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Sensitivity of HBT(®) to freeze-out parameters

Initial vs. final eccentricity of source




HBT

« Goal: quantify contributions to space-time evolution (STE) of system
e Lifetime and duration of emission
e Spatial extent of system

e Collective flow

« Single-particle p; spectra & v, also determined by STE, but...

* Bose-Einstein B correlations — disentangle STE

1. Pairs of identical pions experience B-E correlations A long

2. Hanbury-Brown Twiss interferometry: characterize
correlations through intensity interferometry

3. Width of correlation peak as g—0 reflects "length of
homogeneity"

static source: HBT radii _ true geometrical size of system
dynamic source: HBT radii _ x-p correlations reduce observed radii
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Transverse flow & HBT - 1

D, spectra Radial flow | _dependence of HBT radii
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e Integrates pressure history over complete
expansion phase

e m; dependence of transverse HBT radii arises
primarily from transverse flow

e Flow pattern, emission duration, source

opacity, etc. (model-dependent)
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Transverse flow & HBT - 2

p-space anisotropy Elliptic flow| & dependence of HBT radii
(subject of this talk)
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e Source shape at freeze-out _ constrains
evolution of system

e Probes pressure gradients, expansion time, flow

e Sensitive to EOS, probes pressure at early profile, etc

stages of collision
e Does the strong elliptic flow "quench" the initial

spatial anisotropy?
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Hydrodynamics and HBT at RHIC

Hydrodynamics
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Why study HBT(®)?

« HBT(®) provides measure of anisotropies in source shape 7 j

«  Source shape at freeze-out <= evolution of system C@vﬂ, Py,

"How much of initial spatial deformation still exists

(if any) at freeze-out?" ‘ MZ

The (transverse) Hydro Picture

T-T,= 3.2 fm/c T-T,= 8 fm/c later hadronic Stage?
\nij e
o ¥ N o 0 O
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a--l.l..+@4l.—-‘ i | _. o @0 e o -
i NS e ®e% %000

@ Initial geometry _ aniosotropies in pressure gradients
@® Preferential in-plane expansion _ decreases spatial anisotropy

© Freeze-out source shape via HBT _ measure of pressure, expansion time

— 7
—~—

(model-dependent)

Heinz & Kolb, Nucl.Phys. A702 (2002) 269-280
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Predictions from hydrodynamics

Hydrodynamics: initial out-of-plane anisotropy may become in-plane

T-T,= 8 tm/c

. Hydro calculations initialized
4" \\ith fits to spectra, v,
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Predictions from hydrodynamics

« Hydrodynamics: initial out-of-plane anisotropy may become in-plane

T-T,= 3.2 fm/c
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Teaney, Lauret, & Shuryak, nucl-th/0110037
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The HBT(®) experimental technique

1. Study (transverse) source at different angles by performing
two-pion interferometry separately for bins w.r.t. reaction plane

beam into screen

reaction
plane

2. Apply HBT formalism for non-central collisions to extract
"HBT radii" for each bin

N/ \/ \/ \/\/\/\/ 7/ \/J P B S - a1 Leayp g 11

—
A fraction of correlated pairs are

fit to Coulomb + Gaussian

3. Oscillations of radii w.r.t. RP indicate if
source is in-plane or out-of-plane extended '
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Summary of HBT(®) procedure

@ What we measure

HBT radii as a function of emission

angle — corresponds to homogeneity

regions

reaction
plane

@ \What we expect to see:

2nd-order oscillations in HBT radii
analogous to momentum-space (flow)

R 2

side
—/\\\x_/// \_/\\_/,//\ O
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15

10
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© \Why we're interested

The size and orientation of the
source at freeze-out places tight
constraints on expansion/evolution

T-T,= 8 fm/e

@ \What should be remembered

The form of the oscillations (sin vs.
cos, harmonics) are governed by
geometrical symmetries of the
source.
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Corrections applied to data

» Reaction plane resolution correction

to finite r.p. res.

e Observed HBT(®) oscillations are reduced due

e Model-independent correction to Num's & Den's

of CF increases oscillations; increase ~ inv.

proportional to resolution
Heinz et al, Phys. Rev. C66 044903 (2002)

Momentum resolution correction

and R/'s

increase 1-3%

e Single particle p-resolution (dp/p ~ 1%) slightly red:

e Correlation functions corrected for this effect, HBT
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Centrality dependence of HBT(®d) oscillations

G

» 12 ®-bin analysis, 0 <d<nxn

(0.15 < k; < 0.60 GeV/c) * 0-5% " 10-20%  + 40-80%
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k+ dependence of HBT(®) oscillations

+ _20N0°
Au+Au, 20-30% * 025<k;<035 = 0.35<k;<045

° 015<kT<025 A 0.45<k;<0.60
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o 2011« Next step:
Characterize oscillations by extracting
| Fourier coefficients (means & relative
10l{ amplitudes)

(R2(kr, 6p) cos(ndy)) (1 = 0,5,1)
(R (kr, 6p)sin(ney)) (= os)

R:i,u{kT} = {
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Fourier coefficients of HBT(®) oscillations

I:Rj_:{kT ‘?"ﬂ}{:{}ﬁ{ntﬁﬁ}} {J”' = 0,8, E}
(R (kr. dp)sin(ngy))  (u = os)

R:t_:,u{kT} = {

e Relative amplitudes increase in
magnitude as centrality decreases

e Source at freeze-out reflects initial
spatial anisotropy!

means (0t"-order FC)

relative amplitudes

e Next step:
Relate the relative amplitudes from |

HBT(®) to eccentricity of source at
freeze-out
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Blast-wave studies of HBT(®)

» Blast-wave: Hydro-inspired parameterization of freeze-out

Nl Pase e et o g
momentum space X-space time Y
7 parameters: 1 poip. R.R T, At plane
\ 4
« Source anisotropy enters in two independent ways: +—>

e p, 70 _e.g. boost stronger in-plane for p, >0

e R, #R,_ e.g. more sources emitting in-plane for R, > R,

» Use Blast-wave to relate HBT(®) measurements to source
freeze-out shape & orientation

First, how sensitive are the HBT(®) relative

oscillation amplitudes to Blast-wave parameters?

F. Retiere and M.A. Lisa, in preparation
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Sensitivity of HBT(®) to b-w parameters

What drives the relative amplitudes? ' — R=97mpm lo1s
R_=8.25 fin )
; i 24R 2 (fi .--— R, =13 fim — _Jo1 %
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Sensitivity of HBT(®) to b-w parameters
® |

A
- i 2 2 (fi == R =13fm L ®
1. Freeze-out size R ?+R 2 (fixed R/R,) ‘ R—lifm —f---"TTTmed 0.1 %
e No sensitivity of relative amplitudes to — R, =13784fin — 0 &
source size R, = 10fm

2. Spatial anisotropy Ry/RX (fixed R, #+R,?)

e Strong sensitivity of relative amplitudes
to freeze-out shape
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Sensitivity of HBT(®) to b-w parameters

What drives the relative amplitudes?

1. Freeze-out size R ?+R 2 (fixed R/R,)

e No sensitivity of relative amplitudes to

source size

2. Spatial anisotropy Ry/RX (fixed R, #+R,?)

e Strong sensitivity of relative amplitudes
to freeze-out shape

3. Flow anisotropy p, (R, =R,)

e Weak sensitivity in comparison to spatial

anisotropy

Rzo.o (fmz)

st,o (fmz)

Ri,n (pT )=

(R:.(pr.¢) cos(ng)) (1 =o0,s.1)
(R (pr.0)sin(g))  (u=os)

— p,=-005
- —10.15
- - = p,=-0.02
— p, =002
== p_ =005 0.05
R/R, = 1311 | 1o
- 10

|
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Sensitivity of HBT(®) to b-w parameters

=== T=01GeV
1. Freeze-out size R ?+R 2 (fixed R/R,) — T=012GeV
« No sensitivity of relative amplitudes to T TE010GY
----- T=07GeV | 1o

source size

1 '; \.. 0
2. Spatial anisotropy Ry/RX (fixed R, #+R,?)

e Strong sensitivity of relative amplitudes
to freeze-out shape

R%,0 (fm?)

3. Flow anisotropy p, (R, =R,)

e Weak sensitivity in comparison to spatial
anisotropy

R%, (fm?)

4. Temperature T

e ~ Weak sensitivity et l
NE 300
“2’»200 )
- ?KlOO
Rz(p ,¢)-cos(n¢) (y=0,s,l)
R} (pr)= | A ) ) — 02 04 06 0 02 04 06 08
<RM(PT,¢) 51n(n¢)> (1 = o0s) or (GeV/c) pr (GeV/c¢)
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Sensitivity of HBT(®) to b-w parameters

What drives the relative amplitudes?

1. Freeze-out size R ?+R 2 (fixed R/R,)

Use relative amplitudes to estimate
eccentricity of freeze-out source

¢ No sensitivity of relative amplitudes to c=_27 _ D082 o2
- T p2 2 2
rce siz
source size Ry +R? Rs,o Rs,o
doesn't have
2. Spatial anisotropy R\/R, (fixed R *+R?) temporal component
e Strong sensitivity of relative amplitudes m—ﬁ' . —
to freeze-out shape of B e § 4L e
Tt : * . ¢ % 005 —
i i f N i * t 018"
3. Flow anisotropy p, (R, =R,) of .
30r ™ 7 01
e Weak sensitivity in comparison to spatial s . o LR 005::,’!’
anisotropy S S TR
101 ! 1 L] °
50 ' ' : ' '
4. Temperature T a0} o . pes g
o * ] A * o
o ~ Weak sensitivity "':_ « & " : N et 3
* =0.05
10 o
1 ! +
Spatial anisotropy drives relative amplitudes D - 01g™
_0-: A 0.35-:|<T¢n.ao_ é ; i % ‘0-05';&:@3
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-10 1 60 260 360 400 1 00 260 360 400
# participants
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Evolution of source eccentricity

Initial eccentricity NG ]

L_\ "l |
STAR o
Y K

« Estimate ¢, from nuclear overlap 0.15
model

&
6”6/
X

« Weight events by = # pairs

//) .
Ss, Ky
‘.“b‘,/e/ \\

€ final
&

Final eccentricity

0.05
« HBT(®): Estimate ¢, from relative

amplitudes (&g, = 2 Rg2%/Rg 0?)
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» Blast-wave: Relative amplitudes are 0
. H H 1 1 L 1 L 1 L L J 1 1 1 1 L
driven by spatial anisotropy 0 0.1 0.2 0.3

« 30% sys. error assigned to ¢, based € initial
on variation of rel. amplitudes with
other b-w parameters

o
B

« Monotonic relationship between ¢,_..., and €.,

e Freeze-out spatial anisotropy reflects greater initial
spatial anisotropy
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HBT(®): Physics interpretation

Out-of-plane sources at freeze-out

e Indicate pressure and/or expansion time
was not sufficient to quench initial shape

But from v, measurements we know...

e Strong in-plane flow _ significant pressure
build-up in system

. Short expansion time plays dominant role
in out-of-plane freeze-out source shapes

Short system lifetime consistent with blast-wave
fits to spectral/v, & "standard" HBT radii

- However, late-stage contributions to v, signal,
though likely quite weak, cannot be exlcuded

- In framework of Teaney et al (Hydro+RQMD),
late-stage rescattering stage is short-lived...
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FIG. 13. Measured elliptic flow vs centrality for Au+Au at

Vs yw=130 GeV. The circles show the conventional v, with esti-
mated systematic uncertainty due to nonflow [37], the stars show
the fourth-order cumulant vy from the generating function, the
crosses show the conventional v, from quarter events, and the
squares show the fourth-order cumulant vy from the four-subevent
method.



A simple estimate — t, from ¢, and &;,,,

* BW _ By, By @ F.O. (Bx > By)
* hydro: flow velocity grows ~ t

— ﬁX,Y (t)= ﬁX,Y (F.O.) ti

* From R, (m;): T,~ 9 fm/c
| consistent picture
» Longer or shorter evolution times

X 1nconsistent

| toy estimate: t, ~ T,(BW)~ 9 fm/c

* But need a real model comparison

flow coefficient

w 02

0175 &

0.15

0.125

0.1

0.075 [

0.05

0.025

-0.025

-0.05 b

of

Midcentral (10%-20%)

initial value W

— T7,=9fm/c

— L=20Tm/c

reeze—cut value

S~

Lo o b by Lo v by vy by 0 (R |
25 5 75 10 125 15 175 2

| RN T
0 225 25
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Conclusions

* Azimuthal dependence of HBT _ Oscillations of HBT radii
observed as fcn of centrality, k;

« Blast-wave study _relative amplitudes most sensitive to
freeze-out spatial anisotropy

* Freeze-out source out-of-plane extended indicates
pressure and/or expansion time not sufficient to quench initial
almond shape

 |In context of strong elliptic flow observed at RHIC,
measurement points to short expansion times
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M. Lisa, ISMDO03

A simple estimate - 1, from ¢, and ¢,

Midcentral (10%-20%)

* BW — By, By @ F.O. (BX - BY) w 02 —

* hydro: flow velocity grows ~t 0.175 L nitial value -r_n:j_ﬁwﬂ‘
t Fo - =

= fx v(D) =y v (FO.) — 015 F \ 7o= 9 fm/c
T, B — = c

0.125 |
* From R, (m.): T,~ 9 fin/c i

_ _ 0.1
v consistent picture ' reeze—out value

: : 0.075 |
 Longer or shorter evolution times g .
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0.025 N\
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Projections of correlation function

e Remember: CF & projections
shouldn't be perfectly Gaussian

\/ L4 \7?/ \/ R I § ya 1
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For this analysis, we have
100's of these projections
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Clarification: what we mean by 'source'

 S. Volosh

would still

,/—f: éA Voloshin, LBNL 1998 Annual Report
e
£ 002 ] . : .
i.e. slice in p; E’ 0
Ve A ~N E-o.oz
in: "effective” source may be in-plane  F.,
for high pT particles, though HBT measurement 0 0.06 o
yield out-of-plane oscillations L0.08
2 B
E oL 03<p <08 | T
-0.12 :_.3<pl;';8 ..... .......... .. i
PRI N it et N SO
_0.16:IIlilllilllilllilllillll¢
0 2 4 6 8 10 12 14
b (fm)

We measure: homogeneity lengths (R)
as a function of k; and ®

We're interested in: entire source ("The Source"),
NOT just a p; slice of The Source

Getting from R,(kT,®) to

size/shape of "The Source™
requires a model (more later)
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Correcting for finite ¢-binning & ®pp-resolution

(G, ®)-

N

.2)

D(q,®)

Heinz, Hummel, Lisa, Wiedemann, Phys. Rev. C00 044903 (2002)

I _—i
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Nbin
exp
2 e
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Fourier coefficients for a given q bin
(9, ®)cos(nd))

1 Niin

NE(Q) = (N

.
r||\\,l NI

[NoP(@)costnary) + N

exp

Nbin =1

NEP(G) = (N (0. ®)sin(n))

Nbin =1

[ A AV ASS

1 Niin

2

nA /"D

r
Nexp (qa (I)J ) cos(n(I)j)

r 3
Nexp (qa (I)j ) Sln(nq)j)

exp
s,n

(q)sin(n®, ):

20-30% x-sctn. 0.15< kT< 8.25 Gel'kc
T T T T T T T ER T I T I T

/"_‘\30 :|

aw” T
| | :: |

—ak— corrected:

T -:22
321
220
219
518

17

—~ 20 H 1 ——1 ’:l I
“ C T

7 16
34.5
134
33.5
1 33
325
3 32
215
131
305

PR NI NN BR o
0 50 100 150 u2ﬂ0
nth- @ ()

30

100 150 'Bz_uéo
e ()

avent- .
* ~0% change in mean values

e ~ 30% effect on 2M-order radius oscillations

—un mdgestro

29




