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Outline

* Physics motivation * Flow in models
- Emission asymmetry - Blast-wave
measurement parameterization
- Measuring flow as - RQMD - transport
space-momentum model
correlations * Exotic correlation
- Determining functions
interaction potentials _ proton-Lambda and
* Current results antiproton-Lambda
- 130 AGeV data - Pion-Cascade

- 200 AGeV data
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The asymmetry analysis

Heavier particle -
facter P cos (¥)>0 Catching up
e ‘Effective interaction

C. “ time larger
‘Stronger correlation

.
Moving away
‘Effective Interaction

‘C I time smaller
- L ‘Weaker correlation

Lighter particle

faster .7

“Double” ratio
C -Sensitive to the space-time
T~ asymmetry in the emission process

Kinematics selection C 1 _

along some direction _ E.Iéednicky, I:)Vi\IL.Ly_uboshitz,
> .Erazmus, D.Nouais,

€.9. Ky Kgger €OS(V/K) k Phys.Lett. B373 (1996) 30.
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Flow in the transverse plane

nucl-th/0312024 . .
F. Retiere, 7Vera9¢ o Flow produces emission
M. Lisa boints asymmetries in space Ar
Pion
<B>=0.7 * Observed asymmetry r*
p = 0.15GeV/c can come from emission
~ Source time difference At too
)/ density .
- (r*)=y({Ar)—B,{At))
We expect asymmetry
in “out” direction, but
not in “side”, due to
Proton symmetr
<B>=07 4 4
p,= L. GeV/c

S.Voloshin, R.Lednicky R. Lednicky
: : = ' Momentum > , ,
Spatial shifts (Ar) =7 S. Panitkin, N.Xu, nucl-th/0305027

(out direction)phys.Rev.Lett.79(1997)30
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Data sample
* Central AuAu collisions * Midrapidity data |y|< 0.5

- 130 AGeV - 0.7 Mevents * Momentum range [GeV/c]
- 200 AGeV - 2.2 Mevents - Pions (0.13, 0.5)

* Identification probability - Kaons (0.3, 1.0)
from dE/dx in STAR TPC - Protons (0.4, 1.2)

- Purity cuts on particle level o patector corrections

- v ¢'e removal on pair level
- ! — P - Two-track effects:

—
re
T

* elimination of pairs possibly
sharing hits in the TPC

—
N
T

dE/dx (keV/em)

—
=]
I T

- Particle purity

* PID probability (all), estimation
of contamination from weak

- := decay (pions, protons)
= . - Momentum resolution

1
10 1 o (Gewqm

electron
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Pion-Proton 130 AGeV

* Good agreement
for identical and
opposite charge
combinations

* We observe
Lambda peaks at
k*~decay
momentum of A

Sigma: 15.1 £ 0.4 70> fm

- 1.5 syst.

Mean; -7.4+ 0.9 *!04m

- 34 syst.

~ 1.2

c(k

1.15

1.1

1.05

proton faster | $ pion faster
|
1

A I o

|
0.95 \ |
0.9 preliminary $ 1 :“+ -P
. TP
0.85 -— Fit - same charge part + =T -p
-— Fit - opposite charge part | o1 - E
1 1 I 1 1 | 1 1 | 1 | 1 | 1 I | 1 | | | | 1
0.8 -0.1 -0.05 0 0.05 0.1
sign(k*,,,) * k* [GeV/c]
1.05 1.05 =
= = Side
3] }ﬂi e ST double ratio
- = -3
S 2 A 31@ = A .
| ¥ out | ||,* N

Fit assumes source is a

gaussian in r*

I

double ratio

5
out 0.9.;0

' 0.95
0.1 k*[Gevic] ©

1
0.1 k* [GeV/c]
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Pion-Kaon at 200 AGeV

* Good agreement
for same-charge
combinations

* Clear emission
asymmetry signal

~ 1.2

1.15

1.1

1.05

kaon faster

pion faster

STAR
preliminary

- |
0.95;— |
* Systemati osf- | A
ys ema IC error 0855_-—Fit-samechargepart %{i e _K+
under StUdy —_— . E --Fit—oppositechargepart | o1 -K
- N S R L ol
influenced by purity ° 0 008 nk* ) e [Gevig
and fits to all CFs ;g" Out ¢ Side
g 1T double ratio |£ double ratio
separately € (|4, )
© 1@_—{}5%&%41% B e
Sigma: 17.3 £ 0.8 ¢ fim |+
Mean: -7.0+ 1.2 Z5paifin o I -
0 0.1 k*[GeVie] O 0.1 k*[GeV/ic]
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Pion

Proton at 200 AGeV

,-.12

* Good agreement for s

same-charge

combination pairs

* Double ratios

1.1

1.05

proton faster

—

pion faster

STAR
preliminary

: o
] 0.95— |
influenced by e*e- F . -p
I | - - h rt l g -5
* Systematic error 0.5 P ST P
E - Fit - opposite charge pan | -1 - P
under StUdy 0.8 ' '-0|.1' — I-o.losl 0 Io.(‘)sl — 0|.1 —
sign(k*,,) * k* [GeV/c]
Pyt Side
. . +4.0 syst. ; T & ; .
Sigma: 14.8 + 0.5 5o Im S | S, double ratio
+3.0 syst. o %) b4
Mean: -600 :|: 105 -55 Ssy};st ﬁn o1 + ° 1:,
iﬁ'&{'ﬁr
T double ratio
0.95¢ 0T o [GeV/e] - 0.95; ' 01 o [Gewc']
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Kaon-Proton at 200 AGeV

Only like-sign data 5
well described by g
theory and fitted

Surprising 1

correlation shape for oss
unlike-sign - a
question to theorists os

0.9

Mean shift opposite ™
to pi-K and pi-p

-t

Sigma: 10.6 0.6 2% fm
Mean: 0.7 £1.5 [5¢s fim

- proton faster T i kaon faster
= ot

- CF different | |i| i

- from + e STAR
- expectagion N i preliminary

Ly + -
¥, . t .
-— Fit - same charge part | -
-- Expectation - opposite charge I i -
1 | | | | | | | 1 | | | | 1 | ‘ 1 | | 1 | | | |
-0.1 -0.05 0 0.05 0.1
o sign(k*,,) * k* [GeV/c]
i Out |: Side
x double ratio

% double ratio i

5L

0.02 004 006 008 01 012 014 0.1
k* [GeV/c]
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Modeling the emission asymmetry

* Are we measuring time ¢ Need models producing

shifts, space shifts strong transverse
(flow) or both? radial flow:
* Is the flow hypothesis - Blast-wave - hydro-
consistent with the like flow
data? - RQMD - flow through
* How do we compare Interactions

theory and experiment?
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Comparlng models to data

* We do see space-
momentum
correlations:

- Data and blast-
wave consistent

- RQMD needs flow

to reproduce data -.

n-K

-10?'Phys. Rev.Lett.

N~

12--91 (2003) 262302 | : | |
149  os B, | 14 0.6 0.8 B,
_05130 AGeV-_z- {200 AGeV_z-

* Time difference canii__ . |
explain K-p Blast-wave: nucl-th/0312024
F. Retiere, M. Lisa E—
- 130 AGeV 200 AGeV| “f :
CO rrect com pa rSo I"]Temperature 104 MeV 100 MeV | b —
- same fitti ng for Flow intensity 09. 1.0. 8 r,Z:_HQMU ‘
SyStem rad|US 129 fm 130 fm -10;— ERRRRRR, & e RQMD 1@ Datg = Fir T
RQMD and data Evolution time 89fm/c 10.0fm/c | 12 |- - 7B At-RQMD || % RQUID " Fit|
Emission duration  0.002 fm/c 3.5fm/c | 1% 06 —o8 B
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Proton - Lambda at 200 AGeV

Clk)

* Confirm measurements from
NA49 and E895.

* Fit using analytical model of
: proton-lambda correlation:
. R =28+03(+1.0-14)fm

SRS R iR e (see poster HBTO by S. Bekele)

* Interaction potential parameters from: F. Wang, S.
Pratt, Phys. Rev. Lett. 83 (1999) 3138-3141

* Main challenge is particle purity, feed-down from
from Lambda-Lambda accounted for

* Good agreement between proton-lambda and anti-
proton anti-lambda correlation functions
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Anti-Proton Lambda at 200 AGeV

%5 Fully corrected for purity * First time measurement of
anti-proton lambda CF

* Fit with the same analytical
model as pA - interaction
potentials extracted from fit
R =15+0.07 (+0.5-0.9) fm

4] 005 01 015 02 025 03 035 04 045 05
k GeVic

* Early drop of correlation
ETUTTTU AT SR function signals significant
................. e p K lprehmlnaryg a n n | h | |at|0 n

llllllllllllllllllllllll < * Anew way to extract
................. - Not purity corrected 2 unknown interaction
0.2 K [GeVicl potential parameters
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Pion — Xi at 200 AGeV

e Also a first time %
measurement
e Will enable to address '

the question of = flow

* Theoretical expectation

with assumptions:
Source size as for pions

0.9

1

Significant E flow

Coulomb + strong
Interaction

Gives input onto cross-
sections similar to
proton-lambda case

STAR
____________________________________________________________________________________ preliminary;

Theoretical expectation
---------------- (not-a fit)

0.2
k* (GeVic)

Calculation using S.Pratt’s code
Combined n*-= and m-=*
Purity assumed = 50%+25%
No momentum resolution correction

Adam Kisiel
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Summary and outlook

* Measured correlations for zK, ap and Kp pairs at 130
and 200AGeV AuAu collisions

- Clear asymmetry of emission observed for all pairs

- Space-momentum correlations from transverse
radial flows present a consistent description of
emission asymmetries for all systems

- Emission time differences found to be important, but
not enough to explain the data

* New way to measure system interactions: pA,
anti-pA, Kp (unlike sign), ==

* New, non-HBT size estimation method for pA, anti-pA

* z= function promises new information in future

Adam Kisiel Quark Matter '04, Oakland, CA 15



Extra slides
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Pion-Kaon at
130 AGeV

* Correlation functions
consistent for same
and opposite charge

tt - K* _% tt-K

B Jf N * Clear asymmetry

;+ | it A olut _

Ofggg * Side and Long

0.95|- . - - -

s os" _ ' double ratio” flat as
_ w-K w-K expected

= A
;"{ 1~|%3 &80 2 P i M K %,@Agﬁﬂ%ﬁﬁ@%ﬂﬁ@
o ﬁ* Sigma: 12.5 £ 0.472? fm
0.95 | ' - . . Mean: -56+£04 :1,39 fm
0 005 __ 01 O 0.05__ 0.1 '
k' = |k;| = |K,| (GeV/c) k' = |k.| = |ky| (GeV/c)
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1D relativistic view

_ Whatcanbe probed?

Source of Source of

particle 1 particle 2

= ypair (Ar _ Bpair At)

I'* separation in pair rest frame
) which depend on the pair acceptance

Function of v (B

pair

Separation between
source 1 and 2 in pair
rest frame

Boost to pair rest frame

—

| 4 I

r* [fm]

4 -2

2 parameters
- Mean shift (<r*>)
- Sigma (c..)

Adam Kisiel
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Double ratio definitions

C(k™)

0.95 —

0.85—

C.K")

C.(k*)

i ¥ | —— Pairs with k0ut<0

0'9__" —~ Pairs withk , >0

Correlation
functions

08—

-

]

1.0

%]

- Double
ozt ratios

101 o
- I._

] —'““mslmnmammnn
0-99 11 1 I 11 1 I 11 | | 1| 1 | 1 11 | 11 1 I 11 | I 1 1

0 0.05 0.1 015 0.2 0.25 0.3 0.35 04
2k* [GeV/c]

kong IS the z component

of the momentum

of first particle in LCMS

0 005 01 045_02 025 03 035 04
2k* [Gevie]
1.05

2k*=p —p
k <0<«
Ksice SIgN
selection
arbitrary
Kot SIgN kl>0

selection — =k >0
determined by

the direction
of the pair
momentum P

pP

b
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Purity correction

T = K correlation functions

N Average pair
5] = .
1 purity = 0.75
- -
0.98 - #:@: 7 = K correlation functions
0.96— F —1.25
: x
0.94 — + T
- & |——7 K data 1.2—
0.92 :_ —es—1 K purity correct: n ﬁ
0.0 :_+ —=— K_ data 1151
- —a=—7 K purity correcte j;
0.88— B
- 11— ——7" K data
0.86 % * K puri cted
= = —e—T purity correcte
0 0.05 0.1 0.15 0.2 + —s=—7 K data
1.05— 7 K ours e
Cmeasured_< 1 - P) * 10 L * —_ UL selrecd
Ccorrected = P ] iiﬂ_fi‘_
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1

0 005 01 015 02 025 03 035 04
2k* [GeVic]
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Momentum resolution

7 - K correlation functions

—1.02 Momentum smearing
- B .
0.98 :_ _E,_# Hesolut!nn Multipl?er: T
- Resolution Multipli 7 - K correlation functions
L Resolution Multipli
0.96— Resolution Multipli 71.29
- Reseolution kultipli =
0.94 — Resolution Multipli © B
0.92 :_ —o— 7" K purity con 1.2 Resclution Multiplier: 0.01
- B Reseclution Multiplier: 1
- Reselution Multiplier: 2
0.9— —=— 7" K purity corr 1.15— Resolution Multiplier: 4
B I Reseclution Multiplier: &
0.88 - - Resolution Multiplier: 0.5
0.86 = 11 —es—7* K purity corrected
_I 1 1 1 | 1 1 L 1 | 1 1 1 1 | 1 1 1 1 | ]
0 0.05 0.1 0.15 0.2
1.05 —e—7 K purity corrected
No change until resolutig o
4X WO rSe t h a n STA R 1 1 L 1 | 1 L 1 1 | 1 1 1 1 | 1 1 L 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
2k* [GeVic]
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What to expect from double ratios

e Initial separation in Pair * We are directly sensitive

Rest Frame (measured)
can come from time
shift and/or space shift
in Source Frame (what
we want to obtain)

(Ax")=y({(Ax)+v (A1)

(0)=(7-3) (LA LS0E,

~<rﬁ—>

(y)=(7-5)= <r3l;”f< =0

(z)=(Tgsinh(yg))~(sinh(yg))(T5)=0

to time shift, the space
shift arises from radial
flow — possibility of a new
radial flow measurement

X out

flow velocity =~ # = direction

\Eﬂ observed
transverse
) velocity
y
side
direction -

r thermal velocity

Adam Kisiel

Quark Matter '04, Oakland, CA 22



210

Fitting procedure
 No analytic form of :;:Zi. =
correlation function g

221

208

206

204

* Need to generate
correlation functions using
experimental momentum
distributions, Monte-Carlo e o

methods and Lednicky's & e
pair weights

202

20C

198

0.96}

* Best fit parameters are

taken at the minimum x*= *%
Value 0.88:

C 1 1 1 1 t 1 1 1 1 t 1 1 1 i 1 | 1 1 1 1 | 1 1 1 1 t 1 1 1 1
-0.15 -01 -0.05 0 0.05 0.1 0.15
sign(k*, ) k* [GeV/c]
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Successes of the blast wave

* Spectra

STAR

X
0

3103 |
z ‘*\Z
KD

_
>
&)

3
Se N
'E C

&~

-~ opreliminary

' Masashi Kaneta™.
| | | | | |

Rn {fm}

Ra (fm}

-m [Ge\/l/cj

4 ' A ¥V STAR data

DBD DDS Dl 015 [12 [125 03 [135 24 045

@ Pion source size

'5:- .

St

., PRL 87 182301 (2001)

0.08f

Mlke Llsa

pr (GeV/c

parameterization

* Elliptic flow

STAR Collaboration,

~ |—— pand cor. space

0 01 02 03 04 05 06 07 0.8 09 1
p, (GeVic)

Blast wave fit including
s3space and momentum

Short emission duratlon anisotropy

Adam Kisiel
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Fitting and quantitative
comparisons

* Fits assume gaussian

nucl-ex/0307025

o (fm) (Ar},.) (fm) x* / dof

source in PRF Data 12.5 £ 04122 —5.6 +£0.61]5 134.5/110
RQMD 118404 —80+06  205/54
e r* _distributions RQMD 56401  —20+03  940/54
] no rescattering
have non-gaussian BWP 09401  —6.9+03 1020/118
ta i I S | r*Out distribution | . routstar
3T T e
* Use the same fitting zw} T
procedure for models |
and data - correlation L
functions constructed |
with “Lednicky's o [EX@ample of r_
weights” distribution from RQMD
-40 -30 -20 -10 0 10 20 3'20m [fm‘]lo
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Hit sharing cut effect on Side ratio

Padrow cut effect on Side NOverP double ratio

~101 Should be at 1.0 as there
5t /Af’fr the CUt* is no physics effect that
x 1*‘%‘&%&% . Tt gt tetteeta can cause the asymmetn
L4 L
099" o ;}
oogl ¢ + % 0.2 1.1
B S 08
i 1
097 Before the cut 5 07
B % 0.6 0.9
0.96 £ 05E 0.8
ﬂ_gs_l L1 1 | L1101 | [ | | | [ nji D.?
0 005 01 015 02  g3F
Maximum number of E 0.6
shared hits between & 05
two tracks = 10% N T T T e T Y
B 10 15 20 23 34 L 44 45
Padrow
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Proton-Lambda raw CF

1'2 L L L I

5 TR Y R
_ _ preliminary : _
g - +p A § ° PrOFOn lambda and
+ ------- P S e anti-proton - anti-
1.0 ﬁg M S aas it lambda in good
""" Not purity corrected _ agreement
T Average pair purity: 15 % e Both show positive
O.SEIIIIIlllllllllllllllllllll COrrelathn
0.0 0.2 k*[GeV/c]
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