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Introduction

Y
* Loop processes are sensitive to physics W{N{':
Beyond the Standard Model (BSM) since b T

unobserved new particles might be able to
enter in the loop. RN

* Radiative and Electroweak Penguin B : r
decays are experimentally and Wﬁl
theoretically clean due to final states .

having color singlet photons or leptons.
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Tagging Methods

Two B mesons are produced from Y(4S).
For some analyses, one of the B meson is tagged

— To study/search for decays with multiple neutrinos : B> Kvv

— To know the flavor of the other B meson : A, (B2X,,47)

— To improve the sensitivity : BF(B>Xy) Purity  Efficiency
There are several tagging methods

— Hadronic tagging : reconstruct hadronic B decays

— Semileptonic tagging : reconstruct semileptonic B decays

— Lepton tagging : just require a hard lepton from B decays

Hadronic tagging Lepton tagging

tag side signal side .. i @ @
T(;iS) ) B T(45) B
t37 Btag Bsig Xs+d X
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Radiative Decays



BF(B—>X.y)

* Branching fraction of Inclusive B> X,y is very sensitive to BSM.
— Charged Higgs in 2HDM Y

e Constructive to SM amplitude

* Almost no tan3 dependence w
— b S
SUSY Vib t Vis
* Constructive or destructive to SM
* Depending on SUSY parameters Y
: _— : H* N
* \Very precise prediction available. JEEEN N
— 7% precision b/ ! LS

SM 9 90 ‘ —4
BM = (3.36+0.23) x 10

for By = 1.6 GeV . rJ_,-FY

M. Misiak et al, Phys. Rev. Lett. 114, 221801 (2015) b e S




T.Saito, A. Ishikawa, et al (Belle Collaboration) PRD 91, 052004 (2015)

711fb
( Y)
Becher et al 2007 Misiak et al 2015
_ 2.98+ 0.26 3.36 + 0.23
® SumOfeXCIUS|VemethOdadoptEd ||||||||||||||||||||||||||||||||||||
— 38 Xs decay modes Belle 2015 711f" 3.7540.18+035
« Knr, K2, K37, K4m, Kn, Knw, Knnr, 3K, 3Kz My < 2.8 GeV _
— Mass of hadronic system <2.8 GeV Semiincl. — g AR
M, < 2.8 GeV
* corresponding to Ey > 1.9GeV Belle 2009 605fb! = 347+ 015+ 0.40
. . Full-incl. ——
— BF measured in each MXs bin and then | £ >17Gev
combined Eﬁ't']-?%?f jwﬂa 3.32+0.16:+ 0.31
B(B — Xy ) = (3.51%+0.17%*0.33) X 104 ELlllz_ozlom 9.1" = | 3.29+0441029
E, > 2.0 GeV o -
— Extrapolated to E,>1.6GeV Babar 2008 210f” 3.90+ 0.91+ 0.64
Full-incl. had. tag — r —
E, > 1.9 GeV
B(B —>X\‘;f )=(374i018i035) X 10% | poc201s 3.49+0.19
- WA —¥—
E, > 1.6 GeV
* Best measurement with sum of E,T‘j;”:‘v BN, 4sxonioor
exclusive method ‘| ° | | | | | |

— Second best for all measurements 15 2 925 3 35 4 45 5

x 10
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Limit on Charged

* World Average is consistent with the
prediction by M. Misiak et al

BXP = (3.43 +0.21 +0.07) x 1077

s

SM _ (9 9p ‘ —4
BIM = (3.36+£0.23) x 10

* This can be used to constrain charged
Higgs mass in 2HDM

I r 1 -'—
Mp+ > 480GeV  at95% CL
1000 |._ LI L O O B B IR B B
800 — |
> 600 [ |
Q |
Q B—Xsy -
% L i
E a0} _
200 - Luis Pesantez 7
Akimasa Ishikgwa— 2'0 4‘0 E‘D 8#QL'ZO}D§@Virginia )

Higgs in 2HDM

Becher et al 2007 Misiak et al 2015
298+ 0.26 3.36+0.23

Belle 2015 711fb™ 3.756+£0.18+£0.35

Semi-incl.
M, < 2.8 GeV

Babar 2012 429fb™ 352+ 020+ 051
Semi-incl. I —— i
M, < 2.8 GeV

Belle 2009 605fb 347+ 0.15+ 0.40
Full-incl. I —H |
E, > 1.7 GeV

Babar 2012 347fb’ 3.32+0.16+ 0.31

Full-incl. ———+—
E,> 1.8 GeV

CLEO 2001 9.1fb™ 3.29+044+£0.29
Full-incl. = B H
E, > 2.0 GeV

Babar 2008 210fb”’ 3.90+£ 091+ 0.64
Full-incl. had. tag — r —
E, > 1.8 GeV

PDG 2015 349+ 0.19

WA —y—
E, > 1.6 GeV

HFAG 2014 343+ 021+ 007

WA v
E, > 1.6 GeV

1.5 2 2.5 3 3.5 4 4.5 5
x 10

B(B — Xs Y)a>1_6 GeV
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Direct CP Asymmetry in B2>X_, v

Theoretical prediction is very precise thanks

to Unitarity of the CKM matrix.

— If deviated from 0O, clear new physics signal

Channel Acp(SM)
B— Xgv -0.6% , +2.8% |
B— X4v -62% ,+14% |

B— Xgiqv O

M. Benzke et al, PRL 106, 141801 (2011)

Inclusively reconstruct photon with

1.7< Ey < 2.8GeV

— Veto for asymmetric decays of n°(n)=2>vy
High momentum lepton to tag flavor of the

other B

— Correction of mixing applied

Entries / 0.10 GeV
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— Signal

— 10y
- N—=7
Other BB
Continuum




Events / 0.1 GeV

* The resultis consistent with null

L. Pesantez et al (Belle Collaboration) PRL 114, 151601 (2015)

Result for A.,(B=2X.,47)

* Belle performed world best measurement
— Even better than PDG 2015!

» Still statistical error dominates = Belle |l

711fb

Babar 2012 347
Lep. tag
E, > 2.1 GeV

CLEO 2001 9.1fb™

—a—

Lep. and self tag
E, >2.2 GeV

Babar 2008 210fb

Had. tag
E, > 2.2 GeV

PDG 2015
WA

—Y—

57+6.0+18

-79+108zx22

-10+18+5

1.0£5.0

2 T T T 1 T

1 : T -
i{ | —Positive ]

08 H : -=- Negative 7
0.6 :F '|' -
. 3o ]
by My ;
02 ﬂﬁ S :
02 Iellﬁgre'limlingr}f L |:
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Belle 2015 711fb™
Lep. tag
Ef > 2.1 GeV

i

22+40x08
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Z. King et al (Belle Collaboration) to appear in PRD, arXiv:1603.06546

Search for B> ¢y o

Proceeds via b—=>d penguin annihilation
— Suppressed by V.4

— Prediction : B(B>¢y) ~ O(1011712)
Dominant continuum background
suppressed by Neural Net

Simultaneous fit to M, AE, NN, cos0,
to extract signal yield.

— Consistent with null
Set a limit on BF
B{BD%{E}T] < 1.0x 10~ 90% C.L.

— Almost one order of magnitude better than
previous search

| I
0.1
AE (GeV)




Electroweak Penguin Decays
b—=2>sl*l-and b—=>(s,d)vv



Full Angular Analysis of B> K*0[*|-

* LHCb reported 3.4c deviation from a SM prediction in P." for 4 < g°<
8GeV? which was obtained from full angular analysis of B> K*°upu

— There is a discussion that the deviation can be explained by a charm loop

* Global fit to radiative and EW penguin B decays gives Wilson coefficient
C, deviated about -1 from SM values

— Driven by P5’, F,, B(Bs=2>dpup) etc.
* Independent analyses/checks are desired.

S.Descotes-Genon et al, PRD 88 074002 (2013)

I — 7 * W se3%cL
: LH(, b : [ 955%CL
0.5 I prehmlﬂary - 5 F!wmm_ .
i — SM from DHMV 1 Onty (1,61 bins
oF i ol
. 1 l ] -2}
0.5 + | -
: !—# I—]"—I - —4-
L T T ~0.15 —0.10 —0.05 000 005 0.10 0.5
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Differential Decay Width for B> K*|l

e Differential decay width as a
function of 4 variables, g2, 6,, 6,, and
O, is expressed in terms of form
factor independent observables, P..

S. Descotes-Genon et al. JHEP 05 (2013) 137

1 a*r 9
dl'/dg2 d cosf; dcosfk do dg? 32“1’

[ (1-— FL)5| Ok + F cos® Ok

+ 1(1 — :‘-_L}sin2 Ak cos 26,

Sj=4,5,7.8 — F; cos® Bk cos20; + S3sin? Bk sin® @) cos 2¢
_4 5.6.8 — . . . .
\/FL(]- — Fp) 1+ 54 5in 20k sin 20 cos @ + Ss sin 28k sin 0] cos @
+ Sgsin® B cos B + S7sin 20k sin 0 sin ¢

Akimasa Ishikawa HQL 20164 GEréi 203 sip 20 sin ¢ + So sin® Ok sin® A sin 2 1



A. Abdesselam, et al (Belle Collaboration), arXiv:1604.04042

Analysis of BO—> K*[*I- o

§ .. Electron mode
* Only neutral B® used § o
* Neural Net based selections were adopted to ‘% 0
improve the sensitivity .
— 69%*12 and 118*12 signal events were 107
reconstructed for electron and muon modes.
* Since the number of signal events is small, folding =

T T TR
B 7 E—
M, (GeV)

2

2F

AN TR NN T NN N N
: T
)

porTT
r

method was adopted to extract P,, P, P,” and Py’
as LHCb did in 2013.

PF 5 . L—-'—:?—L'TI fDr'-::r-::[:l
5% 0 —m—H6 forf >=w/2,

Muon mode

Events / ( 0.004 GeV )

* The fit is performed in bins of g2

87
S Ryl . ooh, i L
a =T T T T
Akimasa Ishikawa HQL 2016@Virginia Tech 20160527 2F Lo | |
522 524 5.26 5.28 5.3




A. Abdesselam, et al (Belle Collaboration), arXiv:1604.04042

711fb?
Result for P’

* The result for 4< g2< 8 GeV?is 2.1c deviated from a
theoretical prediction with the same direction as LHCb

observed.
15 : , ,
Belle preliminary HH  This Analysis
LHCh 2013
41 LHCb 2015
— B SM from DHMV
Ay = =
-0.5 | ' ' *— }
: h/ --%g
10l ] T o
=-1.5 I |
0 5 10 15 20
2 2.4
Akimasa Ishikawa HQL 2016%V(r§r%¥egh(’2()160527
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Belle preliminary
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Results for P,’, P.” and Py’

Consistent with theoretical predictions

T
Belle p;‘e.f.f;'rm'ra;j}@ This Analysis

s SM from DHMY
—| 7

LHCh 2013
4  LHCh 2015

.+.

M4 This Analysis 1 7
LHCh 2013
H4  LHCb 2015 . -1.0 .
I SM from DHMY
1 |
_15 | | 1

9 7 10 97 4 15 20 5 10 15 20

q- (GeV*/c") ¢* (GeV?/ch)

1.0 T T

Belle preliminary
05 |

T —e—
0.0

HH £ This Analysis
LHCbh 2013

-1.0f -
1  LHCb 2015
B sSM from DHMV
_15 | | |
0 5 10 15

q* (GeV?/c?)

20
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Y. Sato, A. Ishikawa, et al. (Belle Collaboration) PRD 93 032008 (2016)

Measurement of A ;(B—>Xsl*l) o

* A in exclusive B> K*|*I decays was measured by many
experiments while A, in inclusive decays was not yet.

* Different systematic uncertainties in inclusive decays than
those in exclusive decays.

— Important tool for independent check of C, deviation

* Precise prediction possible but experimentally it was hard to
measure.



Y. Sato, A. Ishikawa, et al. (Belle Collaboration) PRD 93 032008 (2016)
711fb1?

Ars(B2 X I*I") with Semi-Inclusive Technique

* Reconstruct 36 decay modes

* 20 self-tag decay modes used to measure A,

* The result is consistent with a SM prediction within error.
* Still statistically dominated =» Belle

1.0 A
j % %
_
ol XS wuw forward+ + ok XS u’ 1 backward 0-5 /
= > | :
= oo} + = sof i 0.0 b — % /_/ _________ _
3 40 E 40 ( o o % %
£ £ i / %
g of g 20E : -05 % %
822 5,54 5.56 "_5.28' 5.30 50.22. . ‘5,54-_ ‘ -.5,J26J “';8‘“ .5.30 ; % %
M, . [GeV/c] M, [GeV/c] N0 1 N2 T2 .1
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Search for B=>hvv

W
* If C,is deviated from the SM value, vector b S
current in b>svv could be also affected in tc
some BSM models. Z _
* Proceeds via penguin or box diagrams b . tc : <
* Theoretically very clean. gw gw
— No charm loop as in b—>sl*l- > Vv
* Experimentally, need to tag the other B —V
meso.n due to final states having multiple A.Buras, et al. JHEP 02 184 (2015)
neutrinos.
* Hadronic B decays are used for tag side. Mode B [1079]

Bt — Ktvy 3.98+0.43+0.19
B° - Kdvv 1.85+0.20 %+ 0.09

Bt — K*twi 9.91+0.93 £ 0.54
B’ — K*'vp 9.19 £ 0.86 £ 0.50

Akimasa Ishikawa HQL 2016@Virginia Tech 2016052%




O. Lutz, et al (Belle Collaboration) PRD 87 111103(R) (2013)

711fb1?
e 1104 exclusive hadronic decays are used for g, 14f ..
tagging = 12 B->Kvv
— Typical tagging efficiencies for B* and B® are 0.3% Qw'“ 10f
and 0.2%, respectively. £ &
. o o
* Reconstruct h candidates D 6
* Vetoing K, using K, and muon detector 4
* Momentum requirement o
— P, >1.6GeV p
. . : .0 0.2 0.4 0.6 0.8 1.0 1.2
* Extra energy in ECL used for signal extraction E.._[GeV]
Mode Upper limit
e Best upper limits on BF for B* = K*vp  <55x10°°
— h=K*, n*, n° p* B® = K°vi <0.7x107°
_' e o Bt - K**vi  <40x107°
* About 5 times larger UL than prediction for B K% <55x10°°
B2>K*vv = Belle Bt — ntuw <9.8x107°°
B — 7w < 6.9 %1077
BT = pfuw <213 x107°
B = pvi <208 x107°
Akimasa Ishikawa HQL 2016@Virginia Tech 20160527 20
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Summary

Radiative and EW penguin B decays are sensitive to BSM.
We performed BSM searches using many observables.

— Full angular analysis of B> K*|+|- shows 2.1c deviation of P." in the
4<g?’<8GeV?bin as the same direction as LHCb.

— Independent checks of the deviation of Wilson coefficient Cy is very
important using B> Xsl*lI- and/or B=>K*)vv which need very high
statistics =» Belle Il

Still important analyses are in pipeline. Some of which to be
presented at ICHEP 2016 @ Chicago.

Stay tuned!
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D. Dutta, et al (Belle Collaboration) PRD 91, 011101(R) (2015)

Search for B,y o

o
—

Sensitive to RPV SUSY

— RP conserving SUSY effect to B;2>vy is
constrained by B(b—>sy)

Prediction on BF is ~10°® i y

Measured on Y(5S) o

— Y(55)>Bs*)Bs(*) ;ﬁ
Two hard photons :"“; 2
Simultaneous fit to M. and AE E ; -I_ ‘L |
Set a limit on BF R SR TR

— <3.1 X10¢° : M,, (GeV/ic)

Exclude large contribution of RPV SUSY

Events / ( 100 MeV




D. Dutta, et al (Belle Collaboration) PRD 91, 011101(R) (2015)

Measurement of B, ¢y

* Counter part of B>K*y

: 30%—
> [
L 25 \
- F
* Measured on Y(5S) | |
<15
Z10B !
— Y(5S)>Bs*)Bs(*) 10 e |
z 5 7 5 N
= F et T St I L I ! I =
§.3I ”5.32 534 5,36-1~ -1;8 ;4 542 R —Q)A 0.35-03-0.25-02-0.15-01-0.05 0 0.05 0.1
M,, (GeVich) AE (GeV)
25 :
- 35k
5% - 30f
15 225
:F S 20
S 10F Zig
ol 2 10
- 5
980604020 02040608 1 LT 0 i_ 46 8 10
Cost, Modified NB output ( ("_\B]

B(BY — &) = (3.6 £ 0.5(stat.) £0.3(syst.) £0.6(fs)) x 107>

A
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