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U(2)° flavour 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.”

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
A. Pomarol and D. Tommasini, hep-ph/9507462

R. Barbieri, G. R. Dvali and L. J. Hall, hep-ph/9512388

1—X2/2 A syse”
VCKM = —-A 1-— /\2/2 CyS
—sgsei®tan—ea) g, 1

R. Barbieri, G. Isidori, J. Jones-Perez, P. Lodone and D. M. Straub, 1105.2296

M. Bordone, C. Cornella, J. Fuentes-Martin and G. Isidori, 1805.09328
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Plenty of literature on U

. . . . . Probing third- tion New Physi ith K — v and B — K®vp
New physics in the third generation. A comprehensive robing third-generation Foew Fhysics wi vy an v

. L. Allwicher,'* M. Bordone,> ! G. Isidori,'¥ G. Piazza,":5 and A. Stanzione®* ¥
SMEFT analysis and future prospects

| Physik-Institut, Universitit Ziirich, CH-8057 Ziirich, Switzerland
frnmmmu Physics Department, CERN, Geneva, Switzerland

INFN, Sezione di Trieste, SISSA, Via Bonomea 263, 34136, Trieste, Italy
‘SISSA Intmations Schont Jor Advanced Studies, Via Bonomea 265, 34136, Trieste, ltaly

Lukas Allwicher,” Claudia Cornella,” Gino Isidori® and Ben A. Stefanek ©° -

The recent observation of the K* — 7 decay by NAG2 is an important milestone in precision
“Physik-Tnstitut, Universitit Ziirich, flavor physics. Together with evidence of B* — K*vi reported by Belle-I1, they are the only
, : ‘CNC deeays involving third-family leptons where a precision close to the SM expectation has been
CH-8057 Zirich, Suitzerland reached. We study the implications of these recent results in the context of a new physics scenario
PRISMA* Cluster of Excellence & MITP, Johannes Gutenbery University, aligued to the third genetation, with an approximate U(2)° flavor symmetry acting on the light
Mainz, Germany familics. We find that. the slight excess observed in both channels supports the hypothesis of non-
amne any - standard TeV’ dynamics of this type, as also hinted at by other B-meson decays, consistently with
“Physics Department, King’s College London, ‘bounds from colliders and electroweak observables. We further discuss how future improvements in

Strand, London, WC2R 2L, UK. precision could affect this picture, highlighting the discovery potential in these di-neutrino modes

B-mail: lukas.allvicher@physik.uzh.ch, claudia.cornellaCuni-mainz.de,
isidoriGphysik.uzh.ch, benjamin.stefanekkcl.ac.uk
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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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FIG. 6. Correlation between B(B* — K*v) and B(K* —
atwp), normalized to their SM predictions. The red areas
denote the parameter regions favored at 1o and 2 from a
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L. Allwicher, C. Cornella, G. Isidori and B. A. Stefanek, 2311. 00020

L. Allwicher, M. Bordone, G. Isidori, G. Piazza and A. Stanzione, 2410.21444
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Some issues need further research!
Oledq = (iaeﬂ)(diqj)
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Lg~ sqeioa Cd Sp , AP = el Tl

_ —i(g+dg) —ig —i
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with Voxny = LLLd- J. Fuentes-Martin, G. Isidori, J. Pages and K. Yamamoto, 1909.02519
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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) )

AUN(2aiala]—a]—) ) AdN(Qvlvialal) )

V, ~(2,1,1,1,1)
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Yukawa interaction

@ Minimal spurions:

A, ~(1,1,1,2,2) , Ay ~(2,2,1,1,1) , Ag~(2,1,2,1,1) ,
Ve~ (1,1,1,2,1) Ve~ (2,1,1,1,1)

Y2><2 Y2><1 d
Q4 Qs) (Ym P ) (a8) 1

Y2><2 Y2><1 2 ? 2 1
(Y1x2 {/i—dgg ~ 11 g 5 1 g 1 (quantum numbers: ¢ ® d)

e Yukawa matrices:

auAu ﬁt‘/q aglq Bb‘/q o aeAe BV
Yu = ( )’ Ya= (5bVqTAd a )’ Ye = !

/Bt‘/;1 Au O B,,,.‘//I Ag Q-
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Yukawa structure

e Yukawa matrices:
Yu =y (Aou xﬁvq) , Ya=uy (Aod xblvq) , Ye=yr (AOE levf)
e Yukawa matrices in interaction basis:
Vo=t (VIO B Mallage07) |y (U Wil 7).

T A —
Y, = |yT|( OLA. |Ve||1xf|n>

AL2 _ AL2 _ AL2 _ S T _
> Ayt = Cu,c) Ad = €d,s; Age = Cepy M= (07 1) ) |V:1||'73t7b,7'| = Ctb,7
» Unitary U, and Orthogonal O, . matrices:

U — cd 54 €1 o0 — ( Cu Su 0. — ( Ce Se
g —S§g et cd ’ “ —Su Cy)’ ¢ —Se Ce
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Diagonalization
@ Unitary transformations:

N ’ T
. _ _ "7 (U,
diag(Yy) =Yg =L, ( i

(U
7Ld i

Qe

e Y related to the interaction basis while YV

o Arbitrary phase:

o diagonalize Yy:

U, 0
D D iml
0) | €d

ul | o

UlA,
o

I/

Vol 2| e?®a i /
Valleo] % 7)

’

= (%‘1 (1)> Y, related to a new basis

ebsdei(“dﬂ’q)
idg

epcqe
1

of

LIY,R, = PILIY,R Py = PIL Y R Py = PIVaPy = Yy = |yp|diag(eq, €5, 1 +

0

1 Ry = R)Py,

T 1"
> L= (%q )Lde,

€s ~ e = Oe =mg/myg), eqa = O(e?)
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Get Vgéi)l

o General CKM:

Verat = LiLg = [ —syei@ami0Fida=ioy ¢ emi0Hido=idy g yeidemidy | 4 O(c?)
_xbtsdezgsa_ubz _ajbtcdezd)b_zd)z 6'L¢C_Z¢z

> ap =€ — €, A = (cqsy + 84cue’®),  xe = (cqcy — 545,€7)

e Matching with Wolfstein parameterization directly:

> ¢z:¢b:¢ca¢m:¢b_07¢y:¢b_6a¢a:¢b_ad

U(2) Cu Su Tpt (Cusq€’ ™ + syCa) 2
Very = —Su Cu xpt(Cucq — Susqe™™) | + O(€)
—IppSqe " —IpiCq 1
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Matching with Wolfstein parameterization directly

1= A2/ A AN (p —in)
Vekm = -\ 1—X2/2 AN? + O\,
AN (1 — p —1in) —AN? 1
v Cu Su Tyt (Cusqe’®d + 5uCd) )
Vokm = —Su Cu Tt (Cucd — susae'™) | + O(e”)
—TpSqe v —XpiCq 1
We set
o 54~ O(\), and € ~ O(\?) expected
A=, A= po1p s she
We can get

o —xpsqe i = AN(1 —p—in) = Vécf{M

® Sq = |Vél11<MCd/A)\2’= e — ( CKM/VCKM)(cd/Sd)
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Matching with Wolfstein parameterization directly

Cu Sy Tt (Cusae™™ + syCq)
Voku = —Su Cuy Lot (Cucd - susdezad) + 0(62)
—TprSqe v —TptCq 1
1—X\2/2 A Vs \
= -2 1—2%/2 VCKM + O\,
AN3(1 — p —in) —AN? 1

Use power counting for A:
VCKM =(AN3 + 254 cOS q) + iy 5qsin ag + (9()\4)
=AN(p —in) + O(A)
VCKM _14)\2 + O()\4)
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Comparison with the literature (O(e))

Our results

Cd —5q €' 0

Ly = Sd e_Amd Cd €y
—Sd€b€71(¢Q+ad) _cdebef'“z’q ef“z’q

1 0
R;=(0 1
0 0

1
R,=1(0
0

0
0
et

0 0
1 0
0 e~ %a

Cq —§q € 0
Ly = Sqe ) Sp
—sqspe Haatda)  _cig o700 eTi¢
1 0 0
Ry = 0 1 :Z; Sp
0 —% spe P ei%a
1 0 0
Ro= [0 1 me'g,
0 —Deg e iba e itg

my

D. A. Faroughy, G. Isidori, F. Wilsch and K. Yamamoto,

<
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Comparison with the literature (O(e), while O(e, €?) for 23,32 parts)

Our results

cq —§q € 0
) Ly = Sq e Cq Sp
Cd. —8q €' 0 sy sy e H@atdd) el s eTite o—it
Lg = Sq e td Cd €p
—sgepeHPataa)  _c g emi®a e 1 0 0
Ry = 0 1 :Z; Sp
1 0 0 0 —Msg, eifa =it
Ry = 0 1 EsEpCy) my 20 ¢
0 —esepcqe” % e
s€bCd 1 0 0
me
1 0 0 R,= |0 L my St
Ru — (o 1 X6c€t615 0 7% Sy 6*l¢q e*ld’q
0 *X€c€t€7i(¢‘7+6) e_i¢q

D. A. Faroughy, G. Isidori, F. Wilsch and K. Yamamoto,

< 2005.05366
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Two-step matching

e Matching with Standard parameterization
> P ==y e =P —0.0s=pp —gx=y=—z2=a=b=—-c=1

c12€13 5 $12€13 ;s size”"
Vekm = | —s12¢23 — 0128233136(; C12C23 — S12823513€" 5 523€13 | »
$12823 — C12C23513€" —C12823 — S12€23513€" 23C13
ue) Cu Su e H-0-d+02)
L Cu B B 9
VCKM = _Suez( '5 Ppt+o2) Cy€ 2(64’?17 #2) X Tt —+ O(e )
_sdxbte_l(ad"'d’b_(z)z) _Cdl'bte_z(qsb_(’bZ) 1
o Then matching with Wolfstein parameterization
» further choose ¢, = ¢p — ¢
Cy Sy Azpype(=0+9)
A ~Su } Cu XTot
_(xe —Ccdsu)irbte —Cdebtew 1
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Two-step matching

1—22%/2 A AX3(p —in)
Vokm = -2 1—X2/2 AN? + O\,
AX3(1 — p —in) —AN? 1
Cy, Su )\xbte_i(_e'i"é)
Vg}g\){ _ —Su . Cu XTbt + O(e?)

by —i0 __ .
(e idsu)mbte _cdxbtezé 1
u

We set:
0 5, =\, cary = AN, e’ = AN3(p —in), and € = O(N\?) expected
o § ~ O(N\?), then tand = — 2% __ ~ O(X2) = 54~ O(N)

CdCu—SdSuCay
Then all the other matrix elements can be matched with Wolfstein parameterization
before the order O(\?)
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Comparison with the literature (O(e))

Our results

cq —sq el 0
iog La= Sd ei,md Cd Sb
I 5 eciimd _S(ée . 60_1:5 —54 Sb e—l(ad'f‘d’q) —Cq Sp e—l¢’q e—l¢q
d = d d b
—Sdébeii((bquad) —cdebefiqﬁq eii(qﬁq‘i’é) 1 0 0
Ry = 0 1 :ZS Sb
10 0 L e My
Ry= (0 1 0 ) 0 —Jespe '@ et
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me
10 0 R,= |0 L s
R, = 0 1 '(g 5 0 —% Sy e a e~ i9q
0 0 e et
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Comparison with the literature (O(e), while O(e, €?) for 23,32 parts)

Our results

cq —§q € 0
: Ly = Sq e ' Cd Sp
_ Qg 0 . s g
Lg= Sd ecgiad Sdcj ebe—i5 —SdSp € Uaateq) —cqspe 1 eTi%a
_sgepe—H9atea)  _ciqemita o—i(datd) 1 0 0
R;= |0 1 e gy,
1 0 O d m —'qu m_bl¢
- 0 —Z=g,e 'Pa g7 'Pa
Ry = (0 1 _ esebcde_l‘s) my, 70
0 7€S€b0deiz¢q e*l(¢q+5) 1 0 0
me
1 0 0 R,= |0 1 ' m; St
R,=10 1 XEcEt 0 —Mesy e P 7%
0 7Xecete*i(¢q+5) e~ g +0) !

D. A. Faroughy, G. Isidori, F. Wilsch and K. Yamamoto,
< 2005.05366
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Operators in 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,

Min-Di Zheng (SRNU)
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Wilson coefficients in SMEFT

Flavour basis:

Q) =yl ) (@7 a1), O =l 1) (@7 ),
Qledq :(lper)(dsqg)

[A Norst ~ [Af’)]p L= (“ll+auVVl :szz) “ (aqq+aquvq gcqvq>
TS q 1pTSs ,
pr st

Al a z: V] a,
Ao 1V zgAl Alzy v)
Ase rst — X daq’q
[ : dq]p ! (follAe :E/e )pr (xqvjl ‘Tél st
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Wilson coefficients in SMEFT

Flavour basis:
05 =(lyyul) (@7 ar). O =(lyum 1) (@7 ),
Qledq (l er)(dsqg)

(1) L IAB® _ a”+a”VV iV aqq—l-a VVq xqVy
A o 4 s = (5 2T T) o Bl )

q
Tele TV zaAl - Al V,
[Atedqlprst = (%TxllAe 2 )W X <ququi dxélq q) )
Mass basis:
Hded 0 — koK caepe ™
(Ddrdeyt = [ 0 T4€s —ksbcdebe_if
0 (zq — KLy )caesene™  xl+ (—kgp + )€l

where Kqs = Viq/Vis, ks = ) — ’i_Z’ K, =, — %
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Numerical discussions

The B — K™, B — Kvi and K — mvi decays described by

4Gr «
\/f o (MLl 5O sa + Ms LisOfps + NisLoOo] + hic.,

Lot =
where N, = ViV, O = (diyud]) (7E7vf), Oy = §(S17br)(E4"0)

General structure of quark sector in flavour basis:

T 13)]St_ (aqq+a VVq quq>
st

*V;] a:]
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Numerical discussions
General form:

lq * /
$q q CLq ot
. _ 1 _ ~LL Vv _ ok LL
o ()i agg=ay=Cyp, ay, =0, zg=2x;=|1|Cyy
.,V ko _ YLL _
o (d): ay, =wg =y =ay,=Cgy, agq =0
. o — Vv _ ¥ _
o (4): agq ay = aq, g, =0, xq| Vgl = xq|V:1] = ¢
5.0 2107 0.0 210 ~05
2.54 —0.24
—0.6 4
2.0 o4
15 ~0.6 —07
33 10+ 33 5
§) O 0.8
4 —0.8 4
05 —1.0 4
0.0 4
-1.2 -0.9
057 —1.44
-1.0 T T T T T T -1.0
0.0 0.5 1.0 1.5 1.0 1.5 2.0 2.5 3.0
x10~! x10~1
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Numerical discussions
General form:

1,3
[Tl e =
(4): agq — ag = aqg, a}zfq =0, 4|V
(1): agq — a; = Qq, al‘I/q =0, x4Vl =
5
— 3dof
. * SM
S — 2d.of
-
=g
1 *
0 T T
0 1 2

BR(K*+—rtuv)
BRKT>rtw)sar

Min-Di Zher

Ggqq + a}{qqu}f zqVq

iV
=zy|Vyl = e
33:;|Vq| = Zq

BR(Kt—=ntwv)
BR(K*—mtvv)sy

s-Strait 2026
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q st

3.0
— 3dof
2.5 1 * SM
—— 2d.of
2.0
1.5 1
1.0 1 *
0.5
0.0 T T
0.0 0.5 1.0 1.5
BR(B"=K*77) B B
BR(BYSK*1T)sm = £ Dade




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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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.
Min-Di Zheng (SRNU) Cross-Strait 2026 26/ 1
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Wilson coefficients

(1) @, _( a =V ag - x4V

xI] {’l Qaq AT Td, [/
[A X avedra
ld prst <x7‘IT CL; >pr <‘ququ Ay “:1 ) )
s
2qVyq Qe AlzaV,

X
(*w 0, (e, 22Y),

AlxezVE) " a Az, V,
)
a/e pr ‘/lIdequ a/él st
A Vi
[Aledq]prst = (‘/lTxLAC ! )

e
L 3 TeA 1V Ty Ay x4V
[Al(e;u]Prst ~ [Al(e;u]pTSt - (WT;ZleAe iL‘/ )pr . (VWLQCJr A ;;q> st ‘

ed prst
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Rotating to the mass basis

Ql (p'Y;Ll )(QS'YMQt):
210 2
. a; — seleeZT Ce562k[7— 2 Sekir€r
ee !
I = | —cescky €5 a;— ¢ le o celeeT ,
Sekir€r celeeT ay + k:lT l
2 2 !/ *
- Gq — Sg qbeb _Cdsdk%bde;b SqubKdSGb
!/
e = cdsdk bdeeb Qg — Cqubeb Cqubﬁb ) y
/ /
Sdk‘ bdeeb cqubeb ay + kqbeb
a; 0 0
vw=|(0 xaz ;/ef ,
L
0 €r a;
2 (2mgep —i(6—0 ngsb
— M 217 + Tgq€t) —Axe « )'52 (522 + Tgq€t)
I _ 5—6 T € x
rev = —Axez( e, (=22 + 24q€1) — X (2 @ —I—xqqet)
— 9 g5b —id ﬂcgEb
’ "' Tqq€t) xe " ( + Tgq€t)
Wherele—al—al—i—“ e =a;— al—i-% kgp = aq — af]—i— k’b—aq

Cross-Strait 2026
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/\6%9( T + Zgqt)
xe' (Iqu + Tqq€t) )
ay + et(Q—x‘le— + Tgq€t)

/
a—|— y Lgg = Qg — Q

q

28 /1



Rotating to the mass basis
Qieaq = (e ) (s ):

) Te€e 0 —kyrSc€r
[ece — 0 Te€y —kyrceer y 7
! 2
0 (fl?e kuT)CeeﬂeT Te + ( kﬁ”’ + J €
. Tq€d 0 ksbKdSCdEb
(Pddeyt = [ 0 Tg€s ksbcdﬁb
/ /
0 (:Ed — ksb)cdeseb Ty + ( ksp +Za
TeCe€e —TeSc€y 0
Tve — | zeseee TeCe€p g—ie,. ,
! /
0 —k) ce€per x,
€T !/
TaCu€d TgSu€s ca(su + cu i) (S2en — Tyer)
A xT !/
(Pdur)t = | —wasuéa TdCy€s ca(cu — suKy,)(Then — wger)
!
/ ! x x 2
0 —cgkyeres + xgcqeres Ty + z—zebes — Tdet
— a3/ xy _ A/ zq /o Tel VY Tdq
where Ky, = ‘/td/‘/tsa km‘ =T~ 50 ksp = Ty — & kur =T — ﬁa k;sb =Tq— oy
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Numerical discussions

10 0

a, x10¢ a, 104 o

~10 ~0.5 00 05 10 ~10 -05 00 05 10
aq g

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

b

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