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precision tests of the CKM paradigm;
constraining new physics with flavor physics

; confirmation of KM
mechanism; CKM parameters over-constrained

7 sin2p consistent
with SM and constraints from) existing CKM measurements

1999 - B Factories start operation

major:
constraint en NP models; asymmetric B Factory proposals

; Vi, measured; lower bound on
— KM in the game as source of CPV'

ng” lifetime (~1.5ps)

CP violation with ete- — Y(4S) — BB

BB pair produced in coherent quantum state: EPR effect

Use interference between two
indistinguishable pathsito
observe CP asymmetries
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Factory Operation Data in, physics out...
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KEKB: 5-10 min intervals
PEP-II: 10Hz (LER), 5Hz (HER)

Physics Analysis with a Boosted Y(4S)

Instructions: 1) boost back to CM
2) use technigues developed by ARGUS & CLEO!

Kinematics: Tiopology:

] ] M spherical BB events
sl | s Establishing ther KMEViechanism

(,',_aﬂm ] — ) For two-body decays: momentum

redion —— " of B daughters can be > 4 GeV/c:

| ey 1) Affects resolution in AE, E(y,n), etc
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Mes  GeVic? 3) K/x separation more difficult

2) Higher fraction of merged n®

Experimental Method

Az = BycAt ~ 260 m

o(4z) ~180um BaBar (384M) Belle (534M)
sin23=0.697+0.035+0.016  sin2/4 =0.642+0.031+0.017
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Precision CP Violation
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Is it the right answer? Is KM the only answer?

Superweak ansatz: CP-violating| phenomena
arise from |AF| = 2 transitions

No CP violation in decay c< B
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Yes!' Large O(1) CP violation consistent with
a single source:

Direct CP Violation in B — K*r- CP Violation in B® > -

Established by BaBar and Belle in 2004 Observed by Belle (2004) and BaBar (2007)
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Asymmetry=—%2 K7 o —sin sin
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BaBar + Belle + CDF + CLEO:

No. of ' events

Slperweaks predictiont
S__ =1-5in2 (trueiwithinl errors!)
C = 0 (not true)
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Consequences:

1)

2) First evidence for y # 0,1
3) Large strong phase &

n'n asymmetry

SU(3) prediction:

A, =—-0.34+0.02

Direct CP Asymmetry Measurements
(charmless modes)

September 2007 &

Qver-constraining CPViolation




Measuring sin2o

,-_J_\ .
Ap =Sin 2asin(AmAt)

b t d d
S;’:/IA =-0.61+£0.08 a =109 +3

UT Fit: (91+6)
CKM Fitter : (102 3 )

Combined Results for o

Penguin “pollution” much smaller in pp
prn Dalitz analysis removes mirror solutions

Combined Measurements of y

Best method (Dalitz) was invented only in 2003!
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The problem with ...
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Measuring vy

(B~ - DK)-T(B" - DK")
[(B" — DK )+I(B" — DK")

a = S ————
Can be reduced by CLEO-c!
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Measurements of V,
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Over-constraining CP Violation Impact of B Factories and Tevatron

“Tasting” New Physics

Standard Model Flavor Transition Rule:
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Forbidden Suppressed
pp &,<

Constraining New Physics with e
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If theinew physics hasia generic flaver: structure, we should seeilarge
non-SM effects in decaysi mediated| by flaver-changing neutral clrrents:
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MSSM Constraints from b — sy CP Violationinb — s enuins

“Most effective New Physics killer”

First observation of indirect
CP violation in b — s (2006)

Experiment: : | S, = 0.61 +0.07

355+ 026
In the Standard Model :

IS|~sin2 forall b — sqgq
Theony:

B(b—> sy)=(3.57+0.30)x10™
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Constraining NP with Flavor Physics “New Physics Flavor Problem”

Winter 2007 £

LEP 2 85% CL excluded Model-independent 1]
| M LEP 2 and Tevatron i constraints from By mixing

i (Preliminary) 4
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precision tests of the CKM paradigm;
constraining new physics with flavor physics

; confirmation of KM
mechanism; CKM parameters over-constrained

7 Sin2f3 consistent

with S| and| constraints from) existing CKMImeastirements The Su per B Fa Cto ry Era

major
constraint on NP models; asymmetric B Factory proposals

3 Vi, measured; lower bound on
m;, > 42 GeV; V,;, # 0 — KM in the game as source of CPV.

(~1.5ps)

Super B Factory Proposals
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Peak Luminosity trends in last 30 years
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CKM in 201x?

CPV in b — s penguins CKM parameters with 75ab!

History of CP Violation

b
TR SvsCo

BaHar
Belle
Average

BF x 105 Belle (386My;) | BaBar (347Mgg)
B (poy | 1323 % (5.10) | 12555 +0.08(6.40)

Direct CP Violation in B® — D*D-?

Beam’s eye view

Phys. Rev. Lett. 98,




Additional Measurements of 3 Known Unknowns: Mass and Flavor

What is the origin of the quark mass and mixing hierarchies?

IJnllW‘l-ninlh‘.“! ¥ CopmeA, o - Quark Masses CKM Matrix

Cop = -Acp
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Mass (GeV)

Pl L Generation

PRL a7, 00
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Measuring V, and Vg, Constraining NP with Flavor Physics

Standard Model Reference:
decays allowed at 1= order

doEes)sin2f3
intensect thepVi /N fng?

Searchlin loop-deminated
decays for inconsistencies:

VsV 5 7"2@[29‘[ = ASM * ANP
. : d A
; i SM

Challenge for theory




