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Belle & BaBar experiments
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10 years of B-factories

BaBar : total 557 f» ™
Belle : total 946 f» ™
Belle + BaBar : total ~1500 /5 ™

: i : i 946 fb-1
1000 [ STy [ proTTTrTTTTmmmmmmmm 1
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1500fb1 ~ 1.4X10° t pair events!
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Decay Mode

Experirmaent

Refaerence

Result

(T — K W (T — & W w) BaBar (0. 03882 = 000032 + 0O.00056)
la,/a,]l=(0.9836 * 0.0087)

T — 779w BaBar (0. 416 + 0. 003 = 0. 018) x 102

T —= K9 11w BaBar (0S40 = O.004 = O.023) x 102
Belle (0. S08 = 0004 += O 026E) x 102

[ — < v exal kKO [BaBar | |0 272 + 0002 =+ 0.00O9) x 102
Belle EPSZ2009 (0. 328 = 0002 = 0.012) x 107

r— < ™ w BaBar (1. 346 = 0010 = O 03I6) x 103
Bella ERPSZ000 (1.53 = 001 = 0.05) x 107

[ — < ™ v BaBar (1.58 = 0. 13 = 0. 12)x 105
Belle ERPSZ2000 (262 = 0.23 + 0.22)yx 107

F— < @ v BaBar (3.39 + 0.20 =+ 0.28) x 105
Belle (4. 05 += 025 + 0.26) x 102

T e BT R W Belle (1.56 = 002 + 0.09) x 103

T — K~ K TT (2.39 = 0. 46 + 0.26) x 10

T 0.09)x 10

T —

T —

Decay Mode

(T — TT wI(T — & ww)

|T‘ — 1 % v

+ 1.5 (exp)x2.6 (BR) x 2.5 (isospir

|T_—=-'I_|'_ ™ T v (excl. Kg?) 0.13) x 1072
Belle EFS2009 (8. 42 + 0.00 = 0.24) x 102
T —TT T2 W Belle (1.35 +0.03 + 0.07)x 1077
E;r:;‘g]‘v' (Second Class Belle EPS2000 (4.4 +1.6x0.8)x 107
=7.3x10° @ 90% C._L.
T — f,(1285) 77 &nu BaBar (319 +0.18 = 0.16 = 0.99) x 104
T‘—»f1{1285}1—r‘v—=-21—r‘1—r+r‘|v BaBar (111 =006 = 0.05) x 10~
T — 27T 7T M w BaBar (160 + 005 +0.11)x 102
Curreng =~ (Second class Belle EPszo09 (-0.47 *3.97 _ __+0.26)x 106
= 65.1x10°% @ 90%% C_ L.
T — 717 N’ v {Second Class 5
Current) BaBar =72x10°% @ 90% C.L. B
T — 17w v (Second Class . . B5C
Current) BaBar http://www.slac.stanford.edu/xorg/hfag/tau/index.html ™
i A BaBar [iz.az + 0585 + 0.25yx 10°°




‘Hadronic decays of tau lepton

= The only lepton which can decay to hadrons

o Rather large mass (1.78GeV)

o Clean initial state - single t pair decays decide
the kinematics

= Test of CVC and evaluation of a, from spectral
function.

= Measurements of important physics
quantities : V., m, o

2.8% = Look for leptonic CP violation (NP)

Cabibbo supp

3
&

Cabibbo allowed

H C
4 [ ¥ -
4= C 0 E"=

Lid
Mumber of ]

Have been waiting for enough _
statistics from B-factories T S T IR
(especially, to measure strangeness decays)
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Hadronic t decay programs

Non-strange final state
o t—nnv, t—n'nv. : Second Class Current
Q

Q

Strange final state

—>Knv, , T=KnXv_

3-prong : t—=h*h*hv_ (h = &,K)
V . measurement

V. using I(t—Kv )/l (t—nv.)

o 0O o0 0o O

Other researches

g
g
g

Myeonglae Lee (SNU), "Hadronic tau decays", WINO9, Sep. 15, 2009.

* “Blue” will be presented
In this talk
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Analysis of hadronic t decay event

Features of t pair decays : Low mult., Large P, missing E, . and P,

Main backgrounds Discrimination
Bhabha, dimuon (ete*— e*e”, u*u’) | Reconstructed total energy, momentum, multiplicity
Continuum (e*te"—qq, q=udscb) Event topology, thrust, invariant mass, multiplicity
Two-photon Small transverse momentum, M, i< Pmiss F€CON.
Beam background Quality of decay vertex
Other tau decays Efficient reconstruction of signal mode
L

Typically, require pure leptonic sign Eilﬂ\\S\//Z: ) Signal side
decay in the tagging side 5 S/ L
In many cases, n/K separation is wft‘ /
very important o
Estimate the tau decay background <& ./°
from the MC, or the sideband of wr
resonances tagging,’ \ 2 | si and

side 4 e ytag si

Veon V Tagging side are divided

by P,

e,
Myeonglae Lee (SNU), "Hadronic tau decays", WINO9, Sep. 15, 2809.



t—nnv, . Second Class Current

15t Class Current : PG(-1)! = +1

o 6 =0—(n), 1*(p), 1*(ay),...

2" Class Current : PG(-1) = -1

PG = 0*(a,), 1**(b,),...

S.Weinberg (PR112:1375 (1958))
Should be suppressed by

isospin symmetry in SM o« (my — m,)
IP6(t—nnv,) = 0, B(t—nnv,) = 10° ~ 10
Main background : All T decays containing n

QO

QO

QO

QO

QO

All measurements

Mode BF (x104) Mode BF (x10-5, @90%)
by Belle Collab. TNV 13.5+ 0.3+ 0.7 KK'nv <0.45
(PLB672,209(2009) | Kmv | 1.58+0.05£0.09 | = K°nv <2.5
‘g » ¥ | K'nv | 0.46%0.11+0.04 K-nmv <0.3
] | < | 044:0.07:0.03 | Ty <0.74

Experiments | B(t—n=nv ), 104
@95% C.L.

MARK3 <250 (@90%)

CLEO, 1987 <180

ARGUS, 1988 | <90

CLEO, 1992 <3.4

ALEPH, 1997 | <6.2

CLEO, 1996 <1.4 (PDG avg.)

BELLE
Myeonglae Lee (SNU), "Hadronic tau decays", WINO9, Sep. 15, 2009.
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# of events/ 2 MeV/c<

D

Analysis of t—nnv_(n—3n) <O

With standard event selection + M(4n)<1.2GeV ...
Belle Preliminary (EPS09)

L fo e - SIGNAIFEBG Ity
600 | T el T i R N_ |~620M (670 fb?)
[] t=an’nv 4 + T + :
4 Nfit | 749+ 62
400 [1 =Ky _
_ Nsig | 191+ 69
200 Signal component =
Accumulated from fit (n candidates) | BF (4.4+ 1.6+ 0.8)x10
0 | BG hist (2.40)
0.5 052 054 056  0.58 0.¢ or 7.3x10~> @90% C.L.
M, (GeV/c?)

Belle Preliminary (EPS09)
Other SCC study : T=n'(958)v. | M (GeVic) |
o BF < 6.1x10-6 @90% C.L. (Belle) |
o BF < 7.2x107°@90% C.L. (BaBar)
(Phys.Rev.D77:112002,2008)

"region
- 670fb™ - 1bin=sMeV

092 096 = 1[GeV]
Myeonglae Lee (SNU), "Hadronic tau decays", WINO9, Sep. 15, 2009. p.9




Strange final state decay of t

B-factory detectors have a good n/K separation
o Useful to discriminate Cabibbo-suppressed decay

Rather small BR for strangeness decays
o Need large statistics for studying suppressed decays

For V . measurement
o Inclusive measurements of t—s decays

o Strange spectral function and simultaneous fit on V . and
m, : need enough statistics and measurements

o 1 decays are the most clean environment to measure V..
Uncertainties are dominated by experimental error.

Myeonglae Lee (SNU), "Hadronic tau decays", WINO9, Sep. 15, 2009. p-10



‘ V . measurement
/Vud @ Vub\ - L] Ve \
V: Vcd Vcs Vcb - - - i

Ma Vs Vi) )

{s
= Estimate from the unitarity condition :
Vg2V 2+ Vl? =1 = |V, | = 0.2255+ 0.0010

= From K,; decays or From K,, decays
\Y s \% 2
HQL R Yz i@ se Vil Jx
— — oC oC B
u us — — 2
Ko 3 ’d 42 - Sb/\/\/<2’+ Vi | Jx
V| = 0.2247+ 0.0012 V.| = 0.2261+ 0.0015

Good agreements with Unitarity !

Myeonglae Lee (SNU), "Hadronic tau decays", WINO9, Sep. 15, 2009. p.11



V . measurement from t decay

['(z~ — (hadrons) v.)

R, = I'(c-—>evy,) - R

+R

7,noN-strange r,Strange

Measured from the branching fraction
and invariant mass spectra

RW

2 — 7, strange
|Vus| _ W 2 W
R T, non—strange/ |Vud| - OR T

|V 4l is well measured from super allowed 0*—0* beta decay
SRY_is determined from Finite Energy Sum Rule, and is
relatively small (srRY, ~ 0.06 x RV | crange/ IVual®* £ 10%)

1 - BF(t—evv,) - BF(t—uvv.)

R = BF(1— EVVT) = Rr,non-strange

: inclusive measurement of strange decays is required.

+ R

t,strange

Myeonglae Lee (SNU), "Hadronic tau decays", WINO9, Sep. 15, 2009. p.12



‘ Listing the strange decays : T —K.'v,
M(K*0(892)) = 895.47+ 0.20(stat)+ 0.44(sys)+ 0.59(mod) MeV/c?

M(K'0(892)) = 42.2+ 0.6(stat)+ 1.0(sys)+ 0.7(mod) MeV
(PDGO7 : 896.00+ 0.25 503+ O6i

T Be!e,PRD 54 (2007)

Sample c Signal
BaBar, o, | 5 Iﬁ\ -
Preliminary g Wl 10 W koK
; A ' B nonat
(TAUP3I Non s red : signal fit
o

e Non t-events . ) 10
4

e @ 102;— + , | g vackground
C s | 2

3.4 0.6 0.8 1 1.2 14 1.6 1.8 2 10 A E]f#]fﬂnn

K mass distribution [GeV] 08 1 12 14 16 -

M. (K.x) GeV/c - (K mode)

N._. £ Nsignal | BF (%),B(t—KOtv.) T Fe

= 2 B(r K r =

Belle |[310M | ~5.8% | ~53k |0.808+ 0.004+ 0.026 —_ {m,
BaBar |350M |~1.1% |~33k | 0.840+ 0.004+ 0.023 |— u
PDGO07 0.90+ 0.04 e | g

B(t-— K "n-v,)[%]



T -
“o
= qp L o
3 | L CLEO'94 -
8 | e (5.1+1.0+0.7)x10™
%1935‘ e ALEPH'99 —o—
] 3 (4.44+0.26+0.24)<10”
Yoozl ¥ OPAL'04 .
E (4.71:0.59+0.23)x10”
'E PDG'06 Avara%e ——
=10 | (4.54+0,30)=10
; BaBar'07 —o-
f (4.1640.03+0.18)x10”
T I L i | il i,
0406 08 1 12 14 16 18 2 TR S VR B T R T
M, o (GeV/c?) BR (x107)
N_. 211M (230 fb1)
c ~?2.3% Large BG from t—nn%_(BF~25%)
. cross-feed
| /NIBG ’
N=se/N 78k / 38k due to particle mis-identification
BF(%) 0.416+ 0.003% 0.018
PRD 76:051104, 2007 (BaBar)

Myeonglae Lee (SNU), "Hadronic tau decays", WINO9, Sep. 15, 2009. p.14



t decays with 1 : t—Knv_, T—=Knonv,

T>Knv,

0
T>Knnv,

' 2UU

,

200 .

i
100 M!{? W"

I

;

fm.d.f.=0.824 #*M&
S [ ! i |

60

|.l_l_l'.i."_l_l.l

40

!

20

3 2t’nr:if 098&#

D

|

BELLE

BeIIe,

PLB 672:209 (2009)

0.4 05

Myy

0L

06 0. 0.4

(GeV/c?)

M Yy 1GEfo ]

t—Knv, (n—yy, n—3n)

1—Knnv, (n—yy, n—3n)

N

TT

450M (490 fb1)

BF

(1.58+ 0.05+ 0.09)x10

(0.46+ 0.11+ 0.04)x10

BF (CLEO,1996)

(2.6% 0.5+ 0.5)x104

(1.77+ 0.56+ 0.71)x10

Myeonglae Lee (SNU), "Hadronic tau decays", WINO9, Sep. 15, 2009.
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r—hhthv. (h=r, K)

Four decay modes are correlated due to the particle mis- BELLE

identification, that one decay mode contributes to the BG of the

other decay mode
Large differences btw BFs make this cross-feed effect significant.

NOtherBG : Number of estimated backgrounds for i-th ~ @®=

true
N =

g_lij (ereC - NJcheI‘BG)

N.tve : Number of true signal events for i-th mode

N.rec @ Number of reconstructed events for i-th mode o

0.8 1 1.2 14 16

mode from non-3prong decay
¢ : efficiency migration matrix

Efficiency migration matrix € (%)

D

200

MeV/c?)

Events/ (10
o
[4:]

1000 TAT

oo !
KK=n

rec\true TNV 12>Knnv 12>KKnv
> nnny 23.0 7.6 2.3 0.73
12>Knnv 1.3 17.2 4.8 2.3
12>KKnv 4.1x102 0.47 12.9 6.0
1>KKKv | 5.0 x104 | 1.4 x10°2 0.28 9.4

Myeonglae Lee (SNU), "Hadronic tau decays", WINO9, Sep. 15, 2009.

1.5 16 1.7 18
M(KKr) [GeVic?]

» Efficiency : 10 ~ 20%
» Fake rate from nnw to
Knn is sufficiently small

p.16



Branching fraction of t—hh*hv_
D
<o

BELLE Branching ratio Nrec Nother / Nrec

t—nntny. | (8.42+ 0.01(st.)+0-26_ . (sy.))x 102| 8.86x10° 10.6%

Ky, | (3.28+0.01(st.)*016 (sy.))x 103| 7.94x105 12.2%

KKy, | (1.53+ 0.01(st.)*0-05 (sy.))x 103| 1.08x105 6.70%

—KKHKv, | (2.62+ 0.15(st.)*0-17 , _(sy.))x 105| 3.16x103 5.45%

Ntt = 613M, Belle, Preliminary (TAUO8 and EPS09)

Branching ratio Nrec
TNV, (8.83£ 0.01+ 0.13)x 102 1.60x106
Kty (2.73+ 0.02+ 0.09)x 10-3 6.96x104
KKy, (1.35+ 0.01+ 0.04)x 103 1.82x104
1K KK v 1.58+ 0.13+ 0.12)x 10-5 2.75x102 e o
: ( ) C s

Ntt = 314M, BaBar, PRL100:011801, 2008

Myeonglae Lee (SNU), "Hadronic tau decays", WINO9, Sep. 15, 2009. P17



‘ Branching fraction of t—hh*hv_

[ Branching ratio of t— Krnv decay I

[ Branching ratio of t— v decay I

(PDG 98) —— | (9.52+0.11) %
(PDG 00) —-— (9.18+0.11) %
(PDG 02) —.— (9.22+0.10) %
CLEO3 03 —e—— | (9.13+0.46) %
(PDG 06) = (9.02::0.08) %
BABAR 08 —— (8.8310.13) %
Belle 09 | —a— (8.42+0.286) %
85 9 0.5
|_Branching ratio of -— KKrv decay |
ALEPH 98 ———— | (1.630.27)x10°
CLEO99 | —e—— (1.45+0.31)<10°
OPAL 00 (0.87+0.69)x10°
CLEO3 03 —— (1.55+0.11)x107
(PDG 06) —— (1.53+0.10)x10°
BABAR 08 . (1.35+0.04)x10°
Belle 09 o (1.53:+0.05)<10°
x10°
1 1.5 2

DELPHI 97 —e— | (4.90+0.80)x107
ALEPH 98 | —e— (2.14+0.47)x 107
CLEO 99 —— (3.46+0.61)x107
OPAL 00 —_— (3.60+0.95)x10™
CLEO3 03 —— (3.84+0.40)x10°
OPAL 04 —— (4.15+0.66)x107
(PDG 06} —.— (3,33:0 EEEJQ'E
BABAR 08 - (2.73+0.09)x10°
Belle 09 - (3.28+0.16)x107
. . Jx10?
2 3 4 5 6
|_Branching ratio of t— KKKv decay |
ALEPH 98 <1.9:10*
CLEO3 03 =3.70:10°
BABAR 08 - (1 .Eﬂiﬂ.‘l?]:dﬂ'ﬁ
Belle 09 .- (2.62+0.23)x10°

%107

10 20 30 40

Myeonglae Lee (SNU), "Hadronic tau decays", WINOQO9, Sep. 15, 2009.



‘Mass spectra of t—hh*hv_

= Motivation
: to contribute to the evaluation of strange spectral function
= From the unfolding analysis
o Taking into account the smearing effect | | Removing detector
o Also the feed-down from other modes | effects and

. : get “real” spectrum
simultaneously considered ¢

Unfolding is a iy

inverse-problem for A;x,=b,
A : Response matrlx
X : unfolded spectrum
b : observed spectrum
(with other t decay BG
subtracted)

Al is obtained from
Singular Value Decomposition
techniques

S 0

Measured mass bin

Myeonglae Lee (SNU), "Hadronic tau decays", WINO9, Sep. 15, 2009. Generated mass bin i p.19



Mass spectra of t™—hh*hv_

G N/AN[YR (Normalized distribution)

Black point : unfolded spectra

gm_ %; + stat. uncert.
S oorsf s | Knn f '- Gray band : syst. uncert.
S ool £ ooar Red line : MC (TAUOLA)
" oonst Cwp expectations
e et P T P T ... | Ot 4 (NOrmalized to the unfolded dist.)
BF=8.42+ 0.26 % Mew) GVl BE-() 308+ 0,016 0 MK [0V
g ool T oo First unfolded spectrum for
2 oo 2 ol KKK Knn, KKn, KKK decays
S oo s | Clear differences with
S ool s theoretical models.
" oo " oo o Incorrect resonance
e o T o P properties?

BF=0.153+0.005 % MK Ve BE=(5 64 0.23)x 105 K9 eVl 0 Incorrect mixing parameter
New resonances?

Non-resonant decays?
Myeonglae Lee (SNU), "Hadronic tau decays", WINO9, Sep. 15, 2009. p.20



‘ (Semi-)Final V, . estimation (BaBar)

K,; Decays (KLOE+RBC/UKGQCD f (0))
(0.2247+0.0012) T
K, =, ,Decays (+lattice fﬁff"}
(0.2261:0.0015)

Hyperon Decays

1 Decays ['u'..r;I n:, pred, -— Kv, pre-2007)
(0.2225+0.0034)

r Decays [w[:r" meas. — Kv)
(0.215T7+0.0031)

1 Decays [wrl:"{". pred. - Kv)
(0.2171+-0.0030)

t Decays [wm. pred. - Kv)
(0.2149+0.0033+-0.0010)

t Decays [ﬁm. prad. ©— Kv)
(0.2154+0.0032+0.0015)

t Decays [w_n, prad. t— Kv)
(0.2156+0.0028+0.0022)

: Decays [W:J'E;, pred. -— Kv) Unitarity

(0.2144+0.00300.0017) 0, 2288400010

| | 1 | | | 1 1 | | | | | | |
0.18 0.19 0.2 0.21 \/b.zz 0.23
these points ‘use same data, different V.,

weight functions in FESR
(J.Roney, HINTO09 (2009, KEK))

Mode B(10~3)

K 6.81+0.23 )
= _0 = S

K 4.54+0.30—> g§

K'm 8.78+0.38 {B

K- n'n" 0.58+0.24

KO 7" 3.60+0.40

K-mta 330+028— D«

K™y 0.27+0.06

(K3m)~ (estimated) 0.74+0.30

K,(1270) - K-w 0.67+0.21

(K4m)~ (estimated) and K™y 0.40+0.12

Sum 29.69 + (.86

Using the updated BF
measurements and PDG
avg.

o Mass spectra are not used
3o diff "

Myeonglae Lee (SNU), "Hadronic tau decays", WINOQO9, Sep. 15, 2009.

unitarity!
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Independent measurement on Vus

Bt — Kv) B f}i

Vi |'2 (1 — -n._r.i- _..-"'-Hr@-.ﬁjﬁ

B(r — wv)  f2

f/f = 1.189+ 0.007 (

Vidl? (1 —m2/m2)?

_attice QCD)

Small (~0.03%) theoretical uncertainty can be

ignored.

Use |V 4| = 0.97408+ 0.00026 from super-
allowed 0+*—0* beta decay

An independent study has been done by BaBar

Myeonglae Lee (SNU), "Hadronic tau decays", WINO9, Sep. 15, 2009.
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BF(v — v} (x107?)

Vs
T>Kv, 11V Y S Yo
1 1 el S eluim/K
—_ -_ r -r— ']T i - -
[T NV, ] [T —>Kv, Tagglgg side  gjgnal side
~am ] T 1 37 ron :
N (3Prong) - 1. prong
-': ETL A v,y
T T, s KK v, Ky . . ..
—fifiei) — Branching ratios (BaBar, preliminary)
B non-t |l nen-1 B /
%
g e g e [ BUTIVI/ (5 945+ 0,014+ 0.061)x107
Lo BABAR § 1500F BABAR - B(T%evtve)
- s, preliminary 3 = : b, Prefiminary :
215000} T i ] : e ] —>
i T [m, 1 |BOPRVD/ 5 8854 0,032+ 0.056)x10-2
Bioooof [ L 2 ok B ¥ ; B(t—ev,ve)
T E 5005 | =
sooof ¢ \ E - £ B(t—Kv,)/
| \ _ .1 |BCTKYD/ | 6 5314 0.056+ 0.093)x102
L — s i : B(T_>TCVT)
SR R T R Ty i i e
PP G avie) o™ (GaV/c)
CLEO'94
PDG'08 Average (ALEPH'05) (6.6+0.7+0.9)=10"
110.525'[!.!]]"0'I].[ITB}'-"IEI'E P i DELPHI24
( Vﬂ{“ﬁ | @5:048)0°
ALEPH'99
PDG'08 Global Fit T =TV | | (6.9610.25:0.24)10° )
(10.94:0.07)107? OPAL'D1 - -
T (6.5810.2740.29)x10° A T _)K V‘t
PDG'08 Average
This Work (6.85+H0.23):-10 !
(10.59+0.04:0.11)=10™ T PDG'08 Global Fit .
(6.9510.23)10"
I'his Work
I ST NN T TR WA (N SR TR S NN SR SR T SN R T S N SR T S L .I‘E.'EFI.D'.D?..G'.”.”.“IJIE....I....I...H-H....I....I....I...
9.6 9.8 10 10.2 10.4 10.6 10.8 1 2 3 4 5 6 7 8 9 10

BF (v — K'v) (x107%)



‘ Updated result on V.

K,; Decays (KLOE+RBC/UKQCD f (0))
(0,.2247=0.0012)

K.z 1, Decays (tiattice f_If )
(0.226110.0015)

Hyperon Decays

(0.2260+0.0050)

This Work: T(t — K v V(1 —» v |__‘._‘
{0.2255+0.0023)
t Decays (w Iu H:. pred. t— Kv, pre-2007) —&—

s I . |V,<|=0.2255+ 0.0023

(0.2157+0.0031)

.10} i iy

1 Decays [wT , pred. t— Kv) ——
(0217 1-0.0030)

r Decays {wm, pred. t— Kv) —

(0.2149+0.0033:0.0010) 1 1
r Decays [ﬁm, pred. T— Kv) — Ba Ba r prel I m I na ry
(0.2154+0.0032+0.0015)

o200t 02 e consistent with

t Decays {w:lu Y pred. T+ Kv) —— Unitarity 't 't
(0.2144+0.0030=0.0017) 0, 2288320,0010 unl arl YI
[ v b by by by bl |
.18 0.19 0.2 0.21 0.22 0.23
v I
us

M.Roney, HINTO09 (2009, KEK)

Myeonglae Lee (SNU), "Hadronic tau decays", WINO9, Sep. 15, 2009. p.24



Summary and conclusion

B-factory = t-factory

Many measurements have been done and are
ongoing, specially in hadronic decays of t

Recent progress :
o Second Class Current
Can not find any positive signal — SM is still very healthy

o V. measurement through inclusive measurements on the
strange decay of

Had been an important issue for a few years recently.

May be due to the lack of measurements on the strange
decay of tau — need more measurements

We need simultaneous measurement with m_ — need
more studies and (if possible) more statistics.

Myeonglae Lee (SNU), "Hadronic tau decays", WINO9, Sep. 15, 2009. p.25
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(19410 _ {m”y T T T R(S)E(S)

2

u
37 F 5
c(e’e” — hadrons) 85.86nb
R .5}: = - .. G..._._ o -
( cle’e” — u'y) T slger?]
Central values Uncertainties

o~

K grows from 0.63 ats =4m 2 to
1 at s —»=, 1/s2 emphasizes the role
of low energies, particularly
important is the reaction ete- —
n - with a large cross section
below 1 GeV.

e
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Isospin-breaking corrections

arxiv:0906.5442v2

G.L. Castro,
M. Davier, etc

lzcspin Breaking corrections

Other references:

- V. Cirigliano et al., J. High
Energy Phys. 08, 002(2002)
- A.Flores-Tlalpa et al., Phys.
Rev. D 74, 071301 (2006)

Sew: short distance rad. Cor.

OB

Ggy:long distance rad. Cor.

FSR:final state radiation in ee->nx

70 and n- mass difference in the phase sp.

p-o interference
p- - p’mass diference

' EM decays

IB corrections in |F.(s)F_is)|*

]
e

1.025

0.975

(.08
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L _I"f X 4
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[
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I — 7
i ---—- FS5R
........... :.;lqr.ﬁ-lq. E
B -- |Fis)F s3* i
| ]
1] 1 3
s (GeV®)
Source
SEwW
FEM
FSE

Mgt —

Mgt —

L |

Ty, electrom. decays

mga 2ffect on I'p

kg e o

o—w interference
myo effect on o

—12.21 £ 015
—1.92 £+ 090
+4.67 £+ 047
+2.80 £0.19 +2.80 £0.15

—T.58
+4.0% +4.02
R g1t

—5.41 154 —5.3Y 164

Total

— 1607 &+ 1..22 —L7.00 % 1.23
—16.07 4+ 153




= a,*" 2xn contribution to a

= = el A 7 o i}
Experiment a2 10100 7] (10717)

21y 4 0.36 GeV .36 1.B GoV

ALEPH 0.46 + 0.33xp + 0.055 £ 0.0T1m 499.19 + 5.200p £+ 2.705 + 1.541n
CLEO 965 £ 0.420p £ 0.175 £ 0.07I 504.51 £ 5.36axp £ 8.77E £ 1.5
OPAL 11.31 £ 0.T6axp + 0.158 £+ 0.07T1m 515.56 £ 9.98.p + 6.955 + 1.54in
H,;u'“.'- a |_:| I- I':H:'IF r I:'-]-'.!‘: T I:'.l'T:” .?.l-L.'I,!}.'-- T |-!H:'.".l:; ‘I' _r""-:_j-] I |,."-1[:: |

Combined 9.76 + 0.14axp + 0.045 + 0.0718 505.46 + 1.9 gp + 2.195 + 1.5418

Integrated from 2n threshold to 1.8GeV EuElEEESGCEINMEN= IR gl

T a;” =(514.1+ 3.2)x107"

e*e- (CMD,SND,KLOE) a;” =(503.5+3.5)x107"

There is a difference btw 1 and e™e”

2009/09/03 HS0% 16



ete>nin vy (first presented at LP09)

'y - exp/QED
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. -
Babar collab.arxiv:0908.3589 o
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oo .
=1+(4.0x2.0£5.5 J_r!-}.il)xl(]

NLO QED
LAY

From ntr~ threshold to 1.8 GeV

a”" =(514.1+£2.2+£3.1)x107"°

H o
Previous ete data: (502.8 + 3.2) x 10710

updated value from T_—)'TT_TTUUT: (514.3 + 3.0) x 1010
M.Davier et al., arXiv:0906.5443v1 (hep-ph)

According to these results Aa reduces to ~ 2¢

u hadr
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