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Qutline of This Talk

e The Luminosity Frontier in Heavy Flavor Physics
e Penguin decays of Beauty : Rates and Asymmetries

— b—>syandb—>dy
—b—osltlFand b —> d I*I-

-b—o>svu
 Leptonic B meson decays :B*— z+(uH o, BO—> I*1-
e Charmless Hadronic decays of Beauty: Rates &

Asymmetries

— Highlights & Summary only ( See Bonder, Mir’s talk)

» Rare Charm Decays

— D —> ¢y (Belle)
— D*— u* v (CLEO-C)
— Summary and Prospects



BaBar and Belle : Collecting Data since 1999

e 15T solenoid

e Silicon vertex tracker
— 4 layer, double-sided

# « Drift chamber

— Tracking + dE/dx
— 50 layers

« Particle ID
— Time-of-flight
— Aerogel

o  CsI(TI) calorimeter
— 8736 crystals

* Muon/K, detector

1.5 T solenoid Excellent;

Silicon vertex tracker Tracking
— 5 layer, double-sided EM Calorimetry
Drift chamber

: e |
_ Tracking + dE/dx Particle Identification |

— 40 stereo layers
DIRC particle ID

— Quartz bars, 11000 PMTs
Csl(TI) calorimeter

— 6580 crystals
Instrumented Flux Return

— Iron + resistive plate chambers



The Joy of Luminosity at Y(4S) !
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Luminosity is the most important
attribute in searching for rare
phenomena
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Radiative and Electroweak Penguin Decays of B Mesons

b —» sy

>
Ud
* Forbidden at Tree level, occur only thru induced loop effects

* Probe the underlying fundamental theory at quantum level =
sensitive to masses much higher than b quark (e.g. t quark)

— Enable measurement of CKM elements V,,, V4 and V,,

* |n Beyond SM scenarios, FCNC processes sensitive to loop effects
of new particles such as Higgs, Chargino, Squarks and Neutralinos
— NP contribution to rate or CP asymm. comparable or much larger than SM

* Provide ideal situation to develop and test theoretical tools for HF

— Provide insight into non-trivial aspects of effective theory for heavy-light
hadronic transitions (factorization, ....shape function etc)



FCNC Via Electroweak Loops & New Physics

b wu,c,t s b wu,c,t s b w,¢,t s b d,§,5 S

10
Effective Interaction Hamiltonian: H :—% (V. V.) Z C. (1) O (1)
i=1

Information about heavy particles and new physics encoded in
short distance (Wilson) coeff C.

C, most important forb —sy; C,, C,(2), C,,(W) important for b — s¢* ¢~

Hadronic matrix elements of operators O. contain all long-distance
QCD interaction effects

Long-distance = expansion in powers of (A,.,/m,), Heavy Quark
Effective Theory, QCD-factorization, Lattice...etc

Experimentally probed via measurements of decay Rate and Asymmetry



“Common” & Critical Analysis Elements In Belle & BaBar

*Exclusive B Decay Reconstruction
¥ ES \/(Ebzeam PBZ)

/ 0 b 1 | o=~ 10-30 MeV
B:t * K 100 | L - ~ 2.6 MeV
\K'/ ] Omes ~ £ €

T~ w0 | 1 e'e" —>Y(4S) — BB
Use e,K, u,y,m PID & mass and energy an _’J -

constraints: mgg, AE — 20

N
o ] : :
Semi-Inclusive Reconstruction . [ _srgnni REE: AE=E -E
54 'r'egmn d ! beam
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Intermediate mass states not reconstructed 7



Proverbial Needle in a Hay Stack !

b—>sy: Signal and Backgrounds

#y's /(50 MeV)'/ pb
=
l-h-

—
o
W

1023

10 <

I Total

_I~ Continuum ISR
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Backgrounds

Hadronic B
Decays
=

other B

Initial State
Radiation
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Continuum
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Continuum (udsc) Background Suppression Critical

B decays: Isotropic

Continuum (u,d,s,c): Jet-like

Topological variables combined into a

Fisher Discriminant or Neural Network:
-

» Thrust axes, Fox-Wolfram moments

* Energy flow pattern

Events/0.040000

D:._-I.-T*I# 1 1 ﬁl I

Lk

Q 0l 02 03 04 05 06 0O0TF QE 09 1
NN output

' (a) K o Ktga— network_



Issue Of Convenience : Inclusive Vs Exclusive Rates
Inclusive Spectrum:

* Theory Picture: dominated by short-distance
(perturbative) interactions, can be reliably and | 9T79E,
“precisely” calculated

o Experiment: Measurement of full spectrum
challenging due to (e.g. in b—sy)

— large final state multiplicity and horrific
“continuum” background from udsc and ISR

— “wall of y ” from B decays to energetic n% n etc
Exclusive Final States:

e Theory: Uncertainty in hadronization process 8
(form factors) limits estimates from first
principles |

o Experiment: Always easier to find whenyou 4
know exactly the final state you are looking for.

* Finding energetic photon or I*l-easier/cleaner
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A b—sy Event In BaBar

/

The ~ candidate:

- A high energy isolated cluster in the

electromagnetic calorimeter

- Shape consistent with single photon

hypothesis

D

- Veto on ~ from =" . n

Complete reconstruction of the hadronic
system:

> One identified charged kaon or

one K3 reconstructed in =+ w~

- One or more pions

11



BO > K*0(892) » and B* — K**(892) y

(—)
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Inclusive b— sy Decay Rate

Wo Not so rare, but important
o \\Pfﬂﬁ test of SM, Constrains
b ST —— S parameters of beyond SM

phenomena
e Touted as “standard Candle of flavor physics” since theory robust

B(B — X.») = (3.60 +0.30) x 104 [SM, (NLO )] y5and samomo

Nucl. Phys B611,338(2001)

« Sensitive to Re(C,), New Physics can modify sign/phase of C, leading
to measurable rate enhancement, CPV and Isospin breaking effects

« Experimental challenge is to sample as much of the photon
spectrum as possible and understand background sources and rates

13



Inclusive b— sy Decay Rate

25000 ———————————————
g | hep-ex/0403004
Best Measurement from Belle 8,0} H
‘E, > 1.8 GeV £ {
> 15000 H T = —
- veto ', n w I { |
- subtract qobkg using ool | | T® 140 -1 -
off-resonance data 1 Telt } |
- subtract B 7 #bkg using 5000 | | | { 1
MC scaled to data ISERE: TE H EHE
0 ® j{ }i :}[ _

-50001" S S S T S S S

B(b — sy) = (3.59+0.32 0% 0

Leaves little room for drastic new physics in FCNC processes

based on b—sy .



HQ Engineering Numbers From b— Sy

* E, spectrum insensitive to NP effects (2 body decay)

- reflects b quark’s mass, Fermi motion and gluon bremsstrahlung
 Shape of Ey spectrum provides important engineering numbers for
theory of SL B decays

Belle
Moments: (E,)=2.289+0.026+0.034 GeV

2 2 2
(EZ)-(E,)” =0.0311+0.0073+0.0063 GeV*(for 1.8 < E, < 2.8 GeV)

Helps:
= Improve b — ul v measurement of |V |
— determine heavy quark parameters for [V | from b —clov

Neubert, hep-ph/02102360 15



Summary of B — X,y Rate Measurements

@ Aleph '98
| —e— |

® BaBar 02 I | —
® Cleo '01 A preliminary

@ Belle'04 H ® H

K&N '99 H—e—H submitted
G&M '01

[ I T B R | ><1 0-3
0 0.1 0.2 03 04 0.5 0.6
b — sy Branching Fractlion

mm) Measurements consistent with SM theory calculations

==) Experimental errors comparable in size with theory errors

Figure Courtesy of Jeff Berryhif®



Direct CP Asymmetries in Inclusive & Excl. b— sy

w Time
T'(b—sy)+ (b — 57) EEEEEE

>V (B — X.y) ~|Strong phase| x|CKM suppres| x

Direct CP Asymmetry: A., =

= Small SM "background"

Large Acr (= 10% ) possible in many beyond SM scenarios [with new CP violating
couplings entering Wilson coeffs] without affecting the decay rate measurements

Acp = [1.3 Im(C,/C,) —9.5 Im( C,/C-)]% [Kagan & Neubert. ’98]

0.08 |- o
0.06 |- i EEEEE iiljm!g g g é 25EeE
004 “iiii I gnuaEDZED;EEgED “DEEESSE‘
Direct CPV in a SUSY model with e ! g%éSE;ZEEEQEEF;ZEEEDESQ-
.. . . .. @) OFgE ——85BHa8_eH_Lenf oogBott
Minimal flavor violation but explicit ==>< _ [ ii gégggajnggagnuﬂgi“;ggga_
. . : ogg8 8% B 0" 50897 00"
CP violation [Boz & Pak, ph/0201199] 0.04 i"“"""“ iégagggéggggugszgg;ggggg-
-0.06 [ g Eg QEE F HEEEHE -
CPV in exclusive modes can be enhanced over 0.08 , Eiﬁ?ig EE Egﬂﬁgga“““ ,E .
net inclusive rate = good place to look 10 20 30 10 50 60



Direct CP Asymmetries in Inclusive b— sy

S/N consideration requires BaBar & Belle to build an inclusive
sample by summing over many “semi-exclusive” final states

sum of several final states with identified K (about 50% of all X,)
sign of charged K provides “self-flavor tag”
removes small (1/20) b — dy (Acp larger (20) and opposite sign)

some theory error since quark-hadron duality not exact for semi-
Inclusive samples

BaBar (82 fb!) Acp = 0.025 £ 0.050(stat) £ 0.015(syst)
hep-ex/0403035 I —0.06 < Ap < 0.11 (90%CL)

Belle (140 fb) | Acp = 0.002 & 0.050(stat) + 0.030(syst)
hep-ex/0308038 ~0.093 < Acp < 0.096 (90%CL)

18



Summary of Direct Asymmetries Inb —> S y

—eo— A K
® BaBar’'04 | @ | CP Y
& Belle’04
] Hurth 03
' &
] Kﬂg-ﬂl.'l 01 - | 4 - i ACP XS'Y
BaBar preliminary H '
Belle submitted
L & I w
: ' Acp KyY

Ay_ > 0 will eliminate .
models with Re(C,)>0 H—e—H A, K'Y
(e.g.,MSSM large tan f3)

-0.3 -0.2 -0.1 0 0.1 0.2

Asymmetry

mm) Measurements consistent with theory so far

03

=) Experimental errors can be IMPROVED with more data

19



Searches For Time-dependent CP asymmetry In B— sy

o Atwood,Gronau,Soni [PRL,79,185(1997)]

— Photon in b—sy predominantly (=mJ/m,) lefthanded. B°-oscillation induced
CPV suppressed [Acp oc2(m/m,) Sin2f = 4%]
— In SM extensions (LRSM, SUSY, SU(2) xU(1) with exotic fermions) =
amplitude of right handed photon grows with virtual heavy fermion masses
» Can lead to large CPV asymmetries ~ 50% or larger without affecting decay rates
« If there is new physics contribution in B°—¢ K, one may see it also in B’— s y

« Subsamples of 2-body BY— S ¥ with common BP final states can be probed
\ K 7x I'(B° - Kz’y)-T'(B° —» KS7Z'07/):

A t)=——
“N_ . Helicity Flip Aee (1 I'(B° - Kz’y)+I'(B° = K 7z°%)

/\/\/ Suppressed by
s RN mg/m, MiXi .
, X IXIng Direct CPV
@ >K* Induced

7L Decay distance AZ oc At measurement tricky since no
charged track originates from B., decay point.
Innovation from BaBar: Use Ks— n* = decay in silicon

detector to estimate B,., decay point [<PyCt> k issmall] 20

{T sin(Amt) — C cos(Amt)



Time-dependent CP Asymmetry In B~ K™% — (Kn0) y

12 3 4 5 SVT layers .
O — B Flight decay path: AZ ~ 260u >> Ar,, ~ 30mm
A sz)DCH
coldb | et e,
A4 - I | I
o12E e B.p decay vertex position reconstructed using
0.1F o !
oosk ¥ | | ¢ > K4 reconstructed vertex and momentum
006F || N > beam-line position and direction
T
U-UZE ....... o A e SVT position measurement of the pions from Ko
O T T T T S T T decay is sufficient to obtain a good resolution on Az.

K, flight length in xy plane [cm]

AZ measurement dominated by B,,, vertex error (180p)



Time- dependent CP Asymmetry In B— (K m0) v

>
[

BABAR -

preliminary -

B°Events /1 ps
Lh

> o
|

Events /1 ps
L

=0
B

—_—

=
n

=
Ln

Asymmetry /2 ps
o

|
—

6
At (ps)

First measurement - BaBar preliminary
SK*07/: 0.25 i 0.65 i 0.14 for' CK*OQ/: O

Imprecise but First A-p(t) measurement for a radiative penguin

totally statistics limited ! > Extend to more modes.
A new tool in probing Penguin properties

22




Rate of b—> dy

e Decay CKM suppressed (|V,y V| ) w.r.t. b— Sy; measures |V 4|

 Inclusive measurements background challenged !
— b—>sy= x20 background ! Needs K* K and K, veto

» EXxclusive processes are current exptal target: B — po(w)y
— Theor. Estimate imprecise B(B — p(@)y) ~ (0.5-2.0)x10°

— Ratio R(py/K*») reduces theory error, estimates |V, /V|

2 P 2
BB > pr) Ve 9}(0) @+ AR s
B(B>Ky) |V - (0) ong distance

ts )
corrections ?

Form factor at g°=0
SU(3) breaking corrections ?

CLEO Belle BaBar

Bt —pfy: <13x107% «<27x107% |<21x107°

BY - oy «17x107% <26x107% |[«12x 1070

BY 5wy <99%x107°% <44x107% |<1.0x 1070 23

Past Searches




Three Roads to | V.4l
- B(K* »>ntyy)
- AMJ/AM
- R(py/K*y)

— measurement of

B — pyof will
provide an annular
constraint centered

at (0,¢)= (1,0)

Significance will depend
on precision of

Theory ability to
intrepret expt. Result

=]
.

(e
.

' Constraints from
"BaBar limit

/

R(PY/K ) /
§

L

!;!

! g
I‘/ ]
J K
/ K
r

SRPYIK )

/ New lattice result

EHurth & Lunghi ;’;

- jhep-ph/030714,u2

|

)
!
!
!
i
i
i

Mvcbl
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B— py, wy . Belle (140 fb-!, Preliminary)

* New result reported at Moriond04 (lwasaki), Pheno04 (Piilonen)
e All out effort to beat back bacquound flrom

AE

AE

— Continuum suppression
- B 5K
- B> (plo) n°

ore |- MC

BO (a)
— Signal

il I{:k_f},_. ])kg(ﬁl _

AE (GeV)

"I 0.9 £0.3 events

B 0

" Yield in 140 fo':.

[ Signal vs bked

[ optimization box -+

(a)

< 3 .
e *
-
L & * %, - ‘
Lo R b .
L] . : -
[ » .,
3 % . v
_= . Lo . 0:.
L= . - L ] » * ’ »
- -
- L -
[ = e
o1 * :. . 1
L : -
L .. a ™ .
22 ® * "o v i.. *
L % * .
Le » . . -
L . . . »
P .-H: e % P R
522 EF 52 528 5.3
M o

33 iE
M, (GeV/e?)
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L = 140 b~

Claim first evidence for b—dy

Comblned Mg dlstrlbutlon

Fit region: m

B— py, wy . Belle (140 fb-!, Preliminary)

> 52 GeV, |AE|<0.3 GeV

Events/2MeV

e

Mg_

bc
B() — P()’;"“ BT — p+ ~y B() e
Observed Yield: 280 749 197
Signal Yield:

Significance:

3.50 including systematic uncertainties

Signal Etficiency:| 0.0502 £ 0.0033

0.0588 £ 0.0042

0.0468 + 0.0046

Use B(B— p/wy)=B(B" - p'y

T+ T+
= ZFB(BO — p’y) = ZFB(BO > wy)

B(B - p/wy) = (18 52

+0.1)x107°

favors large |V,

BaBar's comparable limit:

B(B — py) <1.9x107° (90% CL)

Both experiments have much more data, so picture will become clearer soon 26




Impact of B—py On Unitarity Triangle
T | ___Ali, hep-ph/0405075

0.00:-:
D.

Belle measurement in comfortable agreement with fits for UT from all
other observables. Due to large theory and expt. Error impact of this
Measurement on UT fit is small.

For B—~py measurement to make a significant impact in future, the
estimate of theory errors must decrease by > x2 (Lattice ?)

27



The Decay Rate of b— s I*l~

w

S

* More complex thanb —s »

- W-box and Z-penguin amplitudes
important

- c* resonances in dilepton spectrum
(removed by cuts on M)

* More observables
- dilepton mass spectrum (of = M 7))
- forward-backward asymmetry (Agp)

* BR expectation in NNLO SM:

-B(B—>Xsete?) = (6.9 +1.0) x 10°°
-BB> X ptu) = (4.2+0.7) x 10-°
[Ali et al., Phys. Rev D66,034002(2002)]

28



First Steps—> Exclusive Final States: B—» KO [* -

e Sum over ee and puu channels, remove J/ w— |* |- regions
. B K/ *
B —> K(*/ . K oKz
30" [ " s 1°
< | | BABAR >
= BABAR . S 10
L 2 + 3.30 <
O 84c >20 S
820 & | °
= + 2 g °
210 2 > glé— ' '
S ; 210 w 0.7 0.8 0.9 , 1 1.1
3 .\l § m, (GeV/c)
G | | | | |.|>J
5.2 5.22 5.24 526 5.28
m . (GeV/c*)
|

Mode

0 | | |

5.2 5.22 5.24 5.26 5.28
m,, (GeV/c?)

BaBar(113fb™) Belle(140fb™) SM Theory (Ali et al)

B(B—> K¢ ¢) (657 +0.4)x107 (4.829+0.3)x107 (3.5+1.2)x107
B(B— K'¢'¢") (8.835+1.0)x107 (11.5%5+0.8)x107 (16,,(12,,)+5.0)x107



B— X"l Rate

Belle, 140 fb!Prelim

Evanta{ 00025 G aV)

hd [ ) [ B
Evanta{ 00025 G aV)
.-} '] (7] o

(Moriond, Iwasaki)
%.2 321 35X 523 524 5323 5 53T 5H 5M i;l”&.ii 322 323 324 325 3% 39T 3@ 3@
©@Xsltl= M (GeV) (A Xsety- Moe (Ge)
Semi-exclusive measurement: 5:0 g, Control sample
Xs = K or K, + 0-47 (0,1 7t°) . .

72 signal above BG,

32 3521 520 52T 524 3525 526 53T 53 5M 53

Mbc (GeV) Mbec (GeV)

B(B— X.e'e")=(4.45+1.32 775)x10°°
10 B(B—> X u u)=(4.31+£1.06 77)x107°
%_ T B(B— X I17)=(4.39+£0.84 7 7)x10"°

(M, > 0.2 GeV)

#entries/bin
=5 = - . I
_+_

Mxs (GeVic2)  MIl (GeVic2) 30



Summary of b— s I'l- Measurements

& BaBar '04 L1 P Ll
® Belle '04 L " -
] All '02 st ——H
[1Zhong "02
H & i
K11 —e—
Y —e— The smallest BR’s
Kl —e—] ~s=== measured with B mesons!
1 | 1 1 1 1 1 1 1
107 10° 107

Branching Fractlon

=) Measurements consistent with SM theory expectation
mm) Experimental errors are down to size of theory errors

m=) Next level of SM tests expected from asymmetries

31



FB Asymmetry in b— sl*l~ As Probe of New Physics

Forward-backward asymmetry (Agp) 1

" scenarios consistent with measured rate
| B 0.5
backward i forward "'_____.w—‘—""'""“_
< | 9\ . & o
no 5 nr )
Lepton pair CM 051
AFB(§:q2 _N(#<90")-N(@>90") ~*5 2 0.4 __ 0.6 0.8 1
2

- [e] o S
m,~  N(@<90")+N(@>90") A sensitive to relative signs of
Wilson coefficients : measurably large

Arg — —Agg under CP: BaBar = A.p=-0.22 + 0.26(stat) = 0.02(syst)

Sensitive to New Consistent with SM theory but Data limited
Physics through Non- Potential to rule out some NP scenarios (where Ag,
SM CPV phases is of opposite sigh w.r.t SM) with ~ 500 fb-!

CP (2 AZB{B}_A:B{E} -3

P () = =107 inSM
A=) A:B{B}+A:B{B} : 32




Search Forb—>s¥y & Bo Ky

A Blo—»s ) ~ 4x105 | SM
SN ] B(B— K ¥y) ~ 4 x 106 Predictions

A4
C
oY

Y

]v( / Free of long-distance effects
- Only published limit from CLEO: < 2.4 x 104

Due to'Penetration of machine within detector, BaBar (and Belle)
are not hermatic detectors, measurement of missing energy hard !

“Neutrino reconstruction” inefficient and imprecise
Analysis strategy takes advantage of Y(4S) — Bt fkinematics

— Reconstruct One B “completely” =>B,, @ Preco."
o Complete knowledge of 4-vector of other B - o 4
— and missing energy if B—svu s DI ...

« DRASTIC continuum background reduction
— Require remaining event topology to be signal-like
— Cherenkov device to identify K track conforming to signal

BaBar (81 fb1): B(B - K) < 7.0 x 10°(90% CL)

33



Nostalgia : Missing Energy Spectrum in Z—bZ& at LEP-I

> F
8 ALEPH [ ] Data
@®10°E [J b
2 S B b,c— IvX
E " : B Background
LIJ103_ ﬁ B -1V,
s N b—X_vv
102 B s
+% : * <—l—>
10 -
. o
B jets naturally separated by hadronization g
Excellent Granularity of Calorimeters o G G L.
-20 -10 0 10 20 30 40
E . (GeV)

ALEPH: Br(b — sviv) <6.4x10™ at 90% CL
Theory : Br(b — sviv)~ 4.0 x10™

Best Limit even 10 years later = Still an order of magnitude to conquer !



Search For B*— I ¥

0

b

B(B+ — €+Vg) —

W

Vo

Depends on f, |Vl

- if [V, | come fromb - ul¥

then measures f,

2 2 2\ 2
ST 2

Enhancements

up to curr

ent limits

"Bt possible (e.g., MSSM

charged Higgs)

mode SM theory* 90% CL limit
—
s 8 x 10-5 4.1 x 104 (BaBar-CONF-03/005)
uw¥ 4 x 107 6.6 x 10% (BaBar PRL accepted) B
6.8 x 10¢ (Belle-CONF-0247) M
e'¥ 9 x 1012 5.4 x 106 (Belle-CONF-0247)
_

| 82 fb
81 fb-!

-~ 60 fb!

* - assumes fg = 198 MeV, |V | = 0.0036
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.B(?”e.

T
B° ucty vV 0.2 0.2F
g o wrii 03— 0.3
5.2 5.22 5.24 5.26 5.28 2:5.3 5.2 5.22 5|\2,IA‘-1I-:)5(2£5?I 5\?/8 2:5).3
. Mbc(GeV/ c(GeVic
Very small in Standard Model S.ffse o
- B(BO%TJFT_)zS X 10_8 éo.z-
. WoAt e ]
- W and € modes helicity suppressed <°;_ =
- possible large enhancement from oAl
nhon-SM scalar currents (e.g., MSSM) 02},

- important window for New Physics

Best published Limit:
Belle (78 fb~') PRD 68,111101(2003)

B(B® — 1) < 1.6 x 107 (90% CL)
B(B® »ete’) <1.9x 107 (90% CL)
B(B® - ue)<1.7x 107 (90% CL)

-0.3 R
5.2 5225.245.265.28 5.3
Mbc(GeV/c?)

CDF preliminary
171 pb~! (hep-ex/0403032)

B(B® — ut1r) <1.5x1077 (90% CL)
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Search For B.— i

An important decqy modg where o | B CDFE 11
hadron colliders will dominate. 2 71 o
8 " 53

* in SM, B(Bg — 1) = (3.440.5) x 10-° g 21 ==

leaving room for New Physics to appear % 55
* iIn MSSM models, 1 Ez\_gﬁ’ o

significant scalar FCNCs N7

at large tan 3 = can constrain tan 3 N

0 NEZ
from above 28 5 52 54 56 58

M(u'w) [GeVic]

Recent preliminary limit from CDF
171 pb~! (hep-ex/0403032)

B(B' — 1) <5.8 x 107" (90% CL)
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Charmless Hadronic Decays Are Not So Rare !

Charmless B Branching Ratios

—— CLEO HFAG - MAY 2004 _
—— Belle om0
—— BABAR = nkKT
PDG2002 = K+p0
—— New Avg. == KsKsKs
O+ =TT
. e = N
——— K = 77’
=== KT [4(980) = Wi 10
. K g g wK'
= BAK*0 = Wi
T I 0 3= ("‘)/\FU
E——— L — K*rt
~() 0 +—“— f
== K T —= K™ p~
== K'r == K
e ’| e . r s
= KtKsKg fo T T T T
— K 0.0 50.0
K™r
:::‘) /)_
—— KtK K"
s NI
—_——— jJHl‘ [JU
R KtK-K*
= Kti 7Y 10,
Kz(1430
v Kortr~
: Ktatr~
—_— . .Ulh’()
n K™+
T T T T T J ! ' '

Branching Ratio x 106

Results being digested in the HF theory community
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Two Quick (1) Topics in Rare D Decays

DY — ¢y (Belle)
D* - u*v, (CLEO-c)



First Observation of D° — ¢

C > : > S C > << > S
I NG S
D° W ® v <§W
u - : -« 3 u -( vﬁ Y
Short—distar;é'@,% Long distance

events / (20MeV/c?) °

In SM, short distance contribution negligible ( < 10-9)
Long-distance contribution due to vector meson dominant [Burdman95, Fajfer97]
Rate predicted in range [ (0.04-3.4)x 10-°], 90% CL limit from CLEO <1.9 x 10*

Reality check when considering long-distance effects in b—dy for determing V,
20 _ +7.4 +0.5
_ Observe 27.6;; (stat) ™} ; (syst) events
: Significance iIs 5.4 |
10 B(D® — ®y) =[2.60g¢, (stat) 53,]x107
“ An anchor for future development
ol

. of non-perturbative QCD”
M (GeVic?) 40



2230104-002

The Return of Cleo ! CLEO-c

Solenold Coll Barrel

\ Calorimeter
Ring Imaging Cherenkov

Detecior

CESR with 6 Wiggler running L ~ 5x103%: cm? 5!

Dritt

On target! mor Bt hambor
Design Luminosity, 12 Wigglers, ~ 3x10%2cm=2s1  sc quadrupole Beamplpe

Pylon

o

o Endcap
Calorimeter

V. ’/‘/ 4/ Iron

Poleplece

Quadrupoles

Rare Earth
Quadrupole

Magnet Barrel Muon
Iron Chambers

Integrated Luminosity (1 pb)

Cross-Section T
Log Scale
L.82 L.84 L.86 L.B88 L.© L.92

Ebeam (G eV)
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C vV U 1 | e 2
Q.. — 2 : 2
f5 Wi ) '(M —Iv) _QGF@mI My {1_ MI|\2/| ] ‘VQQ"
e

2 2 2 “1; :
Calculate MM* = (B, —E,)" — (=P, —P,)” recoiling against recoed D

1. ———— 9 events in 2c window (-0.056<MM?2<0.056

oo} ¢ Preminany 1 Geve) , 0.67 4:0.24 estimated background
2 lﬂ JH Hj K1 B(D* —>u'v,)=(4.57 +1.66+0.41)x10™*
0158 1IN 3 .
S = f . =(230£42+10)MeV [Prelim]
=  Signal Region D
Faol This is just the begining
E ; Expect x60 data at (3770) soon

olo dlm, o,

0.00 2'0-25' ~ 050 New era in charm physics |is here| !
MM’ (GeV ) 2




Summary & Outlook

First round of experimental goal of establishing b—sy and b —sl*I
decays (more-or-less) achieved

- Branching fractions are so far consistent with the SM expectations
- Measurement accuracy beginning to rival theoretical precision

The Future is in Asymmetry measurements which will improve
substantially with projected large (500 fb!) data sets

- Isospin, direct CP violation & CP(t) inb — s y

- Forward-backward (and FBCP) inb— s I*I~
= windows for New Physics with small SM background

Evidence for B— p y from Belle, favors large Vi,

Leptonic decays searches not yet testing SM

Radiative FCNC in Charm system finally observed in D—®y
CLEO-c off to an excellent start with first results on D*—pv
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Backup Slides




Events/2MeV

B = p'y

black = total, red = signal, , blue = K*y bkg, purple = (p/w)r?

Events/12MeV

% > B iy |
- - ] ]
c r= ]
A ]
J 3 |
; 15[ =T .
I 1 A
- 05 ]
| " . | . N 4 1] o i i
522 524 : 9% 52 5.22 524 N 5.3
+
—> 0y B 5wy M
LS L L B S B 3 - =~ T L S
B —p v ] B" way
Ly huy
i "E 175 -g
g @ 251
o @

\'—
8§ B
i
—
| AN
f/

0.1 0.2 0.3

=]
o
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single event sensitiviy x 10’

Le 1)

I

[0

1\ %CDF Runl at 100 pb™ -

[ CQFII Preliminary

Extrapolations based on 60 pb™
using In(u)1<0.68, P(B,)>6 GeV/c

.......
[Sy—

100 200 300 400 300

Runll Integrated Luminosity {pb™")
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Main change for CESR to become CESR-c is the installation of 12 wigglers (6 completed, 6
more being installed).

Spring and Fall 2004, we hope for 3 fb'1 at and around the

Y(3770). This corresponds to ~18,000,000 decays, and maybe 3,600,000 tagged D
decays (310 x MARKIII, 170xBEYS) D D

Fall 2005, E=4140 MeV, we hope for 3 fb-! giving 1,500,000 DD, events, 300 ,000 tagged D,
decays (480 x MARK 111, 130 x BES)

Fall 2006 we may run at E=3100 MeV, 1 fb-1, giving 1,000,000,000 J/ ¥ decays (170 x
MARKIII, 20 x BES 1)

Run plan subject to change, in particular it is dependent on the physics results from the
early running.

47



Candidates / 0.01 (GaV)

MMZ Distribution

700 [~ -1 50
600 — — 40
500 — - 30
400 - — 20
300
200
100
0 l

0.1 0 0.1

1fb 'CLEOc
Tags: Kz z,
KS Jmo, K mmo_
Cuts:
Eextra * Etot n
0.2
M (v)?

-))
-

# of Events / 0.01 GeV °

N
-

14

13

i)

(]
-

| -0.05 0.00 0.05 0.10

Signal Region

Data

Preliminary-

|

0.5



T.E. Coan (SMU) CIPANP 03

Candidates / 0.01 (GeV3icY)

[
=

B0

[(D,—>/v)= |fDgql? |V _cql?

ITIOED 005
T T

z

| 55tv tags

| T T | UL |' L LA

1fb ' GLEOe
Tags: KKx, h'.!(z.f:",
0T, qp, N, e

Eextra + Etol cuts

40T uv tags

29 other tags

=
=

D — uv

L o v v | o«

- 0.4 -0.2

0
M(v) (GoVE fe

w/ 3 tb-1 & 3-gen CKM unitarity:

T
MC -

0.2

Candidates / 0.01 (GeV)

T00

ATHORN T
T

50

111 CLEO:
Tags: Kz,

stno, Kanw

1}

0.2 " 0.3 0.4
M {v)

Decay Constant

Reaction

PDG
Sf/f

CLEO-c
of/f

DS — uv
DS — v
D* - uv

17%
33%
UL

1.9%
1.6%
2.3%
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B(B — Kn, nwm, KK, Kfp)

—— CLEO HFAG
e MAY 2004
—— PDG2002
—e— New Avg.
K £,(980)
B==— K'K°
_gl KtK-
=] K+KO
——.i_‘,—__—' : 7970
——— K 1o(980)
% [(071'0
o Ktr°
== K
. ——
KO+
] ] ) 1 1 1 ] | ] 1
0.0 12.5 25.0

Branching Ratio x 106
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B— X, I*1-

5 @

3" + + 82 b1

S T p | XszKorke0-2n (0l 70)

Sor (=75% of all if K =K) ,

i o . Submitted to PRL
) 5_22m;2(4e:\_’2,i2 i Ea 40 signal above BG, 4.3 ¢ hep-ex/0404006

T c@] = ®| B(B—> Xse'e)=

g 3 | (6.0+1.7+0.7 +1.1)x10°°

AT zﬁw B(B — Xou'pt')=

E 2+

= % =y % L= (5.0£2.8+0.6+1.0)x10°°
’ ?if,(s(GJWcz) " v m”%GeV:;,cz) e B(B —> XS|+|_) =

* Acp = —0.22 + 0.26(stat) + 0.02(syst)
consistent with SM theory

(5.6+1.5+0.6+1.1)x10°

(M, > 0.2 GeV)
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Isospin and Direct CP Asymmetries in B-—» K™y

Hadronic uncertainties which affect exclusive rate
calculation, mostly cancel in asymmetries:

I'B>K»)+I'(B—>K }/)

Ay_=0.051 £ 0.044 + 0.023 £ 0.024(+/0)
—0.039 < A, < 0.141 (90% CL)
Acp = —-0.013 + 0.036 (stat) + 0.010 (syst)
—0.074 < A < 0.049 (90% CL)

Belle (78 fb™) o | Ay =0.034 £ 0.044 + 0.026 + 0.025(+/o)
hep-ex/0402042 Acp = —0.015 + 0.044 (stat) + 0.012 (syst)

no *0 - | Ay = (8+£3)% in SM;
Isospin: A, = F(B_ — K_;/) ~I'(B" > K 7)| deviation test of New
I'(B° > K™®)+T'(B~ — K™ y)| Physics [Kagan et.al,
Phys.Lett.B539,227(2002)
: I'B > K I'B—->K
Direct CP: A, = ( K')-I( 7) }

BaBar (82 fb!) mmmp
preliminary
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Best published limit from CLEO: < 2.1 X 10— (90% CL)

BaBar: 81 fb!

* Good muon: 2.25 <p < 2.95 GeV
all other tracks and EM clusters
assigned to companion B

= Mg, 4E

- Missing momentum points inside
detector

- Shape cuts to suppress continuum

AE (GeV)

New BaBar
B(B® — 13 < 6.6 x 10-6 (90% CL)
hep-ex/0401002, accepted for PRL

________________________________________
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Events / 50 MeV

Events / 50 MeV

: BoKyy

/‘

b5 A T B(b%S 5—‘1})%4X10_5
1y SM = ' BBLK ) ~ 4 x 10
[ ~ Free of long-distance effects

N
bl

o
A4

Full reconstruction of the tag B:  (B—>D%X, 4 ) (B—D) | 8

' /" _ .  Only published limit from CLEO: < 2.4 x 10-*

01 F e B Sl /"'«6'0 SRR SR kR AT A NEBLT RE SR F " 5 R
E sameae | 3P e, bt = »
ol Extra neutral energy — @™ | 2 eei SR o PO S0 S s
omp B | g eipgie KT + 0 BABAR
£ o e i B — i 37¥ S 6 .
004 - PGS FEME +4 - o f
| = i ol "
E e - I -+ = 4+
R e S o005 - ? b
—— > I .
0 P . B SO | m E e tl i i m 2 &
0 2 0.4 0.6 08 1 12 1 ' s : PP = > 5 E
S
L °F
2
= 2k
c -
= 4 F
2 ; :
E - : d
& i ata
0 0.2 0.4 0.6 0.8 1 1.2 1.4 I 1 15 2 25 3 -8 o
Eoxra (GeV) Signal track momentum (GeV/c) '

-10

Combined result of two independent analyses g EBE RN

BaBar (81 fb—1) B(B —» K¥¥) < 7.0 x 10°(90% CL)
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SM expectation 02~
- B(B® — @) = 3.6 x 1012 :

'0.4; ¢ o

[Lietal., hep-ph/0305283] 521 525 553 504 825 526 557 525 520
-up to 10-8 in some SUSY M_ (GeV)
scenarios (R-parity vio)
Prior limit BaBar preliminary (113 fb!)

-B(B? > ¢y) <33x10° BB - ¢y)<9.4x 107 (90% CL)
from CLEO
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