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Lepton number violation

« Neutrino oscillation = neutrino mass

« Majorana nature of neutrinos is a well-motivated
picture for massive neutrinos

« Baryogenesis via leptogenesis

Out-of-equilibrium

« 5 £ r ‘| H &

« Dark matter

l 'J ) :.'u' N | '_ }1 [,'u' N

I‘f ‘[II YV = RH-neutrino

a4 ul Au X

-
Black box theorem LNV signals as a test of Majorana nature of v

Schechter, Valle, Phys.Rev. D25 (1982) 774

https://x.com/higgsinocat/status/1375404211974893570




Nuclear and collider test of LNV

» Neutrinoless double beta decay(0Ov[[3)

AX A —  Gerda, Majorana, LEGEND, CUPID, NEXT, CUORE,
— 2 X+ 2e
L 242 T nEXO, KamLAND-ZenSNO, DARWIN, PandaX, etc

» Muon-positron conversion in nuclei

//t_ + I%X — A_2X + €+ Pontecorvo, 1967 COMET, Mu2e

 Neutrinoless Double-Electron Capture (Ov2EC)

e, +e, +(A,Z2) > (A, Z—=2)**  2007.14908

 Trimuon production from neutrino-neutron collision

vN — pu~pu X Flanz, Rodejohann, Zuber, 9907203
- ¢ — p collider: n
eip N ‘—,e(ye)fif * Flanz, Rodejohann, Zuber, 9911298 N e 7
" Wét n

« LHC search:

/ : Cai, Han, Li, Ruiz, 1711.02180
pp > T +nj+ X

A
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........... More will be covered by Michael’s talk tomorrow 3



EFT as a powerful tool for low-energy LNV processes

New particles | Assumption: scales are well separated with Ayp > Agy |

SMEFT, SMEFT. ... Parametrize the derivation of low energy observables w.r.t.
; the SM prediction by non-SM interactions based on SM

particles and symmetries

LEFT, VLEFT,
HQET,
NRQCD/QED, ...

chPT, chEFT, ...

This talk




SMEFT framework

Buchmuller & Wyler, 1986 Lehman, 2014 Lietal 2020 Larlander et al. 2023
Varsaw bass 2010 Liao & M, 2016 Liso & Ma, 2020 Mo ot

. Matter fields: O, L;u,d, e; H

- D € even (odd) if | B— L|/2 is even (odd)

« D € odd: B/L is violated «obach, 1604.05726

Gauge symmetry: SU(3). ® SU(2); ® U(1)y

D=6:|B-L|=0vsD=5,7:|B—L|=2

Hilbert series method: Henning, Lu, Melia, Murayama 2015, 2017

: AL = 2 processes such|
| as Ovf3f3 are described |




Operator basis @ dim 7

Y2H* + h.c. Y2?H3D + h.c.
O/_H EUEmn(LiCLm)HjH"(HTH) OLeHD e,-jemn(L"Cq/,,,e)HmeiD“H”
Y?H?D? + h.c. Y2 H?X + h.c.
OiHpr | €jj€mn(L'CDHLIYH™(DyH™) OLHB eji€mn(L' Copw L™)H/ H" BV
Orp2 | €imein(L'CDFLYH™(DH") | Oiuw | €ij(er)mn(L' Copw L™)H HT WKV
*D + h.c. - Y*H+hec
OduLLp eij(dyuu)(L'CiDHLY) OsLLLH ejjemn(EL") (LI CL™)H"
OrQddp (Lyu Q)(dCiDHd) OdrqLH1 ejemn(dL')(Q/CL™)H"
OzdddD (évnd)(dCiD* d) OFLoLH? eim€jin(dL')(Q/CL™)H"
Og1ueh ej(dL’)(uCe)H
OguLLH ejj(Qu)(LCL )H!
O dudfi (Ld)(uCd)H
OLdddH (Ld)(dCd)H
Ocqdair ejj(€Q")(dCd)H
OLigon €jj(Ld)(QCQ")H
0 | ei(dyuu)(LCo* D) | Opyou (LiD*d)(QCr,.d)

13(B) + 7(B) given by [L. Lehman:1410.4193]. Vi Liao & XDM 1607.07309
Dim-7 Majorana neutrino mass operator;
Baryon number violating operators with AB = —AL = 1;
Redundant operators.

Counting operators
depend on flavors

Provide leading-order

AL = 2 interactions

beyond the Weinberg
operator



Flavor-specific basis

Dim-7 SMEFT operators: (AB,AL) = (0,2)

q

Classes Original operator basis in [17, 18] Basis In Relations of the two different notations WO name in
19, 20] D7RGESolver
YEH | Oy = €ij€mn (LCL™)H'HY(HH) or, same LH pr
VIH®D | OF 11 = €ij€mn(LiCy,e,) H H™iDFH™ O o | =07 up LeDH pr
W H?D? OrLup1 = €ij€mn (@D“ L))H™D,H" Obrom | = 3(O%up1 + Ofrp1) DLDH1.pr
OLnps = €im€in(Ly D" L]) H™ D, H" Obiom | = 3(OLrp2 + OLups) DLDH2_pr
WHX O s = €ij€mn (L_;fUWL;”) HIH"B* (@ same LHB pr
OV = €ii (€7 mn (L_;')CJWL,T) HIH"W!mw | O same LHW_pr
O?Z%LH = €ij€mn (@Li) (LgCL;n)H " Oéi)ipﬁ; = %(ngsgLH + ngt;LH + O?ZI?LH) + s <>t eLLLHS prst
Ot | = §(OF L+ O 1+ OV ) —s > | eLLLHA prst
Ot | =300 in+Oiy) —t & eLLLHM. prst
VA H ngé Lo = €ijemn (dpLL) (Q4°LT) H™ (’)gfé Ly | same dLQLH1 prst
ngsé Lo = €im€jn(dpL}) (Q°L)H™ (93285 Lo | S2ME dLQLH2 prst
(’)gzsje o = €ij(dpL}) (uSe) HY nge ;4 | same dLueH prst
Og;z oy = €ij (Qpur) (LELY) H O%TZ .y |same QuLLH prst
Y'D | 08, = eij (dyyuur) (LD L) Oror | =307 n+O%rip) duLDL prst
Dim-7 SMEFT operators: (AB,AL) = (1,—1)
(’)%Zf i = €apy (L,d2) (us°d)) H %Zfdﬁ same LdudH prst
| O =)D OB < (07, + O, s Lacamt prot
(’)g ;S; i = €ij€apy (e,Qi) (df °d))H O’E’ Z;; 7 | same eQddH prst
(’)%7;185 oif = Cis€apy (Lyd2) (Q? Q) H/ (9%2‘2 off | Same LdQQH_prst
| Ol = o) (@D Oy | = L0l + Oy + O%i) 45 0t | edddd prst
Ot ip = € (Lp7,Q2) (d°iDMd)) O ina | = 3(OF0un + Ofrin)  LQdDd prst |

» Organized in terms of operators
with manifest flavor symmetries

» Easy to write down the RGEs in
a non-redundant way

Yi Liao, XDM: 190110302
D. Zhang: 2310.11055



UV completion of dim-7 operators

Tree-level = 1-loop = 2-loop

* Usually, assume the SM g o4 T
gauge symmetry intact ot RN A U Anamiati et al: 1806.07264
Bonnet et al: 1204.5862
* |Internal heavy fields: N\ S Cai et a : 1706.08524
scalar. fermion, vector / 3¢ gF \ Hirsch: 1411.7038, ...
L L
. - UR Q
- Generate topologies and k ?
diagrams ) ) . Chen, Ding, Yao: 211015347, 2301.02503
 Assign external and Li, Zhao, Yu: 2311.10079

internal fields dr

L
e L L L L e
. Select genuine topologies DR P S P P
® > H . S H . S H. S
L L L (b) L e © L L @ L

Yi Liao, XDM, Quan-Yu Wnag: 2005.08013



RG running effects N phenomenologlcal studies

, Improve perturbatlve calculatlon

Operator renormalization = operator mixing effects

' RGE effects are cru0|al for preC|se Iow energy analyses

. Dim-6 RGEs: 1308.2627, 13104838, 1312.2014
. Automatic RGE solver: (1704.04504), (1804.05033)

, 3 Extenswe phenomenologmal analyses mcorporatlng RGES -

" Dim-5 RGEs: hep-ph/9309223, hep-ph/0108005 | Process relevant to dim-5/7 SMEFT

I «Neutrino masses

Dim-7 RGEs: 1607.07309 , 190110302, 2306.03008, 2310.11055| -Neutrinoless double beta decay

e e e Y S nals At collider
i LNV meson and charged lepton decay

Majorana neutrino magnetic moment

Automatic RGE solver: D7JRGESolver YilLiao, XDM, Hao-Lin Wang, Xiang Zhao, 2505.06499

The accurate solutions of dim-5&7 RGEs are necessary for physical analysis



RGEs of dim-5 Weinberg operator

O.=¢e, (L'CL™YH H"

- mn
167r2ui CP" = (4\ +2Y — 3g3)CP" — 3 (YY) oG +p — 1

dy 5 2 ) L5 5 ele )vpLs P K. S. Babu et al: hep-ph/9309223

H S. Antusch et al: hep-ph/0108005

Y = Te[3(Y]Ya) +3(Y] Ya) + (Vi Ye)]

7 No g12 terms—cancelled

167c2u£c§;’ = [(3d2 —18d +19)A — %(d— 5)g% — 3—1(361— 11)g5 + (d — 3)WH] clrr

3 v
i + ey,

Yi Liao, XDM: 1701.08019 oP = — [(LTeH)C(LTeH)T] (H'H)Z" +h.c.



RGEs of dim-7 AL = 2 operators

Q

(0, @)|% (5,3)13 (5,3)I3 (5,3)3 (5,5)I2 (5,5)I2 (5,5)I12 (7,3)]2 (7,3)]2 (7,3)]2 (7,3)[3 (7,3)13 (7,5)|1

~H (0,®)|x %  Owapr Oap2 Ofip OLerp Ojruen Opurrn Ceriin Ogrormy Cirornz OLHB OLiw  OLu
. (533 Oupi & g* g* 0 0 0 0 0 0 0 0 0
(5,3)|3 Oupy  &° g 0 0 0 0 0 0 0 0 0 0
°TGAB Oy &£ &£ &£ 0 0 0 0 0 0 0 0 0
v (552 Orep g g> 0 g g’ 0 0 0 0 Y—>0Y—0 0
) 5,512 Oz, & g g g- g* g* 0 Y, Y, Y, Y, 0 0 0
(5,5)12 ﬁQ-uLLH 83 83 83 0 82 82 Y, Y Y, Yy Y, Yy 0 0 0
©(13)2 6 g g 0 0 0 YY) g g’ g’ A
(7,3) 2 ﬁd-LQLHl 83 83 83 0 YJY; YJY; 82 82 82 g3 g3 0
J (7,3)12 ﬁd_LQLHZ g’ g g 0 YJY; YJY; g g g2 g3 g3 0
o _U3)B3 O &t g 0 ¥y—=0 0 0 g g 0 g2 & 0
(7,3)|3 Oaw  g° g 0 Y—>0 0 0 g g! g! gZ g2 0
(7,5)|1 OrLH g* g* 0 g> 0 g’ g> g> 0 0 g g’
, d
1 rs
(COaa)®S = OGO Rich operator mixing effects
(COiem)V8 = (VD) (078~ O 1), e e e
. L e o / RG mixing between dim-5 and dim-7 operators
((CO)druen) ™0 = _i(Ye)vt(Ye )wrCJLueHﬁJLueH,
(COauer)V8 = ~(Y)nCons Oy » 1 3 ;
rvue rsue POPT  — (302 £ 4\ + 9 pr °© YYT pr 2 pr 2[C YT pr |
(CO)gruen)\ V8 = —(XiY,)CH" 65 \‘ Crus 2( 39° +4X + 2Wh)Cp s Q[CLHF) Y| +:u’h{SCLH+ |CLeDHY] | |
(COVdruer) P8 = (YeX))uCH 68 : 3 5 1
|, e e | +=92(2CY, p1 + CBrpus) + [CoLpm YY) " — Z[CpLpu2YiY; 7"
«Cﬁ)d—LueH) (q) 6 - = 5 (YeT Ye)vthIiSVHﬁgliSt H’ 2 2
a ue (8),stpr (M),stpr sptr T tspr
(CO) gruer)'8 = 3 Y)wCorr Ol e, " — Wiles(3Cerirm +2Cerirm) — 3[Yd]tngLQ LH1 6[Yu]stC§u LL H} P

Yi Liao, XDM: 190110302 \_ D. Zhang: 2310.11055; 2306.03008 o



D7RGESolver — a python package for solving dim5&7 RGEs

. https://github.com/ZhaoXiang210/D7RGESolver
Solve the complete RGEs of dim-5&7 operators
Yi Liao, XDM, Hao-Lin Wang, Xiang Zhao, 2505.06499

__ D7TRGESolver,
for p, r in indices:

""""""""" RGE_dim7.py Functions to solve RGEs Beta[ f"LH5_{p}{r}"] = (

###### dim-5 contribution to LH5
: . 1/2%(-3*g**2 + 4*Lambda + 2*WH)*C_LHS5[p-1,r-1]
""""""""" beta_funCtlon.py Store the RGEs —_— +1/2%(-3%g**2 + 4*Lambda + 2*WH)*C_LHS[r-1,p-1]
: -3/2*(C_LH5 @ Y1 @ Y1.conj().T)[p-1,r-1]
-3/2*(C_LHS @ Y1 @ Y1l.conj().T)[r-1,p-1]

""""""""" WCs_dic.py All independent WCs
""""""""" SM_parameters.py The SM inputs

: "LH5_11": o,
S ovbb.py Study the OvBS decay CLH5_127: 0,
5 "LH5_13": o,
| Jexample Example to use “LH5_227: 0,
é "LH5_23": o,
"LH5_33": @,
--------------- __lexternal_tools -
1 Dnudobe An external tool to study the Ovff decay Oliver Scholer et al., 2304.05415

The structure of the D7TRGESolver package.
12



D7RGESolver — a python package for solving dim5&7 RGEs

« SM inputs at electroweak scale

Input notation in the code

Class | 2F OFS OFA 4AF3S 4AF3A 4F2S
+ The RGEs of the SM parameters: # | 9 6 : % : i
,_GOJ LeDH pr LH5 pr LHB_pr eLLLHS prst eLLLHA prst duLDL _prst
& LHW_pr LH pr eddDd prst LQdDd prst
one loop + two loop P DLDH1 pr
; DLDH2_pr
« Dim-5&7 operators: only focus on 9
independent flavors sym. |\ | prorp | proorp | PP [ PRTOR g
: : {p, r} {1, 1} {1, 2} {p, 1,1, 1} {p, 1, 2, 3} {p, r, 1, 1}
» Two choices of quark flavor basis: L2} | 13 | (11,2 (p. 7, 1, 2)
< {1, 3} {2, 3} {p, 1, 1, 3} {p,r, 1, 3}
é% {2, 2} {p, 1, 2, 2} {p, r, 2, 2}
D {2, 3} {p, 1, 2, 3} {p, r, 2, 3}
fé {3, 3} {p, 1, 3, 3} {p, r, 3, 3}
/3 /2 ke {p, 2, 2, 2}
Down-quark flavor basis: v, =¥=vi um, v,=Y"m, | = EP’ 22 g;
\% 1% P, 4, 9,
2
leiMe {p, 3, 3, 3)
v

Diagonal at the electroweak scale = become non-diagonal at other scales

13




D7RGESolver — Example for its basic usage

Run @ < and @DLDHI from 10 TeV to 80 GeV

from RGE_dim7 import solve_rge, print_WCs

C_in = {"LH5_11": 1e-15+0j,"DLDH1_11": 1e-15+0j} # Input the WCs
scale_in = 1le4d # Input energy scale in units of GeV
scale_out = 80 # Output energy scale in units of GeV

C_out = solve_rgezscale_in, scale_out, C_in, basis="down", method="integrate") Main funCtion

print_WCs (C_out)

## Wilson coefficients

**kEFT:*x* ‘SMEFT®

WC name | Value |

-------------------- e |
‘LH5_11°¢ | (5.51729127984111e-13-1.1697182471147425e-287) |
‘LH_11° | (-2.7271477267102585e-18+1.9639321856872016e-337)
‘DLDH1_11¢ | (8.183376576714679e-16+1.539722194653356e-397) : : :
‘DLDH2_11¢ | (8.253541710427263e-17-3.157387110573996e-397) - Other dim-7 ones are in descending order of
‘QULLH_3311°¢ | (-2.976790814412032e-17+6.616906663619594e-337) | absolute values

‘LHW_11°¢ | (-3.399190512252408e-18-1.1024467172929897e-333) |

» Dim-5 and -7 Weinberg operators on top

N 14



Application to Ovff3

~ 100 GeV T rTET T TTETEE e

dim — 6 dim — 7 dim — 9
d — uev d — uev) ® dy, dd — wuee

Skip these sectors

dim — 3

. C
Mg V—=V

See tomorrow’s talk by Frank and Jiangming

4 O |- 033 operators Ov 33 operators
— L
Focus on SM/L-EFT \| 5
,, O
, """"" % °°°°°°°°°°°°°°°°
> S 4 JAAAP.PP. MM 1, \fAA AP PP , AP, PP
% -8 -8 A.IF‘ ) ‘A/IGT.T l"] F‘,Sd ; l":[(;T’sd . i“'flT’ sd
e’
> O
< 1MeV =

%, (07 = 0™)

Implemented into vDoBe ="\

V. Cirigliano et al.;1806.02780
O. Scholer, J. de Vries and L. Graf, vDoBe, 2306.08709

15



Low-energy EFT (LEFT) below electroweak scale

Li, Ren, Xiao, Yu, Zheng, 2020

SU®3), x SU2), X U(1)y — SU3). x U(1)...

0 3 6 7 8 9

\ |/

-------------- e — €
n > > P n > > P ]
Mass mechanism Long-distance Short-distance

G. Prezeau, M. Ramsey-Musolf, P. Vogel, hep-ph/0303205
L.Graf, F. Deppisch, F. lachello, J. Kotila:1806.06058
V. Cirigliano et al.;1806.02780

16


https://arxiv.org/abs/hep-ph/0303205

LEFT description of 0v55 process due to dim-7 operators

1
§m55 Vf,eVL,e + h.c. . 1

L9, —» = V2G| CH) @y du)(emf ) + COA @y " da) Ewvl.) 6

+ Cé%? (HLdR)(eLI/L ) -+ C (URCZL)(BLI/E ) C( )(ULU“VdR)(eLO'MVI/L ):| + h.c.

V. Cirigliano et al.,1806.02780

3
E(A}J=2 —

2G | |
£, = fv F [ o) @ ) @B ) + O ) @i )] + e, 2
c® _ Lo d d ) d d he. . 2
AL=2 — ,05 1L (“L'Yu L)(“L’Y L)(eLe )+ A1, (UL’Yu L)(UR’Y R)(BLe) + h.c.,

n p N > ‘\:\p n > > P
e e y+\\e

Short-distance Long-distance Mass mechanism

SMEFT @dim 7

|

A limited number of
LEFT operators are
required.

17



Matching onto the LEFT

Tree-level matching: 1 dim-5 and 11 dim-7 operators = Ovff

LEFT operators

Down

flavor

basis

0§ = V26 p(wgdy ) (er )
Oy = V2G p (urds)(ecrf )

@Srﬁ) = V2Gp(ugo"vdg)(ecourf )

Omps = —5MBEVL VL e
OVL, = V2Gr (W dy) (@)

O = V2G p (ury"dy) (ErYurL )

O = V2G p(upytdy) (e O, vf,)
0" = V26 p (wrydy) (L9, )

O = L (ugy,dy) (ury*dy) (ecef)
9
OiL) -

s (uryudy) (ury*ds) (ecef)
0% = v2Gp (urdy) (et )

O$y = V2Gp(urde)(errf )

OF = V2Gp (wo™ dy) (€0, 1e,)

- Mmppg = —
C(L = vV, (_ —=Clobn "‘4%&9_10%1}7‘4/)

Ovi=v

Matching results at electroweak scale Ag
O = v (LGB A VadCBi o Depending on the convention
O =0 (550 — 5:maVaaCBipin) of the relationship between
o8 = (s Citaim + wiCitgin) mass vs flavor eigenstates

1’04C11

2 11
v Crys — 2

75

E C(G) Cllll*

2\/_ dLueH
Vud (Cllfpm + 3ChipH2 + 49—16},11;W)

C\(/?{ — _3C1111x
o -
: 0O _ 9,3y (c1ll1x
) Pl ud

duL DL
Vo (QCLIDIEDH1 + 89_1011,}-;W)

duL DL

Up-quark flavor basis

0 = (O3t + domaVauCBipua) > 2
: (6) lwlx 11x \/_ \/_
- Osr (2\/’V Clirarm — wmdVu dCDLDHz) ¥, = _VEKMM fa= Ma
6) _ ,3 11wl* 11wl v Y
Cr’ = vV (ngdLQLHl T 4\/—CdLQLH2)

18



RG effects on the half lifetime of °°Xe 0u5 decay

20‘5===========::=:::: _______
©> - o~
~N -
O 5F
: i
D e N KaMLAND-Zen
X
O
il
R e e s e
I~ I G 0 5 S SO S S B B e e - 1 |
0.5
0.511Ll]l- 1 | lllll]l-lo 1 ! lllllljéo | 1 1500
N [TeV]

Ci(A) [GeV~—3]

Cige = 107=°
Ciepy =107
CoipH = 1071°
ChipH, = 10718
Cifw=107'°

1111
CBLOLH1 =1

1111 _
CBLQLH?. =10"1°
10—14

1111
CaLueH -

1111 _ 2 =17
Coutin =10

1111 _ 1A-15
CauoL =10

0—16

Yi Liao, XDM, Hao-Lin Wang, Xiang Zhao, 2505.06499

Large impact from

11 11
@DLDH 1,2° @LH W

Mixing into O s, operator

RGE effect plays a significant role in predicting the Ovff decay half lifetime

L. Graf, C. Hati, A. Martin-Galan and O. Scholer, 2504.00081

19



Constraints on 10 1st generation operators

{/\ =10 TeVJ BEm With RG running, D7RGESolver
. With RG running, vDoBe

B Without RG running

102E

11 11 11 11 1111 1111 1111 1111 1111
CLH CLeDH CDLDHI CDLDHZ CLHW CBLQLH1 CBLQLHz CELueH CauLLH CBuLDL

11

. KamLAND-Zen experimental limit  [Tijlsmer(ci) 2 (17 lkantam = 2-3 x 102 yr

« The full and precise RGE evolution of these operators has a significant impact
on their numerical constraints

. Mainly from their contributions to the O; ;5 through RGE mixing

20



RGE-improved constraints on the dimensionless WCs ¢ at A = 10 TeV o d o
operon | =GO T il =[G Full RGE improved constraints
peratol Same in both bases Aaia Up-quark flavor basis =~ Down-quark flavor basis
Oty 1.92 x 1078 OG5 n 2.85 x 1077 2.78 x 107°
Otlpn 1.88 x 1074 ozl 8.58 x 10° 4.48 x 10~
O pi 1.07 x 10~ O Lu 3.51 6.50 x 1076
Obiou: (SESSSIEEI Ogupy | L2007 o0 IRG mixing effects are important to
on . 4.26 x 1077 ozl 1.00 x 10~ 1.03 x 10~4 .
Dien | LT6x10° | 0Py, 301x10° L0t constrain operators that cannot directly
O 1.05 x 10~ o 3.24 x 1073 5.38 x 102
OB 2.59 x 107! o321 5.65 x 10! 2.38 x 102 . O ﬂﬁ .
L R % - .« contribute to Uvpph, especially the
FLLLH 1.25 x 10 OG,,LLH 5.90 x 10 ol o A .
Ocpipn | TAdx10°2 | operators involving 3rd or 2nd generation
111 1.92 x 1073 Ol 6.22 x 107° 6.38 x 107°
d‘l)lLDL - — ({f‘f{LHl o . ‘ N
o 3.58 x 107 ng-?wl 2.17 x 10 2.77 x 10 : quarks
1 1 5, 1131 16 7 -
oL 1.54 x 10 oL 4.69 | 1.72 x 101
o= 9.21 x 10° (’);:;}J‘(; i 1.06 x 102 4.50 x 10
o2 1.04 O 2.45 x 1073 2.39 x 1073
s 1.66 x 10~ oxs 5.05 x 10~2 4.09 x 1071
ot 1.34 x 107 05 oLm 1.27 x 1072 3.61 x 1072
03211 1.80 3121 1.09 x 10~3 7.91 x 10~3 d .
duL DL dLQLHI1 .
(ogi‘LlL)L 1.33 x 101 0;}1-‘;;““ 4.04 x 1072 4.04 x 10~° 55 1M 7 S M E FT O pe ratO 'S dlre
Ll -2 1111 2.61 x 10~ 2.68 x 10~ ined
e [ L - ", | constrained vs 10 operators through
S U.27 X 10U — , D.e) .
dLuell ) dLQLIH?2 . .
: : )11 QG « -2
o8 8.92 x 10° 0% oL 8.56 x 10! 7.20 x 10' tree- | aye | contri b utions
2111 2.27 x 10° o211t 1.75 x 10~ 2.94 x 10’
dLuell _ ([L‘QLH.Z | o — -
o212 1.05 x 103 ol':;;fé - 4.03 x 102 3.93 x 10
2 9.58 x 10* O;:;i‘ng 9.16 x 1071 2.66 x 10*
s11 2.72 x 10° ou 2.09 x 10~ 2.35
12 4.67 x 102 O 2 1.80 x 102 5.14 x 10~1
03 767x 102 | O3 7.33 x 104 7.32 x 10~ Yi Liao, XDM, Hao-Lin Wang, Xiang Zhao, 2505.06499 21




Summary

We provide an automatic tool D/RGESolver to solve the full one-loop RGEs of
dim-5&7 SMEFT operators;

The running effects of dim-5&7 interactions can significantly affect the Ovf[ rate;

Current Ovff half lifetime bound can contrain 55 dim-7 operators due to RGEs;

The mixing through dim-5&7 Weinberg operators has the leading contribution to
Ovff process;

The mixing via Yukawa couplings involving 3rd generation quarks is significant.

Thank you for your time!

22



