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I Focus in this talk (MexNICA research agenda)

v
%

to explore the QGP through hard probe
mechanisms of £ 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 Tand u

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

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



I 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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I Be-Be @ MPD

a) ALICE-LHC b) STAR-RHIC c) hybrid



I Be-Be @ MPD
Beam-Beam monitoring detector geometry

To fulfill the trigger requirements of MPD, we propose the BE-BE geometry as follows
Inner part: Made of 54 hexagonal cells, 50 mm in height, arranged in three rings.

Outer part: Made of two rings segmented in 16 cells. These rings could be used to

optimize the event plane resolution and centrality determination in heavy ion collisions.
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I Be-Be @ MPD

Position Y (cm)

Hybrid geometry
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Simulation details

Number of generated events: 40 000, Minimum Bias
Enabled detectors: TPC, BE-BE

System: Au-Au

Energy in the center of mass: 11.5 GeV

Magnetic Field: 0.5 T
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Simulation details

Number of generated events: 50000, Minimum Bias
Enabled detectors: TPC, BE-BE

System: p-p

Energy in the center of mass: 22 GeV

Magnetic Field: 0.5 T

Generator: pythia 8
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I Be-Be @ MPD

First point Hybrid geometry
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Simulation details

Number of generated events: 40 000, Minimum Bias
Enabled detectors: TPC, BE-BE

System: Au-Au

Energy in the center of mass: 11.5 GeV

Magnetic Field: 0.5 T
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Simulation details Cell ID side C
Number of generated events: 50000, Minimum Bias
Enabled detectors: TPC, BE-BE

System: p-p

Energy in the center of mass: 22 GeV

Magnetic Field: 0.5 T

Generator: pythia 8
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I VO @ ALICE: Azimuthal anisotropy
E P r‘eSO' Ut| O n To compute the EP resolution, we assumed

the angles showed in figure.

©, > cell angle
w, > multiplicity in i-cell
n = order of the azimuthal anisotropy

Cos (n * [\PVO+ - lI"Mc])

ALICE experience @ LHC (Run 1)
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B@_QD N N DN natantial fAar ovient plane resolution

ALICE experience @ LHC (Upgrade for Run 3)

FIT A-side FIT C-side.

&

ALICE experience @ LHC (Upgrade for Run 3)

ALICE expects a resolution of EP of about 70% with the upgrade of Minimum Bias detector for 30% of centrality
in PbPb collisions
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I Be-Be @ MPD: potential for event plane resolution

Beam-B itori y (BeBe, “pie” y like LHC, ALICE)

Positon Y (cm)

Ly
R
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How it looks the EP resolution with BeBe?

B B 'y (BeBe, “pie” geometry like LHC, ALICE)
~ Generator used: URQM

© Six centrality ranges: 0-10%, 10-20%, 20-30%, 30-40%, 40-50%,
50-60%

© Au-Au collisions at 9 GeV
© Software: MPD-ROOT modified with BMD geometry compiled.

© Production made in Puebla’s farm



I Be-Be @ MPD: potential for event plane resolution

B B itoris 'y (BeBe, “pie” geometry like LHC, ALICE)
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I Be-Be @ MPD: potential for event plane resolution

B B itoris 'y (BeBe, “pie” geometry like LHC, ALICE)
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Beam-Beam monitoring detector geometry (BeBe, “pie” geometry like LHC, ALICE)

BeBe could have a resolution of EP of about 80% with the upgrade of Minimum Bias detector from 15 9% to 30%
of centrality in AuAu collisions @ 9 GeV'

Event plane resolution




I 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 vs
MCs

(2) primordial photons produced by strong
B-fields +» compare with simulation



ADJMT Toolkit

A. Ayala + I. Dominguez + ). Jalilian-Marian + J. Magnin + M. Tejeda-Yeomans

pQCD
MadGraph for 2 — 2 and 2 — 3 parton eventsinp +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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I 2 — 2vs2 — 3: pathlength

1/N dN/AD
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I 2 — 2vs 2 — 3: path length

Ayala, Jalilian-Marian, Magnin, Ortiz, Paic, T-Y, PRL 104 (2010)

PP, FI<0.1, Jp, - 10] < 150MeV AUAU, [n=0.1, |p, - 10]< 150MeV.
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I 2 — 2vs 2 — 3: head shock vs Mach cones

\

Y, &7,

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

medium energy momentum 7#: medium in
equilibrium with small perturbation

T = T 4 6T,

hydro eqns with /¥ source of disturbance (fast moving
parton)

(570(_) = ¢
8M5T’“’ =) = { (579_’ =9 o o )

0TI = ic25e — 3T(0'g + Dg’ — 287V - g)
s = ﬁ sound attenuation length
¢s = \/1/3 speed of sound
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I ADJMT Toolkit: linearized hydro

If source is modelled as

S(rt) = (Z—f) V33 (X — vit)

AL —~

then
dE w\2/9

o (&) (S—rs) (s—v) lac\, )
dE v\ 2

s ~ (&) (i) e

where (dE/dx) is the energy loss
per unit length
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I ADJMT: partons — hydro+e-loss (de, g;) — hadrons

Particle yield at midrapidity (Cooper-Frye):

dN B B p?qaxdprpr »
G=0=[ . G [ @mee ) ~fipo)

constant freeze-out hyper surface dx, p* = d°r pr
equilibrium dist. (Boltzmann): f(p,) = e=P7/T

medium'’s energy density and temp: ¢, Ty
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I ADJMT: can also distinguish e-loss mode

fo-w~fieo) = (5) (= +

TO 460

Shape of distribution
dependson G; = [d*rg;

Gy > G sing
two peaks away
from¢ =10

G; > Gy: cos ¢
two peaks close
top=0

G; > G, peaks
become one

gy sin ¢ 4 g, Cos ¢

60(1 + C?)

> e*pT/TO
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I ADJMT: partons — hydro+e-loss — hadrons — v,

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

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

i (sinng);
tannv, = —<cosn¢);’

average over the particle ensemble at
midrapidity in a single event

f ded¢ @ dgl\g¢

J dprdé g, g dd%
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I ADJMT: partons — hydro+e-loss — hadrons — v,

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

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

(sinng);

tann¥! =
! (cosng);’

average over all events
1 M [l cos (- W)

Valpr) = -3 —pre?
Nev Jdo ot
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I Vo: Pb-Pb @ 2.76 TeV ALICE-LHC
ALICE Collaboration, Phys.Rev.Lett. 105 (2010).
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I ADJMT: partons — hydro+e-loss — hadrons — v,
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I Vo from simmilar approaches

M. Okai, K. Kawaguchi, Y. Tachibana and T. Hirano,
PRC 95, 054914 (2017)
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| roiMT G o AE G 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.
1 dN
P Y r? = N o Am A LA
(pr., ¢) N prdprdod?r
1 AT(Ay)? p_gepr/TO e N gysin¢g 4 g,Ccos ¢
N (2m)3 T 4eo eo(1 + )
avg mom squared carried by the disturbance
(transverse to v)

w/2
@) = 2 / or / dpipr / do P(pr.r, $)p2sin’ o,
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I g and AE in an expanding medium

3
3
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I n/s and g in an expanding medium
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I 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 vs
MCs

(2) primordial photons produced by strong
B-fields +» compare with simulation



] Magnetic fieldsin HICs

V. Skokov, A.Yu. Illarionov (Trento U.), V. Toneey, Int.J.Mod.Phys. A24 (2009).
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| Magnetic fields in HICs

Y. Zhong, C.-B. Yang, X. Cai, S.-Q. Feng, Adv. High Energy Phys. 2014, 193039 (2014)

V/SNN = 62.4 GeV (a), 130 GeV (b), 200 GeV (c), 900 GeV (d)

b 2 b 2
RHIC: (0.1 — 1)m2, LHC: (10 — 15)m?2,

B (MeV?)

B (MeV?)

10° —

m2 ~ 10*°G

B (MeV?)

B (MeV?)

35



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

2. Photon Production by gluon fusion

Figure 1: Dominant contribution for photon production by gluon fusion in presence of a
magnetic field. The double lines represent that the corresponding propagator is in the
first Landau Level S(). The single lines represents the propagator in the lowest Landau
Level S, The arrows in the propagators represent the direction of the flow of charge.
The arrows at the sides of the propagator lines represent the momentum direction.
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I 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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— 1ol == FHENXa0 403 - Direct-Frome _eB=m2 __Direct, PRC 93,044906 (2016)
g PHENIX 2040 %~ Direct
> ¢ 2040 %) DIIeC 0.25}..eB = 3m2
[ |
e 1 0.20} *# PHENIXqo-s0%) +
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Figure 2: (Left) Difference between PHENIX photon invariant momentum distribution
and direct (points) or direct minus prompt (zigzag) photons from Ref. [8] compared to
the yield from the present calculation. (Right) Harmonic coefficient vy combining the
calculation of Ref. [8] and the present calculation compared to PHENIX data [12]. Curves
are shown as functions of the photon energy for central rapidity and the centrality range
20-40%. Only the experimental error bars are shown. The bands show variations of the
parameter eB within the indicated ranges and computed with ay = 0.3, A; = 2 GeV,
n=3, Ar, =15 fm, R=7 fm, 8 =0.25 and y = 0.8.
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I MexNICA commitment to the future at NICA

v/ signed collaboration agreements
between JINR and mexican institutions

y/ regional, national (CONACyT) and
international grants

y/ vested interests through national labs
(UNAM, CINVESTAYV, BUAP, UAS):
instrumentation/electronics,
computing/IT services

\/ shifts, software R&D, event farm @ local
cluster, cluster admin
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I MexNICA commitment to the future at NICA

MEXNICA CHARGE

STAGE 1

STAGE2 | STAGE 3

Prototype local test

Software portability and local ir ion

Standardized MC for NICA energies

Collision evolution modelling with flow observables

Effective models for QCD phase diagram studies

Prototype site test

Test-based modifications to the detector design

Detector construction

Detector local test

Event generator for NICA-energies in local cluster

Detector site test

Detector first beam

BE-BE preliminary data

Data vs Model analysis

y
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I 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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