50th Cracow School, Zakopane, June 10, 2010

Non-local interactions in renormalized Hamiltonians

Stanistaw D. Glazek
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Renormalization Group Procedure for Effective Particles (RGPEP) transforms
canonical Hamiltonians of local quantum field theories into non-local ones. Some
generic features of renormalized non-local interaction Hamiltonian densities with a
product of three fields on a light front hyperplane in space-time are illustrated and

related to two-body bound-state wave functions.
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Why Hamiltonians?

H[y) = El)

Relativistic v for proton in the Minkowski space-time?
How to define the appropriate “lattice”?
Partons at quantum amplitude level?

Formation of quantum strings of gluons?
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H = /deH(:c)

Local Hamiltonians:

H(z) = g¥(z) Alz) ¥(z)

All fields at the same space-time point
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What would be a non-local Hamiltonian like?

H = /d%l d*wy d*x3 H (21, 19, 73)

H(x1,x2,23) = g f(x1, 22, 23) P1(x1) P2(T2) P3(23)
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Different forms of H (Dirac 1949)

Instant: t =0 Point: 2% =0 Front: 2% =t+2=0
Front: hyperplane swept by a front of a plane wave of light
Features of the Light Front (LF) form:

boost invariance (7th kinematical Poincare symmetry)

CMS and IMF Yproton

vacuum H,+_[|0) =0

divergences? regularization, renormalization, numerics
Renormalization of Hamiltonians — (Glazek, Wilson 1993)

Renormalization Group Procedure for Effective Particles (RGPEP)
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RGPEP (tested in various models at first, second, and third order)

f

)’-;K\L_E\
e )ga_T +
' %7y

fr = fa(w1, 29, 23) depends on RG scale A
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1st order RGPEP scale dependence s=1/)\°
RG equation for H = Hy + H;

d
$H = [[Ho, H], H]

H(s=0) = Heypy + CT

d
T H = [Hy, Hyf], H)) + O(H?) ~ —HiHy + 2HyH; Hy — HrH}

d
d_ H]mn ~ _(Em - En)zHImna Hlmn(s) ~ e_S(Em_En)2 H]mn(s — O)
S

[F: fyme @B 0 LR~ e (AMN
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Three fields vertex H; = [ &z ¢ (x)

vio) = [plae

bare  Hy=g /[plpgpg] op (a}@l a;52 Qp, + h.c.)

renormalized — Hy; = gy /[ppopg] §p e [prtp2) —p3*/t

X (aip1 aim Arps + h.c.)

ay=U,a U; RGPEP determines U,

stglazek@fuw.edu.pl



50th Cracow School, Zakopane, June 10, 2010

bare canonical theory

Y(z) = /[p] a,e P* a, = /[x]w(fﬁ) tipe

renormalized effective theory

alz) = / play,e 1y = / 2] () 7P

Hyr = gx / [p1paps] 6p fA(p1s P2, p3) C&pl alm A \ps

= g /[1’1952953] Fa(@1, w2, m3) Y] (1) ] (22) Ya(23)

non-local interaction in renormalized Hamiltonian

stglazek@fuw.edu.pl



50th Cracow School, Zakopane, June 10, 2010

What to expect for fy(x1,z9,23) ?

Simplify to NR QM (p1,p2, p3) = o~ [(p1+p2)?—m?] /32

2

(p1+ po2)? = < m? +§2)
P1

b (p1 + p2)* — m? = 4¢% + 3m?

D2 _A~2 /)2
e4q/)\

f/\(p17p27p3) ~

f[p1p2p3] 5(171 +ﬁQ — ﬁ3) 6_462/)‘2 ei(ﬁlfl‘f’ﬁQfQ—ﬁgfg)

_ f B3P dq p—AT? N Liq(T —To)+iP(R—T3)

Fl@1, wo, w3) ~ 03 [Bs — (T + ) /2] eP@E-72)/47
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Non-relativistic intuition

R = (z1 4+ x9)/2 r = T — T9
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Relativistic result (qualitatively) is a density on a thin string

LB iy (%) %90 %5)
Xz

5
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Relativistic theory with A > m — 0
phy(as) ~ [r| fa(zs, R, 7)
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Relativistic theory with A > m — 0
phy(as) ~ [r| fa(zs, R, 7)
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Relativistic theory with A ~m

ph,y(z3) ~ |r*| fa(zs, R, 7)
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fa(x1, k9, x3) is related to a 2-body wave function

vap = Gop- dap
¢ is the vertex fuction  (think Lee model)

1Pzs

* dP* d?> P+
/ (27_‘_)2 (b)\P(xla ZUQ) €

gAJF/\(Cﬁ,xz,ﬂUg) - /() 2(27'(')

¢)\p(ﬂ31, ZUQ) = g\ / dSZCg f)\(xla X2, 1'3) e_ipx:a
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A>m— 0 partons in the IMF

A

5
dap(T1,22) = 39 (4—) pte R
-

1
X / dz 2(1 — z) e~ L2Pr=fa(1l=2) X2
0

A<Sm constituents in the CMF

A\ .
dap(T1,22) = 39 (—> pPte

A
2 [(ﬂ)%ﬂau}

x C(A/m) e 9m?

drp ~ Pt A2 p\(Pr,r?) rt =0

No such construction in other forms of Hamiltonian dynamics

Pr is dimensionless, r* has dimension, )\ is necessary
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Conclusion

e RGPEP opens a frontier to explore
o H)\|W,) = M?|U,)
e Dynamics in 5 dimensions: space Z, time ¢, scale A

e Insight into high-energy non-locality
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