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B-Factories
PEP-II at SLAC

e*e colliders at the Y(4S) resonance

e'e — hadrons cross section vs. energy (CLEQO)
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Data Samples (for this talk)
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EMC
6580 CsI(Tl) crystals

et (3.1 Ge)

1.5T solenoid ‘

DIRC (PID) |
144 quartz bars —
11000 PMs .
‘ Drift Chamber
40 layers
e (9GeV)

Silicon Vertex Tracker
5 layers, double sided strips

Instrumented Flux Return
iron | RPCs (muons/ neutral hadrons)

9GeVe x3.1GeVe [, ~05



Belle Detector B

BEILLE

Counters

Aerogel threshold Cherenkov
n=1015~ 1.030

1.5T solenoid

3.5 GeV e’

Em CaLorimeter
CsI(TI) crystals

Time of Flight L L
scintillator counters = .
8 GeV e, — -

1 % % : Central Drift Chamber
o > S

50 layers

Silicon Vertex Detector KlLong Muon detector
3(4) layers, double sided 14/15 layers RPCs + Fe
strips

8 GeV e x 3.5 GeV e*



Searches for non Standard Model
effects in:

« Sin2(3 in penguin final states (B—¢K , B—f (980)
K,B—n'K,...)

¢« Flavour Changing Neutral Currents (b—sy,
b—sll, b—dy)

« Leptonic B decays (B—lv(y), B—vv(y), B—ll)

¢« Tau decays(1—ey, 1>y, 1>, 1—>hll,....)

All results are PRELIMINARY unless published in a journal 6



I 3 ways for CP violation

a’p_f q/p f First mechanism
1. CP violation in ‘ s ‘ % S ‘ observed historically
mixing B”B° B° B in kaon decays

2. Direct CP violation A 2 A 2
I in the decay ‘ o g ‘ ’ ‘EO:f ‘

Occurs when l‘ N £ 4 where A is the amplitude for B decays into a final state
fand A is the amplitude of B decays into the CP conjugate state f.

Decay+ mixing

3.Time dependent

BO No oscillation

I'(_I%:ygt)afc ) —rEH-f) [ fer

Net oscillatio
~0
B O-f ) +TEO-f,)

Arcell) =

— Decay+ mixing

: B No oscillation pr
A, =-C. cos(Amt)+S; sin(Amt)
cP cP cP g g O
= - Net oscillati B
SfCP - r]cpsm2[3 ! CfCP ~ Oftor b%CCS’ b—sss BaBar conventions 7




I‘leasuring time-dependent CP asymmetries

At is a signed quantity

I - Flavor
BY, ., =0-56(0.43) BaBar (Belle)
B, . J
I . Y(4S) e || Tag vertex
e+ l reconstructwn
- | —
B. | L J/Y
| +
| 0 M
At =~ A i i AZ l KS +
<BV > ¢ | LI
| _
I
|

BaBar:
0 ~1ps— 170 ym

" Exclusive B Meson and
T, ~ 1.6 ps — 250 um vertex reconstruction
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sin2(3 from charmonium (b—ccs) modes
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and A yield the same sin2[3?

b—ccs decays are tree and penguin diagrams, with equal dominant weak phases

b—sss decays are pure “internal” and “flavor-singlet” penguin diagrams
High virtual mass scales involved: believed to be sensitive to New Physics

Both decays dominated by single weak phase

c c J/y

O |
0|

sin2f3 [charmonium] =sin2p [s-penguin]

Diagram ranking:

Dominant

Suppressed Wm
u
b > >

Color- suppressed tree

{ W\“<d}Ko

Modes with suppressed C- Stree
diagram have smallest uncertainty (gKs)




BaBar results for B°—@K°

227M BB | hep-ex/0408072 ¢—>KK
T IT 91ty [ & T BABAR 2| -Separation kaons pions
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More BaBar results from b—sss penguins

227M BB BABAR |
|c_“ Preliminary _ B%(K-‘-K.)CP .KS

2 20r

« Independent sample with (K* K ) mass
outside @reg ion

¢ CP content can be determined
experimentally with an angular

B Tags
N S
e 2

*§ 0'2' moment analysis
207 =-0.42£0.17£0.04 |70 =
6 KKKs =TT T 0.55+£0.22+0.04+0.11
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in2p3 (ccs) @ 0.6 o

S . =-0-95'3320.10

C,\,=0.240.31%0.15

S =+0.27£0.14+0.03
C , =-0.21%0.10+0.03

n

sin2[3 (ccs) @ 3.0 ¢
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I Still another penguin mode: B'—>1°K

«Challenging mode because of the presence of the 1
«New vertexing technique developed by BaBar in 2003 for this mode
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I Results on sin2(3 from s-penguin modes
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2.70 from s-penguin to sin2(3(cc)

4>

2.40 from s-penguin to sin2(3(cc)

Note that: if NP contributes significantly to CPV in loop decays, we naturally expect it
to be different among the modes — averaging only useful in case of SM
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Projections for Penguin Modes
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Projections are statistical errors only; but systematic errors at

few percent level. BaBar projections only, but similar projections
hold for Belle as well.
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Radiative & EW & Loops

o

u,d
b - sypenguin

sz vi Z -
] Cﬁ =L
b 5
A
u,d
b - sl*l- penguin
~1/ 100

e

u,d

b - dypenguin

th
Vts
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Direct CP Asymmetry: b—sy and B—K'y

«BF(b—sY) confirms SM predictions

«But direct CP asymmetry (< 1% in the SM) could receive ~10% NP contributions
«Either inclusive or exclusive decays could reveal new physics

¢B or K charge tags the flavor of the b quark with ~1-2% asymmetry systematic

1

Events / 0.003 GeV/c®
=)
=

573524525526527528529 53
mES (GeVIc)

F(b—s)- M(b—s)

F(b—s)+T(b—s)

CP asymmetlries consistent
with SM at 5% level:

-0.3

Bb III|IIII|IIII TTTT TTTT IIII|III1:—
> 3
8 = 89M BB
= =
= =
v =
E 3 PRL 93:021804(2004)
= -
QD v
- =
w s SETNITYY, M= = + +
9595733534525 526 527528 529 5.3 A 0.025£0.050+0.015
mES (GeVIc)
e BaBar : |_j_| Aep Ky
® Belle
[ ] Hurth et al.
hep-ph/0312260 L l——ofl A 5 XY
[ 1 Kagan & Neubert 1 T 1
hep-ph/0110078
. > : Aep Kyy
H—e—H A K
Ht—e—H 0 - /
| | 1 | | 1 1 | | 1 | | | | | | | | | 1 1
-0.2 -0.1 0 0.1 0.2 0.3

Asymmetry (J.Berryhill)



Asylmmetry /2 ps B'Events /1 ps

Time Dependent CP asymmetry in B—K'y

¢Same technique as for Ksr’
«In the SM, mixed decay to K*y requires wrong photon helicity, thus
«CPV is suppressed. In SM: C=-A,, ~-1% S ~2(m/mysin 203 ~ 4%

10 F

124M BB

hep-ex/0405082

B’ Events /1 ps

I K*ysignal = 105 + 14 events

 [S,.=+0.25%0.63£0.14
(€, =-0.57£0.32+0.09

Consistent with SM
3 3 For C fixed to 0, S = 0.25 £ 0.65 + 0.14

D>
QBE SO I Belle-Conf-0475

S ., =-0.58+0.46x0.11
C,.=-0.03+0.340.11
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b—sl*l-

¢ First observed in exclusive mode B—KIl by Belle

¢ Proceed through penguin, Z penguin and W box diagrams

+ I [
Penguin 7 ‘!_ Box
i l 5
W
W |14
b s,d b
[ [

¢ Sensitive to new physics

>
&

~ |
*
—
i

¢ Information on Wilson coefficient

C, C, C  can be obtained from square

di-lepton momentum (q¢?) distribution

dAg(B —> K* ut u7)/ds

and forward-backward asymmetry 70‘5} T AN 7
A..(q?) of the two leptons. C C7eff -
¢ BF(b—sll) is low compared with b—sy, bl T g2

. Ali et al. Phys. Rev. D61 (2000) 074024
suppressed by additional o, thus needs l arge statistics 19



B—K"” I'l-

«Apply tight particle identification criteria
¢«P>0.5 GeV, Pu >1 GeV

¢Recover Bremsstrahlung photons for e'e modes
¢Peaking background from J/¥ (V') Xs and Xstut
¢Non peaking background from semileptonic decays and qq

D

o 275M BB [ },.p.cx/0410006 :f , @KIT :ﬁ J KT
BF(KI'T)=(5.50""72+0.27+0.02)10° <19 1368
BF(K'I')=(16.5":3£0.9+0.4)10° DpIee i e LT
@o.sE % 182
EI"""':':" i 4 I = '720 | \ | TE'T\QO \ \ |
il 3 (L) K1 3 0 5 10 15 20 0 5 10 15
0.4 F o P s q2 (GeV2/c2)
02 SM Pl -
0 [ : ]
02 f e =
:E-‘Z::Hum-i r::m e__J @, <n/2)-r@,. >mn/2)
'“_'?_ E R re,. <m/2)+r@_ . >mn/2)

J/{ veto W'veto
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B—X l*l-
S
Look at sum of exclusive modes from s-quark fragmentation:

K® and up to 4 pions up (~50% of total final states)

&
=
N

(a)

(b)

ob
T 1 ,

T oz &
AN i 1
§ o.1; K* §
(¢b] - O |
O] o.ost i O | D
ol | ' = | el 152M BB
'o 0.06? (\cl)_
~ [ B, hep-ex/0408119
o 0.04— =10
X + m - *
S B ©
Q ooz% i f
m 7\ Il Il Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il
© %.4 0.6 08 1 1.2 14 1.6 18 2 5 10 15 20 25
Myxs (GeV/c2) g2 (GeV/c)2
(red) full fit, (blue) all bkg components Direct CP Asymmetry
25 3
%zn :_gzs— B tag 8
= Q2" * N(B) + (stat) 14.7 + 6.5
E. E 15
NiB) + (stat) 29 C
£, 8 Jr A.p * (stat) —0.22 + 0.26
z 5
%2 522 522 526 528 53 %

me ( GeVic’)

2 52 524 52 sm 53 |A opXsl'l1)=-0.22£0.26+0.02

m, GeVic’ )
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I b—sll branching ratio summary

I Good Agreement with SM

o BaBar 04 - y ¢ BF(Kee)/BF(Kup)
éﬂi = st H—e—H sensitive to neutral
: Higgs emission from
B .y internal loop in
2HDM with large
tan (.
Ki'r o ¢ BF(K*ee)/BF(K*up)
> —— -, sensitive to size of
10 10
Branching Fraction (J.Berryhill) photon pole
_ B(B—=>Kup) __ +0.39+4-0.06 .
RKtt = BBoKee) — 138 041-007 = 1.00
oy = _ B(B—=K*up) __ +0.30
QBE RK*BK —_— B(B—>K*€€) —_ 098_031 :I: OO8N 075
in the SM.
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b—dy: B—p(w)y

«Important to reject K*y

23 219M BB

hep-ex/0408034

BFB- (p,0)y) = (0.72 + 0.27 )x 10
[< 1.4 x 10 @90% CL]

=4 275M BB

hep-ex/0408137

BELLE

BFB- (p,w)y) = (0.6 £ 0.3 +0.1) x 10°

[< 1.2 x 105 @90% CL]

o

Events / 6.0MeV/c

Entries (2 MeV/c?)

=)
&=

P
=)

o]
-]

o] ] [99]
=] Lh [=]

,_.
Lh

10

vParticle identification is crucial
F(B-(p.w)y) = M(B*-py) = 2I'(B°-p%) = 2I(B° - wy)

522 524 526 528

m. (GeVic?)

A\

5.2

3.275 3.3

M, (GeV/c?)

Events / 40 MeV

Entries (24 MeV)

,_.
[# ]
™

= —
[ R £
T LI

—
=]
T1!

W B
OIO

)
T O T

10

830201

0.1 02 0.

AE’ (GeV)

[ T 5 TR =N o oo
L L LIEF L L

0.2

AE (GeV)



I Leptonic B decays to 1* v, I* I, VvV
— For testing straightfoward SM predictions:
B+b W I+ SM predictions:
>\MN\< BFB* - 1 v,) ~10°
u y BF(B* - p*v,) ~ 107

— For searching for non-SM effects in highly suppressed processes.

Some new-physics in loops (e.g., SUSY) can enhance these by orders
of magnitude. Also LFV?

I Leptonic decays of heavy-quark mesons provide a laboratory

o
s
<|

- 7
b e q, y

d. (Vv via Z only)
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Bt -1V

¢ Reconstruction of 1—(e)vv,Tv,TUCY, TUTV
¢ Large missing energy in the event due to the neutrinos

¢« Tag the other B, B -D"ln, D"”X: strong suppression of combinatorial
and continuum background, although low efficiency
(Signal MC scaled to BF=10-3)

2 25 ¢ onresonmncevaa | 1 Disceriminating variable: remaining
ol P — Ai_BAR y neutral energy in the event after the
E M ssiied T signal and tag B are subtracted
o
= 13 <‘~
:@ 10_ -‘»
c H I
L%‘ 5 . . hep-ex/0408091 || hep-ex/0407038
T Rl S a— D B(B* - 1" V,) < 3.3x10* (90%CL)|
0 0.5 |

E. . (GeV) for e v v selection

D
@ hep-ex/0408144 124M BB

BELLE

B(B* - 1* v,) < 2.9x10" (90%CL)
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B’ - puv, 1l vy

]
(L]
TlTl

e data
— [ Jeontinuum

ra
[=]

B - v

18

= @

Entrles / 0.01 GeVic®

—_
ra

;I_[ﬂT'IIT]'l'H’rITIII’I I'l‘[TTT]’IT

10

I

)
8
4
El _ed
2
5

T 542 514 516 518 52 522 520 526 528 54
M, [GeVic]

BF(B - pv) < 2.0 x 10 (90%CL)
BF(B - evy) < 2.2 x 10° (90%CL)
BF(B - pvy) < 2.3 x 10° (90%CL)

W=y 152M BB

BELLE

hep-ex/0408132

¢ Helicity suppression of B—v with

L *

respect to B—1v, smaller BF of ~225
times

Observation with current dataset
would be clear indication of NP

Search extended to ratiative modes
(B—lvy) for electrons and muons
(where no helicity suppression does
occur)

Selection is based on electron and
muon identification

¢ The other B is in the event is

tagged
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B’ - invisible (VV), VVYy

3 ﬂ; a) Bl Signal ] Background
VY 2 , ¢ The Branching Fraction for
ol Signal Background .
= Shape v is well below the range of
8 s - current observability
L . °
10§ (GEV)‘I ? EOP.ftra{Gev)‘l v ngher (“'10-9) but S.tlll below
5§ ’ the current range is the
0 — — il B—vvy
12F b) -
F Signal Background
VV 10g ‘ . .
Y sE l Shepe s’ ¢ Experimental signature: tag
' = e 1 the other B in the event in
4 n Eéxtra(Gevj Eextra(GeV B—)D(*)IV
‘ -— o R ¢ Look at the remaining
s s i B B B e | neutral energy in the event
0 01 02 03 04 05 06 07 08 09 1 gy
Eexira(GeV)
BF (B’ - invisible) < 22 x 10° (90%CL)
BF(B°’ - vvy)<4.7 x 10°° (90%CL)
89M BB

hep-ex/0405071
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< op L i I -
_0_2__; ':_.. . ,.." . ___
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g L

S0+ M

._l i .-'- - . i
j 03' . . :. IZI __
020 . 8w e
'0.4 e, -.: * !"l' '- -: =

a1 1% | 8w *
52 525 53

Mg [GeV/e ]

127M BB

hep-ex/0408096

5.25 25.3
Mg [GeVie ]

l- (e*e, prp, ery)

Highly suppressed processes in the
SM

Experimental key features:

¢ 1identification of two high energy
lepton

¢ rejection of QED and qq
backgrounds

Improvements with respect to the
previous limits:

s BF(B -ee) < 6.1 x 10° (90%CL)
s BF(B - pp < 8.3 x 10 (90%CL)
s BF(B - e < 18 x 10° (90%CL)
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I Leptonic B decays to K(1) vV

l 1"

|

|
N
N

¢ The flavor-changing neutral current decays B—K/Tvwv occur in the
Standard Model via one-loop radiative penguin and box diagrams

¢ SM expectation: B(B*—K*vwv) ~ 106, B(B+—T1'VvwW)~ 107

¢ Their analysis is theoretically very clean; observation of these
processes would be complementary to the observation of B K™ I*I-

¢ These also present another opportunity for the observation of new-
physics effects in the loops.



B+—K/T'v Vv

6 -_hadronJic g'] o) :semilep tonic
4' i@ : ......... g

I e

L = 3

o P>

0 1 2 3

p, (GeVic) py (GeVic)

Points: data; solid: background MC;
dashed: signal MC (arbitrary scale)

¢ Large missing energy

¢ Tagged B in the event
reconstructed in
semileptonic or hadronic
decays

¢ Combinatorial bakground
from continuum events
reduced using topological
variables

¢ v and Kvv have opposite
particle identification
criteria

BF(B* - K'w) < 5.2x10? (90%CL)

hep-ex/0408086 |

BF(B* - 1mVW) < 1.0 x10* (90%CL)
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I Search for lepton flavour violation

in tau decays
@ BaBar/Belle: ¢ (ete— 11) = 0.9 nb; o(e*e -~ BB) = 1.0 nb at (4S)

Lepton (baryon) flavour violation not yet observed. It is
supposed to be very small in the SM. It is indeed enhanced in
many models beyond the SM

Experimental Strategy:

¢ Separation into 2-hemisphers
- signal-side

" signal side ™,

- tag-side: lor 3 prong (need high , s
efficiency) e—!— FE/}."" ElchlSWE IIIQ‘de
—> CA——
¢ Background from higher-order 4/ T
radiative Bhabha and py, qq, 1ag ide Y
1T with wrong particle
identification
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Search for t—u(e)y

%ﬂ T— Qv
n; DU LT DU LN ¢Clean signature given by a | and y
2 [ P 1‘11 ] compatible with T mass
gu - . 1;£§;=:“"f_‘.1._- 1 ¢The other T decays in 1 or 3
£ °r l ‘-'-;5 So ] charged particles
r :.*.. e ¢Background from ee—|ly, ee—TTy
1'5;_ R ¢ Use neural Network
RN L
-1 0.5

BF (1—py) < 0.9x107 90%CL

0 0.5
A E (GeV)
Preliminary BaBar result @ TAU 04

Dots = data, shaded region = MC signal

T— eV
: ¢Require e and y consistent with 1 mass
i 87.1/fb data ¢Main backgrounds 11y and eey

Belle-Conf.04069

BF (1—ey) < 3.8x107 90%CL
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A E (GeV)

Search for 11l lhh

L] +
T o uee
. .." e @ o & ".
[ ] * o w’ _: ° * . e L
0 ‘51‘;“‘“‘“-"‘_ - sl LR e
________ T, .0 N,
0 . % : * T PR —— | ST PR L .
. 3 i ’ ¢
0 . e o o L
. o efe o o
0 . 5 e Y i .
- - e, 1 1 . 1 4. . 1 1
T s ue'e . T —=eupn
0. . ® 1B
oF T P = L R =

(h=K,T)

All possible combinations consistent
with charge conservation are
considered

A total of 6 lll final states and
14 hhl final states are studied

The other tau has only a charged track

Main background from low multiplicity
qq events, BhaBha, p, 11.

BF limits are set ~2x107 per each
final state

PRL 92:121801(2004)

hep-ex/0403039

hep-ex/0409036

33



Search for LFV 1 decays involving ,n,n’

T—un provides a very stringent T (W)
bound on Higgs mediated LFV decays S
h/A
Searches for 1-1n, I, In'(wheren' -mm) are @~ #
perfomed S
= (1)
q:§ 153.8/fb Belle-Conf-0432
Mode Subdecay mode||U.L. of B @ 90% C.L.
T —en n—=7y 3.9 x 1077 )
n— ttr 7Y 5.6 x 1077
T~ — e 1 |combined 2.3 x 1077 10-70 times
TT T =YY 241070\ tighter limit
n— o’ 5.4 x 1077 than before
7= — u~ 7 |combined 1.3 x 10~°
T —e 70 |70 — Yy 1.9 x 107
77 = w7l — gy 4.3 x 1077 )
T —=en |y =>atan 10 x 107 .
ST U U7 o 4.1 x 10~7 } First search
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Search for Baryonic Decays of the tau

L-B violatingt Am

0.2 ~ : S11L FLAD
o, G (15
2 st /i ————MC In some extentions of the SM,
o L ? / . L and B numbers are separately
' TN violated but L-B is conserved
0.4 ——0 1 R |
" " Search for tau decays violating
04 L and B separately is perfomed
ox— e o NS (T
L et L (T )
oon” 22 o5 | o e Biir~ = An7) < 1.3 x 107" @ 90% C L. (B - L conserving)
02 Flw T Bifr= — Ar) <0.T0X 10~7 @ 90%C L. (B - L violating)
04 — o ® o ]D.‘-’ °
Tie s Bi(r — py ) < 3.0 x 10~7 @ 90%C L.
Wi (BRI Brir — pr®) < 6.5 x 10~7 @ 90% C L.
153.8/fb
except py (86.7/fb)
Belle-Conf-0433
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Conclusions and outlook

¢ Good agreement between BaBar and Belle results on s-
penguins, but both experiments still show discrepancies
with charmonium! Puzzling difference.

¢ New results in the radiative penguin sector. Moving toward
precision measurement in b—sll.

¢ Probing B decays into leptonic final states.

¢ Looking for lepton and baryon flavor violating in tau
decays

Looking forward to 0.5ab™” per B-Factory by 2006!
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Backup Slides

37



I CKM and unitarity conditions

I qi — u1 Cit j/ud VUS VUb
W V=R, V.V
\/”<q1:d,s,b cd cs cb
I Ma Vs Vo
(p.1)
VuqulD) \/td\/th
U]
VchcE VeaVe BO- éo
M (b—ulv) mixing
v V[(p3] Bla)] o
(0,0 (1,0)

T, and ' (b—clv)
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I More Belle results from b—sss penguins
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I Also many more new results from the
I B-Factories not discussed here...

I ¢« New results on the angle O
¢« New constraints on y
« New results on | Vcb |, | Vub I

¢ ...but let me show you a highlight =



IFirst observation of Direct CPV in B decays

B° K '

[ I Signal (227M BB pairs): 1606 + 51
hep- ex/ 0408057,
BABAR agcl?epetxed by PRL N

SN

-

S
|

=-0.133 £ 0.030 £ 0.009 | 4 2

Bel l e Confirmation at ICHEP04

=-0.101 % 0.025 = 0.005 | 3.90

(274M BB pairs): 2140 £ 52
Average A ,=-0.114 £ 0.020

>
Asymmetry Events /2.5 MeV/c

1
-
.

I

= ui T S S
B* oK'’

A, =006%006%001BaBar |5¢0 L . . . . . |

A,=004%0.05+002Belle <+ 52 522 524 526 528 5.3
2

Average|| A_,=+0.049 +0.040 mgs (GeV/c")
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