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HADES in a nutshell

Forward Detector

I

Excellent tracking & PID capabilities

STS2 |

Modular at forward angles

Additional photon detection

Good anqgular coverage

InnerTOF

Designed for various SIS18 beams

...including pions!
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HADES in a nutshell

... versatile experimental setup!
Outstanding in dilepton spectrometry

Excellent tracking & PID capabilities

Modular at forward angles
Additional photon detection

Good angular coverage

Designed for various SIS18 beams

...including pions!
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. HADES in a nutshell

... versatile experimental setup!
Outstanding in dilepton spectrometry

Excellent tracking & PID capabilities

Modular at forward angles

Additional photon detection

Good anqgular coverage

Designed for various SIS18 beams l S —

...including pions!
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. HADES in a nutshell

... versatile experimental setup!
Outstanding in dilepton spectrometry

Excellent tracking & PID capabilities

Modular at forward angles

Additional photon detection

Good anqgular coverage

Designed for various SIS18 beams q QCD program.
| , . integrating heavy-ion, hadron (and
..iIncluding pIons! nuclear) physics
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. HADES in a nutshell

... versatile experimental setup!
Outstanding in dilepton spectrometry

Excellent tracking & PID capabilities

Modular at forward angles

Additional photon detection

Good anqgular coverage

Designed for various SIS18 beams q QCD program.
| , . integrating heavy-ion, hadron (and
..iIncluding pIons! nuclear) physics
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HADES beamtimes
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Perspectives
... from S1 8 towards SIS100
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Perspectives
... from S1 8twa rds SIS100
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This talk... ==

Perspectives of physics with pion beams exploiting exclusive
reactions

Emphasis on cold matter applications —> Beatrice Ramstein

Note: synergetic topics bringing lots of cross fertilisation!

J ~

e
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Case study: “exclusive reactions” ==

... to stay close to my field of interest

Why “exclusive reactions”?

Provide “elementary” Input for heavy-ion studies

Study the couplings of baryons with mesons
Study the Internal properties of short and long-lived hadrons
Study hadron-hadron interactions using “elementary femtoscopy”

Overall philosophy: stay close to QCD and avoid phenomenology
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Case study: “exclusive reactions” =™

... to stay close to my field of interest
A successful campaign depends on...

» Choosing controllable reactions avoiding ambiqguities in
interpretation!

» At least complementary to other data/experiments

+ Excellent S// S+B preferably with high S/B

» Kinematically complete measurements

» Sufficient phase space coverage (partial wave analysis)

» Versatile detector with “the right probe to do the right job”
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Pion beam facility at SIS18

. Its conceptual features
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Pion beam facility at SIS18

. Its conceptual features

» Unique combination of pion beam
and dilepton spectrometer + more!
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Pion beam facility at SIS18

. Its conceptual features

» Unique combination of pion beam
and dilepton spectrometer + more!

» / scoverage up to ~2 GeV
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Pion beam facility at SIS18

... Its conceptual features

» Unique combination of pion beam
and dilepton spectrometer + more!

» / scoverage up to ~2 GeV

 ‘Simple’initial state with spin-zero

(Goldstone) pion, s-channel
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Pion beam facility at SIS18

. Its conceptual features

Unigue combination of pion beam
and dilepton spectrometer + more!

J/ s coverage up to ~2 GeV

'Simple’ initial state with spin-zero

(Goldstone) pion, s-channel

‘Simple’ final states, 2/3-bodies
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Pion beam facility at SIS18

. Its conceptual features

Unigue combination of pion beam
and dilepton spectrometer + more!

J/ s coverage up to ~2 GeV

'Simple’ initial state with spin-zero

(Goldstone) pion, s-channel

‘Simple’ final states, 2/3-bodies

Sizeable xsecs for strangeness
production w.r.t. light hadrons
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Pion beam facility at SIS18

. Its conceptual features

Unigue combination of pion beam
and dilepton spectrometer + more!

J/ s coverage up to ~2 GeV

'Simple’ initial state with spin-zero

(Goldstone) pion, s-channel

‘Simple’ final states, 2/3-bodies

Sizeable xsecs for strangeness
production w.r.t. light hadrons

Promising tool for precision PWAs &
probing (e.m.) decay properties of

various baryons/mesons/...
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The “2014"” pion success story ===

... SOme Kkey aspects

2" resonance region ,__ seewssmen

» Selectivity of baryon resonances
in s-channel formation

E 40
* Focus on “2nd resonance region” N(1420, 1520, 1535)  ° |
(v s=1.46-1.55 GeV) I
> reaction N+Be, 8-10%¥10'° N, ions/spill (4s) | s anNbaigound | :
* StU dy ba ryOn-meSOn rea Cthn > secondary'm‘with I~2-310°/s . 00.0 | 05 l 1fo — 1.15 . 2.0
dynamics via 2-pion production > p = 650, 685, 733, 786 (+/- 1) MeV/c s
>
T N RN N T PE (CH,)_ and C targets :
silicon detectors start detector
", /
» Time-like electromagnetic i g e
° \ -
structure of baryons via pion target : \
* e HADES taraet
N* - N e*e T polyethylen

(CH,), and C
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The “2014"” pion success story

... SOme Kkey aspects

» Selectivity of baryon resonances
in s-channel formation

» Focus on “2nd resonance region”

(v s=1.46 - 1.55 GeV)

» Study baryon-meson reaction
dynamics via 2-pion production

N — N7

* Time-like electromagnetic
structure of baryons via

N* - N efe-
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2T data included in the fit

Reaction Observable ~ W (GeV)

vp — 7% DCS, Tot 1.2-1.9 MAMI
vp — m°x0p E 1.2-1.9 MAMI
vp = n% DCS,Tot 1.4-2.38 CB-ELSA
vp = n% P2 1.45-1.65  CB-ELSA
vp = ™n% {9 2% . 1.45-2.28 CB-ELSA
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P meson production:
* s-channel D_, (N(1520) 3/2°)

dominant contribution
* N(1520)- Np BR=12.2 +/-2 %
* N(1535)— Np BR=3.2 +/- 0.6 %

unique data set



o o ] I= =1L
Time-like electromagnetic form factors
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. . . =50
Time-like electromagnetic form factors

» Sensitive probe to study
electromagnetic structure of

photon-baryon coupling, f.e. 1
role of vector mesons, pion n
cloud, ... B

» Powerful in combination with .‘
the PWA of hadronic decay

mode | 'l
w™N — N7

F 2

. (%)

Validity VMD?
Role meson —
cloud? e

...?

e
Y e’
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Time-like electromagnetic form factors

» Sensitive probe to study
electromagnetic structure of
photon-baryon coupling, f.e.
role of vector mesons, pion
cloud, ...

« Powerful in combination with
the PWA of hadronic decay
mode

wN — N7
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Time-like electromagnetic form factors

» Sensitive probe to study
electromagnetic structure of
photon-baryon coupling, f.e.
role of vector mesons, pion
cloud, ...

« Powerful in combination with
the PWA of hadronic decay
mode

m™N — N7

* Deep insight into photon-
baryon coupling
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/

o 8 ) QED / arXiv:2205.15914

. - 0 DM2 g
_g? - - VDM1 p only / /
% 6 __ R xgm:: i : z :—;r:)c:;r
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2 4L 7
28 I Time-like FF [Ramalho]
S 2 = Lagrangian model [Zétényi]
B i
© T e
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® VMD2 (strict VMD)
overestimates data below 400 MeV
(used in HI transport models)

® 2-component VMD (VMD1) gives
reasonable description

® Lagrangian model — very promising

® Time-like FF - dominant pion cloud
contribution (pion emFF)

l—-gDMz _ (ﬂ)g o | M I
M P

l—g’DMl _ (Mﬂo) ljo W“<

p

\"\ %) L X ,‘J \‘. $ \ ;"‘ —
™ quark core pi on cloud

aryon resonances

\ § YOS | N(1440) « T

i, L | N@s20)

F /] N(1535) R N* N

= ‘—.'-H.




Time-like electromagnetic form factors

 Sensitive probe to study
electromagnetic structure of
photon-baryon coupling, f.e. role
of vector mesons, pion cloud, ...

 Powerful in combination with the
PWA of hadronic decay mode

m™N — N7m

» Deep insight into photon-baryon
coupling

» Polarization analysis of the
virtual photon -> extract spin-
density matrix elements

GSI Helmholtzzentrum fur Schwerionenforschung GmbH

S . L i b i e

|A| X 81\ [1 — P11 + (3{)11 — 1)(082@4’\[5)6,010 sin 20 cos ¢ + Repy—_ sin® O cos 2¢]
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0 _
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~0.5 $ —
- Lagrangian model [Zetenyi] A n
. — P, i
1B — o, —
4 (1,1) =—— — i T p :
0.6 pp((ﬂ':?% — i 3/2 B | | ] | | | |
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p,=0.J5, for transverse polarization cos ey*

(real photon) => contribution from virtual photon
angular dependence
— contributions of spins larger than %:

N(1520) resonance
more precise data needed !



Time-like electromagnetic form factors

 Sensitive probe to study
electromagnetic structure of
photon-baryon coupling, f.e. role
of vector mesons, pion cloud, ...

» Powerful in combination with the
PWA of hadronic decay mode

7w™N — N7

» Deep insight into photon-baryon
coupling

» Polarization analysis of the
virtual photon -> extract spin-
density matrix elements

» Complementary in study of
emissivity of baryonic matter
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Joachim Stroth, p@SIS100 workshop,
Wuppertal

107 4
%‘ . AutAu |5, =2.42 GeV -
10_ = E
O " f T, )=718:21MeVk,
® 4t
0 — -
S 10
S 109 .
0 : 5
5 4l
Z 107F
2 ; [ - HADES data 0-40% \
z 1 0 §_ — in-medium p spectral function \ 3
A i L M2 exp(M_I(T) \
107 - N
: |

SRR B BN B i N NG IN
0 02 04 06 08 1 1.2
e*e’ invariant mass [GeV/c’]

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

0.3<M<0.7 GeV:

0 In-medium spect. funct.
o fireball life time

M> 1 GeV/cZ

o p-al chiral mixing

o dominated by contribution
from the hottest and
densest region

o fireball temperaturel!

/

Coarse-grained UrQMD & thermal emissivity

1.~ with in-medium propagator
1 Rapp, van Hees; arXiv:1411.4612v

CG GSI-TAMU; Galatyuk, Seck, et al.; arXiv:1512.08688




Pion beam program ==

... wide physics opportunities

T +p—onm + KT+ A@2GeV/c
C
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Pion beam program ==

... wide physics opportunities

» Baryon |S|=0,1 spectroscopy in formation and T +p—n1 +KT+A@2GeV/c
production, f.e. N(1720)/N’'(1720) e

!I -
S 035F
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Pion beam program ===

... wide physics opportunities

» Baryon |S|=0,1 spectroscopy in formation and mo+pom + KT+ A@2GeV/c
production, f.e. N(1720)/N’'(1720) ‘b *

» Spin dynamics in hyperon production

M_pi_K-M_pi- M_K[GeV]
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M_pi_lambda - M_pi - M_lambda [GeV]
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Pion beam program ==

... wide physics opportunities
» Baryon |S|=0,1 spectroscopy in formation and mo+pom + KT+ A@2GeV/c
production, f.e. N(1720)/N'(1720)

» Spin dynamics in hyperon production :

» Electromagnetic structure of |S|=0,1 baryons,
f.e., A = y*A, A(1405,1520), 2(1385), ,...

eV]

[G
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Pion beam program ==

... wide physics opportunities
» Baryon |S|=0,1 spectroscopy in formation and mo+pom + KT+ A@2GeV/c
production, f.e. N(1720)/N’'(1720)

» Spin dynamics in hyperon production :

» Electromagnetic structure of |S|=0,1 baryons,
f.e., A = y*A, A(1405,1520), 2(1385), ,...

» Electromagnetic structure of mesons, f.e. w/n’/

eV]

K[G
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Pion heam program

... wide physics opportunities
Baryon |S|=0,1 spectroscopy in formation and
production, f.e. N(1720)/N’'(1720)
Spin dynamics in hyperon production

Electromagnetic structure of |S|=0,1 baryons,
f.e., A = y*A, A(1405,1520), 2(1385), ,...

Electromagnetic structure of mesons, f.e. w/n’/
Kt low-energy interaction (K), K* spectroscopy
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Pion heam program

... wide physics opportunities

Baryon [S|=0,1 spectroscopy in formation and
production, f.e. N(1720)/N’'(1720)
Spin dynamics in hyperon production

Electromagnetic structure of |S|=0,1 baryons,
f.e., A = y*A, A(1405,1520), 2(1385), ,...

Electromagnetic structure of mesons, f.e. w/n’/
Kt low-energy interaction (K), K* spectroscopy

Light-meson production, f.e. a,(1260)
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Pion beam program ==

... wide physics opportunities
Baryon |S|=0,1 spectroscopy in formation and mo+pom + KT+ A@2GeV/c
production, f.e. N(1720)/N'(1720)
Spin dynamics in hyperon production ‘* B

Electromagnetic structure of |S|=0,1 baryons,
f.e., A = y*A, A(1405,1520), 2(1385), ,...

Electromagnetic structure of mesons, f.e. w/n’/
Kt low-enerqy interaction (k), K* spectroscopy e

eV]

K[G

Light-meson production, f.e. a,(1260)

Mesons & baryons in cold dense matter, f.e. g ok
recoil-less w production
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Conceptual Iong-term pion program =510

Stage 1: “N/*A spectroscopy, dynamics and structure”

» Scan various c.m. energies at moderate luminosities (~10°-106 rt/spill)
* Physics: precision data in S=0, e.g. TN = titN/nNN/wWN/KY; eTFF with

2014

N*/A: Cold matter studies

Stage 2: “Y(|S|=1) spectroscopy and dynamics”
» Selected c.m. energies at high luminosities (~10¢-107 /spill)
» Physics: precision data in |S|=1 sector with hadronic final states;
radiative transition studies (y/e*e") of (excited) hyperons
» Energies points selected within v/ s = 1.8 — 2.0 GeV

Stage 3: “Y(|S|=1) structure”
* Precision di-lepton spectroscopy with high g?sensitivity in Y* e.m.
decays
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“Facilities exploiting exclusive hyperon studies” ®

2024 .2028 | 2032
Probe: FAIR PhaseO FS+ MSVc

e+—|—e_
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Long-term pion program with HADES? I= Z= 1L
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... from SIS18 towards SIS100
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Long-term pion program with HADES? I= Z= 1L
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... from SIS18 towards SIS100
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