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» Expvs SM [1079]
BBT - KTvb)g = 4.16 £0.57
N L P 2.70 difference
BBT - K vv)exp =23x7 NP/SM > 2
BBT = K vo)... > 10 (20 lower bound)

exp ~

» Theoretical prediction

e )

Factorlzatlon_ theoretically, simple and clean
o x Cp-(K|5y*b|B) - Dy v one of the cleanest channels in

L Wilson coef quark current  neutrino current  flavour physics D

i - ™)
O, = (5P, b)(vP,v) X
Or = (57,Pgb)([0y*Pv) possibleinBSM O = (5Pxb)(0PRr) X

Or = (50,,b)(0c"v) X
operator structure highly

(0, = 57,Pb)(BY*Py) in the SM

constrained by LH neutrino @TS — (EGMUVSI?)(DG’WU) xJ
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» Expvs SM [1079]

BB+ = K*ub)gy, = 4.16 + 0.57}
BB = KTWi)gy, =23 17
BBt - KTvb)

exp ~

» Theoretical prediction

2. 70 difference
NP/SM > 2

2> 10 (20 lower bound)

- ] ]
Factorization

o «x Cp - (K|3y"b|B) - y,v

Observable SM Exp Unit
B(B* — Ktvp) | 416+057 | 234575 106
B(B° — K%®w) | 3.85+0.52 < 26 106
" B(Bt — K*tvw) | 9.70 +0.94 < 61 o=
_)
S B(B® — K*vi) | 9.00 4+ 0.87 < 18 106
B(B, — ¢vi) | 9.93+0.72 < 5400 106
B(B, — vD) ~ 0 <5.9 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° — pv) | 1.89 +0.36 < 400 10~7
B(B° — vp) ~ 0 <14 10—
¢« > d B(KT — ntvp) | 8.4240.61 | 10.67324+0.9 | 1071
B(Ky, — m°vp) | 3.41+0.45 < 300 1011
—

\_

Why such a large NP effect has not shown up
in other b — s decays ?
inb — d,s — d decays ?

- Wilson coef quark current neutrino current

~

theoretically, simple and clean
one of the cleanest channels In
flavour physics y

(0, = 57,Pb)(BY*Py) in the SM

operator structure highly

0, = GP,b) TP, ) X

Or = (57,Pgb)([0y*Pv) possibleinBSM O = (5Pxb)(0PRr) X

Or = (50,,b)(0c"v) X

constrained by LH neutrino @TS — (EGMU}/SI?)(DG’WU) xJ
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SMEFT

HEW

LEFT

=

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

Qfy) = (H' DLH) (g7'7"a,),

Oya = (H''D ,H)(dn"d,),
Qld — (l—pfylul'r) (JSVMdt)a

Qi) = ([") (@svua)

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

OZiVj — (E’YMPLb) (Iji’YMPLI/j)
Og” = (57.Prb) (77" PLv;)

operator structure highly
constrained by Left-handed neutrino

Bause, Gisbert, Hiller, 2309.00075

||||||||||||||||||||

LU region
EFT region

B (B+ — K+z/z7)
SM

Bellell I

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

- B(BY = Ktww) = AKX zT

/ /
zE=)|Cy £C 7,
v,V

Bause, Gisbert, Hiller, 2309.00075

Allwicher, Becirevic, Piazza, Rosauro-Alcaraz, Sumensari, 2309.02246

Chen, Wen, Xu, 2401.11552
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SMEFT

HEW

LEFT

QW) — (HY'D ,H) (4,7"a,)
Qfy) = (H' DLH) (g7'7"a,),
Oya = (H''D ,H)(dn"d,),
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~
-

_

Why such a large NP effect has not shown up
in other b — s decays ?
inb — d,s — ddecays ? NP flavour structure

_




Minimal Flavour Violation

» Flavour symmetry without Yukawa

Gor = SU(3), ® SU(3)s ® SU(3)q

» Flavour symmetry breaking only from SM Yukawa
—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™ = ¢ f(A,B)Y, for gCd, Go™Cd, A=YY;
eol + YdTg(A, B)Y; for dy*Cd, B — YdY;



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 @(/15))

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 + 85.44
Ay g = | —0.009 + 0.0043 0.88 —958.7+19.6i | x 107°
0.21 —0.10¢ —21.1 — 0.44 23728.1
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» Prediction

M W Z% + 2 1 = _
2Ego __:[]((*OZZ; = Zigo :II({*OZZ;SM = 0.46 = 0.07 QELIZ] = (HnglLH) (qp'y“q,,,) :
SM . —
B(B* Tvv)  B(BT +uD) e Qly = (H' D L H) (4,7'7"q;),
BT — K vv BT — KTvi)gum <= -
= =29.7+ 5.6 = (H'D ,H) (d,~"d,),
BB > nton) BB s nrod)sy 00 Qna = (H'i D ,H) (dy7"d;)
- e Qi = (L,7"1,) (dsy,d:),
» prediction ia = (17"1:) (ds7,ue)
Ql(;) — (lpfyul'r) (q_s’Yth) )
BB - K b)ey, = (9.00 £ 0.87) x 107° 0 = (Tyhr'L,) (G vuas)
0 *0, = _ 17 —6
B(B? — K vd)ypy = (50*17) x 10 Hiw
BB = K vb)e,, < 18 x 107°

LEFT
BB+ — ntud)gy = (1.40 £ 0.18) x 107 O’ = (57,Prb) (iy* PLv;)

BBt - mtud)ypy = (7.8758) x 107

~2.6
B(BT — xtuD)

Hp
< 140 x 1077

exp

induce sbZ interaction,
Thus, universally affect

b—sete ,utu,t%c”

forbidden by MFV

one LEFT operator!
just the SM operator

10
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» 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

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

exp

} Inconsistent =i

U flavour violation is beyond Yukawa coupling Y

+ + — —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

11



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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~

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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ark SMEFT: Vector
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Dark SMEFT: Fermion, ALP
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All the operators survive from the constraints of the various FCNC decays.
In the future, all the parameter space to explain the Belle Il anomaly can be covered by combing the Belle Il

(e.g., B’ > K" + inv) and CEPC (e.g., B, — ¢ + inv and B, — inv) measurements.



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+ 35.47
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

10

10

—4

L1 11l
=
Sy
+
1
=
+
&

\\
oN
=
1
e
=

l]\

Qd¢> = (%}drH)qb

0 1000 2000 3000 4000 5000
mg [MCV]

LILEL | L L | L LILEL | L LILEL | IIII 1 | 1

—— B(BT =K ¢9)
—=- B(B"=K%¢)
(BT —=K"" ¢9)
(B"=K*¢¢)
(BT —m ™ ¢¢)

(B =)
(BT —p " o)
(
(
(
(
(
(

LA
\N
L1 11111

o)

- B

I 1
\
\
\
\
\
N
N
\55
‘-5__-_——
M_ -
\\\
1
|
|
o))
™

o
Sy

1
i
1
1
]
1
]
1
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
Ll
1
1
(oM

nmrmwrrra
1
1
| -

1
|
-

-=- B
—_— B
-—- B

B p°p¢)
B,—¢9)
B’—¢9)
K*—rt¢9)
- B(K,—7%¢)
B(B;—¢s9¢)

-
-
-
-
-
-
-
e
—————_
-
——
e ——

[l
" —

4

Ll
(oM

Qd¢>2 = ((jpdrH)(ﬁZ i

0 500 1000 1500 2000 2500
mg [MGV]

all the operators survive
some ones highly constrained

Qg = (@pyua,) i10" )

500 1000 1500 2000 2500
mg, [MeV]  (mg, =my,)

vV T TT1T1TTH

~
~
~
-~
-~
-~
-~
-~

L il

’/
-
-
-
-

-
-
-
-
____—
-
-

Q¢>q = (@)7%%") (Z¢15M¢2)

SN

| |
SRS
_~ N~ = N N N N~ N ~ —~

0

500 1000 1500 2000 2500
My, [M@V] (m¢2 = My, + IOOOMGV)

BT K™ ¢9)

- B(B'—=K%¢)

BT —K** ¢9)

- B(B'=K"¢¢)

oN)
Sy

Tt o)
B —71%¢)
BT —=p* ¢p)
B’—p"¢9)
B,—¢9)
B—¢9)
B,—¢,6¢)
T—¢p)

Q¢q = (QPVMQr) (Z(bl 5u¢2)

500 1000 1500 2000 2500
My, [MGV] (m@ = My, + 2OOM€V)

|

Qg = (@p7,a,) (i10" )

0

500 1000 1500 2000 2500
Mg, IMeV | (m¢2 =My, T+ 2000MeV)

oy oy

]
e N e N e e e N e e N T

Bt K™ ¢9)

- B(B'=K%¢)

o)
Sy

+ —)K* + de))
B K*0p¢)

M o))
B —71%%¢)
BT —p*¢9)
'—=p pp)
B,—¢9¢)
B’—¢9)
B,—¢,6¢)
T—¢9)

oy
Sy

o
Sy

18



Dark SMEFT with MFV: Fermion, ALP

Fermion Axion-like Particle
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Dark SMEFT with MFV: Vector
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u J — B(K*—ntXX) o 4 — BK*—=n7XX) [ 1 — B(YT—XX) . 1|— B(Y—XX)
=== 1/--- B(K—m"XX) I —— 1 -- B(K;—m"XX) e 1 T 1
10’ : 4 s 0’ B JI e D — 10’ s
C N N - - 2= (g H)X!'XY H - 2 =(q H)X{'X} 1
- Qanx? = (G0, d, H) X{ X3 |1 - Qanx? = (G0 ,ud, H) X{ X3 |1 ;I AR |Q.UZH.XI .(q?JI:Vd.T .).1| 2. Pl L1 |Q.dH.XI .(qfaﬁ.Wd.T .).1| 2.
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all the operators survive, some ones highly constrained 20



Dark SMEFT: dB/dg?

/r

Q bg —— Opgx?

Qg Qx>

Qo — Qunx?

Qoxx Qags Lamx, Lgx QS@?B, Qu

Quxx — SM
——\

mpy = 700 MeV \ \

Difficult to distinguish the DSMEFT operators by considering only the B~

2 [GeV?]

dB(BT —K™* +DM)/dg* [GeV ]

10

10

10

10

mpmy — 1500 MeV

—— Opgx?
Qx>

— Quux?

ngba QdHX) Qar QS&?(), Qqa

SM

5

(GeV?]

— K*uv decay. However,



Dark SMEFT: dB/dq*, F; o = 00 MeV

LA L L L L L L L L O L L L L L L L B 1.0 Frr [T T T T [ T T T T [T T T T [T T T T [T T T T [T T T T [T T T T
. — Qg — Qumux> - B — Qg —— Opex?
- - Qg — Qu T 0.9 F Qg Qix? | -
CI\Il_l 1()_4 _ __ — Qi — Qunx A - — Qi — Qanx* -
C% : QQXX Qqa : % : QqXX :
N - — Qo —— SM - O 07k -
'g B Qax ] —~ E E
~— 2 - -
— 5L _ 0.6 —
= 10 F _ : - -
AP — 1t F :
+ - - T 05[¢ .
Lo T ol :
T - 0.4 -
s 10°F ~ - 3 . -
- : . 2 03 -
m B ’ = _ -
T I | _ i :
0.2 - -
mpmyv — 700 MeV B mpmy — 700 MeV i
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q¢° [GeV?] q¢° [GeV?]

All the operators are distinguishable from each other by combing these observables, except
QdX2 and QDqX 29



Dark SMEFT: dB/dq?, F, iy = 1500 MeV

L=
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and U vy

All the operators are distinguishable from each other by combing these observables, except 3
Y2 an 53



Conclusion

K+

B—K+DM, B— p+DM, A, > A+DM, Y — DM, ...

D —->7+DM, D—-p+DM, E. - E+ DM, J/y - DM, ...

" HadronToNP: a package to calculate decay of hadron to new particles A

to be finished
_

\
v—o0I N Y (45) @
/

%

SMEFT
+ +,5 + + 5
B(BT™ — KTvv) B(B™ — K vi)su 046+ 0.07
B(B° — K*up) B(B° — K*vi)gy
B(Bt — KTvp) B( — K vb)gm 907 L E6
B(B+ — ntvi)  B(Bt = mtui)su S

(Belle Il excess (if confirmed in the future) imp
- impossible to explain in SMEFT with MFV
- NP flavour structure is highly non-trivial

- NP structure In quark sector is beyond MFV
" flavour violation is beyond Yukawa coupli

~

lies:
HEW
LEFT
INg J
Hp

.
K ~_
@; B* Y (45) @

Dark SMEFT

All DSMEFT operators survive in general and MFV flavour structure

dB/dg* and F; are useful to distinguish them
future work: interplay with DM direct detection and relic density

Observable SM Exp Unit
B(Bt — K*vp) | 4164057 | 23+£5% | 1076
B(B° — K%w) | 3.85+0.52 < 26 106
B(Bt — K*tvw) | 9.70 +0.94 < 61 106
B(B° — K*vi) | 9.00 4 0.87 < 18 106

B(B, — ¢vi) | 9.93+0.72 < 5400 106

Dark LEET B(B, — vD) ~ <5.9 10—
B(Bt — wtvp) | 1.40 £ 0.18 < 140 10~7

B(B° — nvi) | 6.5240.85 < 900 107°

B(BT — ptvr) | 4.06 £0.79 < 300 1077

B(B® — pvi) | 1.89 +0.36 < 400 10~7

B(B° — vD) ~ < 1.4 10—

B(K*t — ntvp) | 8.4240.61 | 10.675940.9 | 1071

B(K;, — m%vp) | 3.4140.45 < 300 1011
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b — svvandb — st

B.F.Hou, X.Q.Li, M.Shen, Y.D.Yang, XBY, 2402.19208

» Prediction
B(BtT — KTvp)
B(BY — K*0up)

» prediction
BB - K i) = (9.00 +0.87) x 107°

BBY - K WD)y ppr = (SOf}g) x 1076 ‘:> |
. conflict
BB > K %), < 18%x107°

exp

Bt s K+ui
_B(B™ = K™vl)sm _ 46+ 0.07
B(BY - K*0vp)gum

» Only @g’) is relevant with R

» O, can explain the B* — Kvv data

jiand Oy ;

» They can’t improve the b — s fit
» 0y, and Oy, worsen the fit.
» 0y ;: and Oy,
.0,

» O, also induce O,

weird

4 With 7 = j = 7 has no effect.

and Oy ;; with i # j (i.e. LFV) has no effect.

4

]

SMEFT

Hp

induce §bZ interaction,
Thus, universally affect

b—sete ,utu,t%c”

one LEFT operator!
just the SM operator

0y ; = (by"Prs)(Z 7, )
O;0.;i = br*Pes)(Z 15t

20



Backup

Qd¢ — (qurH)¢ + h.C., Qd¢2 = (qu H) ¢2 + h. C.,
_ I =
Qsq = (Gp1uar) (110" ¢2), Qpa = (dpyudy) (i1 0" q/)g) (4.2)
qu — ((jp')/uqr) ()—(’Y'UX)a de — (JPVMdT) (X’YNX)’ (43)
Qinx = (Qpauvdr)HXlw T h°C°7 (44)
)
_ -~ (mx/ A)2 for Q; = QdX27 QDdX27 QDqX27 QdHX27
= H — (HT H Ci=0C;- 4
Qux = (dpyudr) X", Qi;iX (H'H) (dpy"dy) X, (mx/A)  for Q; = others.
Qux = (QP'YMQT)Xuv QHqX = (HTH) (QP’YMQT)XW
Qux> = (Gpdr H) X, X" + h.c., 0% x = (H'7' H) (7' v",) X,.,
QqXX — (_p’Y,LLQT)XMVXua QdXX — (—p’)/,ud'r)Xw/Xw
QqXX — (_p'Yuq'r) XXy, Qixx = (dp’Yud"‘)X Xy,
Opex2 = i(q*D"q) X, X, + hec.,  Qpax2 =i(dyy*D"d,) X, X, + h.c,
QdHXZ ( JNVd H)X'MXV—I—hC (4 5)
Q (qp’y,,,qr)a“ Qio = (Jp’yudr)a“a, (4.7)
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Backup

Qu¢2 = (g’dﬁ)ﬂﬁz —|— h.C. — Bt 5 Kt¢

Qu)(z

BY" - KtX

= (quH)X, X" +h.c.

104 10" =

Bt —- wt¢

Kt 5> nt¢

' ' v [ ' [ ™ —— B’ - K% ' T | T ™ —— B° _, KOXx
. Bt — K**¢ ; ; Bt — Kt*X
1 — BY 5 K% i ] — B 5 KX
1 — B. — ¢¢ - 1 = Bs =99

Bt — nwto

E 107 ¢ E

1 — B -5 7% - i — B’ —» n%¢
. Bt — pte - ’ Bt — pt¢
- B? — pY¢ - . B° — p%

Kt 5 nte

2
~ 10 ‘: — K, = 7'¢ ~ ]_()8 - 4 — K. - %
- 1 ~—— DarkSide >< C 1 —- DarkSide
Q.SS - 1 —= CRESST = - ] -- CRESST
--------- ] D i 7
1 - : '.
].O E 107 \-
- E -

ek
S
o
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very preliminary result for top-philic DM

LI llllll

-

28



Backup

One can also apply the MFV hypothesis to the lepton sector. However, since the
mechanism of neutrino mass generation is still unknown, there are different ap-
proaches to formulate the leptonic MFV [73-79]. Here, we consider the realization
of leptonic MFV within the so-called minimal field content (73, 74|, in which the
neutrino masses are generated by the Weinberg operator. In this case, the Yukawa
interactions in the lepton sector can be written as

1
2A1N

where [ denotes the left-handed lepton doublet with the charge conjugated field given
by ¢ = —i7v,l*, and e is the right-handed charged lepton singlet. Ajx denotes the
breaking scale of the lepton number symmetry U(1)n. Ye and Y, stand for the
3 X 3 Yukawa coupling matrices in flavour space. In the absence of these Yukawa

~AL=eY.H'l+ (I°r2H)Y, (H"5l) + h.c,, (2.18)

couplings, the lepton sector respects the flavour symmetry

Grr = SU(3), ® SU(3).. (2.19)

finite polynomial of A, and B,. After neglecting all the terms involving Bé, which are
suppressed by the small lepton Yukawa couplings Y,, we obtain

CMFv =~ Ko + K1As + K)zAg, (2.21)

where the coefficients kg 12 are free real parameters. In the numerical analysis, we
keep only the leading lepton flavour violation term A, for simplicity, i.e., ko = 0.
Turning to the lepton mass eigenbasis, the current [4*Cl gives in the MFV hypothesis
the following interactions:

éL’)’M(I{()]]. + K,()Ag)eL + 17L’)’“(K,0]l + Iioj\lzj)VL, (222)

where the basic LFV coupling A; can be obtained from A, and takes the form

A, = UNUT, (2.23)
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