Open Charm measurement with the CBM I= %= 1L
detector at FAIR

louri Vassiliev for the CBM Collaboration
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ategy:
FAIR construction
along the beam.
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FAIR Day-1 experiment

in 2022: CBM

¢ Cave planning completed.

/ ,/Application for construction
_))/ permit to be submitted 2016

FAIR beams:
« 10°%s Au up to 11 GeV/u

« 10%sC, Ca, ... up to 14 GeV/u

« 10%/s p up to 29 GeV FAIR phase 1
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Physics case:
Exploring the QCD phase diagram

ih

The equation-of-state at high pg

- collective flow of hadrons

Rlanc: Ind Gluops - particle production at threshold energies:
open charm, multi-strange hyperons

Deconfinement phase transition at high pg
« excitation function and flow of strangeness
(K, A Z, B, Q) and

charm (Jy, y', DY, D, D%, A)

Colorsuper- | * Charmonium suppression, for J/y and y
Neutronstars  conductor?

Temperature T [MeV] i
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Net Baryon Density QCD.C”.tlcal end_pomt
« excitation function of event-by-event
fluctuations (K/=, ... B/ nt, Q/ n)
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E’(‘)ﬁfBM Physics Onset of chiral symmetry restoration at
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Open charm physics case:
S1S-100

* What is the production mechanism of charm quarks at threshold beam energies?
* How does open and hidden charm propagate in cold and in hot nuclear
matter?

S1S-300

* Is there a phase transition from hadronic to quark-gluon matter, or a region of
phase coexistence? (excitation function and flow of charm)

Jhy and open charm suppression measured
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Challenge for open charm measurements at FAIR energies
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Interaction Rate [HZ]

Experiments exploring dense QCD matter

high _
net-baryon CBM:
densities world record
107 cBM rate capability
10"—‘5 » determination of (displaced)
o vertices with high resolution
10 : HADES (= 50 um)
o pur - ‘ N « identification of leptons and
10" R aaerD hadrons
- s . » fast and radiation hard
STAR F.t1. STAR BESII
10° v ———  detectors
) / » self-triggered readout
10°¢ 7 electronics
N / * high speed data acquisition and
10 i online event selection
: - » powerful computing farm 4-d
1 2 34567 10 20 30  tacking®
Collision Energy (\sy,) [GeV] ° software triggers 6




Particle identification with CBM

Ni+Ni 15 AGeV

ST

123 1
53 p
6 K*
1.6 K-
4 A

Central event: 40 (TF) + 7 (PF) ms/core with MVD!

(~ 2 faster w/o MVD)



SI1S-100: p + C and Au + Au simulated (UrQMD) events
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S1S-300: central Au + Au (UrQMD or PHSD) events
Simulation and reconstructlon
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Events/s

CBM First Level Event Selection (FLES)

The FLES package is
vectorized, parallelized, portable and scalable up to 3 200 cores

Example:
Full track reconstruction including KF particle analysis of multi-strange
(anti) hyperons for min. bias Au+Au collisions at 25 A GeV.

Single node with up to 80 cores 100 nodes with 32 cores each
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KF Particle Finder for the CBM Experiment

Dileptons
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Hypernuclei
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Functionality of KF Particle

Functions CBM| ALICE |PANDA| STAR

Construction of mother particles + + + +
Addition and subtraction of the daughter particle to (from) the + + + +
mother particle
+= and -= operators + + + +
Accessors to the physical parameters (mass, momentum, decay

- - + + + +
length, lifetime, rapidity, etc)
Transport: to an arbitrary point, to the decay and production points, + + + +
to another particle, to a vertex, on the certain distance
Calculation of a distance: to a point, to a particle, to a vertex + + + +
Calculation of a deviation: from a point, from a particle, from a + + + +
vertex
Calculation of the angle between particles + + + +
Constraints: on mass, on a production point, on a decay length + + + +
KF Particle Finder + + + +

Exactly the same package in all four experiments: CBM, ALICE, PANDA and STAR
Allows to reconstruct open charm decays 19




Open charm decay topology

xztopo D* K szrim L

PV % — T
/ + X prim 2
2 Tt
X geo
Target plane /\L xzprim 3

ct = 60...312 pm !
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Strategy: background suppression
keeping maximum of efficiency

single track parameters based cuts:

*  X%orim IMpact parameter value 6.0-7.5

« [P impact parameter cut (upper value) 0.5 mm
« Kaons, protons ID by TOF

multiple track (KFParticle) parameters based cuts:

*  Y’ceo geometrical constrained fit 3.0

Y’topo topological constrained fit 3.0

L/dL > 10

charm particle to primary vertex DCA < 3o (30 um)
Z <2(3.5) mm A,

vertex
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Monolithic Active Pixel Sensors

(MAPS, also CMOS-Sensors)

* Invented by industry (digital camera)

« Modified for charged particle
detection since 1999 by IPHC
Strasbourg

* Installed at STAR

« Also foreseen for ALICE...

vanced
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CBM performance at SIS-100: D-meson
reconstruction in p-C collisions at 30GeV
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CBM performance at > -meson S 10.7.GeV Al ion
analysis package for Ni+Ni @ 15 AGeV R, P.Zarubin

PN
»
»

IR: 0.1MHz = 300 Ni ions, p>70 MeV, t=30 ps

\ . - .“
.

Simulation 5M
Ni+Ni 15AGeV
central Simulation 5M
DO T =150 MeV
Simulation 1k E peam = 15GeV
Ni+Ni 15AGeV
mbias

7

/ Reconstruction
5M events
Global Tracking

Simulation 1k
22 3ions Ni beam on
B 400um Ni target

Analysis 5B Analysis 5SM
mixed event event by event



CBM performance at SIS-100: D-meson reconstruction
In Ni+NI collisions at 15 AGeV

M: D 6.5 E77, D° 3.8 E® BR: pdg 2015
Thermal (J. Cleymans) model by V.Vovchenko
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SIS-100 Ni+Ni @ 15 AGeV D° embedded, QA-plots:
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Expected statistics for open charm mesons in

Ni+Ni collisions at 15AGeV (S1S-100)

decay channel K-t Kratnt | KK'rn* p Kzt
Msm (3.Cleymans) 45-10°% |2.2-10® |[1.1-10° 3.6-10°
BR(%) 3.8 9.5 5.3 5.0

geo. acc.(%) 30 40 33 70
z-resolution (um) 40 48 50 60
total eff. (%) 1.8 2.3 0.5 0.05
o, (MeV/c?) 12 ~12 ~12 ~12
S/B,, 0.8/0.4 - - -
Yield/10 weeks, 0.3 MHz IR 1620 2620 160 50

20



SI1S-300 Open charm (Au+Au @ 25 AGeV) 0.1 MHz
Z-vertex reconstruction
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CBM performance at SIS-300: D-meson reconstruction
In Au+Au collisions at 25 AGeV
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Expected statistics for open charm mesons in

Au+Au collisions at 25AGeV (S1S-300)

SM

decay channel K-t Krn*nt |KK'zn* p Kzt
Musp 1.5-104 |4.2:10° |5.4-10°

Mg 8.2-104 |8.4-10° |1.4-10* 4.9-104
BR(%) 3.8 9.5 5.3 5.0
geo. acc.(%o) 29.2 40.1 32.8 71
z-resolution (um) 52 56 60 69
total eff. (%0) 3.95 4.75 1.0 0.05
o, (MeV/c?) ~11 ~11 ~11 ~11
S/B,g 0.16/0.5 |1.24/25 |5.0 0.6
Yield/10 weeks, 0.1 MHz IR | 40 5k 34k 510

HSD

Yield/10 weeks, 0.1 MHz IR | 220k 68k 13.2k 2 2k
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Summary

CBM@SI1S100: Open charm production at threshold

Proton beams up to 30 GeV
» Excitation function of charm (production mechanism)
» Charm propagation in cold nuclear matter

Light nuclei (Ni) beams up to 15 GeV
» Charm production & propagation in hot nuclear

matter
CBM@SIS300: Open charm production at high densities
Proton beams up to 90 GeV

» Excitation function of charm production at higher energies

Heavy-ion beams (Au) at 15-35 GeV
» Charm production & propagation through high density nuclear matter
CBM requirements

Rare probes:
» High-speed DAQ and online event selection
Open charm reconstruction:
» Fast tracking (STS) + decay daughter identification (TOF)
» Displaced vertex reconstruction (MVD)
» Topology reconstruction algorithm (KFParticleFinder)



The CBM Collaboration: 60 institutions, 530 members

Crpati_a: Germany: India: Korea: Russia:
Split Univ. Darmstadt TU Aligarh Muslim Univ. ~ Pusan Nat. Univ. IHEP Protvino
China: FAIR Bose Inst. Kolkata INR Troitzk
CCNU Wuhan Frankfurt Univ. IKF Panjab Univ. Poland: ITEP Moscow
Tsinghua Univ. Frankfurt Univ. FIAS Rajasthan Univ. AGH Krakow Kurchatov Inst., Moscow
USTC Hefei Frankfurt Univ. ICS Univ. of Jammu Jag. Univ. Krakow LHEP, JINR Dubna
CTGU Yichang GSI Darmstadt Univ. of Kashmir Silesia Univ. Katowice  LIT, JINR Dubna
- . Giessen Univ. Univ. of Calcutta Warsaw Univ. MEPHI Moscow
gAzgchg Republic: Heidelberg Univ. P.I. B.H. Univ. Varanasi Warsaw TU Obninsk Univ.
ot J P Heidelberg Univ. ZITI  VECC Kolkata _ PNPI Gatchina
echn. ':"V' fA9U€ Kz Dresden-Rossendorf ~ IOP Bhubaneswar Romania: SINP MSU, Moscow
France: KIT Karlsruhe IIT Kharagpur NIPNE Bucharest St. Petersburg Polytech. Univ.
IPHC Strasbourg Munster Univ. IIT Indore Univ. Bucharest loffe Phys.-Tech. Inst. St. Pb.
Hungary: Tubingen Univ. Gauhati Univ. _
Budapest Univ. ZIB Berlin T. Shevchenko Univ. Kiev
Kiev Inst. Nucl. Research
6" CBM Collaboration meeting in Prague, CZ SEUEEErREs O, CBN
14 -18 Sept. 2015

Other, 13%

Germany, 31%

Russia, 27%

Romania, 06%






CBM Technical Design Reports

Technical Design Report
for the CBM

Technical Design Report
for the CBM

Technical Design Report
for the CBM

H:

| # |Project | _TDR Status

Magnet approved

Ring Imaging Cherenkov
(RICH) Detector

Silicon Tracking System (STS)

I . The CBM Collaboration
Superconducting Dipole

Magnet

The CBM Collaboration

STS a p p rove d The CBM Collaboration

RICH approved
TOF approved

Compressed Baryonic Matter Experiment
Compressed Baryonic Matter Experiment
Compressed Baryonic Matter Experiment

GSI Report 2013-4
October 2013

MuCh approved

November 2012

HAD ES ECAL d p p roved ‘é‘ Technical Design Report
for the CBM
PSD approved o

MVD submission 2016
DAQ/FLES submission 2016
TRD submission 2016
ECAL submission 2016

April 2013

Technical Design Report
for the CBM

Technical Design Report
for the CBM

@

Projectile Spectator Detector
(PSD)

Muon Chamber
(MUCH)

Time - of - Flight System
(TOF)

The CBM Collaboration The CBM Collaboration

The CBM Collaboration
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