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First observation of radiative penguin decays by
CLEO, 12 years ago

= b—syprocess : _ -
= mry M(K'y)
@ ol = g e
3 J O Ky I -
s A
@ : 4 [CLEO .
2 5
s V 5 °T
I . « L
ol Observation of K y

PRL 71, 674 (1993) i 11 |

cited more than 500 times ! ) “%0 520 5240 5260 5280 5300
M K™y} (GeV)
o8 events

o Branching fraction ~4.5X10"
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Belle has a dedicated Physics program for
radiative penguin decays

)
[ E HFAG
B b—)SY and b—)dy JULY 15th 2005
.IC_U, —— CLEQO
Y © Inclusive b— sy e
K % —— New Avg.
é © B —) K y f‘{_oﬁ.
2l % —— K TrH
o oB—K,y,B—=K,(1270)y | = «.
I —_— K%
.'c.ﬁ © B — K d) y ) B — K n y —_E K3(1430)%
— K3(1430)*
sl °©5— pAy and more ... L= «»
——— U7
— K"
J—— KT~ mmA
cB—py and B—wy =
(First observation by Belle) = K
E . — K*(892)"~
=l | to be submitted to PRL | —_— e
. . . K1(1270)*4
il (Today's topic of discussion ) — {
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Radiative B decays: b—sy

Flavor-changing-neutral-current (FCNC) processes
- allowed 1n the Standard Model via penguin loop

- inclusive branching fraction~ 3.5x 10 *(theory )

i Y
= z V ud V us V ub
S
oA V cd V CS V ch
u,d V td V ts V th
b— sy penguin
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Radiative B decays: b—dy

*(~0.04) relative to b— sy

o suppressed by [V /V
o branching fraction~ 10~°(theory)

B— 4
0 P (*oo) Y can be used to measure |—% :
B—K Y Vts

complementary to B, mixing (A—]\/) @ Fermilab

S

=~
-

b d Vud Vus Vub
w Vcd Vcs Vcb

o0 V V V
b— dy penguin td fs tb



Cabibbo-Kobayashi-Maskawa (CKM) Matrix
and the Unitarity triangle

d Vud Vus Vub d
S' = Vcd Vcs Vcb | S
.b'l th V th b

Unitarity =V, VoV . V. +V V. =0
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CKM Angles
<¢1,¢2,¢3) =(B, «, Y)
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KEKB and Belle Detector
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KEKB electron-positron collider
(8 Gev on 3.5 GeV)

Supercaonducting
cavities (HER)

BEL L E

Belle detector

KEKB B-Factor

ARES copper
cavities (HER)

-.

ARES copper

cavities (LER) ;

TRISTAN
tunnel

EGeVe 35
Gey e+
Linac

Mass: 10,580.0 L 3.5 MeV

E wl i
T 1 i '
o b Ui - 4S) 1
T, b i
= P f3 =
T o S Iy
* i i
4 kad il s
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KEKB performance has been excellent
with many luminosity records

()
— HEFR. 1.257 [A] 1293 [bunches] .
) LER 1.638 [4] 1292 [bunches] *:chieved 1000/pb/day _
M Luminosity 14.855 (now) 15.024 (peakin 24H @&:41) [/nb/sec] 2lzed Reguler Maintenance.
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A subset of data sample Is analyzed for
summer 2005

el respe. RCE, & rran
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T b Find i n.'.t'I.v |:Pl'.l. 'l}

Tridegretod

,g E 1 1 L A - - - 1 e 1 1 1 L i 1 1 Il 1 1
L2/ 1999 14 15200 262002 o200y ik Tl
Belle log total ; 487645 pb™ Date

357 fb~'=386x10° BB
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Reconstruction of B
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B-meson Reconstruction: Kinematic variables

M, (GeV/c?) AE(GeV)

o EEX ——— 800
T : b ; .

ol 0.1} 1 ]600¢ Energy difference:

cs :—__ __________ I I i

% 3 = | 1400 E — —_

W owof T %] 400 AE=) E~E,I2
SN 0.1} 1200 |

m & i i :

o _Dg RS Tl S o [t 0 EN ...r

= 20 525  530-0.2 0.0 0.2

g

©

nd

600 [
400 |

Beam-constrained mass:
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B-meson reconstruction in b—dy

B-—’P-("TO"’T-)Y

B'—p'(n", )y

0

¥

T+

B ®
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B-meson reconstruction; cont' d

Photon selection

1.8GeV<E <3.4GeV & 33°<0,<128°
Electromagnetic shower shape
m’ & n veto based on likelihood

Neutral pion selection

0
m=yy

E >50(100)MeV for barrel (endcap)
coso, ,>0.7

Y1,¥2

118MeV< M, <150MeV

Reconstruction of p &w

Tracks close to IP (dr<0.5cm &|dz<3cm)
& tracks from K, are removed

L
K <0.15 & 0.620GeV <M <0.920 GeV

pomn L+L.
L

W T K <0.40 & 0.752GeV <M, <0.812 GeV
L.+ L

Reconstructionof B B-py, B-p'y & B-wy

Beam const. mass
Energydifference

5.2GeV<MbC<5.3GeV,J\/be:\/EF2 PZZ

beam

[AE|<0.5GeV,AE=E, +E —E,




Background suppression
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b — d y modes are highly background dominated

oContinuum: e'e—qq, g=u,d,s,c
-B-Ky

cother b— sy modes

cB-pm'(n), Bowm’(n)

cand other charmless rare B modes
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25 I [ ' .l.‘f:_:'__l_ = {"l'.' :
T(18)
ot | 76 % -
continmuum
5 - 1

10—

A,

| < | <8 L_<g] :
.44 047 1IEHJ'D 10,038 1033 1037 'H]‘-,-E 10.62
Center of Moss Energy (GeV)

oiete” — hadrors) (nb)
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Continuum: e e —qg(g=u,d,s,c)

Mohapatra



D
Ko
af]
o
©
N
>
©
O
)
go
af]
D
=
e
T
O
©
Y

Mohapatra

Signal and Continuum background shapes

0.14[

012 —

01

0.08|—
0.06 -
0.04

0.02[

%_ ||||||||||||||||

5 04 -0.3 -0.2 -01 -0 041 02 032 04 05

- MC

Crystal ball , E
signal Linear E
background-

A E(GeV)

b —>dysignal
___Continuum
oast- MC Gaussian
asE signal
- ARGUS
“Pfbackground
s e
bc(GeV/ c’)




Fisher discriminant of event-shape variables Is
used to separate spherical B decays from
jet-like continuum

Spherical
B decays
p(B) = 0.3 GeV/c

2-jet like
continuum

1 b->dysignal
__ Continuum

Fisher discriminant of
event-shape variables (F)
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B flight direction in CM frame also discriminates
B events from that of continuum

Q@

o,

m

S B =

2 _e+ w JO% e

© St

&)

) /

©

m

)

E =R R R S R T b | | | |

L - 1gnal

© 0.025|- =

m = _ -

acef b >_d y signal

___Continuum

0.015|

- ~ flat for bkgd.

0.011

0.005 [—

ﬂ_ll I 1 I 11 I 11 I 11 I 11 I I II_
0 l.']1 l.".l.E ﬂﬂ 04 EIE ﬂ.ﬁ DT EIE G.Q 1

B flight direction ( |cos 0 B|
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a The vertex separation variable Is introduced In
b—dy analysis for continuum suppression

n.-:nr—T =(1. 536"‘0 0
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D.Eﬁ— T 0 ]

cu:-sf— - _

o 1 b -—>dysignal
- MO __ Continuum

0.03[-Sideband Data
0.021

0.01F-

™™ 1s 01 D05 o0 005 01 0152

Vertex separation (A Z(cm))

Two vertices are reconstructed in 80% ofp— d y events

Mohapatra
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Using Fisher discriminant, B flight direction and
Vertex separation, a Likelihood Ratio is formed.

O3 T T T T T T T T T
b ->dysignal MC
___Continuum

0.25}

02|

0.15F

III;IIIIiIIIIIIIIll_-I

0.1

0.05—

001 02 03 04 05 06 07 08 058 1
Likelihood Ratio L(F,cos0,, AZ)
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Additional discrimination is gained from
“Quality of B Flavor Tag”

Tagged B
—_ /x’i T
< b —>dysignal
___Continuum
AZ 5 G5 L 9 N T T L 7 L 0 .1 A W T
o sccessful failed -
00!l /tag : tag -

-1 08 H6 04 02 -0 02 0.4 06 08B 1

Quality of B Flavor Tag (r)
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~ 95 % of Continuum background Is rejected by
a cut on likelihood ratio vs. flavor tag

Neutral modes Charged modes

1.0

Likelihood Ratio (L)

. 0.5 .

Likelihood Ratio (L)
0.5

0.0

1.0

0.0

00 05 1.0 o o5 oo 0.5 LO
Quality ot Flavor Tag (It 1) Quality of Flavor Tag (r)

Neutral modes=cut in [r]-L
Charged modes= cut in r-L

Multidimensional scan uniquely determines the best S/ VB

€.l 38% | 45% |32%

Sig

e. .| 4% [ 8% [ 3%
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Rejection of B— K y events that failed
the Eartlcle 1D cut

D'M;MC L p yS|gnaI_
: __ K*y bkgdS

012

2).5 04 03 -0.2 01 -0 0.4 0.2 03 04 05

| The K yevents peak at ~ -100 MeV
: and overlap with py signal

.......... AE(GEV) ...
:Z MC: With M, Clit we reject

i E ~80% of K yevents

ooaf __pysignal 3

ow) __K*ybkgd - oy | oy

N €. | 87% [ 63%

o o € | 36% | 18%

KW(GeV/c )
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Asymmetric 1" (n)decay (with a missing soft photon)

= B—p(w)m’ & B— p(w)nbackground

When 1t/ n—veto fails

s _pysignal ] MC -

p/o

B -nfn“ 7

ﬂ.m:_IIIIIIIIIIIIIIIIIIIIIIIIIIIII
0.035

0.03 1

0.0351

___pysignal

0.02 S
0.015-
0.01|

0.005 |

R R
——— id | (i |

P ., TUREE T |l el MTTRTTN NI, STTE T
04 02 -0 02 0.4 06 08 1

cos 0,

o . | . V. 1.,
-1 08 06

012 ]
01 =

0.08|— —]

0.06 |

0.04|—

o.02[ 5

clrvcr bt 1y e ————————
L2 041 -0 01 0.2 03 04 0.5

AE(GeV)

95 04 03

c0os6,, optimized forS—

VB

B—py:|coso,,|<0.75
B’ p°y:lcos0,,|<0.70
B’ > wy:|coso,,/<0.8



b— sy background other than B—K y

ol M——pysignak
12l —— Sy bkgd-

ocol- MC-

0.06 | — v
0.04— . . | e
ooz ' . ==

= |||||||||||||||||||'-_.“',.:|::_:||:||_|_||||
2’!.5 04 £H3 L2 H1 H 01 02 03 04 05

D
Ko
af]
o
©
N
>
©
O
)
go
af]
D
=
e
T
O
©
Y

Mohapatra



Charmless rare B background other than

B—p(w)n’&B—-p(w)n

Q

e

a8

7p] 0.14:_ _:
? 012 MC E— Py signal 3
S o1F +-Rare B
Ej o bkgd :
g “in il o L :
®) 0.04 — o
qv] = . :
nd 0.02 =

| cw ST A KO R LA O T T T e s '.:.:4.'1411.'1111__
2).5 04 03 02 01 L 01 02 02 04 05

AE(GeV)

Very small fraction of total background
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Signal Extraction & Results




Signal and Continuum background shapes

[
2 __b—>dysignal
T ___Continuum
>
©
8 0-141 ----------- EESSSESEaN EERRS EREES RERES LRSS RAR _: E"'|"'|"'I"'I"'
z - MC 3 0-25;—MC Gaussian ‘1
S ..FCrystal ball . c oaE signal
= 2 signal Linear A - ARGUS
-c%; : background]  *"jbackground
3 . ER S l
g R ] g5 -_r-a_gz--*-ﬁ_'z,- - -;ﬁ-:-'-ﬁg -
A E(GeV) M, (GeV/c?)
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2D unbinned extended maximum likelihood fit
IS used for signal extraction

% 1. Shapes of Signal & Background

©

g M, AFE

©

D B-p(w)y CrystalBall CrystalBall
©

0 B—-p'y Gaussian CrystalBall
2 Continuum ARGUS Linear

S "

E B—K 'y 2D Histogram

B—(p,p’, w)n’ &
B—(p,p°’,w)n 2D Histogram

B—-X.,y 2D Histogram

Charmless Rare B 2D Histogram

2. Floated parameters: * Shape parameters of continuum background
* Signal and continnum background yields
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S 0 = : 0 .
e 04 02 0 02 04 2 522 524 526 528 5.3
nd

A E (GeV) M, (GeV/c?)

Signal Yield = 8.17.%(stat.)" " (syst.)
Significance = 1.50 (incl. syst. )

B(B_’P-Y)= (0 55+ggi( ta t) 011(SySt ))X10_6
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—— pYy -- Continuum —— KLy ——remaining B background
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-0.4 DE 02 04 : - -
A E (GeV) M, (GeV/c?)

Signal Yield = 20.87.%(stat.) 3 (syst.)
Significance = 5.1 o (incl. syst.)

B(B'-p"y)= (117553 (stat.) g (syst.))x 10”
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Entries/(50 MeV)

A
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-0.4 D.E 0 0.2 0.4 E.E 522 524 526 528 53
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Signal Yield= 8.97)>(stat.)’ )/ (syst.)
Significance = 2.6 o (incl. syst.)
B(B'-wy)= (0.587)7 (stat.) s (syst.))x10™°

Mohapatra



Fit results are consistent with Mass and Helicity

B Results from fit are superimposed on Mass and Helicity
)
@ M__ & cosé,,deformed by M, (K yveto variable)
©
n
>
8 10fF :
Ol [B —py Tt B —py “Q”:Eu%p"'r 7
° R : S 12t :
il = | @ 5 = 10p g °
o KM '_g 4 < sf T 4
E o °F w3 v oF w3
9 g 2 2 g 4— 2
o 1 G 2k 1
DC:G N 0 e .1".9":.2 q R T o3®
M(*1®) (GeV/c?) M(m'T) (GeV/c®)

N;S.S;— - oy

2 %

Ez.sé— 1

g“: e oy

= ] ———T—

wj 0-5F N

B. 0.75 0.8 08;5. . 09 l'J e -';'-" -“;15.-\‘;

M(t*m ) (GeV/cY) cosd,,

©
| -
)
®©
o
®©
-
O
=




Combined fit: B—(p,w)y 38MBB

- T
B(B—(p,w)y)=B(B =py)=2X_"=B(B'~p'y)=2X_—B(B'>wy)

T, B B
using —=1.076=0.008
T o
14f 20
12} i 8
> 1 "o 16
=" 3 14
@ gl = 12
S <10
o 6F @
£ | g ¢
c 4 = 6
IT] w 4
2 2 |
0 i)

: ; . B5=%2 524 5.5525.2 5.3
A E (GeV) M,_(GeV/c))

B(B-(p,w)y)= (1.34755 (stat.) Ty j(syst.) X107
Significance = 5.5 o (incl syst.)
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Extraction of [V ,/V

B v Bl1—=M%] M
B(B—)(P,(:’))’)z td 2p IZ)CZ[I_l_AR]
B(B—)K y) V. 1—MK*/MB
1= F

Form factor ratio £=0.85+0.10 1

SU(3)-breaking effect A R=0.1+0.1

0.5/

B(B—(p,w)y)

= 0.032 + 0.008"0%%
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B(B—K'y)
e 0.5
0.143 < < 0.260
ts
( 95 % C.L. interval ) -1
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Comparison of Belle results with SM predictions

Theory ( Ali et. al ) Belle Results

()

% B(B-(p,w)y) (1.38+0.42)x107° (1.347 031 010)x107°

4 B(B-py) (0.90+0.34)x10°° (0.55%5  017)x107°

5l (B(B°—,°y)  (0.49+0.18)x10°°  (1.17°33+%9%)% 10"

il B(B-wy) (0.49+0.18)x10°° (0.587035+0.07) 10

g Vi Vi

§ 0.16< v <0.29 0.14 < 7 <0.26
(68 % CL) (95 % CL)
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Comparison of Belle and BaBar results

386 M B B 221M BB
Belle BaBar

)
3
©
2 B(B-(p,w)y) (1.3470517010)x107° <1.2x10°°
3 B(B—p'y) (0.5579437012),10°® <1.8x10°°
2 B(B'-p"y)  (1.17753700)x10™° <0.4x10°°
E B(B’-wy)  (0.58 05> 00a)x107° <1.0x107°
¥ Via

O.143<V <0.20 <0.19

ts
(95 % CL) (90 % CL)
hep-ex/0506079 PRL 94, 011801 (2005)

[to be submitted to PRL]
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Belle and BaBar results combined
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assuming isospin symmetry



We can test Isospin violation
with the following approach

This Is the isospin relation we use
B(B—-py)= (B'—>p’y)=

0 T 0
B B
Isospin violation parameters are defined as,

T ,-

(B'>wy)

H(I — f’,i —b B — W .J TR+
__‘],{_}LB_ — O } TBH

'3
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1+ BB — wy) /BB — )

Isospin | Belle Results
Bl 05 [1.75505(2.10)
y | 00 ]03672(090)
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Summary

= -Belle observes b—dy with 5.50 significance

. B(B—(p,w)y)= (1.3475317075)x10°°

2 B(B—py)= (0.551311)x107°

g B(B'-p"y)= (1.17 755 505)x10°°

P B(B~wy)= (0.5873; 003)x107°

E and determines

e %z 0.200 ") ose(expt.) o (theo.)

o Uncertainties will be reduced with additional data
o CP violation will become measurable in few years
ob—d y inlcusive measurement will be ready soon
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Thank you all



‘th/ V.| from B— po Y

UTg; |

_ Belle p° only

0.5

D
Ko
af]
s
©
N
>
©
O
)
go
af]
D
=
o
T
O
©
Y

p

Mohapatra




Fit Results: B> Ky 386 M B B
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O -0.4 -D.2 0 0.2 0.4 2 b5.22 524 528 528 523
2
> A E (GeV) M, _(GeV/c?)
)
.©
-c% 140} 2920
- 200
o 1201 180
100} 160
_E : _E 140
= 8of = 120
= - = 100
60
L : w o
40} 60D
F 40
20
F 20
0™ 04 o2 0 702 —Da B> 522 524 526 528 B3
2
A E (GeV) M, _ (GeV/c?)

Mohapatra




BaBar 211 M BB

Mode Teg  Meomt  Tpmk Significance (7) %) B(107Y)  B{107°)90% C.L
Bt —pty 2611542 850400 1844 19 132414 0971% 401 <18
B — Py 03t 4060473 1847 00 158419 00402401 <04
B —wy RITLEIS 1343726107 15 8A+00 D5+03+401 <10
Combined 260180 — 21 —  0f£03401 £12
Belle 275SM B B Branching Fraction
Made Yield Significance Ffficiency Cantral Valus Upper Limit
Bpy wrtEl 170 G5+04%  (LM¥E £0.3) 107" 223107
B Lo 0.30 (0403%  (ol8¥n£010) w10 08x 107"
B —uw i 0l (Bo404%  (ooat iy 4019) 10" 08 107"
Combined - 1.lo - (072%% £0.38) « 107 14x 107"
Bele 386 A5 b
Mode Yield b3 Efficiency 5
(%) (x107°%)
B~ — p y i 1.5 3.83+023 05510321017
BY — p°y 20.8 51 4.614+029 117133 +0.08
B — wy 5.9 206 2611 02L 058+ 40.07
B — (p,w)y 37.2 5.5 — 1.34 7551 Tos




(BF in x10~° (stat only) and significance (with syst))

mode | 140 fo 110fb 100fo | 250 fbo " | 350 fo

iy |L7TR OIIgg 0w 0m 0y 05558
2.6 0.1 0.5 1.9 1.5

0. 048 0.66 0.78 038 0.35

Py 05873, 121%50; 18774, | 08775 | 117735
1.7 3.1 4.0 3.4 5.1

wy |027%55] -020%% 1517577 | 0.16755 (0.587 5%
0.8 0.2 3.1 0.5 2.6

" 056 052 0.74 038 0.34

(p,w)y | 13177 0807575 207754 | 1.04 755 | 1.347 5
3.1 2.0 4.2 3.7 5.5




Selection of Photon Candidates

» Energetic photon candidate: EX™ > 1.8GeV
» Electromagnetic shower shape : E9/E25 > 0.95

» Barrel photons only: 33° < 6% < 128°
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