Thermal photon and neutral meson
measurements using photon conversion method
in the MPD experiment at the NICA collider

E. Kryshen, D. lvanischev, D. Kotov, M. Malaev, V. Riabov, Yu. Riabov
(NRC KI, Petersburg Nuclear Physics Institute, Russia)

for the MPD collaboration

ICPPA
6 October 2020

Project supported by RFBR No 18-02-40045



Phase diagram of nuclear matter

Early Universe
: LHC Experiments

Temperature

Critical Point ?

Hadron Gas

/ Vacuum
0 MeV

Supernovéﬁzx';:’{é

The Phases of QCD

Quark-Gluon Plasma

Color
Superconductor

Nuclear
Maftter Neutron Stars'

P - | 1

0 MeV

900 MeV
Baryon Chemical Potential




Thermal radiation in heavy ion collisions
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Photon spectra at RHIC and LHC

PHENIX (AuAu @ 200 GeV)

& 4 AuAu Min. Bias x10*

@ *  AuAu 0-20% x10?
o " AuAu 20-40% x10
L v p+p

-- Turbide et al. PRC69

L]
—
| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| T TTTI

d*N/dp*(GeV%c?) or Ed’c/dp® (mb GeV2c3
S = 2 3
f = [ £ g% ]

E
—
o

o

—
S
[=7]

1 2 3 4 5 6 7
P, (GeVic)

-
<
4o

T, = 239 *+ 25 (stat) + 7 (syst) MeV

PHENIX: Phys. Rev. Lett. 104 (2010) 132301

ALICE (PbPb @ 2760 GeV)

C‘\'I-‘ EI T T T ‘ T T T T | T 1T | T 17T | T T 1T | T T | 1T T | T E
“.;’ E % Pb-Pb |s,, =276 TeV A exp(-pr‘Teﬁ) E
TR o] 0-20% ALICE — 0-20%
o 10 4120-40% ALICE — 20-40% =
I~ F "+]40-80% ALICE ]
.3 'D'_ C ]
< |Q s,

% O u E
Q = -
3 ]
- 1 =
R E s
N — —
10 =
i Sy |
107E SEOURIE
107 =
- -- Paquet et al. .4_ 3
© arXiv:1509.06738 e ]
| - Linnyk etal. e
107E" arXiv:1504.05699  -.- Chatterjee etal. - =
E -..v. Hees et al. PRC 85(2012) 064910 "~ E
- NPA933(2015)256  + JHEP 1305(2013) 030 -
10’54 L1 1 ‘ I | [ | | I | | I | | [ | | I | | L=

0.5 1.5

3.5 4
P (GeVic)

T = 297 £ 12 (stat) £ 41 (syst) MeV

ALICE: Phys. Lett. B754 (2016) 235

4



Effective temperature vs energy
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Flow of direct photons
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Direct photon puzzle:

* flow of thermal photons is similar to charged pion flow

e thermal photons are predominantly emitted at early
stages — no time to develop significant flow



Challenge: decay photons

Inclusive photon spectra are

dominated by decay photons Relative contributions of different hadrons to the

total decay photon spectrum as a function of the

R = Vmc/ decay photon transverse momentum
Y decay
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Neutral meson spectra
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Photon reconstruction: two methods

Electromagnetic calorimeters

* Efficient at p; > 2 GeV/c

* Hardware trigger capabilities

Photon conversion y—e*e in the material

o P=1-exp(-7/9 x/X,)

* Efficient at 0.5 <p; <4 GeV/c
* Much better resolution at low p;
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MPD experiment at NICA

CPC
Tracker

* CMS Energy: 4-11 GeV

* Design luminosity: 1027 cm™ s

e Stage 1: TPC, TOF, ECAL, FHCal, FFD
e Stage 2: +ITS + EndCap

MPD: NIM A 628 (2011) 99-102



Electron PID

dE/dx in TPC (a.u.)
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Photon conversion centers
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Main conversion structures in Stage 1:

Beam pipe: 0.3% X,
Inner TPC barrel structures: 2.4% X,

Future:

Inner tracking system
Dedicated photon convertor (cylindrical metal pipe) under investigation
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Conversion reconstruction efficiency

Efficiency
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UrQMD and PHSD predictions at NICA energies
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Neutral meson reconstruction
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Pion signal is clearly visible in a wide p;range
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Neutral meson reconstruction efficiency

—_—
—_—

_3
§ 0.18?‘IO
2 0.16F +++ +
£ . — Ty, =YY —+ +
0 0.14 ~+ +
- —n =YY + N
0.12 G
, -+ e +
0.1:— -+ —+ ++
C -+
0.08— -+ -+ -+
C —+
+ —+
0.06— -
C —t
0.04:— +
0.02 %—*_,_,_r_:
0: [ — | 1 1 1 Il | 1 Il Il 1 | Il Il 1 1 ‘ 1 1 1 Il
0 0.5 1 1.5 2 2.5
P, (GeV/c)
% o1g
3. + —EcAL
= Top —— Conversions
_C I
5o} - —
2 C
® e ——
; —t—— +
- Toyy—>(ete)(ete) -

(@)

ol b b s [ A A I [
02040608 1 121416 18 2 22 24

p_ (GeV/c)

Embedding technique used to study
reconstruction efficiency vs p;

700 000 min. bias UrQMD events @ 11 GeV
500 rt® + 500 n embedded with flat p; distribution
Neutral meson reconstruction efficiency ~ 104

r° peak is significantly narrower with conversion
method compared to ECAL

i
{
i

n—>yy—(e*e’)(e*e’)

\\l\\\‘\l\‘\\\ll\\‘\\\l\\\‘\I\‘\\\l\\\‘\ll‘\\\
0 02040608 1 121416 18 2 22 24
P (GeV/ce) 16

o



First-year projections

Expected n° yield
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Corrected mt® spectra
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Efficiency-corrected spectra are extrapolated down to O p:

* Tsallis function

 Two-component model (Bylinkin, Rostovtsev)

* Hagedorn function
The obtained fits cab be used to calculate photon spectra from n® decays
Extrapolation uncertainties are significant only at low photon p;< 0.3 GeV/c
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Integrated direct photon yield

No reliable predictions for photons in UrQMD/PHSD -> using data driven method
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The integrated direct photon yield:
* scales as (dN,/dn)*2°in a wide range of multiplicities/collision energies

* the scaling is violated in small collision systems / small multiplicities (dN_,/dn < 20)
* AAvyieldis a factor of ~10 larger than the N_-scaled yield in pp

200;
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Assuming this scaling still holds at lower energies, we can expect universal multiplicity scaling for
* (0-60)% centralities at 11 GeV
* (0-40)% centralities at 4 GeV
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p-differential direct photon yields
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* Universal scaling of p,-differential direct photon yields is observed at RHIC/LHC
* It can be used to predict p; spectra of direct photons at NICA energies down to pt ~0.4 GeV/c

e Use thermal-like behavior at lower pt?
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Reconstructed direct photons

Efficiency
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multiplied by the photon reconstruction efficiency

Au-Au, direct photons, my|<1
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Reconstructed direct photon spectra can be obtained from predicted direct photon yields
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Inclusive photon spectra and R, ratio

Counts

Inclusive photon spectrum was simulated as

a sum of direct and decay photon spectra
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Systematic uncertainties on R, can be reduced to ~5%
Conclusion: direct photon yields can be extracted with
good accuracy
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Elliptic flow of neutral mesons

H M4 : d:\v ~ )
Generator-level studies using true reaction plane T 1 +2 E v, cosn(@ — Urp)
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Significant v, values predicted for all particle species
As expected, elliptic flow of t* and m® mesons is very similar

There is a clear mass ordering of v, as function of p:
eta meson v, (intermediate mass range) is between proton and pion v,
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Toy model for mrt° eIIiptic flow
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Azimuthal distributions of reconstructed n% are
generated assuming 10° semi-central (20-40%)

events and taking into account predicted v, and
event plane resolution effects.
v, coefficients are then extracted and corrected
for resolution in several p; bins
10° semi-central (20-40%) events are required to

measure neutral pion v, with ~10% precision

=> not a “first-year goal”
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Conclusions and outlook

Photons and neutral mesons - valuable probes of dense hadronic
matter produced in heavy ion collisions

Photon conversion method is a powerful tool to measure photon
and neutral meson spectra

Standard MPD configuration allows one to reconstruct m® mesons
via conversions already with the first year data taking

Reconstruction of thermal photon yields looks promising

Next:

— Evaluate perspectives of thermal photon flow measurements

— Feasibility studies on the dedicated convertor and Stage 2 setup
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Event plane determination with FHCal
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v, corrected for event plane
resolution effects:
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Imiza

Opt

tion of electron pair selection cuts

Signal distribution

Bacground distribution
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Fit functions for pt distributions
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Two-component model (Bylinkin, Rostovtsev):
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Hagedorn fit:
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