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Heavy Ion Physics

  -  Part II



Part II : In-depth discussion on two selected topics 
(flow dynamics and antimatter)
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Topic 1 :
Flow Dynamics



Recap : the Reaction Plane
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v2 ~ 0
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v2 describes how well particles converge towards reaction plane
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v2 describes how well particles converge towards reaction plane

v2 ~ 1

At RHIC and LHC, in general v2  > 0
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Recap : Flow Driven by Pressure
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Reaction plane ψ : Defined by the beam
and the line connecting two colliding nuclei

Coordinate space :
initial asymmetry

Momentum space:
 final asymmetry
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Pressure-driven Expansion

J. Thomas, Physics Today. 63 34-37 (2010)

In both cases, expansion along the short axis.

Can only be explained if the droplet is a fluid, not a collection of independent particles.
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Atomic gas cloud

Relativistic heavy ion collision (ET density)



v2 vs Energy
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The March to Hydro

The March to Hydro
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The First Sign of Hydro Flow

STAR PRL 86, 402 (2001)  
1090 citations, renowned paper

Approaching Hydro for central collisions

Hydro calculation
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The March to Hydro

STAR PRC 66 034904 (2002)
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Identified Particle v2

STAR PRL 87, 182301 (2001). 

Mass splitting consistent with collective flow
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Viscosity

The lowest viscosity/entropy density possible

Luzum & Romatschke, PRC 78 034915 (2008)

η/s close to ~ 1/(4π),
 the Ads/CFT limit
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Perfect Liquid
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Are we saturated ?



Are we saturated ?
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Y. Bai PhD Thesis, STAR



Are we saturated ?
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Keep Flowing
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Flow at BES

Flow in CuCu

J/ψ elliptic flow

particle and antiparticle

Φ elliptic Flow

3rd harmonic flow

Flow fluctuation

……



Keep Flowing
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PID v1 at BES

Flow in small sys.

deuteron v1

Light nuclei  flow

Flow in UU

Higher order NCQ
(including Ω)
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Topic 2 :
Discovery of anti-α



Why Antimatter ?
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Nature 451, 159 (2008)

Nature 451, 159 (2008)

Clue to the matter anti-matter asymmetry

Antimatter matters !



Why Antihelium 4 (anti-α) ?
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BESS

AMS

PaMela
Fingerprint of anti-star !



Why in High-energy Nuclear Collisions ?
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•Sweet spot between elementary 
particle collisions and Big Bang for 
anti-nuclei production.

• Controlled, repeatable “little bangs”. 
Active production instead of “passive” 
searches.

• Prove the existence (if any), provide 
a point of reference for future 
observations in cosmic radiation
  



Production Mechanisms
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Coalescence Thermal production

• Relativistic Heavy Ion collisions :
ü High antibaryon density
ü High temperature

• Favorable environment for both production mechanisms.



Production Mechanisms
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Idea from Walter Greiner:  correlations are present in 
vacuum, allowing antinucleus like anti-α to be directly 
excited from the vacuum.  Rate could be much larger 
than low value predicted by statistical coalescence.

Could be exciting but no evidence so far.

Int. J. Mod. Phys. E 5 1-90 (1996)



The Reduction Factor
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It is a challenging job !



High Level Tracking Trigger (HLT)
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SL3 SL3 SL3

GL3

In total 24 SL3 machines

BEMC TOF
������

GL3���

HFT MTD

• Sector tracking (SL3) in DAQ machines (24 in total, each for a TPC sector).
• Information from subsystems (SL3 and others) are sent to Global L3 machines 
(GL3) where an event is assembled and a trigger decision is made.

Fast physics output with HLT

HLT setup in 2010

Fast physics output with HLT



Data Sample
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• 360 million minimum bias (MB) collisions, 270 million central collisions and 
170 million high tower calorimeter events at 200 GeV in 2010. 

• 70 million MB events at 200 GeV in 2007.

• 170 million MB events at 62 GeV in 2010.

  

In total one billion AuAu events sampled



dE/dx
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HLT has processing power to do rudimentary event reconstruction in real time, 
allowing events with a |Z| = 2 track to be tagged and fast-tracked via the 
normal offline calibration & reconstruction chain.



Combined PID (TPC+TOF)
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Combined PID (TPC+TOF)
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Very clean identification after search of > half-trillion tracks 
from almost one billion gold-gold collisions.

In total 18 counts observed.



Reduction Factor
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• Production rate reduces by a factor of 1.6x103 (1.1x103) for each 
additional antinucleon (nucleon) added to the antinucleus (nucleus). 

  



Race for the Heaviest
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?



HIC as Exotic/Antimatter Machine
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Science 328, 58 (2010) 

  

Nature 473 353 (2011)Science 328, 58 (2010))



News Coverage
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The Search Continues
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3-D Chart of the Nuclides
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Protons(Z)

Neutrons (N)
Antinuclei ⇒ extend chart to negative Z and negative N
Hypernuclei ⇒ add 3rd axis for strangeness S
Antihypernuclei ⇒ S axis also flips sign



3-D Chart of the Nuclides
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Antinuclei ⇒ extend chart to negative Z and negative N
Hypernuclei ⇒ add 3rd axis for strangeness S
Antihypernuclei ⇒ S axis also flips sign



Implications
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•Proved that anti-α  exists.

•Provides the point of reference for various searches for new 
phenomena in the cosmos. 

The production rate of antihelium4 in nuclear collisions is consistent 
with thermodynamic and coalescent nucleosynthesis models.

 If anti-α in the cosmos were from coalescence, the ratio of anti-α/α 
would be 10-16.  With a sensitivity of 10-9, even a single anti-α count 
seen by the AMS experiment would be a strong evidence of anti-
star. 

• Unless accelerator technology has major break through, our 
record for the heaviest stable antimatter will stand for the 
foreseeable future.



Backup Slides
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