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Theoretical Framework
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Add residues whenever there are poles within the integration contour
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Left-Right Correlator

0+1 0+1 0+1 2f2 =
N(s) = NGa(s) = NN - NEE) = s +11(s)
e Pure non-perturbative quantity: Ideal to test the OPE
e Known short-distance constraints:  (s),. " = DZ:G (f:ﬁ

® 1st WSR: /oo ds Lim N(s) = 2f2
Sth T

® 2nd WSR: /OO ds s 1 ImM(s) = 2f2m?
Sth ™

8m
0 = (mf\’o - mfr+)em a fﬁ'quo
.=

© 7SR: /oo ds s Iog<%) %Iml’l(s)

Sth

o XPT: Ti(s) = —8Lio+ xlogs + s [16 Gg7 + xlogs] + O(s?)
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Non-Pinched & Pinched Weights

Gonzalez-Alonso, Pich, Rodriguez-Sanchez
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Playing with Duality Violations

Gonzélez-Alonso, Pich, Rodriguez-Sanchez
e Ad-hoc Ansatz: p(s>s;) = ke " sin{f(s —s;)} (Cata et al)
e 3.10° randomly generated tuples (k,~, 3, s)

e Select “Acceptable” Spectral Functions, satisfying:

@ Consistent with ALEPH at 90% C.L., above s = 1.7 GeV?

@® Fulfill 1st and 2nd WSRs, and 7SR
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Statistical Distributions of Selected Tuples

Gonzalez-Alonso, Pich, Rodriguez-Sanchez
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Statistical Distributions of LI, Cf, O and Og

Gonzélez-Alonso, Pich, Rodriguez-Sanchez
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Pinched Weights, ignoring DV

Gonzélez-Alonso, Pich, Rodriguez-Sanchez
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0Og (GeV®)

O s with Pinched Weights, ignoring DV

Gonzélez-Alonso, Pich, Rodriguez-Sanchez
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pr— Result with DV fully taken into account

Pinched weights suppress very efficiently duality violation effects

Big reduction of errors mainly due to short-distance constraints
which overcome the large data uncertainties at large sy values
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Comparison with Previous Works

Gonzélez-Alonso, Pich, Rodriguez-Sanchez

103 - L‘fg 103 - C§7” 103 - Og 102 . Og Reference Comments
(GeV~2) (GeV?) (GeVv?®)

—6.45 + 0.06 - —234+06 | —5.4+3.3 | BPDS'06 | ALEPH'05+DV=0

- - -6.8720 | 32+28 ASS'08 | ALEPH'05+DV=0
—6.48+0.06 | 8.18+0.14 - - GPP'08 | ALEPH'05+DV=0
—6.44+005 | 8.17+0.12 | —44+0.8 | —0.7+0.5 | GPP'10 | ALEPH'05+DV,._
—6.45+0.09 | 8.47+0.29 | —6.6+1.1 0.5+ 05 | Boito’'l2 | OPAL'99+DVy,,
—6.50 £ 0.10 - —5.04+0.7 | —0.9+05 | DHSS'15 | ALEPH'14+DV=0
—6.45+0.05 | 8.38+0.18 | —3.2+0.9 | —1.340.6 | Boito’l5 | ALEPH'14+DVy, 4
—6.4240.10 | 835+0.29 | —57F %% | 007%% | thiswork | OPAL'99+DVy 4
—6.48+0.05 | 8.40+0.18 | —3.67%7 | —1.0+0.4 | this work | ALEPH'14+DVy_4
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V + A Correlator: R. (uw)
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R, = Nc Sew (14 6p + 0np)

Perturbative (m,=0) s % [0 () = 4%2 Y K, (asgr—s)j

n=0

KO = Kl =1, K2 =1.63982 , K3 =6.37101 , K4 =49.07570 Baikov-Chetyrkin-Kiihn *08

m) 5, =) K, A"a) = a,+520a}+26a}+ 127a} + -+
n=1

Le Diberder- Pich ‘92

n

n

A(’”(as) = L (']S B @(172x+2x3 —x4) [Mj a; + - H a, =a,(m,)/
27 ThEL x V4
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R, = Nc Sew (14 dp + dnp)

i = d " 1 (=s)Y
Perturbative (mq 0) —s Loy = LSk, a5 (=5)
ds 4r” = V4
=K, =1, K2 =1.63982 , K3 =6.37101 , K4 =49.07570 Baikov-Chetyrkin-Kiihn *08

-) 5, =Y K, A"a,) = a,+520a;+26a}+ 127a} + -+
n=1

Le Diberder- Pich ‘92

A(n

.s'

dx . 34 (a(=9)) _ ., . _
ok gSM i 12w+ 20 —x )[77; j =a'+ . a, =a,(m)/x

Power Corrections oy~ L 5 Cu{02)
()PF( ) ~ 4 2 Z n
= (=s)
Braaten-Narison-Pich ‘92
C,(0,)~ 2%(0\5(‘0""6}”, |0)

qSM dx (1327 +22%) Y C(0n) _ _s C6<?°>—2 C8<?8>

n>2 (7 "1)” m; my;

Suppressed by m? [additional chiral suppression in C6<O(,>V+A]
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Perturbative Uncertainty in as(m?)

L " (s) =L7Z K, a(=s)" & = 2 Ky A" (ay) = 2 T al = Ky +gy
ds L% e n=1 n=0
L Y J L Y J
CIPT FOPT
1 d >
A" (a) = — (j} —x(l—2x+2x3—x4)ar(—xm;)n = a'+ - s a,=a,(m)/x
‘ 27 TR x ‘

The dominant
I 16398 63710  49.0757 corrections come from
the contour integration

0 3.5625  19.9949  78.0029 307.78
1 52023  26.3659 127.079 Le Diberder- Pich 1992

Large running of og along the circle s=m?2 el , ¢e [0, 21]
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R. suitable for a precise o determination

Im(s)

/ R, — 67rij§ (1= x)? (1420 N (xm2) — 221 ()]
E Ixl=1
St o
() ~ N \OPE _ D,J
K/ 76~ N7 > (=s)P/2
D

e R large enough to safely use the OPE

2

T

OPE only valid away from real axis: (1 —x)? pinched at s = m

Myg=0 = sNO =0 = R, , = 67ri?|§| 1(1—3x2 +23) NG, (xm2)
xl=

= Jnp~1/ms Strong suppression of non-perturbative effects

e D = 6 OPE contributions have opposite sign for V & A. Cancellation

e JOnp can be determined from data
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o determination with ALEPH-like fit

Rodriguez-Sanchez, A.P.
24k /
s S 2s
wi(s) = |1—-— — ) (1t
m2 m2 m2

(k,1)=1(0,0) = as,06v,4,08v,a
(k,)=(1,0) = a5 {(asGG), Oy 4, Oy, a O10v/A
(k.)=(1,1) =  s5(asGG), Oy, a, Ogvya OCrov/a Or2v/a
(k,)=(1,2) =  as06v,a,08v,a:O10v/a:OCr2v/a Orav/a
(k,1)=(1,3) —  as;,08v,4,010v/a O12v/a: O1av 4 Ot6v/a
Channel as(m2)/m (2 GG) Op Og
(1073 Gev*) | (1073 GeVO®) | 1073 GeV?®)
V (FOPT) | 0.104 T900 87, -3.270%8 5.0754
vV (CIPT) | 0.112759%% -817 -35703 | 49704
+0.003 +5 +0.5 +0.3
A (FOPT) | 0.097%993 | _15+5 44105 | _58+03
A (CIPT) 0.102 19904 —25713 43702 -5.8703
V+A (FOPT) | 0.102 75903 -39, 1.3714 -0.8794
+0.003 +5 +0.3 +0.5
V+A (CIPT) | 0108593 | —16+5 09793 | —1.0793

Good agreement with ALEPH



@ Fit one more condensate to test stability/uncertainties

Channel as(m?)/x (%= GG) O¢ Og O
(1073 Gev*) | (1073 GeV®) | 1073 GeV®) | (1073 GeVv?0)
V (FOPT) | 0.102199% 1019, -473 612 —2%3
varn) [0t | -1t | s | 67 | -3t
A (FOPT) | 01107997 | —3173 1175 12+ 15+10
A (CIPT) 01181997 | —5073 1043 -1173 1375
V+A (FOPT) | 0106 199% | —8*7; 77 —57% 12+12
VHA (CIPT) | 0.113 7678 | -2319 573 543 1019

e Good stability of s with respect to previous fit

e Larger variation in condensates values and increased errors

® Take central values from first fit, adding differences as errors




o determination with ALEPH-like fit

Rodriguez-Sanchez, A.P.
24k /
s s 2s
wi(s) = |1-— — ) (1t
m2 m2 m?2

Channel as(m2)/m (%= GG) O¢ Og

(1073 Gev*) | (1073 GeVvO®) | 1073 GeV?)

v(For) o104 5 | 8, | 3273 | so'ts

V (CIPT) 0.112 799 -817 -3.5793 4.97%4
A (FOPT) | 0.097 7395 | —151% 44795 587193
A (CIPT) | 0.1027%% | 2573 43192 58793
V+A (FOPT) | 02021995 | —375; 1.375% -0.87%4%
V+A (CIPT) | 0.108 10003 | —1673 09703 | _10+05

2\FOPT __ +0.017
as(mz) = 0.319 T4 g15

: N 2y +0.018
Q)CIPT as(mT) = 0.329 —0.015

0.019
= 0.339 t0.017

as(ms




Al00)(s5)

Al20)(s5)

A. Pich

Experiment vs. (pinched) Perturbation Theory (only)

Rodriguez-Sanchez, A.P.
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Playing with the sy dependence

Rodriguez-Sanchez, A.P.

w(20)($ — 50)() = (1 — X)2
WP (s = sox) = (1 — x)? (1 + 2x)
W) (s = sox) = (1 — x)? (1 + 2x + 3x?)

Oy, Og
O¢, Og
Og, O10

Fit to the (9) sop > 2 GeV? points. One moment only (avoid correlations)

V + A channel

Moment | Method as(m2)/m Lower-D Condensate | Higher-D Condensate
(1073 GeVvP) (1073 GeVvP)
A () | FOPT | 0.105+9%4 912 —413
A (s) | cPT | 0.106 +0.003 —1147 0+1
A" (s) | FOPT | 0.102 +0.003 3+ 0+2
A< () | cPT | 0.106 +0.003 0+1 1+2
A () | FOPT | 0.101 +0.003 243 0+2
A< (s) | cPT | 0.106 +0.003 1+2 243
A. Pich 7 and QCD



V4+A ——
Rodriguez-Sanchez, A.P. 0 | )

NS035 . ] B
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— as(m?) = 0.326 13013 from V + A

BUT...

o Bad quality fit (x?2,, /d.o.f.)
e Much worse behaviour in separate V & A channels
e Fitting the sy dependence removes pinching:

Fitting m points of A(")(sy) is equivalent to a fit of

{A(nO)(SO),A(nflo)(SO), ...,A(OO)(S()), Im I'I(so), dlm I'I(so) , d™ " 1im I'I(So) }

dsg T dsg

Local duality assumed! —) Violations of Duality

A. Pich 7 and QCD 22



Boito et al. approach
e Ansatz: PR als) = e~ Cv/atv/as) sin (ay 4 + By as) s> sy ~ 1.5GeV?

e w(x)=1: Fit sp dependence of A(®)(s) = [¥ %L Im(s)

n-point fit = {A)(s) ImM(so 4+ Aso), -, ImM(so + (n — 1)Aso)}

n — 1 points dedicated just to fit the spectral function

e Uncertainties too large in A channel. Only V channel fitted

FOPT Number of points fitted Number of points fitted
40 35 30 25 20 15 10 4 35 3 25 20 15 10
038 T TTTTTTT L s e 5.5 T T T T T
037 5 ]
036 177! H 45| 4
035 A‘ T T a4l 4
0341 J 1147+ 4 -
= Ir g 35 b
% 033 HIT 1
E 11 5 3t il
3 032 ! e s
031 L T i & 25
03 - 1] 111 It 4 2
029 - ] 1 150 ]
028 - E 1
o7l vy 05 L P LN
1 11 12 13 14 15 16 17 18 19 1 11 12 13 14 15 16 17 18 19
stn (GeV2) Sth (GeV2)

Rodriguez-Sanchez, A.P.
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Boito et al. approach (cont)

Fit 5o dependence of A™)(s)) = [* < Im My (s)

Rodriguez-Sanchez, A.P. FOPT
Number of points fitted Number of points fitted
40 35 30 25 20 15 10 40 35 30 25 20 15 10

L L o = i e R T
037 |- T i 5| i
o.se—aw';*l T ki 45 | 3
0.35 l Tt T T 4 il |
0.34 4= |k L -

a5 H* - & 35

S 0331 "l i g =

£ ‘ j | S 3t d

o 032 B! T T 1 4 ©

Ll 1] , . T 2 gl 3
031 1 ‘J 31 | B a
03| L]} J \ 4 - 7
0.29 et I N N i 7
0.28 |- 1 E 1t 1
027 Lt i 9 ¢ § B § g f (oY e S I N SN ML N (5 B

1 L3 A% L3 1% 13 1§ 1 L8 18 & 11 12 13 14 15 16 1.7 1.8 19
stn (GeV?2) Sth (GeV?)

Problematic fit. Model dependence. Instabilities. Very low p-value

as(m?) = 7

m—-

A. Pich 7 and QCD
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A. Pich

Many more fits, tests, plots ...

Consistent value of ag(m?2) obtained (no surprises)

Detailed analysis will be released soon

7 and QCD
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Summary

A. Pich

Many interesting test of QCD with spectral information

Current data has limited accuracy & large correlations

Better experimental data (high statistics & precision) needed
My_a allows clean tests of OPE and xPT

Precise determination of os from 7 decays: MMy.a (Mya)
— Main limitation: perturbation theory
Better understanding of higher orders needed
— Improved control of dnp possible with better data

7 and QCD 26



BACKUP
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—2x+2x° —xYa, (—xm?)" = a + - s a,=a(m)/x

19 265 77\ 19
AVG ) = a — Ayl |22 |2 a+ -
@) = a 24ﬂ'f P 288 12 Pr | a:

a(—s) ~ e = e =a; ). (/ A a ¢) ; pel0,27]
—La, log(fs/mf) —i—ta.¢ "

FOPT expansion only convergent if a <0.14 (0.11) [at 1 (3) loops]

Experimentally o, =0.11 ) FOPT should not be used
(divergent series)

FOPT suffers a large renormalization-scale dependence (ie biberder- Pich , Menke)

The difference between FOPT and CIPT grows at higher orders

A. Pich 7 and QCD 28



Renormalon Hypothesis: Asymptotics already reached
Modelling a better behaved FOPT (Beneke — Jamin)

o Large higher-order K, corrections could cancel the g, ones

Happens in the “large-B,” approximation (UV renormalon chain)

o D=4 corrections very suppressed in R_
mm) n=2 IRrenormalons can do the job (K,=-9,)

o No sign of renormalon behaviour in known coefficients

ﬂ n =-1,2,3 renormalons + linear polynomial

5 unknown constants fitted to K, (2sn<5). Kg=283 assumed

o Borel summation: large renormalon contributions. Smaller o

Nice model of higher orders. But too many different possibilities ...

(Descotes-Genon — Malaescu)
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