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Figure 1: The PANDA physics pillars, emerging when using antiproton interactions with nucleons
and nuclei as diagnostic tool to shed light on some of the most challenging unresolved problems of
contemporary physics.

applies. Charmed hadrons therefore provide a bridge between perturbative and non-perturbative
QCD.

Other interesting aspects of the hadron mass occur the the next level of complexity, i.e. in
interactions with atomic nuclei. At higher energies, the strong interaction is predicted to be reduced
due to colour transparency [8]. Strange hadrons in nuclei shed light on the long-standing puzzle of
neutron stars.

Another unsolved nucleon puzzle is related to its abundance. There is much more matter
i.e. nucleons, than anti-matter anti-nucleons in the Universe. It is generally believed that equal
amounts of matter and anti-matter were created in the Big Bang and that the asymmetry is of
dynamical origin through baryogenesis [9]. This would however require e.g. CP violating processes
to an extent that so far has not been observed experimentally.

To summarize, despite the many successes of the Standard Model and related fields, many
unresolved problems remain. Antiprotons can shed light on all these problems and provide a
common ground for the broad physics programme at the upcoming PANDA experiment at FAIR.
By using antiproton-proton and antiproton-nucleus interactions as diagnostic tools, four main
physics pillars emerge: 1) Nucleon structure 2) Strangeness physics 3) Charm and exotics and 4)
Hadrons in nuclei, as illustrated in Figure 1. In this paper, we will outline the PANDA Physics
Pillars with emphasis on the programme foreseen for the first phase of operation of PANDA, in
the following referred to as Phase One. The structure of the paper is as follows: in chapter 2, the
present theoretical approaches to non-perturbative QCD, with emphasis on the PANDA Phase One
physics programme, will be summarized. Next, we will elaborate on the advantages of antiprotons
as a probe, followed by a detailed presentation of the PANDA experiment in general and the Phase
One conditions in particular. Finally we will go through each one of the PANDA physics pillars
and discuss their underlying purpose and aims, the present experimental status and the potential
for PANDA Phase One.
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Impact	by	precision	(statistics,	resolution)		
and	uniqueness	(terra	incognita)	

PANDA physics: light, strange, charm

pp, pA?



✓ Political:	risk	scenario	SIS100	delay,	hence	SIS18+HESR.			

✓ FAIR	review:	this	item	likely	will	come	up,	requires	preparation.	

✓ Commissioning:	plan	to	use	protons	to	commission	HESR,	to	calibrate	
detectors,	fine-tune	reconstruction	software	and	online	computing,	etc..		

✓ Fast	kick-off	of	physics	program	once	antiprotons	become	available!	Besides	
detector	commissioning,	think	of	physics	studies	with	p+A	and	p+p	necessary	
to	realise	or	complement	the	antiproton	ambitions.	

✓ Interest	of	CBM	and	HADES	to	use	PANDA	->	strengthens	FAIR	collaborations.

Why physics@Phase-C?



Prerequisites

✓ PANDA@HESR@SIS18:	p-momenta	from	1.5-15	GeV/c	with	“day-one”	
setup.	

✓ Luminosity	not	clear	to	me,	limited	since	detectors	are	commissioned.	

✓ Physics	parasitic	to	commissioning!	

✓ Connection	with	antiproton	program	of	PANDA	important!	

✓ …



✓ What	are	the	potential	physics	items	with	p+p	and	p+A?	

✓ How	do	these	items	promote/connect	to	the	pbar+p/A	program?	

✓ How	is	the	competition,	complementary,	and	“added	value”	with	respect	to	
other	(FAIR)	experiments?	

✓ What	are	the	technical	limitations	from	the	detector	point	of	view?	

✓ Human	resources	for	MC	studies:	generators,	occupancy	studies,	etc.?		

✓ Further	organisation,	connection	to	CBM/HADES/APPA	plans?	

✓ …	

Questions to address



Example case….

✓ (anti)Cascade	(|S|=2)	baryon-nucleon/nuclei	interaction.	

• p+p/A	->	p+p/n+Xi+Xibar.	

• Input	to	hyperon	dynamics	and	hypernuclei	programs	of	PANDA.	

• Study	Xi-N	final-state	interaction	at	small	relative	momenta?	

• Study	the	origin	of	hyperon	polarisation?X- in nuclear systems

KISO event

Josef Pochodzalla, PANDA CM, November 2018
Phase-1/2 Day-1Phase-C?



✓ “Diquarks”	in	baryons.		

• p+p	->	BB+MM	versus	pbar+p	at	large	pT.	

• Study	“ds/dt”	scaling	laws.	

• Exclusive	reactions	require	high	acceptance	detector,	e.g.	PANDA.	

• Connection	to	“XYZ”	program	of	PANDA:	exotic	multiquark	states.

Example case….
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S.S. Shimanskiy, PANDA CM, September 2017

6

6


