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Floratos Visit at CPT-Marseille (1




Floratos Seminars - Marseille (1978}

___SEMNARS _oN___ScAUNG V10 LATIONS
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Collaboration with Floratos in MarsSeiie

. Nuclear Physics B155 (1979) 115—-149
© North-Holland Publishing Company

SPECTRAL FUNCTION SUM RULES IN QUANTUM CHROMODYNAMICS
(I). Charged currents sector

Emmanuel G. FLORATOS *, Stephan NARISON ** and Eduardo de RAFAEL

Centre de Physique Théorique, CNRS, Centre de Luminy,
70, route Léon Lachamp, F-13288 Marseille Cedex 2, France

Received 7 August 1978
(Revised 2 March 1979)

The Weinberg sum rules of the algebra of currents are reconsidered in the light of
quantum chromodynamics (QCD). We derive new finite-energy sum rules which replace’
the old Weinberg sum rules. The new sum rules are convergent and the rate of conver-
gence 1s explicitly calculated in perturbative QCD at the first non-trivial order. Phenome-
nological applications of these sum rules in the charged current sector are also discussed.
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Breaking of the Weinberg Sum rules

Asymptotic realization of SU(2), ® SU(2)r chiral symmetry.

0
/ dt t x [Im ALO(t) = Im FFO(t) — Im FAl’O(t)] ~0
0]

Difference between the vector and axial-vector two-point correlators
vanishes at large —g® = Q% > 0 which obeys the dispersion relation:

% dt 1
2\ __ = : :
F\/)A(q )—/O t—qz—iS T[““ F\/)A(t)—|—... . F like



Breaking of the Weinberg Sum rules by Quark masses

Superconvergent Weinberg Sum rules for mqy =0

/ dt [Im AYO(t) = REO(t) — Im FA0(1)] =0
0] _

/ dt t x [Im ALO(t) = Im FH(t) — Im FAO(t)| = 0
0 i

o0 dt 1
AN - :
F\/,A(q)_/o e M Al ot F
Mass Corrections
im ALO B 3 mm; minijz ”'ﬁzmjz
Os\ mm; 1
ATO(Q2 > mﬁ) _ (;) quT[ZJFW [
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Improved Weinberg Sum Rules for mq # 0

10 _ 10 Mj 10
My
me° = |mR° mlm 1,0
Rijkl — Rijk_ﬁ lek

Needs for a RGI Quark Mass in the MS-scheme:

N\

Tt m

y/—B1 .
—Blds(li)) - M= [log (Q/N)]¥r/~Ps

mzmw(
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Finite Energy Weinberg Sum Rules for mg # 0

Choice of integration contour in the complex q? plane

(“DP(Q@)PH i
21T n

Q? . _
/ dt tP Im A(t) = de &(P+18(—Q2d®)
0]

Various phenomenological applications
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QCD spectral sum rules (QSSR
& 20th century

- important as we work with

o near the former Soviet Union state where comes SVZ

The example of Exponential / Borel / Laplace sum rule

% d
L(T)Z/ dtexp ' ImM(t) =% (1)=——logs(1)
to dt
® Improvement of the previous dispersion relation
% dt
My(@P=-q) = i/d4x 0TI (I (0= [ — = ImA(t)+...
H(Q =) (O M) OI0) = | e Imn(t) +
J(X) : Hadronic current :Qpry, Yy, asG?, gpGy, Qripdroy, ...
N
® Bridge between QCD High Experimental Low energy regions: u
QCD OPE=EXP DATA N
® Exponential enhances the low energy contribution. "
H B EH N
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The SVZ-OPE: Adler functic
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J—VU, L, Z,...

Anatomy of the OPE in terms of QCD parameters

°* p=0: usual PT series (as= 0s/T):

Co=Y,C00 =1+as+1.640a2+6.371a3 +49.076a2+
?7?

° p=1 mg small corrections
°* p=2 (0sG?), my{WeWg): gluon and quark condensates
°* p=3 my(gPGy): mixed quark-gluon condensate

os(WgWq)?: four-quark condensates
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Theoretical Progresses

&

2nd Step

Mixing of operators under renormalization
Tarrach 82, Espriu-Tarrach 82, SN-Tarrach 83,...

Absorption of Mass singularities into the quark condensate
Becchi-SN-de Rafael-Yndurain 81, Broadhurst-Generalis 84, Bagan -

Latorre - Pascual 86, BNP 92, Jamin-Munz 95, Chetyrkin-Steinhauser 01

High-dimension gluon condensates
Nikolaev-Radyushkin (NR) 83, BG 84, Bagan-Pascual-Tarrach 85,...

Higher order PT corrections Chetyrkin et al...

Duality between large order terms: Ay = Y.y CnOg and
due to a tachyonic gluon mass
Chetyrkin-SN-Zakharov 95, SN-Zakharov 09
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Spectral Function
1st Step: Available Data

e"e- — hadrons and t-decays
2nd step: No Data

Minimal Duality Anstaz

Tested from e"e~ I1=1 hadrons data

Tested from charmonium and bottomium data

2800 02 04 06 08 10 12 14

7[GeV?]
|

Tested from large Nq-expansion n
H N
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Optimization Procedure
1st Step: 1-stability / Sum Rule Window

Harmonic Oscillator & Non-Rel. SR

04 08 12 16 20 24 28 32
wT

Small times  Stability = Breakdown
all levels ground state of OPE
contribute dominance

Bottomium

NLO D4
- +D6
- +D6+D8

Exp

---- Exp+Cont
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2nd Step: tc-stability: conservative result

Example of the decay constant fg

0000 01 02 03 04 05

7 [GeV™?]




2nd Step: tc-stability: conservative result

Example of the decay constant fg

1 e
00.0 0.1

3rd step: p-subtraction point stability
Example of fg, and fg-/fg
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Traditional Hadron Phenome
& kalashnikov !

\-Favel-Uc Radla - @

® Corrections to tand K PCAC since SN 81

® Heavy quark masses since SVVZ 79, SN 87, Chetyrkin et al,
loffe-Zyablyuk, SN 10,...,

® Light Baryons since loffe 81, Dosch et al 81

® Heavy Baryons since Bagan-Chabab-Dosch-SN 92,
Albuquerque, Nielsen

® Gluonium since Novikov SVZ 80, SN 83, SN-Veneziano 89
® Light Hybrids since Latorre-Pascual-SN 87, Chetyrkin-SN 00, SN 09
® Heavy Hybrids since Govaerts-R-R-Weyers 85, Steele et al 2012

® Four-quarks, molecules : Light : since Latorre-Pascual 85, SN 86
Heavy : Sao Paulo, Madagascar, China

® Hadronic decays Vertex Navarra et al.; Light Cone

® T1-decay since BNP 92, Pich-Lediberder, Prades-Pich,...

® Thermal Hadron Bochkarev-Shaposhnikov 86, Dosch-SN 88,
Loewe, Buchheim




Traditional Hadron Phenomen
& kalashnikov !

SN-Paver-de Rafael-Treleani 83,...

® Corrections to tand K PCAC since SN 81

® Heavy quark masses since SVVZ 79, SN 87, Chetyrkin et al,
loffe-Zyablyuk, SN 10,...,

® Light Baryons since loffe 81, Dosch et al 81

® Heavy Baryons since Bagan-Chabab-Dosch-SN 92,
Albuquerque, Nielsen

® Gluonium since Novikov SVZ 80, SN 83, SN-Veneziano 89
® Light Hybrids since Latorre-Pascual-SN 87, Chetyrkin-SN 00, SN 09
® Heavy Hybrids since Govaerts-R-R-Weyers 85, Steele et al 2012

® Four-quarks, molecules : Light : since Latorre-Pascual 85, SN 86
Heavy : Sao Paulo, Madagascar, China

® Hadronic decays Vertex Navarra et al.; Light Cone

® T1-decay since BNP 92, Pich-Lediberder, Prades-Pich,...

® Thermal Hadron Bochkarev-Shaposhnikov 86, Dosch-SN 88,
Loewe, Buchheim

SN books : WSC 89, Cambridge 04 EEER
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SVZ Power correctionsNe 04 Chap. 27

d NPQCD param. Values [GeV]" Sources
2 (0g/TOA? —(743) x 1072 GeV?  SNB 04 Chapter 30
3 l{Gu+dd)y(2)  -(0.254+.015°
GMOR: &;x 1072 5+0.5 LSR (less sens as)
(dd) /(aul 1-9x10°3 non-norm. ord.
(59 /(dd) 0.74+0.03 non-norm. ord.
4 (0sG?) (7+£1)10°2
Lattice Adriano 85, Rakow 09
5 g(PowSWGE)  MZ=(0.80+0.02)
= MZas’ (i)

6 0°fanc(GAGPGE)  (8.2+2.0)(0sG?)
pas(PY)? (4.5+0.3)10°4
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o5 fromt-decay at NALC 1/0°

Based on BNP 92

Param  Values Sources
0s(Mz) 0.119210) SN 09

Z-width

(Bethke, PDG)

05 determinations as function of Q

April 2012

v T decays (N3LO)

® Lattice QCD (NNLO)

a DIS jets (NLO)

0 Heavy Quarkonia (NLO)

o e'e” jets & shapes (res. NNLO)
e Z pole fit (N3LO)

pp —> jets (NLO)
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Charm & Beauty Quark MassesabNSiEe

tc d 1
t
4sz (t + QZ) n+1

Mom : a/n(Q?) =

ImM(t) LSR:£(1) = L:% dt exp ' Im(t)

Param Mean Values Sources
me(me) (1261+12) SN10,12
my(my) (4177+11) SN10,12
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My.d.s from Pseudoscalar LSR at NALO /O

Param Values [MeV]

my(2 GeV) (2.64+0.28) Pseudoscalar
my(2 GeV) (5.27+0.49)

ms(2 GeV) (99.0+5.5)
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206(7) 235(4)
fo. 246(6) < 246(6) "
fa, 234(5) < 251(6) "
i 246(7) < 274(3) SN14
fg- 212(8) < 270(3) "
8 401(14) < 469(5) "
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e Small as corrections for the mass as expected for the ratio of sum rules

e Larger as corrections for the coupling:



Charm and Beauty EXxotics
s >

%

¢ :
Fenosoa & Rabemananjara & SN 14:
e Small as corrections for the mass as expected for the ratio of sum rules

e Larger as corrections for the coupling:

Extented to some other molecule states
e DD(0%), D*D*(0*), DD(0"), D1Dj(1*), J/wS(17),
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e AdS/QCD : Dosch-deTerammond-Brodsky, Andreev-Zakharov,
SN-

e Lattice calculations: Di Giacomo et al., Burgio et al., Rakow, Lee,

Bali-Pineda,...
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~rogress on the meaning ofr the conaensates
e AdS/QCD : Dosch-deTerammond-Brodsky, Andreev-Zakharov,
SN-
e Lattice calculations: Di Giacomo et al., Burgio et al., Rakow, Lee,
Bali-Pineda,...

As valuable as Lattice calculations
e Sum rule results always obtained many years before Lattice !

Necessary Future Improvements
e Inclusion of PT radiative corrections for Exotics
e Inclusion of NP contributions not induced by the quark propagator
in external gluon fields: gluon condensates:
e Careful uses of the QCD input parameters.
e Careful analysis of 1, {. and L stabilities.



Conclusions on QCD spectral
s

%

Progress on the meaning of the condensates
e AdS/QCD : Dosch-deTerammond-Brodsky, Andreev-Zakharov,
SN-
e Lattice calculations: Di Giacomo et al., Burgio et al., Rakow, Lee,
Bali-Pineda,...

As valuable as Lattice calculations
e Sum rule results always obtained many years before Lattice !

Necessary Future Improvements
e Inclusion of PT radiative corrections for Exotics
e Inclusion of NP contributions not induced by the quark propagator
in external gluon fields: gluon condensates:
e Careful uses of the QCD input parameters.
e Careful analysis of 1, {. and L stabilities.

Then, SVZ sum rules will continue to be useful & competitive !
EEEE
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