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Motivation to Study Radiative Penguins

New Physics enters at same order (1-loop) as Standard Model

SM SUSY
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Hadronic Uncertainties

What you can calculate What you actually observe
reliably
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Sensitivity to New Physics limited by hadronic uncertainties.

Reduce by: il

1.) Measuring inclusive production Xsgd (Quark-Hadron duality )
2.) Asymmetries or ratios of exclusive states where uncertainties may cancel

Also exclusive measurements alone can test hadronic (QCD) calculations
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Analysis Technique illustrated with updated B — K*(892)y

K*V - K-> KS ) CCl idate // uon from

| o1'her' B decay

| Detached vertex

[ ngh energy from Ks — nn

photon in EMC
|

Note Event tends
N to be isotropic
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Frac. Events/0

Reducing Continuum Backgrounds

Continuum Production of u,d,s,c quark

and t pairs underneath Y(4S)

Jet-like topology in contrast
to isotropic BB events.

Use multivariate event topology
discriminants which are validated
in data control samples

Y4S rest frame:

035f( -~ 1 ~— T+ 1 Tt T T T T =]
0.3 1_}- --- Continuum Monte Carlo |
L : O Off-Resonance Data i
025 — B°—D"x*Monte Carlo -
| i @ B’—=Dn*Data .
0.2} —
0.15[ % -
0.1 LQ_ _
B o i
0.05 O, _
| -0~ '-O-..o._\_e__ .

0

0 01 02 03 04 05 06 07 08 09 1
Neural Network Output
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347fb

Signal Variables for Exclusive Reconstruction analyses

Energy Substituted Mass Reconstructed Energy -

beam Energy

Z 1s0f | Signal BaBar _ ]
< 160 ar prelimina ry D =
= 4a0F | Continuum SO 250¢
S 120 |— Total S 200f
= 100 - Data g -
=~ so — 150
€ S5 + ki1 3 £ 100
5 20F R 5 So-

£33 553 5.24 5.25 5.26 5”27 558 529 s

M s (GeV) -0.3
Mes (GeV) AE (GeV)
M ( AE =E,.-E,
ES beam - B beam

(* = computed in Y(4S) rest frame)

Sensitivity enhanced by performing multi-dimensional likelihood fits.
to signal and background. Mes and AE projections are shown
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Mode

Kt
K’
K*n?
Ksm*

BY — K*0y

B* — K*y

A(I+

Updated B — K*(892)y Results S47Ib

By Mode
B(x10)
+ stat +sys

4.55+0.11 +0.16
5.01+0.40+0.37
5.06+0.22+0.27
4.56 £+ 0.20+ 0.17

Combined

458+ 0.10+ 0.16

473+ 015+ 0.17

Isospin Asymmetry

+ stat tsys + (B*/B° prod. sys.)
0.029 £0.019 £0.016 £0.018

preliminary
Theory
Acp
+ stat sys A = [(B—~K*y)-T(B—~K*y)
0 — T(B—K*y)+I(B—K*
-0.023 + 0.022 + 0.011 ? ( : o !
” <0.01in SM

0.033 £ 0.039 + 0.011 (Greub,Simma,Wyler

-0.006 = 0.041 + 0.011 Nuc Phys B 434 39 1995)

-0.009 +0.017 +0.011

_ DB =K *y)-T(B"=K*'y)
0+ (B'—=K"*y)+T(B*—K**y)

A, = +0.026 = 0.008 in SM

Matsumori, Sanda, Keum
PRD 72, 014013 (2005)

Results Consistent with SM expectations and previous measurements
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Measurement of B — 0/wy and Extraction of |Vig/Vis|

buctmfs\f\sﬁd buctd\s\f\s\&d

0
g i
U W d W‘ dl|w
+ W annihilation diagram (small)
2
m I’I’l p
B(B - K )’) Vi (mB -m.. ) Tlv (0)
S=1 for p* 1/2 for p®or w Form Factors | / 5 2 E:)?]T:Elliff:)

T, T .
['(B— p'y)=2-2T(B" = p’y)=2-L2-T(B’ = w’y)
T
Bt B

I-spin (p), quark model (w). Expect small I-spin violation:(1.1+/-3.9)%.
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Updated B — p/wy Results

Events / ( 0.004 GeV/c 2

B* — p*y

B’ — p

Events / (0.004 GeV/c ?)
N
[,

B’ — Y%

Events / ( 0.004 GeV/c 2)

30

20F
15

10 F

|||||||||||||||||||||||||||||||||||

AR RPN NP Y P r‘.'?'r‘i'.".".“lv.--.-'.— cl .\.‘“1 il I:
22 523 524 525 526 527 528 529 53

17

5.3

+
- gl i 2 BE
22 523 524 525 526 527 528 529 53
- 7o PR NI~

Mes

423fb-"

preliminary

Significance  B(x10%) + stat + sys

320 1.20%%%£0.20

540 0.97°% +0.06

Results Consistent with SM
and previous measurements

220  <0.990%C.L.)
or O.SOJ:S% +(0.09
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Vi/Vis and Isospin asymmetry

Theory: Expect Ap =-0.05+0.03 for CKM y=60° (Ball,Jones Zwicky PRD 75 054004 2007)

A =B P 043203 40,10
" 2T(B"—py) |

Using averaged p+,p° results and

+0.057 +0.046
AR . . =0.057701,0.00670 s ”
(Ali and Parkhomento hep-ph/0610149 2006) ||| — 0235+88§g (eXp ) + 0020(1‘}2)
1/& =1.17+0.09 Vi
(Ball,Jones, Zwicky PRD 75 054004 2007)
CDF B mixing (PRL 97 242003)
— IVtd/Vts| = 0.206 +0.001 +0.008
| | . . BaBar exclusive
! ' i ! 1 |Vtd/Vts| = 0.233 +0.025 +0.022
B e Belle exclusive (arxiv:804.4770)
|Vtd/Vits| = 0.195 +£0.020 +0.015

0.14 016 018 020 022 024 026 028 (g ororexperiment second theory)

UNIVERSITY OF
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Time Dependent CPV with B — Ksny and B — K*(K1’) y

- Y
Signal B/ &
________ '\ C* Kn

-
—
—
—
=
-
—

\Ay
8_ T

4t

P (At) = [1 + S sin(AmAt) F C co AmAz‘)]

~(0 Insm

C = Direct CP violation < 0.01 in SM for b — sy
(Greub,Simma,Wyler Nuc Phys B 434 39 1995)

Colin Jessop at ICHEPOS8 1I<INOI¥I§ESII)§GV(I)E %53



Time Dependent CPV with B — Kny and B — K*(Ki°) v

In SM photon is left handed in h — sy

0 S
Bd\ / fsy right h — Sy
B,

So no common fs, so S ~ 0

\Ay
8_ T

4t

P (At) = [1 + S sin(AmAt) F C co (AmAz‘)]

~ () ~ (0 Insm

BUT in extensions to the standard model with a different helicity structure such

as Left Right Symmetric model or SUSY S can be large while still being
consistent with I'(b — sy) measurements (Atwood,Soni,Gronau PRL 79,185 1997)
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Time Dependent CPV in B — K¥*(Ksn’) y

| arXiv:0807.3103 |l 423fb-"

preliminary

-
=}
o

Events per 5 MeVie?

S0

L Nevent=339 124

(o]
S5

A 0
6 _©

Events per § MeVlc®
N
o

L il L T
-2 5.22 5.24 5.26 5.28 5.3

mgs [GeVv/c?]

o /
52 522 524 5.26 528 5.3

mgs [GeVv/c?]

K* Region
0.8 < MKO”O <1.0 GeV

S =-0.03+0.29(stat) £ 0.03(sys)
C =-0.14+0.16(stat) = 0.03(sys)

11<M O<18 GelV

S =-0.78+0.59(stat) = 0.09(sys)

C =-0.36 £ 0.33(stat) = 0.04(sys)

Mes (GeV)

Updated Measurements consistent with previous measurements and no CPV
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| arXiv:0807.1317 Il 423fb-"

preliminary

Time Dependent CPV with B — Ks’ny

n—=y.n—nrxa

60 (@ 3

5.2 N 82+23 5.28 529 40f j?/ B
= GeV/ 3 e E
events oy =s (GeVIc™) 20t e _ E

Events /2 ps
o]

Q - T
% i =
E RS
° ° At (Ps)
MEs (GeV)
B(B’ = K’ny) = 7.1 (stat) = 0.4(sys)x10°
At (ps)

S =0.1877% (stat) = 0.12(sys)

No CPV - First Measurement

C = -0.3270% (stat) = 0.07(sys)
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arXiv:0807.3103 | 423fb-"

preliminary

B.F. and Time Integrated CPV with B* — K*ny

150

Events / 4 MeVic?
w o o o
 © ©0 ©

Events / 40 MeV

B(B* — K'ny) =7.7+1.0(stat) = 0.4(sys)x107°

_I(B" = Kmy)-T(B" = K™ny)
" T(B"—=Kmny)+I'(B" = K'ny)

= -9.0%%" (stat) £ 1.4(sys)x 107

Update measurements consistent with previous measurements and no CPV
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Inclusive Measurements

Quarks Quark-Hadron Duality Hadrons
Y Y
g Hb -> .S‘Y) = [(B -> Xs‘Y) +Anon-pert

@ (Anon—perf a few percent) @ B

A fully inclusive measurement can
be related directly to a reliable
(s parton calculation

SM Theoretical Predictions:

IT(b -> sy) : Misiak etal PRL 98 022002 2007 Acp(b -> sy) Kagan and Neubert PRD 98 094012
1998

Ib -> &), Acp(b -> dy) Ali,Asatrian & Greub PLB 429,87,1998

Experimentally difficult to achieve fully inclusive measurements due to backgrounds
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Time Integrated CP Asymmetry with B — Xy

y =r(1§e)_(sy)-r(BeXSy)
cp T(B—=X;y)+T(B—X,y)

In SM  Acp < 1% due to CKM & GIM suppression but models with non-minimal

Flavor violation (e.g SUSY) may have of order 10%-15% asymmetry
(Kagan and Neubert PRD 98 094012)

Reconstructed Final States "’55 °/o

KKK(=”)

Kn(vy)nn® Exclusively Reconstruct 16 final

K=K, K states of Xs :

Covers ~55% of possible Xs states

Self-tagging

UNIVERSITY OF
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arXiv:0805.4796 | 423fb"

preliminary

Time Integrated CP Asymmetry with B — X5y

d

)

1500 F
1500}

0.003 GeVie
003 GeVic

=1000f

N
(4 ]
0 ]
(=] (<]

Events | (

Events/
0
=]
[e]

Mes (GeV) Mes (GeV)

Detector asymmetry A,,;=-.007 +0.005

A =-0.011=0.030(stat) = 0.014(sys)

P

Most precise measurement to date of Aq(B — Xsy) . Consistent with no CPV

)
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B — Xsy with B recoil method

Signal B Fully reconstructed tag B

= —%
(K's and t’s)

Fully reconstruct the tag B in order to suppress continuum background, tag
charge and flavor, and identify B rest frame.

Fully inclusive Xs but low efficiency (5% of B's reco’d) and large BB background

=

NEABAR
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. | U | [ ' | T T ] | T T T

S 40 1.L6<E <1.7GeV 23<E, <24GeV > 200 ++ M—
() T =
2 o B - Data
o |- 1| ©
e n 1 ] 5 100
@ _ c
5 a : AN

0 | LTI 0 .r l-I r1'-| - i -

5.20 5.24 528 5.20 5.24 5.28
8Y50N! mes (GeV) mes (GeV)

B — Xsy with B recoil method

| PRD 77:051103 2008 | 210fb"

B(B— X,y,E, >1.9GeV) =3.66 = 0.85(star) = 0.60(sys)x 10~
(E,)(E, >1.9GeV') = 2.289 +0.058 + 0.027GeV/

(B, -(E,))") = 0.0334£0.0124£0.0062GeV”

Results consistent with previous measurements and SM prediction

(Technique will be more competitive at Super B factories)
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Measurement of B(B — Xqy) and |Via/Vis

Reconstruct 7 final states of Xy (~50%) and corresponding states in Xs (~30%) with & —«

B — Xay B — Xsy _ .
” Two mass regions studied
B — wwy B° — K*my
B* — ma*nl B* — K*ny 06 <M <10 GeV .
- Xd/ : eV (B— p/wy region
B* — mwmty B* - K*wty ® (B— p/wy region)
B — ala mty B% — K’a mty
B wwmt wy B° - Kmwm my 1.0 < Mxgs < 1.8 GeV
B* — mtant aly B*— K*an* a’
B*— mtny B*— K*ny

Many systematics cancel in the ratio but uncertainty in fraction of modes
not measured is the dominant error.

UNIVERSITY OF
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|arXiv:0807.4975 347fb"

preliminary

Measurement of B(B — Xyy) and |V:a/V|

0.6 < Mxgs < 1.0 GeV 1.0 < Mxgis < 1.8 GeV

5o T BBATUESE T 558 ‘ ‘ . LB
2 S5 554 B sE T 558
mES (Gev/c ) Hies (Gev/c2)

855 —as5a 556 558 o ‘ - S
> 5.5 554 556 5.8
1les (Gev/c?) s (Gev/c?)

I'(B— X,y)
Consistency with previous B — p/wy , B — Xdy) =0.033+0.013(s7at.) = 0.009(sys.)

B — Xsy measurements as control check

(0.6 < MXs,d <1.8 Gel)
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|th/ Vts| from B — Xd)/ 347fb"

preliminary

Vil 20177 £0.043(exp.) = 0.001(zh) BLE 52087 1008yt T & Greut

ts

CDF B mixing (PRL 97 242003)
—t— IVtd/Vts| = 0.206 +0.001 +0.008

: . BaBar exclusive
. ! taf ! ! |Vtd/Vis| = 0.233 +£0.025 +£0.022

T Belle exclusive (arxiv:804.4770)
|Vtd/Vis| = 0.195 £0.020 £0.015

: = d | BaBar inclusive
Vtd/Vts| = 0.177 +0.043 +0.001

r—r 1 1 _ T T T T T T T T T T T 1
0.14 0.16 0.18 0.20 0.22 0.24 0.26 0.28

(first error experiment, second theory)

*Theory error in BaBar B — Xyy does not include error for using ~50% of states
- i.e does heavy quark duality still hold ?
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Summary

Updated Measurements of B(B — K*(892)y ), B(B — p/wy ), B(B— Kny)
Updated Time dependent CPV measurement for B — K*(Kn?) y

First Measurement of Time dependent CPV in B — K'ny

Updated measurements of time integrated CPV in B — Xsy , Bt — K*ny
B reco recoil method applied to B — Xsy

Measurement of B — Xyy

Extraction of |Vi/Vis| from inclusive and exclusive b— dy

All measurements consistent with SM and previous results !
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B factories: e*e- 2 Y(4S) > BB

25 ¢ By I _
[ (0]
~~ [ I\ g ]
220} ras) .
é [ I|I ‘* |
@) [ [ 4
= 15 ' R
g | j =+ Y(2S) ;
T 10} + :'. - Y(3S) ;
'O . \|| ,‘ ‘* . d ‘D
o o5t ;’; b P rEs) .
(o) i + L ohe eaeme, ._..q.-.,.i,ul"""**—t__o._n ]
8.4;1 | 9l16 IlOfOIOIIIOiolzl | IIIOI.3I4I | I1I013‘7I IIIOI.5I4‘ HI ‘1I0!5'8I ‘H I1I0{6I2
Mass (GeV/cz) 0
PEP-Il is an asymmetric collider
9.0 GeV electrons vs s
3.1 GeV positrons
o]

PEP-II
Rings ™~

Positrons

Low Energy Ring
BABAR Detector

4 ’/Electrons

High Energy Ring

«-<Sop at ICHEPOS8

BaBar finally collected 423 fb-! at
Y(4S) resonance (10.58 GeV) and

41 fb! just below the Y(4S)

hadronic cross sections:
udsc:bb = 3.4:1.1 nb

In the Y(4S) frame the B mesons
are practically at rest

The asymmetry boosts the Y(4S)
to facilitate time-dependent CP
violation measurements

UNIVERSITY OF
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The BaBar detector

f Cherenkov Detector (DIRC)
144 quartz bars
K, , p separation

3.1 GeV
positrons

-

9 GeV
electrons

. UNIVERSITY OF
Colin Je E;Ej

NOTRE DAME



Isospin Asymmetry

O Hadronic and experimental uncertainties partially cancel in ratios ( theory
uncertainties large for branching fractions )

O Both measurements are sensitive to new physics

. B —K'v) —T(B — K*v) o Decay don}rina‘red by
= —=——= one operator
B —K B — K* °
(B — v) +T(B — v) SM:ACP<1/°
SM: Ay, = +(2.6 = 0.8)x 1072 Ao, = LB” = K™y) —T(B* = K**y)
Matsumori, Sanda, Keum F(BO — K*OFY) + F(B+ — K*+')’)
PRD 72, 014013 (2005)
b s b s b s
o Isospin breaking diagrams
9 _ 7 g =~ g q q

=

WEABAR

e
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Summary of B->K*y asym measurements

[ O I ACP Xy
H i | el H H ACP XY
PRy A Ky KR
! o y
@ BaBar’05
® Belle’04
[ ] Hurth et al. H ® Y
hep-ph/0312260 O >
[ ] Kagan & Neubert Hh II %
hep-ph/0110078 H -— l A0- Ky
TR BRI BTN BT EESTETET SRS BT AR AT AR
-0.25 -0.2 -0.15 -0.1 005 -0 0.05 0.1 0.15 0.2 0.25
Asymmetry

)

SBABAR
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A Colony of Penguins

buctwd

d

g

B(B_)Xsd Y)

P,
%
dd (Vid)
sd (VtS)
& K*(892)
K,(1270)
K,(1430)

Colin Jessop at 1

E 4

=

HFAG

pfwry August 2006

o —— CLEO
Py - Belle

. —— BABAR

) — New Avg.
K %y e

K"y

- K17y
——

K+py
= 7
= Ky
—_ K3(1430)%
K3(1430) %

===
: KT /)0

B(107)

m

—— KOty
_‘_W

——  K*07tsy
—_——
—— I\'+W~ﬂ';’”/
——

K*tn=al%y

—.—
1\0
————
——
—-——-%—_—- 1\ 99
_ (892)"7

K, (1270)
e e ——

% sy x1/10

0.0

o 40.0
Branching Ratio x 106

80.0



The CKM matrix

v, d
leptons uarks
e’ 9/ T g Vg
S o W"' S o W"'
7 7 7 n 23
V ud |} USs |} ub . A A
V= Via Ve Vi | ~| = B =
Via Vis Va 23 =2 [l

Standard model explanation of CP violation is a single phase
in the CKM matrix V.
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The unitarity triangle

[(B— py,wy)

[ Vua + ViVea+ ViVia = 0 measures

['(B—K*y)

VeV _
ACP(BO — Jjp ng)

" ub
Acp(BO — ﬂ’+7.'_)]

Photon spectrum
in B->Xsy helps '\
reduce error on Vub —

‘Cd‘ CA
Adit(B — DI\) “\“m B— Xv)|

Photon spectrum
in B->Xsy helps
reduce error on Vbc

Overconstraining the triangle may reveal new sources of CP
violation.
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Extracting |Viq/Vis| from b->dy Decays

Belle, PRL 96, 221601 (2006).

1% courtesy M. Bona (UTfit collab.)
d | _ () 19Q*0:026+0.018 = F
V = Y. ~0.025-0.015 1'_95% prob. intervals
fs - BR(B—p/aY)
i BR(B=KY)
BABAR, hep-ex/0607099 C [— am,
(preliminary) 0.5 Am,
Vil 0.171+0-018+0.017 !
% - Y ~0.021-0.014 -
s 0 |
CDF, hep-ex/0606027 B
(preliminary) 05
14 B
| _ +0.001+0.008 i
- 0'208—0.002—0.006 )
I/ts -1
- UTﬁt
. . . [ 1 I 1 1 1 1 I 1 1 | 1 1 1 1 1 I 1 1 1 1 I 1 1
Consistent within errors. -1 -0.5 0 0.5 1

%gheoretlcal uncertainties limiting both approaches. TRy o (]
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Inclusive Photon Spectrum
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|
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0
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Errors in Measurement of B(B — Xay) and | V:ia/V|

Error in Xq/Xs Ratio

K/m misid 2.0 %
Fit PDF’s 8.7 %
Backgrounds 9.4%
Fit Bias 3.0%
Fragmentation 8.5%
Missing >5 body 21.0%
Other Missing States 5.0%
Total 26.1%

Missing states corrected for using JETSET. Vary fractions of missing states
by 50% from phase space fragmentation — but get cancellation in ratio

=

NEABAR
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