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l. Background and Motivation

€ Neutrino mass PA Zylaetal, 2020 €4 Matter-antimatter asymmetry

M. Fukugita and T.
Yanagida, 1986.
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Seesaw model: oo e
™ oy H. Fritzsch et al., 75; \T/ W. Konetschny et al., 77; H e H
P. Minkowski et al., T7T; LA M. Magg et al., 80; . ‘
T.Yanagida et al., 79; I J. Schechter et al., 80; z X
'R M. Gell-Mann et al., 79; ! T.P. Cheng et al., 80; L/ \ L
L t S.L. Glashow et al., 80; f /\\ f G. Lazarides et al., 81;
R.N. Mohapatra et al., 80. R.N. Mohapatra et al., 81 Type_ | "
Type-l Type-II
R.Foot et al., 89; E. Ma, 98.
SMh+ tl‘:eg hea:rY right- SM + one heavy SM + three heavy
anaed neutrnos Higgs triplet triplet fermions
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. How to test seesaw model?

Seesaw effective 1-loop matching results Soosauy
field theory Renormalization-group equation model
(SEFT) - H
*
EW scale Seesaw scale

» The information of heavy particles are contained in the Wilson coefficients.

» EFT can avoid the large logarithms in the multi-scale theory.

Why RCES?

1-loop matching + 1-loop RGEs give complete one-loop calculations in the
type-I SEFT at the electroweak scale and extract useful information about the
type-I seesaw model from low-energy measurements.
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Il. Type-1 SEFT

Lagrangian @tree-level : dim-5 dim-6 — unitarity violation
1 (87 (8% (8 (07
A.Broncano,  Loper = Loy + = CO‘BO(‘E’) s hC) C(l) 5(9(1) B C 3) 5(9 3) B
et al., 2003. 2

<> _ <>
O =t HH 5y, O™ = (T 145, (HTiD#H) O = (o' s (HTinLH)

Matching scale: C: (uy) =Y M;'Y,', C’Sg (pyg) = —C’Ijg (fyg) = —YVMI{QYJ

4
1-loop RGEs:
€ single insertions of dim-6 operators € double insertions of dim-5 operator
e.g. . ,
7 = H .-~ =9 \i] ; " - S. Davidson, et al
-7 . Davidson, et al.,
l v E. E. Jenkins, et al., N ’/ 2018; R. Coy and
/ 2013; 2014. R. y N M. Frigerio, 2019.
~ \H Alonso, et al., 2014. b 4 A
( i .7 H ) H ™.
B ~N

Complete 1-loop RGEs of type-I SEFT are still lacking!
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Il. Strategy

€ First, we choose a set of 1PI diagrams
generated by the tree-level Lagrangian
and covering all of dim-6 operators in
the Green’s basis.

Py
¥
€ Then, one calculates these diagrams to
get all the counterterms for the dim-6 LH .-
operators in the Green’s basis and Ny
H -~

converts them into Warsaw basis.

€ Finally, we derive the RGEs from the
counterterms.
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ll. Complete One-loop RGEs

i dY] 15 9 3
Yukawa couplings: 16720 B T YYT o2 (C( ) 301%) Y, .
dp 4 1 2
dY 17 9 3 |
2, W _ _ 22 R T (YY —YYT) Y
du ] 1291 492 gS —l_ + 2 d d ] u’?
dY, 5 9 3 |
167 H— Ay — -_Egl - ZQQ 893 + 1 — 5 (YuYqu o Y:CleT)_ Yd 1

Higgs quadratic and quartic couplings: T =t (Y}YET L3yl 3YdYJ)

dm? 3 9
1 — [ —Z¢? — Zg7 + 12\ + 27 | m?
6 f—— o ( 591 292+ + )m

A\ 3 3 2
167@a = 24X° = 3 (gf +3¢3) + 5 (97 + )" + 298 +4MT — 2t [(Ylyﬁ)

2
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Weinberg operator:

dC.
dp

3 T
16m° = = (=35 + 4\ +2T) C; — 3 {YlYchg +C. (Y;Y;T) ] .
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ll. Complete One-loop RGEs

o HS% and H*D?
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ll. Complete One-loop RGEs

In the type-I SEFT, 19 dim-6 operators can be generated via the RGEs at the one-loop level.

HY and H*D? V2 H? (LL)(LL)
Oy (H'H)’ Oy (C HE ) (H'H) O™ (€arvCs1) (GL7u00L)
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Y.Wang, D. Zhang and S. Zhou, JHEP 05 (2023) 044.
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lll. One-loop RGEs of Physical Parameters

€ After spontaneous symmetry breaking (SSB) :

Daf ~(1)af g Dapg — 7
C](ﬂ) Oz(tu) — _202 Cé’l) v (T e + L ) Z, cC 5= _Cg’)l) 02
W =
(3)aB ~(3)aps 92 ~(3)aB, 2 (— + 7 —
OHZ OHl — +EOHZ v (VaLqul,BLW,u + laLquyﬁLWu ) NC ﬁl — (O}—Ill) _ C]('j?l)) ’U2
g 3)af - T
+202 O]({l) v’ (VaL”YuyﬁL - laLWMlﬁL) Zu ;
W

€ Non-unitary parameters:

RGEs of dim-6 operators mmmm) RGEs of non-unitary parameters

(1)
dC’ 3 2 1 1 : :
1652 S — —20,C]+ Zater (C0) 1+ (ot +21) i+ [ (4cih + 90ffl) v+ v (aci + 903)]
14
ac'?) 2 ‘ 17 1 ‘
167° 1 d;fg = C;C1 + gggtr (Oﬁ;) 1+ (—393 + 2T> i) t3 [(3022 > 20}2) AARS AL (3022 + 20}?2)]
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lll. One-loop RGEs of Physical Parameters

€ Unitary parameters:

PMINS matrix: |/ = (]1 — 77) . : E — Majorana phase matrix

standard parametrization unphysical phase matrix

Diagonalization of lepton mass matrices ——> RGEsof V' = U'U U - U - Q

——

M, =Y,v/?2 UIMU! = M, = diag{m,,m ,,m, }
M, =—C;v?/2 UM, U* = M, = diag{m, m,, my}

Bridge: T = V"1V && T'=Q-T-Qt =QQt+UU+UTPIPU.

mmsm) RGEs of unitary parameters: 6;;,8,p,0,m;, m,
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lll. One-loop RGEs of Physical Parameters

€ Results:
. mz
913 =2— ’U [yeMSQS ( neu eu—l—é —4 ney Ceu—l—&) + yeT C23 (’77;7’ CtIET—f—(S — 4 ’7787’ CeT+6):|
- +C, C1_31@12 Ci3 [312323023 (yi ) — C12573 (yg - 533 yfb — 033 y?) Cp+5] Cots
SM (5) +C' i3 €1 Cpg [512323023 (yi ) Sp 7 C12913 ( . — So3 yﬂ c23 y'r) 3p+6] Sp4d
+0™ 1 —1 2 2 p
—C', Qo3 S12 (13 [012323023 (?Ju yT) Cy T 512513 (ye 523 yu 023 y»r) Ca+6} Cots
L —C Qo3 S12 013 [012323023 (yi y?) Sy T 812513 (?Je 5%3 Y, — 023 ?JT) So+6 } Soas

G = (ki —5)/(ki+5;)  C.==3/2  Yag= W5 +va)/ (s —va)

RGEs of the mixing parameters in the standard parametrization
of a unitary leptonic mixing matrix are obtained for the first time.

Y.Wang, D. Zhang and S. Zhou, JHEP 05 (2023) 044.
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IV. Numerical Results
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IV. Numerical Results
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V. Summary

» We derive the complete set of one-loop RGEs for all SM couplings and Wilson
coefficients of operators up to dim-6 in the type-I SEFT.
» There are 19 dim-6 operators in total, which can be generated by the RGEs at the

one-loop level.

» After SSB, two tree-level dim-6 operators result in a non-unitary leptonic flavor
mixing matrix appearing in the cc- and nc-interaction of leptons.

» As a by-product, the RGEs of the mixing parameters in the standard

parametrization of a unitary leptonic mixing matrix are obtained for the first time.

Thanks for your attention:
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