Physics opportunities with
proton beams at SIS10
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Settin_g the stage for discussion...
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Johan Messchendorp (GSI/FAIR)

Satellite workshop MESONZ2023, June 21, 2023
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Properties of strongly interacting matter?

Formation of hadronic matter?

Underlying symmetries

Degrees of freedom: from quarks/gluons to baryons/mesons??

Origin of mass?
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Table 2: Projected number of events reconstructed during 84 shifts.

Electromagnetic hyperon decays ( Ay* and Av)

S meels heavy-ion physics $(1385)° — Aete~ | A(1520) — Aete $(1385) — Ay A(1520) — A~y

302 352 1484 1559

ey 4

Hyperon hadronic decays

A(1405) — X070 — A 3y A(1405) — X*ExT A(1520) — A~ mtt
3.6 x 10% 7.2 x 104 5.2 x 10°

Production of double and hidden strangeness

= — Am AA b —- KK~
(4.7 — 47.6) x 104 (0.62 — 6.17) x 104 3.1 x 109

Inclusive measurement of hadrons and dielectrons

M. < 0.15GeV/c?| Mg > 0.15GeV/c?| w —eTe™ | & = ete” | My > 1.1GeV/c?
5.72 x 10° 7.41 x 10° 5.8 x 10% 1.86 x 103 69
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Schoenning, Joachim Stroth

Promote the realisation of First Science+ (FS+) at FAIR

ldentify a physics program with proton beams, win-win:

* Heavy-ion physics communities: enrich program with “elementary”
component, strengthen political impact at FAIR

* Hadron physics communities: probe terra incognita regime, keep
“flame” alive at FAIR

Strengthen collaborations among hadron and heavy-ion communities

Reach out for new collaborators from both experiment and theory!



Purpose

...the process

Various brainstorming activities have been ongoing this year
Feasibility studies using “fast simulations” in progress
Discussions among physicists from various FAIR collaborations

Presentations at FAIR advisory boards ECE/ECSG and JSC

Planning a follow-up workshop “Proton induced physics at FAIR”




Purpose

...this satellite workshop (my wish)

ldentify key elements as a basis for a proton-driven
physics program

ldentify the requirements, experiment and theory, for a
successful endeavour

Plan follow-up activities towards a position-/white-paper

Hadron spectroscopy

Form a (federated) collaboration connecting the common
interest among FAIR communities and theory colleaguest

Heavy-ion dynamics Hadron production
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...what could that add in proton physics? i
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From SIS18 to SIS100

...what could that add in proton physics? i

* Energy upgrade:

From max 4.7 GeV (SIS18) to 29 GeV (SIS100)
proton energy

* Opening new realm: double+triple strangeness and
even charm baryons and mesons! UNILAC , sists

* Significant increase in production yield of hyperons Frs
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From SIS18 to SIS100

...what could that add in proton physics? i

 Energy upgrade:

* From max 4.7 GeV (SI1S18) to 29 GeV (SIS100)
proton energy P-Linac

* Opening new realm: double+triple strangeness and
even charm baryons and mesons! UNILAC , sists
2

e Significant increase in production yield of hyperons

* Intensity upgrade:

 From max #protons/cycle of 1012 (S1S18) to 2x1013 ; EHESRE
(SIS100) NISTAR T loanpd® AP
 Even during “commissioning” (1010 protons/cycle) OO IRUSTARIS.,
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From SIS18 to SIS100

...what could that add in proton physics? i

* Energy upgrade:

* From max 4.7 GeV (SI1S18) to 29 GeV (SIS100)
proton energy

P-Linac
* Opening new realm: double+triple strangeness and e
UNILAC

even charm baryons and mesons! o+ =

e Significant increase in production yield of hyperons "L
] ‘HFS)
» Intensity upgrade: e

 From max #protons/cycle of 1012 (SIS18) to 2x1013 -

(SIS100) orke A o AP
 Even during “commissioning” (1010 protons/cycle) B o JIEN

and 5 cm LH2 target: ~8 pb-! day- CRYRNG Reee”” |
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Hadron Physics aspects with p100

... incomplete shopping list! 2 S

strange

104 MeV/c*

Strangeness physics
» Hyperon (Y) spectroscopy in [S|=1,2,3 systems, f.e. &%, (*, spin-parity determination
« N* spectroscopy and coupling to strangeness, f.e. N* —» EKK
* YN, YY interactions in exclusive pp reactions and via Femtoscopy
e Hyperon structure, e.g. Y* — YT, precision eTFF studies

» Low-energy constants in chiral SU(3) via axial-vector transition form factors, e.g. =* — HEry
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... incomplete shopping list! .S

strange

Strangeness physics
» Hyperon (Y) spectroscopy in [S|=1,2,3 systems, f.e. &%, (*, spin-parity determination
N* spectroscopy and coupling to strangeness, f.e. N* - EKK
YN, YY interactions in exclusive pp reactions and via Femtoscopy
Hyperon structure, e.g. Y* — Y7, precision eTFF studies

Low-energy constants in chiral SU(3) via axial-vector transition form factors, e.g. 2% — Exy

1 Jenny Taylor, fast simulation, CBM acceptance

" x . 0.9" pp = Z (= A(—pr )7 )pKT Kt

0 @AA w HADES Ar+KCl 1.76 08 E I

| W 0.7:
L .
T0? @ - ° O 06"
+10 | HADES p+Nb 3.5 S -
S Q ol >§ S 0.5g
[69) 10-4% LE 8;
-3 | . -
10 ¢ ' e -
- ) | 0.2F
¢ 10— 05 g 05 1 -
| Vs - VS, [GeV] 0.1°
R 2 o T o

1 10 10° 10°

sy [GeV]
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charm

1.27 GeV/c?

Charm physics
 Charm-N interactions: SU(4) dynamics!
* Intrinsic charm component of the nucleon
* Mass structure of the proton



Hadron Physics aspects with p100

... incomplete shopping list! . C

charm

Charm physics
 Charm-N interactions: SU(4) dynamics!
* Intrinsic charm component of the nucleon
* Mass structure of the proton

‘Hadronic model with interaction Lagrangian based on SU(4) flavour symmetry




1.27 GeV/c?

... incomplete shopping list! . .. . C

charm

Charm physics
 Charm-N interactions: SU(4) dynamics!
* Intrinsic charm component of the nucleon
* Mass structure of the proton

Hadronic model with interaction Lagrangian based on SU(4) flavour symmetry




Hadron Physics aspects with p100

... incomplete shopping list! . C

charm

1.27 GeV/c?

Charm physics
 Charm-N interactions: SU(4) dynamics!
* Intrinsic charm component of the nucleon
* Mass structure of the proton



1.27 GeV/c?

Hadron Physics aspects with p100

... incomplete shopping list! . C

charm

Charm physics
 Charm-N interactions: SU(4) dynamics!
* Intrinsic charm component of the nucleon
* Mass structure of the proton
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Hadron Physics aspects with p100

... incomplete shopping list! . C
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Charm physics
 Charm-N interactions: SU(4) dynamics!
* Intrinsic charm component of the nucleon
* Mass structure of the proton
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Hadron Physics aspects with p100

... incomplete shopping list! . C
Duran et al., Nature 615, 813 (2023), charm

- “Determining the gluon gravitational

Charm phySICS | . form factor of the proton”
 Charm-N interactions: SU(4) dynamics! F 12.0
» Intrinsic charm component of the nucleon o Jr-o0r (Hinole)
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Physics opportunities with proton beams at SIS100

... the workshop program

R\ — 9:25 AM  Welcome and introduction

Speaker: Johan Messchendorp

ppWorkshop_introd...

LY\ — 9:50 AM The emergence of nucleon mass

Speaker: Craig Roberts

CRONAY I — 10:15 AM  Loose thoughts on possible proton-proton collisions program with SIS100

Speaker: Antoni Szczurek

LR EY-\" I — 10:30 AM

(= F.\" I — 10:50 AM Open charm production at low energies
Speaker: Rafal Maciula

(LELFA\Y — 11:10 AM  Searching for f_1(1285) in proton-proton collisions

Speakers: Piotr Lebiedowicz , Piotr Lebiedowicz

AR DY:\' I — 12:00 PM Discussion p v

12:00 PM ® 1h 30m




Physics opportunities with proton beams at SIS100

... the workshop program

(B2 " — 1:55 PM Electroweak probes and the structure of hyperons

1IR3 — 2:20 PM Baryon spectroscopy
Speaker: Volker Crede

Baryons, chiral dynamics, and coupled channels
Speaker: Matthias F.M. Lutz

femtoscopy with hyperons and charmed mesons

Speaker: Laura Fabbietti

p+p reactions as input to our understanding of heavy-ion dynamics

Speakers: Nu Xu , Prof. Piotr Salabura , Tetyana Galatyuk

Discussion




Physics opportunities with proton beams at SIS100

... the workshop program

4:45 PM Strange hadron spectroscopy at KL facility
Speaker: Mikhail Bashkanov

Strangeness physics at JPARC
Speaker: Hiroyuki Noumi

Discussion

Closing

Speaker: Johan Messchendorp

— 10:00 PM Dinner
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