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U(2)° flavor symmetry
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“the success of the CKM picture be due to the existence of a
suitable flavour symmetry appropriately broken in some definite
direction, thus allowing a scale of new flavour physics phenomena
sufficiently near to the Fermi scale to leave room for relatively
small but nevertheless observable deviations from the SM in the
flavour sector.”
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U(2)g ® U(2)u ® U(2)4: act on the first two generations of quarks
U(2)¢ ® U(2)e: act the first two generations of leptons
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Plenty of literature on U(2)®
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ABSTRACT: We present a comprehensive analysis of electroweak, flavor, and collider bounds
on the complete set of dimension-six SMEFT operators in the U(2)%-symmetric limit. This
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There are strong similarities between charge-parity (CP) violating observables in hadronic B decays
(in particular AAz, in B — Kx) and direct CP violation in kaon decays (¢'): All these observables are very
sensitive to new physics (NP) which is at the same time CP and isospin violating (i.e.. NP with complex
couplings which are different for up quarks and down quarks). Intriguingly, both the measurements of ¢’
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Some issues need further research!
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Theoretical framework

o U(2)° symmetry:
U@2)P°=U2),@U((2),@U((2)i2U((2);2U(2)..

e Quantum number (q,u,d, ¥, e):

g~ (1,1,1,1,1) uz ~ (1,1,1,1,1
_ €12N(1,1,1,2,1) _ 612N(1,1,1,1,2)
"\~ 101,11 )0 7 Les~(1,1,1,1,1) )

e Minimal spurions:

ACN(1,1,1,2,§) )
WN(17171a2a1) )

Ay ~(2,2,1,1,1) , Ag~(2,1,2,1,1) .

V, ~(2,1,1,1,1)
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Yukawa interaction
_ _ Y2 X2 Y2>< 1 d
Q4. Qs) (ij faa ) (a8) 7

Y2><2 Y2><1 ) ® Q ) ® 1
d d ~ 2 -
(ydm Y 12 1®1 (g@d)
@ Yukawa matrices:
Ya = | (UJOGE A IVal o] e n) . Ya=lyl ( Ugla [Val [z e n) ,

T A —
b=l 0P ilz)

» Diagonal positive 2 X 2 matrices: Au,d,e, i=(0,1)7T, A:ﬁ =cqs  |Vallzsl = e
» Unitary U, and Orthogonal O, . matrices:

Cd §q €4 Cu Su Ce Se
U, = i O, = O, =
—S8d e e Cd ’ “ —Su Cy)’ ¢ —Se Ce
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Diagonalization

e Unitary transformations:
LYY;Ry = diag(Yy) =Yy, withf =u,d,e,

e Arbitrary phase:

P,=1 0 -0 ], Pi=| 0 —er 0 |,
0 0 €= 0 0 eie
PILYY;Rp Py = PIY;Pr =Yy

> L/f = LfPf, R} = RfPf
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Results

@ General CKM:

Cyei®a—i0+ida—idy sye 0 Fio =it Ly Aeibe it
VCKM = _Suelad_léj'i'zd)a'_“ﬁy Cu6_26+l.¢b_l‘¢y xbtxe“bel_wﬁy + 0(62)
_xbtsdeZQSa_quz _xbtcdez¢b_l¢z ez¢c_z¢z

> c=mg/ms, €5~ e, =0(e), A = (cgsy + sqcue’®),  xe® = (cqcy — 845,€")

e Matching with SM Wolfstein parameterization:
> 9. = Op = P, ¢z:¢b_97 ¢y:¢b_5a Pa = P — Q4

Cu Sy Tyt (Cysa€" ™ + 8yCq) )
Vexkm = —Su Cu Ty (cucy — susqe’@d) | + O(e%)
—XppSqe e —XptCq 1

where xy = €, — €

HFCPV 2025

9/21



Matching with SM Wolfstein parameterization

1-22/2 A AX3(p — in)
VokM = )\ 1—X\2/2 AN + O\,
AX3(1 — p —in) —AN? 1
o Cu Su Tpt(Cysget®d + sucd)
VCIgl\/)[ = —Su Cu Tpr(Cuca — susae’®d) | + O(€%)
—TprSqe” v —ZpCq 1

We set
o 54~ O(N), then zp ~ O(|Viqy|) = O(A\?)

@ A\ =sy, A:%, p_l—i_%’ n:_%
We can get

o —mpsge % = AN(1 — p —in) = Vct‘li(M

o |sq| = [Vitica/AN |, e = (Vi / Vi) (ca/sa)
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Matching with SM Wolfstein parameterization

Use power counting for A:

Cu Su Tyt (Cusqe’®d + 5uCd)
Vekm = —Su Cu pt(CuCd — Susae’™?) | + O(€)
—TpSqe v —XpiCq 1
1—X\2/2 A Vb ,
= - 1—A%/2 VKM + O(\Y),
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Comparison with the literature (O(e))
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Comparison with the literature (O(e))
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SMEFT

@ Semileptonic and leptonic decays at tree-level:

QY =0l (@ ar). O =(lyum 1) (@7 ),
Qua =(lpyuly) (dsy"dy), Qe =(@p"qr)(Esv*er),

Qed =(Epyper)(dsy''dy), Qedq =(Le dsq)),
Dy =(Tes )eikcqs u), O (o wen)en(gio ™ u),

@ Quark and lepton bilinear:

qu‘j’)’“q, Fde’Yuda quan

Fququy Fquqauuy
Flll_yul, Leceyye, Tele,

Lielowe,
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Power-counting of spurions

AGN(17171727Q) b AuN(27Q7 17 1? 1) ) AdN(271727171) b
Ve~ (1,1,1,2,1) qu(2,1,1,1,1)
Leg = CS(_g;Czs)Apstr(qzzer) + -
Apstr :A{an;, V;]”q’ an;’ V}nl’ AZ{"&, Agd’ ALnL’ Azu’Aln’e’ A}
~ (f(ng +na+nu —ng —ng —ny,), f(ng, = na), f(ng —na),
fl+ne —np —ng), f(ng —ne))

e quantum-number function: f(—1) =2, f(0) =1, and f(1) =2
e fermion-generation variables: @, D, L, E =1 (first two generations) or 0 (the 3rd
one).
Ng +ng — 1y —ng = —Q, n+mne —n;—n, =L,
=0 n.

u e —MNe =—F.
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Wilson coefficients
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Rotating to the mass basis
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Rotating to the mass basis
Qieaq = (e ) (s ):

) Te€e 0 —kyrSc€r
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/ /
0 (:Ed — ksb)cdeseb Ty + ( ksp +Za
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! /
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A xT !/
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/ ! x x 2
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Numerical discussions
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Parameters of C’l(q1 ) constrained by the leptonic processes of b — d¢t¢~ (upper) and the b — s£74~ (lower).




Numerical discussions

x10~1 x10~1

Parameters of Cjeqq constrained by the leptonic processes of b — st 7~ process (left) and b — urv (right).
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Conclusions

In the U(2)% flavor symmetry framework, we obtain the following analytical results with
strict power counting:

o the CKM of U(2)® matching with Standard model.

e the flavour structures in Wilson coefficients of semileptonic and leptonic B decays.
Then some numerical calculations are also performed.

Thank you !
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