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HADES as FAIR Phase-0 Detector

Large acceptance DiElectron Spectrometer — several upgrades since 2002

new:

Lead-glass
based ECAL

new:

MAPMT based

? i Ph 0]
photo detector Magnet L P?:;am
(CBM Phase-0)
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HADES Phase-0 detectors: MAPMT RICH — ECAL
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Exploring the QCD phase diagram at high pp
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Neutron Star S/A > 2, increases with NS mass
GSI/FAIR S/A > 2, increases with E_LAB
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Heavy-ion collisions and neutron star merger

Gravitational wave signal can probe
the dense EOS during “ring down”
if frequencies in kHZ range are
detected.
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The HADES mission

Characterize the microscopic properties of compressed baryonic matter

o From medium modific

42nd Erice School on Nuclear Physics | Joachim Stroth

ations to novel phases of QCD matter

o Dynamics of meson baryon coupling

250 T T

arXiv:0711.3444
arXiv:1011.0615
QGP HADES prelim.
200 | + arXiv:0511.071
arXiv:9903-063
N STAR prelim.
C &-2Ga)o + HADES prelim.
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JS, JPS Conf.Proc. 26 (2019) 011013

¢ HFHFGSI
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p, w, P

pB =0.15 fm 2
normal nuclear matter: dilute

T'soft
Thard

K. Fukushima, T. Kojo, W. Weise; arXiv:2008.08436v2
(also G. Baym, QNP2018)
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Yield, dN/dy

Data/model
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Freeze-out conditions from SIS18 to LHC
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ALICE (s =2.76ATeV): T, =156.5 (1.5); ug = 0.7 (3.8)
HADES (5 = 2.42 AGeV): T, = 68.2 (1.5); up = 883 (25) ()
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o Factor 1000 in beam energy / factor ~2 in temperature
Strangeness canonical treatment at low beam energies!

Calculation carried out with vacuum masses!
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The Roper Resonance

o The second lowest (in mass) excitation of the nucleon is the Roper resonance.
o In constituent quark model first radial excitation of the nucleon, but too low mass.

The transition form factors measured at CLAS (JLAB) in

2y — 2 * ()2 *rn2
A1, (Q%) = QIR (@) + F2 (D) the space-like region reveal a particular structure:

Ff (Q®)my; N F5(Q?)
Q2 My

51/,(%) =722 ¢(@)

- Radially excited dressed-quark core with a “strongly bound
pion” in the cloud.

0.157

1/1"
N(1440) IJP) = §<§ )

R (A)

X=02/m,€l X=O2/m/%/ e c

C. Roberts, V. Burkert; arXiv:1710.02549v1
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Ag+Ag (s = 2.55 A GeV)
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R. Singh, P. Forck, S. Sorge; arXiv:1904-09195
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Ag+Ag - offline analysis / event cleaning

From recorded to clean events - reasons for losses:

HFHFIES I

o Reactions outside the target stack o X10°
. 2 6o[100.0%
o Pile-up events 3 95.3%
o TO inefficiency % 87.1%
2 50
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@ Lo 106% 69 0%
40
60.0%
30 L
20
10
W ooy /
...... o XX R oo retetetets f
0

Event selection cuts

Removed events dominantly suffering pile-up (> 50%)
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Particle identification
Time-of-flight (B)
+ dE/dx (Kaons, light nuclei)
+ Cherenkov rings (electrons / positrons)

Velocity B
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0.4 7

-2000 -1000 0 1000 2000 3000 4000
Momentum / Charge [MeV/c]

HFHFIES I
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E-b-E Proton Distributions from Au + Au /s = 2.42 AGeV

P, [MeV/c]
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HADES y — p; coverage for protons
Purity < 0.999, use B and dE/dx
Useful acceptance y =y, + 0.5

HADES Phys.Rev.C 102 (2020) 2, 024914

Centrality is derived from the
dE/dx signal in the forward
hodoscope XZ,.

Loose cut on spectrometer activity
to suppress peripheral reactions.

o HFHFIESIL

0 20 40

Analysis based on 1.6 - 108 evts.

Divided into eight centrality classes:
30-40%, 20-30%, 10-20%, and 0-10%
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Corrections applied to the data

Volume fluctuations

o Corecctions of proton cumulants based on “volume
cumulants” derived from Ny;; distributions in N2LO.

V. Skokov et al. Phys.Rev.C 88, 034911 (2013)

42nd Erice School on Nuclear Physics | Joachim Stroth

PBM et al. Nucl.Phys.A 960, 114 (2017)
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Detector response
o Studied with the HADES simulation package
o Corrected using factorial moment method

M. Kitazawa, Phys. Rev. C 93, 044911 (2016).
T. Nonaka et al., Phys. Rev. C 95, 064912 (2017).
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HADES Phys.Rev.C 102 (2020) 2, 024914
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(N,) scaling of factorial cumulants C,

N T T T 17

T 1 | T T T T [ T T

T

C3 = K3 — 3K, + 2K,

Cy = K, — 6K3 — 11K, + 6K;

K,,: cumulants

C,,: factorial cumulants/correlator

O | 8 centrality bins (color, 5% steps) ‘
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a =n - signature of rather long-range correlation (Aycorr > Ay)
B. Ling, M.A. Stephanov; Phys.Rev:C 93, 034519

HADES Phys.Rev.C 102 (2020) 2, 024914
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Proton higher-order flow components (Au + Au /s = 2.42 AGeV)

HADES
Au+Au |s,, =2.4 GeV

Protons
Centrality 20-30%
1.0< p,< 1.5 GeV/c

The collective motion (flow) of protons,
deuterons and tritons shows a distinct
pattern which encodes properties of
the fireball (e.g. equation-of-state).

Hillmann, Steinheimer et al., J.Phys.G 45 (2018)

The flow is encoded in the transverse
mass spectra and in the angular
variation of the yields.

[ee]

dN
e «1+2 Z v, cos(n(p — ¥,))

n=1

HADES, Phys. Rev. Lett. 125 (2020)
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Sensitivity to the EoS: va{Wgp} and v {¥re}

UrQMD with Skyrm potential

~ EOS A B
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. this ansatz provides a very good description of the measured deuteron flow data, if a hard equation of state is used ..."

[P. Hillmann, J. Steinheimer, M. Bleicher, J.Phys G45 (2018) 085101]
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3-D HBT (rrrr) image of collision zone
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Identical particle correlations from Au-Au collisions,

a.f.o. relative event-plane angle ® and pair momentum.
(U.A. Wiedemann; Phys.Rev.C 57, 266 (1998),
U.A. Wiedemann, U. Heinz; Phys.Rep. 319, 145 (1999))

Size modulations available for 6 bins
in pair momentum.
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HADES, Eur. Phys. J. A 56, 140 (2020)
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Universal strangeness centrality dependence

Strangeness production at
SIS18 energies enabled by
medium-effects

Suggests density-dependence
of production

NN - NAK™: Vs = 2.5 GeV
NN - NNKtK™: /s = 2.9 GeV

Data can be explained with a
single slope:

M;  (Apare)

Mult / (A, )

o=1.45+0.06
x?/NDF = 5.90/10 = 0.59

Phys.Lett.B 793 (2019) 457-463

" Au+Au

VSNN = 2.42 GeV
1 | 1 1
100 200 300

. <APart>

—

Part>

Mult / (A

0—3 -

» HFHFESI

T T T T I

o=1.38%0.03

Preliminary

| 1 1 1 I

x?/NDF = 3.79/5 = 0.76

A

Ag+Ag
\VSNN = 2.55 GeV

1

60 70 80 90100

200
. <APart>
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Refined fits including light nuclei A B c
https://github.com/vlvovch/Thermal-FIST (V. Vovchenko, HS) T [MeV] 64.0 + 1.2 66.2 £ 0.7 642+ 1.1
Comput. Phys. Commun. 244, 295 (2019), 1901.05249 [nucl-th]) ug [MeV] 783 + 2.5 801+ 1.5 782 + 2.5
A: strangeness canonical, excited nuclear states R [fm] 99102 871014 9.9£0.17
B: strangeness canonical, w/o excited nuclear st. R, [fm] 3.39+ 0.4 2.68 +0.14 —
C: grand canonical, excited nuclear states v 1 L 0.056 + 0.007
all non-interacting gas, const. Breit-Wigner width X 2.5 6.5 3.5
) HADES [ ) S-C - excite<-1 nuclei ()(-2 =2.25)
. @ CC - excited nuclei (x = 3.45)
4- work‘ in progress ® SCr=647)
) : : : : O0a: :
- 27 : : : : : :
jel : : : : : :
+J H H H H H H
0 . : : : : :
= : : : : [ : :
o ojee ®e o0 . LU e o
3 ' i o 0@ : : ' : 00
o0 ‘® ®: 900 : : :
: e * * | 000
= -2 ° ° :
T o
m o o o o o . o
“4lp id it He:in* im~ in PN PKO PK+ K i@ i Aupp
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Canonical suppression of strangeness production (?)

Sep. 16 - 22, 2021
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® 0-10%
~
.. Au+Au Pb+Pb
"1 central central
L h L L L L L | L
2 3 5 10 20
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25
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G.N. Xie for STAR 2108.05424 [nucl-ex]



MESON BARYON COUPLING
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Vector mesons in (cold) matter KEK-PS E325 (¢)

Nz N§150
. . o > 60 >
o Line shape measurement notoriously difficult 2 2
- In Au+Au o multiplicity ~ 1072 = o
o Tup/Typr~ 5 Xx1075 3 3
© 20 © 50
: 7_\ T T T T L i i ! T T T ‘ T T 1 ‘ T 1] T i 0 i 0
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s 8 %77 E 2 F100
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| 1 ? ! . lndf=46/50 | - Yhdf=55/50 "
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0 02 04 06 08 1 12 ol e (SeiE] ey
HADES, PLB 715 (2012) Mee [GEV/C?] | HADES, PLE 715 (2012) M, [GeVic?] KEK-PS E325, PRL 98, 042501 (2007)
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The HADES Pion Beam Facility

80
o Production target 40 m upstream the experiment
target position allows production of secondary
60
beams
o Direct excitation of baryon resonance
> Combination with dilepton spectrometer world- E“T
. . o
wide unique
20 N
total SRR
----- resonancs contributions et < T -
------- an N background
0 L 1 N 1 P L N
silicon detectors start detec 2 %2 i A o
T P, [GeV]
dispersive plane 2 t. J‘[-beam)
ion target X : |
N \ il \ 2=(M . )?> 0
= >
\, HADES target 9 _( o)
T ~ variable
(x2,y2)

e
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Extraction of partial waves from two-pion channel
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2 20|
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N w B [$)]
o o o o

do/dM [mb/(GeV/c?)]
=)

o

03 04
M,,, () [GeV/c?]

W
o

do/dM [mb/(GeV/c?)]
N
o

| Wp— prn’ (d)

-
o
—T T

N-p

S~

0.3 0.i4 0.|5
M,,, (%) [GeV/c?]

— s AP
chan S, D

13

> pr = [656, 690, 748, 800] MeV

onm-+p-on +nt+n
- Hadronic final states used in PWA

- (Bonn/Gatchina code)
- Use invariant masses and angular
distribution.

om +p—oe +et+n
- Prediction for dilepton invariant mass
assuming strict VMD.

- Two-component model.

HADES Phys.Rev.C 102 (2020) 2, 024001.
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“4+poete +
T~ +p—-oete +n

Effective transition form factor

(time-like) extracted by <> Eb) - B .
. . © 5[ quasi-free T+p— e'en T
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Pion cloud effect in A(1323)

o Exclusive dielectron production in p+p collisions.

o Effect of the pion cloud observed in the time-like
electromagnetic transition formafactor

(off-shell p meson).
Pefa, Ramalho; arXiv-1205-2575

Pefna, Ramalho + GiBUU.; arXiv-1512-03764

T B*,a
N -\ 791 /
~
/> ( A
e g ®N <,+
N-1 T

10

107

ratio (exp / qed, models / ged)

do/dM,, (e*e) [mb/(GeV/c?)]
=)

s+ HFHFES I

= MC sum
QED
—EW
= R&P quark core
= m R&P pion cloud
—— S&M brems.

T T

B3 085 09 0951 105
M,.ies (DE'€) [GEV/c?)

....I..é..l....l....l..-

0 0.1 0.2 0.3 0.4 0.5

M, (e'e) [GeV/c?

8¢ — - RBW/QED

- | == == R&P pion cloud / QED

7f| =—— R&P/QED

[ | === R&P quark core / QED

60225 S&M brems. / QED

51 N

i ——T—

| g o S
----- g S bt UMM |

$15 02 025 03 035 04 045 05
M. (e'e) [GeV/c?]

inv

HADES: arXiv:1404.2136 [nucl-th]
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Theoretical approaches to medium radiation

Medium (excess) radiation from Thermal Emission Rates (€) (“standard candle”):

——— freeze-out cocktail
thermal radiation (Rapp)

cT corr.
Drell-Yan
sum

;'2-— o

T — A—
[ =0 .

253
M, [GeV/c?]

152

d*N a? ,
dMdydp,da =J 32 L(M*)fp(q -u; T) ImIlgy[M, q; T, ug] dx
d%e
/ T ——[T(x), up (%), ¥(x)] dx

~

isentropic expansion,
hydro

coarse graining

or

%

F. Seck, MSc 2015

Dilepton emission from
Microscopic Transport.
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Thermal dileptons Au+Au (v/s = 2.4 A GeV)
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Au+Au \/s,=2.42 GeV 0-40% |
NN ref., 1, ® subtracted

kT =71.8+2.1 MeV

L IllIIIIl

In-medium p:
— CG FRA
—— CG GSlI-Texas A&M
—— CG SMASH
—— HSD
p coll.broad. + A +
Bremss. (NN, nN)

| IIIIlII|

| IlI]IIII

Vacuum p:
— - HSD
— - SMASH

1
0.4 0.6 0.8

HADES, Nat. Phys. 15(2019) 1040

o Microscopic transport@):
- Vacuum p spectral function and A regeneration

shift

in-medium propagator ¥

- p — a4 chiral mixing®

(hot measured so far)

» HFHFIESI

- Explicit broadening and density dependent mass

o Coarse-grained UrQMD®

* Thermal emissivity with

(4) Rapp, van Hees; arXiv:1411.4612v

(2) E. Bratkovskaya;

(3) CG FRA Endres, van Hees, Bleicher;
arXiv:1505.06131
CG GSI-TAMU; Galatyuk, Seck, et al.
arXiv:1512.08688

(4) Rapp, Wambach, van Hees;
arXiv:0901.3289

(5) Rapp, Hohler; arXiv:1311.2921v
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Thermal dileptons Au+Au (v/s = 2.4 A GeV)

a
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HFHFGES I
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Z 10 = in-medium p spectral function _§'
T gf M xemmm) -
10_ (| 3 (4) Rapp, van Hees; arXiv:1411.4612v
= (2) E. Bratkovskaya;
c L | [ (3) CG FRA Endres, van Hees, Bleicher;
0 02 04 06 0.8 1 1.2 arXiv:1505.06131
. . CG GSI-TAMU; Galatyuk, Seck, et al.
. 2 .
e*e invariant mass [GeV/c] arXiv:1512.08688
. . (4) Rapp, Wambach, van Hees;
pub. in preparation arXiv:0901.3289

(5) Rapp, Hohler; arXiv:1311.2921v
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Dileptons Ag+Ag (/s = 2.4 2, 2.55 A GeV)
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Reminder: Jan-Hendrik Otto, Friday evening
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HADES during FAIR Phase-0

Au+Au BES <1 AGeV

SEARCHING FOR CRITICAL BEHAVIOR AND
LIMITATIONS OF THE UNIVERSAL
FREEZE-OUT LINE
Aus Au collisions at 0.24-0.8A GV

The HADES Collaboration

J. Stroth v
GS1 contact; J. Pietrascko (. pietraszkoigside)
Infrastructure: SIS1S and HADES cave
Beam: slow extraction
Au at 0.84-064-0.44-0.24 GV, 1.2 x 107 ions/s (Mt top)
€ at 0.84-0.64 GeV, 3 x 10° sons/ (fat top)
Abstract

o8 e o iz of s QCD phsedogransomde e bstion o the
muclons i

AutAn rm (9 e
e by

each) will focus o the mest abandaat (uo
event aalyss of pasticle correations and
of the system at freczecat. We aim

the matter propertie (Equationof State) in compact el ol»,«u-mi i) cvctionof

Moree, CC i be bnvestigated to
In

‘This is « proposal for & new experiment

In total we request 94 shifts

4

50% granted

Sep. 16 - 22, 2021

form
EM transition
factors of hyperons

PRODUCTION AND DECAY OF HYPERONS,
AND INCLUSIVE HADRON AND DILEPTON
PRODUCTION

in p+p Reactions at 4.5 GeV'

The HADES and
HADES-PANDA Collaborations

Spokespersons: J. Stroth (jstroth@igside), P. Thsty (thstyGuj.cas.cz)
GSI contact: J. Pietraszko (j.pietraszkofigsi.de)

Infrastructure: SISIS, LHj target, HADES cave
Beam: protons at 4.5 GeV, beam intensity 7.5 x 107 p/s, slow extraction

Abstract
Rt UG i el o aion peen b . ok 4 s o
strangeness.

The
romagasic decays duing Phaso0 see complermcatary o the Phase-1 s at PANDA
interactions, and NDA detector systeans to be

et o comtniond sy 2o
Below is & description of the proposed stixdy with proton beam using the HADES spec-
trometer combinee with the new forward detection system.

This is & new experiment proposal.

‘W request 84 shifts plis 4 shifts in a separate proposal for MMMV

Cold matter effects

including line
shapes and

STUDYING MEDIUM EFFECTS IN PROTON
INDUCED REACTIONS

P+ Ag reactions at 4.5 GeV

‘The HADES Collaboration

72\

HADIES

Spokespersons: J. Stroth (jstrothigsi.de), P. Thisty (thisty Gujf.cas.cz)
GSI contact: J. Pietraszko (j.pietraszkofigsi.de)
SRC part: T. Aumann (T.Aumann@gsi.de), O. Hen, E. Piasetzki

Infrastructure: SIS18, HADES cave, and
part of the NeuLAND detector to measure the recoil neutron

Beam: p at 4.5 GeV, beam intensity 4 x 10° protons/s, slow extraction

Abstract
We propose to investigate p+ Ag seactions with an improved experimental set-up which
Main

lsics tpin e airame: () lcrun prodocion o the ow ed isermadia e
rance in "cold® nuclear matter; (i) strangeoess production and

» earteriog parametes e phave s r) emiestanding sborrecge
i n the di L These results

jportant referesce for the future program at FAIR.
Below is an executive summary of the proposed study with proton beam using the HADES
spectrometer combined with the ew forward detection system.

This is a new experiment proposal.

We request 88 shifts.
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the only HADES

Baryon resonances,
meson baryon A
coupling in the

resonance region

BARYON COUPLINGS TO MESONS AND
VIRTUAL PHOTONS IN THE THIRD
RESONANCE REGION: VACUUM AND COLD
MATTER STUDIES
Pion induced reactions on CH and C, Ag targets

The HADES Collaboration

J. Stroth P Tlusty (tlusty
GST contact: J. Pietraszko () pietraszkotigsi.de)

Infrastructure: SISIS, pion production target and HADES cave
Beam: Nitrogen at 24 GeV, maximum intensity, slow extraction
Abstract
‘We propose to use the GSI pion beas to provide information on baryon resonancs in
. s crucial for i dvity of dense

region
badrosic matter. This includes their couplings to mesons and virtual photons and
their behavior in cold matter. First, differentialcross sections for hadroaic fina states will
be inclixded in Partial Wave Analyses o extract vasioas baryoo-meson couplings, mong
which are oN and wN, with unpevordente precision. Second, the measuremest of e~
production off the wicleos,
of baryons in the time-lie region, will probe the role of vector meoas (9, w) berein
Faaly, po s dta alo 0 vestignc medivm efctscn voctor mowns in o
nput i

oty of deme ad ot bt matter.

In 2017, we submitted - 140 A shifes,
AR ol ot bt T gl vl e, o s 07
proposal

[ )
#» HFHFESI

15 Billion events Ag+Ag taken in 2019,
Phase-0 run so far!

Iso-spin effects

in dilepton
production

SCRUTINIZING ISO-SPIN EFFECTS IN N+ N
BREMSSTRAHLUNG AND DIBARYON
D*(2380) FORMATION IN N-+P COLLISIONS
A Beam Energy Scan for proton and neutron induced reactions on protons

The HADES Collaboration

Spokespersons: J. Stroth (j.strothtigsi.de), P, Tlusty (tlusty Gujf.cas.cz)
GSI contact: J. Phetrasko (j pietraszkotigsi e
Beam: d with kinetic energy of T, = 1.0,113,1,25, 175 A GeV, beam
intensity 2 x 107 deuterons/s, slow extraction
Abstract
beamms 0n.a

LH2 target with an s
partices exitted into the vry forward beisphere. Quasfme - aod 17 rections
il by tagzing. breskup i the new
Foread Detecor whic conrs st complet (~ 98%) plse e fo the pecator

"The main gos of proposl are: (1) mensureocat of NN rferce speetr for
interpecaion of medium s bewwy-io collions i 1-2 AGA energy ronge. (2)

(3) stodin o iupin deperdence of acn (KK production chse 10 the threshokd el
0 ity 1 = 0N (1 0,17 - 3%) prodction in quastfre 1+ reactions.

results will al provide an importast eference fo the future beavy-ion progracn at
Ery

Below is
spectrometer combipee with the new forward detection systet.

t
t schedu\ed yet
Sﬁe to lack in peam time

‘This is a new experiment proposal.
We request 106 shifts.

not granted yet 7

not granted yet

ted 7 s
100 % granted
:un s::heduled for 2022 7

not granted yet
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Hyperon Radiative Decays

A(1520) =0
=156
J=3/2- :
|
|
A | $*(1385)
(1405) | T -3
I =50 Tt =372+
| 7/
| /
| 0.85%+0.15% e
| 77 1.2%£0.13%
I s
: yd >(1192)
| s I= 1/2+
A(1115) pd _=
1=1/2+ v » poras
100 %

CLAS PRD83 (2011) 072004, PRC71(2005) 054609
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A F(Q7)
timelike: not
ete” = NN accessible

spacelike:
e N—e N

charge,
magnetic moment,...

b3
A

radius

o Baryon excitation spectrum likely the result of a
complex interactions of baryon core with meson
cloud.

o Cloud in particular sensitive to soft perturbations
(low-q)

o Baryons with strange (semi-heavy) quarks can add
valuable extra information

together with PANDA@HADES
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The upgraded HADES detector (five new detector systems)

Improved physics performance through instrumentation of the very
forward hemisphere using FAIR technology.

In particular important for the Hyperon Program.

iTOF
TransFAIR, Jiilich
* APD read-out
* Enhances
trigger purity

Forward RPC
LIP Coimbra

« Based on R&D for neuLAND
* TRB3 read-out

T0
TransFAIR, Jiilich GSI, TU Darmstadt

» PANDA straw technology :.G;)AD tecczlhnolcigg/
- PANDA PASTTREC FEE n-beam dgtecto
chip

STS2

Jagiellonian Univ.

* PANDA straw technology

+ PANDA PASTTREC FEE
chip
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The CBM experiment

Systematic exploration of baryon dominated matter
in A+A collisions from 2 — 11 A GeV beam energy

e By A
5 7 L
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High-rate operation — FLES

Real-time event selection from free-streaming data with the
First Level Event Selector (FLES).
Up tp 1 TB/s — fully inspected in real time

/ FLES

|  CATrackFinder |
=

| KFTrackFitter |
~~

| Event Finder |
<~

| KF Particle Finder |
=~

| |

|

Jopui{ juasag |

Entries

Event Selection
L=

\| Quality Check

—Z o =2.6 MeV/c?
s/B=11.7

/N

Entries

collisions

A
<3article Finde
N

1

|
>|
time-slice instead of isolated collisions  t "

4300 4350 4400 4450 4500 4600
Time [ns]

13 14
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inv
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WS The Green Cube at GSl as FLES

Up to 40.000 processor cores forseen for event selection
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Summary

o HADES aims at a comprehensive program during FAIR Phase-0
o Au+Au BES

o Cold matter studies

o d, p, m beam induced , elementary” reactions

o Upgrades of the detector to enhance physics performance, in particular also for exclusive
channels in proton induced reactions

o Strangeness production still not fully understood. Thermal description work reasonably well
o Very consistent picture of dilepton continuum

o Many data on multi-differential observables thanks to high statistics (Bayesian analysis)

o Progress will finally depend on available beam time and support from theory

o Prepare for BES with CBM & HADES
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