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Low-  gluons dominate the midrapidity regionx

dNg

d2xd2pdy
=

g2

8π5 CF p2 ∫
d2q

(2π)2

d2k
(2π)2

(2π)2δ(p + q − p)

At forward/backward rapidities, particle 
production dominated by baryon stopping

× Φ1(x1, x, q) Φ2(x2, x, k)

dNqf

d2xd2pdy
=

x1qA
f (x1, p2, x) Dfun(x2, x, p)

(2π)2

FROM MICRO TO MACRO CONSERVED CHARGE DEPOSITION 
FROM THE CGC FORMALISM 

4

+
x2qA

f (x2, p2, x) Dfun(x1, x, p)
(2π)2

.

Systematically Improvable e.g. by including NLO gg   production through gluon fusion→ qq̄

THE INPUT

Dfun(x, r, q)Dadj(x, r, q)

Low-  gluonsx

GBW, IP-Sat, MV… 

Φi(x, r, q) ∼ q2Dadj(x, r, q)

,

uGDFs

Dipoles

→
→

High-  partonsx

Different PDF sets*. 

Φi(x, r, q) ∼ q2Dadj(x, r, q)PDFs →

*Accessible in the MCDIPPER through the 
LHAPDF library

xi qf(xi, p2)

4π

Q4π ≡ ∫ dηsdQ/dηs

ηs = 0
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We have developed a 3D Initial state model using the principles of High 
Energy QCD, for all conserved charges.

This publicly available framework allows for mix-and-match of saturation 
models and collinear  

Systematically improvable: Fluctuations, NLO processes, EIC physics...
MCDIPPER

`

Non-trivial longitudinal resolution from the x-dependence of the input 
saturation model. 

[1] O. Garcia-Montero, H. Elfner, and S. Schlichting, 
(2023), arXiv:2308.11713 [hep-ph]. 
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Energy 

Motivation

The Framework 

Anatomy of the Framework

OBservables Energy and Charge  
Deposition 

New experimental and theoretical insights towards the forward/backward rapidity 
window, e.g longitudinal resolution and correlation of observables.

Needed: A first-principles inspired framework to compute and compare Event-by-
Event ICs in Heavy Ion Collisions

Use the dilute-dense approximation the 

Color Glass Condensate (CGC) Effective 

Field Theory (EFT) to produce both! 

At forward/backward rapidities, 

particle production dominated by 

baryon stopping

CONSERVED CHARGE DEPOSITION 
FROM THE CGC FORMALISM THE INITIAL STATE OF A HIC

y

Ni

Energy deposition in high-energy collisions dominated by small-x gluons 

2

MC-KLN, IP-Glasma… 

@ LO:       (1)                       
g

(1)

(2)(2)

qSingle 

Gluon 

Production

Baryon 

Stopping(2)

[PRC 76, 041903 (2007)]

[PRC 94,no.4,044907(2016)]

Use the dilute-dense approximation the Color Glass 
Condensate (CGC) Effective Field Theory (EFT) to 
compute  charges and energy 
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Low-  gluons dominate the midrapidity regionx

dNg

d2xd2pdy
=

g2

8π5 CF p2 ∫
d2q

(2π)2

d2k
(2π)2

(2π)2δ(p + q − p)

At forward/backward rapidities, particle 
production dominated by baryon stopping

× Φ1(x1, x, q) Φ2(x2, x, k)

dNqf

d2xd2pdy
=

x1qA
f (x1, p2, x) Dfun(x2, x, p)

(2π)2
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4

+
x2qA

f (x2, p2, x) Dfun(x1, x, p)
(2π)2

.

Systematically Improvable e.g. by including NLO gg   production through gluon fusion→ qq̄

THE INPUT

Dfun(x, r, q)Dadj(x, r, q)

Low-  gluonsx

GBW, IP-Sat, MV… 

Φi(x, r, q) ∼ q2Dadj(x, r, q)

,

uGDFs

Dipoles

→
→

High-  partonsx

Different PDF sets*. 

Φi(x, r, q) ∼ q2Dadj(x, r, q)PDFs →

*Accessible in the MCDIPPER through the 
LHAPDF library

xi qf(xi, p2)
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Energy and charges are computed as moments of the 
single particle distributions: 

[2] A. Buckley et al., Eur. Phys. J. C 75, 132 (2015)

[6] H. Kowalski and and D. Teaney, Phys. Rev. D68(2003)
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Charges (u,d,s) deposited can be used to compute 
conserved charges such as, i.e. electric charge, 

(Bτ)0 = ∑
f

Bf ∫ d2p [
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Energy 

Baryon 
Charge

Electric charge is obtained similarly, by using the correct U(1) charges 

*

*

The INPUT

[5] J. Bartels, K. J. Golec-Biernat and H. Kowalski, 
Phys. Rev. D 66 (2002), 014001
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Combine precomputed energy and charges (in terms of              ) with MC-Glauber 
sampling to produce rapidity resolved event-by-event fluctuations 

Check: Good agreement with experimental data for charged particle multiplicity. 
Agreement with eccentricities for the succesful midrapidity IP-Glasma model.
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Observables yields and correlations have a non-trivial rapidity resolution, resulting from 
the x-dependence of the input saturation models. 

Multiplicity Eccentricity

Triangular 
Eccentricity

Electric Charge

Charges are the basic building blocks in 
 McDIPPER,                               , allow for 
comparison between models, a priori and 
a posteriori

Qi = Qi(ηs, T1, T2)

Non-boost invariant rapidity profiles arise 
naturally from the x-dependence of the 
input distributions (uGDs,PDFs)

Non-trivial nuclear thickness resolution 
from T-dependence of uGDs (e.g. in IP-Sat) 
and PDF parton flux.

MCDIPPER enables PDF-dependence com-
parisons for the baryon-stopping.

Tune      using             in p+p min. bias collisions 
at                            .

dE⊥/dy
sNN = 5.02 TeV

Kg

dE⊥/dy
sNN = 5.02 TeV

Kg dE⊥/dy
sNN = 5.02 TeV

Kg

1.25

dE⊥/dy
sNN = 5.02 TeV

Kg = 1.25  {GBW}

dE⊥/dy
sNN = 5.02 TeV

Kg = 1.85  {IP-Sat}

Overall normalization of gluon energy,      , 
treated as the only free parameter of the 
model, accounts for pert. corrections.  

dE⊥/dy
sNN = 5.02 TeV

Kg

Comparison of energy and 
charge deposition at 
and the event-total, the        
acceptance. 

Energy at midrapidity and 
exhibit a similar power-law 
dependence of          . 

Charge deposition is at full acceptance inde-
pendent of          , and therefore it is a purely 
geometrical aspect of the collision. As expected, 
charge deposition at midrapity decreases with 
energy. 
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