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Previous estimates from e"e~ and t-decay indicate about 4c
deviation from the SM prediction

Lattice calculations seem to find a smaller deviation
New data from CMD3 on the pion form factor disagree with KLOE
Two times more precise data on g, from Brookhaven 2023

» & Why one needs improved estimates of Power corrections?
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Success of the SVZ sum rules for Hadrons phenomenology
Test of the convergence of the SVZ - OPE.
Behaviour of the size of high-dimension condensates

Accurate value of o, from e"¢~ — Hadrons and t-decay
QCD condensates are used as inputs in some other approaches.
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» < QCD parameters and SM-high precisions from e*e~ — Hadrons:
Summary SN, Nucl.Part.Phys.Proc. 343 (2024) 104-112 : ArXiv 2309.05342 [hep-ph]

» O QCD parameters and SM-high precision from eTe~ — Hadrons SN,
Nucl.Phys.A 1039 (2024) 122744 : ArXiv 2306.14639 [hep-ph]
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© Summary: o from e*e~ and t-like decay BNP moment




Total cross-sections
R= Hadrons /ptpe
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Mu(Q*= ) = i [dx (01T Ju(x)7},(0)[0)

© dt
= / >——ImII(z) + subtraction terms
t< I+ 0~ +1i€

» Jy(x)=Y, eé\Tqu”qlq . electromagnetic current

#» LImIl(t) ~ G (eTe” — Hadrons) : Optical theorem.




» & Data compiled by PDG22 & New CMD3 (E < 1.875 GeV)

o(ete” — Hadrons)

R = = 12nImII(¢) : Optical theorem

o(ete — utu™)

We divide the region 0.5 < v/t < 1.9 GeV into 7 subregions
and use a Mathematica Interpolating Fitting program.
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» Data fit from 1.875 to 2 GeV
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» Detailed fit of charmonlum data from 3.68 t0 4.55 GeV
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» Bottomium data from PDG 22
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» Hadronic Vacuum Polarisation of a,|/"” = 1 (g —2),[""”

1IrnI“I th ~ GtO,(e+e_ — Hadrons) : Optical theorem.

/@\ /@ a,|"? = 4n3/dtK (t/m})o(ete” — hadrons)
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# Final results
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» BELLE Results on 3w ( Y. Han)
BELLE: (489.1+2.5+10.7),  This Work : (485.7+13.7)

» BABAR (G. Vasseur)

a? —g" = (168+38+29) : BABAR
= (142442,,+22,,,) : This Work (30)
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Zakharov-fest Ringberg Castel, Tegernsee, Munich (19-21 May 2005).
From left to right: A.l. Vainshtein, Your Servitor, V.I. Zakharov, M.A. Shifman.
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» O Truncation of the OPE




Xampie or vector two-point tunction
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s D=2 dym;=-3(m+m3) (1 + 2ay) .- quark mass corrections

> |acn = C2(0 >\mch = (32 —8(3) a,A? log 5—22. : tachyonic gluon CNZ 98

=Y Large Order PT corrections NZ 09

s D=4 d4| o) = 417 (1+ %) (me Wy, +maWaya) quark condensate
|< @) = 3(asG?) (14 %a;) gluon condensate

s D=0 do=—-2n3pa,(y,y,)?: four-quark condensates : p = 1: factorization.
s D =38! ds={(GGGG): 4-gluon condensate & - -

» O Truncation of the OPE

s A truncation of the OPE up to D = 6 is enough for Phenomenology !




Xampie or vector two-point tunction

sTII(Q%) = Y CD<O‘§”‘O> : dp =Cp(0|0p|0)
D=024,... Q
o < Interms of the QCD PT and NP parameters
s D=0: I""'(0*|10 log( ") usual PT series (a, = o /)
s D=2 dymy=-3(m%+m3) (1 + 2ay) .- quark mass corrections

> |acn = C2(0 >\mch = (32 —8(3) a,A? log 5—22. : tachyonic gluon CNZ 98

=Y Large Order PT corrections NZ 09

o D =40 dy|gy =47 (1+ %) (m Wy, +ma¥awy) quark condensate
da| g2y = 5(0sG?) (1+ {as) gluon condensate

s D=0 do=—-2n3pa,(y,y,)?: four-quark condensates : p = 1: factorization.
s D =38! ds={(GGGG): 4-gluon condensate & - -

o ) Truncation of the OPE

s A truncation of the OPE up to D = 6 is enough for Phenomenology !

s No good control of condensates beyond D = 6 : violation of factorization, mixing

under renormalization NT83, often some classes of diagrams are only computed,...
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» & Improvement of the dispersion relation




» & Improvement of the dispersion relation

s Exponential (Borel/Laplace) for the coupling
SVZ 79, SN-de Rafael 81, Bell-Bertimann 83

* 1
L(T)= [ dtexp ™ EImH(t)
t
Exponential enhances thé low energy contribution.




» & Improvement of the dispersion relation

s Exponential (Borel/Laplace) for the coupling
SVZ 79, SN-de Rafael 81, Bell-Bertimann 83

* 1
L(T)= [ dtexp ™ EImH(t)
t
Exponential enhances thé low energy contribution.

» Ratio for the Masses svz 79 and Double Ratio for the
Splitting sn ss
d

R Mz,
= ——log L(T) ~ M = — ~
R(7) - log (1) ~ Mgz, ri2(ty) % " M2,

Minimal Duality : 1ImII(¢) ~ f38( — M3) + 6(¢ —t.) QCD continuum.




» & Improvement of the dispersion relation

s Exponential (Borel/Laplace) for the coupling
SVZ 79, SN-de Rafael 81, Bell-Bertimann 83

* 1
L(T)= [ dtexp ™ EImH(t)
t
Exponential enhances thé low energy contribution.

» Ratio for the Masses svz 79 and Double Ratio for the
Splitting sn ss
d ) Ri Mg
= ——loog L ~ M Ty) = — ~
R(7) - log (T) @ Mg, ri2(tw) % " M2,
Minimal Duality : ImIT(¢) ~ f38(r — M3) + 6(¢ — t.) QCD continuum.

s R (1) : less senstive to o,-corrections —-
Good tools for extracting the QCD condensates

Launer-SN-Tarrach 84
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from
ete  -> Hadrons




» Choice of the ratio of LSR Launer-SN-Tarrach 84

d

KIO(T) = _d_,clogLO(T) — f(a?7d47d67d87°”)




» Choice of the ratio of LSR Launer-SN-Tarrach 84

d
KIO(T) = —%lOgL()(’C) — f(a?7d47d67d87°”)

» In the chiral limit (m, 4 = 0) :
dy = 3(0,G?) (1+ Lay) gluon condensate

de = — 2em3pos (W, y,)?: four-quark condensates : p = 1: factorization.

ds = (GGGG): 4-gluon condensate @ - -




» Choice of the ratio of LSR Launer-SN-Tarrach 84

d
KIO(T) = —%lOgL()(’C) — f((x‘?7d47d67d87“')

» In the chiral limit (m, 4 = 0) :
dy = 3(0,G?) (1+ Lay) gluon condensate
de = — 20m3po (g, w,)?: four-quark condensates : p = 1: factorization.

81
ds = (GGGG): 4-gluon condensate @ - -

» Rio(1) less sensitive to o, than the moment £y(t) : starts to O(a?).




» Choice of the ratio of LSR Launer-SN-Tarrach 84

d
KIO(T) = _% IOgLO(T) — f(a?7d47d67d87 o )
» In the chiral limit (m, 4 = 0) :
dy = 3(0,G?) (1+ Lay) gluon condensate
de = — 20m3po (g, w,)?: four-quark condensates : p = 1: factorization.

81
ds = (GGGG): 4-gluon condensate @ - -

» Rio(1) less sensitive to o, than the moment £y(t) : starts to O(a?).

» Relative contributions of the condensates increased in the OPE |




» 3-parameter fit (d4,ds,dg) : not conclusive ! Like t-decay Moments !




» 3-parameter fit (d4,ds,ds) : not conclusive ! Like t-decay Moments !

s (0,G?) from heavy quarkonia @ 2-parameter fit of (dg, dg) :

2 4
O(O('S) O(O(’s)
30 & 40

_25 > 30 ,

%20 R S 20 | i

S8 | Ll — S 10 || el

310 = 0 ———

S N_ ,
gt | VREIE 20 25 30 a4

' r(c'ev*] . ‘ T[GeV-Z]

de stable for a2 — o but not ds. To order o :
ds = —(20.54+2.0) x 1072 GeV®, dg= (4.7+3.5) x 1072 GeV?®.

NB : 1t~ (2~ 3) GeV~2 relatively big ! Results to be improved later on !

T ¢ 24 2074 = T0Th July 2004 (Montpellier TRy = p. 2136



BNP 92

|
R = / dxy (1 — Bx% —|—2x(3))x8 2R£:1(x0) X = (t/M(%)
0

» Perturbative corrections 6,(10) to order o} (FO) forn>1, :




BNP 92

|
R = / dxo (1 — 3x(2) —|—2x(3))x8 ZRZI(xO) X = (t/M(%)
0

» Perturbative corrections 8,(10) to order o (FO) forn>1, :

#» Condensates to lowest order of o, Cauchy Property :

Re = F(8V de,ds), dps10 =0
Re = £(8\” dy ds,do), dps1p =0
Ry = f(5§0)7d67d107d12)7 dp>14=0
RY = f(5§0),d8,d12,d14), dy>16 =0
Ry = f(54(10),d10,d14,d16), dp>18 =0
Ry = f(5§0),d12,d16,d18), dp>20 =0
Ry = f(5éO),d14,d18,d20), dp>2 =0




» Two parameter fit not Conclusive !
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extremum) versus the M, variation.
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Stability Criteria : optimal results at the stability region (plateau,
extremum) versus the M, variation.

» |Initial Inputs : oy, and (0,G?) (J/y,Y) , d¢ (LSR) condensates —>
Ry gives dy — R; gives dijgp =— R, gives d;p» = Rz (Qives
dis = R4 Qives dig =— Rs5 gives dig = Rg Qives dy




» Two parameter fit not Conclusive !
One parameter fit to better constrain the parameters.

Stability Criteria : optimal results at the stability region (plateau,
extremum) versus the M, variation.

» |Initial Inputs : oy, and (0,G?) (J/y,Y) , d¢ (LSR) condensates —>
Ry gives dy — R; gives dijgp =— R, gives d;p» = Rz (Qives
dis = R4 Qives dig =— Rs5 gives dig = Rg Qives dy

» We proceed iteratively to improve the results

dy Md6<—>d8<ﬂd10<ﬂd12—>dl4—>dl6

J/\|I, T LSR Ro R R> Rs R4

where (2) and (6) indicate the number of iterations.




® dg from R, : inputs oy, dy,dg dio,d1» from R, : inputs ay,dg

20 30
—19 N Q25
% < $20 —
U 18 = U
~N < — <anil NO 15
Y S0
Si16 p= N

4 5 S =
15,712 13 14 15 16 17 18 1.1 1.2 1.3 14 1.5 1.6 1.7 1.8

Mo[GeV] Mo[GeV]




® dg from Ry : inputs o, ds,dig dio,d1> from R, : inputs oy, dg
20 30
— 19 Q 25
< JE— 2
315 ol $ 20
17 A o 1> B
S16 0 510 ) )
y 5| —— —
157712 13 14 15 16 17 1.8 1.1 1.2 13 14 1.5 1.6 1.7 1.8
Mo[GeV] Mo[GeV]
® diy,dig from R3 and R4 dis, dyo from R5 and Rs.
Lo 500
3, 140 ol
& 120 %400
5 100 9350
— 80 S 300
o 60 5250
S5 =3

491 200
AL2 LBLALBLIGLILE Bos——e—r e

Mo[GeV] MolGeV]
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# Include the condensates of dimension D < 16 in the OPE.




# Include the condensates of dimension D < 16 in the OPE.

» Extractds : inputs : dy,dg — dig and dy :inputs : dg — dis.

20 < 20

e o
= 8 /\ S 15 ¥/
(@)
~ \_-//
=5 5
"0 0

07 0.8 09 1.0 1.1 0.7 08 09 1.0 1.1

1[GeV~2] r[GeV?]

02

(@sG)[




# Include the condensates of dimension D < 16 in the OPE.
» Extractds : inputs : dy,dg — dig and dy :inputs : dg — dis.

20 < 20

D
15 /F\ 8 15 \—/
1 — 10
07 08 09 10 11> %7 08 09 1.0 1.1
1[GeV~2] r[GeV?]

o
02

~dg[10%GeV?

O wn

(@sG)[

® do=—(23.6£3.7)x1072GeV°: for 1~ (0.85~0.95) GeV 2

— Agrees with dg = —(20.54+2.2) x 1072 GeV?® (initial inputs obtained at larger t-values).
— Truncation up to dg gives : dg = —(18.0£3.8) x 107> GeV*




# Include the condensates of dimension D < 16 in the OPE.
» Extractds : inputs : dy,dg — dig and dy :inputs : dg — dis.

20 < 20

>
15/\ UISK/
1

210
/\ 5 —
0

07 08 09 1.0 1.1 0.7 0.8 09 1.0 1.1
1[GeV~2] r[GeV?]

® do=—(23.6£3.7)x1072GeV°: for 1~ (0.85~0.95) GeV 2

— Agrees with dg = —(20.54+2.2) x 1072 GeV?® (initial inputs obtained at larger t-values).
— Truncation up to dg gives : dg = —(18.0£3.8) x 107> GeV*

~dg[10%GeV?
o
(@sG?)[10?

O wn

® (0,G*) =(7.84£33)x1072GeV*: for 1~(0.9~1.0) GeV?2
— Agrees with (6.49+£0.35) x 1072 GeV* from Heavy quarks but less accurate !




# Include the condensates of dimension D < 16 in the OPE.

» Extractds : inputs : dy,dg — dig and dy :inputs : dg — dis.

< 20
>

20
> 15 \ & 15 K/
O

10 SR

B - =10
= & o
S 5 / G 5
| é" 0
%7 08 09 10 11> Y%7 08 09 1.0 1.1
1[GeV~2] r[GeV?]

® do=—(23.6£3.7)x1072GeV°: for 1~ (0.85~0.95) GeV 2

— Agrees with dg = —(20.54+2.2) x 1072 GeV?® (initial inputs obtained at larger t-values).
— Truncation up to dg gives : dg = —(18.0£3.8) x 107> GeV*

® (0,G*) =(7.84£33)x1072GeV*: for 1~(0.9~1.0) GeV?2
— Agrees with (6.49+£0.35) x 1072 GeV* from Heavy quarks but less accurate !

®» Good convergence of the OPE at the optimization scale :

TRio(t) = 14PB1a?+---—0.12312 +0.1647° —.1407* — 0.0157° +0.050t° — 0.0347” +0.1937°

3 8
= 14107+ Yab,v" =0.127(0.091) + Yer,v" = 0.017(—0.023) for t=0.95 (0.85) GeV >
n=2 n=4

¢ 24 2074 = T0Th July 2004 (Montpellier TR = p. 35736



» This work at (FO) : (0,G?) = (6.49+0.35) x 1072 GeV* input from J/y, Y
for d, > 6. Units : 1072 GeVP? : D dimension of the condensates.
Systematic Errors not Inlcuded.

(a;G?)  —dg ds —d0 —d1» dis —di6 —d3 dro
7.843.5 23.64+3.7 1824+0.6 6.04+:0.2 184+3.8 59.2+7.1 11844+13.2 202.04+20.7 421.3+44.3

— (0,,G?) confirms heavy and light quark SR results but less accurate.

— dg confirms a huge violation of factorization: factor (74 1) LNT 84, SN96,
— dg confirms SN96

—|don12| = 2|day,| for n > 7 (No Factorial / Exponential Growth !)

— No Systematic Alternate Signs.




» This work at (FO) : (0,G?) = (6.49+0.35) x 1072 GeV* input from J/y, Y
for d, > 6. Units : 1072 GeV” : D dimension of the condensates.
Systematic Errors not Inlcuded.

(a;G?)  —dg ds —d0 —d1» dis —di6 —d3 dro
7.843.5 23.64+3.7 1824+0.6 6.04+:0.2 184+3.8 59.2+7.1 11844+13.2 202.04+20.7 421.3+44.3

— (0,,G?) confirms heavy and light quark SR results but less accurate.
— dg confirms a huge violation of factorization: factor (74 1) LNT 84, SN96,
— dg confirms SN96
—|don12| = 2|day,| for n > 7 (No Factorial / Exponential Growth !)
— No Systematic Alternate Signs.
#» QCD condensates from some other 1-like decay moments at (FO)

(0, G?) —dg dg —d1o —d1» Refs.

0.67+0.89 152422 223425 ALEPH 99

534+3.64 142435 21.342.5 OPAL 99

3.573% 19.713%8 2371148 11.8419.7 7.9+19.7 Pich-Rodriguez 16 (dy4,16 = 0)

-
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» This work at (FO) : (0,G?) = (6.49+0.35) x 1072 GeV* input from J/y, Y
for d, > 6. Units : 1072 GeV” : D dimension of the condensates.
Systematic Errors not Inlcuded.

(a;G?)  —dg ds —d0 —d1» dis —di6 —d3 dro
7.843.5 23.64+3.7 1824+0.6 6.04+:0.2 184+3.8 59.2+7.1 11844+13.2 202.04+20.7 421.3+44.3

— (0,,G?) confirms heavy and light quark SR results but less accurate.
— dg confirms a huge violation of factorization: factor (74 1) LNT 84, SN96,
— dg confirms SN96
—|don12| = 2|day,| for n > 7 (No Factorial / Exponential Growth !)
— No Systematic Alternate Signs.
#» QCD condensates from some other 1-like decay moments at (FO)

(0, G?) —dg dg —d1o —d1» Refs.

0.67+0.89 152422 223425 ALEPH 99

534+3.64 142435 21.342.5 OPAL 99

3.573% 19.713%8 2371148 11.8419.7 7.9+19.7 Pich-Rodriguez 16 (dy4,16 = 0)
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from e*e -> Hadrons

and t->Vector +v_




o (M) BNP lowest moment

» Use as inputs the previous condensates of dimension ds — ds.




o (M) BNP lowest moment

» Use as inputs the previous condensates of dimension ds — ds.

# Extract o,(M,) versus My for FO and Cl PT series.

0.50
0.45
~0.40
< 0.35
©0.30
0.25
0.20

1.4 15 16 17 18 1.9 20
Mp[GeV]




o (M) BNP lowest moment

» Use as inputs the previous condensates of dimension ds — ds.

# Extract o,(M,) versus My for FO and Cl PT series.

0.50
0.45
~0.40
< 0.35
©0.30
0.25
0.20

14 15 16 1.7 18 1.9 2.0
MQ[GQV]

» One obtains to order O(o}) [My = 1.675(25) GeV (stability point)] :
og(M;) = 0.3238(36) = 0, (M) =0.1190(2) FO
= 0.3465(43) = o,(Mz) =0.1216(2) CI




o (M) BNP lowest moment

» Use as inputs the previous condensates of dimension ds — ds.

# Extract o,(M,) versus My for FO and Cl PT series.

0.50
0.45
~ 0.40
< 0.35
©0.30
0.25
0.20

14 15 16 1.7 18 1.9 2.0
MQ[GQV]

» One obtains to order O(o}) [My = 1.675(25) GeV (stability point)] :
og(M;) = 0.3238(36) = o,(Mz)=0.1190(2) FO
= 0.3465(43) = o,(Mz) =0.1216(2) CI

» Sum of NP terms :
Y dyp(M;) = (3.840.8)x 1072 ~o (FO), o (CI).

e
— TR



» (Geometric growth of different PT series SN-Zakharov 09 :
D(Q*) = Ydlcyu i co=ci=1, c3=1656, c3 =637, c4s =49.09

— Rt = s~ (e3/c)cd ~ (2284 114).

Ry = Za;’ (gn+cn): gnfrom RG— resummation
n

(seee.g: Pich — Lediberder92, Kataev — Starshenko 95)
gs =—780 (FO),  0(CI)
—  Acy(M;)=+71 x107* (FO), +62x10~* (CI),




» (Geometric growth of different PT series SN-Zakharov 09 :

D(Q*) = Za;’cn cco=c1=1, ¢y =1.656, c3 =6.37, c4 = 49.09
n

— Rt = s~ (e3/c)cd ~ (2284 114).

Ry = Za? (gn+cn): gnfrom RG— resummation
n

(see e.g: Pich — Lediberder92, Kataev — Starshenko95)
gs = —780 (FO), 0(CI)
—  Acy(M;)=+71 x107* (FO), +62x10~* (CI),

» o,(M;) to order o} including error due to o
o(M:) = 03238(36)7(71)os = a5(Mz) =0.1190(9)(3)ses  FO
= 0.3465(43) s (62)s = 0s(Mz) = 0.1216(8)(3)ever  CI




» (Geometric growth of different PT series SN-Zakharov 09 :
D(Q*) = Za;’cn cco=c1=1, ¢y =1.656, c3 =6.37, c4 = 49.09

— Rt = s~ (e3/c)cd ~ (2284 114).

Ry = Za;’ (gn+cn): gnfrom RG— resummation
n

(see e.g: Pich — Lediberder92, Kataev — Starshenko95)
gs =—780 (FO),  0(CI)
—  Acy(M;)=+71 x107* (FO), +62x10~* (CI),

» o,(M;) to order o} including error due to o
o(M:) = 03238(36)7(71)os = a5(Mz) =0.1190(9)(3)ses  FO
= 0.3465(43) s (62)s = 0s(Mz) = 0.1216(8)(3)ever  CI

# Mean : assume that Ao’ absorbs the # between FO and Cl at H.O :
O (Mr) = 0.3358(55)(107) sy = Os(Mz) = 0.1204(7)(3)evor

where syst comes from the distance of the mean central value to the

ones of FO or CI.
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» Comparison of # Determinations

THIS WORK ALEPH 98 OPAL 99 PR 16 ALEPH 14
ete” T-decay
FO 0.3081(86) 0.3128(79) 0.3200(220) 0.3230(160) 0.3200(150) -
Cl 0.3260(78) 0.3291(70) 0.3400(230) 0.3470(220) 0.3370(200) 0.3460(110)

FO@ Cl  0.3179(100) 0.3219(105)
SVP) %1072 3.8(8) 3.7(1.0) 2.0(3) 3.6(4) 1.7(3) 2.0(3)




» Comparison of # Determinations

THIS WORK ALEPH98  OPAL 99 PR 16 ALEPH 14
ete” T-decay
FO 0.3081(86) 0.3128(79) 0.3200(220) 0.3230(160) 0.3200(150) —~
Cl 0.3260(78) 0.3291(70) 0.3400(230) 0.3470(220) 0.3370(200) 0.3460(110)
FO@ Cl  0.3179(100) 0.3219(105)
SVP) %1072 3.8(8) 3.7(1.0) 2.0(3) 3.6(4) 1.7(3) 2.0(3)

» Average of our result for FO ¢ Cl :

ete™

os(Mo)|2Y% = 03179(58)(81)gy  —  O(MZ)]2Y% =0.1182(12)(3)evor

ete

Os(Mr)|ry = 0.3219(52)(91)sye —  Ox(Mz)|ry = 0.1187(13)(3) 101




» Comparison of # Determinations

THIS WORK ALEPH98  OPAL 99 PR 16 ALEPH 14
ete” T-decay
FO 0.3081(86) 0.3128(79) 0.3200(220) 0.3230(160) 0.3200(150) —~
Cl 0.3260(78) 0.3291(70) 0.3400(230) 0.3470(220) 0.3370(200) 0.3460(110)
FO@ Cl  0.3179(100) 0.3219(105)
SVP) %1072 3.8(8) 3.7(1.0) 2.0(3) 3.6(4) 1.7(3) 2.0(3)

» Average of our result for FO ¢ Cl :

os(M7)|2Y2 = 0.3179(58)(81)syr  —  Os(Mz)[5Y% = 0.1182(12)(3)evor
s(Me)lzy = 0.3219(52)(9) gy —  O(M7)|ry = 0.1187(13)(3)r0r

» Average from e*e~ and t-decay data.
(0 (M:)) = 0.3198(72) = (0t (Mz)) = 0.1185(9)(3)evor




» Comparison of # Determinations

THIS WORK ALEPH98  OPAL 99 PR 16 ALEPH 14
ete” T-decay
FO 0.3081(86) 0.3128(79) 0.3200(220) 0.3230(160) 0.3200(150) —~
Cl 0.3260(78) 0.3291(70) 0.3400(230) 0.3470(220) 0.3370(200) 0.3460(110)
FO@ Cl  0.3179(100) 0.3219(105)
SVP) %1072 3.8(8) 3.7(1.0) 2.0(3) 3.6(4) 1.7(3) 2.0(3)

» Average of our result for FO ¢ Cl :

os(M7)|2Y2 = 0.3179(58)(81)syr  —  Os(Mz)[5Y% = 0.1182(12)(3)evor
os(M:)ley = 0.3219(52)(9) e —>  Os(Mz)|ry = 0.1187(13)(3)evor
» Average from e*e~ and t-decay data.
(0s(Mz)) = 0.3198(72) = (0t (Mz)) = 0.1185(9)(3) evor
» Good agreement with PDG24 : os(Mz)ppc = 0.1178(5)

-
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& o,(M;) in the World without Condensates

® Assume ds — dg — dg = 0.




& o,(M;) in the World without Condensates
® Assume ds — dg — dg = 0.

» Extract o,(M,) versus M, for FO and CI - PT series.

0.50
0.45
2040 = ¥ o d Ok 33 b2
2035 Yt oy i 1
0.30

0.25
14 1.5 1.6 1.7 1.8 1.9 2.0

Mo[GEV]




& o (M;) in the World without Condensates
® Assume ds — dg — dg = 0.

» Extract o,(M,) versus M, for FO and CI - PT series.

0.50
0.45
20.40 Y & 3 P & 13) § o=
;‘20.35 RN S O B A
0.30

0.25
14 1.5 1.6 1.7 1.8 1.9 2.0

_ Mo[GEV]
» One obtains to order O(of) :

o (M) = 0.3514(68) = o,(My)=0.1221(7) FO
= 0.3827(90) = o,(Mz) =0.1252(9) CI
Relatively High compared to the PDG 24 average !
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& The quest of 1/0Q? contribution

» 1/0? term in different places
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& The quest of 1/0Q? contribution

» 1/0? term in different places
» Linear part of the QCD potential Lattice Bali et al 95,97
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» 1/0? term in different places
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Linear part of the QCD potential Lattice Bali et al 95,97
Some holographic models (Andreev-Zakharov 06,07, Jugeau-SN-Ratsimbarison 13)

# Tachyon gluon mass Chetyrkin-SN-Zakharov 97

o

o
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Phenomenological parametrization of UV renormalon (see also Altarelli 95)
Alternative to the large B-approximation: alternate signs and n! growth not yet seen !

Needed to restore the p and © and glueballs QCD sum rule scales.

Dual to the sum of HO contributions to the PT series SN-Zakharov 09 : Short PT
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& The quest of 1/Q?* contribution

» 1/0? term in different places

o

o

Linear part of the QCD potential Lattice Bali et al 95,97
Some holographic models (Andreev-Zakharov 06,07, Jugeau-SN-Ratsimbarison 13)

# Tachyon gluon mass Chetyrkin-SN-Zakharov 97

o

o

o

Phenomenological parametrization of UV renormalon (see also Altarelli 95)
Alternative to the large B-approximation: alternate signs and n! growth not yet seen !

Needed to restore the p and © and glueballs QCD sum rule scales.

Dual to the sum of HO contributions to the PT series SN-Zakharov 09 : Short PT
series @ A? = Long PT series : A? decreases when more terms are in the series !

d» tachyonic gluon mass A from ratio of LSR
doraen = —2 x 1.05a,A* : O(o})

(0 /T)A? = —(6.5+£1.3) x 1072 GeV?
improves previous results

SN92,96; Kozhevnikova-Oganesiaan-Terayev

—asA’[10%GeV?)
—
(@]

. , , , 0.60.70.80.91.01.1.1.21.3
To avoid a double counting with the estimate of o for f[GeV2]

HO terms, we do not include by duality o,A> but give an upper bound : 8&22) < 4%.
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& Small size instantons
» Contribute as operators of dimension 12 (running mass) NP 94
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& Small size instantons
» Contribute as operators of dimension 12 (running mass) NP 94:

| 64AN° [ i,
&St (3 6 ) (m mar ) ~1.6 x 1078,
M, M

T

i, =3.1(2) MeV, iy = 6.1(4) MeV and i, = (114.3 £6.4) MeV.
» Contribute as operators of dimension 9 (constituent mass) BBB 93:
s Fitfrom eTe~ data SNO96:

89 (M;) ~ —(7.0£26.5) x 10~
» Constraint from V-A t-decay data and using : 8%, ~ 8’ /20 KK95:

+A

SO(M;) ~ +(5~15)x107%

Negligible !
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® AImII(¢) ~ e~ +7) sin(0 + Bs) above a certain threshold :
So ~1.5GeV? Perisetal.. 3§, v, o, B are free unknown parameters.

» Negligible ! Pich-Rodriguez
#» On the value of sy from FESR (local duality) BLR85, BDLPR88:

/ dsRL;' = [1+as+a (1. 6398—&)+ N
—p— meson only : 5o = 1.5 GeV?. = A= 342 Mev
—ete” — Hadronsup to /s =1.88 GeV: 14 Data/QCD
So=t.= (5.1 ~5.6) GeV? Py
(checked from LSR) SN23 0.8
— Huge Exponential suppression ! 0'2,5 50 55 60 65

t.[GeV?]
» Oescillating DV term in Minkowski space DUAL to Exponential behaviour

of Condensates ( Not seen from our analysis !) in Euclidean region
SHIFMAN10.

e
— TR






» Muon anomaly in units of 10~!! from ete~ — Hadrons :

aul)"P(ete™) =(7036.5+£36.9) = a%P —all =(142+£42,,+22,,,) : 30

l.o




» Muon anomaly in units of 10~!! from ete~ — Hadrons :

aul)"P(ete™) =(7036.5+£36.9) = a%P —all =(142+£42,,+22,,,) : 30

» QCD condensates within the SVZ OPE from eT¢— — I=1 Hadrons




» Muon anomaly in units of 10~!! from ete~ — Hadrons :

aul)"P(ete™) =(7036.5+£36.9) = a%P —all =(142+£42,,+22,,,) : 30

» QCD condensates within the SVZ OPE from e¢*e~ — I=1 Hadrons
s Confirms the value of (a;G?) from Heavy quarks sum rules




» Muon anomaly in units of 10~!! from ete~ — Hadrons :
aul)"P(ete™) =(7036.5+£36.9) = a%P —all =(142+£42,,+22,,,) : 30

» QCD condensates within the SVZ OPE from e¢*e~ — I=1 Hadrons
s Confirms the value of (a;G?) from Heavy quarks sum rules

s Confirms a huge violation of the 4-quark factorization : factor (6 + 1)




» Muon anomaly in units of 10~!! from ete~ — Hadrons :

aul)"P(ete™) =(7036.5+£36.9) = a%P —all =(142+£42,,+22,,,) : 30
» QCD condensates within the SVZ OPE from eTe~ — |=1 Hadrons
s Confirms the value of (a;G?) from Heavy quarks sum rules

s Confirms a huge violation of the 4-quark factorization : factor (6 + 1)

s dr, o ~d>, for n > 7 (no signal of Exponential / Factorial growth).




» Muon anomaly in units of 10~!! from ete~ — Hadrons :

aul)"P(ete™) =(7036.5+£36.9) = a%P —all =(142+£42,,+22,,,) : 30

» QCD condensates within the SVZ OPE from e*e™ — |=1 Hadrons
s Confirms the value of (a;G?) from Heavy quarks sum rules
s Confirms a huge violation of the 4-quark factorization : factor (6 + 1)
s dr, o ~d>, for n > 7 (no signal of Exponential / Factorial growth).

s No systematic alternate signs !




» Muon anomaly in units of 10~!! from ete~ — Hadrons :

aul)"P(ete™) =(7036.5+£36.9) = a%P —all =(142+£42,,+22,,,) : 30

» QCD condensates within the SVZ OPE from e*e™ — |=1 Hadrons
s Confirms the value of (a;G?) from Heavy quarks sum rules
s Confirms a huge violation of the 4-quark factorization : factor (6 + 1)
s dr, o ~d>, for n > 7 (no signal of Exponential / Factorial growth).

s No systematic alternate signs !
» Standard SVZ OPE @ PT O(a}) @ A(o?)




» Muon anomaly in units of 10~!! from ete~ — Hadrons :

aul)"P(ete™) =(7036.5+£36.9) = a%P —all =(142+£42,,+22,,,) : 30

» QCD condensates within the SVZ OPE from eTe~ — |=1 Hadrons
s Confirms the value of (a;G?) from Heavy quarks sum rules
s Confirms a huge violation of the 4-quark factorization : factor (6 + 1)
s dr, o ~d>, for n > 7 (no signal of Exponential / Factorial growth).
s No systematic alternate signs !

» Standard SVZ OPE @ PT O(a}) @ A(o?)

» Average of ete™ — I = 1Hadrons results for FO ¢ ClI :

os(M)2Y2 = 0.3179(58)(81)sysr —  O(Mz)[2Y% = 0.1182(12)(3)evor

ete™

Os(Mr)|ry = 0.3219(52)(91)gyse —  Os(Mz)|ry =0.1187(13)(3)v0r




» Muon anomaly in units of 10~!! from ete~ — Hadrons :

aul)"P(ete™) =(7036.5+£36.9) = a%P —all =(142+£42,,+22,,,) : 30

» QCD condensates within the SVZ OPE from eTe~ — |=1 Hadrons
s Confirms the value of (a;G?) from Heavy quarks sum rules
s Confirms a huge violation of the 4-quark factorization : factor (6 + 1)
s dr, o ~d>, for n > 7 (no signal of Exponential / Factorial growth).
s No systematic alternate signs !

» Standard SVZ OPE @ PT O(a}) @ A(o?)
» Average of ete™ — I = 1Hadrons results for FO ¢ ClI :

os(M)2Y2 = 0.3179(58)(81)sysr —  O(Mz)[2Y% = 0.1182(12)(3)evor

ete™
Os(Mr)|ry = 0.3219(52)(91)gyse —  Os(Mz)|ry =0.1187(13)(3)v0r
» Average from e"e~ — I = 1Hadrons and T — Vector + V:

(05 (Mz)) = 0.3198(72) = (045 (M) = 0.1185(9)(3)ever

e S R S~ O Tuly 2054 (Nomtpel e BRY 36736



» Muon anomaly in units of 10~!! from ete~ — Hadrons :

aul)"P(ete™) =(7036.5+£36.9) = a%P —all =(142+£42,,+22,,,) : 30

» QCD condensates within the SVZ OPE from eTe~ — |=1 Hadrons
s Confirms the value of (a;G?) from Heavy quarks sum rules
s Confirms a huge violation of the 4-quark factorization : factor (6 + 1)
s dr, o ~d>, for n > 7 (no signal of Exponential / Factorial growth).
s No systematic alternate signs !

» Standard SVZ OPE @ PT O(a}) @ A(o?)

» Average of ete™ — I = 1Hadrons results for FO ¢ ClI :

os(M)2Y2 = 0.3179(58)(81)sysr —  O(Mz)[2Y% = 0.1182(12)(3)evor
Os(Mr)|ry = 0.3219(52)(91)gyse —  Os(Mz)|ry =0.1187(13)(3)v0r
» Average from e"e~ — I = 1Hadrons and T — Vector + V:
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» Muon anomaly in units of 10~!! from ete~ — Hadrons :
aul)"P(ete™) =(7036.5+£36.9) = a%P —all =(142+£42,,+22,,,) : 30
» QCD condensates within the SVZ OPE from e*e™ — |=1 Hadrons
s Confirms the value of (a;G?) from Heavy quarks sum rules
s Confirms a huge violation of the 4-quark factorization : factor (6 + 1)
s dr, o ~d>, for n > 7 (no signal of Exponential / Factorial growth).

s No systematic alternate signs !
» Standard SVZ OPE @ PT O(a}) @ A(o?)
» Average of ete™ — I = 1Hadrons results for FO ¢ ClI :
os(Mo)[2Y% = 0.3179(58)(81)gr  —  O(MZ)]2Y% = 0.1182(12)(3) v

ete™ etTe

Os(Mr)|ry = 0.3219(52)(91)gyse —  Os(Mz)|ry =0.1187(13)(3)v0r
» Average from e"e~ — I = 1Hadrons and T — Vector + V:

(0s(M7)) =0.3198(72) = (0s(Mz)) =0.1185(9)(3) evor
» Good agreement with PDG24 : os(Mz)ppg = 0.1178(5)

o Bexond the Standard SVZ OPE : Neﬁliﬁible effects |
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