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Observation of CP violation in B — fop(e.g. J/YKg)
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It is found that,

If the tag side is B? (BY), the J/¥Kg side tends
to decay later (earlier) than the tag side.

L, If the tag side is B° (B°), the J/¥Kg side tends
to decay later (earlier) than the tag side: Not seen.

— CPV!
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g = —1 Tag side is B’ §¢ : CP eigenvalue
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Decay modes

Babar Belle

CP— | UKg,xaKs | ¥V Kg, xc1Ks,n-Ks
CP+ VK VK
CP mix W K*0 W K*0

Time-dependent asymmetry

(At)— (At)

Bota

BOta .
A(At) = e (BOFT g0y, (Af) = — A sin AmAt,
qAzo0_,
A\ = ImpA§0 L = ¢¢sin2(¢1/8)

(sign convention: Am = m; — my > 0, B; = pB° + ¢qB°)




Plot —£;A(t) (all modes)

Combined

sin2f ; sin(DmyDt)

Dt (ps)

A = &y sin2(¢1/0)

Babar Belle
CP— —0.56 £ 0.15 —0.84 £ 0.17
CP+ 0.70 = 0.34 1.31 £ 0.23
sin2(¢1/0) | 0.59 + 0.14 4+ 0.05 | 0.99 4+ 0.14 + 0.06

e C P+ and C P— final states have opposite asymmetries.
e Babar and Belle consistent at 1.9c.
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0.12+ 0.37+0.09

+0.32 + 0.09
0.58 -0.34 -0.10

0.34+ 0.20+0.05
0.99+ 0.14+0.06
0.59+ 0.14+0.05

0.79+ 0.10

OPAL(98):
3.2t18 4 0.5

ALEPH(00):
0.841932 + 0.16

CDF(02):
0.91 £+ 0.32 £ 0.18

World average: sin2(¢1/83) = 0.79 £ 0.10




In terms of the unitarity triangle

1. |Vub/_Vcb| (by b — uev)
2. BO-BY mixing — |Vy4]
3. e (from Kaon system)

Pre-Babar/Belle
experimental inputs:

An (agressive) example: Ciuchini et.al.:
3 lines crosses at one point — already a triumph of SM.

sin 2(¢1/8) = 0.79 4= 0.10 falls nicely on top of it.

sin2(o/d1)

e

Tl



Measure all 3 angles of the unitarity triangle.
Does the triangle close (is CKM unitary)?

=V, V,
b
o /¢ = arg (—a) ,3/¢1 = arg (_Cb) v/ ¢3 = arg (—ac)
1
c a

a+ B+ =arg( b ) = 7 (mod2)

—a —b —c
for any a, b, c (closed triangle or not)

— Important to measure the sides of the triangle.
(IVubls | Vebls | Vaal)



B Mixing and lifetimes



Angle o/¢po (BaBar)
['(At) = Ne 721 4+ Syr sin AmAt F Crr cos AmAL]

If NO penguin, S = sin2a, Crx = 0.
(Penguin will be there, but try it anyway for now)



Modes useful for 3/¢q

g Amp(BY — f)

Observable: )\ =
p Amp(B? — f)

(By, = pB" + ¢B")

e b — s penguin process.
o pKg(CP—): ImA ~ sin2¢q
pure penguin (short or long-distance)
may be modified by new physics in b — s.




e b — ccd(s) tree process
(b — ccd: some penguin with V)

¢ D™D (CP+) (b — céd): Im\ ~ sin2¢,
e D*TD*: (b — céd): Im)\ ~ sin2¢q
C P-diluted by polarizations (as in J/VK5).

¢ D*tD~ (b — ced), D*)*TD®)~K¢g (b — ces):
ImA ~ 7sin(2¢1 + dstrong)
C P-diluted.
In general, r = |Amp(B? — f)/Amp(B° — f)| # 1,
and the strong phase 6g does not cancel out.



Partial Reconstruction of D*T D~ (Belle)

BY — D*+D_, D Doﬂ-;'iow Lepton-tag
D~ and 7+4,, back-to-back

>

No reconstruction of D°. o |
0: helicity angle of D*™ decay.
(expect cos? 0)

Require cos 0 is 'physical’

Plot cos0p-_ .+
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< 1.05 |cosf| < 0.5

Br(B° — D*'D7) + Br(B° — D* " D") = (1.84 £ 0.4310:8) x 107



Modes useful for v /¢3

BT — DeopK™ (29.1 fb™ ') (Belle)

(a) B —D 1

Events/10MeV
@ ~

Events/10MeV
~
L
wl
@)
o
A

Events/10MeV
Events/10MeV

D°h~: assign w mass to h—.
Signal at AE = —49 MeV.

CP +:
KK, ntn~
CP —:
Ksn’, Ksw, Kgn, Kgn’

Events/10MeV
Events/10MeV




BT — DepK™

Preliminary

CP+ cP—
Acp| A1 =0.20792% + 0.05 | Ay = —0.2270-28 + 0.04
—0.14 < A} < 0.79 —0.60 < Ay < 0.21
Rep | Ry =1.38+0.38+0.15 | Ry = 1.37 & 0.36 =+ 0.12

_ Br(B* - D;K*)/Br(B* — D;n¥)
*” Br(B* — DOK*)/Br(B* — DOx¥)

(Cabibbo suppression factor ratio, Dop vs DY)

A1 ~ — Ao expected. Still consistent with no asymmetry.



Color-suppressed b — cud Modes

D
o

[EnY
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3 :opmot
Br(x10™%) Belle Th.Model 1

D°7% 13.1+04+05 0.7
DOx0 | 2710805 g

D'y 1.4102 4+ 0.3 0.5 | ]
Dy | 2.0t%9+04 1.0 ﬂ

D' | 1.8+0.5104 0.7 ofdilhe
D* | 3.1t13+08 1.7 op 87 ]

Consistently larger than
the factorization model.

O -

FSI rescattering from DX 7

AE (GeV)



counts/(0.01 GeV)

10

Bt — XCOK+

Prohibitted in naive factorization: (xo|(¢c)j_4]/0) =0

(P and C conservation. Conserved vector current also is relevant.)

Br(Bt — xoK1) = (8.073:7 + 1.0 + 1.1[Br]) x 104
Br(xeoK*)/Br(J/UKT) = 0.77+927 4 0.11

—
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Inclusive x.2 Productions
Prohibitted in naive factorization:
(Xe2|(€c)y_4|0) =0
Xci2 — J/ Oy, J/U — £74~

Br(B — X2 X) = (1.22 £ 0.24 £ 0.25) x 1072
Br(B — xa1X) = (3.14 +0.16 £ 0.29) x 102
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BT — ppK™T
Baryon production in charmless modes.

BT — ppK™T

Reject charmonia— pp.

Preliminary

nts / (2MeV / cz)

Br(x1079)
ppKt | 4.2+0.8+0.6 3 L
(Mpp < 3.4GeV) T e T
pp < 1.6
AA < 2.3 )
Ap < 2.1
Why not 2-body modes?




events / 2.5 MeV/c?

Belle
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Charm Physics

A. Lifetimes
1.17 = 0.02 £ 0.01 (Belle)

L. Tpg/TDO —  ]1.20 4 0.02 (PDG)
Annihilation diagram important.

2. e /Ths = 2.8 + 0.03 (CLEO)
CEE/TAY T 12.14£0.01 (FOCUS)
Theoretical expectation: 1.2 ~ 1.7

B. DY-DY Mixing
1. Yop = L'ep+—Tcp- | Tkx
"I = Tept+lop— ~ TKK
Ty, ~ 1%. Consistent with zero.

2_m:Am AT

r-Y=ar
oxy ~ a few %. Consistent with zero.



R _ Br(D°>K*rn7)
© SPDCSD T Br(DY—K-—nt)

CLEO, FOCUS, BaBar, Belle.
Rpcsp = 0.3-0.4%. Error~ 0.05%.

. DY - K;=nY vs Kgn® Belle

FD—>f_FD—>f
I‘D_>f_I‘D—>f
DY: KtK-,ntn  Kg¢, Kgn¥,n07nV, KgKg
DT K+K_7T+,K_K*O,qb7r+,7r+7r_ﬂ'0

No evidence of CPV.

. Semieptonic decays. CLEO

Dt — K*0¢ty, A, — AeTv: Form factors.
HQET — B system.
Qg — Qe



CLEO-C

e Lower the CESR energy to the charm region.
e Only minor modification to the CLEO detector.
e Collect ~3fb—1/yr.

— Full-reconstruction tag: 5.7M D°, 2.3M D™, 0.3M D{.

e Errors on fp+ pt ~ 2%
(14-33% now).
e Determine |Vig|, |V, 4| to 2%
(7-16% now).
e D — K® and D — = form factors.
e Other interesting stuff (h., 1., €tc.)



Tau Updates

A. Forbidden decays.

< 1.0 x 10~ % Belle(01) 19M T’'s
< 1.1 x 107 CLEO(00) 12M 7’s
Comparable constraining power on NP as

Br(p~ — e 7)< 1.2 x 1071
(MEGA/LAMPH(99))

Br(r™ — p™ )

Br(t— - e K% < 1.8 x 107

Br(r— — u- K% < 1.8 x 10-6 | Bele(01)

B. CPV
7~ — n~n'v (Belle, CLEO), K7~ v;(CLEO)
No evidence of CPV.

Lots of potential at Babar, Belle.



Kaon Physics

A. €/e

Ree_’ _ [(20.7+1.54+2.440.5) x 10*KTeV
e |(15.34+2.6) x 1074 NA48

Direct CPV in neutral K established.
Difficult to extract CKM angles, however.

B. KT — ntvp (BNL787)
Measures |Vi Vgl — [Vidl (|Ven| = [Vis|)
2 signal candidates found.
Br(KT™ — nTuvb) = (1.57;%:53) x 10— 10
(SM expects: (0.75 £ 0.29) x 10~19)
Upgarde(BNL949): Runing. 5-10 events in 2 yrs.
FNAL CKM: Approved. 100 events with S/N> 10.
(latter half of this decade)



C. KL — 71'01/17
Measures Im(V;.Vyq) — n
Br(Ky — nvp) < 5.9 x 1077
(SM expects: (2.6 +£1.2) x 10~11: > 10% to go.)

KEK E391a: Data taking 03. Sensitivity O(10719).
BNL KOPIO: Latter half of this decade.
50 events with S/N=2.



Future B Facilities

Asymmetric B-factories at present:

PEP2 KEK-B

Lmax(cm™2s~1) | 4,51x10%° 5.5x10°3

[ L£dt/day (pb~1) 303.4 311.5
| £dt (fb~1) 64.7 A47.2

Each will have ~100fb—! by this summer.
(200fb—! together ~ the original design
for the lifetime of a B-factory)

~500fb—1 each by 2006

T his success was definitely helped by healthy competition where
each learned from mistakes and good ideas of the other.
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Future B Facilities

CDF /DO Tevatron Run2(a,b). Fermilab pp col-
lider. Running.

2fb~! by ~2004, ~ 15fb—! by 2007+.

LHCDb. Dedicated B-detector on LHC.

Starts ~2007.

(ATLAS,CMS have also B programs)

BTeV. Dedicated B-detector on Tevatron.
Starts ~2008.

Super-KEKB. £ ~ 10%° (x20 present).
Evolutionary upgrade. Starts ~2007.
Super-BaBar. £ ~ 10%%. Quantum leap from the
current machine.



