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physics is beyond question. They serve primarily to exemplify the very rich physics program
available at an EIC. These ”golden” measurements are summarized in Tab. 1.1, where also
their feasibility in stage-I (medium energy) and stage-II (its full energy) is indicated. These
measurements are discussed in further detail in the remainder of this section. It should
be noted that the low-x physics program will only reach its full potential when the beam
energies are large enough to reach sufficiently deep into the saturation regime. This will
be ultimately only be possible in stage-II where x ∼ 10−4 can be reached at Q2 values of
1–2 GeV2 as indicated in Fig. 1.12. Only the highest energies will give us enough lever
arm in Q2 to study the crossing into the saturation region allowing us at the same time the
comparison with pQCD and CGC predictions.

Deliverables Observables What we learn Stage-I Stage-II

Integrated gluon F2,L Nuclear wave Gluons at Exploration of

momentum function; 10−3 ! x ! 1 saturation

distributions saturation, Qs regime

kT -dependent Di-hadron Non-linear QCD Onset of Renormalization

gluons; correlations evolution/universality saturation; group

gluon correlations Qs evolution

Spatial gluon Diffractive vector Small-x non-linear Moderate x with Smaller x,

distributions; mesons evolution; nuclei saturation

gluon correlations and DVCS saturation dynamics

Table 1.1: Key measurements in eA collisions at an EIC addressing the physics of high gluon
densities.

The error bars depicted in the figures described in this section are derived by assuming
an integrated luminosity of

∫

Ldt = 10 fb−1/A for each species and include experimental
cuts (acceptance and momentum). In all cases systematical uncertainties were ignored.

1.2.1 Structure Functions

[Situation here is still unclear. No (convincing plots) available yet.]

1.2.2 Di-Hadron Correlations

One of the experimentally easiest and compelling measurement in eA is that of di-hadron
azimuthal correlations in e A → e′ h1 h2 X processes. These correlations are not only
sensitive to the transverse momentum dependence of the gluon distribution but also to
that of gluon correlations for which first principles computations are only now becoming
available. The precise measurements of these di-hadron correlations at an EIC would allow
one to extract the spatial multi-gluon correlations and study their non-linear evolution,
information that is essential to understand the transition from a deconfined into a confined
state. Saturation effects in this channel correspond to a progressive disappearance of the
peak with increasing A in the di-hadron azimuthal angle difference around ∆ϕ = π. In the
conventional picture one expects, from momentum conservation, that the peak will persist.
A comparison of the heights and widths of the dihadron azimuthal distributions in eA and ep
collisions respectively would clearly mark out experimentally such an effect. An analogous
phenomenon has already been observed for di-hadrons produced at forward rapidity in dAu
and p+p collisions at RHIC (see sec.1.3.1). In that case, di-hadron production proceeds
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Status of CASCADE

Only now that HERA F2 data is precise enough to 
answer detailed questions about the CCFM evolution 

important for the uPDF parametrisation fit!

5Thursday, May 24, 2012



!!"#$%&'(#)"#!*%+,*&&(#-.+./,0&*+01&#12#%3-)4(#-56#7897(#:1&&

;;)<#.=1>%+01&#21/#'>%1&
?>%1&#.=1>%+01&@

6A>0++0&'#2%&B+01&@#1&>C#40&'%>*/#+./,4

1/#0&B>%D0&'#&1&E40&'%>*/#+./,4

1/D./#0&#####@#1&.#1/#+F1#>11A#G

H0&.,*+0B#B1&4+/*0&+4@

!!!!"# $!" # $%!

!"
!%! ""

"
&
"!%! ""

'

#
("# &

"
"

%! "
&
"!%! ""

'

#$

%#

$
!
"

$ & "'"$

$
!
"

$ &
"

%! "
'"$

$
!
"

$ & "$"$

!!!!"# $!" # $%!

!
%

"
("# &

%

%! "

$

("!(# $$# )" # ("#!(# $$# )" &

%
*"

"

%
*'"

'"
)!)! "'"

# (#!)# "'"! !"# $$" ("
&(
"
# $$ & !%! ""'# '

'

6

Slide from H. Jung
DIS2012

6Thursday, May 24, 2012



7
!!"#$%&'(#)"#!*%+,*&&(#-.+./,0&*+01&#12#%3-)4(#-56#7897(#:1&&

;.4%<+4
%4.#!9=>?@6#A1,B0&.C#DE#C*+*#F0+GH

I++0&'#J#K*/*,4#L'<%1&#1&<MNH

LA1&404+.&AM#A1&4+/*0&+N

&1#A1&4+/*0&+#LC.K.&C0&'#1&#4K<0++0&'#2A+NH#

B.4+#/.4%<+4#F0+GH#

6K<0++0&'#2%&A+01&H

%40&'#40&'%<*/#+./,4#LOP0&#A1&4+/*0&+NH

&1&Q40&'%<*/#+./,4#LOP0&#A1&4+/*0&+NH#

)0&*<#/.4%<+#L0&A<%C0&'#R*<.&A.#S%*/P4#*&C#+/.*+,.&+#12#A1//.<*+.C#

4M4+.,*+0A#%&A./+*0&+0.4N#21/#

C.K.&C0&'#1&#C.+*0<4#12#+/.*+,.&+#12#4M4+.,*+0A4H#

!
!
!

! "
#

!! #
$!!

%!&"#$ " !% ' ' ' &'

%!&"#$ " (

%!&"#$ " !') ' ' ' ('*

%!&"#$ " !')

#"+(, - )"(
!#! +!! (,$! +!!*"(,

+! , . /01- ( " *'*!

+! , . /01- ( " *'*!

%!&"#$ " !'2 ' ' ' !')

Slide from H. Jung
DIS2012

7Thursday, May 24, 2012



8

Another question to investigate:
What effect would a saturation boundary in the 

evolution have on the fit?

Stop the evolution if kt 
becomes smaller than 
Qs (with possible 

damping)

Early work by K. Kutak and H. Jung 
study never completed, can be further investigated now.

Q2
s =

�x0

x

�λ
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Building uPDF’s for ions

xG(x,Q2) ≡
� Q2

dk2
A(x, k2)

k2

σqq̄(r, x) =
8π2

NC

�
dk

k3
[1− J0(kr)]αSA(x, k2) = 2

�
d2bN (x, r,b)

Define uPDF:

Connection to dipole model:
b-dependence!

uPDF from Scattering Amplitude:

A(x, k2)

k2
=

CF

2παS(k)k2

�
drdbJ0(rk)

�
1

r

∂N (x, r, b)

∂r
+

∂2N (x, r, b)

∂r2

�
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Building ion scattering amplitude:

Building uPDF’s for ions

Need:
A b-dependent proton scattering amplitude

Which:
Can be combined with the CCFM evolution in 

CASCADE (simple enough for the integrals to be 
analytically solved)

And:
Describes the HERA F2 data
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Building uPDF’s for ions
Only option: GBW 

N (x, r) = σ0

�
1− e−Q2

s(x)r
2
�

with Θ function b-dependence (cylindrical proton):

Tp(b) = Θ(Rp − b) ⇒ σ0 = πR2
p

Starting distribution in CASCADE:

Q2
s =

�x0

x

�λ
Parameters: x0,λ, Rp

normalisation

xA0(x, kt, q0) =
3σ0

4π2Q2
s(x)αS(kt)

k2t e
− k2

t
Q2

s(x)
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Ongoing: Making fit with herafitter

Status:
x0

chi2/ndf 0.25 0.277 0.3

4.10E-06 2.313 2.148 16.063

4.10E-05 2.939 1.772 2.198

4.10E-04 4.895 2.513 1.748
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3

2 = 10.0 GeV2Q

 / npts = 11.8 / 82
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 NC cross section HERA-I H1-ZEUS combined e+p.                                   output/
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Next steps:
Use final fit to build ion uPDF’s:

A(x, k2)

k2
=

CF

2παS(k)k2

�
drdbJ0(rk)

�
1

r

∂N (x, r, b)

∂r
+

∂2N (x, r, b)

∂r2

�

Investigate saturation effects in the evolution

Also: CASCADE uses JetSet for fragmentation 
->

we can use the same after-burner for nuclear effects as we 
want to use for PYTHIA
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