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Beam Energy Scan at STAR
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BES goals

Analyze all BES energies and find
answers:

@ Search for turn-off of QGP signatures
@ Search for the QCD critical point

@ Search for the signals of phase
transition/phase boundary
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Hadronic Gas

0 250 500 750 1000
Baryon Chemical Potential jis (MeV)

Momentum resolution 07.12.2020 3/21



Correlation Function
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e analyze many pairs of particles
(p1,21) and (p3, 23) with relative
momentum ¢ = p1 — Ps
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Correlation Function
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e analyze many pairs of particles
(p1,21) and (p3, 23) with relative
momentum ¢ = pi; — p3

e calculate correlation function (CF)
of pairs:

Py (pi, ph) — probability of observing two particles with momentum pj and ph at the same time and the same
place
Py (p1), P{ (P3) probability of observing two particles with momentum pj and p3 separately
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Correlation Function
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(p1,21) and (p3, 23) with relative
momentum ¢ = p1 — ps
e calculate correlation function (CF)
of pairs:
CF(pi,p3) =
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Correlation Function
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e analyze many pairs of particles 1
(p1,71) and (p3,25) with relative R
momentum ¢ = pi; — p3

e calculate correlation function (CF) 1
of pairs: oL
Lo Ps(p1,p3) R - radius
CF(pl?pQ) = P — P/ — 0
1 (p1) P (p2) q [GeV/c]

o calculate size of the source
Py (pi,pb) — probability of observing two particles with momentum pj and ph at the same time and the same
place
Py (p1), P{ (P3) probability of observing two particles with momentum pj and p3 separately
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Pion-kaon femtoscopy — Spherical harmonics (SH)

SH representation of 3D correlation function as a set of 1D plots

Cla) =Y C(a)Y;"(0, ¢)
lym

Q - full solid angle

Y, (6, ¢) - spherical harmonic function
q = |q| - pair relative momentum

0 and ¢ - polar and azimuthal angle

P. Danielewicz and S. Pratt.
Phys. Lett B618, 60 (2005)
Phys. Rev. C75, 034907 (2007)

Z. Chajecki and M. Lisa
Phys. Rev. C78, 064903 (2008)
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A. Kisiel and D.A. Brown
Phys. Rev. C80, 064911 (2009)

A. Kisiel
Phys. Rev. C81, 064906 (2010)
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Pion-kaon femtOSCOpy — Spherical harmonics (SH)

SH representation of 3D correlation function

as a set of 1D plots

Cla) = P @Y (0.9)  CP'la) = [ Cla.0.0)Y" (68,00
lym

Q - full solid angle

Y, (6, ¢) - spherical harmonic function
q = |q| - pair relative momentum

0 and ¢ - polar and azimuthal angle

C’g — sensitive to the size of the emitting source
(shapes same as correlation function)

C’l1 — sensitive to the spacetime emission asymmetry
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—  aSymmetry visible

= No asymmetry

P. Danielewicz and S. Pratt.
Phys. Lett B618, 60 (2005)
Phys. Rev. C75, 034907 (2007)

Z. Chajecki and M. Lisa
Phys. Rev. C78, 064903 (2008)

A. Kisiel and D.A. Brown
Phys. Rev. C80, 064911 (2009)

A. Kisiel
Phys. Rev. C81, 064906 (2010)
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Non-identical particle combinations

Time asymmetry Space asymmetry

t1 # t2 t1 =ty t = to
Ar=0 Ar 0 Ar£0
Vi V;
1 1 ‘/1
V2 ‘/2
t1 > t2 - Catching up Catching up Run away
t1 < t2 - Run away - N
- . Catching up
t — emission time longer interaction,
r — emission point distance from the center strong correlation
R. Lednicky, et al., Running away
Phys. Lett. B373, shorter interaction,
30-34 (1996) weaker correlation
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Non-identical particle combinations

Time asymmetry Space asymmetry

t] # to t1 =t t] =12
Ar=0 Ar #0 Ar #0
\ %1 Vi Vi
Vs Vo
t1 > ta - Catching up Catching up Run away

t1 < t2 - Run away

Double Ratio:

C4 (k™) — pions catch up with kaons

C_(k*) — pions move away from kaons _ Cy(k)
DR(k*) = o)
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THERMINATOR model

THERMal heavy-IoN GenerATOR

o Generates collisions of relativistic ions
o Uses Monte Carlo methods

o Implements thermal models of particle production with single
freeze-out

THERMINATOR is a Monte Carlo event
generator designed for studying of
particle production in relativistic

THERMINATOR: THERMal heavy-IoN generATOR heavy—ion collisions performed at such

A. Kisiel, T. Talué¢, W. Broniowski, W. Florkowski. . .

Comput.Phys.Commun. 174 (2006) 669-687 experimental facilities as the SPS, RHIC,
or LHC. The program implements
thermal models of particle production
with single freeze-out.
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Therminator for BES program

VSNN[GeV] | T [MeV] | pp [MeV] | pug [MeV] | pyy [MeV]
7.7 138.95 | 406.36 | 93.026 | -10.378
11.5 150.12 | 303.22 70.369 -7.825
19.6 156.17 | 196.77 | 45.951 -5.189
27 157.60 | 148.99 | 34.991 -4.006
39 158.38 | 10689 | 25.335 -3.064
62.4 158.78 68.92 16.626 -2.024

T - temperature
wp - barion potential
s - strangeness potential
1, - third component of isospin

? Adaptation of the therminator model for BES program”,
H. Zbroszczyk
Proc.SPIE Int.Soc.Opt.Eng. 11581 (2020) 1158104
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Therminator for BES program

VAn|GeV] | 7 [6n) | pas ] | Vi
7.7 8.3 8 0.65
11.5 8.35 8 0.8
19.6 8.75 8.2 0.85
27 8.75 8.85 0.8
39 8.6 8.7 0.75
62.4 9.4 9 0.75

Vr - parameter specific to the Blast-Wave model, denoting velocity
T, Pmaz - Zeometric parameters
2 ~
Pmaz * T = 14
V' is the volume of source
”Adaptation of the therminator model for BES program”,

H. Zbroszczyk
Proc.SPIE Int.Soc.Opt.Eng. 11581 (2020) 1158104
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Momentum resolution

pr = Rlq||B| = psind p. = pcosf

by
pT P = PTCOS py =prsing
gﬁ R - radius of fitted helise to points of particle track in TPC
Px
g F
%
B
) SH)
¢O¢¢o¢o°pcw
p T 4; o,
3|
p NN
iE ) f
9 o 05 1 1.‘5 ; 255 3 35 a
T pz py(GeVic)

Transverse momentum (pr) resolution of the STAR TPC

for 7~ and anti-protons in the 0.25 T magnetic field (B)
(embedding)

Nucl.Instrum.Meth.A499:659-678,2003
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Momentum resolution

How to add momentum resolution effect?
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Momentum resolution

How to add momentum resolution effect?

Resolution of momentum, azimuthal
and polar angles:

Ap = ap + bpp™” + cpp

A¢ = ag +byd™
AO = ag + bg@ae
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Momentum resolution

How to add momentum resolution effect?

Resolution of momentum, azimuthal

Standard deviations:
and polar angles:

2 Ap .2 2 Pz 2
Ap = ap + bpp®® + cpp Opy = (|pw|7) +(lpy|A¢) +(|tg9‘A0)

A¢p = ag +b¢>¢% 2 Ap .o 2 Py 2
05, = (Ipy| =)+ (Ip=|A¢)"+(|51A0)
A = ag + bp0™? Py YI'p tg 0

A
7. = (=1 =7)" + (Ip- g 0]A0)°
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Momentum resolution

How to add momentum resolution effect?

Resolution of momentum, azimuthal

Standard deviations:
and polar angles:

)2

2 Ap .o 2 D.
Ap = ay + byp™ + cpp oh = (el =00 +(Ipul20)*+ (17

Ap = ap +byp™?

2 Ap. o 2 Py 2
= — | A —|Af
VD Ty = (po| =)+ (P2 80)" + (1 25180)

A
7. = (=1 =7)" + (Ip- g 0]A0)°

Smeared momentum:

pgscmea'red 'real +apz

smeared _ Teal where Op., Opy and Op. calulated from
Dy + 9py Gaussian distribution with the above
pimeared _ preal | gy standard deviations and mean 0
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Momentum resolution

4¢¢._ Momentum resolution correction - difference

Tt

e From Therminator 2

PT =/ %erf/

— d
APT — prTaw _ p%meare

3
8
ERRRRNRRRRRERE

=0.08 -0.06 -0.04 0.02 0 002 004 006 008 0.1
Ap, [GeV/c]

o

6 18
p. [GeV/c]

6 18 2
p, [GeV/c]

positive kaon
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Software for calculating correlation functions

o BWlntegrate — software created by Richard Lednicky (using
Lednicky weights)
o TPI — software written by Adam Kisiel (using wave function)

CF m*K* @ 39 GeV

ol
w1 - -
(@] O *i 27
C E 2
C = TPI
L *
08— * * BWI
oY T F TR TN FEVETETIT FETE TS FETTERETEL STRUETETTS NIRRT FRNTETIT
§0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2
k* [GeV/c]
Obtained functions are similar
Pawel Szymanski Momentum resolution 07.12.2020

12/21



Software for calculating correlation functions

o BWlntegrate — software created by Richard Lednicky (using
Lednicky weights)
o TPI — software written by Adam Kisiel (using wave function)

1 ComK' @ 39 GeV
|

CF (k%)

i - TPI
- BWI

0.5

ITRETI FRTERTRRTE FERTRRTAT] IRRTRRTRT] FRRTRRIN] FRRTRTRT] ARTRRTRNTE FRTRTRRER] IRRTRANETE FRRRRTRET
0 002 004 006 008 01 012 014 016 018 0.2
k* [GeV/c]

Obtained functions are similar
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Software for calculating correlation functions

o BWlntegrate — software created by Richard Lednicky (using
Lednicky weights)
o TPI — software written by Adam Kisiel (using wave function)

_ Ci K" @ 39 GeV
g
% - TPI
: ﬂf## - BW

b b b b b b b b b
0 002 004 006 008 01 012 014 016 018 0.2
k* [GeV/c]

Obtained functions are similar
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Software for calculating correlation functions

e BWIntegrate — software created by Richard Lednicky (using
Lednicky weights)
o TPI — software written by Adam Kisiel (using wave function)

Therminator2

CFTCLU} CFSmeCL'I’

Taw raw

interaction from p interaction from p

raw smear

k* from p k* from p

@ Particles know their momenta — weights from true (raw) momenta

@ We measure momentum of the particles — k* from smeared momenta
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7T Kt CF @ 39 GeV
CF n*K* @ 39 GeV

¥ r
e == uny R
(LIS #:': _._-l-"'
¥
-
" raw
08 * * smeared

-0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2
k* [GeV/c]

o
&
oF

Visible effect at low k*
Only TPI
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7t KT CF @ 39 GeV
Ratio CF"/CFeme"

¥ r
L 1 = P, *_‘
° r
~ -
- -
- = TPI
o8] = BWI
0 _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
§0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

k* [GeV/c]

At |k*| < 0.02 visible effect
TPI/BWI comparison
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7T Kt Double Ratio (DR) @ 39 GeV
DR K" @ 39 GeV

p—— e B = ——a—8——=8
P
-

DR (k*)

LI L T
.
H

+

" raw

0.95

* smeared

s

0.9 INTEERET] ANRERRENT] RRRERNERNE ARRRTRERNE FERTERRRNE FERRERRRN] FERRERRRTE FRRNERNENE SRRRTERENE SNRRRERET]

0 0.02 004 006 008 01 012 014 016 018 02
k* [GeV/c]

Visible effect at low k*
Only TPI
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7T Kt Double Ratio (DR) @ 39 GeV
Ratio DR™"/DR®™*%*

g C
o 1_ — - - - -
[m)] L
- ===
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0.95— = BWI
0g_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

k* [GeV/c]

At |k*| < 0.04 visible effect
TPI/BWI comparison
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atK*+ C0 @ 39 GeV

1 Co K* @ 39 GeV

%)
oo ..
E-':.
[ =
. " raw
_l
i * smeared
0.5—
-

0 0.02 004 006 008 01 012 014 016 018 02
k* [GeV/c]

Visible effect at low k*
Only TPI
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atK*+ C0 @ 39 GeV

raw Osmeared

Ratio C° /C
U U

. = TPI

I = BWI
0.5_—

B

0 0.02 004 006 008 01 012 014 016 018 02
k* [GeV/c]

At |k*| < 0.02 visible effect
TPI/BWI comparison
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mtK*+ Cl @ 39 GeV
C, n*K* @ 39 GeV

(k")

1
1

+ " raw

|
ZE" %:M

0 H—+

* smeared

0 0.02 004 006 008 01 012 014 016 018 02
k* [GeV/c]

Visible effect at low k*
Only TPI
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TtK+ O @ 39 GeV

. Ra‘l‘in C.!raw/C.!smeared
:% ! 1 1
5;;
;.+ - TPI
{1 - BWI
of+
75:........I.........I.........I.........I.........I.........I.........I.........I.........I.........

0 0.02 004 006 008 01 012 014 016 018 02
k* [GeV/c]

At |k*| < 0.04 visible effect
TPI/BWI comparison
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Comparison for other energies — CF

Ratio CF"/CFeme

[
L|_ 1 n- = -
O —
C x
B +* TPI
B = 200 GeV
o = 39 GeV
0.8~ 11.5 GeV
0 _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
&2 ~0.15 ~0.1 ~0.05 0 0.05 0.1 0.15 0.2
k* [GeV/c]

similar effect
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Comparison for other energies — DR

Ratio DR™"/DR®™*%*

o
£ F
T e = —=
a C
| ===
L. TPI
[ a = 200 GeV
‘ = 39 GeV
0.95—
- 11.5 GeV
0g_llIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
~0 0.02 004 006 008 01 012 0.4 016 018 02

k* [GeV/c]

similar effect
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Comparison for other energies — CJ

oraw Osmeared

Ratio C, /C
U

o =0

= 1 o

oo | -
|- =
= TPI
= = 200 GeV
- = 39 GeV
B 11.5 GeV

0.5—

-

0 0.02 004 006 008 01 012 014 016 018 02
k* [GeV/c]

similar effect
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Comparison for other energies — Cf

. raw smeared
1 Ratio C, /(‘}
k%

[¢)]
Ll L L L
-

TPI
= 200 GeV
+ = 39 GeV
I - 11.5 GeV
offl
3
1
_5 L IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 0.02 0.04 0.06  0.08 0.1 0.12 0.14  0.16 0.18 0.2

k* [GeV/c]

similar effect
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Summary

Studies of momentum resolution effect using Therminator 2 model

e Visible effect of momentum resolution (MR) on CF

@ MR should be taken into account in femtoscopic analysis
o similar effect for energies 11.5, 39 and 200 GeV
» with the same parameters of MR!

o Wider impact on DR and C} function (asymmetry)
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Summary

Studies of momentum resolution effect using Therminator 2 model

e Visible effect of momentum resolution (MR) on CF

@ MR should be taken into account in femtoscopic analysis
o similar effect for energies 11.5, 39 and 200 GeV
» with the same parameters of MR!

o Wider impact on DR and C} function (asymmetry)

Thank you for your attention!
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