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B —- K (*)1/1/ in the SM

Tree-level contribution is forbidden, suppressed by GIM mechanism at loop-level

SM uncertainty is well-controlled, mainly from hadronic form factor

SM prediction: B(BT — K i)y = (4.43 £0.31) x 107° 2301.06990 [hep-ph]

b — s+ missing are cleanest modes to search for new physics
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Recent Belle Il result

HTA
ITA : P
- '/B—\l'— 1as) s —— 'f/- “\;}“‘ : '''' [s“\ ——  Y149) —»na\/
Ko 4 N/ N ) .. \__/ \\
signal Kaon ‘ | signal Kaon \ Y
Rest-of-the-Event (ROE) Biag
Inclusive Tag analysis (ITA) Hadronic Tag analysis (HTA)
more sensitive more conventional
. . + 4 - -5 Belle-1l Collaboration
. Combination: gg(B — K I/I/) — (23 + 07) X 1() 2311.14647

exXp

. Combine Belle Il 2021 data, B(BT — K1)’ = (1.3 £0.4) x 107

eXp

. 2.7 o higher than SM prediction = New physics possibility


http://keynotetemplate.com

Experimental results vs SM prediction

 Ratios of experimental observation over SM prediction could bypass NP hidden in CKM

B(BT —- KTvp)

exp

Ry = - =353x1.7.
L@(B — K I/I/)SM
AB(B - K*uv)

RY: = <27o0rl9.

BB - K*u)gy
. 2.7 <= combination of the charged and neutral modes

. 1.9< BB - K"D) < 1.8x 107 (90 % CL)  selie, 1702.03224

{

The predictions for the charged and neutral modes are the same in many models
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NP implication
New heavy mediators in the tree/loop, or new invisible particles in the final state

* New contributions to B — K + VU

. Lepton flavor universality (LFU): same coupling tov, v, 1/”17”, v,

. Lepton flavor conservation without universality: different couplingtov, v, UV, ViUss

. Lepton flavor violation (LFV): v;v; with | # ] are open

% New invisible particles in the final state

. Sterile neutrino-like particle: B —» K + uN, B — K+ NN
. DM/ dark sector particles: B —» K")+DM + DM
. 2-body with dark scalar: B — K(*)+¢(S)[X]
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EFT vs model interpretation
* EFTs

« LEFT
« DMEFT

* UV models

. Non-universal U(1) models: U(I)LM_LT, etc

. Leptoquarks: Sy(3,1,1/3), S,,,(3,2,1/6), $,(3,3,1/3), V,,(3,2,5/6),V,(3,3,2/3)
« R-parity violating SUSY,
» Scalar mediator coupling to DM particles,

« DM models
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Other related modes or anomalies

* Modes give strong constraints

‘R, Ryinb — s, =e,u
.Neutral meson mixing: B, — B,B,— B, K’ — K"

'Bs —> U H

B — K*+inv. Strong interplay with B — K + inv .

B — inv Can be used to test some scenarios in the future measurements
¢ .

* Other anomalies could be also included:

- R(D), R(D*) anomalies in b — ctv: RD/RIS)M = 1.19(10), RD*/RIS){E = 1.15(5)
« The excess of electron-like events in the MiniBoone HFAG & HFLAV. 2206.0750"
« Muon g-2


http://keynotetemplate.com

New contributions to b — svi with heavy new mediators

The starting point is the WEF or LEFT:

4G e N 0! = (57,PLd)(Tiy"Py))
Hp = — —LV,V* Z(cg@g+clg@é)+ h.c., :

1672 o'
V2 ; é = (57,Pxd) (D" Pyv)

The SM contributes only to CESM — X(Xt)/SW, X(x,) =1.46£0.017


http://keynotetemplate.com

RY — R¥ = 2(1 + 1) 2 ZRe (Cil) - 2 ZRe (cgchJ)
3 Lsm\ 3\CLSM\

C’] alone cannot satlsfy both 3 8 < RW < 7 and RW S 2.7(1.9)

l

Models with only 50(3,1,1/3), 51(3,3,1/3),‘/1(3,3,2/3) are incompatible

Leptoquark models |

vaww O L e

11
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C’J can S|multaneously satlsfles the requwement of RI”{” and RW

P>

30+

1.0 . . _ I
0.5 / \

0.0 : ] 20 _

:
N
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T 1ok

) 44
K*

R

124 I
RK -20+

Imposing the constraints from b — s~

-30+

PiNCg

The case with large C/’ is the only viable solution FLU violation
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The WCs Cy;" and C}," generated by S, or V,,, imply large rates for other B decay modes

BBt —» K™t7u™) x 10°

BB = K pu 1t ppe < 2.8 X 107(90 %)

12

10

RY =3

+ 1 (hashed)

RY = 5.3 £ 1.7 (solid)

RY. <19
Ry, <2.7

0 2 4

B(B" - K™t717) x 10°

BBt - K177 )ppe < 2.25 X 1072(90 %)

B(B, - t7u") x 10°

12

—h
-
x x x

I I I

R} =3 + 1 (hashed)

RY. <19
Ry, <2.7

Ry = 5.3 £ 1.7 (solid)

B(B, — tv17) x 10°

BB, = 11 Nppe < 4.2 % 107(95 %)
BB, = 777 )ppg < 6.8 X 107°(95 %)

13
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New decay modes with sterile neutrinos

’J = (57, P d)(0y" Pgr;)
ZJ = (57,Prd)(W;y" Pgu;)

RY =1+ \cucv\
3|CLSM|2Z

|2 2
R =1+ 22(‘6’11‘ +‘CU‘>_ i :

Both C;j #* 0 and C;Qij # 0 are needed to deviate from R = RZ

14
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b — s+ DM + DM inLEFT framework

Scalar DM case Vector DM case

0" = (5b)$'P).

S.sb _ (= T
05 = (h)(X]X¥).

673 = Z(56"b) (XX, — X/ X,), (X))

<>
OV = (57'b)("i0,4), (X)) 2
1
O = 550" 1sb)XX, = X[X,), (%)
Fermion DM case oK = 5+ 0730
S sh o 0Vsh = (57 bY(XT0. X )ehro
O 0y = GD)Zirs)), 2
Sb _ (= N~ U
OVt = Gr DT ). (X) Ogs = (7DXi0,X, ()
OVsP = (5y b)id (X* XY — XVTXH), (X))
T,sb _ (g~HV — X5 U , ’
@q)(l(z) (SG b)()(gluy(yS))()a ( X ) 3/519 B | ; wpo
@q),(6 = (57,0)id (X, X,)e" " . (X))

* The (X) stands for the interactions vanishes for “real” field

15
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Ao [10° TeV]

b — s+ DM + DM inLEFT framework
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The q2 distribution

Signal region: n(BDT2) > 0.92
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Elisa Manoni’s Talk @CERN EP seminar, 2023

« Not conclusive due to coarse binning choice, dictated from experimental resolution

17
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Scalar and fermion DM cases

7 | | | ! ! ! | ! ! 8 ! ! ! ! | ! ! ! ! | ! ! ! ! | . . . |
A e BT — K" ¢¢ BT — K" yx with m, = 700 MeV
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e — | ! e
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%‘% [ :" == 0 my =700MeV S
2 : 1 gp Mo = E . 5
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The vector current operators with scalar or vector DM particles with
masses in the hundreds of MeV can match the anomaly.

All cases in vector DM case cannot match !

18
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[GeV 2] x 1072
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dq?

Influence of experimental efficiency
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Scalar DM model

SM + areal scalar ¢ (DM)+ two qr dp

/., symmetry: odd of new particles

. L ] 1
£k1net1c szQ — mQQQ T DZED —mpDD + §8M¢8u¢ — §m<2b

¢,

LYukawa ngLpQRqS T yzDLdRp ¢ yZQRDL H +h.c.,

1

‘/potentlal — _>‘¢¢4 + §R¢2HTH 3

20
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s Oy + Yy g yHv (y;yil | y,f,*yg) X A

| m _ m ° S Y —
do \/_ QOD ) mé zmlz) ( d; d]) Cu & . é (mui + mu]),
B G A A R 0 s LI V0 VAR LA S A
: C;(/;l] _ 9 q 612 . (md,- _ md])’ ZCZZJ — 2 (mui — muj |

Dominant ones
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(10> TeV ']
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DM relic density

- Neglect Higgs portal coupling (h — 1nv)

« Thermal freeze-out mechanism

. Neglect C>H ChPT

ugp ’
500 MeV < m, < 900 MeV Z4p > = V2BFytr [p®] — Btr [s07] + O(4°P?)
) ¢

. Main channels: p¢p - KTK~, K’K", nny
3 —1
m°s

(hc)?c

{ov) 2 2.4 % 10726 = =22x1077GeV~
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0.20F
| : _
B*| Cy3* " n(x, z) | QK =0.12 |-
+r— 00\ — ¢ » “K | _
V(@ = KK KRN = 647my ’ 0.18}
B*| C3* | n(x, z,) T
¢ >
(ov(pp — nn)) = . , > 0161
727zm¢ b
% s 0.14}
va.;c
A large 10° hierarchy is required between 0.12T
the strange and bottom couplings |
0.101. | | |
0.5 0.6 0.7 0.8

mg [GeV]

1. DM indirect detection constraints is negligible < loop induced ¢2FWF/"”

2. Sub-GeV scale DM also is safe for direct detection:
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Other constraints or implications

NV — J MU
b= A7 Od}’ = dio""Prdily, QD Q,D
_ R ~ O
B, — B_: has no contribution at dim-6 order ? ¢ hA
q q q ——— —
@D Q,D

2310.13043 [hep-ph]

B — 1nv: Indued by @Z’;b with @(BS —> ¢§b) ~ 4 X 10_5 B(B, — inv) < 5.4 x 107

1611.09455 [hep-ex].
211214236 [hep-ex].

D? — inv, D° - 7° + inv: C*'" | /m, < 2.06(0.25)/TeV* A"~ im <o4x10”

U
¢ BD® - %) < 2.1 x 1074

2212.05263 [hep-ex].

LHC search for vector-like quarks: > 1.5 TeV by ATLAS and CMS 220007327 [hep-ex).

25
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Conclusion

- Several scenarios that could accommodate the recent Belle Il anomaly are
discussed, including heavy mediators and new decay modes;

« For heavy mediator case, the viable explanations are mediators that couple only to
tau-flavors and/or LFV ones;

» For new light states, a viable scalar DM model is proposed to explain the anomaly
and DM relic density;

+ B — K* +inv., B, — inv.and other rare B decay modes can be simultaneously
to probe or constrain those NP scenarios;

- The future significantly improved data from Belle Il can be expected to shed light
on this anomaly.
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