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L,y & Cg- : Motivation.

D ChPT Lagrangian: ZPT = FT<U u +Z+> ot i f+/tv f+ﬂv _ f—ﬂV f_,llv>+.__—|—
+..HC YV, VAT Y+ 0(p°)

R

O The motivation 1s two-fold:

® Phenomenology:
more precise LEC’s = more precise predictions.
For example... 7 —>evy

m Theoretical:

Our estimation (directly from the data) allows us to test the quality of the
different theoretical models that have predicted these LEC’s.
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Approach: sum rule with I1]",(q)

o V-A correlator:

I, (q) =ild*xe™ (0|T (3{(x) I (0)")]0) I =Ty (1—y,)d
=(9"0"-9q°g"" W +q°g“TI9(q")  |JF =Ty"(L+ys)d

O Weight function:

w(zZ)I1(
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Approach: sum rule with I1]",(q)

o V-A correlator:

I, (q) =i]d*xe™ (0T (3{(x)J5(0)")]0)

= (90" —ng‘”

O Weight function:

W)
N ) %

Analyticity of w(z)l(z) relates different regions

of the C-plane.

o
=
»
3)
oy
=
S
(=
>
QA
!
<
8-
e
@)

+9°9" 1Y (q°)

1
s?

SUM RULE

—)>

M. Gonzalez-Alonso Chiral LECs from 7-data

4/12



Approach: sum rule with I1]",(q)

V-A spectral
function

Analytic properties of W(z)I1(z)

Im(q°)

OPE ZPT 2 S
OPE | Rest L -Rest(F - L [ 28
z=0 yA z=0 Z (mz) & S

T

ChPT
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Approach: sum rule with I1]",(q)

Analytic properties of W(z)I1(z)

Im(q°)

opP ZPT 2 5
oS0 e, 1@ 2E 100
OPE z=0 7 z=0 7" (mz)“ : g"

ChPT

2 So
Data iH’fPT (O)+2F—’;= Iizs)ds
_/ dS m;r Sth S
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Approach: sum rule with I1]",(q)

Analytic properties of W(z)I1(z)

Im(q°)

ChPT

-\

__—

Res
OPE z=0 7 z=0 7" (mi)
dnt 2F% % p(s)
1777 () - 22 = [ 22246
dZn—l 2\N Sn
(m?) =
(4
(@ —AALAA Re(T) e @
H"PT(O)+2—”2=I S
m. & S
d F2 Sp S
Data — 177 (0)+2—= = IAZ)dS
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Approach: sum rule with I1]",(q)

Analytic properties of W(z)I1(z)

Im(q°)

opP ZPT 2 5
eSO e, 17 @ 26700
OPE z=0 7 z=0 7" (mz)“ : g"

ChPT

n-1 2 So
LECS and d — %" () - 2F; _ J‘ 'O(ns)ds
truncated S dz"" 2\" S
uchiral 0 (mﬁ) Sth
(4

expansion
2
(AR RA) 7 ) &
\ / ()2 - 120
m_ S

2 So
Data 4 e (O)+2F—’;= IAZS)dS
_/ dS m;[ S S

(=)
()
w
o)
ove
g
g
>
Q
=
B!
4=
@)

M. Gonzalez-Alonso Chiral LECs from 7-data 5712




Approach: sum rule with I1]",(q)

Analytic properties of W(z)I1(z)

Im(ed) S, V(ORI GO =y VIO
OPE z=0 7 z=0 7" (m ) :
Duality i !
ChPT violation qrt

PT 2F; _ t p(s)
\ Sg dz"? t (Z)_(mj)n _S{ s" s

(o—o—,%AvaAv* Re(cf)

- \/ H"PT(O)+2— ?@d

2
Data 9 e (0)+2—= Fﬁ = j if)ds
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Approach: sum rule with I1]",(q)

Analytic properties of W(z)I1(z)

Im(q°)

OPE

ChPT

d n-1
dZn—l

oP 2PT 2 So
Q) _pes 1) 26 oo

_ n
=0 Z ( m72z ) Sth
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2R T o)
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Data side

We can measure p(s) from the
hadronic tau decays...

1
= Imm® (s)
T

O Eff. parameters: determination.
(ALEPH, 2005)
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Data side

We can measure p(s) from the

O Eff. parameters: determination.

-8 efgzj—dpis) s
Sth

16Cs = | —dps(f) s

Sth

hadronic tau decays...

1
= Imm® (s)
T

. (ALEPH, 2005)

0.1

0.05

eff
Ly
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4,_I“lz_‘;{,f = —(6.48+0.12)-10°° 0|Cqy =+(8.18+£0.14)-10°GeV

~0.006 0.004

~0.008 0.002

-0.01 05 1 15 2z z5 3 @)
M. Gonzalez-Alonso Chiral LECs from 7-data 6/12




(=)
()
w
o)
ove
g
g
>
Q
=
B!
4=
@)

Data side

We can measure p(s) from the

O Eff. parameters: determination.

-8 efgzj—dpf) s
Sth

16Cs = | —dps(f) s

Sth

hadronic tau decays...

1
= Imm® (s)
T

. (ALEPH, 2005)

0.1

0.05

eff
Ly

N.s s 1 z5 3 M)

-0.
4_ﬁ§2 = —(6.48+0.12)-10°°

eff
Cw (GoV2)

,._.,.,,HN_

0/C;; =+(8.18+£0.14)-107°GeV ™

0.004 /

L;; =—(6.36£0.19)-10 °*(Davier et al., 1998)
L;; =—(6.45+0.06)-10 °(Dominguez et al., 2006)
Cgy =+(8.10£0.12)-10°GeV? (Dominguez & Schilcher, 2004)

— @9 (GeV 2)

M. Gonzalez-Alonso Chiral LECs from 7-data

6712




yPT side

0 Theoretical calculation of the effective parameters

— = -1_— ;
o= (1O 2m_”2]5 L) = £ (L (1), )
eff F;rz 1 r1xPT r
87 ) + ZF = EH (0)= g(C87 (1), 1)

O Using ChPT...

17" (s) = -8Ly, —8B["(s) — 4By (s) + O(p°)
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yPT side

0 Theoretical calculation of the effective parameters

eg=_§1[ﬂ"m(0) +2— ] 22057 (0) = £ (L (1), )

1 2
Ceff — HZPT 1 O 2 71- _ H;{PT 1 0 C
87 16[ (0) + m? ] 16 (0) =g( 87(:”) 1)

O Using ChPT...

177" (s) = -8L;, —8B]" (s) - 4B;" (5)
+16C;,s —32m2 (C/, —Cj, - Cyy ) —32(m? + 2mg )(Cg, - Cl, - Cy, )

+:'I-|:—62((2/u7r +;U7r)(L; +2LIO)_(ZB\7H(S)+ B\I;K (S))SL;)

T

+G,, (s, 1) +O(p%) (Amorés et al., 2000)
(Golowich & Kambor, 1995, 1998)
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yPT side

0 Theoretical calculation of the effective parameters

eg=_§1(ﬂ"m(0) +2— ] 22057 (0) = £ (L (1), )

1 2
Ceff — H;{PT 1 O 2 71- _ H;{PT 1 0 C
87 16[ (0) + m? ] 16 (0) =g( 87(:”) 1)

o Therefore at O(p%)...

2 2

m m
log—5 1+log—%
mﬂ'

0 =IO = Lol +| 257+ g2

Lo(m,)=—(5.22£0.12)-10°  [L{;(m ) =—(5.13+0.19)-10°°
(Davier et al., 1998)
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XPT side %=1 (0)
eff _ 1 =T,
Cif =170
o At O(p%)...
m; m? 1 1 2
log—%  1+log—= o +— |+
B e : 7680”2( mf;}
o =Lt 2T 2
384rx 1287 +C (1)
2 r r r 2 2 r r r |Ogrn§ 1+|Ogrn§
+4m; (C61 -Cp _C80)+4(m7[ +2m )(Csz —-Cis _C81) 2L (1) m’ 1

+1_G I2|_(01 1)

_.I_
f2 | 384772 1287
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XPT Side st = HW (0)

st =i6ﬁf” ©
o At O(p%)...
m2 m? . 1 1 2
log—*- —r Co, = + +
L |9y Lo & 7680n2[m§ mZ]
Ui ryraa pr r '
4 4 +Cq; (14)
Iogmi 1+1o m—’zf
+4m;2r(cg1_clrz_Csro)"'4(m72z+2mlz<)(csr2 C1r3 CBl) _2L;(,u) mj + g,uz
2 f2 | 384722 12877
—?(Zﬂ tH, )(L9+2L10)
P Experimental LEC’s error
. 1 error 1 |
S _-EGZL(OUU) +EG 2 (0, 14)
g Liy(m ) =—(4.06+0.08+0.39)-10° Cy,(m ) =+(4.89+0.14+0.13)-10°GeV?
g, — —(4.06+0.40)-10°° =+(4.89+0.19)-10°GeV?
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Results & Comparisons |at O(p°)

M.G-A., Pich & Prades’08

A PT;
L, (mp) = —(4.06i 0.39) .10°°
L, (m,) =—(5.7+1.4)-107°(Ecker et al.'89)
L, (m,)=—(4.4£0.9)-107(Pich et al.'08)
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Results & Comparisons [at O(p°®)

M.G-A., Pich & Prades’08

A PT;
L, (m,) = —(4.06i 0.39) .10°°
L, (m,) =—(5.7+1.4)-107°(Ecker et al.'89)
L, (m,)=—(4.4£0.9)-107(Pich et al.'08)

= (L + LSy)(m ) = —(1.44£0.08) 10

v Unterdorfer & Pichl’08

L (m ) = +(5.50+0.40)-10°°

Ly(m,) =+(5.93+0.43) -10°°
(Bijnens & Talavera'02)
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Results & Comparisons [at O(p°®)

M.G-A., Pich & Prades’08

J. Gasser et al., 2007

XPT3 | E——— XPTZ

Talk by lvanov

Lfo(m ) = —(4.06+0.39)-10°°

L, (m,) =—(5.7+1.4)-107°(Ecker et al.'89)
L, (m,)=—(4.4£0.9)-107(Pich et al.'08)

= (L + LSy)(m ) = —(1.44£0.08) 10

v Unterdorfer & Pichl’08

L (m ) = +(5.50+0.40)-10°°

Ly(m,) =+(5.93+0.43) -10°°
(Bijnens & Talavera'02)
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Results & Comparisons

at O(p°)

M.G-A., Pich & Prades’08

J. Gasser et al., 2007

I, =+12.24+0.21

XPT3 | Talk by lvanov — X’PTZ
L;O(mp)=—(4.O6i0.39)-10_3 | —
L, (m,) =—(5.7+1.4)-107°(Ecker et al.'89)
L, (m,)=—(4.4£0.9)-107(Pich et al.'08)

== (Ly + Lj,)(m,) =—(1.44+0.08)-10 1, -1, =—(2.98+0.33)-10° =

v Unterdorfer & Pichl’08 Bijnens & Talavera’97 v

L (m ) = +(5.50+0.40)-10°°

i

|, =+15.22+0.39

L;(mp) =—|—(5.93i0.43)-10_3 _
(Bijnens & Talavera02) T I_ +16.0+0.5%0.7 (Bijnens et al., 1998)
g| I, =+14.9+12+0.7 (ETM Coll., 2009) 7 by Herdoiza
8| | =+11.9+0.7+1.0 (JLQCD-TWQCD, 2009)
Talk by Kaneko
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Results & Comparisons

at O(p*)

A PT;

Ly(m ) =—(5.22+0.06)-10°°

Phen. L1(m)) =—(5.13£0.19)-107(z, Davier et al."98)

~(5.2+0.2+0.4)-10"*(JLQCD Coll.08)
Talk by Hashimoto
L, (m,)=—(5.7+1.4)-10(Ecker et al.'89)

4.4+0.9)-107(Pich et al.'08)

Latt.  Ly(Mm)) =

Th.

L;O(mp) -
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M.G-A., Pich & Prades’08

i

xPT,

I, =+13.30+0.11
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Results & Comparisons [at O(p*)

M.G-A., Pich & Prades’08

A PT;

xPT,

LIo(m ) =—(5.22+0.06)-103

L L%(mp):

PP Li(m)) =—(5.13£0.19)-107(z, Davier et al.'98)
~(5.240.2+0.4)-10°(JLQCD Coll.08)
L, (m,)=—(5.7+1.4)-10(Ecker et al.'89)

— |l,=+13.30+0.11

Talk by Hashimoto

Bijnens & Talavera’97

<= (L +Lj)(m,)=—(1.44£0.06)-10"
PIBETA exper. Talk by Pocanic \/

L1 (m ) = +(6.67+0.08)-10°°

Ly(m ) =+(6.9+0.7)-10~ (Ecker07)

— [, =+15.87+0.37
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C omp 2111SONS Cyy(m,) = +(4.890.19) 10 °GeV |

M.G-A., Pich & Prades’08

O Theoretical (model dependent) estimations:

prsensitve {|Cr(m,) =+(3.6+1. 3) -107°GeV™* (Plch etal, 2008)
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-10°GeV*(Cirigliano et al. 2004)
25%

Not p-sensitive <
(LO)

-3 error
.10°GeV*(Amoros et al., 2000)

Ci,(m ) =+(4.7+1. 2) -10°GeV~*(Knecht & Nyffeler, 2001)| > | scsianed
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Conclusions

o We have calculated L,,with recent inclusive tau data including O(p®) terms
in the chiral expansion, obtaining

Lo + L
L;o(m) =—(4.06+0.40)-10°° I —1; Ly(m,) =+(5.50+0.41)-10°°

I, =+12.24+0.29 — l, =+15.22+0.44

Most precise determinations!
Good agreement with previous ones and with lattice!

o The same approach has allowed us to calculate the first determination
from data of Cg, (up to O(p®) terms) obtaining

Cl(m ) = +(4.8940.19)-10°GeV 2

... in good agreement with different theoretical predictions.
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Thanks!
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Backup slides
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Data side

O Eff. parameters: determination.

eff
ILWJ
So(GeV )
—0.002}F
1
—0.004 ¢ w(s) ==
S
—0.006}
w(s) =3£1—ij
S S,
—0.008}F
1 S i
w(s)=—|1-—
~0.010l (s) S( Soj

(F. Le Diberder & A. Pich, 1992,
K. Maltman, 1998,
Dominguez & Schilcher, 1999, ...)
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OPLE

Operator Product Expansion
(Wilson, 1967).

0,0 . o
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