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- Suppressed in the Standard Model

- Can be probes of nhew physics beyond the
Standard Model

»e . g. differences between branching fraction and CP
Mmeasurements and theoretical predictions

- Belle provides large Upsilon(4S) (711/fb) and
Upsilon(5S) (121.4/fb) data samples from e+e-
collisions
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» World’s first measurement.

/
 No inclusive Bg mode with 7] has been measured.

 May help provide an understanding of the eta’ mass through e.qg.
an anomalous 77’ — ¢ coupling
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Signal extraction strategy: 1D ML fits to beam-energy-constrained mass

M;,, in bins of M(X;) to extract the signal yield.




Example My = \/Egeam/c4_p235/c2
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Results

B W KtK™ +nn

v L %
> 16 — >
[0} ~ [0}
Q) + Q)
© [ ©
g 14y g
.,\‘2 12 j—a»— o _,\(2
c - —— c
(O] - (O]
Lﬁ 10 :o— - Lﬁ
= - - L |
8 - - 20 Tt
- - <+ || T —— i ) ) (Y B ~d
6 B —o— 15 :— \\\\\\\
4 10 & + %
2 b J» 5 #
0 L | 1 L ‘ | 1 | ‘ 1 | J ‘ e ) | I I | LA | “I | | 0 : | 1 L ‘ | 1 | ‘ 1 | J ‘ el | { R | | lAL | “\J | |
5.3 5.32 5.34 5.36 5.38 5.4 5.42 5.44 5.3 5.32 5.34 5.36 5.38 5.4 5.42 5.44
M, (GeV/c?) M, (GeV/c?)

Sum of the 1D fits in M., overlaid on the data



Results

B(B) — ' Xss) = [-0.7 £ 8.1 (stat.) + 0.7 (syst.) g5 (FM) £ 0.1 (N joes) gon)] x 1074 for M(X,5) < 2.4 GeV/¢?

R(n') = B(BY — 7' X:)/B(B = 1/ X,) = —0.2 + 2.1(stat.) + 0.2(syst.) F0-8(FM) & 0.03(N goc) goc))

90% Confidence Level Upper Limits

B(B? — n'X.5) <1.4x 1073

R(n") < 3.5

Phys. Rev. D 104, 012007 (2021)
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~ 1 assuming naive SU(3)symmetry Phys. Rev. D 104, 012007 (2021)
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 World’s first measurement.

« Suppressed in the SM and sensitive to NP.
« e.g. 4™ gen. fermions, two-Higggs doublet w/ FCNC, etc.
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Signal extraction strategy:
3D ML fit to My, — AE - M(nntn™)
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Fit projections of 3D fit in the signal region.



Results

2.7+t 2.5 signal events

57.3 = 7.8 background events

B(BY) = n'n) = (2.5

- 2.2 -

-0.6) x 107°

90% Confidence Level Upper Limit

B(BY — n'n) < 6.5 x107°

Accepted in Phys. Rev. D
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* Inclusive mode that provides information on the
Bg production rate f, atthe Y(5S)resonance - the fraction of T(55) events

with BY pairs.

. BS properties can provide important information on
CKM matrix parameters.




Mode is used to determine the production of BY in T(55) decays

Study uses a semileptonic tagging method,;
partial reconstruction of

B(S) — D X/lv, L =e,

Signal-side Ds is reconstructed from tracks
remaining in the event

Signal side

Tag Channel | Signal Channel
MK K }n
o K{nTr }K
KK rT}lK
P{KTK }m
KK K{nTn }K
K*{K*rT}K
Tag side




and M(D,)

Number of Bg tags for each D channel is found by fitting M?
distributions to:

miss

1) Correct tags
2) Incorrect tags where tag-lepton is paired with signal-side D,
3) Other incorrect tags

Number of signal-side Dy is found by a 3D fit to M? . _and inv. mass dist. of tag

and signal-side D,

miss
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Our Current Results:
B(B? - D,X) =
fo=0.278 +

Previous Belle Results:

B(BY - D,X)

[61.6 &= 5.3(syst.) £ 2.1(syst.)]%

0.028(Stat.) T

0.035(syst.)

= [91 T 18(Stat.) T 41(8}/‘813.)]%

fo = 0.181 -

- 0.036(Stat.) =

- 0.075(syst.)

Current result uses full 121.4/fb data set

Previous resul

t uses 1.86/fb



Our BF result is smaller than the world average by approximately 1.2 o .

It is also smaller than the theoretical prediction of 86*% . %.

The lower measured rate my be explained by a higher than expected rate
of cs > D vs Dy
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Highly suppressed in the SM.

Sensitive to NP, e.g. through BF enhancements.

NP can occur in the loop diagrams
* e.g. BSM particles
LHCb: Acp = —0.123 £0.017 £ 0.012 £ 0.007

Acp = —0.328 +0.028 + 0.029 + 0.007, 1.0 < M(KTK~) < 1.5 GeV/c?
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Signal extraction strategy: extract signal from 2D ML fits in

Results bins of M(K*K~) and M(K*r7).
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Results

B(BT - KTK nt) = [5.38 £ 0.40(stat.) £ 0.35(syst.)] x 107°

Acp = —0.170 £ 0.073(stat.) = 0.017(syst.)

Acp = —0.90 4+ 0.17(stat.) & 0.03(syst.) for Mg+ - < 1.1 GeV/c?
4.80 significance

Belle Preliminary



Results
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Summary and Conclusion




Four different hadronic B/B? decays have been presented.

The two BY decays involving the 1’
are the worId s first measurements. These are probes of
new physics and may help us understand the 77" mass.

The B? — D, X (re)measurement finds a lower BF than previous
measurements.

The BT - Kt K7t measurement confirms LHCb’s finding of a

large A¢p in the low M (kx+ K —)region; we report a more

complicated spin structure in the K+ K~ system, than a purely S- or P-
wave structure.
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