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Present activities of SINP MSU group

within the agreement between JINR and SINP MSU : 01.06.16-30.04.17

- Femtoscopy study for NICA .
- MC study of femto observables
- Development of MPD Femto software
- PID & tracking studies

(Malinina Ludmila, Konstantin Mikhailov, Gulnara Eyyubova)
together with JINR group of Oleg Rogachevsky - Pavel Batyuk

-Development of tracking algorithm for ITS MPD
(Stanislav Shushkevich)
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Correlation femtoscopy allows one to measure the space-time characteristics of particle produc-
tion in relativistic heavy-ion collisions due to the effects of quantum statistics (QS) and final state
interactions (FSI). The main features of the femtoscopy measurements at top RHIC and LHC en-
ergies are considered as a manifestation of strong collective flow and are well interpreted within
hydrodynamic models employing equation of state (EoS) with a crossover type transition between
Quark-Gluon Plasma (QGP) and hadron gas phases. The femtoscopy at lower energies was in-
tensively studied at AGS and SPS accelerators and is being studied now in the Beam Energy Scan
program (BES) at the BNL Relativistic Heavy Ion Collider in the context of exploration of the QCD
phase diagram. In this article we present femtoscopic observables calculated for Au-Au collisions at
VSN = 7.7 —62.4 GeV in a viscous hydro 4 cascade model vHLLE+UrQMD and their dependence on
the EoS of thermalized matter.

PACS numbers: 25.75.-q, 25.75.Gz
Keywords: relativistic heavy-ion collisions, hydrodynamics, collective phenomena, Monte Carlo simulations,
vHLLE, UrQMD
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Introduction

Correlation femtoscopy : measurement of space-time
characteristics R, cT ~fm of particle production using particle
correlations due to the effects of quantum statistics ( QS ) and
final state interactions ( FSI)

¢ Two particle Correlation Function (CF):
N2<p1,P2) ,C(oo):l
N1(p1)'N2(P1)

. S
Experiment. C (q)=% »q=P1— D>

g 2:‘ q
—— — 1_%L S(g) — pairs from same event

B(q) — pairs from different event

Theory: C(q)=

R ¢ Parametrization:

1D: C(g,,)=1+hexp(—R’q;,) R Gaussian radius in Pair Rest Frame (PRF), A
correlation strength parameter

W

2 2 2 2

3D: C (qouw qside ’ QIong): 1 +)\' EXp (_ Rout qout o Rside qside o Rlzong ql20ng)

where both R and g are in Longitudinally Co-Moving Frame (LCMS)
long || beam; out || transverse pair velocity v_; side normal to out,long
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Expected features of 1% order PT

¢ |t was predicted that for 1* order phase
transiton R /R_ _>1 & large Rlong due to emission

STAR, Phys.Rev. C92 (2015) 1, 014904

45| “ES95 <ESes . CERES = STAR 1.5
stalling during phase transition « NA49 ©WA9E I NA44 = ALICE
(S. Pratt, Phys. Rev. D 33 (1986) 1314.G. Bertsch, M. Gong, M. Tohyama, <= 1l 14
Phys. Rev. C 37 (1988) 1896) .
D. H. Rischke and M. Gyulassy, Nucl. Phys. A608, 479 (1996) S
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Expected features of 1% order PT

¢ Critical point ?
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¢ VHLLE+UrQMD model was used for tis study e®o.s

STAR, Phys.Rev. C92 (2015) 1, 014904
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VHLLE+UrQMD model

> | hadronic cascade

Pre-thermal phase =—> | hydrodynamic phase

(3+1)-D viscous hydrodynamics

lu. Karpenko, P. Huovinen, H.Petersen, M. Bleicher, Phys.Rev. C 91, 064901 (2015), arXiv:1502.01978,1509.3751 , talk QM2015
VHLLE code: free and open source, https://github.com/yukarpenko/vhlle, Comput. Phys. Commun. 185 (2014), 3016

Model tuned by matching with the experimental data of SPS and BES RHIC.

Chiral EoS — crossover PT (XPT) HadronGas + Bag Model — 1* order PT (1PT)
J. Steinheimer, et al, J. Phys. G 38, 035001 (2011) P.F. Kolb, et al, Phys.Rev. C 62, 054909 (2000)
Pion emission times at the particlization surface and at the last interaction points
" (a E(b) __EnQ-
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https://github.com/yukarpenko/vhlle

VHLLE+UrQMD model

Mean CMS times of pion emission at

particlization and last interaction

VENN EoS particlization surface last interactions
[(Gel] t [fm/c] | RMS [fm/c] |£ [fm/c] |RMS [fm/c]
- 1PT T.24 2.84 13.15 6.56
XPT| 6.16 2.01 11.61 6.26
11.5 1PT 7.33 2.31 13.09 6.92
XPT| 6.36 1.91 11.57 6.41
19.6 1PT 6.88 2.16 13.18 7.56
XPT| 6.41 2.15 11.93 6.93
o7 1PT 6.85 2.37 13.38 B.07
XPT| 6.40 2.39 12.62 T.57
39 1PT T.17 2.75 13.98 8.30
XPT| 6.64 2.58 13.05 T.85
62.4 1PT 7.00 2.82 14.11 8.50
XPT| 6.60 2.63 12.72 7.81

CMS times of pion emission at last interaction

505
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oz | 40F i
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Emission times for 1% order phase transition
are larger than for crossover.

¢ Weak dependence of the average pion
creation time on the collision energy.

Maximal difference : ~1.5 fm. Interplay of
longer pre- thermal and shorter
hydrodynamic stage at lower collision
energies

¢ On the other hand, the duration of hydro
stage gets shorter as collision energy
decreases because of lower initial energy
density at the hydro starting time.

¢The cascade smears the relative difference
between the 1PT and XPT scenarios

We are studying the possibilities to extract
this difference experimentally at NICA/MPD
using femtoscopy technique.

L.V. Malinina
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Correlation functions with vHLLE+UrQMD

- The difference between pion CF for 1 order PT and crossover < 5%

- For kaons it is expected to be larger ~ 10%
- It is necessary to study different particle types. Importance of PID
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3D Pion radii versus m_ with VHLLE+UrQMD model
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Green triangles - 1PT EoS, Red triangles - XPT EoS, Open black squares STAR data BES

¢ R _(XPT) at high energies and R_ (1PT) at all energies are slightly overestimated -> an

Indication of the need to reduce the emission time in the model
¢ R(1PT) > R(XPT) by ~ 1 fm for “out” and “long” radii
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R _IR_ _ with VHLLE + UrQMD model

e

¢ R, /R, andR -R_ asaifunction of ¢ R _/R_ (XPT) agrees with almost all STAR
S, Were studied at fixed m_by the STAR data points within rather large systematic
Collaboration. A wide maximum near errors, while R /R__ (1PT) overshoots the
s ~ 20 GeV/c in both excitation
NN data.
functions was observed.
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There is an indication in our study that optimal description of the femtoscopic radii

requires about 1 fm shorter duration of pion emission with the present setup of the model, at all
collision energies. It is an open question whether a new set of parameters can be found

which accommodates the the femtoscopic radii.
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Ratio R 1PT/R__ XPT versus sqrt(s_ )
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Source functions

The new Source Function technique was used. S(R__) [fm]

SF for 1% order is wider than the one for crossover.

Main advantage of this technique is the possibility to
use the Source Functions itself without any hypothesis
about its shape.

2

C(k*,P) /dB *Sﬂ' I‘ P ‘wSaa )

Different functions were tested to describe the
shape of SF projections: single Gaussian

out side ) )
S(r*) ~ exp Gaussian +Lorencian

. ( *2 *2 Y Gaussian + Gaussian:
AR, 4R*%, 4R !
o oa Gaussian +Exp

X2 y2 72 " <2 y2 72

Ar2 —11 41‘% ) - 412 + 412 + 4r§l)]a
fb = 1/[1 + (7./,.,.(_))2]1 fi=1-1f, - ,

SH(ry, 1y, 1) = Xexp[—fs _
Hump-function

¢ The best description was obtained with Gaussian+Gaussian and Hump-function.
¢ Gaussian+Gaussian - simple interpretation (core-resonances) & more stable fitting procedure



Source Function with vHLLE + UrQMD model

10* :_(ﬂ) WV Eos: 1PT 10%E (b) 104 (c)

== Dpuble Gaussian fit

== Single Gaussian fit

S 2 -
107F A Eos: xpPT
| == Double Gaussian fit *

-

I Single Gaussian fit

out

0 102030405060 0 5 10152025 0' 510152025
r* [fm]

¢ Two-Gaussian fit describes reasonably SF till ~60 fm «out» and ~25 fm «side» and «long»
directions.

¢ One-Gaussian fit gives large x*/ NdF, but the values of radii are equal to the ones of two
Gaussian radii averaged according with relative contributions of small and large radii; That is why
it reflects reasonably the main features of 2-Gaussian fit at small r*.
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Pion Source Function with vHLLE + UrQMD

W
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¢“out": R (IPT)>R___(XPT); for the calculations with the first order phase transition and

for the one with crossover phase transition decreases with increasing \/sNN ,

The relative contributions of small and large radii
Al ~ 0.65 and A2 ~ 0.35 do not depend on \/sNN and on the type of EoS.

¢ Theradii R___  and corresponding A1,2 do not depend on \/sNN :

¢“long”: radii almost coincide for both types of EoS, The relative contribution of the large radii, A2
__increases with Vs, ., while A1 decreases. A2 (1PT) > A2 (XPT)
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Conclusions

¢ Possibility to distinguish between hybrid model source functions with 1* order phase transition
and crossover was studied using VHLLE+UrQMD model

¢ Hydro phase lasts longer with 1% order PT.
¢ Hadronic cascade diminishes the difference between 1PT and XPT source functions,
though there is still a possibility to distinguish them using the femtoscopy technique.
¢ VHLLE+UrQMD model with XPT describes RHIC femtoscopy radii at sqri(s ) = 7.7-62.4 GeV

¢ There is an indication that optimal description of the femtoscopic radii requires about 1 fm

shorter pion emission time with the present setup of the model, at all collision energies. - new
tune of vHLLE+UrQMD model is needed.

It'll be very interesting to try to use 3 phase hydro model (THESEUS) at low energies
R (IPT)>R_(XPT) & Rlong(lPT) > Rlong(XPT)

| &

¢ Source functions technique allows to get an additional information about differences between
1PT / XPT, Best parametrizations of SF : Gauss+Gauss and Hump

¢ The standard one-Gaussian parametrization of the 3D CF reflects correctly the behaviour of the
SF at small r* and is sufficiently sensitive to EoS.

¢ |t is very promising to make 3D CF analysis using heavier particles: K,p becuuse of more
Gaussian shape of SF and less influence of resonances
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MPD detector has the same advantages as ALICE to study femtoscopy:

¢ |t can be promising to make 3D CF analysis using heavier particles: K,p because of
more Gaussian shape of SF and less influence of resonances

¢ Different particle pairs: 1K, K+K-, p, m A, AA .. can be studied -- different influence of
cascade phase, emission assymetries..

¢ Az-sensitive femtoscopy is particularly sensitive to the evolution time (in addition to Rlong)
and to the expansion velocity.

ALICE MPD

* Low momenum cut-off (p.>100 MeV/c)

« Small material budget
» Excellent particle identification (PID) by: specific energy loss (dE/dx) & TOF

< << <

» Good primary and secondary vertex resolution

Package for femtoscopy
study: FEMTOMPD
Is under developement

PID study is very
Important
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Particle Identification by TPC energy loss
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It was found that the intersection of e and K curves for
ALICE & STAR and Bethe-Bloch calculations

are at about 0.45 GeV/c but in MPD VHLLE+UrQMD
simulations at ~0.6 GeV/c

The LOSS parameter in GEANT-3.21 simulations
Should be choosen LOSS=2

The new simulation is started with vVHLLE+UrQMD
model with LOSS=2 (Daniel Wielanek)
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It was found out (A. Zinchenko):
GEANT parameter LOSS
essentially affects the electron
dE/dx.



Bethe Bloch Parameterization

Bethe Bloch Function (BBF): mean energy loss per unit path length
Z |1 Qmecgﬁgf}lngM
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were found and stored in the MPD ROOT
class: MpdTPCPid.

Energy loss pion fitted by Aleph parametrization Proton energy loss fitted by Aleph parametrization

Kaon energy loss fitted by Aleph parametrization
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TOF 1/beta parametrisation

1/g=\1+/m/p +P1

1/[34; protons — Fit function with sigmas I
§ J *Primaries only (cut via MC )
g = *N clusters>20;
3E - °In|<1, pt>0.1 GeV/c
- =F *TOF-TPC matching
2— 3
55 _ Underlayer exist still in 1/B TOF distribution.
1.5
E_ ; - The parametres of TOF 1/beta
- 0 parameterization for pi, K, p, e
T R PN FINE TRy T 26 were found and stored in the MPD ROOT
P, Laevie class: MpdTOFPid
1/B3— K I— 1B[ =
C — Fitfunction and sigmas | . Z%F
25— I |
- L Eld
2} . 1.6/ i
B b ol o
- N 1.4 7
1.5:— E 1.23_ _E 10
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i 0.8
05 0.6] - 1
p,1§eV/c
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Bayesian method:

Probability for the particle to be of a type r:
1 exp ( . ((iE-If'f]:{}mﬂaE_ — IIdE-I;"'r]_‘.{;'I]yg:_L_i}?)

2
Elj-d ]_'. y

P(i) =

2TOAE jdx

VP For now: C(i) =1.
w(i) = C)PE) , C(i) = a'priori probabilities. 0
>y Pk)w(k)

n-sigma method:

True/false decision for the particle to be of a type I

(dE/dX)  —(dE/dX) | <n*o - w(i) =1

dE/dx,i

(dE/dX)  —(dE/dx)_ | >n* O - w(i) =0

dE/dx,i

* the n-sigma method because it is more robust and easy to control.

The same for TOF detector: dE/dx (in TPC) - 1/B (in TOF)

MpdParticleldentification::SetNSigmaDedx(n) method is added to the class
MpdParticleldentification::SetNSigmaBeta(n) method is added to the class



Purity / contamination, TPC
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PID method comparison for TPC
Kaons afficiency purity kaons =0
R aE=s=-N | P
G'B__ -+ —|—_I_I__|_ ﬂ.E:— _I- +
B -+ +_|_ N
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04— Y 04— -
o —+ -~ 0 nh-sigma: n=2, p<0.5GeVic —_]
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"J_ ﬂl? ﬂ-l‘i I- -I I ﬂ-IE 'DIE' p GIE'VI;G {l{l ) ) I {I.|2 ) ) ) {l.lli ) I I {I.IE- ) ) ) IEI.IB- I b' GI-E".FI)'C.
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{I.?E— + {|2:—
- B - S— - E— F‘I- Gi!Wc q e FI‘- GLWG

n-sigma method allows to get more pure sample of particle, but the yield of
identified particles can decrease.
The user can play with SetNSigmaDedx(n)(p) to increase efficiency/purity.
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Purity /| contamination, TOF

purity pions
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Purity /| contamination, TPC +TOF

i — i % Di i % pi
Combined prob . P_comb - P_tof I:)tpc_ / z I:)tof I:)tpc
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p,Gevic - Ina given p range comb. purity is better than a single
one.
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Summary &

¢ It was found that in previous simulations with vHLLE+UrQMD model were
Incorrect energy loss dE/dx in TPC for electrons. The new simulations started with
LOSS=2 in GEANTS3.

¢ |t was found that dE/dx doesn't correspond to Bethe-Bloch at low momenta —
track momenta have to be corrected for energy loss.

¢ The parameters of dE/dx in TPC BB Aleph parameterization for pi, K, p, e were
found and stored in the MPD ROQT class.

¢ The parameters of TOF 1/beta parameterization for pi, K, p, e were found and
stored in the MPD ROOT class.

¢ The alternative method of PID : n-sigma method was implemented in MPD ROOT

¢ Purity and contaminations were estimated for Bayesian method for TPC, TOF,
TPC+TOF
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Status of developement of tracking
algorithm for I'TS MPD

Stanislav Shushkevich (SINP MSU)
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[TpuHUMN anropmtMma Xoxa (Hough transform)

aes: nepexon OT reoOMeTPMYEeCcKOro NPocTpaHcTa, B KOTOPOM MLLYTCS TPeKu, K
NPOCTPAHCTBY NapameTPOB 3TUX TPEKOB.

TpeKy = ax + b ¢ wymom NPOCTPAHCTBO X0Xa C KoopAamHaTamu a, b

Ona Kaxxaon napbl Todek B G BbIYMCIUM KO3(OPULUNEHTLI NPAMON, Yepe3 HUX NPOXoAsLLUeHn,
N OTMETMM TOYKY C TakKMMu KoopAanHatamum B H. Touku, nexauime Ha O4HON NPsAMOi,

o6pasytoT B H knactep pasmepa O(n?) (3aecb 4*3/2 = 6 Touek). Mwem 3atem knactepa B H,
KOTOPble COOTBETCTBYIOT BO3MOXHbIM TPeKaM.
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[IpuMeHeHne anropuTtma Xoxa

30 CM

20 ELERSIES TRt idien) ac 3o

10 -

*»]

=10

CM

[MpyMeHeHne KOHOPMHOIo Npeobpas3oBaHmMs K X-y KoopAauHaTam XUTOB NepeBoanT
nepBUYHbIE TPEKM (OKPY>XXHOCTM C LIEHTPOM B Hauyasie KoopAuHaT) B NpsiMble.

PasbueHne Ha cermeHTbl N0 © pasgenseT BCe X1Tbl COObITUA Ha Cnauchl, B
KaXKAO0M M3 KOTOPbIX airopuTM Xoxa MOXEeT ObITb NPUMEHEH He3aBUCUMO.
Cenyac ncnosnb3osaHo 2*180*5 nepekpbiBarOLLNXCA CNancos.
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SPPEKTUBHOCTL
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[lons TpekoB nonagaroLllmx B aKkCenTaHC YyCTaHOBKK

N NPUTOAHbIX ANA PEKOHCTPYKUM N B ITS
(C pa3mbITOM TOUKOM NEPBUYHOIO B3aMMOAENCTBUSA)

Tpek cumtaetcs NpurogHbIM K PEKOHCTPYKL MK, ecnin OH ocTtaBu XuTbl B O 1 1 crioax n numeet
XUTbl 60/1€€, YEM B TPEX CII0AX
Zwidth =5 cm Zwidth = 25 cm Zwidth =50 cm

Eniri EEE Eniries cogR Eniries 098
e 350 180

1600F
1400
1200
1000

800

160
140f
120f
100F

8oF
s0F
40f
20K

300

gen 2502—

200

gen

150
600 F

100
400 F

200F 50

E 1a L PR L L L e , 1 . = 1 1 1 1 1 1 1 1 1
Qob 80 60 40 20 0 20 40 80 80 0o 00630 80 40 “20 0 2040 80 B0 0o 100780 60 40 20 0 20 40 60 80 100
Z g Ly Vi
eff z_vtx_rec/z_wtx eff z_vtx_rec/z_wix eff z_vix_rec/z_wix
Entrics BT 20 — Entries B0g2 Entries SETS

1 0.9F 0.9F-
r 0.8 0.8F
0.8~ acc 0.75 acc 0.7k
r 0.6 0 0.6
0.6~ 90% 0.5E 80% 055
04l 0.4F 0.4F
C 0.3 0.3
02 0.2 02F
C 0.1 0.1E

B E 1 1 1 I 1 1 1 Ee .1 PP BT PR PP PR PP .

800780 60 40 20 0 2040 60 B0 100 90080 -0 40 20 0 20 40 60 80 100 Q0080 —60 40 200 2030 B0 80 100

Zvtx [&m] Zvtx Tem] Zvtx [¢ém]
Ansa BeplwmnH Bganm ot kpaés (|Zvtx| < 40 cm) 90% TpekoB nonagaroT B AEeTEKTOp U
OCTaBNAT NoAxoAsulee KOIMYeCTBO XUTOB; pacnpegesnieHne 4oy nonaslnx TPeKos
NPUMEPHO NJ1I0CKOEe NO Z-KooOpAUHAaTe BEPLUUHDI.

Mpu wupunHe naTHa B 25 cm 80% BcexX TPEKOB MOryT ObiTb PEKOHCTPYUpPOBaHbI. Npn
wupuHe nAaTHa B 50 cm 310 gonda nagaet Ao 60%. 4
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3ak/irouyeHune 1 naaHbl

¢ HanucaH OT,D,eﬂbeIVI aJITOPUTM PEKOHCTPYKUNN NCKTHOYNTESIbHO MO XUTaM B
KPEMHNEBOM AETEKTOPE.

¢ ANTOPUTM MOXET ObITb UCMNOMb30BaH A5 HE3ABNCUMOT0O N3MEPEHUS
3pPEKTUBHOCTN APYTMX asITOPUTMOB PEKOHCTPYKLUUM (Hanpumep, nomcka TPekoBs
B TPC)

¢ Tpebyetcs:

¢ BcTpouTb koA B 06Lwunm dppenmsopk MPD.

© HGDEMTM OT reHepnpoBaHHbIX XNTOB K PEKOHCTPYNPOBAHHbLIM.

¢ MonyunTb nHpopmauunio n3 TPC (Hanpumep, A1 oTépachbiBaHUS TOXKHbIX
TPEKOB; TakXke A5 "UepHOBOro" onpeaeneHns NepBUYHON BEPLLMHBDI).

¢ ONTMMM3MPOBATbL aJITOPUTM C YYETOM BCeli MMetoLeincs nHdbopmMaLmu.

¢ PaclUMpUTb HACKO/IbKO BO3MOXHO (Da30BOE MPOCTPAHCTBO TEKYLLETO
aIropuTMa PeKOHCTPYKLIMM TPEKOB.
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VHLLE+UrQMD model

hadronic cascade

hydrodynamic phase

VHLLE
(3+1)-D viscous hydrodynamics

Pre-thermal phase

lu. Karpenko, P. Huovinen, H.Petersen, M. Bleicher, Phys.Rev. C 91, 064901 (2015), arXiv:1502.01978,1509.3751 , talk QM2015
VHLLE code: free and open source, https://github.com/yukarpenko/vhlle, Comput. Phys. Commun. 185 (2014), 3016

Model tuned by matching with the experimental data of SPS and BES RHIC.

Chiral EoS

J. Steinheimer, et al, J. Phys. G 38, 035001 (2011)

-crossover phase transition

VHLLE

HadronGas + Bag Model — 1% order PT
P.F. Kolb, et al, Phys.Rev. C 62, 054909 (2000)

VHLLE+UrQMD

— 70000~ — 60000~
- ISny = 196 GeV, crossover u sy = 19.6 GeV, crossover
60000— T ] e \Sw = 19.6 GeV, 1PT 50000— 0 o e e \/ENN =19.6 GeV, 1PT
- |Syy = 11.5 GeV, crossover - syy = 11.5 GeV, crossover
50000__ ------------------ VENN=11'5GeV’1PT I N A~ T S By V?=11.5 GBV, 1PT
C Sy = 7.7 GeV, crossover 40000 — \/ENN =7.7 GeV, crossover
woE- \Sy =77 GeV, 1PT B (Syy= 7.7 GeV, 1PT
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30000 — -
N R B 20000/ —
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o000 ’Jr """ an TRy 10000 iy
0: | | ! ."E::.E:::::‘.'.'I'."'""".'.'.'.' BUN A WA o 0 C cler e b b e by T ey B
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_ t, fm/c t, fm/c
L.V. Malinina WPCF, Warsaw, Nov 2015 7


https://github.com/yukarpenko/vhlle

macro for Konstantin's calculations of energy loss

BetheBlochFormula.C - emacs@asusf23

File Edit Options Buffers Tools C4+4+ Help

O B g © Bsae Sudo % B B Q

//Konstantin.Mikhaylov@cern.ch (October 2016)
Double t My BetheBloch(Double t *x, Double t *par) {
Double t p=x[0];//momentum in GeV/c
Double t mass=par([0];//Mass GeV
Double t beta=p/TMath::Sqrt(p*p+mass*mass);
Double t beta2=beta*beta;
Double t gamma=1/TMath::Sqrt(1-beta*beta);
Double t bg=beta*gamma;
Double t bg2=bg*bg;
Double t me=0.5109989461e-3;//mass of e
Double t K=0.30707;
Double t z2=1%*1;
//TPC STAR: 90% Ar + 10% CH 4
Double t Z=18.,;//18Ar40
Double t A=40.;//Ar
Double t dedx=K*z2*Z/A/beta2;
Double t Wmax=2*me*bg2/(1l+2*gamma*me/mass+(me/mass)*(me/mass));//minimum energy transfer
Double t I=10*Z*1e-9;//mean excitation energy ??? for elements heavier oxygen I=(10+/-1)*Z eV
Double t I2=I*I,
Double t logarg=2*me*bg*bg*Wmax/I2;
dedx=dedx*(0.5*TMath: :Log(logarg) -beta2);
return dedx;

}
Wrote /cern/users3b/kmikhail/NICA/dEdx/BetheBlochFormula.C




Fit of <dE/dx> by BBF ALEPH parametrization

Energy loss pion fitted by Aleph parametrization

¥2 / ndf 36.68 / 65
p0 0.1396+ 0
p1 89.34 + 4.767
7000 p2 24.76 + 1.318
B p3  9.177e-07 + 7.189e-07
B p4 2.462 + 0.06281
6000|— p5 4272 +0.2193
5000 —
4000 —
3000
_I L1 | L 11 | L 11 | L 11 | L 11 | L 11 | L 11 | L 11 | L 11 | L 11 | L 11 | L 11 I |
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Proton energy loss fitted by Aleph parametrization
%2/ ndf 22.76 /50
10000 p0 09383+ 0
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Kaon energy loss fitted by Aleph parametrization

¥2 / ndf 116.2/58

- p0 04973+ O

- pi 125.1+ 3.431

- p2 18.05 + 0.6304

C p3 0.002684 + 0.0004573

C p4 2.28 + 0.07057

— p5 3.683 £ 0.305
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Electron energy loss fitted by Aleph parametrization

%2/ ndf 271.8/9

p0 0.000511+ O

[ p1 182.5 +9.516

p2 22.96 +1.166

i p3 1+0.03317
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PID performance, Bavesian pid

efficiency purity pions
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The contamination for kaons at low
momenta is under study



Imaging

“ PHENIX and STAR collaborations apply a new
“imaging technique” to extract the S(r*)-source
function, which represents time-integrated
distribution of particle emission points separation r*
In the pair rest frame (PRF).

Cla)~1=R(@) = [ (o(a, 1)~ 1)S(r)dr

¢ The method is suitable for extracting the S(r)
directly from the data without any hypothesis about
source shape; it seems to be very useful for
comparison of the experimental data with the
models with 1PT or Crossover EoS

¢ The good knowledge of all factors influencing
the shape of correlation function is needed

)

4]
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STAR, Phys.Rev. C88 (2013) 3, 034906
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dE/dx distributions for pions
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Blue color — Gaussian fit region : Maximum +/- RMS




Energy loss by Bethe-Bloch equation

dFE
dx

0(5v)

2

To estimate <dE/dx> by BB equation Ar was used (STAR: 90%Ar+10%CH )

The intersection curves weakly dependent on the gas mixture (vary Z + 5)

Energy loss by Bethe-Bloch equation
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Extraction of sigmas TPC
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Electrons are not described by the fit!

Note: not realistic contamination of e at
p<0.25 GeV/c for a moment.




Study of 1/ distribution for protons
by S. L.obastov

Upper plot: the underlayer corresponds to pions and electrons. Contribution is 3%.

Lower plot: additional cuts are applied: 1) remove events with >1 tracks in a pad
2) remove electrons and pions by TPC pid
The remaining contribution is 0.3%
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ANropuTM BoccTtaHoBneHua (1)

[na npoBepkn NpeanonoxkKeHNs 0 TOM, YTO TPEKU MOXXHO BOCCTaHaB/IMBaThb MO XUTam

KPEMHMEBOIO AeTekTopa (34eCb XUT = NMoJsIoXKeHue + NOrpeLHoOCTb), N OLEHKM

3(ppeKTUBHOCTN TaKOW PEKOHCTPYKL MU, OblST HANMcaH airopnuTM BOCCTAHOBIEHUS TPEKOB
“nepsomM” NPUGIMKEHNN:

-- DUKCMpPyeM MONOXKEHNE NEPBUYHON BEPLLNHBI.
-- (CHavana 6panacb Touka (0., 0., 0.), B cnegytowem NpuonmkeHnm nepenyHas
BepLUMHa C MOrpeLlHoCcTb0 go/mkHa npuxogntb n3 TPC,
-- 13 BCEBO3MOXHbIX KOMOMHAUWIA XMTOB NEPBOro 1 BTOPOr0 BHYTPEHHUX C/10EB
CTPOUM MaccuB “POCTKOB” TPEKOB.
-- [bITaemMcA AOMO/THUTb KaXAblii POCTOK XMTaMn C BHELLHUX C/TOEB Taknm 06pas3om, UToObl Yepe3 BCe XUTbI
A NEPBUYHYIO BEPLUMHY NPOXOAN/ TPEK C pa3yMHO OLMOKON (Kakoi ?).
Tpek npoBoAMTCA ONTUMKM3aLMEN MPOMaxoB Mo 3HaYeHuo 3-UMnynbLca B
1€ePBMYHON BEPLLMHE.) -- HE MOoHANAa
-- Mornowaem u clumBaemM TPEKN C 00LWMMU XUTaMn. Yorpaem OBOALLNECH TPEKMW.
Bce pelueHus “cpeiHne” - 6aiaHC MeXay TOYHOCTbIO U C/TIOXKHOCTbLIO Koaa.

OueBUgHbIE NYTU YNYULUEHUA aJITOPUTMA:

NcKaTb TPEKU, He OCTaBMBLUKME cefoB B 1 nin 2 BHyTPEeHHEM crioe
akKypaTtHO pa3buparb BCe C/lyyaun rnepeceyeHunss TPeKoB

ynydlwaTtb aJIroOpUTM CLUMBKW TPEKOB

yMeHbLLaTh (KOMOMHATOPHYH) C/IOXHOCTb afiropuTtma

TOYHO N3MEePUTb HeonpeaenéHHOCTU B MOJIOXXEHUN XUTOB
3aMeHUTb 1N106asIbHYH0 ONTUMKU3aLUMIO Ha (OUbTPAaLMIO

BK/TIOUUTb B paCCMOTPEHNE BTOPUYHbIE BEPLUNHDI

fienatb HECKO/LKO NMPOX0A0B, MEHSISI TPEOOBaHUA Ha PEKOHCTPYKLMIO
UTo Hapgo caenatb ANd ynydlleHus:

onpenennTbCs ¢ BOCCTaHOB/IEHMEM MEPBUYHON BEPLLMHbI
NPON3BECTU Peas/INCTUYHbIE PEKOHCTPYUPOBAHHbIE XUTbI
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