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® Introduction
®h 2sy

P — Branching fraction of inclusive B - Xs vy
— Direct CP violation for inclusive B 2> Xs vy

b >dy
— Exclusive B =2 py, oy
— CP asymmetry forB -2 p vy
— Sum of exclusive modes
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Introduction

® b = s.d transitions

t Y
. b s,d
« @ FCNC in the SM
— b - s,d transitions are forbidden at tree level W
g @ Probe for New physics effects
}—f_ — New particles in the loops can give effects at the same order
% ¢ Y zis Y
(:— b s,d b ( 1 s,d
o -~ .
%1_) H x
~ @ Measurement of |V, ,/V,|? p
£ — From B.F(B = py)/B.F(B 2> K*y) L
& |
zZ »
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® Large clean sample of Y(4S) = B*B- and B°B°
— Inclusive analysis of radiative decays

with event shape variables
® Continuum subtraction with off-resonance data
@® Exclusive B reconstruction with
AE = Eg — Epgg and (My)2 = (Meg)2 = (Efian)? - I5?

» Analysis technique

T ‘h 3



Most powerful mode to constrain new physics
Inclusive branching fraction measurement agree with SM R
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#B 2> X, yinclusive measurements

® Branching fraction can be accurately predicted at NNLO

® [y distribution depends on the b-quark mass and the fermi
motion of the b quark
— Can be used to reduce the model dependent error on |V, | and |V |

® Direct CP asymmetry ~ 0.4 % in SM
— Can be up to ~ 10% in some new physics models
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® Semi-inclusive
— Sum of exclusive

B =2 X.». methods

BaBar

- o 81.5/fb
= L K ?G - semi-inclusive

® Brecoll CH . (PRD72, 052004 (2005))

— Fully reconstruct one B R e T

S — Measure photon from other B I
',c_% D() g 200 Jr+ @ -4 BaBar
- L 3 IEH*% -0 1 81.5/fb
S e Inclusive ° 270 = __ . B recoil
§ — Reconstruct only the photon Yoo T — (PRD77, 051103(2008))
%.k) — Reduce background with lepton tag B, (GeV)
. 0. o E | e :
S “ 140/fb .
% ° HE i - inclusive
; i ﬁ%ﬂﬁ #  (PRL93, 061803(2004))

000000
15 5 4
E*, [GeV]
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FQRLL|857,0251807(2001) [9.11b7] (3.29i0.53)><10'4
-1 0.62 -4
91%%?052004(2005) [81.5¢b7] (3'35To.51)><10
-1 -
?&%é’?‘ 522002(2007) [81.51b7] (3.92+0.57)x10™
-1 )
o gl%%%r051103(2008) [210b™] (3.91+1.11)x10™
o -1 _
EI%L?L 151(2001) [5.8fb7] (3.69+0.95)x10™
-1
PRGEL‘? 061803(2004) [140fb~] (3.50i0.44)><10'4
B G050 (3.55+0.26)x10*
s
=
l‘_fs qubert [PRL98,022003(2001)]
- k [PRL98,022002(2007)]
‘O Andersen Gardi [JHEPOf01,029(2007)]
o , ,
s 2 3 4 5
. BF(B —X )(10™*) scaled for E_>16GeV
o .
o @ Calculations up to NNLO
o
L

— Agreement between experiment and theory has been degraded
® Need to improve the precision in the experimental measurement

N. Taniguchi

More data and lower energy cut =0

?} B.F(B = X,y comparison
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Belle preliminary at Moriond EW 2008

® Inclusive analysis

605/fb, 4.3 times more data than previous analysis
Improvements in the analysis technique

Continuum event

High energy E* > 1.4 GeV ee > qq
Veto y from =% n & Bhabha
Use topological information e+ e e+

—

to suppress continuum background
Jet-like
Estimate continuum event using OFF resonance data
Estimate B decays using “corrected” MC sample
3

New B = X,y by Belle

-
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,#, Continuum scaling

N Bg(E;ON) — N ON(E;ON) - O € FN NOFF(FE E;OFF)
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% Continuum scaling

N BE(E;ON) =N ON(E;ON) _ OC<€'>®N OFF@E;OFF)



N
—
o

FPCP 08, Taipei, Taiwan

N. Taniguchi

B/=*ONy — ON /=*ON
NBB(EY )=NZNE ) -aeFy

2% Scaling OFF resonance data

N OFF(F _ E;OFF)

® The ratio of ON to OFF resonance integrated luminosity corrected for
the energy difference

o

L. dt
I ON s " _ 604,633 10.52° 592

X

gON
J LOFF at

68.275 275 10. 582
= 8.7557 (£ 0.3%)

ole*e™ — hadrons] {nb)

25

20

13

10

5

g

e
]
T(18)

fo

ALY )

[ (CI

DFF (+F = 10.58 GeV)

T(@8)

| (CI

[ =4 [

ON (£ = 10.58-GeV)

7
L <) l ,) -3

9.44 9.47 10.00 10.03 10.33 10.237 10.53 10.62
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N Bg(E;ON) - N ON(E;ON) _ a<£>FN NOFF(FE E;OFF)

Response to Selection

® Combined efficiency of hadronic selection and analysis selection criteria
(B > X, v) for either ON-resonance and OFF-resonance beam energies

8ON EON
e = Hadronic v B— Xy
OFF OFF

€Hadronic  €B- Xy

= (0.9986 + 0.0001)x(0.9871+ 0.0014)



% Energy (Fg) and Multiplicity (Fy) Scaling

N Bg(E;ON) =N ON(E;ON) - o 8@'\' OFF@E;OFF)

<
= @ Compensation for slightly lower mean energy and multiplicity of particles
In OFF compared to ON events
§ | ON/OFF resonance MC ] ﬂ] .mf.‘ftaifm
‘< F N - (1.0009 i 0.0001) L '::m 0.ETO7
l—‘ u.n1a’-L| L= = T
E.J_ F E — (10036 + 00001) 0.016/| MC 1.2 ||
ﬁ 0.014 l'h
o) 0012 | by
o
o 0.01 0.8
g 0.008
L 0.6
0.006 L
.
_ 0.004 o4
é 0.002 ﬁ""‘*m.ﬂ_ﬁ__xx 0.2 00 0.001
-% P52 a5 aas 4 as 1 1 oo0m0
S BRI e 73 I a5
Z
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Photon candidates/(0.05 GeV)
P P P
< Q <

[EEN
o
;S

[EEN
o

Scaled continuum

o ON resonance data

]
o

OScaled OFF resonance data
®BB (ON - scaled OFF)

o
. oS B 8 ag,,
C RS Feoos
- +** '0‘0‘06-00.0_0_ oo,
- . 0'090#
e g

= **f hs o g
- oy 5
- + + +
B |'-.i -

| 11 | | | | | | | | | 1 11 | | | | 1 11 | | 11 | IG ] _{
1.5 2 2.5 3 3.5 4 ! 1
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10*

10%E

10?

10

10'E
10°E

1O5§’

=
TTTTIT T

10_1 . | | | |

— 0oy
n—->Yy
— Other decays
—— Beam bkgd
Mis-ID e

Mis-ID hadron
Signal

background sources from B decays

® Photons from B decays
— Six background categories

Signal

fraction
0.190

Decays of n®
Decays of n

Decay of others
Mis-1Ded electrons
Mis-1Ded hafrons

Beam background

0.474
0.163
0.081
0.061
0.017
0.013

Ly



";} Subtraction of the background from B decays
For all six background categories, (if possible),
® Determine E -dependent selection efficiency using control sample
— OFF-subtracted ON data (g9ata)
™ — MC (eM©)
> @ Scale MC background sample according to the ratio of these efficiencies

§ The efficiency of veto on photons from n% o
e e T I o e o e
E 0.951| = ;i:t l.OB; f
D 0.9? 1.06F
% 0.85F O 1.04f
|__ > 0.8; = 1.02f
o0 e r ] &J C
o 2 0751 = = 1k
o = F PPN R i
O W 0.7feoce®soFogy ﬁgﬁw = w  0.98f
o 3 j;% E r
L 0.65F Gy ] 0.96
3 *H»% E C ]
0.6 % ] 0.94F ]
E 0.55%% 0.92;”\\HMHMHMHMHMH\HE ﬂ
g 0'?.4 16 18 2 22 24 26 28 3 0'(1).4 16 18 2 22 24 26 28 3 ’
i=) E/™ (GeV) Ey™ (GeV)
kS
- All selection criteria are investigated in a similar fashion 5



Photon energy spectrum

¥ QA ® Yield above endpoint for photon
A2 \@Q(;x from B decay is consistent with zero
Q‘Q’go@ﬁ e — Background are properly subtracted
& 6000 HJH n ® Peaks at half the mass of the b-quark
I J 1 | between
> 4000 B 1.7 <E <28 GeV
-2 ﬂ ~ Y
S 3 2000[ 7 -
S 2 1 Hm } ] ForE,>17GeV
335 onl " B.F(B— X.»)=(3.3140.19+0.37 +0.01) x10™
= o b l ’ (Stat.) (Syst.) (Boost.)
s [l (E,)=2.281+0.032+0.053+0.002 GeV
S -2000(] =47
T I 1 (E2)~(E,)" =0.0396:+0.0156 + 0.0214+0.0012 GeV/*
I T S E 3
m,/2 ¥ E, cut extended down to 1.7 GeV "‘E‘ .

The most precise measurements.-to date

_*

N. Taniguchi
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LEO
RLS7, 251807(2001)

30

oo
QD
<00
QD

r
RD72, 052004(2005)

oW
QD
&0

ar
RL98, 022002(2007)

aBar
PRD77, 051103(2008)

Bdle
PRB511, 151(2001)

o

HFAG April 2008

[9.1fb™]
[81.5fb]
[81.5fb™]
[210fb™]
[5.8fb™]

B.F(B = X.») summary

@
—l—

Becher Ne
Misiak

Belle 605fb™

PRL 98,022002(2007)]

ubert [PRL98,022003(200]

Andersen Gardi [JHEPO

2 3

BF(B —X ¢y)(10™) scaled for E_>16GeV

4 5

(3.29+0.53)x10™
(3.49"%%% <10
-0.50
(3.92+0.57)x10™
(3.91+1.11)x10™
(3.69+0.95)x10™

(3.3740.41)x10™
(3.52+0.25)x10™

)]

701,029(2007)]



Measurement of direct CP violationinb =2 sy
by BaBar

SM predicts very tiny CP violation ~ 0.4%
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BaBar preliminary at Moriond EW 2008

% Direct CP Violation for B = X, by Babar

® Sum of exclusive modes o ?G
ST

® Fully reconstruct B - X.y in 16 exclusive modes
— Xs =K and up to 3x, 3K and 0 or 1x, Kn(m), 3K(n)

® Main background: n°® and n from continuum, ISR

— Veto photons which form good =° or n N _N_ _
. : : : _Tbhosy b—sy
® Extract yield from M fit to signal region A =
— Background shapes from MC Nb—>sy b—ssy
® Sidebands and B > X z° control sample used for:
— Detector bias (different interaction cross sections for K+ and K-)
— BB background shape uncertainty
— Continuum shape uncertainty .
| 4] #’
Q -
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#®irect CP Violation for B 2 X y

\S
DAY
Q) ({\\(\ Q)Q) - I —— | T -
e 81500f 1 &1s00- ]
3 - 3
S I S
_ 21000 1000}
continuum I P
5 50 5 50
BB and e nne e s
- . . . 5.24 5.26 5.28
cross-feed m. (GeVic?) m, (GeV/c?)

Select candidates with |AE| < 0.10 GeV

® A, =-0.012 + 0.030(stat)==0.019(syst) [preliminary]
— 0.6 <M(X)) < 2.8 GeV/c? corresponding to Ey > 1.9 GeV f



Sensitive probe for physics beyond the standard model
Similar to b = sy in SM, could be different in p.e&v physigf
Suppressed by |Vtd/Vts| ¥ '
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Belle, arXiv:0804.4770 , 657M BB

® B - K*y is significant background

— (Mis-id rate for kaon) x B.F(B = K*y) > B.F(B = py)
® M, now in the fit for B® > p% (M, .-AE-M,_ fit)

— M, : invariant mass of = with kaon mass assignment for one pion
® good separation of signal from background

N(B® — p%)=75.7"

+ B — pY%

Entries/(10 MeV/c?)

N W

[
=2

2

2

B —p%| %
WL PY L6
[¢D)
=
0 4
)
32
g =
PR PR | w
0.9 1.024 1.16
M, (GeV/c?)

Submitted to PRL

Update B =2 py, oy by Belle

IO oI

IOII

_*
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Measurements of branching fraction

for B 2 py, oy

330 B—py |T60 v gl B oy |54 55 oy
%,30; + —pPY = + B —p'y g0 ¢
< 20! + E 408 8 | S i
%J o T N %20 % 10 é 20
SR N L 8T TE
07 ‘ ‘ . SN w 07 0 MY : 0
AE Me AE M,

B.F(B* — p'y)=(8.773371)x10"
B.F(B° > wy) = (4.0 +1.3)x10™"
B.F(B” — p°y) = (7.874/1,)x10"
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B —p*y
B% — pOy
B - oy
B —py

B — (p,®)y

B(10)
8.7+2'9 +0.9

-2.7-1.1

7.8+1'7 +0.9

-1.6-1.0

4.077+1.3
12.1%%4+ 1.2

-2.2 —

Belle

114+ 20"

(%)
(3.30)
(5.00)

(2.60)

(5.80)
(6.20)

Belle, arXiv:0804.4770 , 657M BB
BaBar PRL98, 151802 (2007), 347M BB

Comparison
Babar
B(107) (Z)
11.0%/ £ 0.9 (3.80)
7.972°+06 (4.90)
4.077+0.5 (2.20)
13.675 + 0.9 (6.06)
125752 +0.9 (6.40)
&
s
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2 B 2 (p,w)y: CKM constraint

n_BF(Bo(pa)y) Vg

Form factor ratio

2
(1- mfp’w) /mé)sX ,

BF(B>K') |V

ts

[Ali, Lunghi, Parkhomenko, PLB 595, 323 (2004)]
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r_ BF(B—(p o))

’ B.F(B - Ky)
Using Ball, Jones, Zwicky, PRD 75 054004 (2007)

@l-m../m2)’ i+ aR]
K* B

Annihilation amplitude o/rr‘ections

0.0263+0.0047 0902

Vg V| =0.1957377 (exp.) £ 0.015(theo.)




<t CP Asymmetry of B =2 py
> by Belle

First CPVinb =2dy
® Time-dependent CPV in B 2 pf% A_(At) = SsihAmAt + AcosAmAt
< ® S~zeroinSM Time-dependent CP asymmetry

= — Weak phase cancelation: arg(V,y) in mixing <-> arg(V,y) in decay
— Suppression due to photon polarization

® Acould be non-zero in SM  pijrect CP asymmetry

® Charge asymmetry in B* = p*y Direct CP asymmetry
— Simultaneous fit to M, and AE of B* = p*y and B- 2 py

® Asymmetries in the other background sources
— Fixed to zero in the nominal fit b »
— Included in the systematic error -

FPCP 08, Taipei, Taiwan

o N(B > p ) -NEB - p')
- AB" > =
® B - Dr control sample used for: A P7) N(B = p )+ N(B = p7)
— Detector bias P

N. Taniguchi
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Events/(2.5 ps)

80F
70F
60F
50F
40F
30F
20F
10F

Belle, PRL100, 021602 (2008), 657M BB
arXiv:0804.4770 , 657M BB

CP Asymmetry of B =2 py

PRL 100, 021602 (2008)

5p07 =—0.83+£0.65(stat) = 0.18(sys)

Apoy =—0.44£0.49(stat) £ 0.14(sys)

0_ '.__- » ~"
7552502557': 75 -5 -25 0 25 5 75

At (ps)

At (ps)

8> by

3 5.24 5.25 5.26 5.27 5.28 5. .3
Mbc

A(B* — p*y) =-0.11+0.32(stat) + 0.09(sys) |- *




Babar, arXiv:0708.1652, 383M BB

Measurement of branching fraction for B 2 X,y
by BaBar

® Sum of 7 exclusive final state for study of inclusive b = dy

® B> X,y (Xy=nn, ntnl, ntnnt, ntnnf, e, et )
8 ® 10<M(Xy) <18GeV (B-> pyand oy are not included)

® Partial branching fraction B 2 X,y = (3.120.92=0.7)x10

— Promising method for a improved |V, /V,,| determination
% 383 M BB pairs
|_. E L ELIE R S el Tl B R M Bt ” R Al St G -
O ST B -—
|Sh ! mﬁ’- + +} _ ; sol- preliminary -+ |
‘%‘?E*T’ =
3 | o by

é :EEEI&E:{{%I .I'.'r.|2-1: 5.25 5.26 5;':..’? 5.28 .29 _‘l-ul;.z'.al‘l-ll:l_JZEI L-;:Ili-I-ﬁjiﬁlI-I‘.i‘ilI-I-J-Elﬁlll-illl-ﬁjﬁhllir Ili_:lél-ll:l:_z gj& J
S mes (GeVic?) ) o AE (GeV)
— _
Z »
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® Precise measurement of b = sy

— Branching fraction with Ey cut = 1.7 GeV
— CP asymmetry with 0.6 < M(X)) < 2.8 GeV/c?

Summary

® Measurement of b = dy
— New measurement of exclusive modes with a larger sample

— First measurement of the CP asymmetry of B 2 py
— First Evidence for B > X y with 1.0 < M(X;) < 1.8 GeV/c?



Backup slides
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Entries/50 MeV

105

10°

P10 and Eta from B-decays

-
F& Measure major backgrounds in data and MC independently and correct our analysis

sample MC
T I I
Era ]
ttgy * ON
sy, - scaled OFF
o, BB
w0 spectrum
‘.-
.I
[ ]
Il‘
1-'
!
| |
5 2 25 I 3 3.5 4 4.5 5
1 E [GeV)

Entries/50 MaV

105
festte - ON
Tay, = gcaled OFF
Moo, BB
10 e,
L -..-
o,
I".
..-
n specirum
10 3 "a__ -
‘I
102} y
15 2 25 3 35 4 45 5
1w E [GeV)
+

b
& /
»

-
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Efficiency corrections

(éselection efficiency in MC and data in control samples e.g 77° Veto efficiency

in partially reconstructed

Efficiency

n.gs;
0.9}
0.85|
0.8F
0.75f
0.7}

P e ¢ ]
A o8 2= #dﬁr‘ﬂj’--& .Sy
T

0.65

0.55)

0.6/

JJ%

U _I IIIII IIII II|II
'?.4 16 1.8 2 22 24 26 28 3

ES™ (GeV)

D* - D — Knrn", n° — ~(v)

Ratio

Ratio
;(’1" ndf 17.18/30
Prob 0.9704
offset 1.022 = 0.010
1.1L ST slope -0.01581 = 0.00537
1.08
1.06 .
1.04 7
1.021 J( T
1_#{#%“ ﬁji-?n Ll ) |
0.98 % | +M ||
0.96/ ‘% [
0.94}
0.92

U III|I IIII IIIII
'?.4 16 1.8 2 22 24 26 28 3

ES™ (GeV)

All selection criteria are investigated in a similar fashion



= 9 Acceptance Correction

Selection Efficiency Unfolding Detection Efficiency
, N , . M
R(E$cas) __ 'Rec ﬂ-/I(E:L},ruC) _ A—lR(E};lC&&) .T(Ej;luc) _ Unfolded
sl Mdet
| detected_rec_xsgamma | Efficiency Mappin E::ncm _vs Eg:?nl:nEa ——=—7 [ generated xsgamma | Efficiency
04¢ T ] ¥
0.5 — agiiiIIIIIIIIIIIIZZcaBRR:
035_ > 2'Ei;:;;:;:'.::::::::::f:?'-: O - - W e e
Lq')rj 24l -iiiiiiiiieecon e X
0.25]- e =L RoiiiiiiiaagdRdior oo o6
i e @ 22rioiiiliiiliiages il :
02 e 5 A i1 ER R 0.5
: — B Foiiiiiiiiaggtioo oo 0ar
015~ _— : L - s e s e aee o C
- £ s8f iiiia0as 0.3
01 forreeeo :
C A 0.2
D.IJE-:— 1.57;35: 0.13—
096 18 2 Zz 24 25 28 1'?.{ 16 18 2 22 24 26 28 o 16 18 2 22 24 26 28
Emess[GeV] EreGeV] ElC[GeV]
«%* Signal models include KN, DGE, BBU, BLNP and GG e
*¢* The unfolding is done using Singular Value Decomposition (SVD). W

*¢* The MC response of the ECL is calibrated to match DATA using a study of
radiative mu-pair events Pag
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Y (4S)
E(cut)
[GeV]
1.70
1.80
©1.90
22.00
2.10

rest frame
PBF
[107-4]

First at E(cut)=1.7 GeV

RO\
Mean Variance
[GeV] [GeV?]

3.32+0.19+0.37 2.291 % 0.032 # 0.053 0.0467 == 0.0156 = 0.0213
3.25+0.17+*+024  2.302 % 0.025 % 0.028 0.0417 == 0.0096 == 0.0081
313+*+0.15+*+0.16 2.318 #+=0.019 %= 0.014 0.0355 == 0.0058 == 0.0027
295+ 0.14 =0.12  2.340 %= 0.015 = 0.007 0.0290 == 0.0033 == 0.0009
268 =0.12+=0.10 2.370 =% 0.011 # 0.005 0.0225 == 0.0017 == 0.0006

B-meson rest frame
(additional uncertainty due to models needed to calculate correction from Y (4S) to B frame)

E(cut)
[GeV]
1.70
1.80
1.90
2.00
2.10

PBF

[10]
331 +0.19+0.37 %= 0.01
324+ 0.17 = 0.24 = 0.01
3.12 +=0.15 +=0.16 %= 0.02
294 +=0.14 = 0.12 = 0.02
2.62 +=0.12 #=0.10 %= 0.05

-l
PY Sl k

Mean Variance

[GeV] [GeV?]
2.281 #+ 0.032 =+ 0.053 =+ 0.002 0.0396 =+ 0.0130 = 0.0213 = 0.0012
2.290 =+ 0.025 =+ 0.028 =+ 0.002 0.0350 = 0.0085 == 0.0081 == 0.0005
2.305 =% 0.019 = 0.014 = 0.004 0.0292 =+ 0.0053 = 0.0027 == 0.0008
2.326 = 0.015 = 0.007 == 0.005 0.0227 == 0.0031 == 0.0009 = 0.0009

2.350 %= 0.011 == 0.005 == 0.006 0.0170 == 0.0017 == 0.0006 == 0.%[2“

W

-
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Systematics

E(cut) PBF Analysis Relative

[GeV] [104] Error

1.70 3.31+-0.19 +- 0.37 (Belle 605/fb) (12.6%)

1.80 3.24 +-0.17 +- 0.24 (Belle 605/fb) (9.1%)

1.80 3.38 +- 0.31 +- 0.30 (Belle 140/fb) (12.5%)
Systematic PBF[10]

1.7 GeV 1.8 GeV
""""""""""""""""""""""""""""""""""""""""" '\(\axv
Continuum Background ~ 0.17 0.12 e\\m
Selection Criteria 0.20 0.15 P(
pi0/eta background 0.06 0.05
other B - background 0.24 0.13
Beam background 0.02 0.02
Energy resolution 0.01 0.01
Unfolding 0.01 0.01
Signal model 0.03 0.02
Photon detection 0.05 0.03
b->d gamma 0.01 0.01
B-meson boost 0.01 0.01
Total 0.37 0.24 b »
____________________________________________________________ ©

_.‘ -



Extrapolation to Ey>1.6 GeV

. ys.Rev. D73 (2006) 073008
Buchmuller & Flacher EosE
Y
(GeV)
Eur.Phys.J.C7:5-27,1999 - CLEO (9.1 20 | (3.29-0.53)x10"
Kagan & Neubert (KN) PRLE7,251807(2001) ; 062 P
BaBar #1517 | ;g \ & , (3.35 5 )x10
PRD72,052004({2005) . ‘ M
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