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SOLID LIQUID GAS

Introduction
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Introduction

Solid-gas interface

Solid-liquid interface

gas-liquid interface

at extremely high temperatures and pressures, the 
liquid and gaseous phases become indistinguishable 
(the water behaves like a gas and liquid)

three different phases can coexists (like opalescent)
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Introduction

Heavy-ion physics allows us to study QCD matter under extreme 
conditions of high temperature and energy density.
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Introduction

Heavy-ion physics allows us to study QCD matter under extreme 
conditions of high temperature and energy density.

proton-proton lead-lead
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Introduction

Heavy-ion physics allows us to study QCD matter under extreme 
conditions of high temperature and energy density.

Feb 10, 2000: 

“...The data provide evidence for colour 
deconfinement in the early collision stage and 
for a 
collective explosion of the collision fireball in its 
late stages. The new state of matter exhibits 
many of 
the characteristic features of the theoretically 
predicted Quark-Gluon Plasma.”
.....
“ The higher energies of RHIC and LHC are 
needed to complete the picture and provide a 
full 
characterization of the Quark-Gluon Plasma.”
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Introduction

Heavy-ion physics allows us to study QCD matter under extreme 
conditions of high temperature and energy density.

RHIC’s results: 

• observation of strong “elliptic” flow (Phys.Rev.Lett 86:402-407,2001) 

• observation of jet quenching (suppression of hadrons with large pT, 
Phys.Rev.Lett.88:022301,2002) 

LHC’s results 

• observation of long-range, near-side angular correlations in PbPb 
and pPb collisions (Phys. Lett. B (718) 795-814 ) 

• hot and dense matter created in HIC behaves like a fluid with 
almost zero friction (constrain on n/s, PRL 105, 252302 (2010)) 

• enhanced production of multi-strange hadrons in high-multiplicity 
p-p collisions (proton collisions present similar patterns to those 
observed in HIC, doi:10.1038/nphys4111) 

• angular correlations in photo-nuclear ultra peripheral Pb+Pb 
collisions (26/01/2021, https://arxiv.org/pdf/2101.10771.pdf)
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Introduction
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Introduction

RHIC
LHC



Mario Rodríguez Cahuantzi <mrodriguez@fcfm.buap.mx>, FCFM-BUAP 13 Seminario de Altas Energías (ICN/IF-UNAM)

Introduction
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Introduction

pp 7 TeV pp 7 TeV 

PbPb 10-20% 
Flow 

Pb+Pb 5.02 TeV (2021)
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Introduction
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Introduction
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Introduction

The pT spectra become harder as the 
multiplicity increases.
The mass and multiplicity dependences of 
the spectral shapes are reminiscent of the 
patterns seen in p–Pb and Pb-Pb collisions 
at the LHC, which can be understood 
assuming a collective expansion of the 
system in the final state.

The data show for the first time in pp collisions that the pT integrated yields of strange and multi-strange 
particles relative to pions increase significantly with multiplicity. 
These particle ratios are similar to those found in p–Pb collisions at the same multiplicity densities.
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Introduction

Heavy-ion physics allows us to study QCD matter under extreme 
conditions of high temperature and energy density.

Main NICA targets

• study of hot and dense baryonic matter 
• investigation of nucleon spin structure, polarization 

phenomena

Energy range of NICA —> unexplored region of the QCD 
phase diagram 

• highest net baryon density
• onset of deconfinement phase transition

discovery potential

• Critical End Point (CEP)
• Chiral symmetry restoration
• hypothetic quarkonic phase

complementary to 
• RHIC/BES, NA61/CERN, CBM/FAIR and Nuclotron-M 

experimental programs
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MPD-NICA experiment at JINR

Founded in 1956 (2 years after 
CERN foundation)
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MPD-NICA experiment at JINR

NICA 

Volga 
river 
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MPD-NICA experiment at JINR
      NICA (Nuclotron based Ion Colider fAcility) 
Main targets: 
u  study of hot and dense baryonic matter 

at the energy range of max net  baryonic density 
u  investigation of nucleon spin structure, polarization phenomena 

u modernization of existing accelerator facility 
u  construction of Collider to collide  

-  relativistic ions from  p to Au at energy range √SNN= 4 - 11 GeV  
-  polarized  p  and  d at energy up to  √S =27 GeV (p)  
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MPD-NICA experiment at JINR
basic facility 

SPD  

MPD  
Center NICA 

Nuclotron ring (c=251,5 m) 

Collider ring (c=503 m) 

October 29, 2018 V.Kekelidze, II Collaboration 9 

2 major milestones in 2018 

BM@N  the first  
physics 

run 

starting Booster assembly 
 & commissioning  
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MPD-NICA experiment at JINR

NICA (Nuclotron-based Ion Collider fAсility) is a new accelerator complex designed at the Joint 
Institute for Nuclear Research (Dubna, Russia) to study properties of dense baryonic matter.

After puting the NICA collider into operation JINR scientists will be able to create in the Laboratory a 
special state of matter in which our Universe stayed shortly after the Big Bang – the Quark-Gluon 
Plasma (QGP).

Start of the construction: 2013.
Commissioning: 2020.
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MPD-NICA experiment at JINR

NICA (Nuclotron-based Ion Collider fAсility) is a new accelerator complex designed at the Joint Institute for Nuclear Research 
(Dubna, Russia) to study properties of dense baryonic matter.

After puting the NICA collider into operation JINR scientists will be able to create in the Laboratory a special state of matter in which 
our Universe stayed shortly after the Big Bang – the Quark-Gluon Plasma (QGP).

Start of the construction: 2013.
Commissioning: 2020.NICA will provide beams of ions over a wide range of atomic masses (from p to Au) at average luminosity of 1027 cm-2s-1 for gold-
gold collisions and 1032 cm-2s-1 for proton-proton collisions. The center-of-mass energy will be between 4 to 11 GeV for Au+Au and 
up to 27 GeV for p+p.

Experimental data on hadron production properties at SPS suggest that this transition occurs within the NICA energy range.

Theoretical calculations indicate that the deconfinement phase transition can be accomplished by partial restoration of the chiral 
symmetry in heavy-ion collisions leading to possible modifications of hadronic spectral functions in dense hadronic matter.



Mario Rodríguez Cahuantzi <mrodriguez@fcfm.buap.mx>, FCFM-BUAP 25 Seminario de Altas Energías (ICN/IF-UNAM)

MPD-NICA experiment at JINR

After the collision of two heavy-ion nuclei,  

• the matter behaves as a thermalized system 

• the hot fireballs cools down —> particle production tracing a trajectory on 
phase diagram (maybe close to the critical point) 

• key study —> event by event fluctuations of physical observables of 
particles in its final state.
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MPD-NICA experiment at JINR

Where would this happen ?
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MPD-NICA experiment at JINR
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MPD-NICA experiment at JINR
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MPD-NICA experiment at JINR
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MPD-NICA experiment at JINR
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MPD-NICA experiment at JINR
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MPD-NICA experiment at JINR
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MPD-NICA experiment at JINR

MexNICA
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MPD-NICA experiment at JINR

MPD: Multi-Purpose Detector (typically cylindrical particle detector )

9 meters

6.6 meters

0.6 Teslas
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MPD-NICA experiment at JINR

Stage 1 (Mid-rapidity region, TPC, TOF, ECAL, ZDC, FD)

• Particle yields and spectra (pions, Kaons, protons, etc) 
• Event-by-event fluctuations  
• Femtoscopy involving pions, Kaons and protons 
• Collective flow for identified hadrons 
• Electromagnetic probes (electrons, gammas)
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MPD-NICA experiment at JINR

Stage 2 (Mid-rapidity region, TPC, TOF, ECAL, ZDC, FD + ITS)

• Total particles multiplicities  
• Asymmetries study (better reaction plane determination) 
• Di-lepton precise study 
• Charm  
• Exotic (soft photons, hypernuclei)
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MexNICA proposal

MEXnICA

Mexican group joining to the MPD-NICA efforts at JINR. 

List of participants institutions 
• BUAP (Facultad de Ciencias Físico Matemáticas) 
• CINVESTAV (Departamento de Física) 
• UAS 
• UNISON 
• UCol 
• UNAM (Instituto de Ciencias Nucleares)
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MexNICA proposal
Main goal:

To contribute in the study of the QGP phase diagram (CEP) 

How?

To study, from theoretical point of view, the mechanism responsible for the 
restoration of chiral symmetry.

To study, from theoretical point of view, the QCD phase diagram at finite values of 
temperature and density.
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MexNICA proposal

LHCNICA
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MexNICA proposal
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MexNICA proposal
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MexNICA proposal
Main goal:

To contribute in the study of the QGP phase diagram (CEP) 

How?

To study, from experimental point of view, signatures that allows to locate the CEP.

To study, from experimental point of view, the inclusion of a detector that allows to 
MPD increase its pseudorapidity acceptance.Bonus, optimization of event plane 
resolution, and trigger system
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MexNICA proposal

In  collider  experiments,  a  beam-beam  counter  detector  is  highly 
desirable. 

   trigger system: to identify and to discriminate  beam-beam minimum bias or 
centrality events from background and beam-beam interactions. 

   bonus, physics studies:  

   luminosity measurements, for the determination of absolute cross sections 
of reaction processes  

   multiplicity  of  charged  particles,  key  observable  for  the  determination  of 
the centrality of the collisions events and event plane resolution
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MexNICA proposal

JINST 8 (2013) P10016

JINST 8 (2013) P10016

https://arxiv.org/ct?url=https://dx.doi.org/10.1088%252F1748-0221%252F8%252F10%252FP10016&v=dfe8e82c
https://arxiv.org/ct?url=https://dx.doi.org/10.1088%252F1748-0221%252F8%252F10%252FP10016&v=dfe8e82c
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MexNICA proposal
https://www.phenix.bnl.gov/WWW/intro/detectors/focus/focus_bbc.pdf 

https://www.phenix.bnl.gov/WWW/intro/detectors/focus/focus_bbc.pdf
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Detector concept

BE-BE

mario.rodriguez@correo.buap.mx 

Beam-Beam monitoring

mailto:mario.rodriguez@correo.buap.mx
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Evolution of BeBe geometry through the years (2016-Today)

2016,2020 (ALICE-LHC) 2017 (hybrid) 2018-2020 (RHIC)

mario.rodriguez@correo.buap.mx 
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Evolution of BeBe geometry through the years (2016-Today)

2017 (hybrid) 2018-2020 (RHIC)

X
2016,2020 (ALICE-LHC)

OBSOLETE

mario.rodriguez@correo.buap.mx 
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Detector concept

Geometry of BeBe detector 

   two hodoscope detectors located, each located 2 m 
away from interaction point at opposite sides. 

    two approaches: hexagonal cells (RHIC) OR disk cells 
(ALICE)

mario.rodriguez@correo.buap.mx 

mailto:mario.rodriguez@correo.buap.mx
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Detector concept: hexagonal cells

I.

2 
2 

mario.rodriguez@correo.buap.mx 

BeBe detector 

•  162 hexagonal cells (5 cm height, 1 cm width) 
•  six concentric “rings” 
•  plastic scintillator BC404  
•   
•  photosensors: SiPM or PMT (do be decided)

1.9 < |η | < 3.97

mailto:mario.rodriguez@correo.buap.mx
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MexNICA proposal

Main  role  of  MPD  beam-beam  counter  detector  (BE-BE): to  produce  a 
signal for the MPD Level-0 trigger.

Requirements for BE-BE detector: 

   radiation hard 

   need to work in high magnetic field environment  

   time resolution of 30 ps
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Simulation studies: hexagonal cells

mario.rodriguez@correo.buap.mx 
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Simulation studies: hexagonal cells

mario.rodriguez@correo.buap.mx 

Cell IDCell ID

mailto:mario.rodriguez@correo.buap.mx
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Simulation studies: hexagonal cells

With the BeBe information would be possible to construct centrality 
classes using rings 3, 4, 5 and 6.

mailto:mario.rodriguez@correo.buap.mx
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Maximum  resolution  between 
25-45 % of centrality.

Alvarado M.; et al, NIMA (2019) 953, 163150

Simulation studies: hexagonal cells

mailto:mario.rodriguez@correo.buap.mx
https://doi.org/10.1016/j.nima.2019.163150
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Simulation studies: hexagonal cells

We may have a shadow from FFD

mailto:mario.rodriguez@correo.buap.mx
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IP

6.7 ns

beam axis

Simulation studies: hexagonal cells

mailto:mario.rodriguez@correo.buap.mx
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5 cm
2 cm BE-BE prototype: 

 hexagonal cell of 5 cm heigh and 2 cm 
width.  
  BC-404 plastic scintillator 
 evaluated at T10-CERN beam facilities 

(May 2018) 
 DAQ provided by AD/VZERO ALICE 

groups. Same FEE as used in ALICE data 
taking.

mario.rodriguez@correo.buap.mx 

Time resolution studies: hexagonal cells

mailto:mario.rodriguez@correo.buap.mx
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Time resolution of BE-BE prototype coupled to Hamamatsu PMT R6249 

mario.rodriguez@correo.buap.mx 

Time resolution studies: hexagonal cells

Alvarado M.; et al, NIMA (2019) 953, 163150

mailto:mario.rodriguez@correo.buap.mx
https://doi.org/10.1016/j.nima.2019.163150
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SensL (C-60035-4P-EVB) SiPM

mean value

Several ADC ranges, for slow(charge) 
output, were considered to compute 
the time resolution of BBp2 
1.850 - 870 
2.840-880 
3.830-880 
4.830-890 
5.800-920 
6.700-900

Two outputs: fast (timing) and slow (charge)

slow output

mario.rodriguez@correo.buap.mx 

Time resolution studies: hexagonal cells

Alvarado M.; et al, NIMA (2019) 953, 163150

C.H. Zepeda-Fernández et al 2020 JINST 15 P09008 

mailto:mario.rodriguez@correo.buap.mx
https://doi.org/10.1016/j.nima.2019.163150
https://iopscience.iop.org/article/10.1088/1748-0221/15/09/P09008
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SensL (C-60035-4P-EVB) SiPM

The  best  time  resolution 
is for ADC ranges around 
the mean value 

mario.rodriguez@correo.buap.mx 

Time resolution studies: hexagonal cells

Alvarado M.; et al, NIMA (2019) 953, 163150

mailto:mario.rodriguez@correo.buap.mx
https://doi.org/10.1016/j.nima.2019.163150
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Detector concept: disk cells

mario.rodriguez@correo.buap.mx 

BeBe detector 

•  80 cells per side (1 cm width) 
•  five concentric rings 
•  plastic scintillator BC404  
•   
•  photosensors: SiPM or PMT  (do be decided)

1.68 < |η | < 4.36

153.26 cm

200 cm

200 cm

The construction of centrality classes and beam-gas 
studies with this geometry is a work in progress. A 
similar physics performance w.r.t. hexagonal 
geometry is expected.

mailto:mario.rodriguez@correo.buap.mx
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Simulation studies: disk cells

inner most ring

outer most ring

mailto:mario.rodriguez@correo.buap.mx
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Simulation studies: disk cells

p+p

inner most ring

Bi+Bi

mailto:mario.rodriguez@correo.buap.mx
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Simulation studies: disk cells
outer most ring

p+p Bi+Bi

mailto:mario.rodriguez@correo.buap.mx
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Simulation studies: disk cells

mailto:mario.rodriguez@correo.buap.mx
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Simulation studies: disk VS hexagonal cells

outer most ringinner most ring
middle ring

inner most ring outer most ringmiddle ring

Bi+Bi

1.68 < |η | < 4.36 1.68 < |η | < 4.36
1.68 < |η | < 4.36

1.9 < |η | < 3.97 1.9 < |η | < 3.97 1.9 < |η | < 3.97

mailto:mario.rodriguez@correo.buap.mx
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Simulation studies: disk VS hexagonal cells

With the time information, either disks or hexagons, we can define a 
time window to set a beam-beam trigger (BB) for both BeBe 
hodoscopes (Z>0 and Z<0). This is crucial for beam monitoring tasks.

Bi+Bi

p+p

mailto:mario.rodriguez@correo.buap.mx
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¿BeBe for luminosity measurements?
In ALICE, the on-line monitoring of the 
luminosity uses a time coincidence between 
the two VZERO arrays.

The rate corresponding to the coincidence between 
VZERO-A and VZERO-C signals is named MBAND. The 
luminosity and therefore the rate of MBAND(Dx,Dy) are 
functions of the transverse displacements Dx and Dy of 
the beams.

Key issue: trigger efficiency of the Minimum Bias 
trigger.

N1 and N2 beams intensities

JINST 8 (2013) P10016
time resolution of VZERO system: 1 ns
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¿BeBe for luminosity measurements?

ATLAS
http://cds.cern.ch/record/1281333/files/ATLAS-CONF-2010-060.pdf 

Key issue: trigger efficiency of the Minimum Bias trigger.

mailto:mario.rodriguez@correo.buap.mx
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Particles created in p+p collisions will arrive at the BeBe hodoscopes around 6.7 ns after 
the primary collision. As a first approach, we centered the time window at 6.7 ns for both 
hodoscopes (see slide 26) and try to determine the BeBe trigger efficiencies. 

BeBe triggers: 

•   A: BeBeLeft   (Z>0) 
•   B: BeBeRight (Z<0) 
•   OR: BeBeLeft OR BeBeRight 
•   AND: BeBeLeft AND BeBeRight

IP

6.7 ns

beam axis
time difference BeBeLeft - BeBeRight

¿BeBe for luminosity measurements?

mailto:mario.rodriguez@correo.buap.mx
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BeBe detector may increase the 
trigger capabilities of MPD for low 
multiplicity p+p collisions events 

72

See the talk of Maria Elena Tejeda of this 
session for more  details of miniBeBe detector

¿BeBe for luminosity measurements?
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¿BeBe for luminosity measurements?
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miniBeBe
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miniBeBe
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miniBeBe
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miniBeBe
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miniBeBe
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Final comments

NICA facility has the potential for competitive research in the field of 
dense baryonic matter  

•The MPD detector has many advantages and meets all the ambitious physics 
•requirements for exploring phase diagram of strongly interacting matter in a 
high track multiplicity environment.

•The MPD detector covers a large phase space; it is functional at high 
interaction rates; comprises high efficiency and excellent particle identification 
capabilities; it is based on the recent detector developments and has 
comparatively reasonable cost.
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Final comments
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