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Space - Time Evolution

= To quantify the properties of QGP, a precise understanding of spatial and

temporal evolution is required

= HBT correlation is a unique tool to measure the source size at the kinetic

freeze-out
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HBT interferometry

———

= Measure the source size with correlation of two identical particles

@ Robert Hanbury Brown & Richard Q.Twiss
- A test of new stellar interferometer on Sirius(1950s) Robert Hanbury Brown

(1916-2002)
¢ G. Goldhaber, S. Goldhaber, Lee, Paris

- Influence of Bose-Einstein Statistics on the Anti-proton proton annihilation process
(1960s)
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3D HBT analysis

B For more detailed spatial information, correlation function is expanded to 3-dimension

_ pr1 + pr2

LCMS ( Longitudinally Co-Moving System ) p,1 + p,2 =0 br 2

C2<qout7 Qside; qlong) =1+ )‘(_Rgutqcz)ut T Rszidquide T Rlzongqlzong)

. source size along the longitudinal direction (beam direction)

Rout : source along the pair transverse momentum + emission duration
Rside - source size along the perpendicular to Rout

. chaoticity= (in coherence) — (resonance) — (Background)

Beam axis



Azimuthal anisotropy

particle
emitting
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— Measuring emitting particle anisotropy,
we can measure the 2nq4 event plane

AZ|muthaIIy sensmve HBT

— Dividing pair angle w.r.t. Wz in azimuthal plane

-> measure the freeze-out source size in
\ detailed at azimuthal plane,
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HBT with respect to 2nd

® (Ppair - Wep 2 is the angle between pair and Wep, 2
® Rout, Rside OScillate

RZ,O(SO —Uy) = Ri,o + 2R3,2 cos(2(¢ — ¥2))
( u = side, out, long )
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0.2 < k;<0.3GeV/c
0.3 < k;<0.4GeV/c
0.4 < k; <0.5GeV/c
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- Azimuthal plane

. out despite there is strong elliptic flow !

oder event plane

Rside : width

Rout : depth
+
() emission duration

¢ in-plane : small Rout , large Rside
out-plane : large Rout, small Rside

— Initial ellipticity still remains at freeze



Final eccentricity at LHC

———

+ Final eccentricity is determined by initial eccentricity,
pressure gradient and expand time etc.
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What is already known about Jet
T ——— e —

Y -4
/ X / = Quenched Jet energy goes where?
~

Phys.Rev.C 84, 024906(2011)

= Jet quenching

- Azimuthal correlation w.r.t. @ come 1@ outorCone ]
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Direct evidence of Jet quenching



Azimuthal sensitive HBT w.r.t. Jet axis

e
j Jet reconstruction Parameters
Collision | - input track : ITS + TPC
- - . | - algorithm : anti k
Beam axis 2/ How is the effect to source size?? 2 T
f ’-——% ! -Rsize ( — /A772+A¢2 ) 03 |
. 4 Jet { - prcutof single particle :0.15 (GeV/c) i

| - Leading Jet pr threshold : 20 (GeV/c) |

{ Reconstructed
Leading Jet

*Jet energy is re-distributed
into low pr particles

If Jet modification affect the
geometry of source,

HBT radii oscillate w.r.t. Jet axis UL R, e
Freeze out



Jet vo
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pr dependence of v5 ¢

Background flow of underlying event " _ _ _
- Event plane : VZERO Even if v2 background is estimated,

(2.8 <n<5.1,-3.7<n <-1.7) There is non-zero v: signal

- Background : E by E fourier fitting path-length dependence
p(0) = po x (1 + {v5" cos (2[p — W2, pp]) + v5" cos (3[p — V3, pp))})
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* Cannot perfectly separate Jet.and flow
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Outlook to understand Jet-flow correlation
e ’

% Estimate vz background to measure the correct Jet pr

Y cannot perfectly separate Jet and flow

-> |t seems Jet modification effect is buried in flow effect
In geometrical space...

Subtract W- effect

- if there is Jet modification (re-distribution of Jet) to geometrical size
jet and flow effects are superposition
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Summary

Azimuthally sensitive HBT with respect to W»

* Rout, Rsidge have azimuthal dependence
* Rout, Rside OScillate out-of-phase
« Initial ellipticity still remains at freeze out despite there is strong elliptic flow

+ Final eccentricity at LHC is lowest because of expansion time and v2

Azimuthally sensitive HBT with respect to Jet axis

« Azimuthally sensitive HBT w.r.t. Jet axis has similar oscillation to W> HBT
* It’s necessary to estimate v2 background

* To see clearly jet modification in geometrical space, we should understand
jet - flow correlation and subtract v2 effect to HBT radii
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Back up
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HBT measurement in experiment

How to calculate correlation function C: in experiment

CH = P(pl’pQ) _ QReal Qreal : pair in same event (HBT effect)
B P(p1)P(p2)  Quia Quix : pair in different event (no HBT effect)

C> : Correlation function

« Event Mixing
- Selecting Real event and Mix event in similar event (centrality, z-vertex),
we can exclude correlation from acceptance and efficiency

— (2 includes HBT effect and any other physics correlations

- Pair cut
- Coulomb interaction
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ALICE Detectors & performance.

* ITS+TPC (Inl<0.9)

¢ charged particle tracking
0 PID dE/dx (p =0.15- 0.5 (GeV/c))

g .
PoPb fan=2 76TV

TPC dE/dx (arb. units)

......

......
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« TOF (Inl <0.9)
-m2—p2((%) —1> - VZERO (28<n<5.1,-8.7<n<-1.7)

- centrality determination, Event trigger

- PID momentum range (p = 0.5 - 3.0 (GeV/c)) - measure the event plane
o ALICE Performance Pb-Pb Vs, = 2.76 TeV Rz {B.C}
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Jet reconstruction & background subtraction
__

Jet reconstruction }_ Parameters
I -Rsize(=\/Ap+A¢) : 0.3

e Information from charged track by TPC+ITS
- pr cut of single particle :0.15 (GeV/c)

AR p=1 kr algorithm i - Jet pr threshold . 20 (GeV/c)
dl'j = mln(ktzlp ,k;p)? p= 0 '
p=-1  anti-kr algorithm

dip = 1/pr;
ki = pri @ Azimuthally sensitive HBT

— Dividing pair angle w.r.t. Leading Jet
Pt = ph¥e — pep - Areal® in azimuthal plane (8 division)
\ -> measure the freeze-out source size in

pr br detailed at azimuthal plane
Leading jet
() or=r] ¢ or r]=
Raw Jet Background Correct
pr calculation Jet pr
anti-kr clustering Calculate background Remove underlying
algorithm density p event contribution
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