b — st{ and Radiative Decays at

Belle

For the Belle Collaboration

Presented by Simon Wehle

Deutsches Elektronen-Synchrotron



b — sff and Radiative Decays at Belle

B K*0

=
ol

b — sl and Radiative Decays at Belle

Outline

Belle logged luminosity

Integrated Luminosity ()

Simon Wehle (Deutsches Elektronen-Synchrotron)

BELLE

> Inclusive b — (s + d)y

» New results for angular analysis of
B — K¢~
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Introduction b — s~y decay

» Electroweak penguin FCNC
process

» Sensitive to H* in 2HDM Type-II
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B — X(s+d)'7

Full-inclusive Method with lepton tagging e
Continuum suppression
B mesons flavor tagged
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» BDT for background suppression

" * oarn ]
N () %%"5.:43:“ : » Calibrated using control samples
S ok (m°, )
i Signat x50 3 » MC background corrected with
sideband events
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» Detector resolution effect unfolded

» b — dvy subtracted using :2
|V[d/ VZ‘S|2 ~ 4% 1.42
» HQE parameter fit result 3
> mp = 4.626 £ 0.028 GeV /c? S st
> 12 =0.301 £ 0.063 GeV/c? 2 ooF
> correlation p = —0.701 & 0.4f
> Limit on THDM-II: °'§;
My+ > 580 GeV with 95% CL ool !
» BELLE-CONF-1606 s

[arXiv:1608.02344]

Belle preliminary Results

+0.19,, 008, ,.,)x107

stat syst —

B(B = X,})g 2160 = (3:12£0.10
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» Detector resolution effect unfolded oSS Extrapolated
to Ey>1.6 GeV

» b — d subtracted using

A
|Via/ Vis|? ~ 4%
. Babar 2008 347fb!
» HQE parameter fit result Fulin b o A B
> mp = 4.626 = 0.028 GeV /c? i
> Mf‘r = 0.301 £ 0.063 GeV/02 PPGROTRIAG 2016 =onl Inside error bars for stat. uncertainties
. Ey>1.6GeV
» correlation p = —0.701 HEAGRO Wi ot
> Limit on THDM-II: -
My+ > 580 GeV with 95% CL 5 R, ... o
> BELLE-CONF-1606 VST

[arXiv:1608.02344]

Belle preliminary Results
+0.19,, 008, ,.,)x107

stat syst — mode!

B(B = X,})g 2160 = (3:12£0.10
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Introduction b — s/

B() Iﬁ'x"
» b — st ¢~ prime candidate for NP )

> New particles can enter the decay rate
7
P Many deviations from the SM!

3.30 suppressed branching ratio of Bg — gbuﬂf
> 30 anomalies in angular distributions of B — K* ¢/

2.60 lepton flavor non-universality in B — K;ﬁu_ vs. B — KeTe™
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Introduction b — s/

R() 1\')(“
» b — st ¢~ prime candidate for NP )

> New particles can enter the decay rate
7
P Many deviations from the SM!

3.30 suppressed branching ratio of Bg — gb;ﬁ;f
> 30 anomalies in angular distributions of B — K* ¢/

2.60 lepton flavor non-universality in B — K;ﬁu_ vs. B — Ke'e™

Covered in this talk
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Full Angular Analysis

[ Generator Distribution
-/ Si
- (25) Sideband

0 5 15 20

¢ [Gclz/2 /et

The observables are depended on q2 = MZ+£—

The differential decay rate for B — K*£+ £~ can be written as
1 dr 9 [3

=—— |>(1 — F)sin® O + Fcos® 0
dr/dg? dcos, dcos Ok dp dg> 327 4( 1) sin® O + Fi cos™ O

1
+ 1(1 — F1)sin O cos 20,
— F1cos? B cos 20, + Sy sin? O sin? 0, cos 2¢
+ Sy sin 20k sin 20, cos ¢ + Ss sin 20k sin 6, cos ¢
+ Sgsin® Bk cos B, + Sy sin 20 sin 6 sin 0]

+ Sg sin 20 sin 26 sin ¢ + Sg sin? O sin® O, sin2¢ |,
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Folding Procedure

> With a transformation of the angles, the
dimension is reduced to three free parameters

» Each transformation remains three
observables S;, F. and S3

o= —9 for <0 > The observables
PiSi: S p—m—¢ forf, >m/2 Siste
=40, 7,

) Pluses = —E4578_
9L — T 0L for 0L > 7I'/2, i=4,5,6,8 FL(1 — FL)’

P s ¢ — —0 forp <0 are considered to be largely free from
O g, s w—6, forf, > /2, form-factor uncertainties

> Transverse polarization asymmetry

(2) 25;

AV = —r
T
(1—F)
Introduced by LHCb in
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http://link.springer.com/article/10.1007%2FJHEP05%282013%29137
http://link.springer.com/article/10.1007%2FJHEP05%282013%29137
http://dx.doi.org/10.1103/PhysRevLett.111.191801
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Reconstruction of B — K*£T¢—

» Reconstructing B and BT modes
» Using muon and electron modes
» K*is reconstructed in (K*, 77), (K2, 7 1) and (K, 70)

Electron Modes Muon Modes
» BY - K*(892)°ete » B — K*(892)°ut ™
» Bt — K*(892)Tete™ » BT — K*(892) Tt p~

Signal selection:
> Neural network (NN) classifier for all particles in the decay chain
> Final signal selection on four B meson NN

P NN cut optimization on 2D figure of merit separate for the lepton
flavor
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Signal Extraction B — K*£1¢~

> Signal is extracted in Beam Constrained Mass: My, = +/E5.,.. — |0s[?

» Signal pdf: Crystal Ball shape, Background pdf: Argus shape

Events / (0.003 GeV/c?)
Events / (0.003 GeV/c?)

#
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B b b

E _jf++++1ﬂ4‘+++++¥++54'++++ T ot bt he e
5.22 5.‘24 5. ‘26 Mbc ((53.‘%%//02) 5.22 5.‘24 5. ‘26 MM (%éﬁ//cz)
BY — K*(892)%Te B° — K*(892)°ut 1
BT — K*(892)TeTe™ BT — K*(892)TuTu~
127 + 15 signal candidates 185 + 17 signal candidates
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Fit Procedure

ESideband <—— Signal
3 » Signal: Transformed differential decay rate

» Background: Kernel Density Estimation

sof-

Events / ( 0.008 GeV )

‘“? > independent 3D unbinned maximum likelihood fit for:
> g?bin: (1,6), (0.1, 4), (4, 8), (10.09, 12.9), (14.18,

;§=;=:t_§= 19)

> P,and P}

i L
2 524 5.26 5.2

3 55
M, (GeV)

1. The data is split into bins of §°

2. M. is fitted to determine the signal and background fractions
3. The data is split into a sideband and signal region
4

. The shape of the background is determined and fixed in the sideband with smoothed
histograms

5. The final fits are performed as 3D maximum likelihood fitin €,, 0 and ¢ for P4 5 6,5 €ach
treated as an independent measurement
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Result Pg - Result for Combined Data
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» Measurements are compatible with the SM
» Similar central values for the P, anomaly with 2.50 tension
» But we can do more...
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Result - Separate Lepton Flavor!

15 ; . . 15 : - T
Belle preliminary E= DHMV Belle preliminary E= DHMV
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» The Largest deviation in the muon mode with 2.60
» Electron mode is deviating with 1.10

> Test on Lepton flavor universality
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Result - Separate Lepton Flavor!

b — sl and Radiative Decays at Belle

» Test lepton flavor universality
» Observables Q; = P! — P2, JHeP 10,075 (2016)
» Deviation from zero very sensitive to NP [Reference]
» First presentation of observables Q;!
P See theoretical introduction by Quim Matias (Lepton universality violation in b->sll)
15 : : : 15 : : .
Belle preliminary Belle preliminary
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Result - Separate Lepton Flavor!

» Test lepton flavor universality
» Observables Q; = P! — P2, JHeP 10,075 (2016)
» Deviation from zero very sensitive to NP [Reference]
» First presentation of observables Q;!
P See theoretical introduction by Quim Matias (Lepton universality violation in b->sll)
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0.4 Belle preliminary
:DD 1o} ]
02 U
05 ————i 4
—~ —/
‘Sfi 0.0} C—rm— _— S oo
E
-0.5 ]
-0.2]
-1.0 4
~0.4 Favored NP scenario (Talk by Quim Matias)
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Resume
Inclusive b — s~ with lepton tagging
10 ? Z}‘Hml:ﬂez“ B(B = Xs7)E,>1.6Gev =
i Muon Modes.
DS% I | (3.12 4 0.10 (stat) == 0.19(sys) & 0.08(model)) x 10~ *
Ay oo
i GVt Angular Analysis of B — K*¢T¢—
10 > Demonstrated that Belle can make a contribution to the
0s ‘H4 b — sl 4~ puzzle
& oo { > Found 2.60 deviation from the Standard Model prediction
o > Shows P; anomaly is unlikely to be a statistical fluctuation
* P No significant lepton flavor non-universality is found

v : m 3 »
q¢* [GeV?/c!)
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Thank you!
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The Belle Experiment

v

The Belle experiment is located at the
KEKB accelerator in Tsukuba, Japan

Data taking from 1999 to 2010

v

v

It is designed as a “B factory”

v

772 milion BB meson pairs
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World record for integrated luminosity
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The Belle Detector
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Systematics
Considered Determined insignificant
— )
Efficiency correction/Data MC , O(0.045) > K* S-wave decays
> Peaking backgrounds , ©(0.02)
>
> Background parametrization , ©(0.028) Crossfeed
> Signal parametrization , O(10—*) » CP asymmetry
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Old Result
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