PROCEEDINGS

OF SCIENCE

Traveling wave solution of the Reggeon Field Theory

Robi Peschanski*

Institut de Physique Théorique and URA 2306, Unité de Rebleassociée au CNRS,
CEA-Saclay, F-91191 Gif/Yvette Cedex, France

E-mail: r obi . peschanski @ea. fr

We identify the nonlinear evolution equation in impactgraeter space for the “Supercriti-

cal Pomeron” in Reggeon Field Theory as a 2-dimensionahsste Fisher and Kolmogorov-

Petrovski-Piscounov equation. It exactly preserves titytand leads in its radial form to an high

energy traveling wave solution corresponding to an “ursa€rbehaviour of the impact-parameter
front profile of the elastic amplitude; Its rapidity depende and form depend only on one pa-
rameter, the noise strength, independently of the initisditions and of the non-linear terms
restoring unitarity. Theoretical predictions are presdrfor the three typical different regimes
corresponding to zero, weak and strong noise, respectively have phenomenological impli-

cations for total and differential hadronic cross-sectiancolliders.
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1. From Reggeon Field Theory (1967-1975) to the stochastiEKPP Equation

Reggeon Field Theory (RFT) has been motivated, long agonksffactive field-theoretical
treatment [1] of the Strong Interaction physics at highrgmecommonly called nowadays “soft
interactions”, since they involved only rather small tf@nf momentum. As such, they belong
to the strongly-coupled regime of QCD and thus not redudiblperturbative calculations. The
field-theoretical action is [1]

S8.91= o [@baY {§[o—a'T ¢ udo +o (897 K§%)}. (D)

whered)(Y,B) is the Reggeon field. It is considered as a non-relativisi@ngum field moving in
a (1+2)-dimensional space spannedvbyhe total rapidity considered as a time variable hrite
impact-parameter vector in the transverse plane of thesictien. a’ is the Regge slopgy + 1 is
the Reggeon intercept. The coupling constgdadgk characterize the Reggeon self interactions,
such thatg is the coupling strength for the-2 1 mergingwhile gk defines the 1— 2 splitting
vertex. Note thak = 1 recovers the original symmetric RFT model [1]. The fielddrtetical
formalism relies on the introduction of an auxiliary reggefteld @ which plays the role of a
source term. It is important to realize that the theory ishesmitian ¢ # ¢ 1) which is at the root
of a deep relation with out-of-equilibrium statistical @igs of reaction-diffusion type, as we shall
see.

We are interested in the so-called “Supercritical” Reggaatlem where the Born term (cor-
responding to retaining only the quadratic part of (1.13)dse

2
¢ (Y,b) = expuY — 42—’Y . u>0, (1.2)

which has been shown to be phenomenologically preferrefbbuthich no theoretical solution has
yet been found for the corresponding RFT. Our goal is to stk tising an intimate connection
with statistical physics one is able [2] to find the solutidrite RFT giverned by the action (1.1).

Using the Stratonovitch transformation to linearize theoacas a function of the auxiliary
field ¢ and performing the functional integrflZ¢ 2¢ exp(#S[rlT,rp]) one gets [2] a nonlinear
Langevin equation for the Reggeon solutig(Y, B). After reparametrisation, the equation boils
down to

A7) =079 +9—9°+eV/p(1-9) v(tD), (1.3)

wherev (t,T) is the two-dimensional white noise. The dictionnary betwtee RFT and sFKPP is
Time:t=pu(Y—Yy); Spacef= %B; Noise: € = /2K . (1.4)

Eq.(1.3) is nothing else than the extension in 2 dimensidrthe known stochastic Fisher and
Kolmogorov, Petrovsky, Piscounov equation (sFKPP).

In this way, the RFT is mapped onto an equation describingatprilibrium processes in a 2-
dimensional space with diffusion, creation, merging artsm as a function of time. In Eq.(1.3),
all coupling strengths characterizing these processedeaabsorbed in the redefinitions (1.4),
except for the parameter= /2uk which thus appears as the only free parameter.
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2. Traveling waves and the RFT “Phase Diagram”

In the problem of deriving solutions for the azimuthally syetric Reggeon amplitude, the
2-dimensional problem can be further reduced to a radiadtion withr = |r|

b0 =dud+ 2ap+ 992+ Ly (2.1)
We are thus led to consider asymptotic solutions of therddial SFKPP equation.

The main property of the 1d sFKPP equations [3] is the exisgterf asymptotid¢raveling wave
solutions¢ (t,r) — ¢ (r —r(t)) characterized by a wave fronft) ~ vt where the solution jumps
from the value 1 to 0 and moving with the speedpart from the%artp term which is subdominant
at larger, the main change w.r.t. the standard 1d sFKPP equation i®indlse term which is now
characterized by an effective coupling strength

z £ [ ky/a'u
2m(t) | 2mbs(Y)

(2.2)

where we have approximated the&lependence of the noise by its value at the wave front (where
¢ (1—¢) is not small) andbs(Y) = a’/ur(t) is the effective impact-parameter radius. Note that
the noise (2.2) is reduced by a factor of orqéfvt) compared to the 2d-sFKPP equation due to
the azimuthal symmetry, since it has to be restricted to attiedly symmetric fluctuations.

The typical structure of the solutions for the wave speedsiglayed (for the 1d sFKPP equa-
tion [4]) in Fig.1. The vertical axis is the speed of the wananf v/vy normalized by the no-noise
speedvg = 2. The horizontal axis is the normalized noise strength, sepreed by in the approx-
imation (2.2). One is led to distinguish mainly three diffier regimes of traveling wave solutions
which may play the role of a RFT phase diagram depending ondfse strength.
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Figure 1: Normalized wave speed as a function of the normdlimise strength (from Ref. [4]).
White dots: numerics; Lines: analytic results.
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Let us restore the appropriate high-energy observableselyads(Y), the impact-parameter
radius, gyt 0 2(Y), the total cross-section, affdY,b), the impact-parameter dependence of the
imaginary elastic amplitude and discuss the three diftamgimes appearing in Fig.1.

The first “phase” is the no-noise regime whére K ~ 0, i.e. whensplitting < merging One gets,

ot DB(Y) = {bo+ 2,/

The second phase is the so-called “weak-noise” phase where (1), andsplitting ~ merging
corresponding to the original RFT action (1.1) and leading t

amtz{bsz(v_vo)[l L}}z;ﬂv,b)ﬂ( b—b(¥) >.(z.4)

1, Y 2
v |og?0+---]} . T(V.b) ~ T(b—by(Y)) . (2.3)

- 2log? (20 -2) D\/a'(Y —Yo)

The third phase, corresponding to “strong noise” witkx ¢'(100), andsplitting > merginggives

Otot = bZ(Yo) exp{%n(Y —Yo)] . T(Y,b) ~erfc (%) . (2.5)

It is interesting to note that, due to the energy dependéniel/\/Y, see (2.2), there is a
natural evolution from strong to weak and ultimately noseofphases” as a function of energy.
Hence, for instance, the apparently exponential growtthefdross-section (2.5) at strong noise,
which would violate the Froissart bound, is tamed by theengisength evolution transfering the
energy behaviour into thé? behaviour of (2.4) and finally ending into (2.3).

Let us summarize the main consequences of our study [2]:

e The supercritical Reggeon Field Theory can be exactly méppéo the 2d stochastic Fisher
and Kolmogorov-Petrovski-Piscounov equation.

e The solution for the elastic amplitude at high-energy isgiby universal traveling wave
solutions of the radial sSFKPP equation.

e A“Phase Diagram” depending only on the ratio betweersfiigting overmergingcoupling
of the Reggeons plays the role of a dynamical “order pararhetearacterizing the solution.

It is to be remarked that the asymptotic behaviour does nmtmid on the rather strong renor-
malization of the “supercritical” Born term (1.2). Thinkjrin terms of Regge singularities, such
universality, observed experimentally in hadron-hadreactions and usually associated to the
Regge pole structure of the Born term (1.2), is here resttremligh the universality of travel-
ing wave solutions while the Born term is completely maskgdRlggeon cuts through unitarity
restoration. The final word is now to be given to phenomenpolog
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