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Radiative B decays directly probe the Standard Model
for new Physics in Flavor Changing Neutral Current processes
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W Feynman diagram for b—sy/B—K 'y

u,d

b— sy penguin

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

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



This excited journey started at CLEO a decade ago

Feynman diagram for b—>sy/B—K y
cB— K y was observed CLEO (1993)

u,d

b— sy penguin

Observation of K'y ¢

PRL 71, 674 (1993)
( cited more than 500 times ! )
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Now with higher luminosity,

We can access further suppressed decays: b— sl [’

u,d ud ud

b— sy penguin b—sll penquin b—sll box

ob— sl [ suppressed by «

o Additional contribution from BOX diagram



b— sy penguin b—sd penquin b— dy annihilation
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ob—d ysuppressed by ‘th/VtS

o Annihilation contributes to B —p 'y



Dedicated programs for radiative decays at Belle and BaBar
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Major roles of b—>dy: AM of B -factories

o Sensitive to |V ,/ VI

o CPviolation as large as 10% is expected
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b— dy penguin

o Inclusive b—d y with luminosity >1ab”
o Exclusive decays B—py and B— wy are now accessible



Exclusive decays: B—py and B—owYy

o Branching fraction~ 10" °(theory)

B V

2P (*w)y can be used to measure |—=
B—K'y Vi

B(B v Pi1- MM

< —\p *)y): td 2p 32 C2[1+AR]
B(B—K y) Villl- M I M

Form factor ratio C=0.85+0.10
SU(3)-breaking effect A R=0.1+0.1




KEKB and Belle Detector




KEKB electron-positron collider (8 Gev on 3.5 GeV)
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KEKB performance has been excellent
with many luminosity records
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A subset of data sample Is analyzed for
summer 2005

Integrated Luminosity {pb™)
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Aerogel based PID system plays
an important role in background reduction
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B-meson Reconstruction: Kinematic variables
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B-meson reconstruction in b—dy

B —p (', )y

B0—>p0(1T+,1T-)y
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B-meson reconstruction; cont' d

Photon selection

1.8GeV<E <3.4GeV & 33°<0,<128°

Electromagnetic shower shape
w’ &n veto based on likelihood

Neutral pion selection

0
m =Yy

E >50(100)MeV for barrel (endcap)

coso,  >0.7
118 MeV< M, <150 MeV

Reconstruction of p &w

p DT

0
W—DTTTTTT

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

LK
L.+ L,
LK
L+ L

<0.15 & 0.620 GeV<M <0.920 GeV

<0.40 & 0.752GeV<M <0.812 GeV

Reconstructionof B

Beamconst. mass
Energydifference

B—>p'y,§0—>p0y & Eo—m)y
5.2GeV<M, <5.3GeV, M, =\ E,>. — Py
[AE<0.5GeV,AE=E, +E - Ep,







b — dy modes are highly background dominated

o Continuum: e"e—-qq, g=u,d,s,c
oB—K'y

cother b—sy modes

cB-pm’(n), Bown’(n)

cand other charmless rare B modes



Huge Continuum background under the Y(4S)
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Signal and Continuum background shapes
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Fisher discriminant of event-shape variables is used to
separate spherical B decays from jet-like continuum

_ Spherical
: e ® decays
e Y p(B) =0.3 GeVic
! 0.-:135;—\‘ / E
o i b->dysignal
{ __ Continuum

| ] ]
2 1 0 1 2 3 4 5 (& T

Fisher discriminant of
event-shape variables (F)



B flight direction in CM frame also discriminates
B events from that of continuum
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The vertex separation variable is introduced In
b— dy analysis for continuum suppression

o Bl! Az
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Vertex separation (A Z (cm))

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



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

ﬂl‘a IIIIIIIIIII|II

b->dysignal MC

1

0.25}

___Continuum

0.2

0.15
0.1

0.05—

D#:....: lllllllllllll ||||||||||||||||||||
0 01 02 02 04 05 06 07 08 09 1

Likelihood Ratio L (F , cos 0,.A Z)



Additional discrimination is gained from
“Quality of B Flavor Tag”

< b —>dysignal

___Continuum
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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 1.0

0.0
0.0

0.0 0.5 1.0 Ny R T E— 0.5 L0
Quality of Flavor Tag (I r1) Quality of Flavor Tag (r)
Neutral modes = cut in |r|-L

Charged modes = cut in r-L
Multidimensional scan uniquely determines the best S/\/E
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K /1t— misidentification= B— Ky background
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Momentum (GelVic)
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Rejection of B— Ky events that failed
the particle ID cut
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1 The K yevents peak at ~-100 MeV
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Asymmetric 1 (n)decay (with a missing soft photon)
= B-p(w)m’ & B—p(w)nbackground

When 1l n— veto fails W RV R

plo =% pri(n)
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b— sy background other than B—K vy

ow M- pysignal
o12f- —— Sy bkgd]

01— . ]

9.).5 0.4 -0.3 £2 OH414 0L 014 02 03 04 05



Charmless rare B background other than

B-p(w)m’&B—p(w)n
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Signal and Continuum background shapes

b —>dysignal
___Continuum
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2D unbinned extended maximum likelihood fit

IS used for signal extraction

1. Shapes of Signal & Background

M, AE

B—-p(w)y CrystalBall CrystalBall
B—p’y Gaussian CrystalBall
Continuum ARGUS Linear
B— K’ Y 2D Histogram
B—(p,p’, wm’&

B—(p,p’,w)n 2D Histogram
B—Xy 2D Histogram
Charmless Rare B 2D Histogram

2. Floated parameters: * Shape parameters of continuum background

* Signal and continnum background yields




Fit results: B—p 'y 386 M BB
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Fit results: B"—p’y 386 M BB

Entries/(50 MeV)
Entries/(4 MeV/c?)

AE(GeV) M, (GeVicd)
Signal Yield = 20.7 events
Significance = 5.2 o (incl. syst.)
B<BO_>p0)’) = (I 25+003373( tat.)” OO6<SySt ))X10° 6



Fit results: B">wYy 386 M BB
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Fit results are consistent with Mass and Helicity

Results from fit are superimposed on Mass and Helicity
M__ & cos0,, deformed by M, (K y veto variable)
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Combined fit: B—(p,w)y 386 M BB
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Extraction of ‘Vt AV
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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)x10°°  (1.327%% %10 )x10 °
B(B—p'y) (0.90+0.34)x10 ¢  (0.557%%2+009 )5 10" °
B(B°~p"y)  (0.49+0.18)x10 °  (1.25757")x10 °
B(B’°-»wy)  (0.49+0.18)x10 °  (0.56'%%1%%)x10 °
th th
0.16 <|-%<0.29 0.14 <-4 <0.26
Vts Vts

(68 % CL) (95 % CL)




Comparison of Belle and BaBar results

386MB§ 221 M BB

Belle BaBar

B(B—(p,w)y) (1.327%%7%0)x10 ° <1.2x10 °

B(B—p'y) (0.55 4221008 )x10™° <1.8x10 °

B(B°—-p%)  (1.257%2 70/ 1x10°° <0.4x10 °

B(B’-wy) (0.567%9% )10 ° <1.0x10 °
th

0.14 < % <0.26 <0.19

s

(95 % CL) (90 % CL)

hep-ex/0506079 PRL 94, 011801 (2005)

[submitted to PRL]



Summary

o Belle observes b—dy with 5.50 significance
B(B-(p,w)y)= (1.3215%5 %) x10"°

(B _)p y) — (O 55+Od4326+06088)><10_ §)
B(B _)pOy) — (1 25+003373+000(Z6)>< 10— §)
B(B’ —wy)= (0.56757,"010)x10" °
and determines
V
7td = 0. 199+00002265<9Xpt )+Od.()01185< theo.)
ts

o Uncertainties will be reduced with additional data
o CP violation will become measurable in few years

ob—d yinlcusive measurement will be ready soon
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We can test Isospin violation
with the following approach

This Is the isospin relation we use
T T
B(B —py)=2X

B+

2 B(B"-p"y)=2x—2B(B"->wy)

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

5 =0 Sp— .
B(B" — p’y) + B(B" — wy) T+
26(B~ — PN ) TRo

‘)

= 0 — .
1+ B(B — wy)/B(B — p")

J
| R —

— 1.

Isospin | Belle Results
B 0.5 1.7579% (2.1 0)

—0.82

y 0.0 0.36 702°(0.90)

—0.26




Log(likelihood)

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

d V V V1 4

ud us
S | — Vcd Vcs Vcb | S
b b
' ' th Vts th ' '
Unitarity = VN Vo+V V=0

CKM Angles
(b, b, P)=(B,x, y)




Fit Results: B— K 'y 386 M BB
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BaBar 211 M B B

Mode Meg  Meomt  Tpmk Significance (7) &) B107°)  B(107%) 80% C.L
Bt —pfy %I mE04001844 10 132414 00708401 <18
B — Py 03Tt T 060473 1847 00 158419 00402401 <04
B —wy RITILED 1343726105 15 8600 D5+03401 <10
Combined 2691125+ — 21 —  0f+03401 <12
o Branching Fraction

Mods Vield Relle 275855 B Central Vahe Upper Limit
B =y 1870 Lo Gitod%h  (Luhh 403 w10 223107
F - 1942 0.30 (Bo403% (018t R 4010) w107 08107
B - (e 1l (30+04% (o8 ¥ 40.10) 107 08107
Combined - 1lo — (072%e +0.28) w10 14%107

TABLE I: VYield, significance with (without) systematic un-

Bﬁ”ﬂnﬁ’y&ﬁﬁMnB, d branching fraction (B) for each mode.

Mode Yield Signif. Efficiency (%) B (107°)

B™ - p v 85 16(1.6) 3.86+0.23 0.5577% 7003

B° — p°y  20.7 5.2(5.2) 4.30+0.28 1.251+937 +9.97

B° = wry 57 2.3(2.6) 2614021 05615357 +0-00

B — (p,w)y 36.9 5.1(5.4)

+0.34
1.32 7575,

+0.10
—0.09




Table 14: Summary of the fit results to full- and sub-samples. The number in the
parenthesis is the statistical significance (no systematic error).

P_})‘ P':'-},- w}; (P’ &J)})
B(x107°) B(x1076) B(x107°) B(x1076)
L 1.77 £ 0.80 (2.8) 0.61 +0.45(1.8) 026+ 0.38(09) 1.32+0.54(3.2)
I1. 0.08 + 0.46 (0.2) 1.28 +0.63(3.1) —0.10+0.50 (0.2) 0.79 + 0.46 (2.1)

I+1I.  0.80+047(2.0) 092+0.38(3.5) 0.17+027(0.7) 1.04+0.35(3.7)
PRD 124709 (21)  0.18702 (0.7)  0.087939(02)  0.7270%3 (2.77)

—0.6] =025 =0.31 —0.39
M. -048+0.77(0.6) 2.00+0.76(41) 149+082(3.1) 2.05+0.70(4.2)
Pull 0557032 (1.6)  125%037(52) 056337 (2.6)  1.32%031(5.4)

T The significance without the systematic error for this result is lost somewhere.

Table 16: Comparison of results between two analyses.

DM results SN results

B Nsig  sig. B Nsig sig.

(1079) (1079)
F—py 0BRETY 85 15 LOTIen msgira
0 0., +0.37 +0.0 +037 +0.0 +5.6 +0.9
S PV Poemie DT 02 Miemae lises
b ) P _027 010 - : 27 _026-004 = -36-04 :
B ooy 1270588 — 5p awpnipdiE T s




Events /(4.5 MeVic)

Events /(4.5 MeVIcZ)

g

L 1 L 1 L 1 L 1
2 522 524 526 528

Mgs (GeV/cY)

5 a)

2 522 524 526 528

Mes (GeV/c?)

Events /(4.5 MeVic’ )

(-1
=)

N

Fa

|

g

1 | 1 | 1 | L 1
2 522 524 5.26 5.282
Mcs (GeV/c))

similar analysis by BaBar (211M BB, PRL94,011801(2005)):

BB — (p,w)y) = (0.6 £0.3+0.1) X 107° 2.16) < 1.2 X 107° (90%CL)



