Hadrons, AdS/QCD Duality and the Physics of the Vacuum, IFT WF UW, 3 July 2012

In-hadron gluon condensate and AdS/LFQCD holography
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A few arguments are put up for a discussion concerning the hope that a systematic application of
the renormalization group procedure for effective particles to QCD in the front form of relativistic
Hamiltonian dynamics will yield a precise picture of hadrons in which:

1) effective quarks are bound by gluons condensed inside hadrons

2) in agreement with the expectations suggested by the parton model,

3) QCD sum rules,

4) models based on AdS/QCD duality in terms of LF QCD holography, and

5) the constituent quark model of hadrons.
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Goal: QCD for hadrons with quality of QED for atoms

Locp — Hocp

/ d3as HQOD

HoeplY) = EY)

Hocp

|hadron) = |y)

V) = |qqq) + |qaq9) + lqaq9g) + lqqqqq) + ... = 7
‘¢> ~ ‘QSQSQSG3>

S

size of effective quark

stglazek@fuw.edu.pl



Hadrons, AdS/QCD Duality and the Physics of the Vacuum, IFT WF UW, 3 July 2012

proton 8¢ ~ 1/Agep

§ << 8. S S 8, 5~ 8,

The RGPEP idea of scale dependence (line = color-transport factor)

Analogy with swarms of colored bees
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Renormalization Group Procedure for Effective Particles ( RGPEP)

canonical front form of Hamiltonian dynamics t=0—a2"=0
bare canonical theory U(x) = [[plqype *
renormalized (effective) theory — ¢5(x) = [[p| gspe "

s = size of effective quark

% — Us % U;L
5th dimension in AdS/QCD VYs(x) =Y(x, 9)
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Mathematical method

s = Ustho U]
Hy(q1) = Ho(qo)
Hy(qo) = U{ Ho(qo) Uy
Hi(qo) = [Gi(qo), Hi(qo)]
G, = ~U/U]
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e.g. SDG, Phys. Rev. D 85, 125018 (2012).

t=s? s = H=P

t
Up =T exp (—/ dTGT)
0

Gy = [Hy, Hp;] = generator of RGPEP
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Generator and result
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Front form — 7 kinematical symmetries including boosts

'IMF < CMS |

P = (Q1=60) =7

v

Cosmology?
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Constituent Quark Model hypothesis in QCD

se ~ 1/Agep
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Effective eigenvalue problem Hy|y) = E )

J12G I H M)y = Ey,(12G)

J123G|H,|B)s = Ep,(123G)

_ M?+pt?
Hs - P+

gauge symmetry —iV — —iV — gsff

1) the Schwinger gauge A" = 1 (z — 2¢),G"" + ...
2) color-transport factors T} = o~ 19 [y dey AL
)

3) crude mean field approximation (Abelian) Glazek-Schaden 1987
o 1
(Glg: AXE)IG) ~ L(Glg,G"|G) (F = Fa)”  — @ (T = Ta)

gauge symmetry restores translational symmetry — Zg drops out
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Front form mesons
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py = (1—2)P* —x"
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Front form baryons
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Right values for CQM
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Front form wave functions for constituent quarks
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SNl//\QCD , nM:2 , nB:3
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Hadron form factors at small ()?

1—<.73q>

2
Fhaaron(Q*) ~ e <> @7/ @nmep) F3,(Q%) phenomenology?
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Hadron structure functions

Woy < DGLAP phenomenology?
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Comment on AdS/QCD

right variable for Brodsky-Teramond holography — k+ = #;_m)
Hypotheses:
1) AdS 5th dimension < quark size s in RGPEP ?
2) G-induced oscillator < soft wall models in IR ?
3) Ky = 2mwy = 3 = Dglue ?
4) AdS/QCD phenomenology ~ 1.15£ 0.5 and (%)1/4 ~ 1.125
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Conclusion

e Reinterpretation of the gluon condensate
e Constituent phenomenology including the glue component
e Non-perturbative RGPEP method for inspection of QCD

e Boosts and rotations in spectrum: new variables k, K, )

e Relativistic oscillator (CMS, IMF) and | M* ~7* < M ~r

e LF holography and SW AdS model via RGPEP scale parameter (7)
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SRG procedure:

65TeV A
A
0 Hyi; #0
Hy,; j U
,,,,, 1GeV
0 N [30MeV
%KeV

No small denominators in perturbation theory for H)y
No explicit dependence of H) on the eigenvalues, F

Eigenvalues E appear on the diagonal when A — 0
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Fock space convergence 7
[H" + CT"(q0)

RGPEP form factors  H(qgs)
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Time-honored problem:

H — H> +CT?

H>+CT* — RG — H,

H, = ?
1
() ~ —
In ocD
€2) = ?

History:
RG — SRG — RGPEP — PT + NPT
Wilson 1964 Gtazek-Wilson 1993 Acta Phys. Polon. 1998 . . . 2011
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