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identical particles

●HBT(Hanbury Brown & Twiss effect)
  -  we can see the source size by measuring intensity of interference between two identical particles .
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■HBT in expanding source?

   ♦static source : HBT radius = Full source size
   ♦expanding source : HBT radius ≠ Full source size
　 ♦ Radial flow effect : β = βmax ( r/R )

�!
kT =

�!pT1 +
�!pT2
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Two track resolution
●Track splitting
  -  One track is falsely reconstructed as two tracks 
      that are spatially close.

●Track merging
  - Two tracks that are spatially very close are falsely
      reconstructed as one

reconstruction point as particle 1 

reconstruction point as particle 2 

Shared TPC pad

Reconstructed track 
True track 1

True track 2

enhance
- cased by splitting

suppress
- cased by merging

PbP
b E

ven
t D

isp
lay

True track

 Δφ*Δη distribution
 Fraction of Shared TPC clusters
 Quality factor
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∆ φ*

5.2. Variables Describing the Track Separation

Figure 5.2.: Illustration of the variable ∆ϕ∗.

equally prominent for all radii. This can be understood by the following consider-
ation. Pairs that do not come too close at the considered radius, can come closer
at another radius. So they can be affected by merging even though their distance
at the considered radius might be large enough. This “smearing” is more visible
for lower kT bins, since such pairs are bent stronger in the magnetic field and their
difference in ϕ can change significantly from one radius to another, whereas tracks
from pairs with high kT almost keep their direction and therefore their ∆ϕ.

The trends discussed above are also clearly seen in the projections on ∆η and ∆ϕ∗

over the peak region, shown in Figure 5.5 and in Figure 5.6.

For R = 1.2m, the inefficiency hole is deepest and in addition the smearing in
∆ϕ∗ is less than for all other bins. A cut on ∆η < 0.01 and ∆ϕ∗ < 0.02 rad at
a radius of 1.2m was used in the first ALICE Pb–Pb HBT analysis [47]. It is a
reasonable compromise, since the smearing does not dominate while the inefficiency
hole is relatively deep, but it can be improved by using ∆ϕ∗, where the distance is
smallest, which will be discussed in the next section.

5.2.3. Angular Distance in ∆η and ∆ϕ∗
min

To avoid the observed smearing in ∆ϕ∗ discussed above, ∆ϕ∗ is calculated at that
radius where it is minimal for the specific pair, i.e. where the two particles come the
closest in ϕ. This radius is called RCAϕ in the following. By using that variable,
a well-defined inefficiency hole in a flat ratio around ∆η = 0 and ∆ϕ∗

min = 0 is
obtained and the smearing disappears (Figure 5.7).

When looking at TPC-only tracks, only the distance inside the TPC range matters.
Therefore, if RCAϕ is determined inside the TPC volume, i.e. between 0.8m and
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●kT Dependence
●Angular distance Dependence

∆ø* v.s. ∆η in various Angular Distance inside TPC
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Fraction of Shared TPC Cluster 
two track quality factor

Sharity =
⌃shi

Nhits

Probably split
track

Sharity = +0.73

Separate tracks

Sharity = 0.0

  TPC
• 3D track reconstruction
• 18 Segment × 150 rows
• Precise PID via dE/dx
• Measure momentum

8



Qfactor
Qfactor(two track quality factor)

Quality =
⌃qi
Nhits

      -1 if both tracks have a hit in padrow
qi =  0 if none of the tracks have a hit in padrow
     +1 if only one track has a hit in padrow or a hit is shared

Separate tracks
Quality = -0.5 Quality = +1.0

Probably split
track

Probably separate
track

Quality = -0.125

Probably split
track

Quality = +0.36

9



Two track resolution
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●Fraction of Shared TPC cluster < 0.05
●Quality factor < 0.5
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●After Qfactor and Sharity cut
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∆ø* v.s. ∆η in Angular Distance 1.1m
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●Double gauss analysis
 -positive gauss has Physics message I think
   kT dependence is weak, of course

 -negative gauss cased by track merging

π+π+ pair
π-π- pair

∆ø* v.s. ∆η in various Angular Distance inside TPC
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Back up
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7. Azimuthally Sensitive HBT Interferometry

Figure 7.3.: Illustration of the oscillation of the transverse radii in case of an anisotropic source
region (Measurement from [64]).

7.1.1. Event, Track and Pair Selection

The analyzed collision data was recorded in fall 2010 during the first Pb–Pb run
at the LHC. About 6.5 million events at

√
sNN = 2.76TeV were selected and ana-

lyzed.

At first, collision candidates that have an interaction (bunch crossing) trigger and
pass the background rejection criteria (e.g. they are not tagged as beam-gas events)
are selected in order to ensure that only physics events are analyzed. Furthermore,
a successfully reconstructed event plane is required. This implies that all event cuts
that are applied in the event plane reconstruction (see Table 6.1) are also active
here. The event vertex position in z is further constrained to ±8 cm.

For the analysis, TPC-only tracks are used. The tracks are selected according to
the standard track cuts listed in Table 7.1. The track information was recalculated
after restraining the tracks to the primary vertex reconstructed with the SPD. Ad-
ditionally, the η range is restricted to |η| < 0.8. This is the range where the TPC
has full coverage. Only particles with 0.15GeV/c < pT < 2GeV/c are considered,
since particles with smaller pT do not reach or curl inside the TPC and because the
high-pT particles are less correlated with the low-pT bulk particles.

The pion tracks are identified via their specific ionization energy loss (dE/dx)
inside the TPC with a σ cut around the pion line. For low-momentum pions

80

●Small mean free pass
●Thermalization
●Pressure gradient

Lead

Lead

Azimuthal sensitive HBT
Geometrical 
anisotropy

Momentum 
anisotropy

  Study goal
• study space-time characteristics of QGP
    with respect to the Psi2 & Psi3
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QGP
Quark Gluon Plasma : QGP
超高温 • 高密度状態に達成する物質状態

通常では強い相互作用により核子内に
閉じ込められているクォークやグルーオンが
比較的大きな体積内を自由に飛び回る状態

  Big　Bang後、数µ秒の初期宇宙
  中性子星の内部に存在 

高エネルギー原子核実験により再現 ALICE実験
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Space-time characteristics
collision QGP mixed-phase hadron-phase

time[fm/c]
~1 ~5 ~tens

Chemical
freeze out

Thermal
freeze out

  Motivation
• study space-time characteristics of QGP
  - Though various Femtoscopy parameter dependence

 HBT
• Address the space-time characteristics of emitting source 

18



kT Dependence
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TPC

TPC (Time Projection Chamber)
• 3D track reconstruction
• 18 Segment × 150 rows
• Global tracking
• Precise PID via dE/dx
• Measure momentum

Charged particle
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ITS

• Reconstruction of primary and secondary vertices
• Contributes to the global tracking
• PID via dE/dx measurement very low pT 35 MeV ~)
• Event trigger & Multiplicity

ITS (Inner Tracking System)
• 6 layers of Silicon detectors
• 2 SPD (Silicon Pixel Detector)
• 2 SDD (Silicon Drift Detector)
• 2 SSD (Silicon Strip Detector)

SPD

SDD SSD
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Optimization of the pair cut
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