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Motivation to study B —Vy decays



b — s(d) transitions

* Transition B — Vy (V = K*,p,®,0 in this talk) is a flavor
changing neutral current.

s,d
dominant diagram for V = (K*,p,m)

* Top quark dominates in the loop

* Branching fraction of B — py is suppressed relative to B — K*y by
a factor of |V,,/V..|? = .04.

* Magnitudes of the branching fractions are suppressed by GiocEM
(= 10> (B — K*y) and = 10°® (B — p/® ) ).



New Physics

* Radiative decays are interesting because of the loop.
* Physics beyond the Standard Model could enter at the same
order in perturbation theory as the Standard Model.
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* Choose observables, measure them, and then compare
with the Standard Model values. If things are exciting,
we will see deviations.



Hadronic Uncertainties

* Theoretical predictions for the branching fractions suffer from

hadronic uncertainties

Prediction for B — K*y Reference
(5.8 £2.9) x 107 (BY — K*'4) | Matsumori, Sanda,
(6.0 £3.0) x 107 (BT — K**y) | and Keum PRD 72 (2005) 014013
(A3E14)x 107 (B" = K™) | Al Pecjak,
(46 +1.4) x 107 (BT — K*t) | and Greub =~ EurPhys.1.C55(2008) 577

* Therefore, we choose different observables to look for

new physics.




B — K*y CP asymmetry
The CP asymmetry is defined as:

 I(B—K »)-T(B— K*y)
F(E — F*f}/) + F(B s K*’y)

* Decay is dominated by a single Feynman diagram, and the
CP asymmetry is =~ sin®0.
* The unitarity triangle associated with B — K*y
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B — K*y isospin asymmetry

The isospin asymmetry (u and d difference ) is defined as:
I'(B® = K*09) — (Bt = K**~)
[(BY > K*y) 4+ (Bt = K*t#v)

( Ay,= A, with no CP violation )
* Leading contributions to the isospin asymmetry are

A(H_ —

b s b s b s
— q —H/d\ q q q

* Predictions that use the Standard Model are

Ay, = +H2.6 £0.8)x 102, A,, = +(8.0:21 )x 1072
Matsumori, Sanda, Keum Kagan and Neubert
PRD 72, 014013 (2005) Phys. Lett. B539 (2002)



Constraints on mSUGRA by isospin asymmetry

-0.047 < A,_<0.093 (world average)
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I th/ Vts I

* The ratio |V,y4/V,.| can be extracted by taking the ratio of
B — py with B — K*y.

* In the Wolfenstein parameterization, the CKM matrix is written as

Ve Vas Vi 1-X N AN (p—in)
V| Vi Ve Va [ V= -\ -2 AR | +0()
Vig Vie Vi AN(L=p—1p) AN 1
where
Y, Vv L )
A= > = > Ai — cb p 14 i 77 — ud lib
\/Vud T Vus VUS VCd VCb
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In the p - n plane, the canonical unitarity triangle is, when
rescaled by V*_ V4

=Rt

e
‘ Vd I/n'".l_
I/t,‘d VE,‘IJ

(0,0) (1,0)
Using the Wolfenstein parameterization, R, can rewritten as

Rt _ ivtd

AV

. Therefore, |V,,/V,.| corresponds to one side of

ts

the unitary triangle.
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|V,4/V,.| extraction

BIB = (p/wh] _ |Vaa|"( 1= me/M5 \ ) |\
B[B — K*’}"] /9 1 — mi*/ﬁf@
where
1 +
B(B — (p,w)y) = = - {B(B* — p*y) + 2+ . [B(B® — p’v) + B(B" — wy)]}

Tgo

C =0.85 % 0.07 is the ratio of form factors for the decays B — py
and B — K*y (JHEP 04(2006)046)

AR =0.1 £ 0.1 accounts for differences in dynamics of decays
(e.g. annihilation diagrams) (PLB 595, 323 (2004))
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Overview of the Babar detector



Electromagnetic Calorimeter
6580 CsI crystals
e+ ID, n® and y reco

Instrumented Flux Return

19 layers of RPCs
p+and K_ID

Cherenkov Detector

(DIRC)

144 quartz bars
K,n separation

e+ [3.1 GeV]

Drift Chamber
40 layers
Tracking + dE/dx

Silicon Vertex
Tracker

5 layers of double
sided silicon strips
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Particle Identification Overview

* Particle identification is required at Babar up to momentum of
4.2 GeV/c

* K/m separation is required for the momentum range 1.7 < |p| < 4.2 GeV/c
for rare charmless decays (e.g. B — n*n~) and p| < 2 GeV/c (e.g. B/B flavor
identification by kaonsviab —c— s)

* Particle identification for the region |p| < 0.7 GeV/c is obtained by dE/dx
separation by the vertex detector and the drift chamber
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DIRC

* For |p| > 0.7 GeV/c, particle identification is performed by the DIRC
(Detection of Internally Reflected Cherenkov Radiation)

* A charged particle traversing a radiator with refraction index n emits
photons on a cone with half opening angle cos6_= 1/nf3. Forn > V2 and B =
1, some photons are always totally internally reflected

* Photons are guided down fused silica bars and traverse an expansion
region filled with de-ionized water to a PMT array

PMT + Base
~11,000
PMT's

Purified Water

17.25 mm Thickness Light
(35.00 mm Width) Catcher \

Bar B
Track [ ar box A
Trajectory \
Wedge
2 / /W PMT Suﬁace/\
Mirror
7

/Bar $ // J
74 I M Window "~ Standoff Box

i |:—91 mm— —10mm
— r 1.17m |

——/—4.90 m

4x1.225m
Synthetic Fused Silica 16
Bars glued end-to-end
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The large majority of data is taken at the Y(4S). At this energy,
the bb cross-section is = 1.1 nb, while the lighter hadronic

cross-sectionis = 3.3 nb.



Measurement of Branching Fractions, CP,
and Isospin Asymmetries in B —K*y
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Previous measurements B — K*y

PRD 70 (2004) 112006 PRD 69 (2004) 112001

BABAR Belle

81.9fb1 78.0fb~1

BY — K*0 3.92 +0.20 £ 0.24 1.01 £0.21 £0.17
(x107?)

Bt — K*t 3.87 + 0.28 + 0.26 4.25 +0.31 £+ 0.24
(x107°)

Acp —0.013 £0.036 £ 0.010 —0.015 £ 0.044 £ 0.012

Isospin +0.050 £ 0.045 4+ 0.028 + 0.024 +0.012 + 0.044 + 0.026

asymmetry (measured parameter: Ag_) | (measured parameter: Agy )

Current analysis uses 347 fb-1




Overview

 We reconstruct 4 different modes, which are

BO — K*0 (K*m) v, BY — K*0 (Kgn®) .,
B — K** (K*n%) v, BY — K** (Ket*) v .

* We select events using a series of criteria. Some of the major
ones are the following:

1.5< E*y <3.5GeV

Particle Identification

K* mass selection

Veto y’s coming from ©%s and n’s



Background suppression

* Major sources of background are continuum (light qq) events,
mis-reconstructed B — X.y and B —K*y events, and BB events that

decay generically.

 Dominant background is from continuum events, which is
suppressed using event topology and angular information.

spherical et - like

* The background suppression variables are combined into a
Neural Network.
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Neural Network

e Contains 13 input variables. 9 of these are event shape
variables ( 2"d Fox-Wolfram moment,Legendre moments,..). 4
of these are variables that detect flavor in the rest of the event.

S 1
= —*— Current NN .ﬂ 8000
8 0.98 —— Prev. Analysis q:,
"D 0.96 =
2 L GOOOI
- 094 re)
c B » 4000 -
0.92 o Signal
§ 0.9 2 i -
o £ 2000H</ Continuum
S 0881 E ~—
(1] ! ! | :
m 938§ 05 0.6 0.7 0.8 0.9 % 02 04 06 0.8 1

Selection Efficiency NN Output
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Fit Procedure

* We optimize the selection criteria in the “fit” region,

defined as |AE| < 0.3 GeV, mg >5.22,
|cos0, jiciy | < 0.75.

1- mES = \/(E *tz)eam _l ﬁ; |2)

_E’

beam

2. AE = E_

B

3. oSOy jicity = cosine of angle between the momentum
of one of the daughters of the K* and
momentum of -B in the K* rest frame

* We use a multidimensional maximum likelihood fit with
different components for signal and background (qq, BB).
There are 3 dimensions (mg, AE, cos6, .;.,,) and 3 components

(signal, BB, qq). N
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AE fit projections
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Branching Fraction and Isospin Asymmetry
Results

Mode e(70) Ns B( x 10_5) Combined B( x 1{]_5)

K7~ 21.840.8 2400.0455.4 4.45+0.10 £0.17 |
| 4.47 +0.10 £ 0.16
K.’ 13.0£0.9 256.0420.6 4.66 & 0.37 £0.35 }l 7= 0.10=0.16
K7 15.3£0.8 872.7+37.6 4.38£0.19 £0.26

_ 4.2. 14 =0.16
K.n™ 20107 759.1433.8 4.13+0.18 £0.16 }4 22=0.14=0.16

The isospin asymmetry is A, = 0.066 * 0.021 (stat.) £ 0.022(sys.),
and the 90% confidence interval for A, is 0.017 < A, <0.116.
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CP Asymmetry

« We use the modes B® - K*O (K*7™) y, B* > K** (K*'n®) vy, B* >
K** (Ksmtt) .

* The fit is identical to the one used for the branching fractions.
However, now we fit for the 3 CP asymmetry parameters of the

3 components ( acpsig, Acp, 8 Bkg? Ac, Cont Bikg )-

Mode A Combined A
KT7~ —0.016 &= 0.022 = 0.007
KS?TU

KTx% 10.040 £ 0.039 & 0.007
K. 77 —0.006 = 0.041 £+ 0.007

} — 0.003 = 0.017 £ 0.007
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Experimental Status

—@— .
" ® « A K'Y
@ 7
® Babar’09
P . : *
aBar’ .
[ Hurth et al. ® A0- K Y
hep-ph/0312260 o
[ Kagan & Neubert
hep-ph/0110078 | | | | |
1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-0.25 -0.2 -0.15 -0.1 -0.05 -0 0.05 0.1 0.15 0.2 0.25

Asymmetry
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Measurement of B—p(w)y decays



Previous measurements of B — p(w)y

PRL 84 (2000)5283

PRL 94 (2005) 011801

PRL 96 (2006) 221601

CLEOII BABAR Belle
9.2fb"! 191 /b~ 350.9fb71
BT — pt(x107%) < 13 < 1.8 | 0.5570:424036 (1 647)
BY — pP~(x10°9) < 17 < 0.4 | 12570307008 (5.20)
B° — wy(x1079) < 92 < 1.0 | 0.56103:70 (2.30)
B — (p/w)y(x1079) < 1.2 | 1.32005170 8 (5.10)

—0.31-0.09
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Overview

* We reconstruct 3 different modes:
B® — p® (") v, B® = o (ntnn) v,
B+ N p+ (TE+TEO) y

* We select events using criteria similar to the K* analysis.
Dominant background is still continuum. However, the K*
background also plays a prominent role, as the
BR(B — K*y) = 40 times higher.

* We use a neural network to distinguish between continuum
and signal events, and perform an unbinned maximum likelihood
fit.



Neural Network

« The neural network contains 33 input variables. Itis the same
as the K* analysis, with the addition of variables that pertain
to the kinematic properties of the e, u, K in the rest of the
event (18).

A

lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
l_llllllllI|IIII|III|III|IIIIIIIIIIIIII_ :_\__ | | | | |
i 0.98
0.98 .
! = ] New
S | oo 4 I Prev. analysis + %%
e} I
O - add. input _
Q 0.94 - P !
g . i
S | ool {1 [ Previous 0.02
c .92¢ i
g Analysis (14)
50 0.9} - B
A’j i
8 o.58| 0.88]
-II " I I aols B il I Ll II.I- D-S&_IIIIIIIIIIIIIIIIIIIIIIIIIIIII 1 1
0.86 0.4 0.450.50.550.6 0.650.7 0.75 0.8 0.85 0.9

0404505055060650.70.750.80.850.9

signal efficiency

v
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Fit Procedure

 We perform an unbinned maximum likelihood fit. There
are 4 dimensions for py and 5 for wy.

« The fit variables are m¢,, AE*, transformed NN output,

Cosehelicity + Cosedalitz (Q)y)

Oheiicity(PY) = angle between n* and B in p rest frame

Oheiicity(®@Y) = angle between the normal of n*n~ plane and B in ® rest
frame

0 gait.(®@Y) = angle between n° and " in ' rest frame

transformed 1 ((i\’?\" —cp) (1 — )
= tanh

) . ¢; = constant
NN output €3

 The p% fit has K*% and K**y as separate components,
while the p*y fit treats K**y (K**—K*n’) separately



B*—p™y fit projections
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Results

Mode Nsig Y (%) B(107°)

BT — pty 4207150 38 11.0  1.10F03% 4 0.09
BY — 0~ 38.7T8%° 490 141 0.797532 +0.06
BY — wy 11078 220 7.9 0407035 £+ 0.05
B — (p/w)y 6.40 1.2510-2% +0.09
B — py 6.00 1.367522 +0.10

Isospin asymmetry:

(B ->py)
2I'(B” > p'y)

1=-0.35%0.27

—a— P, ®Y (combined)
——

Isospin weighted

+ —@— BaBar, 316 fb"

T pPY

preliminary

—8— Belle, 350 fb”’

—— pOV PRL 96, 221601 (2006)
[ ] cKmFitter
et FPCP 2006
11 1 | 11 1 1 | 11 1 1 | 1 I(lI)PIY | L1 1 | | 111 1 | 11 1 1 | 11 1 1
0.5 1 1.5 2 2.5 3 3.5

Branching Fraction

x 10
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V

td .
V., p
A B L AL IR
v " BR(B—(p/w)y)/BR(B—K*y)
+0.021 — =
—41=0.200 ' .0 (EXp) + 0.015 (theory) Current results
Vts - ® |
. Belle 2006 |
B . 1
= F
1'_95% prob. intervals B 7
B BR(B—p/oy)
i BR(B—K™y) B N
B Am, I
0.51L_JAm, - B Mixing Average (Amy) -
I " (PDG 2008) o ]
o
-0'5:_ i | | L ‘ | L | ‘ L | | ‘ | | | | | | | ‘ | | | | | | | L\ |
- 0.1 0.12 0.14 016 0.18 0.2 0.22 0.24
-1—_ |th/Vts|
—l 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 | 11 1 1 I 1 1
-1 -0.5 0 0.5 1

5 Global fit excludes Am, and B—p(w)y
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Search for B— @y



Standard Model Diagram

* The dominant diagram for B — @y is

* The suppression is given by GzFoc3EM. The Standard Model
predictions are = 1012,
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Overview

* CLEO has yielded BF(B —@y) < 3.3 X 10 (pri 84 (2000 5283)

* We follow the same procedure as the previously described
analyses. In particular, we apply a neural network for continuum
discrimination. However, the BB background is

negligible due to the small width of the ¢.

* The background is determined by fitting in the sideband
regions and extrapolating into the signal region.



Results

* 8 events in the signal box. Upper limit at the 90% confidence
level on the number of signal events is 7.99.

* Upper limit at the 90% confidence level on the branching

fractions is
N*uL
BE — ——(1+1.155%)
E,x2x N, xBF(¢g > K K)

where €.=(13.9 0.1 (stat) 0.7 (sys.))%. The upper limit on
the branching fraction is 9.4 x 10/

[ AE vs M4 |

0.45

AE (GeV)

0.2f-. -

o

0.2

0.4t ..

521 522 523 524 525 5.26 527 5.28 5.29
M, (GeV)



Conclusions

Most precise measurements of branching fractions, CP, and isospin
asymmetries of B — K*y (under PRL review) (arxiv:0906.2177)

Observed the decay B° — p% now, and found the first evidence for the
decay B*- p*y. The combined branching fraction from Babar is

BF[B - (p,0)y]=(1.25"% £0.09)x10"°
This is used to obtain

V
—1=0.200 ', > (exp) = 0.015 (theory)
y |

ts

(PRL 98 151802( 2007))
Set the most stringent upper limit on BF(B — @y) (PrD 72 091103( 2005))
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Backup Slides



Another method to extract |V,/V,.| is to use B mixing. The
dominant diagram is

p——

- d(s)

Bd(s) — uct A Y uct — Bd(s)
iE
(s)d ——>——AWWWW—> b
Vi) V¥

This method gives the value of

|Vio/Vis| =0.207 £0.001,,, + 0.006,,, (PDG 2008).

How do penguins fit in the picture? The Standard Model effects are
suppressed relative to mixing, and the measurement of |V, /V,,]
could show deviations from B mixing. The mixing parameter x,is

x;= Amg/Ty =1 ) Amg =TI,
while
Br(B— py) = 108 Ly ', =10°6T,
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We select signal Monte Carlo events and generate the

background events from the background PDFs. We perform an
independent series of fits. Here,

Pull =

(# of fitted events) — (# of generated events)

error of signal yield

Nominal Pull

Sig. Pull
Cont. Pull
BB

BD s I{*D"}’ B—i— s K’*—l-,-};
K S Kta | K* 5 Kgn® | K" - Kt | K*" - Kgnt
-0.8144+0.12 | -0.630+0.062 -0.751+0.15 -0.697+0.12
0.56+0.11 | 0.092+0.058 0.12+0.12 0.2440.11
-0.0764+0.098 | 0.20640.061 0.2240.13 -0.10+0.10

Some bias is noticed. This is taken into account by correcting
the signal efficiency.




Here is the composition of the BB background per mode.

B — K*~v mode

BB backgrounds (% of total BB background)

BY K*O%K*O — Kt~

B — X,y (81%)
B — K K* — Ktn~ (5%)
Bt — K"y, K** — KTn° (5%)

BO N K*O’}’?K*O N KS?‘TO

B — X,y (75%)
Bt K*Jr,},’ K*t — K57T+ (11%)

Bt — K*t~y, K*t — K+r0

B — X,y (72%)
Bt — K*tn, K*" — Ktn% (4%)
B — K", K* — Ktn~ (11%)

Bt — K*Ty, K" — Kgn™

B — X,y (7T9%)
Bt — K*n, K*" — Kert (6%)
BO N K*O’}’, K*O s KS'?TO (8%)
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Now, we select BB background Monte Carlo events from the

previous slide, while the other two components are from the PDFs.

An series of independent fits is again performed.

Nominal Pull

Sig. Pull
Cont. Pull
BB

BD . JK'*D,.}, B-I— s E’*-I-,-};
K*Y S Kta | K 5 Ken® | K > Kta° | K* - Kent
-0.136+0.16 0.271+0.17 0.154+0.15 0.171+0.18
0.020+0.14 0.40+0.14 0.464+0.13 0.361+0.17
-0.107+0.15 -0.8074+0.14 -0.8244+0.14 -0.570+0.16

This time, there are no significant biases.




Here are the comparison of the fit results to K* mass to
the PDG values.

Data PDG Value
Mode m (MeV) | T'(MeV) | m (MeV) | T'(MeV)
K* — Ktn~ || 894.474+ 68 | 49.1+ 1.6 | 896.004 .25 | 50.3+ 0.6
K" — Ker® || 893.6+ 1.6 | 37.84 3.6 | 896.00+ .25 | 50.3+ 0.6
Kt — Kta% || 891.3£ 1.2 | 50.5+ 2.6 | 891.66+ .26 | 50.84 0.9
K* — Kort || 80424 1.1 | 43.54+ 2.4 | 891.66+ .26 | 50.84 0.9




We now turn to validating the fit model. This is done by
performing studies in which we select Monte Carlo events for a
particular component, while the other components have events
generated from the probability distribution function (PDF). We
then fit for these events, in which a series of fits is performed.

This procedure is performed to understand any biases the fit
model may have.



The K* resonance is modeled as a relativistic P-wave

Breit-Wigner.

<m, > = 0.89447 +0.00068

I'= 0.0491+0.0016
v2 /[ ndf =1.177
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