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Asymptotic freedom of gluons is described in terms of a family of scale-dependent
renormalized Hamiltonian operators acting in the Fock space. The Hamiltonians are
obtained by applying the renormalization group procedure for effective particles (RG-
PEP) to quantum SU(3) Yang-Mills theory. The RGPEP is a general method for
solving quantum field theories in the Minkowski space-time.
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Outline:
explanation of asymptotic freedom of gluons in the Fock space
as an example of application of
the renormalization group procedure for effective particles (RGPEP)

as a new computational tool in quantum field theory
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In popular approaches to QCD, one way or the other,

one assumes that there exists some Hoep.
H QCD = ?

simplify
H Y M = ?
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1
L=—5uF"F,
FI = 9 A — 9" A" + ig[A”, AY]
TH = oA 4 g FeP o, /4

PV:/dO'MTlW
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P" = [i.do, T" requires a choice of a hyperplane ¥

do" = (1,0,0,0)" d*x T
1

do" = (1,0,0, —1)" éda;—d%& T

AT = A%+ A3 At = (AL A?)

instant hyperplane <+ 6-dimensional invariance group

front hyperplane <+ 7-dimensional invariance group
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H = pPY
H = P~
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HYM — HAQ + HAS + HA4
Ho = g i0,A% [A2, A7]°

o c —ikx c T ikx
quantization A g / t el Qhoc€ +1 5ka%ac€ -

Ghoes 0| = k+5(k i
N 1 "
Hyy = 5 / dx~d*zt  Hyy(A)
Is it it? No, it is not.
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Key example

A

A~a+al - A3 -
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|(39]H0)
_E3g
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N M2 _|_PJ_2
H|G P) = GP+ |G P)

P?* = P'P- — P = M

|G P) = |gg P) + 999 P) + |g9999 P) + ...

(PYH — P?)|G P) = M2 |G P)

infinitely large range of momenta (locality)

inifintely many components (products of more than 2 fileds)
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Regularization example H 13— H A3 R

Hp=Y / [123]6(1 + 2 — 3) [g Yiosalabas + g Y7, a;ﬁaQal}
123

S Hpp=3 / 123]6(1+2 — 3) R [g Yios alabas + g Viis agagal]
123

1}3 T =p{/p3 =1 ki=p1r—xip3s =K

2 332:]?;/19;:1—35 ko = p2 — Top3 = —K
r(zg, ki) = a0 e~k = 1,2,3 r3=1 ki =0"
R = r(z, ki) r(wa, ky)r(1,00) = 20(1 — 2)0e20/47

}/123 — ?:f016203 |:€>{€§ ° 83/{/ - 8?83 ° 8;/{/%2 - 8;83 ° 6?{/{/%1 stglazek@fuw.edu.pl



55 Cracow School, Zakopane, 25 June 2015

Mg, + P2
P—i—
|G P) = |gg P) + 999 P) + |g999 P) + ...

(PtHp — P12)|G P) = MZ% |G P)

Hp|G P) =

|G P)

momenta limited by the regularization
need to remove effects of regularization —
renormalization of Hamiltonians —

scale-dependent effective theory, including bound states
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bare gluons of size 0

l99) + l999) + ... =

1999999)
199999)
19999)

1999)
99)

199999)

19999)
999)
99)

9)
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gluons of size s

199999)
19999)
999)

99)
9)

959s) + 959s9s) + ---
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RGPEP t=sl

0.9

H()(CL()) = Z Z Co(il, ,Zn) agil <o aol'n

n=2 il,iQ,...,in

Ht(at) = Z Z Ct(il, ,Zn) CL;ril ce e Clm'n

n=2 il,iz,...,in

drop hats

co = initial condition, including C'T’s

Ct:?
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Hi(ar) = Hoy(ap)
a; = Uy ag U;[
Hy(ao) = U Hy(ao)U,
H = [—UjUg,Ht] = (G, H]

t
U, = T exp (—/ dr GT)
0

G, = [Hy, H)]
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RGPEP generator and non-perturbative QCD

G, = [Hy, Hy)
i p;’
Hy = Z Pi Qg;Qo; pi = ];*
i (3

Hy(ap) = Z Z Celi1, .oy in) a&l " Qoiy,

n=2 11,19,...,in
2

ﬁt(ao) = Z Z Ce(i1y ooy in) Zp;;/Q agil ceag;,
k=1

n=2 11,i9,...,in
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Hj

— HHfa ﬁt}; Ht}
= Hf + ngt + g2H2t + 93H3t + ...

— [[Hy, Hy), Hy]

ft Hig

o tME-MZ)?

123
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Z /[123]5(1 +2 —3) et Miz | Yy alabas + Y755 alasa,
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FIG. 1: Third-order contributions to the three-gluon vertex



55 Cracow School, Zakopane, 25 June 2015

HA3 43y = Z/ [123]6193 e~ M i Vilz, k%) | Yigsalalas + Y7o, abasas

123
= Vi(z,0%)
% !
— t =
gt 4872 S0 °

Hamiltonian S(s) <> Gross-Wilczek-Politzer 5(\)
Minkowski s <> 1/\ Euclid
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Hydrogen atom analogy

V _ Katom
¢ T
¢(,,:’) ~ e_aatom/vm?‘

~ o 1
(k) ~ 5
(k2 + agyomp?)?

[P+]:[QED<3atom> - PL2] [WP) = Mc%tomwp>

difference between QED and QCD
RGPEP(g}) —  hadrons
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Conclusion

A. third-order RGPEP is just a beginning (4th order — breakthrough?)
B. simple generator —  non-perturbative definition of QCD

C. two-fold universality:

1) Hamiltonian <> MS  Minkowski s <> Euclid 1/\

2) different RGPEP generators

D. SM mass-generation issues ~ QCD mass generation mechanism (?7)

E. SM theory issues ~ hierarchy, symmetry breaking, and lc (?)
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