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b—sf+8- -

» Flavor Changing Neutral Current process v, Z°

- Penguin/Box diagrams are dominant
- suppressed in the SM (Br ~ O(10-9))
= sensitive to NP
» loop or tree level NP contributions
- SUSY, Leptoquark, flavorful Z’, etc..

[
* various observables : ‘KZ

 Branching fraction

- Angular distribution (P’s , Ars, €tc..) p —p——e—p——— g
» Lepton Flavor Universality test (Rko) . "
% represented as a function of g2 (=m2(£+£-)) ARRR <



b—sf+8- : Wilson Coefficients

 effective Hamiltonian :

V2

* In the SM, b—s?+{- is dominated by e>
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CM~—03, GM~41, Cpl~-42, CFY =0

deviation from CSM = NP contribution 3



b—sf+8- : Wilson Coefficients

x B2 K*ll case

Green : only O7,9.10 contributions
theoretically favored region Red : + lepton mass effects and
2
LS 0 S charm resonances
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https://arxiv.org/abs/1606.00999
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» Lepton Flavor Universality test with b—s{+{-
- take a ratio of branching fractions
—cancel out many of theoretical/experimental uncertainties
—very clean observable

- if LFU holds (SM), Rko ~ 1
- small deviation from unity in low g2 region due to me/my difference
» other deviation from unity implies NP



R« and R« anomalies

recent LHCDb results Rk in 2014 and 2019, R« in 2017) Show deviations from SM

Belle : PRL 103 (2009) 171801

BaBar : PRD 86 (2012) 032012
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2.50 deviation from SM 2.1-2.50 deviation from SM

Belle & BaBar results are consistent with both SM and LHCDb results
need more precise measurements = - |atest results from Belle(Rk, Rk)
- prospect in Belle |l
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other b—sf+8- anomalies
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Global Fit

model-independent fit to Wilson coefficients using
Rko, b—st{ differential branching fractions, angular observables,
b—sy, Br(B—Xspy), Br(Bs—up)

JHEP01(2018)093
R best fit : CouNF ~ -1
| . « ~25% level of SM ( CoSM ~ 4.1)
i A N L - favor Co,NP = -C10,NP (V-A) scenario
S e ; LHCb exclusive decay results are
—ATEEE— Gy ==Cl,  dominant in the fit
ol = independent measurements from
., Belle / Belle Il are important
I R R e.g. Rk», Q5, inclusive decay analyses
Cs,

Ci=CM+CF, i=7910,1=e,p

l
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Belle / Belle Il ere- — Y(4S) — BB

e

KEKB — SuperKEKB accelerator
8x103°> cm-2s-1

Lumi.: 2.11x1034 cm-2s- '
Stat. : 1 ab-! 50 ab-1

Belle Il TDR, arXiv:1011.0352 KL and muon detector
Resistive Plate Counter (barrel outer layers)

Scmtlllator WLSF + MPPC (end-caps , inner 2
= R ——

N Aerogel Cherenkov cnt.

P \ \ n=1.015~1.030
SC solenoid '( N | 3.5GeV e+ EM Calorimeter
1.5T '

) Csl(Tl), waveform sampling
Csl(T)16Xo \A--\\ -/

ﬂ, g
“&n‘h}‘f =
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R '7\\ -

\

electrons (7GeV)

entification

agation counter (barrel)
Jfocusing Aerogel RICH (forward)
rate >2 x lower than in Belle

TOF counter
8GeV e—

Vertex Detector

i klng + dE/dX 2 layers Si Pixels (DEPFET) +
N N\ . a ceII + HE/CZHS fllavers Si double sided s?rlilp' ?SSD

positrons (4GeV)

—

. Central Drift
pl/kL detection Smaller cell size, long le

Si vtx.det. 14/15 lyr.RPC+Fe
4lyr.DSSD

Detector upgrades
» better and larger vertex detectors (PXD+SVD)

- improved PID with TOP and ARICH
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Belle / Belle |}

Belle Il online luminosity Exp: 7-8 - All runs

Integrated luminosity [fb~1]
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Belle Il started data taking
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Plot on 2019/07/01

Total integrated luminosity [fb~1]
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Belle Il TDR, arXiv:1011.0352 { KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps , inner 2

EM Calorimeter
Csl(Tl), waveform sampling

\\\

electrons (7GeV)

entification
o Time agation counter (barrel)
er rox. sing Aerogel RICH (forward)
rate >2 x lower than in Belle

— e
— S ,i:A,'.A—W % S A

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

1 -
3 ——

: - ' positrons (4GeV)
Central Drift '

Smaller cell size, long le

* achieved luminosity of 1.2x1034 cm-—2s-1

- accumulated 6.5 fb-1 data by this summer
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Recent R« Result at Belle

arxiv:1904.02440
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R« measurement at Belle

- with full data set of 711 fb-1 ¥ first measurement for Rk
* mode : BO—=>K*0¢+f- B+ K*+{+{- +C.C. (£+8-=ete-, p+y-)

K*0 : K*0— K+t

K+ K'+—=K+0, K*+—Ksmt™
* main background sources:

- Combinatorial BG :

* require Mobc = sqrt( Ebeam? - pa2 ) ~ mg, AE = EB - Ebeam ~ O
* Charmonium BG : B~ J/pK*, B2 (2S)K*

- veto m(£2) ~ musy, Myes)
- Peaking BG : Knrirtimt = Krtipy mis-PID

 hierarchal neural net for PID and reconstruction

* Continuum BG : erte-—qgqg contribution
* Event shape, MVA

* Fit Mwc distribution with Signal + Combinatorial / Charmonium /
Peaking BG components in each g2 region

13



Fit tO Mbc

e-mode

Events / ( 0.0025 GeV/c?)

Pull

1 | 1 ]
5.28
M, (GeV/c®)

Events / ( 0.0025 GeV/c?)

Pull
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- | ]
:_ 1 | 1 1 1 | ;_._‘ | 1 _:
22 5.24 5.26 5.28 0

M, (GeV/c?)

fit example : g2>0.045 (GeV/c?)? (full g2 region)

signal yield : e-mode : 103.0

+13.4
-12.7

u-mode : 139.9 %12,

—+— Data

—_— it

= Signal

~ Gombinatorial
== Charmonium
-~ Peaking
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Results

Measurements vs. SM

20— 2.0
15} 15]
j: : : =} E I
i« 1.0 - —_— — 1.0
, — =
05| . 05l
i +$+ Data for B modes | ~
i Bl SM prediction 1
oo . . [
0 20 0.0

o Comparison with other measurements

1.5 |

0.5 |

0.0 L

q* (GeV?/c*)

Data for B’ modes
I SM prediction

q* (GeV?/c*)

o 4

¢+ Data for B and B modes |
B SM prediction

Data
LHCDb
BaBar

SM prediction |

—
(GeV?/c?)

15

¢* (GeV?/ct)

¢g° in GeV?/c* Ry
0.045, 1.1] 0.52702% £+ 0.05
1.1, 6] 0.9670%° +0.11
0.1, 8] 0.901727 £0.10
15, 19] 1.1872:22 4+ 0.10
0.045, ] 0.9470 17 +£0.08

SM consistent.
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Recent R« Result at Belle

arxXiv:1908.01848
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https://arxiv.org/abs/1908.01848
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R« measurement at Belle

- with full data set of 711 fb-
* mode : B+—=K+{+{-, B0 Kgf+P- +C.C. (£+8-=e*e-, yty)

* main background sources:
* Charmonium BG : B~ J/pK, B (2S)K
- veto m(£2) ~ musy, Myes)
- Peaking BG :
« B+—=DO(—K+1)rt+, rirt mis-PID as pp — veto m(K+p-) ~ mp
« Br=2K+J/W(—pp), Ky mis-PID as pK — veto m(K+p-) ~ myw
* Continuum BG : ete-—qQ
- Generic B decay BG

* semileptonic decays of B-B pair, B—D®)(—X2v)£v, hadron mis-PID as lepton

* Neural Net for continuum and generic B backgrounds
 use event shapes, vertex quality, kinematic variables
- 1/4 background suppression with 4-5% signal acceptance loss

» 3D fit to Mbce, AE, NN output in each g2 region

17



fit sum

Fit RGSU":S e Signal

B+—>K+“+|J-
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fit example: g2>0.1 (GeV/c2)2 (whole g2 region)

signal yield : p-mode: 137.0 132, e-mode: 138.0 137

x BO—+Ks0+2- modes : p-mode: 27.3 55, e-mode: 21.8 *£?



Results

Comparison W|th other measurements

922
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- ——Belle 2019 Belle 2019
S e Prelirinary |
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20

15 5 10 15 20

q? (GeV%/c?) (GeV?/c?)

2 in GeV*/c? Rk
== (.1, 4.0] 0.95" 5, £0.06
= 4.0, 8.12] 0.817055 £0.05
== (1.0, 6.0] 0.987052 4+ 0.06
- 14.18 1.117922 +0.07
(0.1, ] 1.0619 10 £ 0.07
SM consistent.
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GIObaI Flt ( latest Belle Rk result is not included)

D. Straub, Moriond EW 2019

Muonic Cg VS. C10

—— - = o sy b (ky,h)

— g K* ) / K bsupy s U . . -
s S faio [ Cio™ (Suv"bu)(kyuvsk) | s tension is mitigated
159 —— global o /!

Pre-Moriond —dashed

» Perfect agreement
between RK(*) &

b sup * not so agree with other
» Pull towards C;g > 0 b—pspu anomaries

S, g e mostly from
0.5 - SR N Bs — putu~
' ," . » Excellent for models

with LH leptons * CouNP = -G10,NP senario is
SM (Co = —Cho)
preferred
Now  +solid

» Agreement between
R (x) &b — sppno
longer perfect

1.0 A

bspup
010

0.0

—0.5 1 /

(jbn?'_"— (jAU) > Fitcl SM
oy 10 it closer to SM,
T T T //t //l| Cg — _CTO still
—1.5 —~1.0 —0.5 0.0 0.5 preferred
Cgsuu

David Straub
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Belle |l status

Re-discovery of B—J/WKs

40% of accumulated datg ...

15T 777

§ - Belle Il 2019 -
> - ]
2 Preliminary ]
S f L dt=2.62fo" :
i 10 ]
E | ]
Q [ 26.9+5.2 signal events! )

~

O 1 1 1
5.2 5.22

5.24 5.26 5.28

9.3
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Belle Il online luminosity Exp: 7-8 - All runs

Integrated luminosity [fo~1]

Il Day per Day
= Total
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ty per Day [fb
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sit

0
o

-

(1]
o . 7
0.00
vV
R
&

Total integrated lumino

Total integrated |
o
=
o

» Belle-2 analysis already started
« Rediscovery of B—J/WKs

— good performance of Belle |l
Is confirmed
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R«» Prospects in Belle Il

Rk

Rk*

< 0.3 ~ 0.6
= e <
& Belle Il 2019 € Belle Il 2019
0.25- Projections for R(K) 0.5- Projections for R(K*)
0.2" - ¢ ¢ (0.1,4.0) GeV? 0.4 iM% v F € (0.045,1.1) GoV
- ‘o F € (4.0,8.12) GeV? C gl v € (1.1,6.0) GeV*
- (- @ € (1.0.6.0) GeV? Ci T ¢ (15.0,19.0) GoV*
e @ > 14.18 GeV 03 RO v G > 0.045 GeV*
01"_ v_;. \“-‘\.:\T' Whao qz 02— : "."‘"'0....‘.-.
- 2hh. N Tl
0.05— = 0.1 e gy
SR R i ) T by e SRR P L :
0 il 1

10 N
Integrated Luminosity (ab™)

« 3-6% precision measurements with 50 ab-1 data
- comparable sensitivity to LHCDb for low-g2 region
 advantage in high-g2 region, Rx.

10 N
Integrated Luminosity (ab™)
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Summary

b—sl+P- is a rich field of NP search
| atest Belle results of Rk» are consistent with SM

-Belle Il will measure Rk» with O(3%) precision

Stay tuned !
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P’s

one of the angular obserbables in B2>K*(—=Km)upy JHEP01(2013)048)
reducing form factor uncertaiinty

angular distribution can be represented as a function of three angles and g=:

1 d*T 9 13 . 1 .
dl'/dg* d cosbyd cosOxdpdq? N 32—77[1(1 ~ FLsin®0g + Freos Oy Z(l = FL)sin*0x cos26,

— F;c08?0 cos20, + S;sin’fxsin’0, cos2¢ + S, sin260 sin26, cos¢

+ S5 sin20y sinf; cose + Sesin’fy cosfy + S, sin20 sinf, sing

+ Sg sin20y sin26, sing + Sosin’fgsin’6, sin2q§],

Pl Dj=4518 % Si, FL are functions of g2
et R0 - Fp)
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2

e LHCbdata © ATLAS data

= Belledata © CMS data

SM from DHMV
SM from ASZB

|

P(25)

2
=
:

I=||||&_.|||||||||||||||=I

1 1 1 1 1 | 1
10 15
g* [GeV?/c4

plot from arXiv:1606.00999 (original ?)

Belle :PRL 118 (2017) 111801 (u,e® 1)
LHCb : JHEP02(2016)104 ()

ATLAS : JHEP10(2018)047 ()

CMS : Phys. Lett. B 781 (2018) 517 (y)

SM (DHMV) . JHEP12(2014)125 (7) hadronic part@
SM (ASZB) : JHEP08(2016)098 (?) EUiRL\ANE S
Eur.Phys.J.C 75 (2015) 382 (?)

Belle, LHCb, ATLAS measurements show deviations from SM prediction

29


https://arxiv.org/abs/1606.00999
https://doi.org/10.1103/PhysRevLett.118.111801
https://doi.org/10.1007/JHEP02(2016)104
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Q5 : LFU observable

- €
Belle : PRL 118 (2017) 111801 Qi — PP
I —— 4 1.5kxxxx|xxwwlwwwl|ww
1 SM from DHMV/LQCD - -
10 _ 4 All Modes _ 1.0 _
b T 1+ Electron Modes 1 Tl T
[ HH  Muon Modes 1 - .
0.5 l + ; 0.5 - T : i |
A 0.0 ] —  — > 0.0 ; =
0 r , T , — L S O ; :
_05 ! ﬂ | k --L _05 ?
10l | | | — | 10l
Al ] I @ SM from DHMV
; | - 1 NP Example
15 - . . v . . oy 1L .. . .y
0 5 10 15 20 0 5 10 15
7 [GeV? /e ¢ [GeV? /]

- larger deviation from SM in p-mode

* Qs is a LFU observable
* hadronic uncertainties cancel to a large extent
* more reliable SM prediction
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https://doi.org/10.1103/PhysRevLett.118.111801

Rk, Belle(2019) : arXiv:1904.02440

PID:

Likelihood using CDC, TOF, ACC, ECL, KLM information:
Pe=Le/(Le + Lm) >0.9

Pu=_Lpy/(Lpy + Lm) > 0.9
kinematic selection :

e:p>0.4GeV/c = >86% efficiency w/ >99% 11 rejection
u:p>0.7GeV/c — >92% efficiency w/ >99% 11 rejection

Brems. recovery for electrons
add energy within 0.05 rad of the initial direction of electron track

charged-K
PK=LK/ (LK + Lrt) >0.1 = >99% eff. w/ 94% 11 rejection
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https://arxiv.org/abs/1904.02440

Rk, Belle(2019) : arXiv:1904.02440

Reconstruction:
Ks : vertex fit with +mt- — 74% efficiency
10 : Ey>30 MeV & 115 < M(yy) < 153 MeV/c2 (+40)

K* : K01 KO- K+
K*+ 1 K+ = K+0, K*+—Ksm+

require 0.6 < M(Km) < 1.4 GeV/c2 & vertex fit quality

)
B reconstruction with K* candidate and two oppositely charged leptons
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https://arxiv.org/abs/1904.02440

Rk, Belle(2019) : arXiv:1904.02440

Background:
- Combinatorial background <« dominant background

Incorrect combinations of tracks
=Nbc, AE cut
5.22 < Mbc < 5.30 GeV/c?
-0.10 (-0.05) < AE < 0.05 GeV for electron (muon)

- Charmonium background

B—-J/Y (= I+H)K*, B—=P(2S) (— I+)K* contribution (irreducible background)
=veto for M(I+)

-0.25 (-0.15) < M(I*I") - Myy < 0.08 GeV/c2 for electron (muon)

-0.20 (-0.10) < M(I*I") - Myes) < 0.08 GeV/c?2 for electron (muon)

in electron mode, both w/ and w/o Brems. recovery

- Peaking background
double flavor misidentification (Krirtrmt = Kripy) = peak in Mbc
only for muon mode.

better PID for electron (E/p~1 with ECL) makes this BG negligible small for e-mode.

« Continuum background
ee—qq contribution. suppress using MVA.
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https://arxiv.org/abs/1904.02440

Rk, Belle(2019) : arXiv:1904.02440

MVA Classifier:

Continuum BG 56, S 5(CBGZR5S T =& DMVA : hierarchal neural net

Decay chain®A CTH T K 2ER[F (e, pz, K+, K*, Ks, MO)ZFNFNICK U T,

particle dedicated NN identifier
B®DDecay modef&(Bo->K*0p+u-, B+—K*+e-e+ 73 £)ICtop-level classifier Z FAE UL T

Signal - BGZ ¥ 5l
1> 7w M&. particle dedicated NN identifier, Event shape variables

(modified FW moments), vertex fit f& &, reconstructed mass +°

momentum angle’i & Mkinematics

top-level classifier Doutput TH v ko,
cut pointld FOM =ns/sgrt(ns + np )2 & L. INHRKELRD KD ITROD T,
FoM(ZMbc>5.27 GeV/c2 DMC sample’ FA U\ T 3T
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Fit:
Fit to Mbc with four components (in each g2 region):
- Signal : Crystal Ball function
- B—J/PK* — calibrate shape parameters
« Combinatorial BG : ARGUS function
« Charmonium BG : Kernel Density Estimation (KDE) w/ x100 stat. MC
- Peaking BG : KDE w/ MC

yields of Charmonium BG and Peaking BG are evaluated by MC and

fixed in the fit.

( systematic uncertainty of the yields are evaluated by varying the fixed yields by
+ 50%(peaking) / +25%(charmonium). Resulting signal yield deviations are included
as part of the systematics. )
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Systematic Uncertainty:
- Crystal-Ball function®shape parameterZz % Duncertainty&pH Tz > T\

T DRRZ{MIEZET L
« Charmonium BG & Peaking BG®normalization|c & % signal yield M systematicsid.
BG yieldZ50% (peaking) / 25%(charmonium) & > T 3
- Lepton ID eff. ®Data-MC differencelC & % systematicsidee—eeee(uu)h 5 M 1E
- Signal eff. [& Br(B—=J/PpK*) & 3k ¢ % Z & (world average consistent) Cvalidate
- CDHEZFEST

Br(B— J/W(— uu)K*) / Br(B— J/W(—ee)K*) = 1.015 + 0.025stat. +0.038cor
% 3K 8T validate = OK

- MVA Classifier response I D W\ T [dclassifier output binfg CBr(B—J/PK*)Z 3K 8 T
nominal result & i —3& L\ Z weight & U TDatalc 24 T 7= 5 X TMbc Fit
— signal yield D Z{t % systematicsiC 5t _E
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Systematic Uncertainty:

TABLE I. Systematic uncertainties on Rg+ for different ¢ regions.

¢° in GeV2/c4 e, u eff. MC size Classifier Sig. shape Tracking Peaking bkg. Charmonia 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
BY 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
BT 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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Results:
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Results:

TABLE II. Result for R+, Rg+«o and Rg«+. The first un-
certainty is statistical and the second is systemartic.

qg° in GeV?/c* All modes B° modes BT modes

0.045,1.1] 0.5272:2% 4+ 0.05 0.4672-2> +0.07 0.6270°52 £ 0.10
1.1, 6] 0.9670%0 +£0.11 1.067955 +£0.13 0.72175 +£0.18
0.1, 8] 0.90722" +0.10 0.8677 5> +0.08 0.96702° +0.14
15, 19] 1.1879:52 £0.10 1.1270°5, £0.10 1.407 32 £ 0.11
0.045, ] 0.9472:7% +£0.08 1.12%927 +£0.09 0.701925 4+ 0.07
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Pre-selection:
» impact parameter : [d| < 1 cm, |z| < 4 cm except for Ks daughters
- pt > 100 MeV/c for all tracks

Particle selection:
- K+ : Likelihood ratio using CDC, TOF, ACC
PK =LK/ (LK + L) >0.6 = >92% eff. w/ 93% 11 rejection

* Ks:
487 < m(r+11-) < 508 MeV/c2 (3o window)
Neural Net based selector
» u: KLM based PID
p > 0.8 GeV/c,
Ru > 0.9 : 89% eff. w/ 1.5% 11 miss-PID
- e: CDC/ECL based PID
p> 0.4 GeV
Re > 0.9 :92% eff. w/ <1% 11 miss-PID
Brems. recovery for electrons
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Reconstruction:

B reconstruction with K+/Ks candidate and two oppositely charged lepton:s
* require AE and Abc cut :
* -0.1 < AE < 0.25 GeV
- Mbc > 5.25 GeV/c2

41


https://arxiv.org/abs/1908.01848

Rk, Belle(2019) : arXiv:1908.01848

Background:
- Charmonium background

B—-J/Y (—IHH)K, B—=yP(2S) (— 1)K contribution (irreducible background)
=veto for M(I+)

8.5 (8.75) < M2(I+I) < 10.2 GeV2/c4 for electron (muon)

12.8 (13.0) < M2(I*I") < 14.0 GeV2/c4 for electron (muon)

##? in electron mode, both w/ and w/o Brems. recovery

- y*—ete- / m0—yet+e- contamination
veto low g2 region : < 0.05 GeV2/c4

- Continuum background : ee—qgq contribution
two back-to-back jets of /K
suppress based on event topology

- Generic B decay background: three categories
(@) bath B B-bar decay semileptonically
(b) B—=D(*) (—Xlv) Xlv
(c) hadronic B decays where one or more daughters are misidentified as leptons
= NN to suppress continuum and generic B decay backgrounds
using event shapes, vertex quality, kinematic variables
=1/4 background suppression with 4-5% signal acceptance loss
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Background:
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Fit:
3D fit to Mbc, AE, NN output with four components (in each g2 region):
- Signal :
- Mbc : sum of a Gaussian and a Crystal Ball function
» AE : single Gaussian
« O’ : sum of asymmetric Gaus. and a regular Gaus. with common mean
- all shape parameters from MC, with calibration using B—JpsiK
- B decay BG, Continuum BG
* Mbc : ARGUS
» AE : exponential
» O’ : Gaussian
yield of continuum BG is estimated with off-resonance data
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Systematic Uncertainty:

TABLE I: Results from the fits. The columns correspond to the ¢* bin size, decay modes, reconstruction efficiency, signal yield, branching fraction, lepton-flavor-

separated and combined A; and Rg.

) Mode £ Ngig B A A Rk Rk
q
(GeV?/ct) (%) (1077) (individual) (combined) (individual) (combined)
Bt - Ktutu~ 20.8 28.413-8 1.72+0-4 +0.08 Ar(pp) = Riy =
BY — K3utp~ 14.7 6.815% 0.627939 4+ 0.03 —0.107529 4+ 0.01 0.927927 +0.05
—2. —0. —0. . +0.14 —0.24 +0.27
(0.1,4.0) ) Lo o o3 B 0.227512 +0.01 0.9570-27 + 0.06
BT — KTe'e 27.8 41.5+17 1.8810:3% 40.08 Ar(ee) = Ry =
B - Klete™ 18.4 55759 0.40%3:2° 4 0.02 —0.357921 +0.01 15712401
BY - Ktutu~ 29.2 28.47%-3 1.2753 +0.06 Ar(pp) = Riy =
B — K%utu~ 20.8 4.914:2 0.2779-1% 4+ 0.02 —0.3310-%2 +0.01 1.2279-42 4 0.07
(4.0,8.12) 35 0-13 0-19 —0.087%15 4+ 0.01 0.37 0.81192% +0.05
’ Bt - K*tetem 339  26.9169 1.00+925 + 0.04 Ap(ee) = o Ry = o
B = K%te~ 22.8 9.3757 0.5410:22 4+ 0.03 0.11%312 +0.01 0.5070:35 4-0.03
Bt — Ktutu~ 23.5 42.37%8 23709 +0.1 Ar(pp) = Riy =
B - KSutu~ 16.7 3.9127 0.317522 +0.02 —0.527929 +0.02 1.317931 +0.07
(1.0,6.0) 20 0-16 0-17 —0.307%-13 4 0.01 0-31 0.981927 + 0.06
’ Bt 5 Ktetem 304  41.7F890 1744933 4 .08 Aj(ee) = e Ryco = o
B® = Klete~ 20.1 8.9739 0.597927 +0.03 —0.12%9-12 + 0.01 0.5310:33 4 0.03
BT — Ktutu~ 45.3 47.9%59 1.347535 £0.06 Ar(up) = R =
o 41 B — Kdutu~ 25.3 9.6152 0.5118:3% +0.03 —0.07%5: 1% £0.01 0135014 1 0,01 1.08%0:57 +0.06 L1102 4 .07
' Bt = Ktete~ 442  43.2%91 1.241026 1+ 0,05 Ap(ee) = ST Ryco = o
BY = Klete™ 23.6 59739 0.33797 £0.02 —0.241923 +0.01 1.521523 +0.10
BY - Ktutp~ 27.8 137.0715°2 6.2470-8° +0.31 Ar(pp) = Riy =
B° — Kgutu~ 18.2 27.3+%-8 2.0702 +0.1 —0.1519:0% 4+ 0.01 1.04791% +0.06
whole ¢> s K 59 0-4 0.08 —0.1972:97 4 0.01 0-15 1.06121% 4+ 0.07
BT — KTe'e 29.1 138.0715:3 6.00707 +£0.3 Ar(ee) = Ryo =
B° — Kgete™ 18.2 21.8770 1.601052 +0.08 —0.24 4 0.11 £ 0.01 1.251059 +0.08

* lepton ID systematics : 2% for muon, 1.6 % for electron
« hadron ID systematics : 0.8% for K+ and 1.6% for Ks
« O’ systematics: 1.5%
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