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MexNICA at NICA-JINR

MexNICA is a Mexican collaboration
BUAP, CINVESTAV, UAS, UCOL, UNAM, USON

joint efforts for the MPD-NICA

with a proposal

Beam-Beam (Be-Be) Monitoring Detector
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Focus in this talk (MexNICA research agenda)

√
to explore the QGP through hard probe
mechanisms of E and p loss/interchange

√
to study the B-fields generated in HICs and early
particle production effects

→ to identify critical behaviour in collision systems
at finite T and µ

→ to investigate the pattern of χSB in the
scalar/pseudo-scalar & vector/axial-vector
channels

→ to identify the features of Tc using lattice
techniques in order have new conjectures for
QCD phase diagram

· · ·
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Focus in this talk: HIC simulations and flow analysis

> Key task: determine the event plane using
Be-Be @ MPD

> Perform correlations/flow analysis for

(1) hadronic “jetty”events↔ compare with
simulation using e.g. ADJMT toolkit

(2) primordial photons produced by strong
B-fields↔ compare with simulation
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Be-Be@MPD
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Be-Be@MPD
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Be-Be@MPD
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Be-Be@MPD
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V0@ALICE:
EP resolution
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Be-Be@MPD: potential for event plane resolution
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Focus in this talk: HIC simulations and flow analysis
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> Perform correlations/flow analysis for
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ADJMT Toolkit
A. Ayala + I. Domínguez + J. Jalilian-Marian + J. Magnin + M. Tejeda-Yeomans

pQCD
MadGraph for 2 → 2 and 2 → 3 parton events in p + p
collisions at RHIC and LHC energies
partons→ hadrons→ e-loss mechanism

hydro
linear viscous hydrodynamics
in-medium hard probe as point-like source∗

hadron dist
Cooper-Frye hadronization
energy and momentum deposited in-medium small
compared to unperturbed medium
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2 → 2 vs 2 → 3: path length
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2 → 2 vs 2 → 3: path length

Ayala, Jalilian-Marian, Magnin, Ortiz, Paic, T-Y, PRL 104 (2010)
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2 → 2 vs 2 → 3: head shock vsMach cones

1 parton deposits energy as shock wave (Mach cone) 2 partons deposit energy as a wake (Head shock)
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ADJMT Toolkit: linearized hydro

medium energy momentum Tµν : medium in
equilibrium with small perturbation

Tµν = Tµνeq + δTµν ,

hydro eqns with Jν source of disturbance (fast moving
parton)

∂µδTµν = Jν ⇒

{ δT00 = δϵ
δT0i = g
δTij = δijc2sδϵ− 3

4
Γs(∂

igj + ∂ jgi − 2
3
δij∇ · g)

Γs ≡ 4η
3ϵ0(1+c2s )

sound attenuation length
cs =

√
1/3 speed of sound
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ADJMT Toolkit: linearized hydro

If source is modelled as

Jν(r, t) =
(
dE
dx

)
vνδ3(x− vt)

then

δϵ ∼
(
dE
dx

)(
2v
3Γs

)2(
9

8v

)
Iδϵ(α, β)

gi ∼
(
dE
dx

)(
2v
3Γs

)2

Igi(α, β)

where (dE/dx) is the energy loss
per unit length
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ADJMT: partons→ hydro+e-loss (δϵ,gi) → hadrons

Particle yield at midrapidity (Cooper-Frye):

dN
dϕ

(y = 0) =

∫ pmax
T

pmin
T

dpT pT

(2π)3

∫
dΣµpµ[f(p · u)− f(p0)]

constant freeze-out hyper surface dΣµpµ = d3r pT

equilibrium dist. (Boltzmann): f(p0) = e−pT/T0

medium’s energy density and temp: ϵ0, T0
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ADJMT: can also distinguish e-loss mode

f(p · u)− f(p0) ≃
(
pT

T0

)(
δϵ

4ϵ0
+
gy sinϕ+ gz cosϕ

ϵ0(1 + c2s )

)
e−pT/T0

Shape of distribution
depends on Gi ≡

∫
d2r gi

Gy > Gz: sinϕ
two peaks away
from ϕ = 0

Gz > Gy: cosϕ
two peaks close
to ϕ = 0

Gz ≫ Gy: peaks
become one
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ADJMT: partons→ hydro+e-loss→ hadrons→ vn
Cooper-Frye formula⇝ azimuthal angle distributions
at midrapidity⇝ flow coefficients:

event plane angle of the n-th order for the i-th
event

tannΨi
n =

⟨sinnϕ⟩i
⟨cosnϕ⟩i

,

average over the particle ensemble at
midrapidity in a single event

⟨O⟩i =

∫
dpTdϕ O dNi

dpTdϕ∫
dpTdϕ dNi

dpTdϕ
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ADJMT: partons→ hydro+e-loss→ hadrons→ vn

Cooper-Frye formula⇝ azimuthal angle distributions
at midrapidity⇝ flow coefficients:

event plane angle of the n-th order for the i-th
event

tannΨi
n =

⟨sinnϕ⟩i
⟨cosnϕ⟩i

,

average over all events

vn(pT) =
1

Nev

Nev∑
j

∫
dϕ cosn(ϕ−Ψi

n)
dNi

dpTdϕ∫
dϕ dNi

dpTdϕ
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v2: Pb-Pb@ 2.76 TeV ALICE-LHC

ALICE Collaboration, Phys.Rev.Lett. 105 (2010).
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ADJMT: partons→ hydro+e-loss→ hadrons→ vn
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v2 from simmilar approaches

M. Okai, K. Kawaguchi, Y. Tachibana and T. Hirano,
PRC 95, 054914 (2017)
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ADJMT: q̂ ↔ ∆E ↔ η/s

Ayala, Dominguez, Jalilian-Marian and T-Y (2016)
Phys.Rev. C94 (2016) no.2, 024913

part. mom. dist. around the direction of motion of a
fast moving parton in hydro approx.

P(pT, r, ϕ) ≡ 1

N
dN

pTdpTdϕd2r

=
1

N
∆τ(∆y)2

(2π)3
p2
T

T0
e−pT/T0

(
δϵ

4ϵ0
+
gy sinϕ+ gz cosϕ

ϵ0(1 + c2s)

)
avg mom squared carried by the disturbance
(transverse to v)

⟨q2⟩ ≡ 2

∫
d2r

∫
dpTpT

∫ π/2

0

dϕ P(pT, r, ϕ)p2
T sin

2 ϕ,
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q̂ and∆E in an expandingmedium

q̂(∆E) ∼
{

0.2− 1 GeV2/fm (T0 = 350MeV)
0.4− 1.5 GeV2/fm (T0 = 450MeV)

q̂(∆E)
T3

∼
{

0.9− 4.6 (T0 = 350MeV)
0.8− 3.3 (T0 = 450MeV)

q̂
T3

∼ 3.7±1.4 at LHC
JET Collaboration PRC 90 (2014)
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η/s and q̂ in an expandingmedium

T3

q̂

{
≈ η

s , weakly-coupled
≪ η

s , strongly-coupled
Majumder, Muller, Wang, PRL 99 (2007); Casalderrey-Solana, Wang, PRC (2008);

Qin, Wang, IntJMP E 24 (2015).
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Focus in this talk: HIC simulations and flow analysis

> Key task: determine the event plane using
Be-Be @ MPD

> Perform correlations/flow analysis for
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Magnetic fields in HICs
V. Skokov, A.Yu. Illarionov (Trento U.), V. Toneev, Int.J.Mod.Phys. A24 (2009).

J. Castaño-Yepes, Ph. D. Thesis, UNAM, 2018 34



Magnetic fields in HICs
Y. Zhong, C.-B. Yang, X. Cai, S.-Q. Feng, Adv. High Energy Phys. 2014, 193039 (2014)√sNN = 62.4 GeV (a), 130 GeV (b), 200 GeV (c), 900 GeV (d)

RHIC: (0.1 − 1)m2
π , LHC: (10 − 15)m2

π ,m
2
π ≈ 1019G
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Prompt photon yield induced by B-fields in HIC

Ayala, Castano-Yepes, Dominguez, Hernandez, Hernandez-Ortiz and T-Y
Phys.Rev. D96 (2017) no.1, 014023; Phys.Rev. D96 (2017) no.11, 119901
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Prompt photon yield induced by B-fields in HIC

Ayala, Castano-Yepes, Dominguez, Hernandez, Hernandez-Ortiz and T-Y
Phys.Rev. D96 (2017) no.1, 014023; Phys.Rev. D96 (2017) no.11, 119901
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MexNICA commitment to the future at NICA

√
signed collaboration agreements
between JINR and mexican institutions√
regional, national (CONACyT) and
international grants√
vested interests through national labs
(UNAM, CINVESTAV, BUAP, UAS):
instrumentation/electronics,
computing/IT services√
shifts, software R&D, event farm @ local
cluster, cluster admin
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MexNICA commitment to the future at NICA
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Final remarks

Collaboration agreements between JINR
and mexican institutions, signed!
Finalize geometry simulation and
electronics design/test
Prepare beam test for prototype
NICA/MPD software and data admin at
ICN-UNAM

MANY THANKS
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	Photons & Magnetic fields

