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B-Eactoeny Phaysics Program

m Campaign ofi precision measurements to define the
charged weak sector of the SM and CKM! parameters

— “Defining SM of weak interactions of quarks”

m Highly constrained and redundant set of precision tests of
weak interactions in the Standard Model

— legacy ofl fundamental constraints on future New Physics
discoveries

— Sensitivity to New Physics at LHC mass scales
— “Testing SM of weak Interactions of quarks”

m Discovery potential from large data sample across range of
heavy quark and lepton flaver, two-photon and ISR
physics




The 1/ab phase: Precision tests of the CKM
paradigm- Search for N.P. using loop dominated B
decays, LFV tau decays, DD(bar) mixing ...
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Precision sin2f3; o & ymeasured; CKM over-
constrained and established as the primary source of
observed CPV in nature. Data consistent with no NP
effects in b-->d and s—>d.
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2001- CPV in B decays observed.
Sin2f consistent with SM

1999- B Factories start operation.

1993-Radiative penguin b->sy observed; Major constraint
on models of New Physics;Rare decays B>Kn and nn
obserevd; Role of gluonic penguins established;

B factory projects launched.

1987-B° mixing & V,, measured;
Lower bound on m(top)>42 GeV,
with non-zero V,,, CKM in the
game as a source of CPV

1981-B meson observed




The B factory: PEP Il Machine & BaBar Detector
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SVT Measures origin of charged particle trajectories
DCH Measures momentum of charged particles
DIRC Identifies particles by their Cherenkov radiation

Instrumented Flux Return (IFR)
(resistive plate chambers)

EMC Measures energy of electrons and photons
IFR Identifies muons and neutral hadrons
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Electromagnetic
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Drift Chamber (DCH)— &
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Physics Harvest of Summer 2006

Runs 1-5
Submitted 114 papers to the ICHEP 2006 in Moscow

http://www-public.slac stanfard adu/hahar/ICHFPQ6 papers temp.htm

Measurements related to alpha (5)
Measurements related to beta (14)
Measurements related to gamma (8)
Charmless B Decays (18)

B decays to open Charm (12)
Semileptonic B decays (10)
Radiative Penguin and Leptonic B decays (10)
Charmonium and Charm Spectroscopy (16)
Production and decay of Charm and Charmonium states (13)
Tau and low energy physics (8)

&

26 Invited Talks




Pefining™ CKVI Quark Mixing

m Highly constrained and redundant set of
precision measurements

World Average
2006

o(ov) ~11°

o(sin(2B)) | —0.04

o(y) ~19°

o (Vi) ~ 7%

* o(V/V,s) from Tevatron




Measured by HEP LLeng Term Metrc' -- 1

Definition of “Successful’- part 1:

o Measure the matter-antimatter asymmetry in the primary (B-> J/psi K)
modes to an overall relative precision of 4%

sin2/ =0.710%0.034(stat) £0.019(syst)

Relative error of: 5.4% - BaBar alone

sin(2p) = sm(2q>1) [
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Already the error is systematic (theory)
dominated.

At ~2/ab, expect o(or) ~ 7° — 10°
depending on the size of B->p%" .

Measuring B->p%"° & its Time-dependent
CP asymmetry will shrink errors further.
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: a — =1/
Measurnng 9 Vip= [Vipl€ The method highly sensitive to rg: ratio of

(b->u) / (b—>c) amplitudes

: : fits favor r, ~ 0.1 (BaBar) ; ry >0.2 (Belle).
l~ina- B B
From the Dalitz Analysfls =rHOlles Main cause of the difference in errors

Y=(92+/- 41 +11 [+/-12))° (BaBar)
@3=(53° ">, +3°\19°) Belle : :
: Combined (UTfit): y= (78 +/- 18)°

Error due to uncertainties in treatment of the D>K nr- All' methods
Dalitz plot (amplitudes and phases)

-CLEO-c data can help. Projected error 3-5 deg (@1/ab

Future of y

2008: 5-10¢°

Requires improvement in D-Dalitz model —
BaBar and CLEO-c data will help achieve this.
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Looking to the Euture

B Increasing precision in CKM Quark Mixing

Parameters

World Average
2006

World Average
2008
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Testing CKVI Quark Mixing

m [ ook for evidence of new physics and new
phases that can enter in B decays via loop
diagrams
— p->sl*IF
— b->sy

— B->1v
— Tests with Direct CP violation

m Charm and Tau decays also provide powerful
window: for new: physics searches

— D mixing
— LFV In 7 decays




Measured by HEP Long Term Metric” -- 2

m  Definition of “Successiul’- part 2:

— Measure the time-integrated asymmetry in at least 15 additional modes to an
absolute precision of <10%. [We include all other CPV measurements]

= Not there yet, but expect to reach there with the “1/ab” data
— Some of the channels being measured:

sm(zﬁ““) = sm(2¢ )@
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sin(28°™) = sin(2¢") EEXS
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Measured by the ‘HEP Long Term Metric'—3
Direct CP Vielation

HFAG
AFRIL 2006




e Message from New Physics
Eits te: CKIVI elbservables”

m New sources of CP violation inb—=>d & s—>d are
strongly constrained

m New Physics contributions to the b—>s transitions
are much less constrained & are In fact well

motivated by models explaining large mixing
angles in neutrino sector-

* L. Silvestrini UTFit LP2005




~0.4x10° cT

» Search for DO mixing — highly suppressed in SM- a powerful window

for NP searches
The Latest

Observables: ———
— Combined

CP even state: widthT";, massm, ; e

CP odd state: widthT',, massm, BABR

from BaBar

23010~ preliminary

y: (F1'F2)/(F1+F2)=AF/2F
X=(m1—m2)/r=Am/F

Standard Modd mixing prediclions
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D® Mixing Still consistent with zero. Limits approaching the SM expectation




T decays

B factory data the primary source for searches for LLepton Flavor Violation
(LFV) in t decays: Recent results on:

T2y & 1>ey—12un & (Lepton and Flavor Violating decays) 1> Ah
highly suppressed in SM;

- A B
I i VS A
S N

-

Limits on Branching ratios: @90% C.L

BaBar: Br(t=>uy)<0.68x10-7
Br(t=>ey)<1.1x107

Belle: Br(t=>uy)<0.41x10-7
Br(t>ey)<1.2x107




Looking Ferward with PEP-11

m PEP-I1 Long Term Run Schedule
— Run 5b: November 14, 2005-August 21, 2006

— Down: September-December 2006
= Safety checks
= Major upgrades for PEP-II
= Major upgrades for BaBar
= | CLS Installation

Run 6:January-August 2007
Down: September-November 2007
Run 7: December 2007-September 2008




Summary. of Run 5

m Commissioned new RF allowing increased beam currents

m Dedicated work on optical magnet lattice for both rings
paid off
— Reduced beta errors around ring
Horizontal tunes closer to half integer
Higher beam-beam tune shifts
Highi specific luminosity
Better stability at high beam current
m New records in all performance milestones for PEP-II
— Ly =1.21 x 10°* cmr= s+ (4x design)
— Int L, .. = 911 pb?* (7x design)
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PEP-II Records

Last update:
August 18, 2006

Peak Luminosity

12.069%x10* cmsec™! August 16, 2006
1722 bunches 2900 mALER 1875 mA HER

Integration records of delivered luminosity

Best shift 339.0 pb_1 Aug 16, 2006
(8 hrs, 0:00, 08:00, 16:00)

Best 3 shifts in a row 910.7 pb_1 Jul 2-3, 2006
Best day 849.6 pb_1 Aug 14, 2006

Best 7 days 5.385 b Jul 27-Aug 3, 2006
(0:00 to 24:00)

Best week 5.111 b Jul 30-Aug 5, 2006
(Sumn 0:00 to Sat 24:00)

Peak HER current 1900 mA Aug 15, 2006
Peak LER current 2995 mA Oct 10, 2005

Best 30 days 19.315 fb™ Jul 19 — Aug 17, 2006
Best month 17.036 b July 2004

Total delivered 410 b




Challenges of Run 5

m [wo major vacuum problems developed in the month of
December limiting the peak luminosity to about —0.5 X
1034/cm?/s:

— Gap ring (RF seal) problem near LER RF cavity caused e* beam
Instability

— Higher Order Mode absorbing bellows caused vacuum bursts in
IR

m The first problem was quickly identified (— 2 weeks) and
solved In late January.

m The second problem was thoroughly investigated,
replacement parts manufactured, and repaired in late
March with elapsed time of about three months.




Conclusion of Runi 5

® Run ended with a ‘bang’

— Series ofi very successful machine studies through out
the run contributed to improvements in performance
and stability of the machine

— Aug 18 during machine studies, using special bunch
pattern, studied high bunch charge beam-beam
effects

= Demonstrated record per bunch luminosities
= Consistent with achieving L,.,,— 2 x 10°* cm= s

— Overheating In cable near transverse feedback kicker
resulted in small cable fire

= Cause of cable heating understood and being fixed




PEP-11 Upgrades

m Goal: Increase PEP-II luminesity by 60% by the
end of run 6

B (1.2 > 2 x102%/cm?/s) will come from:

— Increasing each beam current by 40%.

— Lowering ,* from 11 to 8.5 mm giving 20%.

— Increasing the beam-beam parameters by 10%.

— Keeping detector backgrounds at the predicted levels.
— Maintaining (and improving) accelerator reliability.




Onward te the 1/alb phase
2006-2008

m Final Machine Upgrades
— take the peak luminaosity from 12x10° /cm?/s = 20 x102° /cm?/s

m Final Detector Upgrades

— Complete the upgrade of the Instrumented Flux Return (IFR)

= replace RPC’s with LST’s in the remaining 4 sectors (2 sectors were
done in 2002).

= Expect to fully recover (the slowly deteriorating) muon and K,
identification capabilities of the detector.
— Prepare for the expected higher data rate (and possibly higher
background)

= stay at its usual very high efficiency of data collection (~96%
historical average).

= Now studying the trigger and data flow system for possible
bottlenecks and preparing for solutions




LST Installatlon

Lower West TARLRRN, e e
sextant | £a2 Upper West sextant toollng
installed and brass |nstallat|on




Onward to the 1/abr Phase of BaBar 2006-
20]0)c

PEP II Integrated Luminosity (1/fb)
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summany

® There Is an enormous amount of flaveor physics still to
come from BaBar in its “1/ab” phase

— Precision knowledge of the charge weak sector of the SM &
CKM parameters

= With the possibility of revealing deviation frem the SM

— Measurements of CP violation and decay properties
IN penguin dominated decay modes
= with the possibility of revealing New Physics effects.

= |f we continue to see no deviation at these precisions-
the results will serve as major constraints on the flavor
structure of New Physics- to be seen at LHC

m PEP Il and BaBar are in preparation for the “1/ab” phase.
Both upgrade efforts are proceeding well and on
schedule.




