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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

n≤NParton saturation:

lnk2

N
u

m
b

e
r 

o
f 

p
a
rt

o
n

s 
n

N

1

1
k



How a high rapidity hadron looks

Y~1

n≤NParton saturation:

lnk2

k '~k

k

∂Y n=−∂lnk2n n 

N
u

m
b

e
r 

o
f 

p
a
rt

o
n

s 
n

N

1

BFKL ~ ∂lnk2

2 nn Noise term due to discreteness

1
k



How a high rapidity hadron looks

Y~1

n≤NParton saturation:

lnk2

k '~k

k

∂Y n=−∂lnk2n−n2

N
n 

N
u

m
b

e
r 

o
f 

p
a
rt

o
n

s 
n

N

1

BFKL ~ ∂lnk2

2 nn

?

Noise term due to discreteness

1
k



How a high rapidity hadron looks

Y~1

n≤NParton saturation:

lnk2

k '~k

k

∂Y n=−∂lnk2n−n2

N
n 

N
u

m
b

e
r 

o
f 

p
a
rt

o
n

s 
n

N

1

BFKL ~ ∂lnk2

2 nn

?

Noise term due to discreteness

1
k



How a high rapidity hadron looks

Y~1

n≤NParton saturation:

lnk2

k '~k

k

∂Y n=−∂lnk2n−n2

N
n 

N
u

m
b

e
r 

o
f 

p
a
rt

o
n

s 
n

N

1

BFKL ~ ∂lnk2

2 nn

?

Noise term due to discreteness

lnQs
2Y 

1
k



How a high rapidity hadron looks

Y~1

n≤NParton saturation:

lnk2

k '~k

k

∂Y n=−∂lnk2n−n2

N
n 

N
u

m
b

e
r 

o
f 

p
a
rt

o
n

s 
n

N

1

BFKL ~ ∂lnk2

2 nn

?

Noise term due to discreteness

lnQs
2Y 

1
k



How a high rapidity hadron looks

Y~1

n≤NParton saturation:

lnk2

k '~k

k

∂Y n=−∂lnk2n−n2

N
n 

N
u

m
b

e
r 

o
f 

p
a
rt

o
n

s 
n

N

1

BFKL ~ ∂lnk2

2 nn

?

Noise term due to discreteness

lnQs
2Y 

1
k



How a high rapidity hadron looks

Y~1

n≤NParton saturation:

lnk2

k '~k

k

∂Y n=−∂lnk2n−n2

N
n 

T k ~s
2nk 

N
u

m
b

e
r 

o
f 

p
a
rt

o
n

s 
n

N

1

unitarity:T≤1 ⇒ N= 1
s

2

BFKL ~ ∂lnk2

2 nn

?

1
k

Noise term due to discreteness

lnQs
2Y 

1
k



How a high rapidity hadron looks

Y~1

n≤NParton saturation:

lnk2

k '~k

k

∂Y T=−∂lnk2T−T2sT 

T k ~s
2nk 

1
-F

o
ck

 s
ta

te
 a

m
p

li
tu

d
e
 T 1

s
2

unitarity:T≤1 ⇒ N= 1
s

2

BFKL ~ ∂lnk2

2 TT

?

1
k

Noise term due to discreteness

lnQs
2Y 

1
k



How a high rapidity hadron looks

Y~1

n≤NParton saturation:

lnk2

k '~k

k

T k ~s
2nk 

unitarity:T≤1 ⇒ N= 1
s

2

?

1
k

Noise term due to discreteness

Physical amplitude: 〈T 〉

∂Y T=−∂lnk2T−T2sT 

BFKL ~ ∂lnk2

2 TT

lnQs
2Y 

1

s
21

-F
o
ck

 s
ta

te
 a

m
p

li
tu

d
e
 T

1
k



How a high rapidity hadron looks

t~Y~1

n≤NParton saturation:

lnk2~x

k '~k

k

T k ~s
2nk 

unitarity:T≤1 ⇒ N= 1
s

2

?

1
k

Noise term due to discreteness

Physical amplitude: 〈T 〉

∂t T=−∂xT−T2 T
N



diffusive growth ~ ∂x
2 TT

lnQs
2Y ~Xt

1

s
21

-F
o
ck

 s
ta

te
 a

m
p

li
tu

d
e
 T

1
k



〈Xt〉=0
0

−
20 ' '0

2ln2N t20
2 ' '0

3ln lnN
0 ln3N t

〈Xt
n〉cumulant=20

2 ' '0
n!n

0
n [ t

ln3N ]

Statistics of the position of the front
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Universal results for sFKPP-like equations: independent of the details, 
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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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Same statistics as Parisi's trees
that appear in the theory of spin glasses!



High energy QCD

Reaction-diffusion
Selective evolution

Spin glasses
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Trees appear in both contexts

and look exactly the sam
e!

New results for QCD amplitudes

New results for sFKPP, i.e.: 
   - stochastic front propagation
   - properties of population growth

Summary

New insights in high energy evolution; 
simple understanding of the fluctuations

Small coupling: s0.1

ln1/s
2≫1


