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tion between the first and second generation of quarks, the Cabibbo-Kobayashi-Maskawa matrix
(CKM) element |V, and tests charged lepton universality, the assumption that all leptons have
the same coupling strength to the gauge bosons.We present the recent measurements of 7 decays
from BELLE and BABAR and the improvements in determining |V,s| and testing lepton universal-
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1. 7 Decay Measurements from BELLE and BABAR

The general strategy used at B-Factories to select clean sample of TH7~ events is to split
the event into two hemisphere using the thrust in the CM frame. One hemispheres is required
to have an isolated electron or muon from T — eV;V, or T — UV;V, to tag the event, while the
other hemisphere, the signal hemisphere, is required to decay hadronically. Particle identification
is applied to the charged tracks and selection of s, s and 1s are applied to identify the hadronic
decay mode.

The BABAR Collaboration has published a measurement of BR(t~ — K~ 7" v;) [1]. This anal-
ysis used a lepton tag with one well reconstructed 7° and one kaon identified in the signal hemi-
sphere. The branching fraction was measured to be BR(T~ — K 7n°v;)=(4.16 £ 0.03 £ 0.18) x
1073,

BABAR and BELLE have both measured 7~ — Kgir_ V¢, where the BABAR result is preliminary
[2] and the BELLE result is published[3]. In this analysis, the signal hemisphere was required to
contain a Kg reconstructed from a 71 7~ pair and a bachelor pion. In the T~ — Kgir_ 7%v,; channel,
the signal hemisphere was also required to contain a 7£° reconstructed from two photons[2]. BELLE
measured BR(T~ — Kom~ v;)=(8.08 £ 0.04 + 0.26) x 10>, while BABAR measured BR(T~ —
Kom~v;) =(8.40£0.04£0.23) x 1073 and 7~ — Ko~ 7°v,=(3.42£0.06 £ 0.15) x 1073.

Both the BELLE and BABAR Collaborations have measured T~ — h~h htv; where h has
been identified as a pion or kaon[4, 5]. After selecting the event with a leptonic tag and three
charged tracks in the signal hemisphere, particle identification was applied and a matrix technique
was used to extract the branching fractions shown in Table 1. The BABAR paper also measured
BR(t™ — T~ ¢Vv;)=(3.424+0.554+0.25) x 107>, BR(t~ — K~ ¢v;)=(3.394+0.204+0.28) x 107>
and BR(t~ — K~ K~ K*tv; [ex. §])< 2.5 % 1076 at 90% CL. whereas BELLE measured BR(t~ —
K~ ¢v)=(4.0640.25+0.26) x 10> in [6]

Table 1: The measured T~ — h~h~hT v, branching fractions.

Decay Mode BELLE BABAR

BR(T™ = mtve [ex. K] (8.42£0.01703%) x 1072 (8.8340.01+0.13) x 1072
BR(t™ = K m mtve [ex. K] (3.30£0.017)15) x 1073 2.734£0.0240.09) x 103
BR(t~ > K 7w Ktvy) (1.55£0.010709%) x 1073 (1.346£0.010+0.036) x 103
BR(t~ — K"K"K*v;) (3.29£0.17030) x 1075 (1.58£0.13£0.12) x 1073

o~~~ —~

Recently, the BELLE collaboration has published a paper on precision measurements of T
decays containing an n[7]. In this paper, the signal hemisphere and 7° and 1 are reconstructed from
two photons, where the T~ — K1V, used the additional ) to 7~ 7+ 7° decay mode. Using a fit of
the 17 invariant mass, BELLE measured BR(T~ — K~ 1v;)=(1.48+0.0540.09) x 1074, BR(t~ —
K 7°nvy)=(4.6+1.1£0.4) x 1073, and BR(t~ — K’ N v;)=(4.44+0.7+0.2) x 1073, For the
T~ — K*(892) " nv; decays the ns are selected within a mass window, and a fit is applied to the
K27~ and K~ x¥ invariant mass to extract BR(T~ — K*(892) " nv;)=(1.3440.124+0.09) x 107*.

The BABAR Collaboration has recently published measurements of the one prong decay chan-
nels: T — eviVe, T— UVVy; T— vy and T — Kv; [8]. This was a blind analysis that used a
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T~ — n- - Vv, decay to tag, instead of the typical leptonic tag, and required an isolated sig-
nal track in the signal hemisphere that was topology consistent with coming from a one prong
T decay. A high purity selection is achieved by applying a tight particle identification criteria
to suppress cross-feed between channels and other 7 backgrounds. The backgrounds, cross-feed
and particle identification are carefully estimated using a variety of Monte Carlo and data con-
trol samples. To reduce systematics that are common between channels, BABAR measured the
BR(t — pv;vy)/BR(Tt — ev;V,) =(0.9796 £0.0016 & 0.0035), BR(T — 7tv;)/BR(T — eV;V,)
=(0.5945+0.0014£0.0061), BR(t — KVv;)/BR(T — eVv;V,) =(0.03882+0.00032 £ 0.00056) and
BR(T — Kv;)/BR(T — mv;) =(0.06531 £ 0.00056 + 0.00093). Using the world average BR(T —
eveV,) =(17.82+0.05) x 1072, the branching fractions BR(T — uv;v,) =(17.46 +0.09) x 1072,
BR(t — 7v;) =(10.5940.11) x 1072 and BR(T — Kv;) =(6.92£0.12) x 10~ were determined.

2. Cabibbo-Kobayashi-Maskawa matrix element |V,| from 7

The CKM matrix element |V,| can be determined from 7 decays using multiple techniques.
One technique to extract |V,| from 7 is to use flavor breaking difference with Finite Energy Sum
Rules to extract |V|:

Rr,strange R‘L’,nonstrange -5
5 D) - R’L',SU3 breaking
|Vus| |Vud|

where Re srange = I'(T™ = Xgrange V1) /T(T — eV V,) is the strange hadronic width, Rz onstrange =
(T~ — Xnonstrange V1) /T (T — eV V,) is the nonstrange hadronic width and ORz su3 preaking 1S the
theoretical SU(3)flavor breaking correction determined using Operator Product Expansion (OPE).

Using the HFAG values shown in Table 2, which combine the recent measurements from BELLE
and BABAR with previous 7 results, one obtains |V,s| = 0.2188 +0.0023. The FESR approach
for extracting |V,| has theoretical errors which range from 0.23%-0.47% depending on the FESR
weight. This is the smallest theoretical error of the 7 decay methods and smaller than the theoretical
error from Kj3 decays (0.58%)[9] and K}, decays (0.5%)[10]. If the strange branching fractions and
spectral functions are updated with the data currently available at BELLE and BABAR this method
has the potential for making the most precise measurement of |V,| [11].
Another method which can be used to determine |V,| from 7 decays is from the ratio:
2 2 (1 — mi()
BR(t — Kvi) _ fig|Vis| m
BR(t = nv:)  f2|Vial® (1 _ m_>

2
m‘f

5 (14 61p),

where fx/fr = 1.189 +0.007 [12] is determined from lattice QCD, |V,,4| [13], and the long-
distance correction d;p = (0.03 +0.44)% is estimated [14] using corrections to T — hv; and
h — pvy [15, 16]. This method is orthogonal to the inclusive sum of strange 7 decays approach
and has a theoretical uncertainty of 0.5%. Using this method, BABAR [8] determined |V,| =
0.2255 £0.0024. This value is consistent with CKM unitarity [13] and 2.5¢ higher than |V,
from the inclusive sum of strange T decays.

A third method for determining |V,,| from 7 decays is from the BR(t~ — K~ v;) directly.

G2f2|V |2m3r m 2
BR(T = K v.)= fJKU"ust P2t (1 _TK ) g
( T) 167Th m% EW,



9—KK°

BR(1~ = K~K°Kvy) from 17 — KK~ K* v x {55¢=

0.0015+0.0001
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Table 2: The current status of the branching fraction for the strange 7 decays.

Decay Mode Branching Fraction (%) BELLE  BABAR

BR(t — Kvz) 0.697+0.010 (8]

BR(t~ — K~ 1%V;) 0.431+0.015 (1]

BR(1~ = K~ %70V, (ex. K0)) 0.060 +0.022

BR(t~ = K~ n%7%72%v; (ex. KO, 7)) 0.039+0.022

BR(t~ = K%~ vp) 0.83140.018 [3] 2]

BR(t~ — K97~ 7%;) 0.350+0.015 [17]

BR(t~ = Ko7~ 7%20v,) 0.031+0.023

BR(t™ = K%h~h~htvy) 0.029 +0.020

BR(t™ = K~ ntv; (ex. K0)) 0.294 4 0.007 (4] [5]

BR(t™ = K-~ ntn0v; (ex. K°)1)) 0.078 £0.012

BR(t~ — K~ nvy) 0.016+0.001 (7]

BR(t~ — K~ n7nv;) 0.005+0.001 [7]

BR(t~ — K'nrn—v;) 0.009 £ 0.001 (7]

BR(t— - K K K*tv;) 0.0024 + 0.0008 [4] (5]

Total

2.91(55) +0.05(10)

Branching Fractions from HFAG constrained fit [18] led.o.f.=135.2/l 15 CL=9.6%

Using the kaon decay constant fx = 157 +£2MeV [12], and Sgw = 1.0201 £ 0.0003 [19],

BABAR determined |V,,| = 0.2193 £ 0.0032. This method has a theoretical uncertainty of 1.27%.

Figure 1 shows a summary of |V,,| measurements, including the HFAG values of |V,;| for the

three methods mentioned above.

K,; Decays (FlaviaNet)
(0.2254+0.0013)

K, Decays (FlaviaNet)
(0.2252+0.0013)

Hyperon Decays
(0.2260+0.0050)

(t— K'v)/t— n'v,) (BaBar 2009)
0.2255+0.0024

©7— K'v, (BaBar 2009)
0.2193+0.0032

(v— K'v)/t— 1v,) (HFAG Fit)
0.2238+0.0021

7— K'v, (HFAG Fit)
0.2204+0.0032

v— v, s inclusive (HFAG Fit)
0.218810.0023

—@— Unitarity
0'21255i0T001 0

|
0.18 0.2

0.22

V|

Figure 1: A summary of |V,s| measurements. The FlaviaNet measurements come from [10], the hyperon
decays come from [20], the BABAR T measurements come from [8] and the HFAG results come from [18].
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3. Charged Lepton Universality

Charged lepton universality it — e can be tested using

8u : __ BR(T™ = pu7vyvy) f(m?/m3)
(5), = Brc s oy

where f(x) = 1 —8x+ 8x3 —x* — 12x?logx, assuming that the neutrino masses are negligible [21].
The BABAR paper [8] gives (g—‘:) =1.0036 +0.0020, yielding a new world average from 7 decays
of 1.0018 £0.0014 [18]. Figure 2 shows the current status of ( — e lepton universality.

T-U universality is tested with

2
(g_r>2_BR(r—>hvr) 2mymy, Ty (1—mﬁ/m;2,>

gu/, - BR(h— uvy) (14 8)m3 70 \ 1 —m}zl/m%
where the radiative corrections are 6z = (0.16£0.14)% and 6k = (0.904+0.22)% [15]. BABAR [8]
determined (g—“) ) = 0-9836 50,0057 (0.98270.0086) and (57) = 0.9850:0.0054, where
T

the world averaged mass, lifetime values and meson decay rates were taken from [22]. A summary
of 7-u universality tests are shown in Figure 2. It is interesting to note, that the measurements of
(5—;) i for both kaon and pions are low compared to the HFAG values from the constrained fit and
Standard Model expectation.

(W= uv,)(W - eV,) (LEP EW WG) i g"‘(’);;f"r)/(w - W) (LEPEWWG) e
(0.997+0.010) : (Tt > evy, )xr£/1: i
I : 1.0006+0.002 !

(K— nuvu)/(K—> nev,) (FlaviaNet) i (¥ > TV - W) .-.4:.
(1.0010+0.0025) H 0.996:+0.005 H

; (T > Kv)I(K —> v, ]
(K— uv J(K— ev,) (NA62,KLOE) o 0.976-0.017 w ——
0.9980+0.0025, : (v - Kv )/(K e WwV,) (BaBar 2009 :
¢ ) : 0.9827+0.008 ! Lo |
(n—> uv,)/(n— eV,) (TRIUMF,PSI) e (Ton VT)/(n — Wuv,) (BaBar 2009) _
(1.0017+0.0015) : 0.9856+0.0057 |

: (v > e'v.v,)xt, /1. (HFAG Fit) k.
(T WVII(T— ev.V,) ._‘_| 1.001 0i0.0021 :

i (V= Kv)(K —»uv,) (HFAG Fit)
(1.0000+0.0020) : 0.9860:0.0072 . —
(T Wy (v ev.y,) (BaBar 2009) (T > v )(r — pv,) (HFAG Fit)

—— 0.9966:+0.0030 "‘.
(1.0036+0.0020) (¥ — hv /(W — u'v,) (HFAG Average) |

(T WVF(T— eV7,)(HFAG FIT) : 0.9950+0.0028

P—e— HFAG Average 5

(1op19:00014) | | L 0.9989+0.0017 |

0.98 0.99 1 0.9 1
g /g, /e,

Figure 2: (left) The current status of g, /g. lepton universality measurements. The HFAG average is the
weighted average of previous T results with the recent BABAR g, /g, measurement. (right) The current
status of g¢/gy lepton universality measurements. The HFAG values are presented for: g;/g, determined
from I'(~ — Vi V,) X T, /7 using the HFAG fit for 7= — e~ VVe; (gc/gu) , using the HFAG fit value
for 77 — vy (gr/g#)K using the HFAG fit value for 7~ — K~ v; the average of the HFAG (gr/g#)h
values; and the HFAG average for 7 decays.
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