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Large sin 20, ?

SM predicts sin 20, (also denoted —sin 2[3,) ~ -0.04.
Latest constrained fit by HFAG is 2.2 o away from SM.

4 generation (SM4) introduce t' to interfere with t
In box diagrams
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SM4 makes SM triangle into quadrangle

V*V +V*V +V*V +V*V =0

ts tb ts tb
Combine
Am_ box diagram]
B(b— stt) Z penguin diagram]
to determine V* V
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Use parametrization matrix
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Hou, Nagashima and Soddu

lllustrated the case m, = 300 GEV using
f VB, =295 MEV

Get sin 20, ~—-0.50 - —0.70

What's new in our recent study ?



Trivial Change

1. m =300 GEV — 500 GEV (unitarity bound)
[Chanowitz et al. PLB78(1978)]

2.f B, =295 MEV — 266(18) MEV
[Gamiz et al. HPQCD PRD80(2009)]

Nontrivial New Analysis

1. D — D mixing constraint
2. Electroweak precision global fit
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V* 'V =0.006 e

ts th

vV =7 V =7
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Upper Bound on [V |
R EM(£Z—bb) / T(Z—hadrons)
‘Vt.b\ < (0.13 (m, =500 GEV)
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Constraint from B*(K" — m'vw)=(1.73.55)x10™"

b4 [Vas |~ [N Vs |* P + X meXo () +2" 70 Xo () |H 3.6 x 107 (90% CL),




Constraint from D-D mixing
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equate this term with x_""= 9.1x10~?
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accommodate LD by a factor of 3
[Golowich et al. PRD76(2007),
Bobrowski, Lenz et al. PRD79(2009)] =
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Lower Bound on |V, |

V,|=0065 |V |=0060 |V, |=0.058

V.| >0.06

16



Electroweak precision global fit
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Electroweak precision global fit
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Electroweak precision global fit

Measurement with
Total error

SM4

Chanowitz’ Fit

SM4
Chanowitz’s Fit

I rrepmduce ':l

A
i 2 plept o~
sin HE51[C%
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mw :GE'\-

had
FE /

0.02758+0.00035
91.1875+0.0021
2.495240.0023
41.54040.037
20.767x0.025
0.0171420.00095
0.1465+0.0032
0.1513+0.0021
0.2162910.00066
0.1721£0.0030
0.0992+0.0016
0.0707x£0.0035
0.92340.020
0.670£0.027
0.232440.0012
172.6+£1.4
80.39810.025

0.02732

2.4988
41.487
20.726
0.01592
0.1457
0.1457
0.21547
0.1723
0.1021
0.0729
0.934
0.667
0.23169
172.3
80.413

0.02732

91.1875
2.4983
41.489
20.716
0.0160
0.1459
0.1459

0.21549
0.1723
0.1022
0.0730
0.934
0.667
0.2317
172.3
80.410

as(mz)

0.1186

0.1186

Mg

810

810

834 = 0.15

834 = 0.15

AT = 0.48

AT =049

AS =0.15

AS=0.15

Y2 =20.9

- =214

Use m., m, Aa5, a,,m,

to fit 17 observables

12 degrees of freedom
to each four-family fit.




Electroweak precision global fit
Using ZFITTERG.4.2

Best global fit

A | ower bound
from D-D mixing

Fix V* V, =0.006¢e"
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From B (K — m°vv) to sin 20,

Current Bound
B?(K — m’w) <6.7 x 10 °

KOTO(E14) will have a three-year run beginning in 2011.
Suppose B (K — m'vv) ~1.00 x 10 ®

There will be O(100) events observed.
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From B (K — m°vv) to sin 2,

t's

~ N IQds
Vud Vus Vub Vub' ViV = M &

V V V V
v vts v V.
Vt,d 0.06675 -0.10 Vt,b,

V. = - 0.003167 e "¢
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From B (K — m°vv) to sin 20,

G+ Mimp
1272
x (\y + Rpp) So(z ).

fABpn(me, My)

Take R _ real for illustration and m,_ =460 GEV

real Ky p scenario
B(K1 — n'vir) = 1079
cx = 2.220 x 1073
rp=91x10""

my = 500 GeV A2 = (R.017 +2.1424) x 1077
my = 460150 GeV [[\2 + Rpp| = (16.157159) x 10~
Vorp = —0.10 sin 2&p = 0.13370 014

I.-"rz'".s — —(.06 E_'!_.”E'L. C0s E"‘T‘D — il[:'ggl_” :bllllr:lI
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Conclusion
For f VB_=266(18) MEV, m =500 GEV

I. For V* V =0.006 €™, |V,|<0.13 0on Z— bb,
IV..[>0.06 on D-D mixing , best global fit at |V [=0.08

1. sin 29, ~—0.33 € [0.00, —0.40],

Larger m, implies larger sin 2®,

III. Future measurement B(KL — TOVV)

and Sin 2@y can determine V., _.
26



Back

Up

27



(0.00,15.8)
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180 270 360

¢’.5'£.1

r = 0.006,
¢, =75
sin2@__=-0.33
(central-value scenario)
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facility in Frascati and K — vV experiments like NA62 and KOTO.

I(JP) =

[, J, Pneed confirmation. Quantum numbers shown are quark-model
predictions.

Mass m g = 5279.50 + 0.30 MeV

mgo — mg= = 0.33 + 0.06 MeV
Mean life 7 go = (1.525 £ 0.009) x 10712 s
cr = 457.2 pum
Tg+/Tgo = 1.071 = 0.009  (direct measurements)

0.657=0.036 =0.012 0.643 = 0.038
0.694 =0.061 =0.031 0.641 =0.057

C. Amsler et al. (Particle Data Group), Physics Letters B667, 1 (2008)

S, w(ns) k0 (B® = J/%(nS)KO) = 0.658 + 0.024 30




From x, to B (K — m'vv)

Short-distance dominance limit (R _=0)
and m_=460";, GEV

 GE:Mimp

?L ,ﬁ,E 7] |. .. A IH'.::I
1 .'l---... Ly LI Y ,

x (Ay + Ram)So (),

MMy = WHLI {TE‘\

my = 46075, GeV

exp
% D

B(K — m'w) = (0.4~1.0) x10 °




0.00045

0.0003

0.00015

In the long-di: )

% 10~*. Then we can see that B(K; — 7"
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It 1s interesting to ‘:{:{: what are the implications fc 11‘ the
CPV decay K — w"viz. The formula for B(K; — n"vi)
is analogous to Eq. L]ﬂ[}, except [13] the change of £ to

(2.12 +0.03) x 10719 x (|V,.]/0.224)%, and taking

:::»1113_.-' the imaginary part for the various CKM products.
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(MY
—_— c =0.06,+0.10, (lo)

—0.11,+0.08] (la),

—0.30,+0.30] (9
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