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Two years of reaction-diffusion

SM, talk at Brookhaven (2004);

New msights in high energy QCD Eniborg, Goloc-Bionat, SM (2005)
trom general tools of statistical physics

Summary
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Using weneral results oblained recently in slalistical physics, we are able
We show that hih enarpy Lo detive non-trvial propertics on the high-cnergy behavior ol QCD
diffusion o a systen made scattering amplitudes from first principles (parton model}

equations corrgspond 1o 1l
sguared strong coupling co
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event and has a sizeahle ¢ Balitsky-Kovchegov equation is in the universality class of F-KPP eguation
developed reeenily in slab
capidity dependence ol the 8

:?__u[x-.!]:;’;": u[.!.;-.!]—.re.::.:.'-{]—I:E{.{,f]

Baltzky-JIMWLEK cquation 15 in the universality class ol sE-KPP cquation

D E—;_,u{,r._{]—E;u(r:1]+:{|:,r:,r]—r_:1'|:l-r,.tJ+-.,l.'r;|_’,r__.r}r,||:,r._{}

Fluctuations are related to the finite number of partons in g given event




Outline

- Why the stochastic FKPP equation is relevant to high energy QCD

- A new perspective on its solutions:

selective population evolution and statistics of genealogies



How a high rapidity hadron looKs

A / Parton saturation: n<N
N

Number of partons n




How a high rapidity hadron looKs

k'~k

A / Parton saturation: n<N
N

Number of partons n

R T I

O,yN=X(—0

) +vVn v

“"’{i BFKL ~ 812nk2n+n / Noise term due to discreteness



How a high rapidity hadron looKs

k'~k

A / Parton saturation: n<N

c
»n N
c
@)
-
qo]
o,
Y
@)
-
(ab}
o)
S
]
Z,
R — 1 o
n2
6&Yn=X(—81nk2)n—ﬁ+ n v

“"’{i BFKL ~ 812nk2n+n / ::?W Noise term due to discreteness



How a high rapidity hadron looKs

k'~k

Number of partons n

Vo v

1,12
G&Y n=x ( —0 n ﬁ + \
“"’{i BFKL ~ 812nk2n+n / ::?W Noise term due to discreteness

1nk2)



How a high rapidity hadron looKs

k'~k

i

Number of partons n

n’
n——+vn v
) / N V\
BFKL ~ 81nk2n+n ::?W Noise term due to discreteness

8&Y1’1=X (—81nk2)



How a high rapidity hadron looKs

k'~k

i

Number of partons n

n’
n——+vn v
) / N V\
BFKL ~ 81nk2n+n ::?W Noise term due to discreteness

8&Y1’1=X (—81nk2)



How a high rapidity hadron looKs

k'~k

i

Number of partons n

n’
n——+vn v
) / N V\
BFKL ~ 81nk2n+n ::?W Noise term due to discreteness

8&Y1’1=X (—81nk2)



How a high rapidity hadron looKs

k'~k

kw{
>
&AY~1
:}VW?

A Parton saturation: n<N 1

s N aa, v TE)~an(k)
2 N = — Yk S

8 1
o unitarity: T<1 = N=—
o, g
Gy

)

o

(ab)

o)

S

=

Z.

1,, ,,,,,,,,,,,,,,,,,

W,

n
6&Ynzx(—81nk2)n ﬁ‘F VIl V\

“"”{': BFKL ~ 812nk2n+n / ::?W Noise term due to discreteness



How a high rapidity hadron looKs

k'~k

kw{
>
&AY~1
:}W?

A Parton saturation: n<N 1
as b2 T(k)~alnk)

unitarity: T<1 = N:iz

X

1-Fock state amplitude T

) T-T?*+a T v

Oy I'=X(—0 v
“"’“{': BFKL ~ alznsz+T / :}w Noise term due to discreteness

Ink?



1-Fock state amplitude T
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How a high rapidity hadron looKs
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Statistics of the position of the front

T
6tT:X(—aX)T—T2+\/% v

... Bramson (1986) Brunet, Derrida (1997) Brunet, Derrida, Mueller, S.M. (cond-mat/2005, Phys.Rev.E)
Gribov, Levin, Ryskin (1980) 1\2161181‘, Shoshi (2004) /
_ X(yo) m’ YoX "' (¥o) 2 2. 3InIn N chtlonary to QCD
(x| 2Yol T YR Wol\p |2 2y, ) SIMINN),
Yo 2In°N Yoln”"N t=xY x=Ink”
2
n 2 24,11 n!§<n) t Xt:]'an(Y)
<Xt >cumulant:7T yOX ()’0) n 3
Yo In°N X=BFKL kernel
X 1
(InN>1) with (yo)zx'(yo) N:_z
Yo (48

Universal results for sFKPP-like equations: independent of the details,
in particular of the saturation mechanism
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of the same order: long tail distribution!
The cumulants are all <
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X, is the sum of K independent random variables



Outline

- Why the stochastic FKPP equation is relevant to high energy QCD

- A new perspective on its solutions:

selective population evolution and statistics of genealogies

Brunet, Derrida, Mueller, S.M., Letter on cond-mat/2006
Extended version to appear
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t=0 The individual at position x has
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Selective population evolution
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Traveling wave: all universal results on the front
are applicable with X(y)=In(2 [ dep(e)e”|
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Selective population evolution
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With selection
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Selective population evolution

With selection
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Selective population evolution

With selection
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Same statistics as Parisi's trees
that appear in the theory of spin glasses!
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Summary

Reaction-diffusion

Selective evolution New results for sFKPP, i.e.:
- stochastic front propagation

\ - properties of population growth
\
N
)
\ o
\ %%,
O\% Q
\ T,
. h \ @Og/ 60
High energy QCD %
® "o
New insights in high energy evolution; \ “29@08&,
simple understanding of the fluctuations \ “® ,'f?jp
New results for QCD amplitudes In(1 /0(3) >1 h N

Spin glasses



