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Strong	force



Hydrogen	Atom,	(g-2)-factor,	QED



Fundamental	differences relative	to QED
Self-interaction:	highly nonlinear
Interaction	increases at	large	distance:	Confinement
Interaction	decreases at	small distance:	Asymptotic freedom

How do	Hadrons arise from QCD?

QED QCD



How do	Hadrons arise from QCD?
„Lamb	Shift in	QCD“



QCD-Renormalisation à	la	QED
models

lattice	QCD
Χ-PT

Dyson-Schwinger

- origin	of	nucleon	mass
- quark	and	gluon	condensates
- structure	of	the	nucleon	->	Form	Factor	
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At	low energy



o Higher	Order	QED/electro-weak Processes involving non-perturbative Objects
• Razvan-Daniel	Bucoveanu:	QED	radiative corrections for PV	electron

scattering
• Misha	Gorshteyn:	Reduced hadronic uncertainty in	Vud and CKM	unitarity
• Boxing Gou:	Transverse	Single	Spin	Asymmetries,	two photon exchange

amplitude
o Nonperturbative Observables	at	low energy:

• Eugene	Chudakov:	Measurement	of the J/Ψ photoproduction cross section
close to threshold,	LHCb Pentaquark

• Isabella	Garzia:	Baryon	electromagnetic from factors at	BES-III
• Paolo	Pedroni:	Extracting the scalar dynamical polarizabilities from real	

Compton	scattering data
• S.	Dymov:	Measurement	of the analyzing powers in	pd elastic and pn

quasi-elastic scattering at	small angles at	ANKE-COSY
• Kiyoshi	Tanida:	Prospects for the spin structure study of hyperons using

heavy	quark decays at	Belle	II
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• A	systematic	two-photon	exchange	program	has	been	carried	out	at	
MAMI-A4.

• New	results	at	forward	angle	are	obtained	at	5	energies	from	300	MeV	to	
1.5	GeV.
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Prospects	for	the	spin	structure	study	
of	hyperons	using	heavy	quark	decays	

at	Belle	II
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(Advanced	Science	Research	Center,	

Japan	Atomic	Energy	Agency)
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Λ（1405） case
• 3	quark	(uds)	vs	5	quark?
• Bound	state	of	𝐾"𝑁?
• Double-pole	structure?
Mysterious	&	interesting!

• We	can	distinguish	
these	cases
– If	3	quark	state,	P~+0.3
– If	5	quark	state	(or	𝐾"𝑁
bound	state),	P~0

– If	there	are	two	poles,	P	may	change	with	mass



Lattice	calculation	on	L(1405)

J.M.M.	Hall	et	al., Phys.	Rev.	Lett. 114,	132002	(2015).
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L(1405)	spin	is	not	carried	by	s-quark?

















Extracting the scalar dynamical polarizabilities from real Compton 
scattering data   - 2 page summary

Expansion	of	the	RCS	Hamiltonian in	incident photon energy (w)
6	constant parameters (static polarizabilities)	connected to	the	internal nucleon structure
In	the	PWA	framework dynamical polarizabilites dependent on	w can	be	defined

For	the	2	spin-independent polarizabilities 𝜶𝑬𝟏		𝜷𝑴𝟏 the	connection	between static and	
dynamic case	can	be	written as
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(up	to	𝝎𝟓)

2	new	additional parameters to	be	fitted Calculated	using measured values evaluated with	DRs

In	the	Dispersion Relation		framework and	with	a	Low energy expansion (w <	140	MeV)



Poor quality of	the	data		set	for	the	proton :		only 150	points for	w <	140	MeV;	large	
statistic -and	systematical- errors ;		possible inconsistencies between subsets.
Due	to	this poor quality the	standard	gradient fitting method can	not converge	(too low
sensitivity to	the	parameters to	be	fitted

A	new	fitting	method	:Combination	of	SIMPLEXmethod	and	BOOTSTRAP technique
(purely	geometrical	search)										(Monte	Carlo)

Þ inclusions	of	systematic	errors		in	the	fit	procedure

150																				55						points

Very	low sensitivity
of	the	data		to	𝜶𝑬𝟏,𝝂

B. Pasquini, P. Pedroni, S. Sconfietti, Phys. Rev.C 98, 015204 (2018)









• Low	energy spin physics with electromagnetic and hadronic
probes

• Very active field,	done at	low and high	energy accelerator
facilities

• Strong	interaction theory at	low energy:	substantial	
progress

• Strong	interaction:	input,	impact and overlap on	high	
precision observables	for beyond standard model physics

• Thanks to all	speakers for providing slides in	advance


