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TPC gas system

length 340 cm

outer Radii 140 cm

Rapise TIC MED

inner Radii |27 cm

gas 90%Ar+10%CH,
drift velocity |5.45 cm / us;
drift time < 30 us;

#R-O 12+ 12
chamb.

# pads/ chan. |95 232
max rate < 7kGz (L= 10%7)

TPC MPD gas system was designed in 2014 and assembled at PNPI in 2016. It provides (Ar + 10%
Methane) gas mixture to the TPC detector at the correct differential pressure (2mbar). The system
operates nominally as a closed circuit gas system with the majority of gas recirculation through
the detector. The TPC MPD gas system is the first system designed in our laboratory with two
recirculation circuits. The inner circuit provides fast gas mixture exchange in the detector at large
flowrate. The outer one provides quality control of the mixture, fresh gas supply, pressure
stabilization etc. The slow control for the gas system is based on single DAQ32 module.

https://Ikst.pnpi.nw.ru/projects/nica/tpc/



https://lkst.pnpi.nw.ru/projects/nica/tpc/

Forward upgrade for MPD (FWD)

Basic FTD geometry and hit producer:

e 5 tracking layers placed between 210 and 300 cm
e Thickness per layer: 0.2% X,
e Gaussian smearing in x and y with o = 100 pm



Momentum resolution with ACTS

e TPC tracking resolution is
reasonable up to n~1.5

e FTD helps to extend track
reconstruction up to n~2.0

e Best results with combined
TPC+FTD tracking

Resolution from TPC-only fit for pions ateta =16
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Straw-tube wheel geometry
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Straws:

 Ultrasonic welding technology
« Straw diameter: 5 mm

- Wall thickness (mylar): 20 um
« Al metallization 70 nm

’ Tungsten wire: d = 20 um zoomed view of the seam during the welding(right).
»  Ar/CO, gas mixture T. Enik et al, PoS(TIPP2023) 125
- Internal overpressure of 1 bar

6 layers per station with RUYV stereo angles: 0, +7°,-7°, 0, +7°, —7°
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Implementation in MpdROOT

e R_. from38to82cm, R, from95to 134 cm. AR from 37 to 52 cm

e 0 layers per station with RUV stereo angles: 0, +7°, —7° 0, +7° —/°

e Distance between straw centers: 6 mm ar R, — ~9.8 mm distance ar R,

e Number of straws per layer from 606 to 860 — Total for 2 sides: ~43968 channels

e Radiation length ~ 0.1 - 0.15% per station
e Better than initial estimates assuming 0.2% per station




Straw-tube wheel geometry

y (cm)

80

60

40-

80 —SC; —;1-0 -20 0 20 :40 60 80
X (cm)
e Implemented simplified straw-tube hit producer (no left/right ambiguity yet)

e Uniform occupancy up to ~8% — looks reasonable

e Relatively small fraction of fake intersections (ghosts)



Momentum resolution with ACTS

P, resolution
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e Single-pion events ROC
e Reasonable transverse momentum resolution < 5% region
e Multiple scattering in TPC endcap mostly affects low p;
e Full momentum resolution is less affected
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Summary (FWD)

% Implemented TPC and TPC+FTD tracking with ACTS

¢ Considering straw-tube wheels as a baseline detector technology:

v" Uniform occupancy up to 8% in central events
v" Track resolution looks reasonable (<5% at pr ~ 1GeV/c)

¢ Evaluating other detector options

11



MPD physics program

G. Feofilov, P. Parfenov V. Kireev, Xianglei Zhu K. Mikhailov, A. Taranenko
: Correlations and
Global observables Spectra of light flavor and -
Total event multiplicity hypernuclei Fuctiiations
' P ypP . Collective flow for hadrons

. Total event energy Light flavor spectra e i
« Centrality determination « Hyperons and hypernuclei : \é_ot;t I?I;t?futtﬂziﬁ;ﬁa;?n
Total cross-section Total particle yields and yield  * Y

multiplicity, momentum and

measurement ratios e
. : . conserved quantities
. Event plane measurement at . Kinematic and chemical Femtoscopy
all rapidities properties of the event . Eatward-Backward com

Spectator measurement Mapping QCD Phase Diag.

« Jet-like correlations

D. Peresunko, Chi Yang Wangmei Zha, A. Zinchenko
Electromagnetic probes Heavy flavor
« Electromagnetic calorimeter meas. Study of open charm production
« Photons in ECAL and central barrel Charmonium with ECAL and central barrel
. Low mass dilepton spectra in-medium « Charmed meson through secondary vertices in

modification of resonances and ITS and HF electrons
intermediate mass region Explore production at charm threshold
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¢ Data: Request 36, XeW@2.5 AGeV (fixed target mode), 15M UrQMD events
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¢ Start at pp ~ 250 MeV/c for protons, 50 MeV/c for pions, 150 MeV/c for kaons

% Measured spectra sample ~80-90% of the total yields for protons, 96% for pions, 93(80-88)%
for K"(K"), main losses at low py
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¢ Start at pp ~ 100 MeV/c for protons, 50 MeV/c for pions, 100 MeV/c for kaons

% Measured spectra sample ~70-90% of the total yields for protons, 96% for pions, 95(90)% for
K*(K"), main losses at low py
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¢ Start at pp ~ 150 MeV/c for protons, 50 MeV/c for pions, 100 MeV/c for kaons
¢ Measured spectra sample ~40-80% of the total yields for protons, 95% for pions, 92(90)% for

K*(K"), main losses at low py
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¢ Data: Request 36, XeW@2.5 AGeV (fixed target mode), 15M UrQMD events
¢ Rapidity range: -1.0 <Y, <0.
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¢ Wide p; range acceptable, -1.0 <y_, <0.

% Measurements are possible from 0 momentum for K*(892)*, K*(892), p(770) and from
~0.2 GeV/c for ¢(1020) and Z(1385)*, no A(1520) 19
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¢ Data: Request 36, XeW(@2.5 AGeV (fixed target mode), 15M UrQMD events

% Rapidity range: -1.0 <Y, <0.
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% Signal can be reconstructed at p > 0 for p(770), K*(892)°, at pr > 0.2 GeV/c for ¢(1020), high-p; reach
is limited by available statistics
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% Full chain simulation and reconstruction, p ranges are limited by the
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% Reconstructed spectra match the generated ones within uncertainties

¢ First measurements for resonances in centrality dependent analysis will be possible with
accumulation of ~ 108 A+A events

% Measurements are possible starting from ~ zero momentum — sample most of the yield, sensitive to
possible modifications
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Summary

¢ dmsuyeckas nporpamma dxcnepuMenTa MPD He okoHUaTenpHas ¥ KaX bl BKJIa]] BaXKCH

¢ Corpymnuuku [TUSAD yygacTByroT B paboTe MHOTUX pabouux rpymi B koyutadopamuun MPD u
BHOCSIT CBOM BKJIaJ] B MIOJYYEHHBIEC PE3YJIBTATHI

¢ HoBble yyaCTHUKH MPUBETCTBYIOTCS!
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https://lomcon.ru/wp-content/uploads/2025/08/22nd_Lomcon_programme.pdf
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TPC nozBoiieT perucTpHpoBaTh IpuMepHO 55% gactHil,
POAKTAFONINXCA B NEeHTPAIBHEIX CTOIKHOBeHHAX. QopBapaHELi
TPEKOBHIIT TeTEKTOP MOKET MOIHATE 3TOT MOKazaTems > 80 Y.

IIozBommgeT VIYVUIIHTE TOYHOCTE pa3/IHYHEIX HAOIH0JaeMBIX H
OTEPEIBACT BOZMOAHOCTH VI HIVUCHHA HOBEIX '}(PCI'JE‘KTOBJ

v"  OmpezneneHHe [OIHBIX BBIXOIOE H OTHOLICHHH BBHIXOIO0B YaCTHI H
TeCTHPOBAHHE Pa3THIHEIX 3P PeKTOB CTATHCTHISCKOH MOJETH. TAKHX KaK
the kink. the horn. the step. the dale u ap.:

PacmupenHbIfi THANA30H 10 NICEBI0OBICTPOTE OTKPEIBAeT BO3MOKHOCTE
HCCTeToBauHH GapHOHHOH aHOMATHH B dopBapaHoil 061acTH B THATIA30HE
HMOYIBECOB 0T 1 10 4 T'3B. rae ¢ ToUkH 3peHHA MOIeIH KoaleclleHIIHH
OKa3pIBaeTcd BajkeH HMeHHO MMOTHBIH HMIIYIbC JaCTHII;

s - n - s o
v PEiC]I[HpEI—IHBIH JHAIIa30H 110 IICeBI00BICTPOTE OTKPBIBACT BO3MOMKHOCTE HCCIISAOBaHHH OAapPHOHHOH aHOMATHH B ¢0pBﬂpJHOH 00JIaCTH B
JHAMmas30He HMITY/IbCOB OT 1 1o 4 I'3B. rae ¢ ToUKH 3PeHHA MOOSTH KOAICCIeHITHH OKa3hIBACTCA BaKScH HMSHHO IIOTHBIH HMITYIBC TaCTHII:

v PacmmpseT BO3MOKHOCTH HCCIEJOBAHHA ABYXYaCTHIHBIX KOPPEIALNHI, TaK KaK [O3BOIAST IydMIe H30IHPOBATE IHK. CBA3AHHEIH C
KOppeIAlHAMH HacTHII B CTPYAX H pacnajax pe3oHaHcoB. Kpome Toro. pacmHpeHHEIH THANA30H 0 ICeBI0OBICTPOTE 3HATHTETEHO
YBeTHYHBAET CTATHCTHKY B HCCIEIOBAHHAX MHOTOYACTHIHEIX KOPPEIALIHH:

v Baxuo 111 NPeUH3HOHHEIX H3MEPeHHH 3aBHCHMOCTH HAIPABISHHOTO NOTOKA (KoadguunenTa v1) oT nceBIo0bICTPOTEL., H3MEHEHHE 3HAKA
KOTOPOTO OKHIAeTCd IIPH 3Hepruax konnafinepa NICA:

v’ VI3MepeHHS MMOTHBIX BEIXOJOB YACTHII TAKKE BAKHEI 114 HCCIeToBaHHH GIyKTyauHi GapHOHHOTO 3apA1a H MOHCKA KPHTHYSCKOH TOUKH Ha
JHArpaMMe AOepHOH MaTepHH:

v’ Tlo3BONAET pACIIHPHTE MPOTPAMMY JPYTHX HCCIeOBAHHH. HATIPHMED TIO3BONAET HCCISN0BATE 3ABHCHMOCTE MOMAPH3ANHI § -THIIEPOHOB
OT OBICTPOTHL. H3YHaTh Pa3IHYHEIE acHeKThl HenepTypOatuepHoi KX, Tak#e Kak THOPAKIHOHHOS POKISHHE YaCTHIL. POXKICHHE

HHCTAaHTOHAa H T.1..

v'  Tlo3BoaHT Godee TOUHO ONpedcIATh HEeHTPAaIbHOCTE CTOTKHOBEHHH H IIOCKOCTE PeakKIIHH.

v BHeapeHHe TPHITEPHOIl TeKTPOHHKH 1714 (OPBApIHOTO TPEKepa TAKKe TIO3BONHT 3HAYHTENLHO YIYUIIHTE TPHITEPHBIE BOIMOKHOCTH
IKCIepHMeHTa. 0COO0eHHO B CTOIKHOBEHHAX MaTbIX CHCTEM:

v'  Paborta CprBEIlJI[HOI'O JAeTCETOPa B PEKHMS HEIIPSPEIBHOTO CHHTBIBAHHA MOMXST 3HAYHTCIABHO YBCIHYHTDE CTATHCTHEY. HEI.GHPEEMYIO B
IIPOTOH-IIPOTOHHEBIX CTOJIKHOBEHHAX, UTO TAEXKe IIO3BOIHT H3VYATE PAa3IHYHBIE ACIIeKTEl CbH?sH‘IECKOﬁ IIpoTrpaMME] 3ECIIEpHMcHTA SPD.
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e the horn and the step effects at forward rapidities

e light nuclei: interplay of coalescence and baryon stopping
mechanisms

e anisotropic flow: limiting fragmentation mechanism,
temperature dependence of QGP etc.

e thermal photons via conversions on TPC endcaps
e global polarization of A hyperons: rapidity dependence?

e improve precision of centrality and reaction plane
determination

e improved trigger efficiency for small systems

e possibility to access various observables of the SPD
physics program

e aspects of non-perturbative QCD, e.qg. diffractive studies,
QCD instanton

e and more ...

FWD Motivation
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R, =50cm
Riax = 110 cm
Straws:
Inner diameter: 4 mm
Kapton wall thickness: 40 um
Wire diameter: 30 um
Ar/CO, gas mixture
winding technology

o reinforced with carbon fiber
5.23 mm distance between straw
centers at R,
10 stations per side
6 layers per station with RUV
stereo angles: 0, +7°, —7°, 0, +7°, -7°
600 straws per layer
72000 channels (2 sides)

min

o o o O

Straw-tube wheel geometry

Phys.Part.Nucl.Lett. 9 (2012) 163
Phys.Part.Nucl.Lett. 12 (2015) 113
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Straw-tube wheel geometry

Ultrasonic welding technology
Straw diameter: 5 mm

Wall thickness (mylar): 20 um
Al metallization 70 nm
Tungsten wire: d = 20 um
Ar/CO, gas mixture

Internal overpressure of 1 bar

Figure 2: An ultrasonic head and a straw during the welding proceﬁs ( Ieft) and a
zoomed view of the seam during the welding(right).

T. Enik et al, PoS(TIPP2023) 125

T. Enik
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Standalone tracking with ACTS

Created “parallel world” in ACTS

Replacing tubes with strip-like plane surfaces
Strip thickness = 0.025% X,

Straw-tube hits smeared with 100 um resolution
and converted to 1D ACTS measurements

e Kalman Filter used to fit the measurements

e o o o
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