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Construction of experimental correlation function
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k*- momentum of the first
particle in PRF
(Pair Rest Frame),
half of the relative
momentum

k* distribution of correlated
pairs coming from
the same event

k* distribution of uncorrelated
pairs particles coming from
different events




FSI as an origin of asymmetry

integrated over space
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CF=A.(k)[1+2{r (1+cos0 ))/a +...
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Gamov factor Source of the asymmetry Bohr radius for
T—p a_=1%222fm

In pion-proton system

only coulomb
interaction plays k*- momentum of the first particle in PRF

significant role. r* - separation between emission points
g* - angle between k* and r* vectors

Correlation is stronger when cos8*<0 - k* and r* are anti-aligned and

weaker when cos0*>0 — k* and r* are aligned.
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Observed asymmetry

separation between

pion CMS / proton in PRF
source source
convolute and
boost to PRF
NAr [

L
5 0 T )
r(ﬂll [fm]

xiidﬂ[fm]

2
r.ﬂll [fm]

2 2
Tl \/ O T o,
X lfm] two particle single particle
width widths

Observed separation in PRF
oy : comes from
direction of a pair

» space asymmetry (flow)
and from

e emission time difference

<r*> = <y, (Ar - 3; At)>
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Correlation function in spherical harmonics
Ak*/ong =k*cos6

distribution of correlation distribution of
correlated pairs function uncorrelated pairs K
T b3 — C % ,M _>>X<
k) LR g k* =k*cos¢ sinf
out -

C(k)=Vam 2, C,(k)Y,(0,p)
ol k* . =k'singsin@

0 AT C° function does not depend on @ and ¢
Yo(0,@)=51—= o - 3
2Vm give information about overall size
. i) C’ function is related to long direction should
Y0, (P)=§\/;COSQ vanish due to symmetric mid-rapidity region
vi(e )_1 8 ( Fod ) Im C’1 component is related _8
N PIZS | 3 COSPSIMETISIMPIMYT 4 side direction should =
vanish as the function is
integrated over reaction
plane angle.

Re C’ , component is related

to out direction gives infor-  wpcr _ Kiev, September 14-18, 2010
mation about asymmetry. Z.Chajecki, M.Lisa; Phys.Rev.C78:064903,2008
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Final State Interaction in pion-proton system

Re C(k*)
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Final State
Interaction in pion-
proton pairs is
dominated by
Coulomb interaction
(red line), strong
interaction (green
line) is negligible.

Coulomb interaction
for like-sign pairs is
repulsive thus
correlation effect is
negative. For unlike-
sign pairs Coulomb
interaction is
attractive thus
observed correlation
effect is positive.



Data selection Au+Au V s =200GeV
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Data analysis

dE/dx [keV/cm]
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the electron line.

Low relative momentum in PRF corresponds
to close relative velocities in CMS.
E.g. pion with p_=0.1GeV/c has a close velocity

proton with p_=0.67GeV/c. Pion p_=0.15GeV/c
corresponds to proton p_=1GeV/c. In these
regions pions and protons are crossing

) Sl

C’Real =C Exp CPurity

C — two particle
Ry P

distribution weighted
with experimental PID
probability and fraction
of primary pairs
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mixed pairs are
constructed only from
events with similar
characteristics:
e z-vertex position 15
bins
« multiplicity 6 bins
- event mean p_3
bins
Total 270 bins




E p bint

- Particle identification limitations
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Pion-(anti)proton correlation functions in
AuAu at \s _ =200GeV
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Lambda peaks do
not overlap with
femtoscopic
correlation effect.

Re C11 at low k*
reveals asymmetry
between average
space-time
emission points of
pions and protons.
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Pion-proton correlation functions in AuAu at
s =200GeV (like sign pairs)
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Negative correlation
for attractive
Coulomb interaction

Re C11 at low k*
reveals asymmetry
between average
space-time emission
points of pions and
protons.
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Asymmetry
between average
emission points of
pions and protons
and size of the
pion-proton source
are correlated and
depend on
centrality.

2 Od<r*> = <y (Ar - 3; Ab)>
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Pion-proton correlation functions in Therminator+Lhyqyid
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functions show
asymmetry

asymmetry may arise
from:
* bulk collective
effects
» differences in the
freeze-out scenario
« decays of
resonances
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separation distributions are

correlated - Therminator
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UrQMD - asymmetry is observed only in
the out direction, no asymmetry in
emission time difference is observed
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Experiment and models
ellipses of covariances
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 Therminator overestimates asymmetry of the system
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Delta in pion-proton correlation function -
Therminator
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Delta resonance is
observed above
region of the
femtoscopic
correlation effect.
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Delta in pion-proton correlation function -
Therminator
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Correlated products
of delta decay do not
change observed
source profile.

Two particle
separation
distributions where
delta is excluded
(blue points) are
identical to the
distributions where
delta is included (red
points).
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Analysis with Time of Flight — near future
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significantly improves
particle identification.
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ToF coming soon.
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Conclusions

We observe space-time asymmetry between average
emission points of pions and protons

Observed asymmetry suggest collective behavior of the
created matter

Space-time asymmetry and size of the m—p source are
correlated and depend on centrality

Results from 2010 data with ToF expected in near future
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