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The DLS Puzzle
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QCD matter under extreme conditions

fireball

artwork by F. Seck, T. Galatyuk based on UrQMD

Enrico Fermi

... a collision in which the nucleons with their surrounding retinue of pions hit against each
other so that all the portion of space filled by the nucleons and their surrounding pion
field will suddenly be loaded with a very great amount of energy. Since the interactions
of the pion field are strong, we may expect this energy is rapidly distributed among the
various degrees of freedom ...
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Freeze-out conditions from SIS18 to LHC

ALICE data
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The QCD Phase Diagram
From medium-effects to novel Soft deconfinement in overlapping pion clouds
phases of QCD matter
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INITIAL STATE RADIATION
MESON-BARYON COUPLING
CHARM PRODUCTION AND PROPAGATION




INITIAL STATE RADIATION

Important for precise extraction of excess radiation
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Dileptons as probe of the QCD matter
CBM S|mulat|on Au+Au BES

o Extraordinary probe for the microscopic structure of
the matter making up the fireball

o Needs careful subtraction of pre-equilibrium and
final state contribution

LMR/IMR yield:
(LMR/)IMR slope:
dP/dM:

dP/doyx (polar.):

Fireball four-volume integral
Fireball mean temperature

VM melting, chiral mixing

Production process,
partonic vs. hadronic

dP/d¢ (flow):
VLMR and low p,:

Emission time, pressure

Electrical conductivity of matter

= Precise reconstruction of medium (excess)
radiation needed
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Dilepton spectra measured by HADES
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- Significant excess radiation above contributions from initial state (from NN reference) and freeze-

out (meson cocktail) visible

- Excess radiation drops by four orders of magnitude for inv. mass of 0.2 down to 1 GeV
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Thermal Dileptons from HADES Au + Au @, /sy = 2.4 GeV

C:'E' 1072 JE Coarse-grained UrQMD®)
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MESON-BARYON COUPLING

Controls the thermal emissivity in hadronic environment
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Vector-meson dominance in hot & dense matter

Generalized ,Bremsstrahlung” — Fourier transform of current-current correlation function (j(x), j(0)):

v 4o igx i o L. McLerran, K. Toimela, Phys. Rev. D31 (1985)
Mgy () = f d"xe G(xO)([JEM(x)’]EM(O)DT See also: Ralf Rapp arXiv-1110-4345

Extension of the Gounaris-Sakurai formula to a thermal pion gas:  C. Gale, J. Kapusta: Nucl. Phys. B357 (1991) 65

g 1 = 1, = 1_ 1 2
Jtm =5 ([@y*u —dykd) + - (aytu + dy*d) — 35v#s = Imllgy~ImD, + ZImD,, +5Im Dy

Hadronic current can be approximated by the imaginary part of the in-medium p propagator.
Inclusion of meson-baryon coupling, p only:

m2 2 1
ImI gy (M) = (—2) ImD,(M D,(M,q; ug, T) =
e (M) <g) o (M) (M2 — 2 — ez — Zow — Zp5)

R. Rapp, J. Wambach: Adv.Nucl.Phys. 25 (2000) 1
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B. Friman and H.J. Pirner, Nugl. Phys. A617 (1997) 496 ,>=’£< A
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M. Asakawa, C-M. Ko et al., PRC 46 (1992) R1159 ®
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The HADES pion beam facility

o Pion production target 40 m upstream the experiment
target position

o Direct excitation of baryon resonance and exclusive
reconstruction of final states

o Combination with dilepton spectrometer world-wide

unique
silicon detectors start detector
N /
dispersive plane =Tt-beam
pion target | \
HADES target

FT
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Extrac
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o Hadronic final states used in PWA (Bonn/Gatchina
code)

o Use invariant masses, and angular distribution (not
shown here)

n +p—oe +et+n

o Prediction for dilepton invariant mass assuming
strict VMD

o Comparison to two-component model by Pena &
Ramalho



UNIVERSITAT

FRANKFURT AM MAIN

Tm+p—oe +e +n

Resonance-Dalitz decay (a la VMD) ...

N.

. is analogous to baryonic contribution to
in-medium p self-energy (emissivity)
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The HADES Proposal for 2026 — 2028

== HADES FAIR

“Boosting the understanding of non-perturbative QCD
by combining pion beams with HADES
and involving three pillars”

7w -QCD

C

e.m. time like form factors
strong, weak and rare decays
Q spin observables
hadron production
in-medium effects . D
short range correlations ; pl o
hypernuclei - s

Proposal for Experiments at the
GSI Pion Beam Facility

November 2024
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CHARM PRODUCTION AND PROPAGATION

Preparing grounds for using charm as probe of compressed baryonic
matter
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Measurement of J/Y¥ via dilepton decay

M HIC ‘FA| B HICforFAIR Workshop: Heavy flavor physics with CBM

26-28 May 2014
FIAS

CBM can provide unique opportunity for pioneering
studies of

uuuuuuuuuu lin tmezone

M Overview The aim of the workshop is to discuss the case of charm and open charm physics at CBM. We intend to
O Ch a rm p rO d U Ctl O n Call for Abstract: discuss this issue accounting for arguments from the side of theoretical physics as much as for
all for Abstracts constraints imposed by experiment and technology.
H H Timetasie Among the topics discussed will b
mong the topics discussed will be:
o charmonium formation
-Performances and limits of CBM
. Author index -Measurements required to judge the validity of different physics models
I n n O rm a I (a n d CO m p ressed) n u C | e a r m atte r T -Technological options to realize those measurements
Registration The format of the workshop will let room for detailed discussions.
I | | d f d | | N List of registrants
N all cases, need p-p as rererence, ana a reactions Starts May 26, 2014, 835 AM Fias
Ends May 28,2014, 2:15PM Lecture Hall 100

Ruth-Moufang-StraBie 1,

should be studied at the same collision energy
fp(g)

time evolution of J/1 formation p

g [¢
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hard | pre—resonance | resonance okz resonance  forma
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Production cross section of (open) charm near t

Unclear production mechanism in the non-perturbative regime.
Perturbative treatment factories hard (perturbative) and soft
(universal/non-perturbative) parton distributions.

Problems below \/_ = 20 GeV —use Sudakov resummation

Sparse data and large variations due to generally low statistics at
“low” energies: “Uncertainties in the cross sections remain large

even at NNLO-NNLL"

Production modelled in transport via extrapolations of
parameterization fitted to PYTHIA, see e.g. (P)HSD:

Joachim Stroth | QCD at FAIR - Physics perspectives with hadron beams | GSI
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Charm correlation measurements
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Correlated heavy quark (QQ) production. Use exclusive NLO codes to avoid

problems due to improper interference treatment.

o QQ produced strictly back-to-back in LO

o Where are the limits of perturbative calculations?

= Charm correlations in pp in energy scan — Modifications in cold matter (pA)
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Micro Vertex Detector

Enables open-charm measurements with CBM

o Four stations of MIMOSIS (CMOS) sensors with 100% fill
factor positioned close to the target

o Enhanced track reconstruction efficiency for tracks with
low-momentum and factor ten improved vertex resolution
over STS alone.

o Operation in vacuum and in a one-Tesla magnetic field.

o Liquid cooled down to -20°C (if needed), 70 W heat
extracted laterally

o Material budget of 0.2 - 0.5 % X, /station

o 288 sensors, 148 M pixel, 200 kfps, 5 pm precision
IPHC Strasbourg, IKF Goethe University Frankfurt, GSI CAD; F. Matejzek, Goethe University Frankfurt
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The heavy-ion program requires reference measurements
The partly stand for their own by contributing to understanding the structure of hadrons

- Beam energy scans for hadron and dilepton production off protons and nuclei

- Charm production and propagation near threshold

CBM runs first 3 years / Heuer commission)

Year Setup Reaction Beam Energies | Days on Target Number of Remarks

T.. [AGeV] events

0 ELEHAD C+C, Ag+Ag, Au+Au  (2,4,6,8,10,max |60 Commissioning

q! ELEHAD Au+Au 2,4,6,8,10,max |30 (5 each) 2:10%° each EB minBias

1 ELEHAD C+C 2,4,6,8,10,max |18 (3 each) 4-10% each minBias

1 ELEHAD p+Be 3,4,8,29 12 (3 each) 2-10' each minBias

2 MUON Au+Au 2,4,6,8,10,max |30 (5 each) 2-10' each minBias

7) MUON Cc+C 2,4,6,8,10,max |18 (3 each) 4-101 each minBias

2 MUON p+Be 3,4,8,29 12 (3 each) 2:10%2 each minBias

3 HADR Au+Au 2,4,6,8,10,max |12 (2 each) 4-10'1 each EB + Selector(s)

3 HADR C+C 2,4,6,8,10,max |6 (1each) 8-10'! each

3 HADES Ag+Ag 2,4 28 (14 each) 10% each

3 ELEHAD Ag+Ag 2,4 8 (4 each) 2-10% each minBias

Dedicated program at SIS18 with pion beams

HADES runs to come

Ag+Ag

/5w =34 GeV

Ag+Ag
o =27 GeV

Au+ Au
Epeam =04~ 0.8 AGeV

\/vas\/m
r

p+A
/Sy =3.3- 4.3 GeV.
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o <2GeV

Cold matter studies of vector meson propagation (and short range correlations)

SIS-100
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ptp
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T +p
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“Elementary”
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