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Femtoscopy & Motivation
Analysis detalls

Influence of single- and two-track resolution

on Correlation Functions (CFs)

Momentum resolution studies

» Two-tracks effects studies
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Motivation: Phase diagram QCD

o 1fm/c 5 fm/c 10 fm/c 10-15 fm/c
@ Crossover phase transition e g

(XPT) to QGP occurs at RHIC & ” _
LHC energies Bk 5009
o L ,‘ = e

@ The 1st_order phase tranSition (1PT) pre-equilibrium QGP hadronization freeze-out
to QGP occurs at lower energies (?)

T > |
Crossover PT % 200
Too | N First-order PT %
=
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It is important to extract
space-time information ->

femtoscopy
S
» BES RHIC (Vs,,=3-39 GeV) o gyl B
@ NA6L@SPS (E,,=10-158 AGeV): o

@ projects: CBM@FAIR (GSI), MPD and BM@N @ NICA (JINR)
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Parametrizations used:
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1D CF: C<qinv>:]‘+}\e_R "

R — Gaussian radius in PREF,
A — correlation strength parameter

— - Riutqiut _Rgide qgide _Rlzon qlzon on
3D CF: C(qout’qside’qlong)_l-l-)\‘e o

Femtoscopy

Correlation femtoscopy :
Measurement of space-time characteristics R, ct of particle

production using particle correlations due to the effects of quantum
statistics ( QS ) and final state interactions ( FSI )

Two-particle correlation function:

. N,(py,p,)
theory: Clg)=—"L2 _ C(w)=1
(@) N1<p1)-N2(p1) ( )
S
experiment: C(Q>:—B<Z)>,CIZP1—P2

S(q) — distribution of pair momentum difference from same event
B(q) — reference distribution built by mixing different events

Y. ‘-i-e-----* kr 3D analysis:

™/ Gow R . sensitive to geometrical

side

transverse size.
Rl . sensitive to time of freeze-

out szlp'l',1+p'ljziF'II2

out.
R /R  sensitive to emission
out side

R and q are in Longitudinally Co-Moving Frame (LCMS)
long || beam; out || transverse pair velocity v, ; side normal to out,long

duration.
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Pion radii with the vHLLE and UrQMD models
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@ It is important to study
femtoscopic radii
dependence in the broad
k. (m_) range

@ Radii decrease with
m, - radial flow

@ Increase size with increasing
centrality — simple geometric
picture of collisions

@ Cross over EoS describes
R (m.) better than the

1%-order phase transition

s R

out,long

(1PT) >R (XPT)

out,long
@ Radii obtained from UrQMD

are close to those from
VHLLE with the 1PT

@ The similar trends are observed
for Aut+Au Vs, = 11.5 GeV
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Analysis of reconstructed data
in MPD



Details of pion analysis

2MC

@ Dataset (UrQMD - Geant4 . reconstruction) : i —— g [
Bi+Bi Vs, = 9 GeV: S i ok
leos/nica/mpd/sim/data/MiniDst/dst-BiBi-09 i -
GeV-mp07-20-pwg3-250ev/BiBi/ “ o
09.0GeV-0-14fm/UrQMD/ of o

oo s e L

@ Track Cuts: oo . 1N8
0.15 < pT < 1.5 GeVic Plons: 22.0 - 10
In]<1.0 L
NhitS(TPC) > 15 ‘é = 3? ’:?;%EE 1200
DCA < 5 Cm 2;: 100

® PID
TPC+TOF, -

- TOF starts at p > 0.5 GeV/c R
- Pion nSigma for TPC+TOF o

identification : ( -2., 2.) : P !
-0.05<M*<0.08 (GeV/c?) L LRl

1.6 18
P, (GeVic)
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Influence of track reconstruction on CF

Track reconstruction influences

the shape of CF

*Single-track effects:

* The momentum resolution effect smears
CF, making it wider an extracted radii

smaller

* CFs should be corrected for single-track

momentum resolution

e Particle misidentification:

* Influences only A parameter of CF, radii

do not change

* CF should be corrected by pair purity.
Pair purity is obtained from particle purity

 Two-track effects:

* Track splitting (one track is reconstructed

as two)

* Track merging (two tracks are

reconstructed as one)

* These effects are studied and the
specific pair cuts that will be applied in

the femtoscopic analysis

CF

L/

ideal QS

due to resolution

due to misidentification

splitting

ideal QS

/

merging
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Single-track effects in femtoscopy

— Single-track momentum resolution smears two-patrticle
correlation function



Single-track momentum resolution
in MPD
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Influence of momentum resolution on 3D CFs in LCMS

3D Gauss in LCMS Rosl =5 fm ; pdgl1=211 & pdg2=211
k. (0.15-0.95) GeVic & 4 k_bins

CF = (Dmixed, weight=QS)/ Dmixed
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Riong (fM)
°
°
.
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CFs become wider with increasing k_
Resolution effect on Rout is strong at large k_

|
0

|
0.05

Calculations were performed for each (Ro,Rs,RIl) combination.When projecting on

one axis the other two components were required to be within (-0.04,0.04) GeV/c.
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Influence of momentum resolution on 1D/3D CFs

1D Gauss in PRF Rinv =5 fm
k. (0.15-0.95) GeVic & 4 k_bins . MPD
& 0355 e Rou
y 03:* . Rside
CF = (Dmixed, weight=QS)/ Dmixed :.'—_',E e
5 o2 ¢
o5l | %%/ ndf 8.884 /57 2/ ndf 7.603 /56 T 0.15E
R 4.976 +0.026 R 4.952 +0.026 o - ®
A 0.9915 £ 0.0128 A 0.9776 + 0.0127 2 oip
oL LN 0.9994 + 0.0002 N 0.9995 + 0.0002 o, 052_. °
1.5 T C Ll il
5 ~ 03 04 05 06 07 08
1 k; (GeV/c)
0.5—
— KT (0.15-0.35) ALICE TDR
Dl]_I — II].E-SI — IDl.1I — It].|15I — ID.|2I — Il].|25I — ID.3
q.. K; range Resolution (r.m.s.) (MeV/c)
. : . (MeV/c) gi q q: q
¢ Resolution effects for Rinv, Rside, Rlong are small —
¢ Resolution effect for Rout increases linearly with k 100 < p < 300°/0951 2701 0.34 ) -0.95
_ o T 300 < pr< 600 | 099 | 3.62 | 040 | 1.12
¢ Itis understandable because “out” component depends b > 600 117 1633 1 062 | 142
linearly on p.
¢ Similar effect is observed in ALICE data @
(effect in MPD ~1.5 times worse than in ALICE)
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Momentum resolution correction for 3D CFs in LCMS

3D Gauss in LCMS Rosl =5 fm ; CF = (Dmixed, weight=QS) / Dmixed

Correction factor (q_ ) = CF(q__simulated) /| CF(q__reconstructed)

Example k_(0.75-0.95) GeV/c E f * nocomection p  _ g5 fm
6 6 16 i ¢ = corrected
k. (0.75-0.95) GeV/c 52?1 g - n
1.5t * 1.5F 1.5¢ 45E ®
[ i af L
1.4t ' 1.4} 1.4f a5t
ﬁ L ++ EE— 54 05 05 57 08
1.3} 1.3} i 4 1.3f : " 7 (GeVic)
1.2 ' ¢= 1.2 t : 1.2f : ' E o
_ ? } i '
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* P : ' ‘tw E . *
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~0.3-02-0.1 0 0.1 0.2 0.3 4)34)2 01 0 01 02 03 433—02 01 0 01 02 03 O Y Gevi)
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1 1.1 45_

11 E
[ 3sE
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i 0.9]

Resolution effect on Rout is strong at
large KT, but it is possible to correct

TR e e Rl o g sl '
o (Gevi) skl dese B CFs by momentum resolution

L] 0.9
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Two-track effects in femtoscopy

— Track merging (two tracks are reconstructed as one)
— Track splitting (one track is reconstructed as two)



Two-track effects study 3D CF in LCMS: No TTC

Gauss in LCMS : Rosl =5 fm

TTC -

k; (0.15-0.95) GeV/c & 4 k. bins — CF = (Nsame, weight=QS)/ Dmixed
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two-track cuts

Projections of the three-dimensional mrmt—correlation functions. When projecting on one axis the other

two components were required to be within (-0.04,0.04) GeV/c.

Strong “merging-like” effect increases with k_
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No TTC: average separation CF & CF(q. )

inv

CF = Nsamel/ Dmixed

E ginviMod_num_wei_0 0.15< k; (GeVic) <0.35
14? 14— g:._ ++++—H—O——H—.—.—.—.—.—.—F
1;— "'“““"“““..“" S— 1;7 . Sob4060400400000000000 04000404 E:
o~ " . 08— g‘ ; BT d.séslkT'(de\:‘mJlsh.s's' S
F " & no pair cut S B
DE?"‘ v  pair cut MC: p1!=p2 g ;: -
2 e
02 oat® E B e S
r C FE
Go‘”z“"«‘t"‘r‘a"‘é”\‘u"‘1|2"‘1Lt"‘1|e”'1‘3'”2|0 G‘].‘l‘.‘l‘.‘l‘.‘l‘Hm.‘l‘.‘l‘.‘l‘.‘l‘.‘ =
average separtion (cm) °o2 88 ‘Average separation (¢h) *° =
. . i — 'qihur:nold_hu'm_'wrlgi_'z0'.5'5slkT'(G'e\'uclj P2 —
i ¢ Combination of two effects: track 3
"t KT (0.75-0.95) splitting at small av. separation bins =
Mﬁ” and track merging =2 i S
; ettt Tt © Detailed study of split tracks has =~
R + no paircut shown: 1) doublets of tracks with =
T . v pair cut: MCp1!=p2 same id, same pMC and prec 2) § B e R R T
. one MC track is reconstructed as o
Fe two (usual splitting) = L
TRt T erage separationemy @ I DOth reasons are excluded by = . e et et e e
artificial cut MC: pl!=p2 splitting =
disappears (red triangles). =

qqqqqqqq

¢ Looks like the same average separation cut (>6 cm) can be applied for all k. intervals
¢ The deep in CF due to the track-merging effect increases with k.
¢ Influence of the track-merging effect is extremely strong (especially at k_>0.55 GeVIc)
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CF(qg, ) with two-track spatial average separation cut

Average separation > 6 cm
Gauss in PRF Rinv =5 fm

ginvMod _num_wei 0 0.15< k; (GeVic) <0.35

T
t
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t
t

BRI S
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L L
qinvMod_num_wei_1 0.352 k- (GeVic) 20.55

++
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I I I I I I
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qinvMod_num_wei_3 0.75< k, {GeV/c) <0.95

(8] X}
llllllll

CF = (Nsame, weight=QS)/ Dmixed

gineMod_num_wei 0 0,152 k, {GeVic) 20,35
%2/ ndf 571.7 1 47
4.895 + 0.007
0.8182 + 0.0025
0.9912 & 0.0000

ginvMod_num_wei i 1035 k., {GaVic] }so 55
%2 I ndf 78.99/ 46
R 4.834 +0.018
N 0.851+ 0.009
p2 0.9919 + 0.0001

KT (0.35-0.55)

i Mod num wel2|]555k.-[j W}SD?S

%2/ ndf 84.7/45
R 5.138 £ 0.096
N 0.906 + 0.068
p2 0.9964 £ 0.0001

KT (0.55-0.75)

qln\rMnd num WQI 3 0. ?Eﬁk (GQWc] = 95

%2 [ ndf 53.8/43
R 5.399 £ 0.383
N 1.305 £ 0.539

p2 0.9988 + 0.0004

kT (0.75-0.95)

¢ Average separation
cut significantly removes

pairs at small q,_

especially at k> 0.55 GeV/c
¢ Complicates the 1D analysis
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3D CF in LCMS: two-track average separation cut

Average separtion > 6 cm
Gauss iIn LCMS : Rosl =5 fm

KT (0.15-0.95) GeV/c & 4 kT bins — CF = (Nsame, weight=QS)/ Dmixed
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ALICE AnAw* min - distributions

Diploma Thesis, “Azimuthally Sensitive Hanbury Brown—TwissInterferometry measured with the ALICE

Experiment”, J.L. Gramling CERN-THESIS-2012-08813/12/20
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: - 0.1 . S—
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|

erage

Mﬂ- i _ﬁ|, |

J —

average - 5%

Fig. 7. Two-dimensional ratio in An and A¢} ., 7po, With the minimum in A¢* deter-
mined inside the TPC, TPC-only tracks.

N
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No TTC : AnAy* distributions (TPC+TOF p>o0.5Gevic) )

An-A@+ with MPD reconstructed tracks

.e-B. R .e-B.-R
A¢* = ¢ — ¢9 + arcsin (Z s ) — arcsin (Z c )
2pT 2pT2

R is a given cylindrical radius
¢ _ are azimuthal angles of track at reconstructed vertex
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No TTC : AnAw* distributions (TPC+pdg)

An-A@+ with MPD reconstructed tracks

A¢* = Pp1 — ¢o + arcsin (
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Conclusions

¢ Single-track momentum resolution:
¢ Influence on the femtoscopic correlation function depends on pair transverse
momentum
¢ Strong influence on outward component, Rout (sensitive to the extraction of
the particle emission duration)
¢ Effectis strong but can be corrected for
¢ One track is reconstructed as two (track splitting):
¢ Observed at small relative momentum
¢ Large effect but can be taken into account using developed two-track selection
criteria
¢ Two tracks reconstructed as one (track merging):
¢ Strong effect
¢ Two independent methods (two-track spatial and angular separations) show
same results

¢ Depends on k. of the pair
¢ Makes impossible to study femtoscopic correlation for pions at k > 0.55 GeV/c

¢ Odd reconstruction of the primary vertex position in X and y directions
¢ Communication with tracking group is necessary
¢ Tracking improvement is needed
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Comparison of AuAu and BiBI (UrQMD)
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Two-track spatial average separation

/e
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L.Malinina, our meeting Dec 24 2020
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Comparison of AuAu and BiBI (UrQMD)
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R; (fm)

Pion and kaon radii with UrQMD model
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e Au+Au, Vs =7.7 GeV

@ kaon radii demonstrate
almost flat behavior
similarly to vHLEE with the
1PT EoS - weak flow

° Rlong kaon radii are larger

than pion ones similarly to
experiment (LHC & RHIC)

@ The similar trend is
observed for AuAu 11.5 GeV
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Pion and kaon radii with vHLLE model

R; (Im)
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o AutAu, Vs =7.7 GeV
» Approximate m_scaling forR_

@ Similarly to pions : kaon radii decrease
with m_ — radial flow ;

s for 1PT EoS almost flat dependence
R . (m)is observed - weaker flow

»R

out,long

(1PT) > R, (XPT)

out,lon

o Rlong kaon radii for XPT > Rlong pion
similarly to experiment (LHC & RHIC)

@ Very different predictions of vHLLE
model for different EoOS - importance to
study heavier than pions particles -
kaons

@ The similar trend is observed for AuAu
11.5 GeV
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Vertex {X,Y,Z} - distributions
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¢ The same effect is seen for y-coordinate of primary vertex.

L.Malinina, our meeting Mar 2021
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Ratio of R (1PT)IR (XPT) vs. Vs,
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Emission delay in ALICE data

—~ 120
° ALICE 0-5% Pb-Pb s, = 2.76 TeV
ALICE kaon data in hydro-based 2 100 [ x: T=0.144 GeV, Eq.(9) £
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Tests with reconstructed data : two-tracks effects

In MPD FEMTO package are implemented different methods for study the two tracks effects
which are widely used by STAR and ALICE collaborations.
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