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/7.1 mp, pp and pn reactions

7.1.1 Transition from hadron to parton interaction
7.1.2 Particle multiplicities as a function of /s
7.1.3 Resonance studies in n-induced reactions

/.2 pA (A) reactions

7.2.1 Short range neutron-proton correlation

7.2.2 Study of the in-medium properties of vector mesons by dileptons ' .
7.2.3 Drell-Yan processes in p+A collisions gg}iﬁ'um
7.2.4 Study of the in-medium properties of strange hadrons properties
7.2.5 Study of the in-medium properties of open and hidden charmed hadrons

7.2.6 Production of charmed hadrons from secondary pbar + p annihilations

7.2.7 Production of light nuclei and hypernuclei

7.2.8 Determination of momentum dependence of the optical potential

7.2.9 Influence of the electromagnetic fields on particle dynamics in nuclear matter

7.2.10 Dark Matter search :
22 pages in total
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Heavy-ion Collisions: Extreme QCD Matter in the Laboratory

- Current accelerator facilities cover 3 orders of magnitude from a few GeV to TeV

Protons and Antiprotons

®
o & gg

10 10°

Data compilation ML, Habilitationsschrift, 2022

Similar amount of matter and antimatter
at LHC at mid-rapidity
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Heavy-ion Collisions: Extreme QCD Matter in the Laboratory

- Current accelerator facilities cover 3 orders of magnitude from a few GeV to TeV

v Mesons

e Baryons

10 102

Data compilation ML, Habilitationsschrift, 2022

Switch from a baryon to meson
dominated system at 4 GeV
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Heavy-ion Collisions: Extreme QCD Matter in the Laboratory

- Current accelerator facilities cover 3 orders of magnitude from a few GeV to TeV

LHC [3]
RHIC/SPS/AGS [4]
RHIC/SPS/AGS/SIS [5]
STAR BES [6]

HADES (p+Nb)
HADES (Ar+KCl)
HADES (Ag+Ag)

Mesons

200 400 600 800 1000
H, MeV]

10 Measurements at different /s line up on a common curve
- HIC allow to probe systematically the phase diagram.
- /s changes from GeV to TeV, T, changes by factor 3.

Data compilation ML, Habilitationsschrift, 2022

Switch from a baryon to meson

dominated system at 4 GeV - Hadronic interactions important at all energies.
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Heavy-ion Collisions: Access to fundamental matter quantities

(Phys. Rept. 510,119)

=== [QMD, Hartnack et al.
N Soft ® Data

N
~
\\\ -.\~
ol il
S il

Trallw,

O
N
-
!
+
N

2MHard

RQMD, Fuchs et al

Equation of state, deduced from K*
yield compared to transport model.
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Heavy-ion Collisions: Access to fundamental matter quantities

(Phys. Rept. 510,119)

=== [QMD, Hartnack et al.

O [« ] Soft  ena

é ~N

< [ \i L

ol thas

A4 Hard )

RQMD, Fuchs et al
-0.2 0.0 0.2
Vs-Vs.. (GeV)

Equation of state, deduced from K* Large excess yield already in small
yield compared to transport model. C+C compared to NN.

2025-JUN-23 | Manuel Lorenz | 8



Heavy-ion Collisions: Access to fundamental matter quantities

(Phys. Rept. 510,119)

=== [QMD, Hartnack et al.

O
N\
-
g
+
4
-0.2 0.0 0.2
Vs-Vs.. (GeV)
Equation of state, deduced from K* Large excess yield already in small
yield compared to transport model. C+C compared to NN.

- Precision cross sections measurements of resonances at FAIR energies
basis for solid interpretation of heavy-ion data (also at high energies)!
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Total Multiplicity

/.1 Elementary nip, pp and pn reactions
7.1.2 Particle multiplicities as a function of s
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pp — meson+ X
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Excitation function not precisely measured in FAIR energy range,

in particular for resonances and antibaryons.
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7.1.2 Particle multiplicities as a function of s

Total Multiplicity

/.1 Elementary nip, pp and pn reactions
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Excitation function not precisely measured in FAIR energy range,

in particular for resonances and antibaryons.
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7.1.3 Resonance studies in n-induced reactions

TP — meson + X - p — baryon + X

Y
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Total Multiplicity
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+p° ¥ K(892)

oo  VKT(892)

4 5678910 20
/s (GeV)
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7.1.3 Resonance studies in n-induced reactions

T p — meson + X - p — baryon + X

—h

Total Multiplicity
=

ey

=
S
=
S
=
B
o
'_

¥ §(1020)
v K*(892) x3*  +3(1385) 4 =
v K*(892) A ¥z ©3(1385) AT
4 5678910 20 4 5678910 20
Vs (GeV) s (GeV)

More selective excitation of baryon resonances compared to p+p:
- test partial decay widths to given final states
(important for interpretation of ¢ HIC data)

- advantageous for PWA
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https://hades.gsi.de/sites/default/files/web/media/documents/proposals/HADES_Proposal_Pion_Update-1.pdf

(B
e.m. time like form factors
strong, weak and rare decays
spin observables
Iradron production
in-medium effects
short range correlations
hypernuclei

boosting the understanding of
non-perturbative QCD
by combining pion beams with HADES
and involving three pillars
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A reactions

7.2.2 Study of the in-medium properties of vector mesons by dileptons

M. Post et al., NPA 741 (2004)

R
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l.':"" 4]

»,
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A reactions

7.2.2 Study of the in-medium properties of vector mesons by dileptons

M. Post et al., NPA 741 (2004)

Medium effects restricted to low momenta!
- ensure acceptance

2025-JUN-23 | Manuel Lorenz | 16



Geometrical Acceptance at low momenta

PA — p/w/dp X

: 400 =7
ol B
E 2 |
g2 * 200 |-
& &
= 1] ¥ . 100 [~
o 05! no acceptance ! | |

Bas g o s o0 o 5pa o L3 g e 5 0] O
% 02 04 06 08 1 1.2 0 2 5 6
e+e- Invariant Mass (GeV) Muto et al., PRL 98 (2007) 042501 y

Fig. from S.Leupold et al., nucl-th 0907.2388

Low momentum coverage:
feature of HADES
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Geometrical Acceptance at low momenta
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Fig. from S.Leupold et al., nucl-th 0907.2388

Low momentum coverage:
feature of HADES

+ dilepton reconstruction capability
+ low recoil momenta due to m beam
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Geometrical Acceptance at low momenta

PA — p/w/dp X 2

400 ‘ E 103
é 300 | + .
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'5-3‘ 200 |- Q ;
- ]
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= 17 : 100 |- X
A= : — 10
Q05 no acceptance ! | .
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Y e
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e+e- Invariant Mass (GeV) uto et a (: ) 00 > o ol 58 4 7o 1

Fig. from S.Leupold et al., nucl-th 0907.2388 Invariant Mass [GeV/c?]

Low momentum coverage:

feature of HADES > World-wide unique feature!

+ dilepton reconstruction capability
+ low recoil momenta due to m beam
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Strangeness and Hypernuclei in 1A reactions

T N> YK Js=161GeV, E, =0.9GeV
S>HN  Js=196GeV, E, = 1.6 GeV
> KKZ  Js=23 GeV, E, =2.3GeV

* ¢ meson line shape (KK, ee statistics?)
--> JPARC community

« K and ¢ absorption, bound ¢-N state?
PLB 848 (2024) 138358

* K-N and Y-N potentials, relevance for EOS

2025-JUN-23 | Manuel Lorenz | 20



Strangeness and Hypernuclei in 1A reactions

T N> YK Js=161GeV, E, =0.9GeV
S>HN  Js=196GeV, E, = 1.6 GeV , ”
>KKE Js=23 GeV, E, =2.3GeV e |t L)

min. bias

* ¢ meson line shape (KK, ee statistics?)
--> JPARC community

« K and ¢ absorption, bound ¢-N state?
PLB 848 (2024) 138358

>
o
L
o
=

=

=

« K-N and Y-N potentials, relevance for EOS

open square: Y=0
full circle: Y=1

5.0 75 100 125 15.00.0 2.5 5.0 75 10.0 125 15.0

A A

—>Large production cross rates of hypernuclei do to kinematic
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Strangeness and Hypernuclei in 1A reactions

T N> YK Js=161GeV, E, =0.9GeV
> ¢N  Js=196GeV, E,.= 1.6 GeV , 7
SKKZ Js=23 GeV, E, .= 23 GeV g | O

¢ meson line shape (KK, ee statistics?) -

--> JPARC community

« K and ¢ absorption, bound ¢-N state?
PLB 848 (2024) 138358
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=

IS

« K-N and Y-N potentials, relevance for EOS

open square: Y=0
full circle: Y=1

125 15.00.0 2.5 5.0 7.5

A

HADIES Work in Progress

+W \s = 2.03 GeV
0 - 100% most central

Counts / N,

Signal (1 £ 26) =117 £ 23

Sl Backaround =032 —~>Large production cross rates of hypernuclei do to kinematic

Significance = 5.3

HADES feasibility study based on pioneering 2014 data.
expected gain factor (DAQ, Accelerator): fy,;,, = 50

2960 2980 3000
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/.2 pA reactions

7.2.1 Short range neutron-proton correlation

Quasi p+p elastic scattering have a
strong preference for interacting with
forward going high momentum nuclear
protons, “Selective Attention”.

> 4.5 GeV kinetic energy optimal,
e.g. possible with HADES+Neuland

“01 02 03 0.4 05 06 0.7 dé

GeV/c) .. .
Pa existing BNL data

https://www.hen-lab.com/srchades

The mapped with the anticipated
HADES+NeulLAND technology events
(factor 50 compared to BNL data).
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Dileptons and Drell-Yan processes in pA

n

primary DY - =’
e sum all

do/dM_, [mb/GeV/c?]

04 06 08 10 12
M_ [GeV/c]

5 GeV, min-bias

PHSD: «
primary DY —— - ®”
m— sum all L
-ee0

—p

QGP:

00 02 04 06 08 10 12 14 16
M_ [GeVic?]

Drell-Yan contribution is expected to be a dominant source for Mg, > 1 GeV-> pA reference
2025-JUN-23 | Manuel Lorenz | 24

do/dM_, [mb/GeV/c?]

PHSD:
primary DY —
sum all

06 08
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PHSD: n°
primary DY ---a°

e sum all et
LLEL )
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Open- and Hidden-Charm

+ Cross section and production mechanism unknown
at SIS100 energies /syn< 8 GeV.
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Open- and Hidden-Charm

: » Cross section and production mechanism unknown
Ejp = 304 GeV Eyp = 204 GeV at SIS100 energies /syn< 8 GeV.

- M/B exch. | Quark model | M/B exch. | Quark model :
* Large production rates of charmed hadrons from

3.1-104 9.0-10% 49-10% 1.4-10° .
secondary pbar + p annihilations
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Open- and Hidden-Charm

Hadron

Elab = 30A GeV

Elab = 204 GeV

- M/B exch. | Quark model | M/B exch. | Quark model
3.1-104 9.0-10% 4.9-10° 1.4-10°

. 102 1.0 - 10!

Cross section and production mechanism unknown
at SIS100 energies /syn< 8 GeV.

Large production rates of charmed hadrons from

secondary pbar + p annihilations -

I/ multiplicities key observable for QGP
A. Andronic et. Al. Eur.Phys.J.C76 (2016) 3, 107

2025-JUN-23 | Manuel Lorenz | 27



P. P. Bhaduri et. al. J. Phys. G 45 (2018)

Open- and Hidden-Charm

» Cross section and production mechanism unknown
at SIS100 energies /syn< 8 GeV.

/ xch. | Quark model | M/B exch. | Quark model :
—— 00.10° 19.10° — * Large production rates of charmed hadrons from
- secondary pbar + p annihilations

i T T . i  J/ymultiplicities key observable for QGP
Resonancé A. Andronic et. Al. Eur.Phys.J.C76 (2016) 3, 107

* Important reference measurement of ¥/,
absorption in cold nuclear matter possible at CBM

SI1S-100
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Dark Matter Search

Belle Il

+ inv.

PrimEx
PADME

ALICE
1
ALICE 3 (5%, 10 nb?)

(5%, 35 nb™)

h

i

Orsay/E137/CHARMIU70

Pre-2021 Beam-dump

102

Dark photon Axions
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Summary
PP

- Precision cross sections measurements at FAIR basis for solid interpretation of heavy-ion data
(also at high energies)

np
- More selective excitation of baryon resonances compared to p+p:
. test partial decay widths to given final states (important for interpretation of ¢ HIC data)

. advantageous for PWA

A

- Low momentum coverage: feature of HADES
+ dilepton reconstruction capability
+ low recoil momenta due to m beam

- Large production cross rates of hypernuclei do tofavorable kinematic

PA

- Large production rates of charmed hadrons from secondary pbar + p annihilations

- Important reference measurement of //,, absorption in cold nuclear matter possible at CBM
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 induced reactions: small recoil momenta of secondaries
HSD calculation Proposal 2006

e inside
o outside

w

Erc=1.17 GeV
O

1/N dN/dp_

4
19
3
25
2
S5

]
5

o

~ 02 04 06 08 g 02 04 06 038
pfot [GeV/c] p?, [GeVic]

Optimal population of low momentum VM!
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Mir
Short Range Correlations (SRC)

Quasi p+p elastic scattering have a strong
preference for interacting with forward
going high momentum nuclear protons,
“Selective Attention”

LOG MoMENTUM DISTRIBuTIoN

~ke ~20%

NuclLeoN MoMeENTUM _—
Map out the the transition (Migdal jump) in the nucleonic
momentum distribution from a mean-field part to the high-
momentum tail dominated by SRC.
4.5 GeV is ideal!

Study the factorization of the reaction mechanisms at low
energies (important test for studies of SRC in inverse

kinematics at FAIR).



Short Range Correlations (SRC)

Experimental Setup:
* HADES as detector for the 2 forward p
* NeulLAND technology for the recoil neutron

Scattered proton
NeulLAND

Scattered proton

The Migdal jump mapped with the anticipated
HADES+NeulLAND technology events

(factor 50 compared to BNL data).

1.0
0.5 &
Q 0.0~ P
0;5.. ’ 0s
-0.5 , [GeV/c)
xpkcted HADES
.;’_: " el X ‘-\. e ".\;.,.7_ ! ‘ :
“1.05"0.1 0.2 03 0.4 05 06 0.7\0.8 09 1
P, (GeVic)

existing BNL data
np-SRC | pp-SRC

4x10° | 2.5 x 10°




