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Outline

. Charm production cross-section

. Scope of activities

. Inner Tracking System (ITS) studies
. Related Work Packages:
1. ITS track reconstruction
2. Exclusive D-meson decay selection
D-meson semileptonic decays
J/P — ete- selection
Summary
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Landscape of heavy-ion experiments

- _— * At present, MPD/NICA, NA61/SHINE
Sst00CaM,,, at SPS and CBM/SIS100 have charm
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Charm production cross-sections
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p+N > J/¥+X
p+N-> ¥ +X

W. Cassing, E. L. Bratkovskaya, A. Sibirtsev, “Open charm production in
relativistic nucleus-nucleus collisions”, arXiv:nucl-th/0010071, 2001
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Charm production cross-sections
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FIG. 5. The transverse mass specta from pp collisions at Ti., = 25 GeV for pions (full squares),
kaons (open triangles), and ¢-mesons (full rhombes) from the LUND string model @J as imple-
mented in HSD. The D + D meson (open squares) and charmonium (full dots) spectra — including
the decay y. — J/W + =+ — result from the parametrizations specified in Section 2. The dashed line

shows an exponential with slope parameter Ey = 0,143 GeV.

W. Cassing, E. L. Bratkovskaya, A. Sibirtsev, “Open cha

| ¥ | !
Au+Au, 25 A GeV
centra

~

T~ _ E=0.143 GeV

D+D: —o— bare, —*— in-med
| 1 1 I
1 2

m, [GeV]

FIG. 16. The transverse mass spectra of pions (full squares), kaons (open triangles), d¢-mesons
{full rhombes), 2 + D mesons {open squares) and J/ 0, U mesons (full dots) in the HSD approach
for a central Au + Au collision at 25 A-GeV without including self energies for the mesons. The
crosses stand for the D-meson my spectra when including an attractive mass shift according to @
The thin dashed line shows an exponential with slope parvameter £y = 0,143 GeV. Note that final

state elastic scattering of kaons and ¢-mesons with pions has been discarded in the calculations.
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Scope of activities

1. Open charm studies: exclusive decays — Inner Tracking
System (ITS) performance evaluation (synergy with ITS
project) — dedicated track reconstruction methods (“Vector

Finder”)

. Semi-leptonic decays and charmonia — lepton (electron)
tagging (synergy with dilepton studies)
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MPD Inner Tracking System based on MAPS

Reconstruction of charmed particles in Au+Au central
collisions with MPD ITS3+TPC tracking system
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MPD Inner Tracking System based on MAPS

MPD ITS geometric models

Two ITS geometric models were used for simulation:

1) project model {ITS-5-40) with 5 layers consisting of ladders with standard MAPS
Sensitive area: 15>*30 mm?
Thickness: 50 pm
Number of pixels: 51Z2x1024
Pixel size: 28x28 pm?.

2) Ims3-ike model {ITS-5-35) with OB consisting of 2 layers of standard MAPS and
IB consisting of 3 layers of bended stawves of MAPS {15 um pitch) with

large area and thickness of 30 pm
Size of bended MAPS:

1 layer - 280"56.5 nnmn”
2 layer - 280%75.5 mm®
3 layer - 280"94.0 mm?
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MPD Inner Tracking System based on MAPS

MPD ITS geometric models

Basic project model IMS3-like model
' ImTs-5-35
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MPD Inner Tracking System based on MAPS

D' reconstruction in I'TS-5-35 + TPC using VF + TMVA

dca(x), dca(K), dist(zK), MD™), 6(D™) cuts
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MPD Inner Tracking System based on MAPS

D* reconstruction efficiency with two ITS models

Project model IMS3-like model
MirnK): signal+background(100M) o M(nrK): signal+background(100M}

TPC + ITS-5-40
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The reconstruction efficiency increases by 25% when using ITS with an Internal
Barrel built on the base of a new type of sensors (bended MAPS with large area)
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MPD Inner Tracking System based on MAPS

Published articles

1. V. P. Kondratyev, N. A. Maltsev and Yu. A. Murin.
identification Capability of the Inner Tracking System
for Detecting D Mesons at the NICA-MPD Facility.
Bulletin of the Russian Academy of Sciences: Physics,

2022, Vol. 86, No. 8, pp. 1005—-1009.

2. Zherebchevsky, V. L., Maltsev, N. A_, Nesterov, D. G,
Belokurova, 5. N., Vechernin, V. V., Igolkin, 5. N, Kondratiev, V.
P, Lazareva, T. V., Prokofiev, N. A., Rakhmatullina, A.R. &

Feofilov, G. A.

New Technologies for the Vertex Detectors in the NICA

Collider Experiments.

Bulletin of the Russian Academy of Sciences: Physics. 2022,

Vol.86,No. 8, pp. 948-955.
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Fig. 3. Signal of D:' mesons in the invariant- mass spectrum. separated according to (a) TC and (b) MVA in 10% central Au + Au
collisions at ,j.tl.m. =9 GeV: (1) full spectrum, (2) residual combinatorial background.
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MPD Inner Tracking System based on MAPS

V. Kondratiev,
All-MAPS “development” model of the MPD ITS Yu. Murin

5 layers 6 layers
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MPD Inner Tracking System based on MAPS

Geometric model of 6 layer ITS used for
development of simulation software package

OB - 3 layers of ALPDE-like MAPS (15*30 mm?) with effective thickness of 700 pm

IB - 3 layers of ALPIDE-like MAPS (15*30 mm?) with effective thickness of 50 um ( IB
-“development” configuration)

Beam pipe diameter - 40 mm Pont-like source

A. Zinchenko
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MPD Inner Tracking System based on MAPS

Used methods :
1) Track finder: KF
2) Particle identification: TOF + dE/dx
3) Track analysis: ML (MVA)
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Track reconstruction: Vector Finder for ITS

Efficiency
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Semileptonic decays: inclusive electrons (83+% of ECAL modules
will be ready)

D+ DECAY MODES , , ,
Most decay modes (other than the semileptonic modes) that fnvolve a new Transverse momentum and centrality dependence of high-py non-photonic electron

tral K meson are now given as K% modes, not as K9 modes. Mearly always
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Most decay modes (other than the semileptonic modes) that involve a neu-

tral K meson are now given as K% modes, not as KU modes. Mearly always

it is a K2 that is measured, and interference between Cahibbo-allowed
and doubﬁr Cabibbo-suppressed modes can invalidate the assumption that
2r(Kk%) = r(r9).
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Semileptonic decays: inclusive electrons (83+% of ECAL modules
will be ready)

Transverse momentum and centrality dependence of high-p; non-photonic electron Erratum: Transverse momentum and centrality dcpcndcncc of high-p; non-photonic

suppression in Au+Au collisions at /5. = 200 GeV electron suppression in Au+Au collisions at /5. = 200 GeV
[Phys. Rev. Lett. 98,192301 (2007)]

B.I Abelev,” MM. Aggarwal, ™ Z. Ahammed,” B.D. Anderson,® D. Arkhipkin,” G.S. Averichev,
Y, Bai,** J. Balewski,' O, Barammikova,” LS. Barnby,” J. Baudot,” S. Baumgart,™ V.V, Belaga,"
A. Bellingeri-Laurikainen, " R. Bellwied, ™ F. Benedosso® R.R. Betts,” . Bhardwaj, ™ A. Bhasin" A K. Bhati,"
H. Bichsel, '™ J. Bieleik.™ J. Bieleikova, L.C. Bland.® S-L. Blyth,* M. Bombara,* B.E. Bonner,™ M. Botje,”
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Semileptonic decays: inclusive electrons

1. Cross-sections from Pythia8

pp @ 200 GeV:
minimum bias 28.485 mb, D — e+- 7.833*10° mb
L.=100nb™: 2.8*10" min. bias and 7.8*10"° D electrons

5. pp @ 25 GeV:
6. Minimum bias 23.921 mb, D - e+- 4.591*10™ mb
7. L =100 nb™: 2.4*10"™ min. bias and 4.6*10™ D electrons
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Semileptonic decays: inclusive electrons
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Hidden charm: JAp — e+te-

1. Cross-sections from Pythia8

pp @ 25 GeV:

Minimum bias 23.921 mb,
Jhp — e+-6.458*%10° mb

L. =155nb™: 3.7¥10™ min. bias and
1.0%10" J/ip electrons

pp @ 11 GeV
Jhp — e+-0.271*%10° mb

A. Zinchenko

MPD collaboration meeting 25.04.2024
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Outlook

The MPD experiment can potentially contribute to charm studies in heavy-ion
collisions

Studies of the ITS performance and design optimization for open charm measurements
are ongoing

Feasibility of open charm semi-leptonic decay measurements and J/1 to e+e- are still
an open question
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