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Standard Model -
Antimatter

FOI'GBS: Electromagnetic : < e ended the |
: 20th century with
triumphant
Strong )4 successes of the

Standard Model

Weak

vV, V. 'V '
o R R PR Z : We are now trying

Ma“Br: Quarks 3 eln 1 W to find where it
breaks down or

Leptons extends.

A handful of free parameters: Extremely simple and predictive

-Thousands of predicted quantities have been experimentally tested & verified
-At B Factories, we have performed many redundant tests and many precise tests
- so far, no “big holes” in Standard Model.
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BaBar: 15 year Experimental Program in Heavy Quarks & GP violation

New CP violation, new particles, precision measurements: Excitement, press releases & surprises

1993: Construction starts on PEP-II, design & prototypes for BaBar Detector
1994-9: BaBar Detector Construction |
1999: PEP-II & BaBar complete, take data!
2000: PEP-II runs at design luminosity
2001: First observation of CP Violation in

B system (27 yrs after K)
2003: New charmed particle Dg(2317)
2004: Direct CP violation observed in

B system

2004: PEP-II at 3 x design luminosity
2005: new charmonium-like particles observed
2006: Precision & consistency in

electroweak sector of Standard Model
2007: First observation of D°-D° mixing
2008: Babar’s Final Run ended April 7, 2008 #&&

Final datasets: just starting to be analysed s
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B FACtOrieS - Precision Tests of Standard Model:

CP violation, CKM mixing mechanism, Search for new physics

Perform MANY precision tests in the weak sector of the Standard
Model, constrain and test for consistency.

WMAP has measured the baryon asymmetry of the universe:

-7 _(47-6.5)x10™"° @95%CL

We'd like to understand whether this large baryon asymmetry
shares its origin with the tiny matter-antimatter asymmetry in the
electroweak sector of the Standard Model - or elsewhere within the
Standard Model

Study CP violation in EW sector of Standard Model using a B Factory
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SPECIAL BO

It 1s possible to start with a baryonic symmetric
universe, and make an asymmetrical universe.

196 7: Caxapos

CdopmynupoBan 3 yCJIOBUS:

HapylieHrue 0ApUOHHOTO 3aps/ia

2 OTCYTCTBUE TEPMOAMHAMUYECKOTO
paBHOBECHS

3 Hapymenue CP

p—

A. [l. Caxapos, lNuceMa 6 K3T®, 5, Ne 1, 32-35, 1 AaHBapa 1967
A.D. Sakharov, JETP, 5, No. 1, 32-35, 1, 1967.

* Big Bang cool-down and expansion: non-equilibrium
» Even minimal Standard Model has baryon number violation (B-L is conserved)
» CP-violation observed in K and B systems
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GCPT particles and Antiparticles must have:
Same mass Same lifetime

\7/

BF can have different partial rates to selected final states
i.e. F(X%YZ) z F(X%YZ) (at least for Lorentz invariant local field theories)

*CP violation observed in K system in 1964. It was a surprise!
CP parameters in K system - measured to impressive precision

*BUT: Cosmological Matter-Antimatter asymmetry is orders of
magnitude greater than tiny asymmetry seen in K system

eCan huge matter-antimatter asymmetry possibly be accommodated by
one small parameter in the Standard Model?

*Do we require sources of CP violation beyond our Standard Model??

Looks like both manifestations of Matter Antimatter asymmetry
(K & BAU) can’t he rooted in same phenomenon in the Standard Model
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Weak Interactions & GKM mixing matrix

(d "\ (V., V.. V.,\ (d) Cabibbo-Kobayashi-Maskawa mixing matrix.
i e Introduced as origin of CP-violation in SM,
s = (Vi Vo Vo S
' Elements:
b Vie Vi Va b Couplings between up-type & down-type quarks
Weak CKM Strong/Mass
Eigenstates matrix Eigenstates
(Ve Vs Vi [ 1-X72 Ao AX(p-in)
chd V. VCbJ ~ A 1-2/2 AR | +90Y
v, V. V ANV(A-p-i) —-AX 1 A~.82,
o A~.224
0=p (1 -\ /2) n=n (1 - A /2) (sine of Cabibbo angle)

In Standard Model with 3 quark generations, 4 free parameters: A, A, p, 1
completely specify quark mixing in electroweak sector. inn can accommodate CP
Violation (in K & B systems). — Test it experimentally.

Is the 13 in CKM matrix indeed the origin of CPV and BAU?

We measure p, 1
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CKM mixing & GP Violation in Standard Model

(p,n) aEarg[_ VfiV,d] ﬁEarg[_VCin] care _K,fnd)
. ViV d VaVia Vil
] BO,—mnn a=62° PB=21°  y= 87°
o= Tt—P-y
0 0
B —DgK'
0 0
\Y “Unitarity B%—JKCs
Triangle”
(0,0) (1,0)

3 generations + unitarity of CKM matrix | v/ VoV V F4V  V, #=0
u u C C

lead to “unitarity triangle” constraints:
Measure o, 3,y and hence p & 1 via asymmetries in B decays.

If =0 then CKM phase is not the source of CP Violation

Test the Standard Model via its redundancy & constraints.

Measure angles o, 3, y and the triangle sides independently using several

different techniques:  Test for consistency.
May 23, 2008 Quarks 2008 Janis McKenna 8



First, measure g

There are several “Easy” Decay Modes used to measure f:
h—CCS
B— J/y Ky Jiy —=ee (uu) K,—=na'n
“Easy” to interpret theoretically
and to perform experimentally

e Because Y(4s) is coherent quantum state:

For decays in which we look for “indirect” CP violation in
(interference 1n decays with/without mixing), the integrated (or time
averaged) asymmetry in B and B decay is zero.

..In this case — must perform time dependent asymmetry measurement
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Time Dependent Asymmetry

Time dependent asymmetry Aqp :

Ap(t) =

(F(Eo(t) %fcp) — (F(BO (t) %fcp)

(LB (t) = fp)+ LB ()= frp)

T ‘1me dependent decay rates:

T(B"(t) = f.)
{LB°(t) = fep)

J\o

May 23, 2008

} e T (1 @cosAmAt:@sinAmAt) Extract
sin2f3,
sin2o.

\B“>iq\B”>
A= C
" pA f1+H f1+H
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Technigue to measure CPin B system

1 .Make Iots of B’s: Y (4S)—BB

2. Reconstruct one B ( BO ) decay to a CP eigenstate final state
3. Tag the other BY (]5) —- i.e. determine whether it is a B? or E)
4. Reconstruct the decay vertices of the B’s

-and hence determine time (At) between 2 B decays

5. Fit and extract CP parameters

And since the dataset 1s so large, can also look for rare processes in
addition to CP violation
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fix 9 GeV electrons, 3.1 GeV positrons
“ 4 NSLAC/LBLILLNL e

SLAC-Based B Factory 3 Amps on 2 Amps!!
PEP-ll and BABAR

Electron
Gun

/
c c Dampin
World’s highest current collider 77" Rings 3‘
xS
Positron 6\0
- Return Line g\
O
A / \ &
..4..1;1 7 Electrons Q,'*

Positron

v/ Source
/ Positrons

PEP-II
Rings

Positrons

' Low Energr Ring

new
BABAR Detector =0

- : lectrons
‘ﬁ! High Energy Ring
(upgrade of existing ring)

BB’s at 12 Hz

Both Rings Housed in Current PEP Tunnel 55



SLAG Accelerators
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BABAR Detecto,

EMC

6580 CsI(TI) crystals

1.5T solenoid

B 45+ (3.1GeV)

DIRC (PID)

144 quartz bar
11000 PMs @i

| Drift Chamber
\ ‘ 40 stereo layers

R Silicon Vertex Tracker

5 layers, double sided strips

Instrumented Flux Return

iron / RPCs (muon / neutral hadrons), now LSTs

Silicon Detector:, 97% efficiency, 15u z-hit resolution (inner layers)

Tracking Drift Chamber :  o(p)/pr=0.13% x p; @ 0.45%  (1.5T B field)
EMC: CslI crystal calorimeter op/E =2.3%E"*® 1.9%
DIRC : K-m separation >3.40 for p<3.5GeV/c particle identification

IFR and LSTs: Muon detector and K, identification
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5 layers, ~15um hit resolution
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Drift Chamber stringin

40 layers, ~35,000 wires

o
3 ?-:F. -‘i.*g_iu

s

I.STS (muon ID)

[““‘i,“’" streamer Tubes)

L e
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Calorimeter

BABAH netectnr Electromagnetic

(~6580 Cs I crystals)

DIRC Detector
(Quartz Bar)

(excellent K m separation)

May 23, 2008 Quarks 2008 Janis McKenna 17



Two B Factories

PEP-II at SLAC (USA) SRba
9GeV (e7) x 3.1GeV (&) 13 countries, | mfﬁ\ﬁﬂ =
Peak £: 1.21x103%em2s1 51 institutes, | SoE—

Record current ~380 physncnst *" |

FEF-T1

Rings ™

*psitrons

Low Energy Ring

BABAR Detector

g
" “Electrons

High Energy Ring

¢ _uif.': Belle detector
=S

KEKB B-Factory ¥

AF!ES opper

& A KEKB (Japan)
10 countries, = .. e o 8GeV (e7) x 3.5GeV (%)
\ 77 institutes N Peak [
~520 physicists T

1R 5 1.71x10%4cm=2s!
\’ Record Luminosity



PEP- Il & BaBar:lotsof B'S

As of 2008/04/11 00:00

BaBar

PEP Il Delivered Luminosity: 553.48/fb
BaBar Recorded Luminosity: 531.43/fb
BaBar Recorded Y(4s): 432.89/tb
BaBar Recorded Y(3s): 30.23/fb
BaBar Recorded Y(2s): 14.45/fb
Off Peak Luminosity: 53.85/fb

(6]
o
o

~
o
o
T T T | T T 1T 17 [ T 1T T T ] 17 T
| | |

Th and {E) Laurent de Brunhof

Delivered Luminosity
Recorded Luminosity
Recorded Luminosity Y(4s)
Recorded Luminosity Y(3s)
Recorded Luminosity Y(2s)

Integrated Luminosity [fb™]

300

7 Physics Runs 2000 - 2008:
BaBar recorded 531 fb1

over 500 Million BB pairs
(Petabytes of data)

Ended Babar’s running with
energy scan;
Y(2S) + above Y(4S): 14/fb
Y(3S): 30/tb

o . (close to no B's in run 7)
: - look for exotics
_ 25 T T T T T I T
7 — — 2 , Energy scan | O ]
i _ ‘E‘ZD fl; I o i
i Off peak 13 1 0 Run 7 ! —‘Cé’ 1
1 15 + I: | 7
100 o L runmngand ________________ T E + Run 1-6 _'-% :
- energy scans 4 Twep I ]
g Y | ;1 P 2 E
B ) 4 g st + o v ]
ot |||| | A s | Yes)  vasy . T vas)
@QQ qp(;\ @Q‘b rﬁg‘b K @Q‘O @g‘o {?96\ @g‘b 841 546 10001002 1034 1037 1054 10.58 10.62
Mass (GeV/c')
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Measuring Az (and hence AD

Tg~1.5 ps w J/llJ
BO > W
Y(4S) CP tag and
resonance B \ Mo
electron reconstruction

positron

B,

: BO v E KS/L
Lorentz Boost: : .

Py = 0.56 (BaBar) K+
Of25 (Belle) i TE+ Flavor tag and
At = 2 |AZ| ~ 260um W reco\aesrttr%)c(:tion \
(By)c o(AZ) ~ 180um

1. Fully reconstruct one B-meson which decays to CP eigenstate
2. Tag other B to determine its flavor
3. Proper time (At) is measured from decay-vertex difference (Az)



B Decay time distribution

B decay time distributions

2 - shifted due to CP violation
:‘;1 0.8 f—
o 07 [ .
€ 06 o Time dependent decay
§ 05 & asymmetry appears as a shift in
Q04 = At (time difference) and hence
03 = the Az (vertex position)
02 F distribution for events tagged as
E S B?and those tagged as B

-1 0.5 0 0.5 1 => Indirect CP Violation
Difference in z Decay Vertex (mm)

Direct CP violation would show up as difference in area
under the 2 curves (and 1s time-independent)
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Fully Reconstructed Event

Y(4S)—B0 BO

BY, = p(29)KY, K¢ ')

and {5) Laurent da Brunhof

The second B meson is
fully reconstructed:

B - D™
D*+ %DO

D
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At Resolution & Mis-tag Dilution

perfect typical
tagging & time resolution mistagging & finite time resolution
] 50 50 | 50 0
B,,=B B, =B B,,=B B,,=B
" e ? = Decoay Tirrzlz Diffesrence (Trseco—ta1g°) (ps) " e ? = Decoay Tir:iz Diffesrence (Trseco—ta1go) (ps)
—‘At/ T
e B I . .
f(At) =1 4—[1 +n ,sin2f(1-2w)sin(Am dAt)] @ R(AY)
E y 3 |
Mistag fraction w resolution R

Get w and R(At) from DATA: B°-B°mixing event analysis
Self-tag(fully reconstructed) — measure resolution, vertex separation, mistag rate
USING DATA
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3iN23: B —Charmonium + K systems

400

with >400 million BB decays: = Still statistics limited!
(J/YKS, W(2S)KS, x1KS, and 7. K§)

2

=
th

L]

=]

=]
Lh
I

i
3
=

225/

1

Wi‘; odd modes -
’rjfﬂi"x?,_ c)
\y CCK|

e
in

B 4 ]
j’_":ﬁ—m i W

Raw asymmetry Events/(0.8ps) Rawasymmetry Events/( 04 ps)
=

=
in
I

CP even model

J/¥KS (nCP=-1)
J/ YKL (nCP=+1)

May 23, 2008

5 0 5

At [ps]
BaBar (PRL 99 (2007) 171803) Belle (PRL 98 (2007) 031802)
0.686 + 0.039 = 0.015 0.643 + 0.038stat
0.735 = 0.074 = 0.067 0.641 + 0.057stat
Quarks 2008 Janis McKenna
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3in 28: Gombined measurements

Charmonium modes
. . = =
sin(2B) = sin(2¢,) B 4 B=o,  BEL
PRELIMINARY RO 20204 Yo% Y%% 1o

BaBar f 5 | 0.71£0.03 + 0.02 1 4k
PRLO9 2007)71803 i ' i T QO 0N o s
Belle Jiy K° 0.64 +0.03 + 0.02 i | RS ¥ 15
PRL 98 (2007) 031802 0.8 g L
Belle y(2S) Kg 0.72 + 0.09 + 0.03 " “45, 2
arXiv:0708.2604 E 06 r SR s
ALEPH : —t . 0.84 135+ 0.16 N 2% Se%lic
PLB 492, 259-274 (2000) " * 0.4 /< o o X2
OPAL ,- ' 3.20 130+ 0.50, SIPA . E
EPJ C5, 379-388 (1998) 0.2 ¢ / o R
CDF ; 079 %1 \ %
PRD 61, 072005 (2000) E Y L B e
Average 0.68 +0.03
e : : L . : 032 02 04 06 08
-2 -1 0 1 2 3

Resolve 2-fold ambiguity in angle

(use S- and P- wave components in BO—D0:% , D% — KO xt* it -)

B=21.5° or p=68)K°

May 23, 2008 (21.5° favoured at 87% CL,  cos 2p > 0 at 98% CL)
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SN 23, via Penguin Decay Modes

W Look at sin 2f3 in other B decay modes:
7.6 b—>$§s, b—>stiu  Consistent??

B t 9 W
K ]

d d
W
b _ ZKU
Bt] t g =
- ; r-"r, :'TD
d d
New physics can enter via virtual non-Standard
b e—ece—1", o | Model particles in penguin loop or other loop
o el :"’ 1 diagrams. If new particle contributes to weak
; - 2% : phase, we’ll measure a different effective “sin2f3”
B— ¢K' , B— 'K’ , B— 'K’
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Sin 26

sm(ZB) = sin(2¢,) FES

PRELIMINARY
BaBar : 0.71 £0.03+0.02
PRL 99 (2007) 171803 ;

Belle J/y K° : : : 0.64+0.03+0.02
PRL 98 (2007) 031802 ;

Belle y(2S) Kg : : 0.72+0.09+0.03
arXiv:0708.2604 : :

ALEPH : o L 08421018
PLB 492, 259-274 (2000) " = !

OPAL : : L 3.20 320+ 0.50,
EPJ C5, 379-388 (1998) : ! *
CDF : : : 07994
PRD 61, 0?2005 (2000) '

Average : : : 0.68 +0.03
HFAG : : K

2 -1 0 1 2 3

sin2f3 : charmonium modes

2.50 difference in tree and

penguin modes from 2004 has
diminished with more data.

Caution: HFAG Penguin averages assume Gaussian
errors - not justified for all measurements. (%2 very high.)

May 23, 2008 Quarks 2008 Janis McKenna quasi 2-body

sin(2p° )—Sn(2¢ " [

PRELIMINARY
b—ccs World Average : 0.68 +0.03 -
g, BaBar e L 0.21+0.26+0.11
< Belle : ; 0.50+0.21+0.06
Y BaBar © 0.58+0.10 +0.03
= . Belle 0.64 +0.10 + 0.04
< BaBar : 0.71+0.24+0.04
zm Belle 0.30 +0.32 £ 0.08
& BaBar © 0.40+0.23+0.03
e Belle : © 0.33+0.35+0.08
p” K BaBar 0.61 *922 +0.09 +0.08
g BaBar — . 062 022 +0.02
s Belle : ————— ||  :0.11£0.46+0.07
g BaBar i 0.90 +0.07
«~ Belle wm—e— I 018+023+0.11
;ﬁm S : : -0.72+0.71 £ 0.08
o: Belle . :-0.43 + 0.49 + 0.09
3‘ BaBar 0.76 +0.11 *90;
z Belle : 58+015+003 ey
b—qqs Naive a\éerage H 0.68 +0.04 -

-2 -1 0 1 2

Sin2B penguin modes

3 body Dalitz/




Measure ﬂll!llﬂ QL

Channels B—=nwt B—pp B—pxn

15 ; @ Bepn(WA) i
Technical Complications: [ e g:ﬁiim —  COMBINED|
Tree and penguin amplitudes contribute 15 { : ;

with different phases. i i N ;
Time dependent asymmetry would give 0.8 f 4
sin2a if penguin amplitude were 3 i A r
negligible (but it’s not!) ! os ﬁ md%&ﬁ?ﬂt 1

Tree amplitude, color-suppressed tree
amplitude & charmless penguin amplitude
all contribute to the decay process.

no o meas. in fit

Measure effective o, then extract o
using isospin analysis

==

d- 20 40 60 80 100 120 140 160 180

Gronau & London: Phys.Rev.Lett.65:3381 ,1990.

Fit for 2 quantities, C and S: o (deg)

e Constraint on o:
(_O( ) =) | g7 C,cosAmAr = S, sinAmAn)|  , _ g7 562
LB () = fep)
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Charmless B—x+x- CP Violation

n+ ;- CP Violation:

Both types of CPV observed: 2300
. . . . w
1. Direct 2. Via mixing 2 500
;l—d
=2
I ) 100f
10 () R EEE: o
2 [B'—na+ n- p X : ] _
g Sop 50 ! - ;
- — g B
83 18
0 ol <
100

0
At (ps)

Events / ps
=

-

0= 3 amplitudes contribute: ! /
- 05E 1. Tree : -
= E =1 T
NS e G e . 2. Colour-suppressed tree =125 0 05 4
£ O [ S ST = ] . : S
Z o5 I w 3. Gluonic penguin S, and C__

E | asymmetry| ]
A0 5 BELLE: PRL 98, 211801 (2007)
At (ps) BABAR: PRL 99, 021603 (2007)
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B—K+m- Direct CP Violation: doesn’t involve oscillations/mixing
Asymmetry in yields between a decay and its CP conjugate
(different weak and strong phases)

E - % 400 1 .
& = K
ﬂf 2
K - i I ) l
2 A7\ Koo
] = s 5
= o) N
= : -
= 200 ¥ N
5 1.5 2 25 3 35 4 45 5 b F
p(GeV/c) i ; '._. : |
Excellent charged K / & separation with DIRC Vi R
Direct CP Violation: 5.5 o significance ) . | e

BABAR: PRL, 93, 131801 (2004) 0.1 0 0.1
BABAR: PRL 99, 021603 (2007) . AE (é V)
e

BELLE: PRL 98, 211801 (2007) & BELLE-CONF-0802 - Direct CPV in st and DK modes
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Direct GPV in Gharged & Neutral B— Kx

B—Kt decays: tree & penguin contributions:

a
w §§<
5 - -
B+, BY
u, d
c
b
W
B+

u

b
u
K+,"T+
s d 5.d g
- u
a
o . BB \‘g<
T, JT f:‘
u d u,
d
u
a0 o
u /.{l"<ud
e, & d, s
"-:_":S_ g ar K+
at, Kt W 4

u

u

750

500

250

a Kax*

b Kta

llllIIllIIIlIIIll

300

Entries per 2 MeV/c?
o

200

100

- ¢ K-a°

o
N [TTTT

0

Belle measures 4.40 difference in direct CP violation
in charged and neutral B decays to Ku final states:

B’ —=K'm
New Physics??

or colour suppression not understood in neutral tree diagra

B* — K’ (and CCs)

- or final state interactions?

BELLE: Nature 452, 332-335 (20 March 2008)
BABAR: PRL 99, 021603 (2007) & PRD 76, 091102 (2007)
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Belle
(585M)

BaBar
m? (385M)

Average

x|
X

4
4

ar

IIlIIIIlIl

5.2
My, (GeV/c?)

5.25

An(K'm) | Agp(K*m?)

-0.09+0.02| 0.07+0.03
+0.01 +0.01

-0.11+0.02| 0.03+0.04

+0.01 +0.01
-0.097 0.050
+0.012 +0.025
31




Unitarity angie vy

vy is the most difficult of the three angles
to measure directly at KEKB and PEP-II,

(we don’t produce BY)

Strategies:

- Time dependence in interference

in b—u and b —c with mixing gives sin(2p+y)

- time independent interference

in b—u and b —c.

(  Gronau, London, Wyler
Atwood, Dunietz, Soni )

B =>D'n* B’ =D x*

BO s D$pi BO — D*_pi

Plots show this direct measurement in green area

blue bars come from combined contraints in CKM fitter

May 23, 2008
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..... D+ Partial. + fully rec.
fi *t i
—fittar D+_ Tt — Combined
----------- Dp~ r@+  CKM fit
1_ ------------ ,I'_,|."|-”!” .... I ".I”' llll I LI I LU I LU I LI I LI |,l' ) =T I LI l\‘l
4 o8 B
) - NS
- o6 \&
0.4 .
o2 .- -
P P I e T e T
01 02 03 04 05 06 07 08 09
|sin(23+y)|
@ ==+ D(*) K(*) GLW + ADS
iLter - D(*) K(*) GGSZ = Combined
--------- |sin(2p+y)] - CKM fit
1.0 L T I::_-g_!.‘ I T T -Il"'l T T T 11‘\I T T :.,..I T T I T T T | T T T |l'e‘ T T | T T T
0-8:_ F ii ‘\ 7
s ¥ foA
L o6f A N\ AT
o i S \ i Y ;
' C 4' ¥ \\ /. \_\ ]
T 04 A VoA
L ) I-t| 7 Y ]
0.0 i PO N N T T T I N W Y ’ " |~T~|§|~ 1 ‘t:‘i.‘;l—h :_
' 20 40 60 80 100 120 140 160 180
Y (deg)
+18\°
Result: V= (80—26 )
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1.5IIII|IIII|IIII|IIIIIIIIIIII

[ excluded area has CL > 0.95| c%-_, T
I : 6 —
- T i % _
L : P, _|
1— % >
: ﬁmd :
0.5 T
L o |
"tk 1
0 I ——— EE— - SR L e e |
B |VUbN |
—+B —>1 .
0.5 — —
- & |
— a —
-1 _ ; —
B % sol. wicos2f <0 |
= fitter : (excl. at CL > 0.95) |
- FPCP 2007 ! —

.1 5 I O | | I I | | I I | | | ﬂly | | L1 | R |

-1 0.5 0 0.5 1 1.5

P

May 23, 2008 Quarks 2008

N

We’ve measured all 3 unitary
triangle angles and 2 sides
Fit includes constraints from
B factories as well as other
experiments:

*K system

*B-mixing rate

echarmless B decays

One solution (in red) 1n
amazing agreement !

(CKM 1n indeed source of

CP violation in SM)
Amazing (but least interesting)

result!
All consistent: success of SM!
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Mixing has long been predicted to occur in charm sector:

very small rate. :
. , wrong sign D decays
Strategy: look for “right sign” and e .

level at Babar, (>1M “right sign” and 4K
“wrong sign’events) and at several other
experiments: Belle, CDF.

, , 1600E '+’ Data
“wrong sign” D decays in the channel 5= a) [ Miing it
. . . E o] Randomm,

and “‘tag” them using slow pion in 8 12005 I i ccon. O

% . g 1000 7] Combinatorial

D decay. D*+ — ‘77’—54- DO % BUU;— —————— No mixing fit
D’ —-K g sooF
. 400
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No evidence for CP violation in charm sector: expected small in SM
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15 year PEP-II/BaBar program is in final phase.
Many analyses will benefit from increased statistics of final Babar Runs.
Most CP and Unitarity Triangle parameters are still statistically limited!

LHC: will make progress on 3 and y measurements (eventually), but won’t make
rapid progress on a. Babar and Belle will continue in this area for several years.

*We’ve measured all three unitarity triangle angles.

(o & y are much more challenging than f3)
*We’re improving statistics and precision in CKM and SM parameters
*Along with CP violation physics, we’re studying/measuring rare B
decays, D mixing, charm.
-BaBar & Belle have collected more than a billion BB pairs - (not all analysed yet)!
-Now performing precision SM tests - (loop contributions in rare decays)
-Didn’t have time to talk about: B B? masses, lifetime measurements, semileptonic decays,
V. Vs SPECtroscopy, tau physics, new charmonium states, radiative penguins, & more.

Then SUPER B or KEK B

Hol\ll)in for Failure - a breakdown in the Standard Model —new physics
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summary

Standard Model 1s amazingly self-consistent

Eyes are open for signs of new physics (rare decays, exotics) with

increased statistics 1n final runs. Hints in penguin sector.

B Factories will continue to be prime place to look for New Physics.
There must be more CP violation in new physics (neutrino sector?)
because phase in CKM can’t accommodate BAU.

INTERESTING to confirm everything we know about Standard Model.

EVEN MORE INTERESTING to find a place where it breaks down!
:Next 2 years continue mining our data, look for new Physics!

¥ We’ve been looking for inconsistencies in SM
¥ Measure angles and sides of UT - all 3 for constraint
¥ Search for new physics
N Direct CP violation Rare B decays
MESIENE PER B - 3rd generation B Factory
HOPING FOR FAILURE in Standard Model
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Composition
of the
Cosmos

Heavy
elements:
0.03%

Ghostly
neutrinos:
0.3%

Stars:
0.5%

Free hydrogen
and helium:

4%

Pl Dark
Dl matter:
=8 30%

Dark
energy:
65%




Control samples: Nno asymmetry (charged final states)
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