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Heavy flavor angular correlations as probes of the glasma
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Abstract. We study the effect of the glasma fields, formed in the early stage
of heavy-ion collisions, on the transport of QQ pairs produced back-to-back.
We find that for pairs with moderate initial transverse momentum pr evolving
in glasma fields with sufficiently large saturation momentum Qj, the azimuthal
correlation C(Ag) is quickly affected. The decorrelation widths o 54 during the
glasma and Quark Gluon Plasma (QGP) phases are comparable.

1 Introduction

At weak coupling, the early stage of heavy-ion collisions is described using the Color Glass
Condensate (CGC) framework. In this approach the collision of saturated gluon fields gen-
erates a non-equilibrium glasma state. As heavy quarks are produced early, they can provide
a sensitive probe of the glasma. The classical transport of heavy quarks in glasma fields has
been used to investigate the effect of the glasma on the nuclear modification factor in pA [1]
and AA [2, 3] collisions, and QQ pairs dissociation in glasma [4, 5]. In this work, we focus
on how the early glasma fields deflect QQ pairs and alter their azimuthal correlations [6, 7].

2 Heavy quark pairs in glasma

The glasma fields are obtained by numerically solving the sourceless classical Yang-Mills
(CYM) equations for the gluon fields A¥, namely D, F*" = 0, with the covariant derivative
D, = 0,—igA, and the field strength tensor F*” = g*A” — 9" A¥ —ig[A*, A”]. The initial condi-
tion for the glasma fields is given in terms of CGC fields. The fields are sampled from classi-
cal color charge sources according to the MV model (0“(x7) p’(y7)) = (*1)>6°°6 P (x7 —y7),
with g%u o« Q, proportional to the saturation momentum Q. The field equations of motion
are solved using a non-Abelian real-time lattice discretization.
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Figure 1. Sketch depicting a Q0 pair with momenta p? = —p? at mid-rapidity = O (left). Due to the
glasma fields (background) the quarks in the pair experience a change in A¢ (middle) and An (right).

Heavy quarks obey Wong’s classical transport equations for test particles in a CYM back-
ground gauge field A¥, in this case the glasma, expressed as

o _p A9 pe 40 a

il TH{QF") = -iglA,. 012, M

dr ~ m’ dr Ty m’ dr
where x* is the coordinate, p* the momentum and Q = Q“T“ the classical color charge for a
heavy quark. Here Tr{T“T"} = Tré“ with Tr = 1/2 for R = F quarks in the fundamental
representation of SU(3). Both the particle and field equations of motion are solved numer-
ically [8]. We simulate quark Q and anti-quark Q pairs in the glasma according to Wong’s
equations from Eq. (1). The pairs are initialized at the same coordinate x7(Q) = x7(Q) and
n(Q, Q) = 0, with opposite transverse momenta p;(Q) = —p(Q) (leading order perturbative
QCD production), null longitudinal momentum p”(Q, Q) = 0, and random color charge vec-
tors (the heavy quark pairs are mostly produced from gluon fusion gg — QQ). Each pair is

formed at Tyorm = 1/(2mr) with the transverse mass m3. = p% + m2HQ and initialized with a

finite py(trorm). The QQ pairs evolving in the glasma are illustrated in Fig. 1.

3 Heavy flavor angular correlations

After formation, the pairs instantaneously interact with the glasma fields and experience mo-
mentum deflections due to the color Lorentz force. This leads to a change in relative pseudo-
rapidity An = 7(Q) — n(Q) where n(q) = In{(p? + p)/(p? = p1)}/2 with (p9)* = (p})* + (p?)?
for g € {Q, O}, and the relative azimuthal angle A¢ between p;(Q) and p,(Q). We simulate
many test particles in multiple glasma events and extract the two-particle correlation

1 d®N

An,Ap) = ————
CO A = s dAndAg’

@

as a function of the relative proper time AT = T—Tjo,. Results from numerical simulations are
shown in Fig. 2 for c¢ pairs at different At values. The magnitude of the correlation C(A¢, An)
rapidly drops after At = 1/Q; = 0.1 fm/c for Q; = 2GeV. By integrating Eq. (2) along An
we extract the azimuthal correlations C(An) = 1/Npuirs AN/dAn as a function of Ar. Results
for cc and bb pairs are shown in Fig. 3. The initial correlation at A¢ = m quickly decreases
after A7 = 0.05 fm/c and the decrease gets slower with increasing time. The decorrelation is
similar for charm and beauty quarks, showing that this is a glasma effect not influenced by
the particle mass or formation time. Further, we quantify the magnitude of the correlation
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Figure 2. Snapshots at various At of the c¢ correlation in relative rapidity An and azimuthal angle A¢.
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Figure 3. Azimuthal correlation C(A¢) for ¢ (left) and bb (right) pairs with initial p;(Tiom) = 2 GeV
at At € {0.05,0.1,0.2,0.5} fm/c (color and line style), in a glasma with Q; = 2 GeV.

through the width o5y computed as the standard deviation of the distribution C(A¢). Fig. 4
depicts op4 for both charm and beauty quark pairs, as a function of Ar. Pairs with small initial
pr immediately get decorreated by the glasma fields. The decorrelation is more pronounced
for glasma fields characterized by larger Q,. These observations hold for both ¢z and bb pairs.
The decorrelation width at QO = 2 GeV for c¢ pairs with pr € [5,10] GeV at At = 0.3fm/c
is o-il;‘sma ~ 0.3. The value reported during the QGP for ¢ pairs with py € [4,10] GeV (value
with collisional and radiative energy loss included in the heavy quark transport model) yields

a'gd)Gp ~ 0.36 [9], roughly the same order of magnitude as the glasma effect.

4 Conclusion

We studied the classical transport of ¢ (and bb) pairs in the glasma early-stage fields. The
initially strong glasma color fields induce a large decorrelation in the azimuthal angle, with
the decorrelation width o4 in glasma comparable to the value accumulated during the next
stages. The study of cc angular correlations, and disentangling between initial state effects
and the QGP contribution, will be relevant in making theoretical predictions for future DD
correlations, planned to be measured during ALICE3 [10].
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Figure 4. Correlation width in azimuthal angle o a4 for ¢ (circle markers) and bb (triangle markers)
pairs as a function of At for different py (left) and Q; (right) values.
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