)-breaking and heavy-quark—
symmetry—breaking effects in the absence of a controlled chiral
expansion for charm baryons.
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The |[A(B — L)| = 2 effective Lagrangian

A= i + _ AT +
Left = g1isBY' vsAT 0, M+ mps | TsPrB + Iy,\j57Ll/sPRAC M

Mt _ 7
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The RPV-SUSY

= A light neutralino X~? being dominantly bino-like

LBNV-bino = Lbino + LRPV
£bino = — Z gi’R (Z]R73PL)2(1)) Z]R@ +hoec +...
qg=d,s,c
Lrpv = )‘/2,12 €abc <E>;?a aRb slgc + E/T?a CRb slgc + §>I'j?a CRb dl%c) +h.c

g?R = —\/igweq tan Oy
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The RPV-SUSY matched to the vLEFT

CRX1

5 d c

g§ )\l/ — a )\ g?: )\// L
£V = B2 (et (58 + L2 (et (Gai) + E1E212 (s (i)

@ The first two terms match the h.c. counterparts of Of&fR and Ofs’fR
@ The third term can be Fierz-transformed:

Fierz 1 — i 1 — CN\ f— ~
(3rdR)(crYY) ~ 2(SRX1)(CRC’R) =—§(dRCR)(SRX?)

where we have ignored an extra tensor term that originates from the

Fierz transformation and is expected to give negligible contributions
= |t matches the h.c. counterpart of OS’RR

S My T e\ e
S LBV — 98 (e (sax0) + SR (58 (dRid)
q

= We have assumed squark-mass degeneracy and used ng = —2g:{R
T T
N Q12 2X31981r 221 _ N51285 %
A2 m% T A2 m%
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The very long decay lengths of v and Y!

@ For the considered mass range of interest, their decays are highly
suppressed

@ v decay amplitudes suppressed by the small values of the Wilson
coefficients, off-shell propagators of a W and a down-type quark

° )2(1): decay amplitudes suppressed by three off-shell propagators (a
squark, a W-boson, and a down-type quark), CKM matrix elements,

tiny RPV couplings, as well as the absence of squark mixing

e = Both v5 and X} appear as missing energy in the main detector
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The STCF and search analysis

@ STCF: an energy-symmetry e e' collider,
Ecom = 4.630 GeV= NA*K’ = 5.6 x 10% per year with 1 ab™!

@ Simulate both signal and background events with OSCAR
e efe” = AJA_: tag A_ and Af — MT + /)

e Signature: A_ and M' + missing

o What we have done:

o Simulated the tag channel A, — pK* 7~ with BR= 6.35%, found a
reconstruction efficiency of ~ 39% for the Af — M™ transition

e To-do:
o Five more tag channels to do: Ar~, An—n°, pKY, ioﬂ*, Y aat
o Inclusive background simulations (expected to be low)
o Selection cuts
@ For now: use a flat efficiency € of 39% for all analyses, assume zero
background, a factor 2.5 to include all tag channels:

Ns=2-Ny iz BR(AT = M™ +v5/xY) -BR(A, — pKTn7)-2.5 ¢
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Numerical results — EFT

e Bound on BR(A — Mt +v/x)) ~ O(1078)
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Numerical results — RPV-SUSY
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Probe \J;, down to O(0.1) for mg = 2 TeV
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Summary

@ Propose to search for a BNV signature: Al — 77 /K" + missing,
predicted in a wide range of BSM scenarios

e O(10%)Af A, events at STCF per year

@ MC simulations with OSCAR to determine acceptance and
reconstruction efficiencies of both background and signal events

@ Partly done: one tag channel for the signal events
@ Promising results with current estimates: probing A up to 5 — 10 TeV

@ Work to do: five more tag channels, inclusive backgrounds, and
selection cuts

Thank You! EXig{ZEAf !
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Back-up slides
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Matching hadronic form factors

AF AT
Process &g mgs 1 N
Mot | g =5 | mw = 0) | =2
T T
AF — KFug gﬁ%ﬁ‘) N7 Mglo, = %(%) YQE,L = %2 (-¢)
gk = % | meo, = R
S D)
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Matrix element for AT — M* + v
& Kinematic functions

. __ AL k+mg A+
iM = UusPR< ~Ymse T Z mBs,ngMCBPM%) Upt
B B

(¢ 4+ x1x2) (1 — x4, — X2 (2 + x3,) + X2) — 2x2x5,(x1 + x2)

glaxe) = & 2)(E %)
1= 2, 2) —2(1 43, — R
oxg) = ZELZ2m =) 26U fom =)
B S
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Numerical values of hadronic form factors

Brr = 0.835 x 1072 GeVv?

deduced in [Dib, Helo, Lyubovitskij, Neill, Soffer, ZSW 2023] from
predictions of QCD sum-rule approaches

D =0.730, F = 0.447, f, = 0.13041 GeV
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Derivation of the eff. Lagrangian from the RPV-SUSY — |

BNV Escd)z(l) + Ecds;(? + ﬁdcs')”((l)
-0 N
L919263X1  — (9919293 X? + h.c

O99293  — gfh ROLL
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g \n
grR _  81rM212
g = —m%
Oéquzqg, = Eabc (a3,cPLC‘_727:b) EIl,aPL
C = i7"?: the charge conjugation matrix.
S,RR — — ~S,RR
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Derivation of the eff. Lagrangian from the RPV-SUSY — II

The corresponding effective Lagrangian as

2
g d c

)\ - - )\// Vo )\// .
W _ Eir BLE2L2 (dcf) (SRYY) + B2 (spck) (dt)) + gf’f,gm(sfedc)( cRX1)

AS, RR AS,RR
and Ocsd

The first two terms match with O,
The operator in the third term — Flerz transf..
Fierz 1 _ 1 — .
(3rdR)(CRXY) = Q(SRxl)(CRdfe) = *§(dRC;°e)(SRx?)
where an extra tensor term that originates from the Fierz transformation
and is expected to give negllglble contributions only, has been ignored
The last expression matches (9 RR

ZIRN12 ey e TP
LBV = 9BIR2L2 (gt (5i?) + BB 212 (5 (i)
q q
with squark-mass degeneracy and the relation ng = 2g§R
Q12 2)\212ng 21 Ao1287R
A2 mE A2 m?
g g
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Preliminary efficiencies
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