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HBT methodology
« Construct 2 pion correlation function: C,(q) = A(q)/B(q)

— A(q): measured distribution of relative momentum difference q
— B(q): uncorrelated distribution for pairs from mixed events

 Measured g's determine HBT Gaussian radii, R’s

q = p, — P4 is relative momentum difference between pion pairs
K: = |Pt2 + P14//2 is pion-pair transverse momentum

Calculated in longitudinally co-moving frame

Bertsch-Pratt convention:
* (., Parallel to ky

5“/, * Qjong Parallel to beam direction
Yot - * Q.4 Perpendicular to beam & ki
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3D 2 pion HBT correlation functions
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Coulomb corrected fits as in PLB 432, 248 (1998):
= N[(A(1 + G(q)))Fe + (1 = A)]

Ca(q)

G(q) = GXp( R81deq51de
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m-, dependence of HBT radii

position-momentum correlations reduce R’s -
: arXiv:1404.5291 [nucl-ex
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» characteristic signature for expansion of emitting source of short emission duration
* indication for final-state rescattering effects in reaction dynamics for d+Au
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centrality (N,..) dependence of HBT radii
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geometric scaling of HBT radii

arXiv:1404.5291 [nucl-ex]

@& 2.76 TeV Pb+Pb - ALICE e Pb+Pb2.76 Tev | 10
8 r® 200GeV Aut+Au - PHENIX 1= p+Pb 5.02 TeV .
* 200 GeV Au+Au - STAR }0.2 <k.<0.3 Gevic

A 200 GeV d+Au - PHENIX ALIGE 1192
~ 6 k~04Gevic o 1T~
é "(/ 1+ : '-§
o | 18 =

24 “® I 1 2
x | / 1 o

i AI 1 |

[ (a)l (b).

O oo b e b ey e by by oy | IR TR T T N TR SO TR N NN S O
00 05 1.0 15 2.0 2.5 1 2
R (fm) R (fm)

1/R = \/(1/0:% +1/02)  o,and o, are RMS widths of density distributions

« HBT radii scale with initial transverse size for both p(d)+A and A+A collisions
 larger slope corresponds to larger expansion rate for LHC data
 final state rescattering effects are important in p(d)+A collisions also

Robert Pak (BNL) APS and JPS 2014



geometric scaling of HBT radii in HI collisions

arXiv: 1408.1343 [nucl-ex]

S, are slopes from linear fits
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Decrease in slope with m; confirms influence of position-momentum
correlations resulting from collective expansion in HI collisions.
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geometric scaling of HBT radii in HI collisions

S, are slopes from linear fits
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7 centrality bins for Pb+Pb

« larger radii at LHC due to larger emission lifetime and expansion rate
« same scaling pattern at RHIC and LHC
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comparison of PHENIX & STAR HBT radii

;2(10 GPeHVEN?)L(HAu T 62.4 GeV (d)gg 39 GeV (9)
6 F % staAR (a{:_ N, =225 T Npen =225 . - STAR data from
£ - N, =350 € 1 =X T e 2 arXiv:1403.4972 [nucl-ex]
= 4C % T - T & _‘
2 4T I iy :
o S T =*® T 88 .
2 ¢ T T .
: I % { I % % %: { % %
- (b} (e)r (h)
— 6:_ 1 T ]
E - -
= & —r
3 4F  _ge*¥ I w7 T 2%
mm - ." ,....'a" ’ii.'#
2 | + - :
SRR S S EE P S T
(cf (f) - (i)
6 [ x I T ; e agreement between
E &7 el o PHENIX and STAR
RN - ‘(.*’ T ] datasets
- .’ £ ., £ -
o P T o T 46" 1+ PHENIX data
2 - 1 17 E provide sizable

extension in my
1.0 15 20 1.0 15 20 1.0 15 2.0

mT-1/2 (GeV/c)'”z
Robert Pak (BNL) APS and JPS 2014



expansion dynamics from HBT radii

From the literature:
. ZPC 39, 69 (1988)

+ PRL 74, 4400 (1995)
. PRL 75, 4003 (1995)
« NPA 608, 479 (1996)
« PRC 53, 918 (1996)

emission lifetime

expansion radius for small m;

(R?
(Rside — \f 2R) /Riong  €xpansion rate

An emitting system produced in the vicinity of a 15t order transition
of the phase diagram for nuclear matter could show a stalling of
the mean expansion speed and a longer emission duration due to
a “softening” of the equation of state (resulting in R, > Rgi4e)-

cut ) X AT?2 emission duration
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beam energy dependence

arXiv: 1408.1343 [nucl-ex]
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Nonmonotonic behavior with a maximum in emission duration At and
corresponding minimum in expansion rate in this beam energy range
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Summary, Outlook and Acknowledgement

* From HBT radii in d+Au collisions:

* linear dependence of R, . on initial transverse size

side
« smaller freeze-out size compared to Au+Au

 final state rescattering effects are important
 From HBT radii in HI collisions:

* nonmonotonic behavior in this beam energy range
of emission duration and expansion rate

* change in expansion dynamics in this energy range

* Improved measurement of HBT radii w.r.t.
event plane during BES |l at RHIC in store

» Special thanks to Alex Mwali, Ajit & Roy @ SBU
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