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What this talk will cover

B decays with Penguins, Penguins and more
Penguins

— No, not that kind of penguin b s

— This kind of penguin B m&tag; qub
Electromagnetic Penguins s i (%)
— K'g, r/w g, b® sg @, d @, d
Electroweak Penguins

— KOI*I- Dileptons, Knn, gg

QCD Penguins (charmless hadronic decays)
— Two and three-body final states
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What this talk won't cover

« Vast breadth of physics from the B-Factories
— 45 minutes Is about right to list them all

e You already heard about CP physics at
BABAR in David Lange’s talk on Wednesday

 Still, some things will have to go uncovered
— Tau physics
— Charm physics
— B mixing and lifetime
— Semileptonic B decays and CKM matrix elements
— B decays to charm and charmonium
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CKM - Quark Couplings In the
Standard Model

 Weak isospin doublet members (b", s*, d") are

states of mixed ﬂavoragld“o &, V. V, cdo

: C ¢ ¢ -
e The transformation (;S¢— (;Vcd V..V, S+

CS

between mass
eigenstates (which G Vs Vis Voo 5

we observe) and flavor eigenstates is the
matrix of Cabbibo, Kobayashi and Maskawa

o Unitarity implies 4 free parameters, one of
which is a phase. One requirement of this
condition is:V, V., +V_ V., +V, V., =0, which can
be represented geometrically as a triangle...
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The Unitarity Triangle:
Getting at all the Angles — and Sides

 The B sector provides many options to learn
about and (over-) constrain this triangle

BY%® pp, r p * There are many decay modes that can be
analyzed to obtain information about each

a side and angle
B®b(® Pl\r/mv) . B° Mixing This |sthe path
udVub V.V new physics
x
9 Vchcb b
B® DK b® dn B®y (¢f ,h¢K g
B®Kp,pp Bo® D®)+D®)-
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Defining “rare”, and Why these
Decays are Interesting

* By rare, we mean decays in which there is neither open nor

hidden charm VLV <0.10
— b® u is CKM suppressed: Vcb '

— b® s, d proceed only via higher order diagrams (penguins!)
— Basically, anything that does not involve a b® c transition

* Processes with tree diagrams that are CKM suppressed or
forbidden are sensitive to Penguin amplitudes

u W
— Example: B* ® h&* KR b §
s 5 Kt K
w oo et i
b u B g .
i > .
u 7 5 - i

nn

» Particles that can’t appear on-shell can appear in loops
— Top, Higgs, SUSY, ???

Interfering amplitudes can expose new phases - they also
complicate the interpretation of CP measurements
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Backgrounds

* Generic b® ¢ backgrounds not a problem for most
rare decay modes
— Heavier daughters b lower recoil energy
— Exception is modes with high multiplicity
— Some modes suffer from specific backgrounds, which can be

controlled via selection criteria (e.g. y K* in K*I*[)

* Principal backgrounds to rare decays originate from
qq (g=u,d,s,c) production in the continuum
— Cross section for udsc ~3.5nb, | ~1 nb
— Fake signal arises from random track/neutral combinations
— Topology is “jet-like” as g produced well above threshold
— B decays spherical in the CM, so...

e Exploit topological variables to suppress continuum

background
— Fox Wolfram moments, B decay axis correlation with jet axis
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Can use population
in sideband to
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Extracting a Signal (1)

« All rare analyses at BABAR are performed blind

— Don’t look at the answer until the analysis is “finalized”
— Avoid experimenter’s bias

e Event counting analysis

— Tune selection to optimize expected signal wrt estimated
background (the experimental sensitivity or upper limit)

— Count events in mgg — DE signal box

— Estimate continuum background from sidebands and
subtract to obtain signal yield

— Best suited for analyses where large yields or good signal
to background is expected
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Extracting a Signal (I

e In cases where a small yield is expected, or the
backgrounds are large (or both), the technique of
choice Is an extended maximum likelihood fit

-anj
L:eNI 5'—, anJH(X)

— N, : population for each species (S|gnal and background)

— Pj(x,) Probability density function evaluated with a set of
observables x (mg4 DE, Fisher, etc ...)

— Statistical error on the event yield:
D-2InL) =1
— Statistical significance ~ difference in b(-2 InL) when forced

to null signal hypothesis (typically require a 4s effect to
claim an observation

August 15, 2002 Paul C. Bloom
SSI - Secrets of the B Meson

17



Extracting a Signal (l1)

Key ingredient to ML fit are the Probability Density
Functions

— PDFs must describe the data

Determine signal PDFs from Monte Carlo

— Use control samples to study Data/MC agreement and adjust
PDFs as necessary

e e.g. study inclusive samples of resonances in offpeak data to
understand resonance line-shapes and resolutions

« Use plentiful B® charm modes with useful topologies to
understand m_g, DE and event shape variables.

— P signal PDFs effectively derived from data

Determine background PDFs from sideband and off-
peak data
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All results are preliminary
unless reference cited
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22M BB pairs




Searches for B® rgand wg

e Goal is to measure |V,4/V,| and compare to result
from mixing analysis of B, and B, systems

« More challenging than K*g
— Predicted branching fraction smaller by x50
— r is very broad resonance
— Backgrounds from B® K*g B® r p°, b® sg
— Significant theoretical errors (15-35%) in extracting [V,4/V|?

e Continuum background rejection with neural net
— Event shape, Dz, flavor tag

e Kaon ID to veto K*g
o Estimate signal with Maximum Likelihood fit

SSI - Secrets of the B Meson
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| BB®r9 | B(B®r'g | BEBO®wY

BABAR <1.4x10°6 <2.3x10° <1.2x106

Preliminary




Inclusive b® sg

« HQET: Quark-Hadron duality P B(b® sg) = B(B® X.9
e Theory: NLO B(b® sg) = 3.57 £ 0.30 x 104

* Models of E; spectrum parameterized in m, and | ;
 JETSET used to model X, fragmentation

 Two approaches to the analysis
— Semi-inclusive (S exclusive states)
— Fully-inclusive

* In both cases, challenge is to reduce backgrounds

while controlling systematic and theoretical
uncertainties
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<Ey>=2.35 %= 0.04 (stat.)
+ 0.04(sys.)

Determine L® m,. Fix m,,
Fit spectrum of Kagan &
Neubert (Euro.Phys.J.C

75(1999)

m, = 478 GeVic®, A, =-024[Gevic] 2| 1 T T T ]
m, = 465 GeVic?, A, = -0.48 [GeVv/c] ® | &L L A

B(B® X0 = (4.3 + 0.5 (stat)
+ 0.8 (sys) = 1.3 (theory) ) x104
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Electroweak Penguins

* Processes that proceed via photons
and (W%, Z9)
o Strongly suppressed in the SM

 For many of these processes, theory
errors are well controlled

« All are very sensitive to new physics
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Search for B® g

« Example of electroweak annihilation
e SM expectation B~0.1to 2.3 x 108

e Cuts on R2, thrust and B production
angles to suppress background

e Select photon pairs not
consistent with p® or h

e 22M BB pairs
e BB® @) < 1.7 x10°
PRL 87 241803(2001)
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Charmless Hadronic B Decays

 Dominant amplitudes are CKM suppressed tree and
gluonic penguins
o Continuum background dominates

— Modes high multiplicity and those with p°s (and other
neutrals) also suffer from BB background

« Kinematic and topological variables reject
continuum

« PID crucial to separate kaons and pions
 Most analyses use ML fit to extract signal

» Typical observables: m.g, DE, Fisher, PID,
resonance masses and helicities
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Charmless 2-body Decays

 B® p*p- CP eigenstate — extract sin(2a.)

* Need all the pp final states to go from a_x to
a via isospin analysis

o Kp final states may yield information on CP

ohase g (Fleischer-Mannel bound), and may

nave substantial direct CP violation

— Ay, ~ |P/T[sin(g)sin(d) (d=strong phase)

» Extract signal with ML fit using mgg, DE,
DIRC pulls, Fisher discriminant

— Fit kaon and pion hypothesis yields (along with
gq background) and rate asymmetries

simultaneously

August 15, 2002 Paul C. Bloom 38
SSI - Secrets of the B Meson




AB m"1)

AB—1n% - AR 7'1)




Mode

I\lEVENTS

Branching ratio (" 109)

Acp

B'® p*p-

157 £ 19

47+0.6+0.2

BO® K*p-

589 + 30

17.9£0.9 £0.7

-0.102 +0.050 +0.016

B%® K*K-

1+38

<0.6 (90% C.L.)

~88" 10°B pairs

B*® p*p?

125 + 22

55+1.0+0.6

-0.03 +0.18 +0.02

B*® K*p°

239 + 22

128+1.2+1.0

-0.09 +0.09 +0.01

Bo® KOp?

86 + 13

104+15+0.8

0.03 +0.36 +0.09

BO® pOpO

23 +10

<3.6 (90% C.L.)

B*® K*KO

<10

<1.3 (90% C.L.)

~60" 10 B pairs

B*® K%*

172 + 17

17.5+18+1.3

-0.17 +0.10 +0.02




1

~|BR(B°® p%°)+BR(B ® p%p°)

sn?@. -a)<?
Bar -2) BR(B*® p*p°)

<0.61@90%C.L.b |ay - ad <51 @90% C.L.




“Quasli’-2-body Decays

* A 2-body B decay through one (or two)
Intermediate resonances

—e.q. B® fK*

e ~70 combinations among the lowest
lying vector and pseudoscalar nonets
— All combinations of K, p, h, he¢r, K*, f

« Analysis very similar to pp, Kp

« Additional information from resonance
masses, helicities (in pseudoscalar-
vector decays)
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Mode

I\IEVENTS

Branching ratio (" 109)

B*® hK*

445 + 26

67+5+5

B%® hdK®

135+ 15

46 +6+4

B%® hd&™

5.2+3.4

<13 (90% C.L.)

B*® hK*

129 £5.7

<6.4 (90%C.L.)

B*® hp*

8.0x5.9

<5.2 (90%C.L.)

2

IIEII

-

preliminary

—

© B*® hK*
: (h(®+hpp,rp) J

Events / (0.0025 GeV/c?) ),

o R % W
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MES (G eV/CZ) A mass HMalhl

B%® hK?°

5.7+3.3

<12 (90%C.L.)

B%® hK™

20.5+6.3

19.8%°+15

B*® hK™*

14.3 +6.6

BABAR

preliminary
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Three Body: B® hhh, h=p*, K*

« Analysis over full dalitz plot
o Cut based analysis analysis

 Measure all final states simultaneously
and unfold to obtain branching
fractions

 In addition to continuum background,
B background from J/y K, Dp/DK,
cross-feed

 Primary systematics in PID and
tracking
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Br(B*® K*p'p*)=(59.2+4.7+4.9)" 10°
Br(B*® K*K*K*)=(34.7+2.0+1.8)" 10°

Br(B*® p*p'p*) <15 10°
Br(B*® K*K'p*)<7” 10

Preliminar




Outlook

« With ~90M BB events in hand, many analyses to be
updated to the full data set
— Now sensitive to branching fractions of better than x 10

 Still much to be done to fill in the full spectrum of
possible measurements

e« Some “rare” analyses are becoming systematics
limited — improved technigues will be needed to fully
exploit the deluge of new data in the coming years

« Theoretical developments must keep pace

» The reward for continued efforts in this area could
well be the first glimpse of new physics
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B(B°® D®D®K)=[4.3 + 0.3(stat) + 0.6(sys)]%
B(B*® D®D®K)=[3.5 + 0.3(stat) + 0.5(sys)]%

B(B°® D%%)=[2.9 + 0.3(stat) £ 0.4(sys)]x10*
B(B°® D°h)=[2.4 + 0.4(stat) + 0.3(sys)]x10

B(B°® D°w)=[2.5 % 0.4(stat) £ 0.3(sys)]x10*

B(B°® D¢*D*)=[1.03 +0.14(stat) + 0.13(sys) +0.26(meson B)]%
B(B°® D *D*)=[1.97 £0.15(stat) + 0.30(sys) +£0.49(meson B)]%
Polarization with D® fp*: G,/G =[51.9 £5.0(stat) £2.8(sys)]%
o w = (8.31+ 0.35+ 0.20)%
Br(B® D°p)

A, =0.17+0.23" 0




