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Ongoing B Factory Physics Program

> Comprehensively explore CP-violating asymmetries in
B meson decays. Test the SM and search for CP-
violating amplitudes from processes beyond the SM.

> Systematically map out rare B decay processes,
including all those with sensitivity to new physics.

> Extract the magnitudes of CKM elements and other
well-defined SM parameters.

o Detailed studies of dynamics of processes involving heavy
quarks, QCD effects with existing and new theoretical tools

o Implications for extraction of CKM matrix elements, e.g. from
SL decays, spectroscopy, etc
> Perform studies over a broad range of physics, such
as spectroscopy, t-lepton physics, QED studies,
strong-interaction physics via ISR processes, efc.
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BABAR Collaboration

Gathering at SLAC, July 2004

10 Countries
77 Institutions

593 Physicists
May 2004
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Belle Collaboration

""""""

12 Countries
54 Institutions
285 Physicists

July 2002
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PEP-IT Integrated Luminosity
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KEKB Integrated Luminosity

Il Delivered IR Recor'ded N Con‘rmuum
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~280 million BB pairs
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Trickle Injection at Both B Factories

PEPI-BABAR: Apr 11-12 | PEP-II: ~5 Hz continuous
KEKB: at ~5-10 min intervals
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2003

2004 (July 1)

Total

- .
-

Expect both Collaborations will have many
significant updates and new results at ICHEPO4




Time-Dependent CP Asymmetry Measurements
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General CP Formalism

Decay distributions 7,(#.) when tag = BE(BO)

fop  (AL) = ge‘m [1£ S, sinAm,At+C, cosAm,Al]
Asymmetry
A, (At) =C, cos(Am,At)—S, sin(Am,At)
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Interference of 6 — c¢ tree
decay with mixing

j
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CPV in B° = T/ yK;




Latest Belle Result for sin2f
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Standard Model/ Constraints

| ! \' \‘\l | | | | N [ [
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Interference of suppressed
b — s Penguin decay with mixing




Asymmeftries for b — sss Penguins

u-penguin CKM suppressed by ~0.02

Expectation

S ,=sin2B8,C . =0

oK2 oK

| B° - pK° | %

Challenge
BF =(7.673 +05)x10°

“"Tree-level b’
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Belle Results for B — oK.
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BABAR Results for B — £K.

< l1ofal +
= All bgk.

30

255—ka50 =94+14+6

20

0:I Il 1 1 1 1 I--I---l--l---l--l:.l
5.23 5.24 5.25 5.26 5.27 5.28 5.29

m mes (GeV/c?)
ES

+ Total 1
All bgk. "

30

25

Asymmetry
o L2l
III]IIIIII
p———

20(-

15}

10_ -1 4 2 0 2 4 At (psp
T 55 550 2 Y T o +0.51
S ++ kag =+1.62 _0.56( at) T O‘lo(sysf)
L S R TS S sta
New: Winter 04 M. (GeV) C o = +0.27 + 0.36(5faf) + O.IO(Sysf)

ety July 15, 2004 D.MacFarlane at Physics at LHC, Vienna 18




Intriguing Hint?

L L L I B B R B B B R B B N B

OPALS

-20—
ALEPH 00 .

+ 082
0.84" . +0.16 3 .
CDF 00 " 0 ;
0.79 " 'u : L

BABAR 02 '
0.741+£0.067+0.034 ! i

Belle 03
0.733£0.057+0.028

Average (charmonium)
0.736+0.049

~2.4 sigma below BABAR 04 v ~
Char‘monium mOdeS C% 47+0.34° 0 | :>
lleos . 1 - | E ‘:‘ ~2.6G

B. Bi\t:‘agi 0.03 —e— : idiSCf‘CpGnCY

i I
1 1

; 1 I

3.2 +0.5 1 1
1 1

1 1

Present average
for b — ss5

0.42+0.12

w
@
°
s}
=
E
3
=
c
E
©
<
O

If central value BABAR 04

remains as is, this eABAR, 04
would become ~5 sigma Kot o4 .
by 2005 g

0514026 "7

0.05

Average (s penguin) ' ' l
0.42+0.12 ! + !
' : I Winter 2004

Average (All)
0.69+0.045

| PR TN S T TN TN AT TN N T |

-3 2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2
-nx S

July 15, 2004 D.MacFarlane at Physics at LHC, Vienna 19



Asymmeftries for b — sss Penguins
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New Physics Sensitivity

AAC;D (J/¢ K5‘7ZOK5) AAC;D (J/w K5‘¢K5)
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CP Asymmetry for B° — Ko[— KlJy
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PEP II Luminosity Projections

1600 30
KEKB plans are
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Projections for Penguin Modes
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! Interference of suppressed
. b u tree decay with mlxmg
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Competing Amplitudes for B — h*h-

Large
BF(B° - K'n™)=
(18.5+1.0)x10°°
Penqguin domina‘red:
A =A1e"T+P
Potential direct PV and
constraints on y

Small
BF(B° > rn'n) =
(4.8+0.5)x107°

“"Tree-level b—u’ “Internal Penquin”

CKM

suppressed

W
4

u

Comparable

|Penguin| ~ 0.3|Tree

Complicates extraction of
o from mixing induced ¢PV
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B° — n*n Candidates at Belle

4
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Background Subtracted At Distributions
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Time-Dependent
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Comparison of A,

-C.and S
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Observation of B° — 1971
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Projections of 7t Isospin Analysis
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Projections for 2-Body Isospin Analysis
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5}0”9 — —019 + 0'33(57‘07“) + O'll{sysf) BF(BO SN p0p0) <
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Confidence level

Analysis from CKMFitter Group

1.2

Isospin analysis of nx and pp systems (P, included)
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Other ingredients in pp isospin analysis:

. Standard CKM Fit
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-0.5 0 0.5 '| -I 5 2
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BR(pt p°) = (26.4+ 6.4)10° [BABAR,Belle] BR(p°p°)=(0.62'072 +0.12)10° [BABAR]

) July 15, 2004

(ptp°)=0.96273%2 [BABAR Belle]

770,,9(,00,00) =1.0 [assumed]
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Projections for o from B° — p*p
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Interference of color-allowed and
color-suppressed tree decays
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GLW Method for y from B* — D>, K*

6LW = Gronau-London-Wyler, 1991

ORI

Color-allowed tree

b sucs<V.V.0 A°

cb us

H R Color\-suppressg'rree

DS, - KK ,ntn

A(B_%D@

b >ucs <V V.0 A

ub¥ cs

ok =

A(B - D°K)

10.1-0.3

A(B - Dk

\ ', July 15,2004 D.MacFarlane at Physics at LHC, Vienna 39




Signals for B" —
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R *

1.41+0.27+0.15

*
Acp.

0.19+0.17+0.05

*Coming soon
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ADS* Method far' y from B+ — Do K
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Projections of gamma modes

Combined GLW+ADS modes
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Another Promising Variant

B Ingredients
* 3
Volis 1 A o K Both 8* decay to D°k* and
w DK™ with 0°(D°) - Kn'n

Sensitivity fo y enters
- via amplitude <V,

B

Interference occurs in Dalitz
plot for 0°(D°) - Kn'n”

b
u

b DO
W M. 2 F(m,m*) e re’ T Of (m?, m?)
M =F(mT i)+ re’ O f (m?,m?)

B+

W\

U K" Dalitz plot for characterized with

» | large sample of D°(D°) — Kon'n~
V. V.. ~/13\/,‘_72+7723/y ( ) -
+ color suppressed Giri, 6rossman, Soffer, Zupan

Q
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PDF integrated over r and &

B~ DK™

0

0 20 40 6

Belle
140 fb-

0 80 100120140 160180

/4

Parameters:
YilpiFyi0p, Oy

y=77°

+13

(stat)

26 < ¥ <126° [95% CL]

(sys) * 1]'(moa’e/ )

Fit to B~ — D° I;% K;-)?Z'VZ'_JK_Samp/e
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Opportunities for Super B Factory

> Current program of PEP-II/BABAR and KEKB/Belle
could attain ~1-2 ab-! by end of the decade
o Data samples will be almost 10x larger than now

o With such a large increase in sensitivity to rare decays,
there is a significant potential for new discoveries
o Rich program of flavor physics/CP violation to be pursued

> Even larger samples may offer opportunity to search
for new physics in CP violation and rare decays

o High-luminosity asymmetric e*e- colliders with luminosities
103°-103¢ cm=st and up to 10 ab-!/year - "Super B Factory”

o Emphasis on discovery potential and complementarity in an
era when LHC is operating, along with LHCb and BTeV (?)

o Complementary to LHC discoveries of New Physics, e.g.
SUSY, efc; elucidating flavor couplings as part of
unraveling symmetry breaking mechanism
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Parameters for High-Luminosity B Factory

Luminosity 2-3x10%% | 1.5x105% | 2.5x10°5 | 7x10%° | Units
e* 3.1 3.1 30 8.0| eV
e 9.0 9.0 8.0 3.5| eV
I 4.5 8.7 ;G 6.8| A
I- 2.0 3.0 4.8 15.5| A
By™) 7 3.6 3.0 1.5 mm
B(x*) 30 30 ] 15| cm
Bunch length 7.5 & 3.4 1.7) mm
# bunches 1700 1700 3450 6900
Crossing angle o o i +15| mrad
Tune shifts (x/y) 8/8 el 7l A 11/11| x100
rf frequency 476 476 476 952 | MHz
Site power 40 75 85 100\ MW
J.Seeman LER +IR +HER vacuum,
vacuum 952 MHz rf

Gissd) July 15, 2004
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SuperKEKB Upgrade Proposal

Constraints:
o 8 x 3.5GeV
o Wall power <100MW

o Crossing angle <30mrad 7 gr=9.4A
[=2x1032

Increase RF

Y
~ One year shutdown to:
..' o Install ante-chamber
Q o Increase RF

‘Z|._ER:1‘5A :
[=2x1034 &

Present KEKB £

L =103 - Earliest now ~2010

Le15A |Ld? -350fb”

| | | | | | | | | | |
2002 03 04 05 06 O7 08 09 100 11

0 Modify IR
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Searching for New Physics

0.20
\%D-II, KEK& \\ Super B-Factory 10/2011
0.18 - \> >
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0.12
5 KO
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n N KS
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Conclusions

> B Factories continuing along planned path towards
ever higher luminosity

o Accumulating data with high efficiency, exploiting great strides
with colliders; addressing known detector & computing issues

o Both experiments expect to accumulate 0.5 ab! by calendar
2006, representing a doubling of current data samples

o Strong physics case for doubling the data sample again by end of
decade, achieving 1-2 ab™!
> BABAR & Belle have accumulated one of the great
data samples in particle physics

o Expect many new and updated results at ICHEPO4, including
results that use full data samples

o Many analyses are doubling their available data samples: should
be real progress in understanding SM P & hints for new physics

— July 15, 2004 D.MacFarlane at Physics at LHC, Vienna 50



Conclusions

> Plans in place for continuation of these programs
through end of decade and possibly beyond

o Builds on ideas of Super B Factories from Snowmass 2001 and
subsequent workshops; builds on proven track record of high-
luminosity storage rings and general purpose e*e- detectors

o Builds on our present knowledge of £Pviolation and rare B
decays; expect that case will only strengthen as we achieve
planned luminosity improvements over the next few years

o SuperKEKB and Belle submitted LOI to KEK Directorate this
spring; considerable progress at BABAR as well in defining
parameters and scope of SuperPEP-II

o Physics case rests on precision SM ¢P and rare decay physics,
but the primary motivation is the capability to explore flavor
properties of new physics
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Measurements of UT Sides

I'(b— uli

B° - B° mixing

IB:¢1

(0,0) | (1,0)

Vi 7 Ve

T,and T'(b — clv)

Veo
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Fully Reconstructed B Sample

Old idea with new level
of sensitivity

Reconstruct B mesons in
~1000 modes

B — Dz, 0zx° DV'3rx etc

Efficiency ~0.4% or
~4000 B mesons/fb-1
(charged and neutral)

Now

~330000 events tagged with
fully reconstructed B meson

By 2006 | 2,000,000 events

Entrles/2.56MeV

Entrles/2.5MeV

2200
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Require lepton p* > 16eV/c
- 5/B~2.5
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b .
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Study of b — u Enriched Sample

~ 400-
g
§ 350-
3 300°

BABAR

Preliminary

® Data
b—ulv
db—clv
M background

1%

- r 1 [

Events / Bin

[a—
SN 0 O
S o

I~
5

0]

204

)
<

BABAR

Preliminary

® Data

.|b—>ulv

I~ v ¢ r ] r T ¥ |

01 2 3 4 5 0 1 2 3 4 5
167 +£21 my [GeV/c '] m, [GeV/e ]
signal events
v, =(4.52 57‘07‘) isys'f) ifheo)) x107°
6.9% 6.0% 8.8%
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HQE Fit Results for Combined Moments
/7 e = used, o = unused

m, moments / in the nominal fit
210 T T T T 45 T T T T 22 T T T
S"‘ i | o« = 4 o
g 206] 13 e3f 13 ‘58 20
x_ i x”fg X [ H’: X X,
= = N o = =
2.02f = g 18
_(a) 4 4.1}(b) : |
I R I ——
0.10 :‘\Q\ . - . 0.18} . 0.00
L 1 = 17 1 & 3 1 &
. S I S S e, 1%
- ™ - Q LY '001
“CJ 008 I ﬁ"\.\n ] g 16 | /‘ | 8 | \Q i (GDJ
= = B 1 = o0.10} ™ 1 =
0.06}- A1 15 S =" . | =002
L L-"‘-._ 2-// i | /\\ il
0.04} (g y 14f . L {  -003
( )I | | [l (f)l | ] ] 0.02 (g) [l [l ,"h-
0.5 1.0 1.5 0.5 1.0 1.5 0.5 1.0 1.5 0.5
Ey (GeV) — .
x2/ndf = 20/15 — £, moments Red line: HQE fit

Yellow band: theory errors
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Measurement Improvements

> New BABAR result compares well with previous
measurements

[5' B—X, {'u}

BABAR (OPE) o BABAR (OPE fit)
CLEO-1 (OPE) i average HFAG
CLEO-2 (OPE) ——@=—  BABAR (e tag)
DELPHI (OPE) —ugp—— Belle (# tao)
—@—+——BABAR (Ey) —ih— CLEO (£ tag)
— 1 Belle (Ey) — o — BABAR (breco)
——@—— Belle (breco)
—_ HFAG (excl. D7) H—— ARGUS
39 41 43 193 10 11 %

o |Vl is now measured to +2%
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Other Methods for Gamma

Interference of 6 — c allowed and
doubly-suppressed tree decays

)
T(b — ulv) o=@
B° - B° mixing
= ¢3 ,B = ¢1
(f0) | (1Y)

T,and T'(b — clv)

Sin(2B+7). CPV i
BAssiDiorast
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Decays to Common Final States

VW, O 22 d
7z_+
)
W u
b - C
d u
b

U ~Ne-
- D

D)~

Ingredients

Both B8° and B2° decay
to Oz and DV 7t

Sensitivity to y enters
via amplitude <V,

Mixing induced time-
dependent asymmetries

Current status
|4(8° 5 0% a)
A8 - D)

from BF (B° — Din")
and SU(3) symmetry

10.02

‘ DO

Estimated error

o[sin(28+y)]0 0.6 for 80fb™
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Limits on Sin(25+7)

Method assuming SU(3) : o o .
' ks mMethod « r” scan »
. i . - I ) : * * P .-....l '...- Il\-:-:' I.,;.--.- i TEE—
minimise a x* : fit |(sin(2p+y)|, 8, 8%, r & r (only with BO—D*x)
assume a 30% flat theoretical error for r and r* Ta avsid ni A " gl

|sin(2Bp+y)| > 0.74 at 90 % CL
|sin(2p+y)| > 0.58 at 95 % CL

—
I =1‘5 4 I" 1 1“ ? u-l-g L_
' o 081 ; 2
: e 070 partial + full reco
y w 06
:;-:_:":“ IE 0.5 e
0.5 e = 04r /
al T, 5 n+3 _- ......
= u+2 5 P R L
& pq- partial reco
g 8 o

0 001 002 003 004 005 0.06 007
r

I
=
n

_T—|-—|-—|—|--|-|-|-|—-I--1-r-r-r-[--r-r—r-| | T TR _,l'.!('" T T
o i
f

|
)

95% CL lower limit on |sin(2B+y)|
as a function of r*

B B Y 52
Constraints in the plane p,A
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PEP-II Upgrades Schemes

(to 952MH2z)

Luminosity

(x 10%) 1.5 2.5 7 57
RF frequency _.952
(MHz) 476 476 952 476—95
Site power 1
(MW) 75 85 100 70—100
Crossing angle No Yes Yes Yes
Crab cavities No Yes Yes Yes
Replace LER Yes Yes Yes Yes
Replace HER No Yes Yes Yes
Upgradeable No ves Yes Yes

Detector requirements depend on projecting backgrounds for
luminosities that are >20 times larger than at present

Giesd) Tuly 15, 2004
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Physics Capabilities: Angle Projections

Unitarity Triangle e‘e Hadronic b
Angles [degrees] [ab1] [1yr]
Measurement 3 10 50 LHCb | BTeV
orr) (Su, B— 7z 6.7 3.9 2.1 - -
BR s+ isospin)

a(pr) (Isospin, Dalitz) | 3, 2.3| 1.6, 1.3 1, 0.6| 2.5 -5 4
(syst >3°

a (pp) (penguin, 2.9 1.5 0.72

isospin, stat+syst)

BI/AYKS) (all modes) | 0.3 | 0.17 | 0.09 | 0.57 | 0.49
WB—DIK) (ADS) 2-3 ~10 | <13
Wall methods) 1.2-2

| Theory: « ~ 5%, B~ 1%, y~ 0.1%

w J’ July 15, 2004
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CP Violation in b->s penguins

Rare Decays, New Physics, e‘e Hadlronic b
CPV [%] [ab1] [1yr]
Measurement Goal 3 10 50 | LHCb | BTeV
S(B°—¢Ks) SM: <5 16 8.7 | 3.9 |16 (?)| 7 (?)
S(B°— oK s+9K,) SM: <5

S(B—n'K;) SM: <5 57 3 1

S(B—K7°) SM: <5 8.2 5 4

S(B—K %) SM: <2 11.4 6 4

Acp (b—sY) SM: <0.5 | 2.4 1 0.5

AAB—K*Y) SM: <0.5 | 059 | 0.32| 0.14 | - -
CPV in mixing <0.6 - -

(l9/p/)
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b2>sl'l- precision

New Physics - KIFI-, sl'l e‘e Hadronic b

[7%] [ab"!] [1 yr]

Measurement Goal 3 10 50 | LHCH | BTeV

BB—Ku'w) SM: 1| ~8 ~q ~2 - -

/B(B—Ke*e)

Acp(B—K*£-¢): all SM: ~6 ~3 | ~1.5 | ~1.5| ~2
<5

Acp(B—K* -1 ): high SM: | ~12 | ~6 ~3 ~3 | ~4
mass <5

AFBB—K* 1 ): s, SM: ~20 ~9 9 ~12
AFBB—K* £t ): Agp t5
AFB(B—st t): §, 27 15 6.7

Apg(B—st ) Cy, Cyp 36-55| 20-30| 9-13
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More Rare decays precision

Rare Decays - New Physics e‘e Hadlronic b
[ab-1] [1 yr]
Measurement Goal 3 10 50 LHCH| BTeV
Irtb—dy) / _ _
I'(b—sy)
B(B—D™tv) |sM:8x1073 | 10.2% | 5.6% | 2.5% - -
B(B—svv) SM: ~5% ~30 - -
(K-9, K*.0) 1 excl:
4x10-¢
B(B—invisible) <2x106| <Ix106| <4x107 - -
BBy —up) - - 1-2 | 1-2
evls | evls
BB, —11) - - - -
<108 - -
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Projecting Physics Reach

> Working assumptions for projections

o LHCb:

+ Start in Jan 2008 with 50% of design for 2 years
o BTEV:

» Start in Jan 2010 with 50% of design for 2 years
o Rolling start for Super B Factory:

- Oct 2011 = 2.5x103°

- Oct 2012 = 5x103°

* Oct 2013 = 7x10%° with replacement of inner SVT by thin
pixel device
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Tagged Sample Projections for ¢kP
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