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Overview

e Introduction
e The BABAR and Belle experiments

e Charmless hadronic B decays:

- branching fractions

- charge asymmetries

 Radiative B decays
* Bcharmless decays to pairs of vector mesons

e Summary & conclusion
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Brief historical perspective

e 1990's:
CLEO (and ARGUS) started to explore rare B decays:

- observation of b—u transitions (semileptonic)
- b—sy

- B> h'h B—K*'mt (~17x107°)
Bt (~4x107°)

Vv A\

- B—n'K larger than first expected (~70x10°°)
e 1999: BABAR and Belle start data taking

- high luminosity B factories
- in ~5 years, accumulated a combined sample of >500M BB

- ideal for the study of rare decays
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What do we call rare B decays?

 Bdecays suppressed relative to b—c transitions:

- they occur mostly via b— u (tree) or b— s(d)
(penguin loop) transitions => BF <10™

- competing tree and penguin amplitudes
* Examples of possible diagrams:

u

H‘/j/l‘s
+B = -z T

Tree
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Why are rare B decays
interesting?

1) Tests of the standard model (SM)

- small amplitude processes

- sensitivity to CP violation (phases in mixing and decay)

- constraints on CKM parameters: sides & angles

2) Sensitivity to physics beyond the SM

- heavy (non-SM) particles can enter the loop

- put constraints on theoretical models (e.g. SUSY)
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PEP-II and KEK-B

e Asymmetric B factories

* Run at Y'(4S) CM energy (10.58GeV)

e Peak luminosities:

PEP-II:9.2x10°°cm™s’!
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KEK-B: 14.2x10%cm™“s™

Offline+Online Lerminosity (pb") (fday)

Integrated Luminosity (pb")

(( Y)\kexs

AT

Y\ o " _@r\,_@ St St
=N —

Offline+Online Luminosity (pb']) (/day)
Il off resoranc:

e, [ energysean
L

y uest for CPV

Int /4 ]
T
s e e e T R N S R N R N
812000 572002 1171972003 5/25/2605
Belle log total : 352493 pb™ Date
4 Exn3 o I R 3 ELLE LE Ratest: auw is



BABAR and Belle detectors

\ /KLM

e Multipurpose detectors:

- Tracking il

- PID

— Calorimeter

- Muon/KL detector

{BABAR

Drift Chamber DIRC (PID)
40 layers o 144 quartz bars

Silicon Vertex Tracker
5 double-sided layers

Electro-Magnetic Calorimeter
6580 CsI(TI) crystals

1.5T Solenoid
(superconducting)

e Tracking: O'(pT)/pT =0.13%p_@0.45%
* DIRC: K/r separation >3.5¢ for p<3.5 GeV/c
e EMC: o /E=23% E'" & 1.9%

Instrumented Flux Return
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Analysis techniques (I)

» Experimental challenge: isolate tiny signal in very large

background (100s M events)

* Variables used to identify the signal:

— B kinematics (exploit the known total energy of the B candidate)

B mass: 1 N
mps = \/ 78 — |PB|

1

m_ (BABAR) = m_ (Belle)

Arbitrary scale
T

m

ES

-

5.2

522 524 526 528

megs [GeV]

Energy: | ae=fr;3-1vs
v 4

B candidate energy CM energy

| AE resolution
{ =20-50MeV

- secondary resonance mass(es), etc...
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Analysis techniques (II)

e Backgrounds:

- combinatoric e'e — qq (g= u,d,s,c) (dominantbackground)

> event shape variables

Other B
E+ 4 o e+
!

f
SignalB ¥

- other B decays

* Signal extracted with ML fit on discriminating variables
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Branching fractions (BF)

 Useful to test and help
develop phenomeno-
logical models

Examples:
- flavor SU(3)

e.g. Chiang etal.
PRD68,074012
PRDG69, 034001

- QCD factorization

e.g. Beneke&Neubert
Nucl.Phys. B675,333

Plots from Heavy Flavor Averaging Group:
http://www.slac.stanford.edu/xorg/hfag/

~50 charmless hardonic B decays have been observed

Charmless B Branching Fractions
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Setting bounds on the tree
contribution in B’—n’ K,

e Time-dependentresults in B°—n K £ o ~BADARI
| BABAR Belle Average g ;
(232M) (275M) e
S 0.30+£0.14+0.02 0.65+£0.18+0.04 0.43+0.11 1“’;— B
C -0.21+0.10£0.02 0.19£0.11+0.05-0.04+0.08 sof- \XK

* Compare with charmonium value: sin2 = 0.73+0.04 § W
=> difference ASeXp: S - sin2f = -0.30£0.12 P ———

-10 -5 4] 5 10

« Estimate of the tree contribution in B’—n 'K, is necessary in the
interpretation of the time-dependent results

 Flavor SU(3) is used to set bounds on time-dependent CP
asymmetry in B—n'K:

AS, = S(N'K) - sin2f < |En'Ks|

. EH'KS function of BF for related decay modes
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B decays to pairs of light
isoscalar mesons

New Limits
— ' — -
e« AS =S5(N'K) -sin2f < |En, I<§| e ——
o BABAR AUGUST 25th 2004
—— PDG2002
. —— New Avg.
. En,KS function of the BF for flavor SU(3) "
- et
related decay modes B’—n'n',n'n,nn, : o
n'n’,n ', etc... —
[Grossman et.al., PRD68 (2003) 015014] la
[Gronau et.al., PLB596 (2004) 107] IE_, wn
=
C limit: AS_<~0.1 1 @
e Currentlimit: A5 <~0. L @ 0
(compareto AS ~0.3) wr
exp o
o Ifmeasure AS, >>0.1
=> signature for new physics 1

Branching Ratio x 106
« AS willimprove with better BF measurements
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Charge asymmetries (direct CP)

Many self-tagging (i.e. B flavor identified by final state) rare
decays have competing tree and penguin amplitudes

Interference between two
decay amplitudes can lead
to direct CP violation ACP:

Z\A\

__ F(B—f)-r'(B—f)
Acp = L(B—f)+T(B—f)

~ SIN A @Pweak SIN A(s.strong

A_, can be sizable it both weak and strong phases =0

Strong phases ditficult to estimate
=> large theoretical uncertainties on predictions
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B’ > K™t

* Observation of direct CP in B°>K*1t™ decays
N N A signif.

BB Kmn Cp

BABAR  227M 1606x51 -0.1331£0.030+0.009 4.20
Belle 275M 2140+£53 -0.101%+0.025£0.005 3.90
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+ 1) 1,t
B*—n'"h
« WhyA  in B'-»nK"/m" may be large:

- mn-n' mixing enhances B—n'K and suppresses B—>nK

=>in nKinterference between amplitude can be sizable
=> possible source of large direct CP violation

- predicted in 1979! [Bander, Silverman, Soni, PRL 43, 242]

« Based on 89M BB pairs, BABAR saw ~20 significant A _:
A_MK"=-0.52+0.24  and A_(m")=-0.4410.18 [PRL 92, 061801]

e BABAR and Belle obtained new preliminary measurements:
NBB ACP (T]K+) ACP (nn+) ACP (T]B T[+)

Belle 152M  -0.49+0.31+0.07 +0.07%0.15x0.03 --
/BABAR 232M  -0.20+0.15£0.01 -0.13£0.12£0.01 +0.14+0.16%=0.01

My average -0.25%0.14 -0.05£0.09

New results ——% (BABAR: BF(B—n'm")=(4.0+0.84£0.4)x10"° signif. 5.40 )
(preliminary)

=> Results compatible with no asymmetry (and with large A_)
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Charge asymmetries: summary

e Several modes used to look for direct CP violation

e Errors aslow as +0.02
+1.0

—— CLEO
Belle ) HFAG
3 AUGUST 25th 2004

—— BABAR
— New Avg. ;Q

r
2"{?‘0
oy

—— PDG2002

*

RPN S—

Acp = -0.109+0.019
Observation of |
direct CP violation (¥ Improved averages with S

4B (5.7sigma) new BABAR result
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Radiative penguin decays
* b—s(d)y proceed through EW penguin loop V,VZ\WM

e
/

/ \

* Inclusive decays Y SR S
u,@v\

- Branching fractions: dominant

b

s,d

o theoretically clean (no hadronization) BF = (3.9\i0.3)x10'4

good agreement

» experimentally difficult (fight background)
=> BF = (3.5+0.3)x10™*

e sensitive to new physics entering the loop

- Charge asymmetries:

e experimental errors cancel

* sensitive to new physics in loop and to new phases
 Exclusive decays

- experimentally easier

— theoretical uncertainites from hadronization
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A_, In inclusive b— sy

e Theory prediction (SM):

uuuuuuuuuuuuuuuuuuuu

- small due to single

) ; L 600 ml) —§ R 00— ) —i
dominant amplitude 8 500 < 8 su8 ~

. . . 8 400z, = 8 4005 =

=> sensitive to new physics S T 2 S s00F- T el =

£ 200 5% 3 @20 ) 0000 L=

5 ERY B W el o eesaane B AE

- A _=0.0044+0.0024-0.0014 & " E ey @ Y
CP L225235245255.265.275.285.29 ;? 5L?22 5235245255265.275.285.29 25.3
[Hurth et.al., Nucl.Phys.B704(2005)56] MES (GeVic) MES (GeVic)

e Results:

>
BABAR (89M BB):
BELLE
A =0.025£0.050£0.015 | ¢ f@ e f® 7
cP g/ tie b g0 g b
E | ---- all background E | ---- all background
Belle (152M BB): R L e
> - 'Y 2 B
A_,=0.002%0.050 £0.030 | 2=l f L
_'"""l"'"" 1 T oil | 7 A . e -I};:u-
g.24 5.26 5.28 g.24 5.26 5.28
M, (GeV/c?) M, (GeV/c?)

e Results statistics limited, and in
agreement with SM
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Search for b—d vy exclusive decays

y

e Used in determination of Vtd

v
e B°>oyand B—py expected to dominate

- SM predictions: BF~(0.9-2.7)x10°

6 _ -
e Results (x107°) <2 60 = 40
(upper limits at 90% C.L.) s ! 2 ad
S 40- = |
BABAR Belle S | 220
(211M BB) (274M BB) £2% & 10
p+y <1°8 <2‘2 LI::IE_.I. P R %_.l.l.l.l.l.
poy <0.4 <0.8 2 5.22 72ﬁ1 Ei.(z(gea}gg) -0.3:02-01 0 2’51* (oéi \?).3
wy <1.0 <0.8 / combined modes (non-significant hint of signal)
, <1.2 <1.44% 30F | raa— ~
(p.wy (P-)Y

> [Vtd|/|Vts|<0.19 @90%C.L,
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Other radiative decay results

e Otherradiative decay results
not covered in this talk:

- inclusive photon spectrum

=> b-quark mass
- B—K%y
e direct CP

e time-dependent CP

- b—sl'l

« BE&A results in agreement
with SM predictions

* BF(B— K11)=(0.57+-0.07)x10"°
smallest BF measured in B decays
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Polarization in charmless B—>VV

* B (spin-0) decays to two spin-1 particles:

- spin-related configurations => 3 amplitudes T
- 11 observables:
¢

e Polarization fractions

e Direct CP asymmetries

e triple product asymmetries

e InSM [helicity conservation] l

- A  is the natural spin configuration
- A _and A_suppressed bym /m_(one for each spin flip)

> expect strong longitudinal polarization

f =|A [P7(A *+]A_|*+|A |) ~ 1
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B’ — ¢ K**

 In B’ — ¢K*’ decays, measure
BABAR (227M BB) fL =0.52+0.05+0.02  (PRL93, 231804)

Belle (86M BB) fL =0.43+0.09+0.04 (PRL91,201801)

s/ 0.0625

(.50 =

P \ non-H? contribution <=> fL<1
E

e Butf ~1 for tree-dominated B— VV decays (pp, wp")

* Other penguin dominated modes still statistics limited
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Polarization in B— VV: summary

. . . O O . . O
« The polarization puzzle in B" — ¢ K*" remains: { (0K*")~0.5
« Fortree-dominated VVmode:f (tree)~1
 Currently no convincing explanation

e Possible scenarios:

- poorly understood SM strong interaction effects?
- effects from new physics?

 Additional measurements will help solve this problem

Rare B decays -- F.Blanc



Summary

e We have presented recent highlights of the
study of rare B decays:

- several measurements of branching fractions

* useful to contraint phenomenological models
- Search for direct CP violation in B decays:

e Direct CP observed in B>—K*t™ decays
* many other measurements (non significant)

- Radiative decays
- B—>VVdecays

* rich program, and puzzle in polarization results
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Conclusion

e Rare B decays are a very rich source of
information on

- the standard model
- physics beyond the standard model

* The experiments at the B factories have
produced many new results with their
current data samples

e Many more rare-B decay results to come with a
combined >1000fb™' by 2006!
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