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b — svi: exp & theory

Observable SM Exp Unit
B(B* — Ktvp) | 416+057 | 234575 106
B(B° — K%w) | 3.8540.52 < 26 106
" B(BT — K*tvp) | 9.70 4+ 0.94 < 61 o=
_)
S B(B° — K*vp) | 9.00 4 0.87 < 18 106
B(B, — ¢vi) | 9.93+0.72 < 5400 106
B(B, — vi) ~ 0 <59 10—
B(BT — wtvp) | 1.40 £0.18 < 140 10~7
B(B — nvw) | 6.52+0.85 < 900 10°8
b—d B(Bt — ptvw) | 4.06 +£0.79 < 300 107
B(B® — p°vi) | 1.89+0.36 < 400 10~7
B(B° — vp) ~ 0 <14 10—
¢« > d B(K* — mtvp) | 8424061 | 10.67394+0.9 | 10711
B(K; — mvp) | 3.414+0.45 < 300 10~
-
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Why such a large NP effect has not shown up
in other b — s decays ?
inb — d,s — d decays ?
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b — svv: SMEFT

SMEFT

HEW

LEFT

=

QY = (H'D ,H) (3,7"q) ,

Qfy) = (H' DLH) (g7'7"a,),
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Qld — (l—pfylul'r) (JSVMdt)a
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constrained by Left-handed neutrino
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SMEFT

HEW
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Qua = (l_pfyul'r) (Js/y,udt)a

Ql(;) — (l_pfyul'r) (q_S/Y,U/qt) ;

01 = (L' 771L) (G Yuas)

operator structure highly
constrained by Left-handed neutrino

Observable SM Exp Unit
B(B* - Ktvp) | 416+057 | 234515 106
B(B° — K%w) | 3.85=+0.52 < 26 106
" B(Bt — K*tvw) | 9.70 +0.94 < 61 106
_)
S B(B® — K*up) | 9.00 + 0.87 < 18 106
B(B, — ¢v) | 9.9340.72 < 5400 106
B(Bs — vv) ~ 0 < 5.9 10~4
B(Bt — ntvp) | 1.40 £0.18 < 140 107
B(BY — nvw) | 6.52+£0.85 < 900 10~8
b—d B(Bt — ptvw) | 4.06 +£0.79 < 300 107
B(B° — pv) | 1.89 +0.36 < 400 107
B(B° — vD) ~ <14 10—
¢« > d B(K+ — ntvp) | 8.42+0.61 | 10.673%4+0.9 | 107!
B(K; — nvp) | 3.41 +0.45 < 300 10~
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Why such a large NP effect has not shown up
in other b — s decays ?
inb — d,s — ddecays ? NP flavour structure
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Minimal Flavour Violation

» Flavour symmetry without Yukawa

Gor = SU(3), ® SU(3)s ® SU(3)q

» Flavour symmetry breaking
—Ly =qY;Hd+ GY,Hu + h.c.

» Flavour symmetry recovering: Yukawa coupling = spurion field

Y, ~ (3,3,1) Yy~ (3,1,3)

» EFT with MFV: operators, constructed from SM and Yukawa spurion fields, are invariant under CP and G

f(A, B) for G7"Cq. f(A,B) = ¢yl + €A + €,B + e3A% + ¢,B° + ¢sAB + . ..

CM™V =< f(A,B)Y; for gCd, go"*Cd, A=Y Y
eol + YdTg(A, B)Y,; for dv*Cd, B — YdY;

v



Minimal Flavour Violation

» Spurion function

f(A,B)=¢yl + €, A+ 6B+ ;A +¢,B*+eAB+ ... ...

» Cayley-Hamilton identity for 3 X 3 invertible matrix X

1
X% =DetX -1+ 5[Tr)(Q — (TrX)?]- X + TrX - X?

» Spurion function after resummation

f(A, B) — 60]].—|-€1A + €3A2 + €5AB -+ €7ABA -+ 610A82 -+ 612A2 82 -+ 614BZAB -+ €15ABZA2
-I-EQB + 6482 + EGBA -+ GQBAB -+ €8BA2 -+ 61382A2 -+ 611A8A2 -+ 61682A2B.

» assumption #1: neglect tiny imaginary parts of ¢;

» assumption #2: neglect spurion B (suppressed by O(4))

f(A, B) ~ 60]1 + 61A + €2A2



Minimal Flavour Violation

» MFV coupling FCNC controlled by CKM

ol + €4, for d,y"Cd,

CM™Y = J epdy+ €A 4, for d;Cdy, d;o*Cdy A, =V22V
€ol for dpy*Cd, No Right-handed down-type FCNC !
» Numerics
0.8 —3.3— 1.0t 79.3 + 35.41
A, = | —3.3+ 1.5 16.6 —397.5+8.1i | x107*

79.3 — 35.41 —397.5 — 8.1t 9839.0

0.0021 —0.18 — 0.087 191.3 + 85.41
A, g = | —0.009 + 0.0043 0.88 —958.7+19.67 | x 107°
0.21 —0.10¢ —21.1 — 0.44 23728.1



b — svv: SMEFT with MFV

» Prediction

B(BT™ — KTvv) B(B"™ =+ K vv)s

<

— — 4 1 U.
B(B° - K*%vp) B(B° - K*vv)sm 046 %0.07 SMEFT
B(BT — K*vv) B(B"™ — K vi)sm 507 4 E 6
B(B+ — nmtvv)  B(BT — ntvd)sm
» prediction
BB — K i) = (9.00 £0.87) x 107°
0 0, — _ —6
RB(B° — K 'ub)ypy = (50777) X 10 Hiw
B(B? = K vb)e,, < 18 X 107°
LEFT
BBt = wtvd)g = (1.40+£0.18) x 1077
BB - mtvD)ypy = (7.8158) x 1077 u,

BBt - ztvp)... < 140 x 1077

exp

10

induce sbZ interaction,
Thus, universally affect

b—sete ,utu,t%c”

forbidden by MFV

one LEFT operator!



b — svv: SMEFT with MFV

» Prediction

= = (0.46 = 0.07

- — 297456

» prediction

~

(Belle Il excess (if confirmed in the future) implies:
- impossible to explain in SMEFT with MFV

- NP flavour structure is highly non-trivial

- NP structure in quark sector is beyond MFV
U flavour violation is beyond Yukawa coupling Y

BB — K i) = (9.00 £ 0.87) x 107°
BB" - K vi)ypy = (507]) x 107°
BB - Kvi),, < 18x107°

exp

} Inconsistent =i

+ + — —7
BB™ — nvb)gy = (1.40 £0.18) X 10 This conclusion only assumes the quark MFV.

BB - rtvD)ypy = (7.8158) x 1077 No lepton flavour structure is assumed.

BBt - ztvp)... < 140 x 1077

exp
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b — svv: exp picture

K+
™~
vV —o-I{ i Y(4S) @
_
7
A= _
Q) = (H'D H)(g0"q), SMEFT
A= _
Qppy = (H'i D L H) (37" 7"ar),
Qna = (H''D ,H)(d,y"d,),
Qg = (l_p'yﬂlr) (Js’)’udt%
Ql(;) — (l_p’YHZT) ((js’}/uq?t)
02 = (L r'1,) (37" v,:)
HEwW
LEFT
O = (s%PLb) (I/Z’Y'UPLI/J)
O’ = (57uPrb) (77" Prv;)
Hp

K +\
-0 @ «
o

Dark SMEFT
example
Qg2 = (_pd'rH) ¢’
Quy = (dpvudr) (X7"X)
Qaxz = (_pdrH)XuXu
Qoo = (FpYugr)0"a
Dark LEFT
Oug> = (drpdpr)d’
VLR = (drpvudir) (Xa¥"X0)
OdXX = (depyudir) X" X,
O = (de%dLr)(?“a
example

2011 Kamenik, Smith

2014 Duch, Grzadkowski, Wudka

2017 Brod, Gootjes-Dreesbach, Tammaro, Zupan

2021 Criado, Djouadi, Perez-Victoria, Santiago

2022 Aebischer, Altmannshofer, Jenkins, Manohar (basis@dim-6)
2023 Song, Sun, Yu (basis@dim-8)

Axion-like particle, see also H.Y.Cheng, Phys.Rept 1988

2020 Bauer, Neubert, Renner, Schnubel, Thamm
2023 Song, Sun, Yu (basis@dim-8)

2022 Aebischer, Altmannshofer, Jenkins, Manohar (basis@dim-6)
2022 He, Ma, Valencia (basis@dim-6)
2023 Liang, Liao, Ma, Wang (basis@dim-8)
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b — svv: DSMEFT

~

Can DSMEFT operators explain the Belle Il excess,
while satisfy other b — s bounds ?

~

\—

Observable SM Exp Unit
B(B* — K*tvp) | 416+057 | 23451 10—
B(B° — K%w) | 3.85+0.52 < 26 10—
B(BT — K*tvi) | 9.70 +0.94 < 61 10—
B(B° — K*%up) | 9.00 4 0.87 <18 10—

B(B, — ¢v) | 9.93+0.72 < 5400 10—

B(B, — vi) ~ 0 <5.9 10—
B(BT — wtvp) | 1.40 £0.18 < 140 10~7
B(B — nvp) | 6.52+0.85 < 900 1078
B(B*T — ptvi) | 4.06+0.79 < 300 10~7
B(B° — p°vi) | 1.89+0.36 < 400 10~7

B(B° — vD) ~ 0 <14 10—
B(KT — ntvp) | 8424061 |10.6739+0.9 | 107!
B(K; — n%vp) |3.41+0.45 < 300 1011

HEW

Hp

K+
. @i B* Y(45) @
/

Dark SMEFT

Qqa = \9pYuqr
Dark LEFT
_ _ R
Odqb — (dedR'r)¢ + h.c,, Oéd — LpW’udLr) (7/¢1 o" ¢2)7
Oy = (drpYudir) (Xa¥*X0), O = (drpYudrr) (Xa¥"X5)

(
(

Oix = (drp0udre) X1 Oixx = (drpvudir) X X,
O, = (dryyudrr)0*a, (
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Dark SMEFT: Scalar
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Dark SMEFT:
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ark SMEFT: Vector
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Dark SMEFT with MFV

» MFV coupling b — s,b — d,s — d are connected with each other.

ephg + 1A Ng  for Q; = Qup, Quw2, Qarrx, Qarrxz, Qax2,
MFV - - 1,3
C;m " =4 el+ A, for Q; = Qygs Loy Laxxs Loz xr CDgx2, Lox; Qg—[q))(" Qqas

ey 1 for Q; = Qsd, Day; Lixx, Lz x> Lpaxz, Lix, Lrdx, Lda; 8 operators are eliminated
» Numerics
0.8 —3.3—1.5t 79.3+ 35.42
A, = | —3.3+ 1.5 16.6 —397.54+8.13 | x 107*
79.3 — 35.47 —397.5 — 8.14 9839.0
0.0021 —0.18 — 0.082 191.3 + &85.41
As g = | —0.009 + 0.0047 0.88 —958.7+19.67 | x107°

0.21 —0.102 —21.1 — 0.44 23728.1
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Dark SMEFT with MFV: Scalar, ALP
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Dark SMEFT with MFV: Fermion, ALP

Fermion Axion-like Particle
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Dark SMEFT with MFV: Vector
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Dark SMEFT: dB/dq*, F; o = 00 MeV
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All the operators are distinguishable from each other by combing these observables, except QqXX and Qqug
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Dark SMEFT: dB/dq?, F,
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All the operators are distinguishable from each other by combing these observables, W
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HadronToNP:a package to calculate decay of hadron to new particles

CO“CIUSiOn B— K+DM, B—p+DM, Ay—> A+DM,Y - DM, ...

D—z+DM, D— p+DM, E — E+DM, J/y — DM, ...

SMEFT Dark SMEFT Observable SM Exp Unit

B( BT — Kt 1/17) B( BT = KT wj)SM B(Bt — K*vp) | 416+0.57 | 23+£5% | 1076
B( BO _ K*OVD) — B( BO K*OVI/)SM = 0.46 £0.07 B(B° — K%w) | 3.8540.52 < 26 1076
B(Bt — K*tvp) | 9.70 £ 0.94 < 61 10

B(B+ — K+Vp) B B(B+ — K+VD)SM 907156 B(B° — K*%u) | 9.00 £ 0.87 <18 10—
B(B+ = ntvi)  B(BT = ntub)sy 0 B(B, — ¢vr) |9.934+0.72| <5400 | 107
B(B, — v) ~ 0 <5.9 104

B(B* — ntup) | 1.4040.18 < 140 107

B(B° — v 6.52 &+ 0.85 900 1078

" Belle Il excess (if confirmed in the future) implies: ﬂ S Dot I
- impossible to explain in SMEFT with MFV LEI]-'E'VI'V Dark LEET B(B® — pvi) |1.894+0.36| <400 107
- NP flavour structure is highly non-trivial B(B® — vv) ~0 <14 107
- NP structure in quark sector is beyond MFV B(K™ — mtvp) | 8.42£061 | 10.6755£0.9 | 107"
B(K; — mvp) | 3.414+0.45 < 300 1071

\ flavour violation is beyond Yukawa coupling y

All DSMEFT operators survive in general and MFV
u, dB/dg* and F; are useful to distinguish them



