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b — s*¥ decays

see also Yue-hong Xie’s talk
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» Flavour-Changing Neutral Current (FCNC)

> Tree-level: forbidden —> Sensitive to New Physics
» Loop-level: suppressed by GIM, & < 6(1079)

» Many observables: branching ratio, angular distribution, LFV ratio
» NP effects can be sizable compared to the SM amplitude
» This transition is LFU in the SM



b — s : theory

» Effective Hamiltonian
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b — s : observables
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b — s¢ anomalies@mid.2022: branching ratio
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b — sC¢ anomalies@mid.2022: angular distribution
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» Similar deviations in the 2 modes

1 » Theoretical Uncertainties:
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b — sff anomalies@mid.2022: lepton flavour universality ratio
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b — s¥ anomalies@mid.2022: lepton flavour universality ratio
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b — sf anomalies@2023

» New CMS measurements on B, — p™ i1~ (axxiv: 2212.10311)
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» New LHCb measurements on RK and RK* (axXiv: 2212.09152, 2212.09153)
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b — sf anomalies@mid.2024

» Angular analysis of B’ - K %¢*e™ at LHCb
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Flavour anomalies: New Physics interpretation

» b — s anomalies Hnp

- branching ratio: (B, — ¢pu*u"), ...

- angular distribution: P in B - K*u*u—, ...
. SMEFT: SM Effective Field Theory
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b — s global fit
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b — st global fitand (g — 2),

Recent Global Fit
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(g HE 2)” a,=(g—2)/2 see also Shu-Min Zhao’s talk
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Data-driven
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CO"ider Sea rCheS see also Zhi-Jun Li’s talk

ete” (pp) = WU uTH”

can be searched for at BESIII, Belle Il, STCF
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Collider Searches: vector
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Collider Searches: scalar

gs
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Motivation and idea
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J. F. Kamenik, Y. Soreq, J. Zupan, PRD97 (3) (2018) 035002

Top-philic Z, mOdeI P. J. Fox, |. Low, Y. Zhang, JHEP 03 (2018) 074

X.Q.Li, Z.J.Xie, Y.D.Yang, XBY, PLB 2023

» Gauge group: SU3)- ® SU2); @ U(1)y ® U(1)’ » Mass matrix
» New fermions: vector-like top partner U; , ~ (3,1,2/3,q,) " c y T
» Lagrangian: quark sector i 0 0
Lint :()\HQ;;LI:IU:;R + )\@Uiu;gR(I) =+ MU}’;U& + h.C.) 8 0
+ g9t (Up*UL + Upy*Ug) Zys 0
» Comments ”
> interaction eigenstates mixing between f and T’

» Assuming only 3rd-gen SM quarks mix with the top partner
» \Vector-like top partner + Z’

» Rotation from the interaction to the mass eigenstate

(tL> . (COSHL —SineL) (’U,3L>
Tr ] \sin6 cos 0 U’ m
- - - b tanfy = —ttanHR

tR o COSOR —SiIlHR U3 R mr
Tr) \sinfg cosOp Ur

mass interaction
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Top-philic Z' model

» Gauge group: SU3)- ® SU2); @ U(1)y ® U(1)’
» New fermions: vector-like top partner U;  ~ (3,1,2/3,q,)

» Lagrangian: quark sector

Lint :()\HQ;;LI:IU:;R + )\@Uiu;gR(I) =+ MU}’;U& + h.C.)

+ qr9¢ (U UL + Upy*Ug) Z),

» Comments
> interaction eigenstates

» Assuming only 3rd-gen SM quarks mix with the top partner

» \Vector-like top partner + Z’

» Rotation from the interaction to the mass eigenstate

tL . COSHL —SiIl@L Uusry,
Ty ] \sinfp cos 1 U;
tR o COSOR —SiIlHR U3 R
Tr) \sinfg cosOp Ur

mass interaction

™m
tanfy = aia tanfp
mr

J. F. Kamenik, Y. Soreq, J. Zupan, PRD97 (3) (2018) 035002
P. J. Fox, I. Low, Y. Zhang, JHEP 03 (2018) 074
X.Q.Li, Z.J.Xie, Y.D.Yang, XBY, PLB 2023

» Interactions

2 _ 2 -
‘C’Y — getAt + geTAT, (7)
Lw = %‘/tdz (CL{WPLdi + SLT WPLdz) + h.c., (8)
_ l(22 — 282 lSLCL tL
Lz—i(tL,TL)(ZI{ 3w 122 5 o VA
Cw 5SLCL 5ST — 3SW 1T,
9 (r 7 2 4 tR
— (tg, T’ — — 9
v 2 () (- 353 )2 (1) )
2
_ ST —S8I1,CL , [ TL
L7 = tr, T
Z qtgt ( Ly1L (—SLCL c% ) Z (TL>
+ (L — R), (10)

» |lepton sector (effective coupling)

L, =pnZ (g5PL+ g2Pg)

» NP parameters

L _R
(cos Oy, my, 8,5 8> 8 9p Myz)
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7" model with UV-complete lepton sector
lepton sector: £, = ¥4 (gﬁPL + ngR) ©  » Lagrangian

» anomaly free ALy = — (ngLopHesp + Ao, Erear®e + A\sELEre + h.c.)
. - + qod’ (Lopy* Lop + €9pY" — L3;v*Ls; — éspy! 7!
» almost vector type Z’fflnt- ( b —_ Sffgk)ba' flt) q¢9 ( 2L7" LoL T €2R7Y €2R 3L L3L — €3Rr7Y 63R) "
= = - m
» explain (g — 2)” y %/ » Diagonalize mass matrix tendr= " tandr
- - - - ’ — ML \ €aL MR\ lar
» satisfy neutrino trident production J S— ( ML) = R(0r) ( EL) ( MR) = R(0r) ( ER)
- : S S mass interaction  mass interaction
> prOVIde nGUtran Masses Altmannshofer, Gori, Pospelov, Yavin, 2014

Constructions » Interaction S; = Sinod;, ¢; = CcOSO;

» Gauge group: SU3). ® SU(2), ® U(1)y ® U(1)’ L=~ eidu—eMAM,

LY =9 erW Py, + 8 MW Prv,) + h.c.,
Lor = (1, 2, —1/2, +q.) eor = (1,1, -1, +q) I _1 YV2 ( : )
1.€., — 14 _1la A
Ly, =(1, 2, —1/2, —qp) esrp = (1, 1, —1, —qy) 2 T ct _ 9 (_L ML) ( ;c% + s3, %chL ) 7 (,uL>
Cw ’ —“%é\LéL —%é\% + S%/V ML
> New vector-like muon partner g ., % (up
Epr=(1,1, -1, 0) + G S (i Mr):Z (MR)
» Two complex scalars i 2 s o
p Ch = it (B 55) 2 () 2
¢=(1,1,0,0) B = (1, 1,0, —qp) st B -
nerate muon partner m induce muon partner-muon mixin .
generate on pa e dsSs ce on pa e (o) g SlnéL < 0.0l
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W-boson mass shift

» Feynman diagrams

t, T t, T

t,T b
» Result

7 | | | | | | | | | | | | I

041 EW fit with m3°™° : 20 -

i EW fit with m‘(fVDF : 20 ]

0.3 ]

. - _
D — —
k= - ~
n 0.2 ]
0.1 =

0 ) | | | I | | | | I | | | L

'800 800 1400 2000
mor [GeV]

v, 4 Y, 4 W\MOM?/V

p, M Yy

highly suppressed by small 0,

same with the previous work
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Hr,

(v,

mass

COSO; —sIno; €y
sind; cosé;, ) \ EL

interaction

Z—>pu p

» Feynman diagrams

To cancel the UV divergences, the mixing angle 0; should be renormalized.

7 Il 7

» Observables R =T(Z— pu u )IT(Z — e*e™)

Z', 7,y
» Effective couplings

e izZ(gLelDL + grePr)/¢
Cw

4 YZ = pppr) —T(Z = pgrig)
.

» Constraints: my, and Z — P

0.08 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | 1 | | | | |

| Mt = 1000 GeV — T = 110 GeV
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o
ww
= 0.04 ]
17
0.02 -
0.0 1 ] | | | I I | | | I | I I ]
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0.07

(10%

my = 1500 GeV — iy = 110 GeV
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§ ———-MMmyar = 500 GeV 3
| | |
00 900 1100 1300
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1500

I'(Z = ptp-) '
0 07_ b 2000 GeV m———Tpn = 110 GeV |
mpyr = 300 GeV
B m———mpr = 500 GeV i

5005 -
o
= |

0.031

| | | | | | |
0.0%50 900 1100 1300 1500
m gz [GBV]

sing; < 0.05 is obtained. However, sino; < (.01 is considered for simplicity.
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A +— BNL

: il 4 FNAL Run-1
I +——+ FNAL Run-2/3
ﬂ +——+ FNAL Run-1 + Run-2/3
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» Feynman diagrams S e
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9
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4_— ] 7
- - o¢ _ _
SR - ‘¢ —+ / (U trident prod. Included) = -
o L ] 62 4 }
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Global fit: b — s ¢~

» Global fit 2> Fit result

. I
» Inclusive decays i

-B—> Xy I Allowed @95% (68%)CL
-B > X7 -
» Exclusive leptonic decays Ir
=B, = S
5L

» Exclusive radiative/semileptonic decays

-B(O’+—>K(O’+)f+f_ i

- BO+ o KF O ptp- i
=B, — duTp”

-5 -1 0
AN
» Including about 200 observables (almost all available measurements
from BaBar, Belle, CDF, ATLAS, CMS, and LHCD)

» performed using an extended version of the package flavio

=Ny = ApTpT

dominated

Recent LHCDb results in

LHCb-PAPER-2023-032, 033
not considered in our work

» Current discrepancies

P5 [4,6] —

B(B™ — K u"pu) [1.1,6] —te—

B(BT — KTete ) [1.1,6] | —e—

B(B!) — ¢utp) [1.1,6] —o-

B(B? — ) 5 °

B(B“ — ptp) °

I I I I
-5 —4 -3 -2 -1

I I I
0 1 2

Pull in o

CMS and LHCDb’s new measurements included

I

3

I
ul

5
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» Zuu couplings
» W-boson mass

>»b — suu

» U trident production

» Fixed parameters

» Free parameters

(mT7 Sin 0L7 mpyr, Sin 5L7 mz:, ge, gﬁ)

g =98 8, =98

/Iq)f — 01

Global constraints
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Predictions on (Cy, Cy) inb — s~

predictions shown
In the black points
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Collider Searches: m; < m,
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same with the regular top partner scenarios
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- T — tZ,t/', bW, th
Collider Searches: m, > m,. A
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CMS 137 fb~1@ 13 TeV, JHEP07(2021)208



Collider Searches

Cexp = 12.6728 fb

+ t -5.2
- £ t CMS 137 b~ 1@ 13 TeV, 1908.06463
SM A N _ +2.2
o0/ —t 'L' Frederix, D. Pagani, M. Zaro 1711.02116

o(pp = ttZ") - B(Z' — tt)

1027“_“‘,””.””..
L |

| ATLAS

Vs =13TeV, 139 fb-! —— Observed
—————— Expected
[ Expected +10

101 I ]
— Expected +20 |

95% CL limits on o(pp — Z'up — 4y) [fb]

100}

Oporn(€'€ DU WZIXB(Z'—u'L) [ab]

m¢ N/ 1 GeV 10714 10 - ‘2'0‘ - 30 - 40: - ‘5'0‘ - 60 - 7;?12[Ge\8/l(])
can be searched for at BESIII, Belle I, STCF
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Summary

Conclusions

» Our model can explain (g — 2), , CDF m;, measurement, and the b — s€7¢~ data

» And satisfy many other constraints, e.g., Z — ,u"'p_, U trident production, ...
»pp > utu~ + XatLHCandete™ — utu—u*u~ at BESIll/Belle Il are sensitive to the NP particles

» Top partner mixing with 1st and 2nd generation is also possible G.C. Branco et al, arXiv:2103.13409
» EW baryogenesis ?

» Z' contributions to the global EW fit is not included J. Berger, J. Hubisz and M. Perelstein, arXiv: 1205.0013

» Naturalness from the top partner not discussed

» 7' contributions to EW fit | mixing with 1st and 2nd gen | Naturalness

» detailed collider simulation
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Flavour anomalies: one last comment

Aug 2024 Apr 2021
B(Bt — K*tutp~) [1.1,6.0] - —o— Ry [1.1,6] =
B(Bt — K*Tete ) [1.1,6.0] —— R+ [0.045,1.1] — °
+ + 5 —
B(BT™ — K v) ® Ry~ [1.1,6] — .
B(BY — ¢utp™) [1.1,6.0] — —o— o
B(Bg —> M+M_> — - @ R})[\' [Ul () _— @
B(B” — pp”) — o P{ [2.5,4] .
P{(B" — K*utpu™) [2.5,4.0] — ® C
/(RO 0, 4+, =\ [ 1 — Py [4,6] —
P{(B® — K*u u~) [4.0,6.0] ®
Ry [0.1,1.1] = o B(B) — ¢utp) [1,6]
R+ [0.1,1.1] 7 O B(B' = ptp)— ®
R [1.1,6.0] 7 ¢ Muon g — 2
R+ [0.045,6.0] — ® o
: R D —
R,k 0.1,6.0] 7 © (D) =
Muon g — 2 (WP) — —o— R(D")
Muon g — 2 (BMW) — —o— R(J/0) — o
R(D) o | I |
R(D") 7 ° 0 1 2
R(J/¥) — d Pull in o
R(AS) — o
B(Bt — 7v) — o
B | | | | | |
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Pull in o
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A Possible Flavour Path to New Physics

Dark Matter

Matter-antimatter Asymmetry

radiation

>

~ 8 baryonic matter
(luminous + gas)

o Dark
“ge - ~Matter

26.4%

Cirelli, Strumia, Zupan/2406.01705
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A Possible Flavour Path to New Physics

DM is electrically neutral ! — DM only have FC or FCNC couplings to quarks !

d

o)

F
9wl
- Ul

NA62/KOTO Belle Il

Belle Il

BES/STCF

C) means related to the DM relic density

example:

BT - KT+ DM
K* - 77+ DM
D’ > 7Y+ DM

10—37
10—38

| gu—

" 1079

o
-
IS

SI DM-nucleon cross s
- — s - -
o> o o e =)
S S S

o
3
a1
[
OCD

Direct Detection (DD)

DarkSide « =

Neutrino fog

N AN O O A

109 101 — mllll(l)z 10° 104
_ DM mass [GeV /c?] O’Hare, 2024
Light DM

I T B O A | | 111l [l L Ll

|
[t

see also Yue Meng’s talk
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Eﬂ:eCtive Field Theory approach to combine the various experimental searches

In EFT, DM is a just singlet under the SM gauge group.

Dark SMEFT SUQ).® SU(2); ® U(1)y, all the SM particles

HEW
Od¢2 — (JLder)ﬁbz
Oy = (dipVudir) (Xa 7" Xb)
hadron decay Oixx = (drpyudir) XM X,
direct L 7 "
detection uw, egfﬁp; (25 7ndir) 0"a
He
1 GeV

2(x) = e M (7, (x) + X, (x)

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)

Dark LEFT SUB)-® U(l),,,, W, Z, h, t have been integrated out

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

2011 Hill, Solon
2012 Fitzpatrick, Haxton, Katz, Lubbers, Xu

NRET/HDMET/Chiral EFT 2013 Hill, Solon

2013 Anand, Fitzpatrick, Haxton
2016 Bishara, Brod, Grinstein, Zupan
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H 1 — H2 + DM theoretical calculation and experimental searches

2011 Kamenik, Smith
2004 Bird, Jackson, Kowalewski, Pospelov
2019 G.Li, J.Y. Su, Tandean

(A—>n+qbqb,2+ —>p+¢¢,EO—>A+¢q§,)
2o X ¢p, QT = X+ P

2020 X.G. He, X.D. Ma, Tandean, Valencia

2020 C.Q.Geng, Tandean, K — iz + ¢¢

2021 G. Li, T. Wang, J.B. Zhang, G.L. Wang
2022 Kling, S. Li, H. Song, S. Su, W. Su

2011 Kamenik, Smith

2019 J.Y. Su, Tandean

2020 G. Li, T. Wang, Y. Jiang, J.B. Zhang, G.L. Wang
2021 Felkl, S. L. Li, Schmidt

2011 Kamenik, Smith
2021 G. Li, T. Wang, J.B. Zhang, G.L. Wang
2022 X.G. He, X.D. Ma, Valencia

>d,-—>d,-+a

2020 Camalich, Pospelov, Vuong, Ziegler, Zupan,
2021 Bauer, Neubert, Renner, Schnubel, Thamm
2022 Guerrera and S. Rigolin

»theoretically clean: A « C - (H,| O | H,) (tiny LD contribution)

»no GIM suppression

| } enhancement
» possibly two-body decay

Observable >C —> U + DM
B(B™ — K"vv) 2022 C.Q.Geng, G.Li
B(B' - K%p) 2023 G.Li, Tandean
B(B+ — K*+I/I7) s 0

o/
B(B® — K*up) DO e
B(B, — ¢vb) D" =SS
DY — 7Vss’
B(Bt — ntvw) Dt _ rtsg
B(B° — 7vp) D — K*s§
B(BT — pvv) DY — p0ss/
B(B° — p'vi) Dt — ptss
+ ++Qga
B(KT — ntvp) Dy +_) K _S/S,
B(K; — mvp) Ad = pSS_
=F —» Ytss’
g(Bg — VD) =0 _ 108§
B % =0 Q
(B = vv) - EY > AsS

v —- DM

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

B.F. Hou, X.Q. Li, H.Yan, Y.D. Yang, XBY to be finished
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b — svv: exp & theory
» 2021 Apr

Belle 1, 2104.12624 (PRL)

—
. Belle II (63 fb~!, Inclusive)
1.9M1%  This work

Belle (711 fb~!, SL)

1.0£0.6 PRD96, 091101

° Belle (711 tb~!, Had)

3.0+£1.6 PRD87,111103

Babar (429 fb—!, Had+SL)
0.84+0.7 PRD87, 112005

0 2 4 § 8 10
10° x Br(BT—=K * vi
» 2023 Aug

»

see also Tao Luo’s talk

0.497§M7 ﬁ;{gfage Ganiev@EPS-HEP, 23 Aug 2023/Belle II, 2311.14647
|

Belle II (362 fb'!, combined)

2.34+0.7 This analysis, preliminary

Belle IT (362 fb'!, hadronic)

1.1+£1.1 This analysis, preliminary

Belle IT (362 fb!, inclusive)

2.740.7 This analysis, preliminary

Belle IT (63 fb!, inclusive)

1.94+1.5 PRL127, 181802

Belle (711 fb'!, semileptonic)

1.0£0.6 PRDY6, 091101

PY Belle (711 fb!, hadronic)

29+£1.6 PRDS87, 111103

BaBar (418 fb'l, semileptonic)

0.2+0.8 PRDS82, 112002

o BaBar (429 fb'!, hadronic)

1.5+£1.3 PRDS87, 112005

6 8 10
10° x Br(BT™—K " vp)

—

Q

Q

-
DO
S

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

Impact of B->Kvv™ measurements on beyond the Standard Model theories

Thomas E. Browder (Hawaii U.), Nilendra G. Deshpande (Oregon U.), Rusa Mandal (Siegen U.), Rahul Sinha (IMSc, Chennai and
Bhubaneswar, Inst. Phys.) (Jul 2, 2021)

Published in: Phys.Rev.D 104 (2021) 5, 053007 - e-Print: 2107.01080 [hep-ph]

pdf @ DOI [= cite Fd reference search %) 34 citations

30+ theory papers !

Phenomenological study of a gauged L, - L. model with a scalar leptoquark

Chuan-Hung Chen (Taiwan, Natl. Cheng Kung U. and NCTS, Taipei), Cheng-Wei Chiang (Taiwan, Natl. Taiwan U. and NCTS, Taipei), Chun-
Wei Su (Taiwan, Natl. Taiwan U.) (May 16, 2023)

Published in: Phys.Rev.D 109 (2024) 5, 5 - e-Print: 2305.09256 [hep-ph]

pdf @ DOI [= cite Fd reference search %) 3citations

Higgs portal interpretation of the Belle Il BY - K"vv measurement
David McKeen (TRIUMF), John N. Ng (TRIUMF), Douglas Tuckler (TRIUMF and Simon Fraser U.) (Dec 1, 2023)
Published in: Phys.Rev.D 109 (2024) 7, 075006 - e-Print: 2312.00982 [hep-ph]

pdf & DOI [= cite 2 reference search %) 10 citations

Light new physics in B - K("v?

Wolfgang Altmannshofer (UC, Santa Cruz, Inst. Part. Phys.), Andreas Crivellin (Zurich U.), Huw Haigh (Vienna, OAW), Gianluca
Inguglia (Vienna, OAW), Jorge Martin Camalich (IAC, La Laguna) (Nov 24, 2023)

Published in: Phys.Rev.D 109 (2024) 7, 075008 - e-Print: 2311.14629 [hep-ph]

pdf ¢ DOI [= cite Fd reference search %) 15 citations

B — Kvp, MiniBooNE and muon g - 2 anomalies from a dark sector

Alakabha Datta (Mississippi U. and SLAC and UC, Santa Cruz), Danny Marfatia (Hawaii U.), Lopamudra Mukherjee (Nankai U.) (Oct 23,
2023)

Published in: Phys.Rev.D 109 (2024) 3,L031701 - e-Print: 2310.15136 [hep-ph]

pdf & DOI  [= cite Fd reference search %) 11 citations

B — K*Mx vs B — K M as a probe of a scalar-mediator dark matter scenario
Alexander Berezhnoy (SINP, Moscow), Dmitri Melikhov (SINP, Moscow and Dubna, JINR and Vienna U.) (Sep 29, 2023)
Published in: EPL 145 (2024) 1, 14001 - e-Print: 2309.17191 [hep-ph]

pdf & DOI [= cite [ reference search %) 10 citations

Flavor anomalies in leptoquark model with gauged U(1),
‘n T
Chuan-Hung Chen (Taiwan, Natl. Cheng Kung U. and Unlisted, TW), Cheng-Wei Chiang (Taiwan, Natl. Taiwan U. and Unlisted, TW) (Sep
22,2023)
Published in: Phys.Rev.D 109 (2024) 7, 075004 - e-Print: 2309.12904 [hep-ph]

pdf & DOI [E cite @ reference search %) 9 citations

Revisiting models that enhance Bt — K*vp in light of the new Belle Il measurement
Belle-Il Collaboration - Xiao-Gang He (Tsung-Dao Lee Inst., Shanghai and Taiwan, Natl. Taiwan U.) et al. (Sep 22, 2023)
Published in: Phys.Rev.D 109 (2024) 7, 075019 - e-Print: 2309.12741 [hep-ph]

pdf @ DOI [= cite [d reference search <) 16 citations

A new look at b — s observables in 331 models
Francesco Loparco (Jan 22, 2024)
e-Print: 2401.11999 [hep-ph]

pdf  [= cite Fd reference search %) 1 citation

Correlating B — K ®) v and flavor anomalies in SMEFT
Feng-Zhi Chen, Qiaoyi Wen, Fanrong Xu (Jan 21, 2024)
e-Print: 2401.11552 [hep-ph]

pdf  [= cite Fd reference search %) 8 citations

Recent B™ — K Tvi Excess and Muon g — 2 llluminating Light Dark Sector with Higgs Portal
Shu-Yu Ho, Jongkuk Kim, Pyungwon Ko (Jan 18, 2024)
e-Print: 2401.10112 [hep-ph]

pdf  [= cite Fd reference search %) 4 citations

A tale of invisibility: constraints on new physics in b = svv
Tobias Felkl (New South Wales U.), Sze Lok Li (New South Wales U.), Michael A. Schmidt (New South Wales U.) (Nov 8, 2021)
Published in: JHEP 12 (2021) 118 - e-Print: 2111.04327 [hep-ph]

pdf & DOI [= cite Fd reference search %) 24 citations

Explaining the BY — K T vi7 excess via a massless dark photon
E. Gabrielli, L. Marzola, K. Mllrsepp, M. Raidal (Feb 8, 2024)
e-Print: 2402.05901 [hep-ph]

pdf [= cite Fd reference search %) 4 citations

Decoding the B — K vv excess at Belle |I: kinematics, operators, and masses
Kare Fridell, Mitrajyoti Ghosh, Takemichi Okui, Kohsaku Tobioka (Dec 19, 2023)
e-Print: 2312.12507 [hep-ph]

pdf [= cite [@ reference search %) 10 citations

Understanding the first measurement of B(B — Km_z)

Lukas Allwicher (Zurich U.), Damir Becirevic (IJCLab, Orsay), Gioacchino Piazza (IJCLab, Orsay), Salvador Rosauro-Alcaraz (IJCLab,
Orsay), Olcyr Sumensari (IJCLab, Orsay) (Sep 5, 2023)

Published in: Phys.Lett.B 848 (2024) 138411 - e-Print: 2309.02246 [hep-ph]

pdf @ DOI [= cite Fd reference search %) 26 citations

Implications of an enhanced B — Kvv branching ratio

Rigo Bause (Tech. U., Dortmund (main)), Hector Gisbert (INFN, Padua and Padua U.), Gudrun Hiller (Tech. U., Dortmund (main) and
Sussex U.) (Aug 31, 2023)

Published in: Phys.Rev.D 109 (2024) 1, 015006 - e-Print: 2309.00075 [hep-ph]

pdf & DOI [= cite Fd reference search %) 31 citations

B meson anomalies and large B* — K Tvv in non-universal U(1)’ models
Peter Athron (Nanjing Normal U.), R. Martinez (Colombia, U. Natl.), Cristian Sierra (Nanjing Normal U.) (Aug 25, 2023)
Published in: JHEP 02 (2024) 121 - e-Print: 2308.13426 [hep-ph]

pdf & DOI [= cite @ reference search %) 22 citations

SMEFT predictions for semileptonic processes
Siddhartha Karmakar, Amol Dighe, Rick S. Gupta (Apr 15, 2024)
e-Print: 2404.10061 [hep-ph]

pdf  [= cite Fd reference search %) 0 citations

Implications of B — K v under Rank-One Flavor Violation hypothesis
David Marzocca, Marco Nardecchia, Alfredo Stanzione, Claudio Toni (Apr 9, 2024)
e-Print: 2404.06533 [hep-ph]

pdf [ cite Fd reference search %) 0 citations

The quark flavor-violating ALPs in light of B mesons and hadron colliders

Tong Li (Nankai U.), Zhuoni Qian (Hangzhou Normal U.), Michael A. Schmidt (Sydney U. and New South Wales U.), Man
Yuan (Nankai U.) (Feb 21, 2024)

Published in: JHEP 05 (2024) 232 - e-Print: 2402.14232 [hep-ph]

pdf & DOI [= cite @ reference search %) 3citations

Scalar dark matter explanation of the excess in the Belle Il B*+\to K™+ + \mbox{invisible} measurement
Xiao-Gang He, Xiao-Dong Ma, Michael A. Schmidt, German Valencia, Raymond R. Volkas (Mar 19, 2024)
e-Print: 2403.12485 [hep-ph]

pdf [E cite [@ reference search %) 2 citations

Status and prospects of rare decays at Belle-Il
Elisa Manoni (Mar 12, 2024)
Published in: PoS WIFAI2023 (2024) 024 - Contribution to: WIFAI 2023, 024

pdf & DOI [= cite [d reference search %) 0 citations

Rare B and K decays in a scotogenic model
Chuan-Hung Chen, Cheng-Wei Chiang (Mar 5, 2024)
e-Print: 2403.02897 [hep-ph]

pdf  [= cite [d reference search %) 2 citations
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b — svv: exp & theory
» 2021 Apr

{f.liOA }rage
S 1

—
. Belle II (63 fb~!, Inclusive)

1.9M1%  This work

Belle 1, 2104.12624 (PRL)

—— Belle (7].]. fb_l, SL)

1.0£0.6 PRD96, 091101

° Belle (711 tb~!, Had)

3.0+£1.6 PRD87,111103

Babar (429 fb—!, Had+SL)

B | | 0.8+0.7 PRID87, 112005 |
0 2 4 §) 3 10
10° x Br(BT—K " vp)
» 2023 Aug see also Tao Luo’s talk
o M ﬁ;{gfage Ganiev@EPS-HEP, 23 Aug 2023/Belle Il, 2311.14647

| — o Belle IT (362 fb™!, combined)

2.34+0.7 This analysis, preliminary

Belle IT (362 fb'!, hadronic)

1.1+£1.1 This analysis, preliminary

Belle IT (362 fb!, inclusive)

2.740.7 This analysis, preliminary

Belle IT (63 fb!, inclusive)

1.94+1.5 PRL127, 181802

Q

Q

Belle (711 fb'!, semileptonic)

1.0£0.6 PRDY6, 091101

PY Belle (711 fb!, hadronic)

29+£1.6 PRDS87, 111103

BaBar (418 fb'l, semileptonic)

0.2+0.8 PRDS82, 112002

o BaBar (429 fb'!, hadronic)

1.5+ 1.3 PRDS87, 112005
| I I I | I I I | I I I |

2 4 6 8 - IlO
10° x Br(BT™—K " vp)

» 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

40



b — svv: exp & theory

» 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

41



b — svv: SMEFT

SMEFT

HEW

LEFT

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

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

- 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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b — svv: SMEFT

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

_
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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;
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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—1.51 79.3+ 35.41
A, = | —3.3+ 1.5 16.6 —397.5+8.1i | x107*
79.3 — 35.4i —397.5 —8.17  9839.0
0.0021 —0.18 — 0.08; 191.3 + 85.44
Ay g = | —0.009 + 0.0043 0.88 —958.7+19.6i | x 107°
0.21 —0.10; —21.1—-0.47  23728.1
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b — svv: SMEFT with MFV

» 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
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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

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
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b — svv: exp picture

K+
™~
vV —o-I{ i Y(4S) 6
_
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) 6
/

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
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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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all the operators survive, some ones highly constrained -



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~
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mpmy — 1500 MeV

—— Opgx?
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— Quux?
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— K*uv decay. However,



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
QdX2 and QDqX 59



Dark SMEFT: dB/dq?, F, iy = 1500 MeV
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All the operators are distinguishable from each other by combing these observables, except 3
Y2 an a0



CO“CIUSiOn Of thlS WOrk B> K+DM, B— p+DM, A, > A+DM,Y = DM, ... i be firished

K+

1%

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

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

™

),

.
. Y(45) @ @K\ + Y(4S 6
U +— —&

SMEFT | Dark SMEFT

All DSMEFT operators survive in general and MFV flavour structure

B(BtT — KTvw B(BtT — K vu
B( 0 ) B( 00 Jsu = 0.46 = 0.07 dB/dg* and F; are useful to distinguish them
( vy ) ( vy )SM future work: interplay with DM direct detection and relic density
B ( — K +Vl/) B ( — K +I/V)SM Observable SM Exp Unit
=29.7+5.6
B(B+ — ntvi)  B(Bt = mtui)su B(B* — K*vp) | 4.16+057 | 23+£5% | 1076
B(B® — K%p) | 3.85+0.52 < 26 10~
B(BT — K*tvi) | 9.70 £+ 0.94 < 61 10~
. . . . . B(B® — K*ui) | 9.00 +0.87 18 10~
(Belle Il excess (if confirmed in the future) implies: A (5" K%v) ) .
| | o | Upw B(B, — ¢vi) [9.934+0.72| < 5400 10
- impossible to explain in SMEFT with MFV | EET Dark LEET B(B, — vi) ~ 0 <59 10—
- NP flavour structure is highly non-trivial B(B* — tup) | 1.404+0.18 < 140 10-7
- NP structure in quark sector is beyond MFV B(B® — m'vi) |6.52+£0.85 | <900 107°
flavour violation is beyond Yukawa couplin BB' = ptwp) | 406£079) <300 | 107
\_ y Piing B(B® — pvi) | 1.89+£036| <400 | 1077
B(B° — vD) ~ 0 <14 10~4
i, B(K*t — ntvp) | 8.4240.61 | 10.675940.9 | 1071
B(Ky, — nvp) | 3.41+0.45 < 300 10~

o1



Conclusion

» a possible approach to detect light DM and constrain its flavour structure.

» branching ratios could be much higher than the SM value.
J J Direct Detection (DD)

» EFT can be used to combine the various experimental searches. 1037 ——
> missing invariant mass distribution and angular observables are important. 10-35 RN
10~
d )
10-40 E
d NA62/KOTO Belle | 1041 |

Belle Il

example:
BT - KT+ DM
Kt =zt + DM

DY = 29 + DM Neutrino fog

SI DM-nucleon cross section [cm?]

Uu

10—50 I i i Ll A T i Ll L1111l
101 10° 10! 102 10° 10%
i aht DM DM mass [GeV /c?] O’Hare, 2024
19

Th a n k Yo u ! see also Yue Meng’s talk
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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

o4



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
I I UIIK 1 llllll II lIIll ll' ) L lll' ) r
1 L lllllll

very preliminary result for top-philic DM

LI llllll

-
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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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- » Wilson Coefficient
b — Sf-l-f : theory -ple::)rrl:)ati\?ee o

. . . - short-distance physics
» Effective Hamiltonian Py

- q2 independent

4G 2
_ _ Py oy © < C,0; + C;,0;, + CSgOSgZ 2 (Cfo? + Cfo, f)) - NNLO QCD + NLO EW@SM
i=1,...,6

%eff — th 7 ts 1671'2
\/5 =1,..., £ i=9,10,P,S - parameterization of heavy NP

> Effective operator

o ~ / m LV / = 7MW / = 7MW ' = 7
01 = (87.PLTC)(CY"PLT?b) 07 = == (SouPruyb) ", 05" = (81:Pumb)(By"L), 01" = (57Pumb)(Pr*st) 057 = (5Preyp)(Z2)

0, = (5y.P.c)(Cy*P.b) c;M ~ —0.3, coM ~ 4, Ciot ~ —4. 0" = (5Pryb)(Zyst)

-C;=CM +

> AmplltUde: M(B — Méé) — <M€€‘Heff‘8> = N[ (A(; + /HM) L_lg’yMVg + AQ\/ L_Jg’yu’y5Vg + AsUpVy + Ap L_Jg’y5V4

=

Local: , 2 S o hV S
oca % ; Al = — ggb C7(M|s c*”q, Prb|B) + Co(M|S~" P, b|B) + (P. > Pg,C; — Cj)
Aly = Cio(M|S~" PLb|B) + (P > Pg,Ci = Cj)

A , : |
()%ﬁ ?ﬁ}”{) As,p = Csp(M|SPRD|B) + (PL <> Pg,Cj — Cj) » Matrix Element
- non-perturbative

Non-Local: ) - Iozng-dlstance physics
_16j72 - g~ dependent
> / i 9% (M| T {4, (3), 0:(0)}|B) 7
q . :
i=1,.. - theoretically challenging
(M E‘“"&V ;?WO Jem = Z Qq g7"q - main source of uncertainties

From talk by B. Capdevila, M. Fedele, S. Neshatpour P. Stangl
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Charm-loop contribution

» Global fit prefer to Cge — Cgﬂ # CgSM & B(B; = p™ 17 )eyp is consistent with SM

vector current
LFU

1 I 1 1 1 1 I 1 |
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i || fixFFs i
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0.5+ y. —
i / :
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0.0 | B 1
1 | 1 1 1 1 1 L]

-2 —1 0
Re(CgSM)

» Charm-loop could mimic Cy, = Cy,

C9e — C9,u — C9SM + A C9U’ charm loop +A C9U’ NP

0y = (by"P,3)(Z1,0)
0,y = (by*Ps)(£Y,y56)

» Charm-loop contribution is expected to be ACg (qz), but not ACg

2,
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b — s : theory

dI'/dg?

B->K*|| g2 dependence (sketch)

1 1 1 1 I 1 1 1 1 II I 1 1 1 I 1 1 1 1 photon pole
N
T (28) Broad charmonium BF [C'7/q%]™%
\ resonances (above the [C7 C'7/g?] narrow
open charm threshold) charm _
Photon pole ” resonances open charm region
&~ enhancement (from C) \J Cg, C1odominate

Sensitivity to

Cy and Cfyy long-distance

dominance resonaNit structure

interference of
2 = 2 | C C C hadronic
Q° = 4m ) ! ) ) 10 left-handed 2 = (Ma-my)?
Sensitive to C7—Cy phasespace b "7 +boxes

CKM suppressed /
¥’ light-quark resonances

interference SUPPTESSION BSM only: right—hanged
C7 Co Cho (hadronic) supprz-g:ea; in SM,
0 5 10 15 20 (may involve Z' etc) including long-
<= 1ncreasmg. hadrmrnc re.coﬂ q2 [G eV 2] distance
increasing dimuon mass =» “low q2 / |arge recoil” “hi gh q2 / low recoil”
will mostly talk about this
T.Blake, G.Lanfranchi, D.Straub, 1606.00916 From S.Jager’s talk
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Charm-loop contribution

» Global fit prefer to Cge — Cgﬂ # CgSM & B(B; = p™ 17 )eyp is consistent with SM

vector current
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W-boson mass
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W-boson mass

Global EW fit

»Most NP effects on the EW sector can be parameterized by
S, T,U, e.q.,
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»S, T, U are related to the vacuum polarization of gauge bosons
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» A global EW fit is needed to explanation of the CDF m1y;, shift
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new particles in the vacuum polarizations of gauge bosons
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