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‘B — Xs Y Branching fraction and photon spectrum
‘B — K(*) Mk Branching fractions, CP asymmetries and more

-B0 - KOS ° Y Time-dependent CP —violating asymmetry

‘B — p/o vy Rare decay search
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Il Rare Decays - Motivation

March of the Electroweak Penguins:
Penguin = One loop effective FCNC: b - \,/

Focus of this talk: t

Decays where leading contribution is Penguin, thus BF ~ 104 — 107
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Search for New Physics:

New particles could appear in the loop and thus change branching fractions, CP-violating
asymmetries, ratios of branching fractions,...
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Reconstruction:

Experimental Techniques

B-meson reconstruction:

Use: mpg = \/(\/7_)2 - ‘%mf

Background suppression:

and AE = EF" — /5/2
Continuum (e*e” — light quark):

Event shape variables and angular information
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Unbinned (multidimensional) Maximum Likelihood Fit:

Components for signal, continuum background and BB background
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II Motivation

New Physics:

Standard Model expectations: B(B — X, y) = (3.57 £ 0.30) x 104 (NLO) y
W-
Ace(B = X, 7) < 1% (SUSY: up 10 20%) -~~~ "
/ \
| .
Photon Spectrum: b n.ct B
At the quark level: 2-body decay b quark bound inside B meson:
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Moments of Photon Energy Spectrum carry information:

m 2 2
15t moment: <E§> ~ Tb 2nd moment:<(E,yB) > — <E§> SETES E,gm (b)
This information can be used to extract V, and V, from semileptonic b — ¢ and b — u transitions
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II Method
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2 Approaches to fight this (logarithmic scalel)

E
o
o
-

a) Fully Inclusive:

High momentum Lepton tag
BB — X1lv)~10%

| contlnuum expec
B BBbar expect
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Continuum subtraction
using off-resonance
data
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BB background components calibrated by data

. 1600 .
b) Sum of Exclusive Modes: 3 .
Q1200 fm, -
Reconstruct X, system exclusively in 38 modes 9 B
o
) | _— m%—mio o 800 -
(55% of B) and infer Loy = omp P _
: S 400 .
thus: very good energy resolution z B
Multicomponent fit in bins of hadronic Xs mass %22 53
Systematic uncertainty from missing final states (45% of B) m_ (GeV/c?)
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Motivation Method Result
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Moments: (Depending on minimum photon energy cut)
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Motivation

Method Result

2" Moment (GeV?)
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Minimum E_ (GeV)

CLEO inclusive
Belle inclusive untagged

2 214 22

23

Minimum E_ (GeV)

A
hep-ex/0507001 | W  BaBar inclusive tagged (prel.)
e BaBar sum-of-exclusive| g aubert et al. PRD 72, 052004 (2005)

D. Benson, I.I. Bigi and N. Uraltsev |===== Theory Central value
Nucl. Phys. B 710, 371-401 (2005)

Branching Fraction and A:

Theory range Structure function describing Fermi
motion of b quark is UNIVERSAL!

B (B — X.1; Ey > 1.9 GeV) = (3.67 +0.29 £ 0.34 % 0.29) x 10 (prel.) Fully Inclusive

B (B — XS’Y, E’Y >1.9 GeV) - (327 +0.18 -0.40 -0.09 ) x 104
B (B — X.v; Ey>1.6 GeV) = (3.25+0.19 *-° *7%) x 104 (extrapolated)

+0.55 +0.04

Sum of Exclusive

-0.41 -0.09

Acp(B — Xigrqyy) =-0.110 % 0.115  0.017 (prel.)

Fully Inclusive

Acp(B — X.y) =0.025 £ 0.050 + 0.015 Sum of Exclusive

B. Aubert et al. PRL 93, 021804 (2004)
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Very low branching fraction but rich phenomenology:

Two additional diagrams contribute at leading order

B - K®|*- Motivation
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+
new possibilities for New Physics to enter, e.g. Gaugino loops or SUSY Higgs: H
0 .7
h - _
For example: o M
G. Hiller and F. Kruger, = = =
PRD 69, 074020 (2004) b LVM S
X
couples stronger to heavier particles, enhances: B(B K(”‘) + -
_BB->K uu)
RK<*) _

BB K e'e)

Acp in SM < 1% but new physics at electroweak scale could enhance it to O(1)
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II B - K®* |- Motivation Method Result

Reconstruction:

Only charged final state particles:

two leptons (e*e-, u*w), a kaon (K* or KO with KO, — zn*z~ ) and for K* modes a n*

Charmonium veto:
Veto I*I- coming from J/¥ or ¥(2S)

AE (GeV)

.t
3.5 4
m+- (GeV/c?)

Fit:

mgg and AE (for K* mode additionally my)

Include peaking background component
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n B — K" I

Fit Result for Kl*l-

hep-ex/0507005

229 x 106
BB pairs

All Results

Events / 0.0045 GeV/¢?

Motivation Method Result
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Al 02 Pretiminary

= Zhong ’02 —— '

K11
B(B — K*I'I) = (0.78751) 0.12) x 10% .
KI'T
All consistent with the SM! - N B(B — KI*I') =(0.34+0.07 £0.03) x 106
I | ! ! | I I I ! \ I I :
0 0.5 15 2 B(109)

Asymmetries and Ratios:

Acp(B — K*I*l") =-0.03 £0.23 £0.12

Acp(B* — K*I*I") =0.08 £0.22 + 0.11
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T B0 . KO < n0 y Motivation  Method

Naively a CP eigensTa'l'e! Interference between decay with and without B%-B° mixincj_-

The time evolution of B — K*0 v is governed by: BY mixing Time difference between known
frequency B flavor time and decay time

P (At) = <8 ><|1:|:SV*0 sin (AmgAt) F Cieo, cos(Am,,At)}

D

B
Naively expect Sy, ~ sin(2p) B° "fetimej Y” Cl'lge;; %POViIr?Ig}\I/(l)n]
M
But: Dueto photon polarization: Interference is suppressed by —
my

Thus, time-dependent CP violating asymmetry is expected to be small: B. Grinstein et al.

D. Atwood, M. G d ‘ Mg PRD 71, 011504 (2005)
A. Sor\:\il,olgRL 79, :%%851337) ‘DK*O ’ ~ }_ my, sin Zﬁ‘ < 0.1

- Tag side
Flavor Tagging: B e
Determine the flavor (B° or B?) of the “other B” .<x\‘ ‘éd 'Y
in the event, the Btag, by looking at its decay products. Y(4S) BO .\/\/\N
Calculate At from measured Az ) AZ~ByAt Kg Decay side
Reconstruction: K* region (0.8 < myo_o < 1.0 GeV/c?) o+

non-K* region (1.1 < myo_0 < 1.8 GeV/c?) "
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Motivation Method Result
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II Motivation Result

Sensitive to far side of Unitarity Triangle: A Aliand A. Y.
: . Parkhomenko Eur. Phys.

J. C 23, 89 (2002)

B[B — (p/w)j] Vig 2 1 — -m-ﬁ/ﬂff% 5 A. Ali et al. PLB 595, 323
— = |5 = | ¢ [1+AR] (2004)
B(B — K*~) Vie 1 —ms.. /M7
_ Difference in dynamics (such as
Form factor ratio W annihilation) AR =~ 0.1 £ 0.1
2~0.85+0.1
PR e i Py (combined)
sy R . --@-- BaBar '04, 191 fb "|_
- : PY --@-- Belle ’05, 350 fb "'
[ ]Alietal
po'y hep-ph/0405075
[ | Boschetal.
hep-ph/0106081
| L f . L | L L L L |
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. . D.6—
Branching Fraction (10-6) - | e
D.4—
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I I I II R Motivation Method

Motivation:

W exchange diagram is dominant:
— study long-distance QCD, i.e. test factorization ansatz
— may help to understand other decays better, e.g. B — pOy

Theory predictions for branching fraction: ~ 1-2 x 106

H. Y. Cheng et al. PRD 51, 1199 (1995) -
Method: R. R. Mendel and P. Sitarski, PRD 36, 953 (1987)

Reconstruct D*0 in six decay modes:
D*0 — DO (=0, y) with: D® — (K" n*, K" n* %, K n*xn*n’)
Plot events in AE — mgq plane

Expected background events in signal box: 9.4 + 1.7

Result: (based on 87.8 x 106 BB pairs)

AE (GeV)

AN

Ll ." . f

Observed events in signal box: 13

B(B° - D*0y) <2.5x 105 @ 90% C.L.

..'II P \ N I
26 5.28

5.22 5.24 5.
mg (GeV/c?)

B. Aubert et al. PRD-RC 72, 051106 (2005)
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B — K™ |-
+BO — KO, 70 v

‘B — p/o vy

Branching fraction and photon spectrum

New measurement of photon energy spectrum and its moments,
thus, precise knowledge of b-quark mass and kinetic energy.
Branching fractions and Agp in good agreement with SM.

Good constraints on physics beyond the Standard Model.

Branching fractions, CP asymmetries and more

Rarest decay so far measured by BaBar! Rich system.

Time-dependent CP —violating asymmetry
Very interesting approach, but statistical limited.

Rare decay search

No significant signal seen, 2.7 sigma disagreement with Belle,
let’s wait for the Belle speaker at the end of this session...

All these measurements are statistically limited...

Stay tuned as Babar continues taking datalll
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