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Femtoscopy

= Boson emitting source:
= Symmetric two-boson wave function

Ni(ky) = / Sy, k)| Wy [*day
No(ky, k /S 21, k1)S(wa, ko) | Wy, 3| dzdas

Correlation

Emitting source
Bose-Einstein Correlation / Hanbury-Brown—Twiss effect

Info about shape and evolution of the particle emitting source

= Correlation function:
No(ky,ks)

Ni (k)N (ko) —

= Final state interactions

* Compensating the Coulomb force  C_(q) = Craw(q)KCoulomb
= Strong FSI ...

= Solving for the source is difficult - assumptions

S(q, K) :/dJ;S(x,k)eiqx
q = k‘l — ]CQ,K = 05(k1 -+ kg)

- 2
S(q, K)

Calky, kz) = S(0, K)
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Gaussian radil and LCMS

= Gaussian source: 5

r re g2

T z

S(x)~exp | =505 ~ 9p7 ~ pe
X Y z

=  Correlation 2> HBT radii
C(qg)—1~exp(—¢:R: — R} — ¢:R?)

= Homogenelity regions
Reflect the size of the source from where particles are emitted with similar velocity

9out-lcmg
LCMS (not invariant)

\°“4 Out: along average pair
transverse momentum

Long: beam direction

Side: orthogonal to both

y
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Source imaging 5

Physics in shape: dynamics, resonance decays, rescattering...

= Koonin-Pratt equation (1D)

C(q)-1= 4yzjdrr2K(q, r)S(r)

= |maging: Obtain S(r) directly
= No assumptions for the shape of source  Emitting source
» Kernel includes all interactions (QM, FSI)

= Numerical inversion of the equation

= No analytical solution, hence some limitations and approximations
(integral cutoff, finite resolution ... )

= Assumptions (e.g. weak dependence in single particle sources)

» Needs statistics, stability is a question
D. A. Brown, P. Danielewicz, Phys.Lett. B398, 252 (1997)

Interactions
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Pion iImages

PHENIX, PRL 98, 132301 (2007)
(a)  Au+Au (0<cen<20 %)

= PHENIX Year 2002 data . 49 0.20<k;<0.36 GeVIe
= low Ky = (Pr1tP72)/2 1.1 _ .';";—‘-- AR &E% * Data
= C fromdata ~ C restored fromimage Z,,f > Restored
O [ “a ;
- Imaging process can be trusted ; % o viq) o
1.05 | L s 3D HBT
F “fy,
" Aheavy, non-Gaussian tall is TN A
present in the 1D pion source O o ey 0
— i o Imaging source
. . ' * Spheroid Fit src
= Several interpretations suggested £ y
=10 ot
= Non-zero emission duration imf el
= Anomalous diffusion due to I ° Sgg'leﬂgvgf;gggd
rescattering in the hadronic phase = _B;ﬁ‘ P w
= Contribution of long-lived resonance %" ¢
decays ¥ 0 5 10 15 20 25 30 35 40

r (fm)
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Rescattering or resonances?

Hadronic Rescattering Code THERMINATOR Single Freezeout

« Cascade model, few resonances: * Universal T, w3, Ug, Us
p,AK*;w;n,Nn,PdA Single hyper-ellipsoid FO surface

« Causality-keeping scatterings Many resonances (385)

» p-dependent cross sections no rescattering

T. J. Humanic, Int. J. Mod. Phys. E 15 (2006) Kisiel et al., Comput.Phys.Commun. 174 (2006)
Csanad, Csorg6, Nagy, Braz.J.Phys. 37 (2007) R.V. (PHENIX), WWND 2007 proc. [arXiv:0706.4409]
1: - 13 27 |I:lll.ll=§ 191900
W —t— Core Core 6.044 = —— Core-Core 8.85
= * - Core-o 7] 5.941
~@- Core-Halo . * - Core-o
10— __ v (o 10— -9- -0~ Core-Halo
= S 8- o-Halo = #:i >ém-@|-| 1
B & Halo-Halo L i:t: z S-aloa-:alo
- —— Sum of all - :42:_{:_?_ —— Sum of all
L . s e S()
Gauss A Tt
102 E *x -
E x kS * C * x j:-+—° °
- T x B L e
B * y i * ¥ —+—:_g__‘_+
L % * -+
PH ENIX e Wi N T,
e = PH ENIX R
= —a—L X *-x *
"% 9 = BoE-a-s-E 32335%35“30 r[f4n2] @L%-shé-sﬁs&xssidsamsbsn%‘smssésa%‘sssé‘déoml
r[fm]

= Both HRC and THERMINATOR describe the 1D pion source

Different, but similar underlying mechanism:
Anomalous diffusion in an expanding system vs. dying-out resonances


http://drupal.star.bnl.gov/STAR/

Zimanyil3, 12/02/2013 R. Vértesi, STAR Kaon Femtoscopy 7

3D source shapes

Expansion of R(g) and S(r) in Cartesian Harmonic basis
Danielewicz and Pratt, Phys.Lett. B618:60, 2005
_ I I o, =X,yorz
R(Q) B le Z R“lwal (q)A“r-'“l (Qq) (1) X = out-direction
A y = side-direction

S(r) = Z ZS;W&I (r)A(le...a, (©2,) (2) z = long-direction
3D Koonin-Pratt: R(q)zc:(q)—1=47zj driK(g,n)s(r) (3

Plug (1) and (2) into (3) = R!,_, (d) = 4z[drK,(@.n)S, ,, (1) (4)

et @) = R, @@= D%k N0 )r@)
= gy e

Invert 2) =  S!

1---Q

dQ
_(@ El)” [ 7R, (@S ()
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3D pion imaging (PHENIX) &

oo (a) R , ) Riye 0.02 PHENIX, PRL100, 232301 (2008)
' P y 0 o? od  ob |l 0 ~2 ~4 A6
S{L I NP ”45?\ 0 - (a) S™ + Sa+ Syt S (d) C + Gt Ga+ Gy
: % wezos | 2 -0.02 T
0.05 | ﬂ{centra\llya.ED/r é}\ & -==_'-a.=='- L o Da.ta 11
I ver -0.04 4
o ‘ /_\10 3 O Imaging '®)
- - =
0 é 0.08 % C —— Hump Fit 1.05§
-0.05 | \}i g-gi 10 —
-0.1 - . = _ "o |
e o ﬁ V8, =200GeV
02l @ -0.35<y,-y;<0.35 0 O<cen<20 %
| L 1 i 5
(c) R 0 2 4 6
0.1 © Data 0.04 (b) S + SV2+ SY4+ SYS

Hump Fi

B 005 = — - e
Zo.05 0.02 5 o?E 10 ot & TR
0 0 = 0.20<p;<0.36 GeV/c |L
Xndf = 1371/961 = 1.4 N2 -0.35<y, -y,<0.35
() R 2 »
0.02 | 0.02 <
0 0
-0.02 } 6@ -0.02
-0.04 | -0.04
0.04 - 0.04
0.02 | 0.02
0 0
-0.02 +|f -0.02

10 20 30 40 0 10 20 30 40
q (MeVr/c)

Correlation moments (0th, 2nd 4th 6t order)

R () + (2) + () | () () () Source profiles Correlation profiles
SH(r,ry,12) = e FS[(ZRxS) +(2Rys) +(2RZS) ] F [(ZRxl) +(2Ryl) +(2Rzl) ] S(r) = pC(rX,O,O) C@) - C(qxr,)0,0)
_ 1 Fe=1_F S(ry) = C(O,ry,O) C(qy) = C(O,qy,O)
5= TGy TR S(r) = C(0.0r,) C(g,) = C(0.0,0,)
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3D pion images: STAR vs. PHENIX &+

P. Chung (STAR), arXiv:1012.5674 [nucl-ex]

= Elongated source in “out” direction 10?

= Moments up to the 6t order 10 T+ St S"fj‘jﬁ
= Elliptic and non-Gaussian = " A:g{% N O PHENIX
= 1D radii determined by side/long 105 "0ecen<20 % Ry
5 b S0 + S5+ 844+ 88
= Well described by a hump fit ~ Exi0p ™, Y Syi*?lc jf'
o | ' 0.20<k;<0.36 GeV/c
- 1ol -0.35<y<0.35
= STAR and PHENIX = . "
measurements are consistent : (c) S” + S+ S+ S
= Two different detectors with o , STAR PRELIMINARY
different properties and acceptance & 0 g;zig?(zzgg)loo,
= Good agreement with same cuts . T
= Attests to the reliability of results 6 10 20 30 4 50 60

r (fm)

Source profiles
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3D pion images vs. B/W model

PHENIX, PRL100, 232301 (2008)

= Elongated source in “out” direction @S Sx2+ S3 ., SE
= Moments up to the 6t order ,_\mz B AurAu NS =200GeV
= Elliptic and non-Gaussian = | rrt&nrm
= 1D radii determined by side/long 10 L e e 4,

= Therminator B/W model description <= |

mE _10°: Thermi Pa}or BIast—Wa\]rce
. . = =8.55 Py =8-92

= |ff resonance contributions ON, and & o Sf’decayOFF m
= |ff non-zero emission duration =

A At=0, Res.decay ON
At~2 fmlc

0 Image

O Ar=2fm/c, Res.decay ON
4|0 5|0

S
Wy =
THERMINATOR Blast-Wave model & =
. 10 E —8-=
+ Expansion: V,(p)=(P/Prax)/(P/Prmac V). - El
« Thermal emission at proper time 7z, p=p,,.,- o
* Freeze-out occurs at 7= 7, +ap.
« LAB emission time t? = (t, +ap)+z?. Inset: B/W emission
* Finite emission duration At in lab frame duration in lab frame

Source profiles
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Kaons: A cleaner probe

m Original C, (KK +K'K)
O Restored C, (x¥/ndf = 39.66/51)
Systematic error

= Less feed-down, less rescattering & 1o @
= [nterpretation more straightforward <
= More difficult due to ~10 less statistics

— C, of angle averaged S%(r)

1.2 -
i Au+Au 200 GeV
0.3<k,<0.9 GeV/c

1.1 0-30% centrality
= PHENIX 1D Kaon source: an even
larger non-Gaussian component b il
= Seemingly favors rescattering ST T Pivevier
explanation against resonances 10 (b) " Imaged S0 ()
. . T [ " imaea S0 Gk
= Interpretation caveat: wide ki (Np,q) bin @ ™%,

re:+_Angle-Averaged pion SG[rl _§
= Different k; > Gaussians with different E

radii = convolute to non-Gaussian 10%

o= e Gaussians 107 ;_
B — Sum ;
e —— Gausfit (D IIII III

1 ?--_—;=._:gh!_m“ 10 20 30 ) [fm‘;l
- PHENIX, PRL 103, 142301 (2009)
" toy AN ‘-::""--.

02 example . "-._""--.\

OE Ll \ 1 | R
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RHIC/STAR

The Relativistic Heavy lon Collider

Broad physics program
= Heavy ions: Au+Au, Cu+Cu, U+U L STA

. Alter'ri:gi_;ing
= Polarized protons up to Vs = 510 GeV Gradient

- Accelerator -Synchrotron
=  Asymmetric systems (d+Au, Cu+Au) L
PHENIX & STAR

= complement and x-check each other

Continuous improvements

The Solenoidal Tracker at RHIC

Time Projection Chamber
= |D via energy loss (dE/dx)
= Momentum (p)

Full azimuth coverage

Uniform acceptance
for different energies and particles

© Maria & Alex Schmah
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Kaon femtoscopy analyses

Au+Au @ Vs,=200 GeV

Mid-rapidity |y|<0.5

1. Source shape: 20% most central
Run 4: 4.6 Mevts, Run 7: 16 Mevts

2. ms-dependence: 30% most central
Run 4: 6.6 Mevts

r]

1 TPC |

| ;
1 E

[|ﬂ

0.2<k<0.36 GeV/c | 0.36<k.<0.48 GeV/c

9F- ! 104 o .: 10°
s - = .
£ 72 = S 75 — 10
S F Y g 10 S F E
(] 6— = o 6 -
= | |E : ] — = i
sE- SR . sE-
5 = ' = 107 5 = = 107
i 4- = W 4F 3
T E . T F .
3:— 3:—
E 10 E 10
2 f 2 N
E ﬁﬂ E #STAH
= P 1= il
0:||||||||||||||||||||||||||||||| 1 SRR TR NS NIRRT N R R T R R 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 8.3 035 04 045 05 055 06 065 07 075

Rigidity (GeVi/c) Rigidity (GeVi/c)
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PID cut applied

» dE/dx: no(Kaon)<2.0 and no(Pion)>3.0 and no(electron)>2.0

no(X) :deviation of the candidate dE/dx from the
normalized distribution of partice type X at a given momentum

1. Source shape analysis
= 0.2<p;<0.4GeVic
2. mi-dependent analysis
-1.5< no(Kaon)<2.0
0.2<k;<0.36 GeV/c
g :;: —:m2
> o

0.2 0.3 0.5

Rigidity (GeV/c)

-0.5< no(Kaon)<2.0

0

dE/dx (keV/cm)
S a M W B n o =~ -

.36<k;<0.48 GeVI/c

0.4 0.5

Rigidity (GeV/c)

0.6

0.65

14

10°

102

10
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Kaons: STAR vs. PHENIX

115k "'-E i (a) m Original C, (K'K"+K'K)
' O Data o 13 O Restored C, (x¥ndf = 39.66/51)
LT —Ellipsoid Fit s | T T
1.05 i — C, of angle averaged S°(r)
1 L s & 3 1_2_
3095 f STAR PRELIMlNARY - Au+AuU 200 GeV
g 09 Au-+Au (0-20%) i 0.3<k,<0.9 GeV/c
085 Vs, =200GeV 1.1 0-30% centrallty
08 F K'K' & KK i
0.75 0.20<k.|.<0.35 GeVic - _
0.7 -0.5<y<0.5 T .
0 20 a0 60 80 10
0 10 20 30 40 50 60 70 80 90 q. [MeV/c]
q,,, (MeVrc)
LI o | d S(r) (K'K*+K'K" |
10 -3 [ E 10 §_(b) Sn;ztg:mati(;}e(rror J =
E = = Angle-averaged kaon s%r) |-
10 -4 ® Ellipsoid source function & 107 ‘ " :,ag?:ii?a(;ez |+;:To?:1 }SG["I _§
¢ 5 . 10°F .
E10 [ Sumbera (STAR), - E
=07 ISMD 2013 10°F T
a -
10} 1oE
8fSTAR PRELIMINARY X\ B I L L
10 1 1 1 1 1 = L L 10 20 30 4'
0 5 10 15 20 25 30 35 r [fm]
r (fm) PHENIX, PRL 103, 142301 (2009)

= STAR preliminary 1D source in narrow K, bin consistent with Gaussian
» 0.20<k;<0.36 GeV , compared to 0.3<k;<0.9 GeV
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3D Shape analysis

= ¢=0 moment agrees 1D C(q)

0,

. _ TRl
Higher moments relatively small T SR 7 @ Rez | o
. : ' : 1 0.05
= Trial funcional form for S(r): Js B Ierg O oCmngsng 0
. . 0.1 .
4-parameter ellipsoid (3D Gauss) _,| AwAu  {-0.05
0.2 L \JSNN=2OOGGV 1 -0.1
X2 y? 72 03F O<centrality<20% he
S°(x,y,z)= T — N
(2 n)sr rr, 4 4r,  4r, 0.1} 1 0.1
] 0.05 1 0.05
= Fitto C(q): technically a g “
simultaneous fit on 6 005y 1-0.05
. 01F 0.20<k;<0.36 GeV/c -0.1
Independent moments ol
Ry o » 0€<4 0.1} 1y OFa 1 0
0.05 | 1 1 0.05
» Result: statistically good fit 0 228 ﬂﬁ% SRR 0
Run4+Run7 A =0.48 + 0.01 'Obof ‘J?h  Phys.Rev. C86_ T | OOO:"
200 GeV Au+Au r=(4.8+01)fm| (2013) 034906
Centrality<20% r,= (4.320.1) fm 0 10 20 30 40 50 Mow1o 20 30 40 50 60
0.2<k;<0.36GeVic r,=(4.7+0.1)fm 9 (MeVie)
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3D kaon correlation and source

\ 4| 00 2
12 (@) c’+ Cfg+ 0:4 10 prtennnse,,, (a) SA” + SuA xx"‘ Sxxxx XXXX
: — s T
= GO Levegetee £ 10
53 Au+AU = L KK '&KK
L 10 E
08 sy =200 GeV 7} - Au+AuVs=200 AGeV
. 0<centra||ty<20 % ‘0 7 0<c§ntrality<2|0 % | | |
O - 4[ 00 2 52 4 4
121 ¢¢¢ b) CO + Ciot Cya 10 ¢ (b) S"A” + SyAsy+ Syyyy Ayyyy
. Z mm P o PHENIX pions
> : =660500-66 e 10
o : K'K" & KK = [ e STARKaons
08} Y;}STAH Phys.Rev. C88 D0k v =10 °L 3D Gaussian source fit
- (2013) 034906 0-20<K<0-36 GeVic ) ©0.20<k.<0.36 GeV/c
0 5<y<0 5 7 -0.5<y<0.5 . i
s l | | L L ‘IO P L | P T L 1l L 1l L L L L L PR L
I 0 -4[ 0,0 2
1.2¢ + ) C + Cz2+ Cz4 10 g (€) S'A” + S, AL+ Sp22Aszzy
= | 190 %400 090 0
s ? oueetteo 0
O =
0.8r % © Data Q 10 ¢ ™~
o . . wn i G
i Gaussian Fit [ Phys.Rev. C88 (2013) 034906 357 s oo
0 10 20 30 20 50 80 109 5 10 15 20 25 30
q (MeV/c) r (fm)

= 3D Kaon correlation moments " Source Gaussian fit shown
and profiles consistent with Gaussian ® Uncertainties include shape assumption

(error dominated low statistics)


http://drupal.star.bnl.gov/STAR/

Zimanyil3, 12/02/2013 R. Vértesi, STAR Kaon Femtoscopy 18

3D kaon source: Model comparison &

4[ 0,0 2 p2 4 4
" STA” + SpAct Siooo Ao
Therminator B/W model © (@SR Safat
— ST
= Kaons: Instant freeze-out g%
At = 0 (contrary to pions!) S0 AK *: j‘i:o —
= Parameters tuned for STAR kaons! @ .| " oucentraity<20 %
10— — - —
= Resonances are needed 10 Ptobaeang,,  (0) S'AT+ S{ALE ST AL,
P T
: . e 10 ¢ .
Hydrokinetic model S | sTARKaons i aons
_ ] . 10 + 3D Gaussian source fit NS
= Consistent in “side” %) F 0.20<k,<0.36 GeV/c Af NG \
. . . 0 '0',57’5"(0'5 B B o '#_I | ~
u S|Ight|y more tall (r>15fm) IN 10 () SPA% + S2A2+ % A%
“out” and “|Ong” i Bogeg, Therm‘inator Blast-Wave
o et
. . ; o -0, —9.0f X
Hybrid Hydrokinetic Model (hHKM) T RN 4
PRC81, 054903 (2010) o of Phys.Flzev. C8E? (2013) 934906 ‘ ..
 Glauber initial conditions oo r(*ffn) . ® %
 Pure hydrO expansion Therminator: Kisiel, Taluc, Broniowski, Florkowski,
o Hadronic Cascade Wlth UFQMD Comput. Phys. Commun. 174 (2006) 669.
I HKM data: Shapoval, Sinyukov, Karpenko ,
Gets many RHIC observables right

arXiv:1308.6272 [hep-ph]
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Radii vs. m;In perfect hydro

a B PHENIX 0-30% g B g B
S AN AR S - AU+AU Vs, =200GeV -
: - Buda-Lunq _ : o :
*"é‘* 6 | Kaon prediction EB | ...E 6 |-
= | = | = |
B | 4l a4 b 'ﬁ
. B . B . B
: Ay - ¥, i
- T # ......... i $. # ......... i y ¥
2 B 2 B 2 B ?
| | L1 | | | L1 | L1 | | | | L1 | [ | | | | | L1 L1 | | | | | L1 | | | L1
0 0.5 1 15 0 0.5 1 1.5 0 0.5 1 1.5

m, (GeV)

Model: M. Csanad and T. Csorgd: arXiv:0801.0800[nucl-th]
Data: PHENIX, PRL 93, 152302 (2004)

o Buda-Lund model
= Excellent description of

: » Perfect hydrodinamics
PHENIX charged pion data « Analitic solutions fitted to the data

_ _ « Extremely powerful: SPS to RHIC, n
= Inherent my-scaling predicts the distributions, HBT radii vs. azimuth, flow etc.

same dependence for Kaons Csorgo, Lorstad, Phys. Rev. C54, 1390 (1996).
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Radii vs. m:: AMPT prediction

= Larger radii for K° than for 0 10

charged pions oo Ryfom it (@)

= Prediction from 2003 @ 5 K, from source 5 E
= Note: similar radii expected for : . 8
KO as for K* e T T . | o

0 0

= Radii from source ~ from fit - L5
= Less non-Gaussianity for K% é 5 o

than for pions MEE !.\\'\-\. 05

) 0 - - - - 0.0
A Multi-Phase Transport Model 00 05 10 00 05 10 15

Initial conditions from HIJING m- (GeV/e)

Parton cascade (ZPC) Lin, Ko, J.Phys. G30 (2004) S263 [nucl-th/0305069]
Lund fragmentation

Relativistic transport (ART) for hadron

scattering
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Radil vs. m: SPS data

T O[5 ' ' Yano-Koonin-Podgoretsky radii ' 1
ok i 1 Rt A
* T * [Pb+Pb Eyc,n=158 AGeV
8 T T *‘*-,._\_J:‘ T | ]
.. I Ty 03 T
= “The kaon radii are ‘T T B Al | | ]
fully consistent with N 1 I « + :
pions and the _ | i
hydrodynamlc . g° " Bertsch-Pratt radii [ e
expansion model. =0k oKk I ki ;
KTI8] I:{side : Rout
s ® Iy w41 T ]
= “Pijons and kaons f Y IS %, :
seem to decouple T e IR U S S S
simultaneously. “F T WMl T e T
Note: o L - T T T g T~ e
sizeable uncertainties m, [MeV] m, [MeV] m, [MeV]

(horizontal and vertical)
NA49, Phys. Lett B557 (2003) 157

[8] NA44, Phys. Rev. Lett 87 (2001) 112301
[14] WA98, Nucl. Phys. A698 (2002) 647c
[15] NA45, Nucl.Phys. A714 (2003) 124

[16] WA97, J.Phys. G 27 (2001) 2325
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Radii vs. m:: STAR @QRHIC

5 E
—~ | Au+Au s, =200GeV
E 4
= Radii: rising trend at low m; st
u StrongeSt |n “Iong” (al) —_—
__OF # STAR kaon (0-30%) 1
= 4 X % STAR kaon (0-20%) |
~ ® PHENIX Kk 0-30%) 1
= Buda-Lund model g | TRt on
) ) w3
= Deviates from kaons in the T b ¢
long” direction in the lowest 5[ W e HKM Glauber (0-30%) |
m; bin E b TR — Buda-Lund (0-30%)

= HKM (Hydro-kinetic model)

= Describes all trends

= Some deviation in the “out”
direction

05 06 % EREEREEER-

mT (Gew

Buda-Lund: M. Csanad, arXiv:0801.4434v2
HKM: PRC81, 054903 (2010)
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Summary

STAR performed the first model-independent

extraction of kaon 3D images
= in RHIC Vs\,=200 GeV central Au+Au data
= Contrary to pions, no heavy tail observed in “out”
» Results are consistent with a Gaussian source

The m,-scaling of HBT radii appears not to be perfect

» The Gaussian radii of Kaons indicate a steeper rise in the “long”
direction for low m; values than expected from pions

» This suggests that kaons and pions decouple differently

Multiple models were compared to the results
= Kaons and pions may be subject to different freeze-out dynamics
» Resonances have to be included for a proper description of data
» Most successful models include rescattering
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Fit to correlation moments #2 &
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Peripheral pions in STAR o -

STAR Rund Au+Au v s=200 AGeV
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P. Chung (STAR), WPCF 2010
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NA49 pions in Pb+Pb - correlation &+
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NA49 pions in Pb+Pb - sources

NA49 Pb+Pb \s=t8.9AGeV
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Rescattering

Hadronic Rescattering Code

Simple but smart cascade model
* Only a few resonances

(P, A K w;n, n, ®,N)
« Causality kept in all scatterings
* p-dependent cross sections
Shown to be working
* Describes spectra, v,, HBT

radii for both SPS and RHIC
 Insensitive to initial conditions
« Similar predictions to exact hydro

« Sensitive to PID (=, K, p)
T. J. Humanic, Int. J. Mod. Phys. E 15 (2006)
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| Source function from HR model, 0-20%, 0.20-0.36GeV I

102

107

srdist0

Entries 670343

13.27

o

A
—-—

X
X

N
PH-“ENIX

-t Core-Cor.e 6.044
* - Core-o

Core-Halo

-3 D=0
=~ @w-Halo

Halo-Halo
Sum of all

Csanad, Csorgd, Nagy, Braz.J.Phys. 37 (2007)

= HRC able to describe the observed 1D pion source
Note: model limitations lead to breakdown for higher k; bin (not shown)
= Underlying mechanism: anomalous diffusion
= Diffusion with fixed mean free path: Central Limit Theorem - Gaussian distrib.
= Expanding system, changing x-section: Gnedenko—Kolmogorov - Lévy distrib.
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Resonances o

| Source function from THERMINATOR | srdist0
Entries 157366

THERMINATOR Single Freezeout

= _ —— Core-Core
e %':g_’: x - Core-o
Cracow Single Freezeout model g T, o o Halo
« Particle phase-space according to - Fr S PRia
p_ - p g B :12:%_ A Halo-Halo
FD, BE distributions I i:i,‘ —— Sum of all
« Thermal & chem. eq. same time i e,
. - F'3 —+—t-®
* Universal T, w3, Ug, Us g %, o
« Single hyper-ellipsoid FO surface B “x e .
Hadronic phase I e, ey
Al N * -+ e
* Many resonances (385) " PHZENIX e 1
* No rescattering A T |
Kisiel et al., Comput.Phys.Commun. 174 (2006) wdodalsangenshosganeshaagsasfe

r[fm]
R.V. (PHENIX), WWND 2007 proc. [arXiv:0706.4409]

= Single FO with resonances: also yields a relatively good description
» Parameters tuned for PHENIX HBT
Note: model limitations cause problems at —0 (not shown)

= Underlying mechanism: many long lived resonances

= Different contributions die out gradually

= Continuously increasing mean lifetimes provide a random variable with time-
dependent mean and variance - similar effect to anomalous diffusion
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