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The high pg Side of the Phase Diagram

Nature Phys. 15 (2019) 10, 1040-1045
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Qutline of this Talk

R
Au+Au syn=2.4 GeV, 2.2x107 events analyzed Y 0
.: (: > Y
1. Virtual Photons: ’ )

Vector meson spectral functions modified by coupling to baryons

2. Subthreshold Strangeness Production:
NNSNYK*  yJsyn= 2.55 GeV = —_—
NN->NNK* K- syn= 2.86 GeV (Kinematical suppression of direct K)

Coupling of K- to baryons via strangeness exchange reactions e.g mY->NK-

Aspects of medium emission

3. Bulk Properties:
p . light nuclei and
proton number fluctuations, flow anisotropies and 1 m intensity interferometry

Characterizing
the collision

4. FAIR-Phase O:
new Ag+Ag data and the future




HADES at GSI/FAIR in Darmstadt, Germany




Virtual Photons




Virtual Photon Radiation from

Nature Phys. 15 (2019) 10, 1040-1045

Dense Baryon Matter
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Au + Au \Ir?‘N =242 GeV
0-40%

= Au + Au back tracking
® Au + Au ring-finder

o NN reference

0.8
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First measurement for a heavy system at low /syy.

Strong excess (0.15<M<0.7 GeV/c?) above components of
meson decays at freeze-out and NN-reference.

Isolation of excess by subtracting the NN-reference.



Virtual Photon Radiation from « First measurement for a heavy system at low /sy

Dense Baryon Matter

Nature Phys. 15 (2019) 10, 1040-1045

« Strong excess (0.15<M<0.7 GeV/c?) above components of
meson decays at freeze-out and NN-reference.

AOGUNCW-REACLNUUOOIE - [solation of excess by subtracting the NN-reference.
NN ref., n, » subtracted

« Medium radiation: Strong broadening of the p due to
direct p-baryon scattering

« Exponentially falling spectrum,
- extraction of temperature <T,.> = 72 MeV

M., (GeV/c?)



Virtual Photon Radiation from

Dense Baryon Matter

Nature Phys. 15 (2019) 10, 1040-1045

Au+Au \s,=2.42 GeV 0-40%
NN ref., n, ® subtracted

kT =718 +2.1 MeV

In-medium p:
——CGFRA
—— CG GSI-Texas A&M
—— CG SMASH
—— HSD
p coll.broad. + A +
Bremss. (NN, =N)

Vacuum p:
— = HSD
— - SMASH

Onset of medium radiation in Ar+KCI collisions

First measurement for a heavy system at low /syy.

Strong excess (0.15<M<0.7 GeV/c?) above components of
meson decays at freeze-out and NN-reference.

Isolation of excess by subtracting the NN-reference.

Medium radiation: Strong broadening of the p due to
direct p-baryon scattering

Exponentially falling spectrum,
- extraction of temperature <T,.> = 72 MeV

Thermal rates folded over coarse-grained transport
medium evolution works at low energies

Supports baryon-driven medium effects at SPS, RHIC
(LHC)!

n comp. subtracted

= Au+Au
e Ar+KCl




Strangeness




¢-AntiKaon Interplay in HIC 2
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Increased in HIC at low /syy: - No indication from K- spectrum for sequential
> 25% of K- result from @ decays! K*K- freeze-out if corrected for feed-down.

Phys.Lett. B778 (2018) 403-407
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Sub-threshold Strangeness Production in Au+Au @ ./syy= 2.4 GeV

Complete set of strange hadrons produced below NN-threshold: NN->NYK*: /syn= 2.55 GeV

Phys.Lett. B793 (2019) 457-463

NN->NNK*K- Jsyn= 2.86 GeV

a=145+0.06
x?/NDF =5.90/10 =0.59

- unique observable:

Energy must be provided from the system.

Strange particle yields rise stronger than linear with

<Apgar> (M ~ <A, >9)

Universal <A,,.> dependence
of strangeness production

- Hierarchy in production threshold not reflected.
Scaling with absolute amount of strangeness,
not with individual hadron states.
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Bulk Properties
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_ Proton Number Fluctuations — —
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First analysis at Au+Au @ \/syn= 2.4 GeV.
Detailed study of experimental effects Comparison to data from STAR for different rapidity bins.

J. Adam et al. (STAR), (2020), arXiv:2001.02852 [nuclex]. 13




<Ng) sc:aling of Correlators CQ Cumulants K, hold information on multi-particle correlators C,

Ling & Stephanov, PRC 93, 034915 (2016)

Investigate C, vs. (N,,) to isolate relevant physics
Bzdak, Koch & Strodthoff, PRC 95, 054906 (2017)

35 - 40%

Cp x <Np>a

(04
Cy (Np>
a=1.86 + 0.04 a = 2.84 1+ 0.05 a = 3.89+0.14

a ~n - signature of long-range correlations (4y., > 1)

Due to the proximity of the liquid/gas phase transition? 14



Flow Anisotropies

Out-of-plane v,

* Long spectator passing time

Tpassing ~ Texpansion

¢ Squeeze-out

out-of-plane

HADES (AuAu) Protons (10-30%)
P (AuAu) Protons (15-29%)

FOPI (AuAu) Z=1 (b=5.5-7.5fm)

INDRA (AuAu) Z=1 (b=55-7.5fm)

EOS (AuAu) Protons

E895 (AuAu) Protons (b~5-7fm)

In-plane

E877 (AuAu) Protons

NA49 (PoPb) n* (12.5-33.5%)
WA9S8 (PbPb) h* (10-30%)
CERES (PbAu) n*

STAR (AuAu) h* (0-60%)
STAR BES (AuAu) h* (10-20%)
PHOBOS (AuAu) h* (0-40%)

10 107
E,.../A (GeV)

Event plane reconstruction
Based on hits of charged
projectile spectators in the FW
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First analysis up to v,
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3D Visualization of Particle Flow

Au+Au s, =2.4 GeV

Centrality 20-30%
1.00 < p, < 2.00 GeV/c

With rapidity depend parameterization n = 1 — 6 (see previous slide)

1+ 23521 Vn Uem) cosn (P — YPgrp)

arxiv.org/abs/2005.12217

\iteRrTollel13'%

Almost elliptical shape
odd coefficients
consistent with zero

Forward/backward
rapidities:

Triangular shape
Interplay: central fireball
pressure and interaction
with spectator matter?
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p. d, t: Scaling Behavior

* Ideal fluid dynamics prediction: 0.5

N. Borghini and J.-Y. Ollitrault, Phys. Lett. B642, 227 (2006).

* At mid-rapidity p, d, t data are remarkably close.
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|dentical 7 Intensity Interferometry

A,
v

Ba<e >+ 3O ¥

HADES n'n
HADES n*n*
E895

E866 nn”

E866 n'n*

NA49 n'n
CERES nn+n*n*
STAR nm+n*n*
ALICE nm+n*n*

B HADES nr , m, = 260 MeV

® HADES n*rn*

| HADES 7%

HADES '
HADES n*n*
E895 n'm

E866 n'm

E866 n'n*

NA49
CERES n'm+n*n*
STAR nm+rn*n*

Rca =(8.0 +/-0.5 ) fm
i = (3.61 +/- 0.09) fm
a = 0.41 +/- 0.07 14, :=0.0
s (7.5 +/-0.9) MeV [T, =120 MeV]
die = (17.0 +/- 3.5) MeV

400 600 800

P, [MeV/cl [Som [GEV]

*
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ALICE mm+n'n*

Indications for charge-sign

differences reported previously: {5 [GEV] 10
NN

E866 R. A. Soltz, M. Baker, J. H. Lee, Nucl. Phys. A 661, 439c (1999)
E877 D. Miskowiec et al., Nucl. Phys. A590, 473c (1995) HADES follows trend from STAR/NA49
NA44 |.G. Bearden et al., Nucl. Phys. A638, 103c (1998) more than trend from E895

. . . . . ?
First time observation of substantial differences! > room for structures?

Phys.Lett.B 795 (2019) 446-451 19



|dentical 7 Intensity Interferometry

Eur.Phys.J.A 56 (2020) 5, 140

¢-dependent HBT parameter

Identical pion correlations
as function of the event-
plane angle ® and pair
momentum (5 bins)

N Einitial
Initial (nuclear overlap)
eccentricity
is relaxed at freeze-out

€initial > Efinal-

20



FAIR-Phase O
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Ag+Ag s

hRichCalsColRowEvent 4.3.2019 1:59:45

Row index
=]

L i | ] I |
20 40 60 80 100 120 140 160 180
Col index

2 of the CBM RICH photon detector

Stable operation during 4 weeks of beamtime

n=89118, Sig/CB = 0.421 !
All,, ce* Sig_ <& Supplemented
by new ECAL

detector

0 100 200 300 400 500 600 700 800 900 1000
M, [MeV/c?]

1/N_ dN* / dM,, (c*/GeV)

n= 2.6 GeV: Virtual Photons

—
-
~

—_
<
@

‘ Anticipated Events’
Recorded Events ———

Million Events

16 kHz Ag+Ag

05 09 13 17 21 25 29
March 2019

Efficiency corrected dielectron spectra
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Ag+Ag ysyn=_2.6 GeV: Strangeness

75 <y, <-0.65 (x10')
0.75 <y, <0.85 (x10')

K% and A production
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E‘&&%\S’;}O - 40% Centrality

Work in Progress

Ag+Ag {syy = 2.55 GeV
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Pion induced reactions on CHy
and C. Ag targets

7 N

Pro
osals for beam time at SIS18: 20 2
L] - O

prp reactions at 1.5 GeV on CH»

7 N
I P \g]'(';\l\i(l!\\

at 4.5 GeV

77, SN
Beam Energy Gean for proton and
neutron mduced reactions on
\n’nlon\.

Studies of QCD matter W ith
Au+Au collisions at
0.8A 0.6A 0.4A 0.2A GeV



Summary

JdM,, (GeV/c?!

Virtual Photons:

Strong broadening of the p, exponentially falling spectrum,
- extraction of temperature <T_.> = 72 MeV

Onset of medium radiation in Ar+KCI collisions.

'exces:

dn

a=1.45+0.06

Strangeness: ST rmor 5900050 o

No indication for sequential K*K- freeze-out if p, spectra corrected for feed-down.
Universal <A, ;> dependence of strangeness production.

The Bulk:

First data on: proton number fluctuations.
flow anisotropies up to v,.
identical pion HBT as function ® and k..

FAIR-PhaseO:
High quality data te<emre are here
A lot to come in the next years.




The Team




Back Up
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EM Formfactors of Baryonic Resonances

pion cloud

/

o+p(1.25 GeV) > p+p+e+e*
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Good agreement with model of Ramahlo & Pena
if pion cloud is taken into account
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¢-AntiKaon Interplay in Cold Nuclear Matter

e HADES
acceptance
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In HADES acceptance:
- Suppression of K- relative to K*

(/K )¢ = 0.55 + 0. 04(stat)tg: 8g(sys)

- Similar suppression for ¢ like for K-

(/K )w = 0.63 £+ 0.06(stat) + 0.11(sys)
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Weak Decay Topology Recognition with Neural Networks
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with Neural Networks

Weak Decay Topology Recognition

Weak decay topology
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Weak Decay Topology Recognition

with Neural Networks

Weak decay topology

%% Signal
W Background
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Weak Decay Topology Recognition with Neural Networks

Weak decay topology

. T. Scheib
I oo

reaction
vertex

%% Signal

N\ Background Lol R = [
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ANN in combination with pre-selection on
topology parameters improves performance
- reduction of uncertainty for 4 yield extraction.
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Hierarchy in hadron yields:
p =~ 100, Ppound= 50, 11 = 10, High statistic multi-differential data
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UrQMD prediction: P. Hillmann et al. J.Phys. G45 (2018) no.8, 085101




(" compact
baryonic core
/1'2)]13/2 ~ 0.5 fm

N

Consequences for the created system?

[fm_l] ] ' ' '
baryon density N. Kaiser.
2 4rr? p (r) ;
- pB U.-G. MeiBner,
W.W.
— 1 Nucl. Phys.
- isoscalar
| charge density A466 {1987) 685

47r? ps(r)

mesonic cloud
2,1/2 ~
K<I >E.isoscalar - 08 fm

...treated properly
in Chiral EFT

Can we connect this to an observable?

pp = 0.15 fm 3

baryonic
core

Figures from W. Weise
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p, [GeV/c]

35-40%
0-5% ; x

5-10%

20-15%
O

A
- ’ — == V :’
35-40%

Cumulants K, hold information on

Investigate C, vs. (Np) to isolate relevant physics
multi-particle correlators C,



Protons and light nuclei at Au+Au /spyn= 2.4 GeV

Spectator and fireball regions not well separated.

O
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Exp. Data
0-10% most central
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30-40% most central .

Careful analysis of protons:
Extension to high lab. momenta in order to cover forward hemisphere

(no acceptance at low py)

- Estimate spectator contamination by symmetry of the distribution

= Minimize uncertainty due to extrapolation in y

Similar investigations for d and t are ongoing. 38



