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Introduction

® B factories are also T factories

0 ..=0.9nb, 6 gg=1.1nb
® Belle has recorded over 1000 fb'! of data, while
BaBar has 531 fb!.

® Have produced a wealth of T physics results:

Much improved constraints on Lepton Flavour
Violation

Precise measurements e.g Branching fractions, T mass

|V, [ from strange hadronic T decays
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/ e e— collidin
- g at centre-of-mass energy
Belle & BaBar ;.

Belle De}ector

S BqBﬂdetectorl
AN

Aerogel Cherenkov cnt.
n=1.015~1.030

! Muen/hadron Detector

. Tracking Chamber | Magnet Coil

1/ K, detection
14/15 lyr. RPC+Fe B support Tube

- Vertex Detector . Cherenkov Detector

S vtt det. :\
3 lyr. DSSD

. Electron/photon Detector

For this analysis: SVT+DCH important for secondary vertex (K%)
Cerenkov detector important for /K separation
Calorimeter important for TtV identification/ electron tagging

Outermost muon detectors needed for ‘tagging’
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CKM Matrix element |V, |

® |V, | is one of the largest off—diagonal elements of the

CKM matrix
‘ ud ‘ s
V.= | Vea Vi
CKM - N
‘ tcd ‘ ts

‘ ub
‘:'b
Vi

* Can use unitarity constraint of CKM to determine |V_|

| ‘Vud ‘2 +‘Vub ‘2 +‘Vus ‘2

Vud = 0.97425%0.00022

— 1 (Towner Hardy 2009)

Vub = (3.93£0.36)x10-

® Leadsto |V | =0.2255 = 0.0010
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" Other methods to determine |V | h

KLl3 decays: - -

f_'_ (g+
- = TL o ; T . -
T e To0 = Vil £y (0)

KLZ2 decays:

= 7 d .
K+ M ot .>’\_/<!7 — M Fic
i £+ U ¢t [ Vaual F'x

Hyperon decays:

74
_ £ o
=0 ,EE.; o — Vs £1(0)
S S
T decays:
— d = dcos O + s sin O
, >\‘<‘T C |
v (73

Example of a T decay to a hadronic
strange final state

(courtesy of S.Banerjee, Kaon07)

r

Cd'=dV,, +sV,.

s quark is a representation of the d’ u

state which has V,, dependence:
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|V,s | determination from inclusive decays of 7z — Xv

Indices refer to spectral moments

-00 is unweighted difference of
decays widths between strange

and non-strange

Obtained from Operator
Product Expansion, & Finite

Energy Sum Rules

N\

ROO

r,strange

[Vis [

— R0

[V, |2 +0R%

T,non-strange 7,theory
SU(3) tlavour breaking
['(z~ — hadrons™v.) term - < 0.1 x RV
—_ t/ _
Rr o - T Rr,strange + Rr,non—strange

['(z”-—>evy,)

" Inclusive BR have generally\
smaller QCD theory

\ uncertainties
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Can use measured branching

fractions directly as input
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Strange branching fractions

(S.Banerjee, ICHEP 2008)

hadronic system in T — Xsv ICHEPO& averages (%:) References

K~ [from T decay] 0.690 + 0.010 PDG 2006 + BaBar 2008 prelim.
[indirect, from K 5] (0.715 + 0.004) Gamiz ef al., PoSKACON:008,2008

K=" 0.426 + 0.016 BaBar 2007

KYa™ 0.835 = 0.022 (5 = 1.4) Belle 2008, BaBag 2008

K~ a0 0.058 + 0.024 PDG 20086

Koaln 0.260 + 0.040 PDG 20086

K—mm* 0.273+0.002+0.009 Phys.Rev.Lett.100:011801,2008

[EB.?E'}_ (est'd) 0.074 +0.030 ALEPH 2005

K{(1270) - K~ w 0.067 £ 0.021 ALEPH 2005

mdﬁ}‘ (est'd) 0.011 + 0.007 ALEPH 2005

K™n 0.01620.0510.09 Phys. Lett.B672:209-218,2009

K™ n 0.013+0.12%+0.09

K¢ 0.0037 + 0.0003 (& = 1.3) Belle 2006, BaBar 2007

TOTAL 2.8447 + 0.0688

(2.8697 + 0.0680)

Improved BaBar 7= — K.z 7 presented in the following
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Measuring © > Ksz 7'y,
(S.Paramesvaran, DPF 2009)

2
S
]

IIIIIIIIIIIIIIIlIIIIIIII

Lepton tag used to identify one

Data

* . BABAR

preliminary -

hemisphere — other hemisphere Tkt

contains signal particles 1000

—
A A A A A
o

Momentum of 70 is within 90
degrees in CM frame of Kgﬂ_

2
S

Events / (0.055 GeV)
2

8
=

8
=]

Requirement of 19 energy to be

greater than 1.2 GeV — signal % T - 3 5
CMS n° energy [GeV]

purity = 939%.

B(r —>K'7 7'v,)=0.342:+0.006(star.) £ 0.015(syst.)
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Measuring r - Kz z,
(S.Paramesvaran, DPF 2009)
384 fb!

Tau Monte Carlo - — -
hadronic invariant mass ~ |S seep I e E
. . . . (&) C . : KEE-K E
distributions tuned with & oo BABAR : _T_:%‘; s
data; this also reduces S sk T S E
E N + —— Other ]
the systematic S .oof ++H+ [ onsevents :
"] - _
uncertainty associated - mf_ [ E
with the hard S
. h 0 063264 06 08 1 1544 Te is 2

requirement on the 7 M(Kgn:“) [GeV]

energy.
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Measuring strange t decays with n

Phys.Lett.B672:209- ) ) _ _
218,2009 T—Knv T —-Kninv

; ' 60 —
490 b ol ﬂ* |
For == > Knv - {j‘+ 40;{ { h
kL N
. 20 ;

Fort” > K z’nv | %“# J g + M *
N> | nar=0824 A o g-00g ¥ Y

0.4 05 06 0. 04 . .

Myy (GeV/c?) M yy (Gev/c?)

B(r > Knv.)=(1.58+0.05+0.09) x10™ 7>
B(r" > K z°nv.)=(4.6+1.1+0.4)x10"° @

BELLE
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|V, | update (@ Lusiani icFp 2009)

K., decays
(0.2246 + 0.0012)

K, decays
(0.2259 = 0.0015)

Hyperon decays
(0.2260 = 0.0050)

Unitarity
(0.2255 + 0.0010)

T inclusive
(0.2151+ 0.0026)

t inclusive (indirect 1
(0.2161+ 0.0025)

|—.—|

e 3470

0.18 0.10 0.2

Vus from strange tau decays

0.21 0.22 0.23

S. Paramesvaran

Using the following
information:

V,q —Towner Hardy 2009

M, (2GeV) =94+6 Gev
(M Jamin et al 2006)

R =0.240+0.032

7.theory
(Gamiz et al. 2007)

Branching fractions from
ICHEP 2008, but includes
updateon 7 —> Kgﬂ'_ﬂ'OVT
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Alternative |V | determination

arXiv:0912.024)

* Can also obtainV through the Branching fraction ratio

between :

T v-:

u

W- vus S
K-

s § Vz
wW- <Vud d
-

u

Bz >Kv,) f¢

V,. [ (L-mZ /m?)?

B(z" >7z7v,) - ff

V. =m? ma)E o)
ud T T

Short-distance electroweak corrections cancel
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Measuring branching fraction ratios in

1-prong vs 3-prong events

Select events with 3-prongs on the tag side, and 1-prong on the

signal side

e L(S)

Hadronic Tag n ‘\0‘__" ’ Signal
g

sefulm/K
Blmd Measurement L

B(t »uvyv,) Bt —-mv,) Bt —Kv,) |Brt -Kv,)
B(t"—evyv,)) B —evyv,) Bi —evyv)| B —av)

By measuring ratios, benefit from systematic uncertainty cancellation
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Branching fraction results (v.roney cipanp 2009)

1 _
T g Vv, T >Kv,
= z:; ;; t‘, = :;::';:.(f:"v: e 1
— iy KK, K, (5.945:0.014+0.061)x10-
Bl non-t B non-x
jwes.  BABART 3 oo
s - (3.882+0.032+0.056)x10-2
T E § ™% E
o T \ (6.531+0.056+0.093)x10-2

Event2/(0.1 GeV'e)

Events/(0.1 GeV/c)
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[Ty T K~
Particle ID 0.32 0.51 094
EMC & DCH response 0.08 0.64 0.54
Backgrounds 0.08 0.44 0.85
Trigger 0.10 0.10  0.10
7~ 7 m " modelling 0.01 007 027
Radiation 0.04 0.10 0.04
B(r™ — 7~ 7w, 0.05 0.15 040
[ — 0.02 0.39  0.20

Total [%]

0.36 1.0 1.5
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|V, |update from 22" %)

B(z" > 77v,)

. decays ) Compatible with unitarity
(0.2246 £ 0.0012)
K,, decays ‘e
(0.2259i' 0.0015) B(T_ N K_VT) _ fKZ |Vu3 |2 (1_mi /mf)z (1+5 )
gt pecats —e— | B ) N Gommy
Unitarity ®
g f./f_is obtained from
tinclusive = :
(0.2151 + 0.0026) |attlce QCD
02161+ 0.0025) ) (E.Follana et al. PRL 100,
Z branching frac)tion ratio - 062002(2008)
0.2255 £ 0.0023
018 018 02 021 022 023 Vi from super-allowed

Iv.|  betadecays
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Conclusion

B(r > Kv.) . V.=0.2255%0.0023
B(zr">7zv,) o
7 — s(inclusive) > V_=0.2151x0.0026

® |V, |from strange T decays results in 36 discrepancy from
unitarity — however modes still to be measured by BaBar and

Belle so discrepancy could go away — next dominant mode (R37Z’)_

o If discrepancy doesn’t go away then may have to consider FESR
| V| which deviates from unitarity, and other methods of

measuring | V.. |
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