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Belle-Il measurement Belle I collaboration, hep-ph/2311.14647

Combination and Comparison with other measurements
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Significance of Belle-1l observation is 3.6 o and the result is within 2.8 o vs SM

B(BT — KT vb)exp = (234 0.7) x 107°
B(BT — K*vi)gy = (0.497 £ 0.037) x 107°

W. G. Parrott, C. Bouchard, and C. T. H. Davies, Phys. Rev. D 107, 014511 (2023)
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New Physics

o Heavy NP particles (missing energies are carried by SM neutrinos)

> Leptoquark
> 2HDM

> ...

o Light NP particles (missing energies are carried by new light particles)

> Right-handed neutrinos
> Axion/ axion-like particles
> Dark matter

> ...
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Effective Field Theory
o Low-energy effective field theory (LEFT)

3 d) ~(d
LrerT = LQED+QCD + EEA) + Z dg; L,(' )OS )
1 2

v

Symmetry: SU(3)c X U(1)em
Scale: p < Apw

v

v

Degrees of freedom: SM particles except W, Z, t, h

> Power counting: Ll(.d) ~1/vd4
o Standard Model effective field theory (SMEFT)

LsMEFT = LsMm + Z Z C/'(d) di)

i d>5

\4

Symmetry: SU(3)c x SU(2). x U(1)y
Scale: o € [Agw, A, A > Agw
Degrees of freedom: SM particles

> Power counting: Cl.(d) ~1/AH

v

v

@ EFT extension with right-handed neutrino

» LEFT+right-handed neutrino Ng — LNEFT
» SMEFT+right-handed neutrino Ng — SMNEFT
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b — svi transition
o Effective Hamiltonian (assuming lepton flavor is conserved and no vg),

v 7SM vy,SM
CVZLL —6.32, CVFRL =0

8Gr
\/7
ve (g " ve (= = Al

OV 11 =(GuPLb) (@ Prve), OV gy = (57uPrb)(Dey" PLue)

vV, 1% v, v,
Hett = == Vio Vis o= =[OV 1+ OO g ] + e

e Bt — Ktui and B® — K*0u,1,
B(B* — K'uein) =3.46 x 107 €y, + c;{RL‘z
B(B® — K*%ui7,) =6.84 x 1078 ‘c;’ju - c;{RLf +1.36 x 1078 |Cyf), + Gy ’
B(B® — K*0ui)exp < 1.8 x 107> vs B(B® — K*Oui)gy = (9.2 4 1.0) x 10~°
@ No-go scenario with a single parameter, e.g., CC‘:LL #0, C\';fRL =0

BB K*up) 820><10’8‘C"‘Z
B(BF=KTvp)

“|2 ~2.37
3.46x10— S‘CV n

B(B* — K*vp) = (2.34+0.7) x 1073
= B(B® = K%p)=(55+17)x107°>1.8x107°
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Matching to SMEFT

b— stte” SMEFT b — sui
O(Z/,LL — [027)]2223 — Ol\l/Z,LL
o — [02)12423 — OV
OV L — [Ocralee2s —  OYm
Of/,LR — [Ogel2zee

Of/,RR — [Oedlers

[05?]//23 HZ 2Vis(Gyu PLve) (T, PLb)

where (Q; = [(Vtu.)i, dui])
O 11 = (FyuPLb) Ty PLE),
O\t;,RL = (5. Prb)(Ey" PLL),
OV 1k = (57uPLb)(T7" PrE),
OV rr = (37, Prb) (7" PrE)

i

[0 orst =(Lp7" L) (@7 Q1) OV = (3vuPLb)(Per" Puve)
(O s =L 7' L) Q17! Q) OVley = (57, Prb)(7ey" Prve)
[Oéd]prst =(Ep')’u Lr)(JRS’YMth)y
[Oqe]prst =(©p')’u Qr)(éRs'YueRr)a

[Oed]prst =(ERp'YH eRI)(JRs’Yu th))
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b— s¢T¢~ and b — ujly,

o b— stte—
4G

Mot = =~ 2 VaoVis Z [clof+ cl'of] +he.

where (05,10 = O{/,LR * Of},u ) nglo = Of/,RR + Of/,RL)
O3 =(5vuPLb)(I0), Oé’ =(57 Prb)(Ty"1),
010 :(S’YMPLb)(Z’Y“’YSZ)’ 10 —(S’YMPRb)(Z’Y“’YSZ)

Observables: Bs — ¢+¢—, Ry, Mo — AL~

e b— uilyy

4GF fup Al tuj nlu;
Hor = V2 ib [CV‘jLLOVu,LL + Cvl:RLOvu,RL]
where
Lu; — = Lu; _ _
Oy, =(EvuPLb) (" Prig), OV =(EvuPrb)(E7" Piv) (1)

Observables: Ry, Bt = 7tu,, Bt = 1Fup, -
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RGE and Wilson coefficient matching relation

@ Small RG running effects between pp and pew

dc\é/ XY
ﬁ = :|:12qdqe 4 CV XY (+ for XY = LL,RR, — for XY = LR, RL)
dClu,
= +6quqe —=" T (+ for XY = LL, — for XY = RL)

i
dclt

VXY _ o, (for XY = LL,RL)

dp

o Matching to SMEFT (£ = e, p,T)

4G 4G «
LV V; (Cg Clo) Z[ng;)]eez?, + [Cg)]ux ; E Vi Visar (ng + Clo) =[Cqelozee
N N
4’GF n 4GF 01 01
V, —(Gy' + Cqp) =[C, , V, Cy' — Cqp) =[C, s
72 bV, ( 9 10) =[Cedlee2s 7 bV, ( 9 10) =[Cedlee23
8G . 8G .
\/f Vib vts S [ ]ee23 - [ ]a23, \/,F thvts Cv rt =[Cedlee2s s
4Gp Vib cli [ ]
\/i 2V, V LL 204235
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Global fits of new physics in b — s after the Ry (.) 2022 release

Qiaoyi Wen, Fanrong Xu, Phys.Rev.D 108 (2023) 9, 095038

: e ot i
effective Hamiltonian: ¢ = _WV"’V“I(S_W Y, @9_1:0,0,-) + h.c.

O = "0, Pab) F*, 0} = (o Pib) P,
high energy information 0= 9‘;‘&(5‘,“, “Pb)Gi | Of = 9;’;‘”@%1“&1;)0:",
¥ = c8M L ACIINF = oM L AC | Op = (amPub)(EVE), O} = (7,Pab) (1*0),
QCDF O = (3728 (E"150), Ol = (57Pab) (r*250),
=TT , p pyip | inleading ic (LL), leadi ithmic (NLL) and
Os = my(5Pgb)(E€), Of = my(sPb)(Ee), '™ cAdIng o
s = ma(aFRi)E), s = (PO s listed in Table I are used.
bl 5 Op = my(5Pab) (Prst), O = my(5PLb) (Prst).
decay amplitude e o & = —
LL -05093  1.0256  -0.0050 00686  0.0005 00010 03189  -0.1505 | 2.0111 0
NLL ~03001  1.0080  -0.0047 00827  0.0003 00009 02969 —0.1642 | 4.1869 4397
NNLL - - - - - - - - 42607 —4.245
Params ST st s siv s1 s1 s SIV_ ADCMN [23]_AS [24] HMMN [25] GGILCS [26]
Reduced 7 183.404/(n-12) 197.556/(n-12) 182.869/(n-16) 176.807/(n-20) 190.044/(n-12) 177.891/(n-12) 185.386/(n-16) 178.953/(n-20) 260.66/254-6) 179.1(183-20)  96.88/90
Fufdof  =0ST0 <10 =09  =0977 =05 =093 =091 =09  =1os =11 —1o8
A, —oomem 0001102 -0000/3 ~0.001:381 00688 -
AG 0017551 00205308 0017080 00201081 B
aG -07885030 —0TT3RL | 09957050 09211048
ac; ~007371% 008957 _oporiie _goreom
= 1538 |
acy 0194557 0012537 0020000 074zl 0130501 0.08835 01623 —0.10:83
acj, 02361338 Ol64Pl 02131 | _ooienge 0I2BE oW 01598 +01483
ach 009693 -0.NSI9R -0089'2T  _onigipae 01ISE3E  -0062:08 01898 -033:0F
acy 0.066*} (% 00081053 -0043:053  0023'ife 0066455 0.009703% 2 =
acy 006515 0002705 0059084 0141 0012038
ach 01674117 oonBe  onTH  oomils 0124858
act 00531138 00107108 0040185 _pone i 003802
A6 9SGl LIS 15195
acy IS 170t 0048028
aci, ol08E oo 0163218
act, 060t 06O o 00l
acy -0T19%3  ~0549115F
act ~055041832 006171158
ac LS8 . o478 S
acy Lzl | 0370283 16527
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Discussion

@ Global fit results show that, for £ = e, {4 Qiaoyi Wen, Fanrong Xu, Phys.Rev.D 108 (2023) 9, 095038
CE#0, ¥ ~chy~Cclh~o
1 3
= [Coelaser =[C53 oeas + [CTeeas » [Cedleeas = [Craleeas =0, Cifpy =0

o For ¢ = 1, all WCs are free parameters, The SMEFT W(Cs that simultaneously contribute to
both b — 5€+£ and b — svU are [C( ]3323,[ ]33237 [ng]3323:

4Gr —ic® ®) 4Gr n_

7 Vi Vs (Cg Clo) =[Gy 13323 + [Cp 13323 5 7 Vip V ( — Cip) =[Cedl3323,
8GE\, @ cvr (1) 3 8GF L Q@
V3 thV Cv 1 =1Cs; ls323 — [Cy; 13323, V3 thvts Cv rt =[Ceal3323

° [Ce ]3323 also contributes to b — u;Tv,

4G Vip cru
3 2v, Cviit [ ]3323

( : ) The promising B — K* v in view of SMEFT 20234 12 817 A 11/22



Wilson coefficients summary

Parameter Process

oo €Ny + 1€ Neras

9 4G . o
Tg th Vts ir
1
v ! éq)]eezs - [C Neeas
V,LL =" 8¢ s
Tg Veo Vi 4
v [Cedlzzas

V,RL = 8Gf .
V2 th Vts ir

[ 53)]3323
TUu; q TU;
CviL= 3G Vv, 0 CV.RL (b — uTvr)

V2 2Vis
[®; 1)]3323 +[¢, )]3323

1Gr
v EV Vi = o

[Ced]3323

4GE * o’
V2 th Vts in

(b—stte™, £ =e,p)

(b — svply, £ = e, H, T)

(b — svrir)

Gy —Cy = (b—sttr7)

' —Cly = (b—sttr7)
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Observables summary

2
B(BY — K*uiiy) =3.46 x 1078 |Cr, + Clp |
2 2
B(B® — K*wy) =6.84 x 1078 | €y — Uy | +1.36 x 1078 €1y, + |
SM TC TC TC TC 2
Ro =REM |1+ 15Re (Cyy + €75, ) +1.0 | Ch% + €U |
SM TC TC TC TC 2
Ro- =REM |1+ 0.12Re (Cy% — €7, ) +0.05 ]cV,RL - CV7LL'
+ + -2 TC TC 2
B(BF — rtv,) =2.32 x 10 ‘(1 +C) - CV,RL‘
+ + -5 TU TU 2
B(B* — 77 v,) =8.88 x 10 ‘(1 + € — Ol

B(Bs — 7777) =1.41 x 1078 |m,(C]y — Cfg)|
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Inputs

B(BT — K*vp) = (234+0.7) x 1073, Belle Il 2311.14647
B(B® — K*%p) < 1.8 x 107% (90%CL), Belle Phys.Rev.D 97, 09902 (2018)

B(Bs = 7777) <6.8x 1073, LHCb Phys.Rev.Lett 118 (2017) 14647

B(BY — 7Tv;) = (1.2540.39) x 107%,  Belle Phys.Rev.D 92, 051102

Rp = 0.357 £ 0.029, HFLAV Phys.Rev.D 107 052008

Rp+ = 0.284 £ 0.012 HFLAV Phys.Rev.D 107 052008

cy = —-0.78979 2% Q. Wen and F. Xu Phys.Rev.D 108 (2023) 9, 095038
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Results

WC (GeV—?)

Value

[Cl%)]nza (0.94£2.2) x 1073
[Cg)]2223 (—0.3£22) x 1073
[Cedl3323 (2+0.8) x 102

[ 0.12+0.06

(o™ 14407

1072 x107%
30 30
25 25
&= 20 & 20
7 7
Z s Z s
[SERY) SIS
05| - os% 05 - s
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—0.5 —0.5
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Remake predictions

Observable prediction measurement

B(BT — Ktvp) (1.634£0.51) x 107> (2.3+£0.7) x 107°
B(B® — K*%p) (1.504£0.72) x 1075 < 1.8x107°
B(Bs —1tT17) (3.454+234)x107° <6.8x1073

B(BY = rtv,)  (1.57+£1.21) x 1074  (1.25+0.39) x 10~*

B(Bf — 7Fv:)  0.018+0.02 0.024 £ 0.02

Rp 0.357 £ 0.029 0.357 £+ 0.029
Rp+ 0.258 £ 0.002 0.284 + 0.012
4 —0.789 £+ 0.210 —0.78979 %8
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4 + + 3 —_—t—
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Summary

@ We have used SMEFT to link BT — K*vi and B® — K*0ui to C¥, Ryy, Bs = 7777,
and B+ — 7T v,, the best fit values of parameters are obtained by usmg the maximum
|Ike|lh00d function, we also remake predictions on these observables by using the fit results;

@ All observables except Rp= are consistent with current experimental bounds; our prediction
on BF — 7Fu, also deviate from the result of Flavio;

© The value of |C}‘| almost overlaps with the one of our previous work;
o The upper limit of B® — K*Oui is slightly larger than the one of current experiment;

@ Our prediction on Bs — 777~ is about two order of magnitude more stringent than the
current upper limit, which may be checked by the future experiment, e.g., CEPC.
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Backup

In the flavor basis with diagonal down-type quark Yukawa matrix (CKM matrix element in the
upper component: Q; = [(VTu.);, dii]T)

[OE::)])]P’“ :(ZP’YHTI Lr)(és'Yp,T’ Qt)

_ . -
- [(ﬁLp’f’-P)vuTl (ZU)} [(EL,' Vis, dis)y"r! <thuu>]
Lr st

=Vis(Vie)" [((ZLpv* vir) (@ivpuny) — Copv* o) (Grivuis)]
+2Vis (Copy" v ) (@rivudie) + 2(Vie) T (Fupy* €o ) (dis v )
+(Cepy* Lo )(disvudie) — (Ppy*vie)(disvudie)
= (05323 =Vis(Vip) ' [(riv*vri) (@imuny) — (Fuy™ ) (Acivpey)]

+2Vis(FvH ve ) (Teivubr) + 2(Vip) T (Froy ) (Brvuurf)
+(Fy ) Seyube) — Ty vrr)(5ryube)

with 2Vi(Fey v ) (Grivpbr) =2Vus(Ty! ve ) (Gyubr) + 2Ves(TrvH ve)(Syubr)
F2Vis (T vrL)(ELvubr)

[QHudpr :i(ﬁTDMH)(ERp’Y“dRr) - [Ofu]pr = (Ep’YuPRdr)(z’YMPLVZ)
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B(B® - K"uir) < 1.8 x 107° (90% c.l.).

(2:340.7) x 107° for the B — K decay branching (19 3 Grygier e . (B, Phys. Rev. D 96, 01101 (207, [Addeodin: Pl Rew 07, 09990
B(BY = K%vp) <18 % 107 (90% c.l.). SRR I -
( )< (90% e1.) (2.3 +£0.7) x 107° for the B* — K *ww decay branching
BB —rrr7) g™ B e ] Belle. 2311.14647
i 0 &
- B(B, —»7"77) < 6.8 x 10°* (95%C.L.)
0 LHCb. Phys.Rev.Lett. 118 (2017) 25, 251802
—_—
https://hflav-eos.web.cern.ch/hflav-

—_— eos/rare/Apr2023/html/Bs/index.html
0.000 0.001 £ R
[Experimen [veasurement (1079 3 D)

verage |- 52 1 1 1 " 1 L 'ORK/HFLAV/RD: limi new.pdf
o cos ) X e S cern.ch)
L https.//hflav-eosweb.cern.ch/hflav-

eos/semi/summer23/html/RDsDsstar/RDRDs.html
ach ~0.752403 —1054°018 087210215 = e | ! = = ‘M«.ﬁlﬁfﬂm‘

B(BT — K iw) = (23+0.7) x 10 °, Rp = 0.357 +0.029, i
B(B' = K*'mw) < 1.8 x 1075 (90% C.L), (Rp- = 0.284 £0.012, .

B(B, —rr7) < 68x107%, Cy = 0789330 e

B(B+ — 77v;) = [1.25 + 0.28(stat. ) = 0.27(syst. )] x 10,

B(B — 77v,) = [1.25+ 0.28(stat. ) + 0.27(syst. )] x 1074,
Belle. Phys. Rev. D 92,051102(R)
htts //pdglive Ibl g action’ 1 1848h 045
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