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Rk analysis
Belle 2019

¥ Analysis on full Belle 711fb-1 dataset

¥ 3D unbinned ML fit to beam constrained

mass, beam energy difference and neutral
network output

¥ Reconstructed modes: (Bl #50)B(BO ! KOIT1' ) 06B(BT 1 K17 1!)

T (Hgil#50)B(BO! KOI*1')+ B(B* | K*I*+11)

I

B! K!*I' (K = K*,K9)
_ JdglB = Hutpldg?

R
. %[B — Hete~|dg?
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Rk analysis

Belle 2019
Muon modes

¥ The NN is trained with event shape, &= i 5

vertex quality and kinematic »

variables to suppress the _ i

background from continuum and Fo - Ten ST Y o A e

. g.Z 5.L215.£25.235.J245.J255.J265.J2~75.£8’5'.29 % - 0 . g 4 8

generic B decays. M (G2 e d
¥ Signal, continuum background, BB §* i ﬂ

background and B ! charmless < |

contributions considered in the fit R o

J/pSI Slde'band used for Callbratlon 05 5.215.225.235.245.255.2&i;§z;i‘2/z;§)29 %1005 0 008 01045AEo‘ée3)25 e 5
¥ Peaking backgrounds studied from Electron modes

I ' * ID(] NDI . .
¥ B! J/pSI K )’ B D(Kpl)pl 137+ 14,138+ 15events inB* ! K 'p*p ,B*! K'e"e modes.
27.3:%% and 2181 %% events inB%! Klu*p' andB%! K2e*e' modes.
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Rk analysis

Systematic uncertainties

¥ Dominant systematic

uncertainty from |ept0n Table 20.12: Systematic uncertainty of LFU modes fat < q2 < 6 GeV2/c* bin. The
uncertainties are in%.

identification
| Source |B*! K*u'y' [B*! K*ete |BO! Ku'p' |B?! Kle'e |
¥ Estimated based on data/MC Electron identiPcation " +3.50 " +3.50
) N Muon identibcation +4.00 ! +4.00 !
ratio from a study of 2"lee Kaon identibcation +0.80 +0.80 :
ee/uu decays’ In dependence Kg identibcation " " + 157 + 157
. NN +1.50 +1.54 +2.78 +2.83
of track angle with respect to No. of continuum events g,gg Z)§§ ;g,ig §o§§
' ' PDF shape parameters | 020 ! 060 | 030 | 010
the beam direction and charmlessB ! K!! 7% 0.00 7% 0.00
momentum Track reconstruction +1.05 +1.05 +1.40 +1.40
fr!/oo +1.20 +1.20 +1.20 +1.20
No. of B® pairs +1.40 +1.40 +1.40 +1.40
E! ciency calculation +0.17 +0.15 +0.21 +0.19
Total LS W .03 530
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Rk analysis
Results for RK

¥ All measurements in agreement with

recent results and SM arxiv.1908.01848

N
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¥ The combined result is the weighted Lah E

average of the B+ and B° modes ek E
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—
Rk analysis

Measurements of Ai

¥ Systematic deviation observed, in

agreement with recent measurements arXiv:1908.01848
IA _l T T T T T T T T | T T T T | T T T T T T T ]
¥ Slight tension with the SM, 2.7 sigma in E 0.6~ -
BIK o4 -
m [ i
— 02 g
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;i 0.62L R +'$ 0.6? R b b _
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—
B!K*ll Analysis at Belle

Belle Analysis

¥ Similar electron and muon performance
¥ limited statistics B¥ 1 K'*(K*"O

¥ Neural network based reconstruction In
order to maximise efficiency

104 T 7 T ! | E
1 | | ]
~ ¢ . : ~ | . i ~ J/ cutregion | | ]
L , — - H | | i
2 6o E % 905 — Data ; L 10: ¥(285) cut region | |
& F ] 8 80 —Fit E > [ Monte Carlo | |
Y - ] v 7oL [ Signal = <& ]
Al N e o . . ] | | i
=] r ] S E =~ Combinatorial E @) | |
o = 7 o 60F == charmonium E 0 102 L I | )
Z I 5of %8 Peaking E N : : ]
2 1 2 L E o . ! |
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Systematic Uncertainties

B(B " K ! IJ.+ lJ." )(q2) — Nobs,uu# lee
B(B " Klete )(qZ) |\|obs,ee17"'/'L !uu |

Ri !

TABLE |. Systematic uncertainties on Ry for di! erent g* regions.

g’ in GeV 2/c* e, el. MC size Classiber Sig. shape Tracking Peaking bkg. ce bkg. Total
all modes

[0.045, None] 0.061 0.004 0.013 0.008 0.016 0.031 0.023 0.075

[0.1, 8] 0.058 0.005 0.029 0.002 0.016 0.054 0.051 0.100
[15, 19] 0.090 0.012 0.012 0.014 0.020 0.003 0.003 0.095
[0.045, 1.1] 0.027 0.006 0.008 0.025 0.009 0.026 0.001 0.047
[1.1, 6] 0.065 0.008 0.048 0.033 0.017 0.070 0.013 0.114
B Y modes

[0.045, None] 0.073 0.006 0.030 0.018 0.022 0.031 0.021 0.092

[0.1, 8] 0.058 0.006 0.040 0.019 0.017 0.033 0.018 0.084
[15, 19] 0.091 0.013 0.007 0.012 0.022 0.007 0.001 0.096
[0.045, 1.1] 0.024 0.007 0.044 0.005 0.009 0.049 0.001 0.071
[1.1, 6] 0.082 0.010 0.040 0.062 0.021 0.070 0.012 0.133
B* modes

[0.045, None] 0.044 0.005 0.032 0.018 0.010 0.025 0.023 0.068

[0.1, 8] 0.060 0.010 0.039 0.040 0.014 0.048 0.107 0.144
[15, 19] 0.089 0.028 0.016 0.041 0.021 0.008 0.002 0.106
[0.045, 1.1] 0.033 0.013 0.067 0.060 0.009 0.006 0.000 0.097
[1.1, 6] 0.045 0.010 0.137 0.060 0.011 0.086 0.009 0.179
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Most simple approach: Ratio of Branching Ratios

The new Belle result

¥ Separate results BO and B*

SM prediction by: |10.1007/JHEP10(2016)075
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https://doi.org/10.1007/JHEP10(2016)075
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Most simple approach: Ratio of Branching Ratios
After Moriond

¥ Measurements in accordance with
the SM 20 m— o

T I T T T T
Belle preliminary -
¥ First measurement of Rx**
1.5} T .
i I Y L 4 i .
N [ v i |
< 1.0 | : - , .
TABLE II. Result for R+, Rg+«0 and Ry«+ . The first un- o T 4 |
certainty is statistical and the second is systematic. { & |_}_| Belle
¢® in GeV?/c* All modes B® modes B" modes 05 i & o LHCb 1
[0.045,1.1] 0.527, 5 £0.05 0.467°,5 +£0.07 0.62"0,5 +0.10 ~ |
(1.1, 6] 0.96*%0-_‘25 +0.11 1.06*_(‘;0-_2';; +0.13 0.72*_(‘;0-_212 +0.18 | + BaBar
[0.1, 8] 0.907%, 5] £0.10 0.867,5; +0.08 0.96"°, 3 +0.14 - o
[15,19] 1.18"%,%2 +£0.10 1.12"°% 5% +£0.10 1.40", % +0.11 i B s prediction
[0.045, ] 0.947° 17 +0.08 1.12*9 37 £0.09 0.70"° 3% + 0.07 oo v
0 5 10 15 20
2 2 /.4
q° (GeV~/c*)
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Angular Analysis of B ! K*I|

' Generator Distribution i
J/1 Sideband
¥(28) Sideband

—
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Testing for lepton flavour universality in angular observables

Smoking gun to overcome theory uncertainties

¥ Performing the angular analysis separately for electron an muon modes

¥ Largest discrepancy in muons mode with 2.6$ while 1.1$ in the electron mode
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Testing for lepton flavour universality in angular observables

Smoking gun to overcome theory uncertainties

¥ Testing for LFU can overcome this with
very clean observables

15 .
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[ SM from DHMV |
1 NP Example

10

&
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dq
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P# $ P# JHEP 10, 075 (2016)
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Motivation Prediction of the b!s %%branching fraction

Motivation for BIK+ %%

¥ Alot of hints for new physics in b!sl
decays

¥ Deviations occur dominantly in muon

modes T Ry &Ry 20

[ RD(*)&RJ/LP 10
W Br[Bs~>171]

B Br[B->K"11]
B Br[B-Kr17]

" Br[Bs=>o¢11]

Br x 10%

¥ NP couples to mass?
¥ tau modes could be dominant
8 )

- B(B* ! K*I1')SM < 1.44(15) # 10' 7

' Some models may lead to a strong enhancement
|

|

B(B! K!'I*)MFV < 5% 10'4
Only experimental constraints by BaBar with
B(B* ! K*!*1')< 225# 10 ®at90%C.L..

\_ v,
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—
B! K +&& at Belle

.
.
-
.
- ]
.
-
.

tag side signal side
.......... v,
T (4S)
® 7_‘__|_
B~ Bt
........ U
Signal selection: K+

Btag + good kaon and two tracks

The tag side is reconstructed in more than 1000 exclusive hadronic decay channels using more than 70
neural networks

Pe+ — Pe— — Ptag-side + Psignal-side-
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B!K +&& at Belle
Belle MC Sensitivity Study

Expected upper limit: B(BT — KT7t77) < 3.17 x 10~* at 90% C.L. on MC
Alternatively: Bayesian MCMC calculator: B(BT™ — KT7T77) < 4.61 x 107*at95% C.L.

1.2 le-3

| | | |
20 expected limit

@D 10 expected limit

Belle MC preliminary

S 10
@) [ = observed limit for 8.8 expected events 7
ZE} - = - median expected limit
T

(8 . .
+ Simulation!

~

2

_+_

Q

N—"

Q

0.0 ! | ] 1 | | | |
2 4 6 8 10 12 14 16
Events
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Thank you very much for your attention!

Contact
DESY. Deutsches Simon Wehle
Elektronen-Synchrotron Belle & Belle Il

simon.wehle@desy.de
www.desy.de +49 40 4994 3789
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Table: Rk+, Rko and Rk for di! erent q2 bins.

Bin Ry Ryo R

0.1<g°<4 092/%3,+0.05 15759+ 01  0.95 %5, 0.06

4<g?< 812 122/%% + 007 050/%% + 003 081 %%+ 0.05
1<g?<6  1317%% +£007 053 %%+ 003 098 4%+ 0.06
g?> 1418  1.08/%3% £ 006 152717 + 010 1.117%2) + 0.07
whole g2 1.04/ %% + 0.06 1.25/%% + 0.08 106 %% + 0.07

Table: A/(B — Kpup), Aj(B — Kee) and A (B — K £¢) for di! erent g* bins.

Bin Ai(B — Kup) Ai(B — Kee) Ai(B — K£0)
0.1<g°<4 —010735,+ 001  —0.35 35, + 001  —0.22/ %, + 0.01
4< g?< 812 -033 45+ 0.01 0.11y %% + 0.01 —0.08/ 4%, + 0.01

1<g?2<6  —052/%%+002 -012/45+0.01 -0.30 %"+ 0.01
g>> 1418  -0.07,%%+ 001  -0.24/%% +0.01  -0.13 4%, + 0.01
whole g? —-0.15/%%,+ 0.01  —0.24+ 0.11+ 0.01 —0.197 %% + 0.01

A
 DESY.
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TABLE |: Results from the bts. The columns correspond to the ¢ bin size, decay modes, reconstruction ¢ ciency, signal yield, branching fraction, lepton-Ravor-

separated and combinedA, and Rk .

q2 Mode ! Nsig B A A Rk Rk
(Gevic*) (%) (10' ) (individual) (combined) (individual) (combined)
B*! K*'u'y 20.8 28458 1.72/%4 £ 0.08 Al (up) = Rk + =
0 0,,+ ! +3 .3 +0 .30 " +0 .20 +0 .27
(0.1.4.0) B! K2u'u 14.7 6.8/%3 0.62/%3% + 0.03 0.10/%2% + 0.01 © 022%3 £ 001 0.92/%21 + 0.05 0.95°.27 + 0,06
B*! K'e'é 27.8 41577 1.88/%3; + 0.08 A (e = Rgo =
B°! Kle'é¢ 18.4 55738 0.40°%2% + 0.02 " 0.35%2 + 0.01 15%2+ 0.1
B*! K*u'y 29.2 28.4,%4 1.2/%3 + 0.06 Al (up) = Ri+ =
B! Kou"y 20.8 4.2/%2 0.27,% 18 + 0.02 " 0.337%33 £ 0.01 122/% 32 £ 0.07
(4.0,8.12) sH HI 1 3.5 1 0.13 3 019 " 0.08%15 + 0,01 10.37 0.81%2 + 0.05
B*! K*e'¢€ 339 26.9%2 1.00/%% + 0.04 A (e = Reg =
B°! Kle'é€ 22.8 9.3/% 1 0.54/%22 + 0.03 011,51 + 0.01 0.50/% 3% + 0.03
B* ! K*u'p 235 42375 23%4+01 Al (pp) = Rk+ =
BO! K2u'y 16.7 3.9/%¢ 0.33,%% + 0.02 " 0.52/%%9 + 0.02 0 13 1313,%31 £ 0.07 0 27
(1.0,6.0) . L e o ~ 0.30/% 13 + 0.01 ~ 0.98%:3% + 0.06
B*1 K'e'¢ 30.4 41789 1.74/%33 + 0.08 A (ee = Reg =
B°! Kle'¢ 20.1 8.9/%°9 0.59/%27 + 0.03 " 0.12/% 18 £ 0.01 0.53/% %5 + 0.03
B* ! K*'u'y 453 47.9/%% 1.34/%23 + 0.06 Al (up) = Rk + =
B! Kou"u 25.3 9.6/%2 0.51/%2 + 0.03 " 0.07,%1 £ 0.01 . ) 108793 + 0.06 .
> 14.18 . L Bt o 26 ~ 0.13/%133 £ 0.01 ~ 1.117%32 + 0.07
B*1 K'e'é 44.2 4321%3 1.241%2% + 0.05 A (ee = Reg =
B%! Kle'é 236 5.9/%°9 0.33/%2% + 0.02 " 0.24/%3% £ 0.01 152/%,2% £ 0.10
B*! K*p'y 27.8 137.0/Y52 6.24%23 + 0.31 Al (up) = Rk + =
B! K2u'y 18.2 27.31%% 20%5+01 " 0.15/% 08 + 0.01 1047%:1% + 0.06
whole ¢? oK ”l ' 59 o4 > o8 " 0.197%'% + 0.01 ols 1.06'% % + 0.07
B*! K*e'¢e 29.1 1380/%,3 6.00% ¢ + 0.3 A (e = Reg =
B%! Kle'é 18.2 21879 1.60/%32+ 0.08 " 0.24+ 0.11+ 0.01 125%3% + 0.08
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Experimental Setup for Belle |l

Advantages at e *e- colliders

signal side

(P!! - Perer - PB, - P!*J / |

Ty
by
Ny
......
Ny
Ny
ay

. CHadronic Tag ! = O(O.S)CVD 4
tag side > -
K + / é CSemiIeptonic Tag ! = 0(1)0/9 é
=
L
v anlusive Tag | = O(lOO)‘VD
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—
Experimental data on LFU

¥ Lepton Ravour violation probed thd *? level in u decays.

¥ Lepton universality foZ " !! probed to per mille accuracy at LEP,
including! 2+ = /! 2, = 1.0019+ 0.0032

_gﬂ
i)
&
¥ Lepton universality foWW " e#andW " p#decays measured directly ¢
controlled with high precision using K and” decays. Some tension _U";
B
I
=
o

for W" "#from LEP: ( ("#)/! (e#) = 1.063% 0.027,
| ("#)/! (u#) = 1.070+ 0.026).

- #@= ATLASW,Z Vs =7 TeV .
- @M R, LEP+SLDe'e - Z .
0.96 ==R, LEPe’e - W'W —
. — R, fromt decays 4

ATLAS EPIC 77 (2017) 367: W Ry, from K decays -
== R,, from  decays

LEP+SLD, PR 427 (2006) 257; " o Standard Model 7

HFAG er1V14127515, 0.94 | 1 | | | 1 | 1 | 1 1 1 || ] | 1 1

KTEV PRD70 (2004) 092007: 094 096 0.98 1 1.02

NA62 PLB 719 (2013) 326; R fid -/ ofid

7 - OZ/Y* — e+e GZ/Y* _— M+M-

PIENU PRL 115 (2015) 071801.

Credit: A. Glazow
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—
Upper Limit Optimisation

| determine the best upper limit in
dependence of two cuts:

' cg, signal window in Egc
' cgpr, cut on the BDT

LA Frequentist Propble Likelihood
approach is chosen

No signal events are expected
(Poisson likelinood)

The error on the background and
the signal efpciency " is treated
with a Gaussian likelihood as
nuisance parameters

NUL

B(B* ! kK*!"l" )< ———

Belle 1 Analysis of BIK +%%Simon Wehle | 15.05.2019 24
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Systematic uncertainties

Table 12.1 List of covered systematic uncertainties.

~ 1400 T T T T T
T T : T T I_ o T T Q
Source Error [%)] 12000 |- ! == mi;ed ulyx 20 ] ;1200 r t i T g;:ta g
K 0 ! I charged ufv x 20 81000 L # (A M i
Nexp Tracking 1.05 = 10000 | . uds 13 # 4t m
! charm — = $ Y i
PID 5.54 S | ! = e | =2 o0 R i
Biag COrrection 4.60 3 — ; °_"a’9fd = 600+ z
Egc, distribution 10.00 S 000 s PRl .
Data - Monte Carlo discrepancy 10.00 > OC>) 200 | 1
+= 4000 | | 1 1 1
Statistical error 33.64 § W8 . . . : :
Total 37.21 L' 2000 % ig:—— st . =-.-.=-.—.——.-.--;--‘-.--‘———--:
ota ) 8 r I
! S N B + B! 180 00.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 0.00.4 0.6 0.8 1.0 1.2 1.4 1.6
Tracking 1.05 Epcr [ GeV/c? | Egcr [ GeV/c? ]
PID 5.54
Biag coOMrection 4.60 Figure 12.2 Egc, sideband for all dil erent types of MC (left) and the comparison
Data - Monte Carlo discrepancy 6.00 ) ) .o i
Generator 5.66 with data (right) after the Monte Carlo e " ciency correction for the B4
Statistical error 6.18 candidate is applled.
Total 14.33
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Control Mode

100
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<t o
L 6ol s =
S N
o o
~_ 40} i g
2 a
c
o Or i!‘ | o
> >
LLl L
O 1 1
2.0 T T
S 15p + Lo } { b 2
) )
@ 10fkp--d-q-p-pptegog-p-bo el a <
X os _F 1 i 1 ‘[ { * r - x
OO 1 1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 16
Eger [ GeV ]

Figure 12.3 Egc, distribution for B | K™ 171" (Ks), where the K 5 daughters
are removed from the event with the Pnal cutcgpt = 0.553(right) and
Cegpt > 0.1(left) for comparison.
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Result on MC

Expected upper limit: B(BT — KT7777) < 3.17 x 10~ * at 90% C.L. on MC
Alternatively: Bayesian MCMC calculator: B(BT — KT7777) < 4.61 x 10~* at 95% C.L.
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