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Interest for V, meaurement with kaons F Iav_iA

in SM, universality of weak coupling dictates
Gom= IV, A% + |V [?) G (from p lifetime) = (9,/M ) [V,, negligible]
we can test for possible breaking of the conditions

CKM uni‘rar'i‘ry (|Vud|2 + |VU5|2) =1 Universalﬁ'y GCKMZ = (lvudlz + |VU5|2) 62F

W

--0< GZFlvuqlz

New Physics

Standard Model

Geum=1.16XX(04) x10-° GeV-2 2 V .at 0.5% makes CKM unitarity test with kaons
competitive to Electro-Weak precision test [ G, , = 1.1655(12)x10-5 GeV-2]

reference value G = 1.166371(6)x10-> GeV-2 (from p lifetime)
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V,s from semileptonic kaon decays  flavi

net
Vector transition protected against S\U@) corrections: E‘:EQ;D"D
HReo) = —0o 5 SorGelVu 1157 (0)

| I, (A} ) (1 + 2A57@ + 2AEY)
with K € {K*, K’} € € {e.u}, and:
G 1/2for K+, 1 for K°

S Universal SD EW correction (1.0232)
Inputs from theory: Inputs from experiment:
f rﬂz—(ﬂ) Hadronic matrix element 'K, ) Rates with well-determined
o form factor) at zero 807 treatment of radiative decays:
( ) y
momentum transfer (1 =0) » Branching ratios
5{:—51-?:3} Form-factor correction for * Kaon lifetimes
SU2) breaking I (1A} 1) Integral of dalitz density
A EM Form-factor correction for R VHEY (includes ff) over phase space:
K2 long-distance EM effects « K. Onlyi, (ori, ', A.")

« K ;:Need i, and 4,
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measurements since ‘04 FlaviA

net
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K. Branching Ratios Flavi A

net
KTeV 5 ratios of main BRs from independent samples
PRD 70 (2004) of 105-10¢ events collected with a single trigger
2-track ratios Neutral ratio
BR(KX,./K,;) = 0.6640(26) BR(27°/37°) = 0.004446(25)
BR(z*n-7/K,,) = 0.3078(18) Mixed ratio
BR(z*7/K,) = 0.004856(28) BR(37/K ;) = 0.4782(33)
6 decays = 99.93% of K, width Our fit uses these BR ratios
KTeV combines ratios to extract BRs ~ Correlations available
NA48 K, beam only, 2-track sample, 80M events (6M signal)
PLB 602 (2004) BR(K ,) BR(K,,)
: = 0.4978(35) = :
BR(2 track) (39) 1 — BR(37°)

From BR(X, > 37°)/BR(X, - 22")
preliminary BR(3:°) = 0.1966(34)
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K. Branching Ratios Fravi A

KLOE Absolute BRs: K, decays tagged by K, - z+x-
MR IN  Errors on absolute BRs dominated by error on 7,
Dependence on 7, of geometrical efficiency known

For KLOE results: Set X BR(X, = x) = 1 and solve for z,

For our fit: Use unconstrained BRs with dependence onz,
BRO(Ke3) = 0.404921) o 0= 51.54 ns, it
BR/(Ku3) = 0.2726(16) 4 BR/BR = 0.67dr, Iz,
BRO(37) = 0.2018(24)

BR(UI(JI"’JI_JIO) — 01276(1 5) J Correlations available

KLOE Lifetime: Direct measurement with K, - 37°events
PLB 626 (2005) High, uniform reconstruction efficiency over 0.44,
Independent of BR measurement

7, = 50.92(30) ns cf. Vosburgh '72: 7, = 51.54(44) ns
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Results of fit to K_ BR's, T Fravi A

18 input measurements:

& KTeV ratios Parameter Value \)
NA48 BR(Ke3/2 track) BR(Ke3) 0.40563(74) 1.1
NA48 I'(37°) [prelim.] BR(Ku3) 0.27047(71) 1.1
4 KLOE BRs BR(3x) 0.19507(86) 1.2

with dependenceonz,  BR(z*mw’)  0.12542(57) 1.1
KLOE, NA48 BR(7'7 /KI3)  BR(z*m-)  1.9966(67)x10-3 1.1

KLOE, NA48 BR(yy/37°) BR(27") 8.644(42)x10+ 1.3
PDG ETAFIT BRQ#%7'7")  BR(yy) 5.470(40)x10-4 1.1
KLOE 7, from 37° T, 51.173(200) ns 1.1
Vosburgh 727
OSPHIGN e 22Indf =20.2/11 (4.3%) FriA
1 constraint: X BR =1 compare PDG '07: 28.0/14 (1.42%)

PDG omits 37° results — large pulls for Ke3 and 37° measurements
Reflected in scale factors large errors for these BRs in PDG 07 fit

Comparison complicated: calculation of scale factors changed in PDG 07
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BR(Ks — mev) and K lifetime Fravi A

KLOE Using tagged K, beam
Gl BR(K, > wev)/BR(K, > m*n-) = 10.19(13) X 10+

KLOE 410 pb', averaged with KLOE '02 result (17 pb)
SRSREIEUDN  BR(K, - 7+n~)IBR(K, > n'n’) = 2.2549(54)

These two measurements completely determine main K, BRs
BR(K, - mev) = 7.046(91) X 10+

m 7, = 0.08958(5) ns
From fit to CP parameters, does not assume CPT

Dominated by NA48 02 and KTeV ’03 z,values
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Recent results on K* BR's Flavi A

net
NA48/2 Final results on BR(K*e3/nz’) and BR(K*u3/nn’)
SN UAN BR(K*¢3)/BR(wn’) = 0.2470(9)(4)
BR(K*u3)/BR(7z?) = 0.1637(6)(3)

ISTRA+ Final value for BR(K ¢3/nn°) submitted for publication
Wy BR(Ke3)/BR(zz’) = 0.2449(4)(14)

Absolute BR(K*e¢3) and BR(K*u3) measurements
KL_OE Separate measurements for each charge
CMBYIUEEYE Tagged by K — ur and K - 72°: 8 measurements total

BRO(K*e3) = 4.965(53)%
BRO(K*u3) = 3.233(39)%

Absolute BR(7zz°) measurement

KLOE BR(K* - 7*x*) = 0.20658(60)(95)

Uses K~ - u v to tag 2-body K decays

Counts Kt - 777° from decay-momentum spectrum
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Kt lifetime Fravi A

PDG 12.385(25) ns |

average S =2.1 | |
Poor consistency N :
Needs confirmation il_‘ﬂ_ sy s o4

B Y oTT 71 CNTR 0.1
e ) A LOBKOWICZ &% CNTR 9.8
1
P —t— FITCH 656 CMTR j.;
/ \_ [Contidence Level = 0.002)
e 1 1 1 I 1

1.21 .22 1.23 1.24 1.25 1.26 1.27

Using K - uv-tagged vertices in drift chamber:

Fit to r distribution from decay length
Coverage: 16-30 ns —= 1.1z,
Evaluation of 7 includes dE/dx (2 mm steps)

7,= 12.367(44)(65) ns |
Fit to r distribution from decay time | p =0.34

Coverage: 13-42 ns - 2.37,

7,= 12.391(49)(25) ns
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Results of fit to K*BR's, 7 Fravi A

26 input measurements:

5 older = values in PDG FECAEE Value §
2 KLOE 7 BR(xv) 63.569(113)% 1.1
KLOE BR uv, BR(7z7") 20.644(80)% 1.1
KLOE Ke3, Ku3 BRs BR(rm) 5.5953(308)%
with dependence ont BR(Ke3) 5.0780(258)% 1.2
ISTRA+ BR Ke3/nxa® BR(Ku3) 3.3650(271)% 1.7
NA48/2 BR Ke3lnn®, Kudlnm® BR(mwa'n?) 1.7495(261)% 1.1
BR Ke3/KDal T, 12.3840(193) ns 1.7

3 old BR z"luy
2 old BR Ke3/2 body
3 Ku3/Ke3 (2 old)

2 old + 1 KLOE results on 3z Improves to y*/ndf = 24.3/16 (8.4%)

_ with no changes to central values or
1 constraint: X BR =1 errors, if 5 older 7, measurements

replaced by PDG avg (with § =2.1)
P. de Simone 11/16/2007 11
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Kis form factor slopes Fiavi A
Hadronic matrix element: k e
- N <k )
(@ J,IK) = f0) X [f.()(P+p), + fL(D(P—p),] v
/_(t) term only important for K“S. f KP/ —P 5
For K5, usef.(nand  fi(r) = f,(1)+ ' /(@)
myt — m_4°

For IV , need integral over phase space of squared matrix element
Expand form factor:

Linear: fo =1+ Ao [tim 4]
Quadratic: [ () =1+ A" [t/m 2]+ 1247, [t/m ]
Pole: ~ _ My ¢ A= (m_ /M)
f+‘o(t) — > ’
My,s —t A =21

Fits to -distribution give poor sensitivity to
quadratic terms
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Results on K ; form factor slopes  Flavi A

net

Type A x 103 A", x 108 Analysis

KTeV
PRD 70 (2004) .

KLOE
PLB 636 (2006)

NA48
PLB 604 (2004)

21720 29+038 [,

K, 255+18 14+08 { from K,

K, 28024 0409 (£ o lug)

ISTRA+
PLB 581 (2004)

K- 249 = 1.7 1.9+ 0.9 (v, z) 2C fit

P. de Simone 11/16/2007 13



K.3 slopes comparison Flavi A

net
slopes from KTeV KLOE ISTRA+ NAA48 BlilERil:
(.|
ol FruA l

Slope parameters x 10°

A', = 2515 + 0.87
A", = 1.57 + 0.38
pA ..4") = —0.941
y*ndf = 5.3/6 (51%)

1 | 1 L 1 1 | 1 1 1 1 | 1 .S‘,:q”/‘f/'c‘aﬂce of ﬂ’; > 40'
zr./ 25 30
A, x 10

good ag/”ee;nem‘ with the pole parametrization as expected from dispertion
relations (Stern et al., Pich et al)

P. de Simone 11/16/2007 14



Results on K 3 form factor slopes

KTeV

PRD 70 (2004)

KLOE
arXive:0710.4470

NA48
PLB 647 (2007)

ISTRA+
PLB 589 (2004)

P. de Simone

N, x 108

17.0x+ 3.7

25.6 1.8

20.5*+3.3

23.0t6.4

A, x 108

44+1.5

1.5+0.8

26113

23123

11/16/2007

Ay x 108

128+ 1.8

154+ 2.1

95t14

1/711+22

FlaviA

net

Analysis

(tj_u’ Mnu)
E

(v, z) low

(v, z) 2C fit



K3 slopes comparison Flavi A

net

ex Ry eyl KTeV KLOE ISTRA+ NA4S

= 2_ L
i 25 |-

0 'l L l L L 'l L l

A, %103

20 25
A, x 103
o) i
T FlaviA .
;2'_ 20 -
0 [ 1 | 1 1 1 1 | . 1
10 15
A, X 103 A, X 10°

(KI5 it no NA48 K3y =1206/10/(24:9%)| K13 fit, all data, 1=54/13 (10-)
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Kis - beyond quadratic parametrization (I) FaﬂA

because of the strong correlation between Ay and A," , use of the linear rather than the

quadratic parametrization gives Ay~ Ay + 3.5 A"
to clarify this = is necessary a ff parametrization with t and 2 terms_but one parameter

the Callan-Treiman relation fixes the value of £, ()= f,(r) f,(0) at t=Ay= m2-m 2

filA)==X— +A_
A f+(']) ‘" Where Acr=-3.5x103

recent parametrization from Stern & coll. (PLB638 -2006) allows such constraint to be
exploited = a dispersion relation for Infy(t) is subtracted at t=0 and t=Ay;, giving

_ﬁ;(f] = exp [ 5 f = (InC' — G’{JJ)]

mij —ms

such that f;;](ﬁf;{) =C ,6(1) is derived from K= scattering data
as suggested byStern & coll. a good approximation is given by

3
I 22+ 0.000416 [ . T A3+ 3x0.000416), + 0.0000272 [ J
“m2 m2

fo(t) = 1+7‘0—m2 + 5 Z

similar parametrization is obtained for f,(1)

P. de Simone 11/16/2007 17



Kis - beyond quadratic parametrization (IT) -~ javi A\

net

from Callan-Treaman relation we can give an evaluation of f,(0) given
f/f, = 1.189(7) HPUKQCD 07

Log C f.(0) = 0.961(5) RBC/UKQCD 07
Log Cdirect  fromA',A' A" -
. KLOE N
KTeV Not
PRD 70 (2004) available 0205 = 0019 e NOT
STRA + |- e
KLOE 0207 + 0.024 0.207 + 0.023
preliminary
NA48 0.144 = 0.014 0.144 = 0.012
PLB 647 (2007)
l{T v .
ISTRA+ Not 0.226 + 0.013 .
PLB 589 (2004) available f +(O)
0.9 0.93 1 105
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Results of fit to the slopes WﬂA

10 iInput measurements: Slope parameters x 10%: F7iA

KLOE Ke3, Ku3 ff slopes A, = 2563 =+ 0.21
ISTRA+ Ke3, Ku3 ff slopes A, = 1472 =+ 0.53
KTeV Ke3, Ku3 ff slopes f.(0) = 0.9602 = 0.0046
NA48 Ke3 ff slopes . = 11901 = 0.0061

( Kp3 ff not included) 72Indf = 13.3/10 (0.35)

2 Lattice determinations: Good agreement between

HPQCD/UKQCD r.f.=1.189(7) lattice determinations and

UKQCD/RBC 7 (0) = 0.9609(51 slopes measurements
0= 1) Accuracy improved by 10-20%

1 constraint: ~10% additional using T’ ~F(A°,)

CLO)=0T+ A

@3"'Thze3
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V.sf.(0) from K3 data FraviA

Vsl F1(0) Approx. contrib. to % err from:
0214 0215 0216 0217 0218 %err  BR T A
B LA O i e e e
. K,e3 021614(59) 027 009 019 0.15
. Ku3 021612(55) 025 010 018 0.15

Ke3 0.21531(143) 067 065 003 0.15

K*e3 0.21717(84) 039 026 009 0.26

FlaviA

*u3 0.21731(104) 048 040 0.09 0.26

| | 1 | | |I | 1| 1 I|
0.214 0215 0216 0217 0.218

Average: |V, | =0.22535(116) y2/ndf =1.78/4 (78%)

f.(0) = 0.961(5) from UKQCD/RBC ‘07
P. de Simone 11/16/2007 20




Vis/Vea & BR(K' > pov(y)) FrviA

Marciano 04

(KT — ptu(y)) B Vius|? f2-my (1 — m..i/m%)z
Lt = pFv(v))  |Vaal?2 f2me (1 — ms /mz)*
Uncertainty from SD virtual corrections 4’

x 0.9930(35)

KLOE BR(K* - u*v(y)) = 0.6366(17)
PLB 636 (2006) Uses K~ = u~v to tag 2-body K decays
Counts K* = u*v from decay-momentum spectrum

Use KLOE BR(K* = u*v(y)) instead of value from BR/lifetime fit:
Error slightly larger, but radiative contribution under better control

v V. = 0.2321(13)
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V. - V. 4plane FiaviA

f.(0) = 0.961(5) from UKQCD/RBC '07 f /f, = 1.189(7) from UKQCD '07

IV..| = 0.22535(116) from K IV /V.4| = 0.2321(13) from K,
S Vi fit results, no constraint
023 F =~
FlavialNet v =0.97372(26)

- KAON DECAY WG

v Vi V. =0.2256(10)
»Indf = 0.17/1 (68%)
«fit with
- unitarity
- fit results, unitarity constraint
0225 - v
“ | V,.=sine_ =1 =0.2265(7)
x2Indf = 2.24/2 (33%)
EY
3
z Vi agreement with unitarity lc

097 0.975
P. de Simone 11/16/2007 22



Unitarity test of CKM: G universality FlaviA

comparison between weak couplings from K decays (6.¢y) and from t, (Gg)
Ge2= Gogw® = (IVigl?+ [Visl?) 667

6r = 1.166371(6) x 105 GeV-2

FlaviA

Gen = 1.16581(39) x 105 GeV-2
——

18 @ 20
| Vus vud

agreement within ~ 1.4¢

constraints on NP models, e.g. SO(10) Zy boson [Marciano]

6,:—_ GC'KM []‘007X 8/3X/ﬂ(MZI/Mw)/(MZIZ/MWZ-J)]
implies M, 1.4 TeV @ 95% cL
P. de Simone 11/16/2007



K.2: sensitivity to charged Higgs [ lavi

net
helicity suppressed decays can be sensitive to H* exchange, T'(K — uv)

2 -
'M —fv) R Mg d m3,]” M=Km
— — tan | T
: / / _ J . [Hou, Isidori,
F&ﬂj’(ﬂj—}i)ﬂ) My Mg d ey Paradisi]

sizable effects in (K — uv) only

SM prediction, V from K; decays,
V4 from B-decays and =,

FlavA BR(K* — uv(y)) = 0.6353(77)
Measurement

KLOE BR(K* — uv(y)) = 0.6366(17)

compare sensitivity with B — tv
(BaBar Belle average) R v e

charged Higgs mass (GeV
P. de Simone 11/16/2007 24




FlaviA

LF violation test
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Lepton universality from Ki; WﬂA

For each state of kaon charge, we evaluate:

(R;.-'.(:')Uh:-; . F;;.I% Ie3 (l + 6(1.’*’;) . HI/“H‘ f+ (0)],%% obs Qﬁ

He (R“,g)ﬁ;]\xl rt!:‘i I,:LH (J- + 6;L:5) [|L{HS| f—(o)]gg obs gf‘

r..=1.0003(42) from KI3

7 - [vv decays:
(r..), = 1.0005(41) [PDGO7]
7 - [v decays:
(:""M).,ﬂ,‘,l,2 = 1.0034(30) see Erler, Ramsey-Musolf '06

0.1% on gauge

couplings r.. = 1.0013(21) K, 7, w average
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Lepton universality from Ry = K,,/K , FaviA

¢ extremely well known within SM R M = (12.477 +£0.001)x10-°
#®in MSSM, LFV could give up to % deviations [Masiero, Paradisi, Petronzio]

NP dominated by contribution of ev.

- ['((K—ev )tI'(K—ev )
=
['(K—=uv)
with effective coupling . L
g2 Mr .. . S 7T TN
E'H:i:-“ — &E;l tan o % e
V 2 Mw in B,
4 7
M m - _
~ K
—> R, ~R M1+ — —5  [AR, [Ftan°p]
—— m.* m?- *
H e

1% effect (AR;; ~ 5x10-4, tanp ~ 40, m,~ 500 GeV) not unnatural
present accuracy on Ry @ 6% (PDGO6) = new precise measurements @ < 1%
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Ry = K.o/K,, : new results FraviA

net

KLOE Preliminary result with 1.7 fb*! (~ 8000 events)
arXiv:0707.4623

BR(K*¢2)/BR(K*u2) = 2.55(5)(5) x 10

X 2 more data(1.7/2.5fb") + 30%more from an independent
sample oR, ~1%

\VEIPRRNNE)]  Preliminary result with 2003 data (~ 4500 events)
Preliminary

BR(K*¢2)/BR(K*u2) = 2.416(43)(24) x 10*

NA48/2 (2007) Preliminary result with 2004 data (~ 3500 events)
Preliminary BR(K*e2)/BR(K*u2) = 2.455(45)(41) x 10~

X 10 more data from new run (end in October) o R, ~0.3%
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Ry = K.o/K,, : hew results FraviA

net

sensitivity shown as 95% C.L. excluded
regions in the tanp - M, plane, for fixed
values of the 1-3 slepton-mass matrix

Clark, 1972 o> element, Az = 10-3,0.5x103,104
Heard, 1975 *;— 100-
: Q.
Helntze, 1976 e g
! +
NA48/2 (2003), prel. + _— M 801
NA48/2 (2004), prel. +
KLOE, prelim. {|—— 60-

21 22 23 24 25 26 27 28 29
MK ) ITK,) [107]

BR(K,,)/BR(K ,) = 2.457(32) x 10°®

B 2, =000l

A, =0.0005

40-

A, = 0.0001
20 -

R, =(2.55£0.07) 107

200 400 600 MH+ (Ge\/)
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Conclusions mﬂA

net

V.. £.(0) is known at ~0.2%

G jmproved accuracy expected on t'y,, BR(Kse3) (KLOE x 4 data)
5 complete the measurements of the dominant BR(K:) decays (KLOE)
W constant improvements from lattice determinations of f+(0) and f,/f,

= average value needed
W Callan- Treiman constrain between A, fK/f,and f,(0) = new precise

experimental determinations of A,(KLOE and NA48 on K:K,) in
progress

Lepton universality from K,,/K

S new measurements from NA48 @ 2.57; and KLOE @ 2.7 7,
W NA48 collected more than 100K evts = 0.37%
W KLOE aims to reach 17
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Spare slides

FlaviA

net



K — n'm WHA

net
New measurements of K, -» n+z~(y) also useful in global fit

KTeV BR(7z*7n-/Ke3) = 4.856(29) x 10-3
PRD 70 (2004) 1 of 5 ratios in K, BR analysis
Contribution from direct emission (DE) negligible

KLOE BR(z+7-/Ku3) = 7.275(68) x 10-3
AN  Fully inclusive of DE component

NA48 BR(z*n-/Ke3) = 4.826(27) x 10-3
PLB 645 (2007) Residual DE contribution of 0.19% subtracted

For consistency and to better satisfy > BR = 1 in global fit,
DE contribution of 1.52(7)%* added to KTeV and NA48 results

*From E731 93, KTeV '01 and KTeV 06 K; - 7*7~y results
P. de Simone 11/16/2007



What's new since KAON ‘07 Fravi A

| Others |

P. de Simone

New preliminary BR(nw") with correlation to BR(uv)

Updated (final) values for Ku3 form-factor slopes

K* BR measurements from Chiang '72 eliminated from fit
Use Kaon 07 values for AEM, with correlations

Use Kaon 07 value for |V_|

Use preliminary UKQCD/RBC result for £,(0)

Use new UKQCD/HPQCD result for f,/f;

Updated comparisons with PDG 2007

11/16/2007



Evolution of K_BR's Fravi A

net
BR(Ke3) % BR(Ku3) % BR(3xn") % BH(W} 103
| T T T | 1 1 LI L | T T 10 I T LI I T 11 | T T I LI A | I
PDG 04 —— —— —— —
PDG 06 - - - -
This fit = - - -
| 1 1 | | 1 ] L1 1 | | I I | I | 11 I | I | | L 1 1 I 1 I 1 1 I
38 40 27 27.5 20 21 2 2.1

PDG '04 — PDG '06:
« Consistent use of proper radiative corrections important for Ke3

+ Exclusion of NA31 measurements significantly reduces BR(3n")
Differences between our fit and PDG 07 are minor

From K, BRs: PDG 04 This fit

P. de Simone 11/16/2007
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Evolution of Kt BR's

BR(K= — mt'ev)

PDG '04 —e—

Evi A

BR(K* — 1'uv)

PDG '04 —e—

PDG '07 —e— PDG'07 —e—
This fit - This fit ——
|
0.045 0.05 0.03 0.035
BR(K* — uv) BR(K* — n*rn")
PDG '04 —— PDG '04 ——
PDG '07 —— PDG '07 ——
This fit —— This fit -
| [ I 1 | 1 | 1 1 | | I 1 I | 1 1
0.62 0.63 0.64 0.195 0.205 0.215
P. de Simone 11/16/2007



SU(2) and EM corrections l—_hilﬂA

ASUQ) — { 0 for K°3 Cirigliano, ChPT
~ | +2.36(22)% for K*3 Kaon '07

AEM for full phase space - all measurements assumed fully inclusive

AEM Cirigliano Neufeld Andre
ChPT ChPT Had. model

K3 +0.52(10)%  +0.57(15)%  +0.65(15)%

K*e3 +0.03(10)%  +0.08(15)%

K3 +0.80(15)%  +0.95(15)%

K3 -0.12(15)%

Use new ChPT estimates (Kaon '07) for all channels
Correlations included, e.g.: p(K"e3,K°u3) = +0.78, p(K"3, K*e3) = +0.11
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Vusf+(o): K* vs |<L,S WﬂA

Fit 5 modes with separate values of IV | £,(0) for K* and K; ¢modes

« Using results of overall fit to form-factor slopes
« With SU(2) corrections for K* modes [ASY2), = 2.36(22)%]

K*modes K; ;modes
IV 1£.(0)=0.21738(83) IV _1£.(0)=0.21633(56)

1.10c difference
x*/ndf = 1.65/3 (65%) p=0.10

When fit performed without SU(2) corrections for K* modes,
obtain an experimental value for ASV2)

K*modes, no SU(2)

SU2) — s
V. 1£.(0) = 0.22251(70) A exp = 2.86(39)%
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Evaluations of f,(0) Fravi A

net
f+(0) ﬂ.lﬂ4 I '[I'.IBE . ﬂ.lﬂﬂ I ‘:
— LR 84 quark model
% — o1 9% ] ChPT + LR 84
< : JOP 04 ChPT + disp
. C+ 05 ChPT + /N,
—— SPQcdR 05 N, = 0
@ o FNAL/MILC/HPQCD 04 N, = 2,,+1
£ —o— JLQCD 05 N, = 2
3 s RBC 06 N, = 2,
—— UKQCD/RBC 06 (revised) N, = (2+1)py
ll;!ﬂ . . . ﬂ'.;JE . . . U.;IE . I ' ':

Leutwyler & Roos estimate (LR 84) still widely used: f,(0) = 0.961(8)
UKQCD/RBC preliminary agrees well, has smaller error: f,(0) = 0.9609(51)
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