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1.  Heavy-light	spectroscopy	
ü Sensitivity	to	high	spins	of	heavy-light	systems	(f.e.	D-waves)	
ü Access	to	basic	properties	of	(narrow)	exotics	(f.e.	Ds0(2317))	

2.  Heavy-light	decays	
ü Semi-leptonic	(FF):	strong	meets	weak	physics	
ü Electro-weak	(BSM):	càug	FCNC,	CPV	in	D-Dbar	mixing	
ü Light	(strange)	meson	spectroscopy	(D(s)	hadronic	decays)		

3.  Heavy-light	production	
ü Dynamics:	quark/gluons	versus	meson/baryons	at	various	scales	
ü Charmonium-like	resonance	studies	in	XYZ	mass	regime	

Open-charm	perspectives	
sub-MeV	resolution,	associated	production	
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PANDA	unique,	feasible	in	P1,		
ground	work	for	physics	program	in	P2/3		



Open-charm	production	

Non-resonant	production,	
Haidenbauer&Krein,		
PRD89,	114003	(2014)	

Born	

DWBA	
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FIG. 5. Total reaction cross sections for p̄p → DD̄ as a function of plab. The (red) solid and dashed curves and the (black)
dash-dotted and dotted curves are results for different p̄p initial-state interactions, see text. Solid and dash-dotted curves show
the full results with inclusion of the ψ(3770) in the FSI, while dashed and dotted curves are without ψ(3770). The (magenta)
thin solid curves indicate results based on a DD̄ FSI fitted to the higher ψ mass (3779 MeV) obtained in Ref. [9].
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FIG. 6. Differential cross sections for p̄p → DD̄ at plab = 6.578 GeV/c (excess energy ϵ = 40 MeV). Same description of curves
as in Fig. 5.

is smaller by about 15-20 % and, of course, the peak is
shifted to the higher energy.

Differential cross sections for p̄p → D0D̄0 and p̄p →
D+D− at plab = 6.578 GeV/c are shown in Fig. 6. This
momentum corresponds to a total energy of 3773.8 MeV
so that the results display the situation practically at
the resonance peak. As mentioned before [1] without
the ψ(3770) the DD̄ pair is produced predominantly in
the s wave, cf. the dashed/dotted curves. Of course,
this changes drastically once the resonance is included
(solid/dash-dotted curves). Still, there is a strong in-
terference between the s- and p waves, especially in the
D+D− case, so that the actual angular distribution does
not resemble the one one expects from pure p-wave scat-
tering.

IV. ESTIMATES OF THE CROSS SECTION

FOR p̄p → DD̄

It is possible to provide a rough estimation of the
p̄p → DD̄ cross section around the ψ(3770) peak using
experimental information by exploiting the fact that at
energies very close to the resonance the reaction ampli-
tude can be well approximated by

T i,j ≈ γi
1

E −mψ + iΓψ/2
γj , (4)

an expression which is indeed exact at the ψ(3770) pole.
Here, γi is the dressed vertex function with i, j = DD̄,
p̄p, e+e−, and mψ and Γψ the physical mass and width
of the ψ(3770), respectively.

The cross section resulting from this amplitude can be

Open-charm	production	
With	P-wave	resonant	production,	
Haidenbauer&Krein,		arXiv:	1504.07909	(2015)	

Resonance	contribution	
Predicted	20-80	nb	

Juelich	
Meson-baryon	model	
Effects	of	ISI/FSI		

2

ρ

π π

π π

✉ ✉
K∗

π π

K K

✉ ✉
ρ,ω,φ

K K

K K

✉ ✉

π π

π π

ρ, f0,f2

✉

✉

π π

K K

ρ, f0,f2

✉

✉

K K

K K

ρ, f0,f2

✉

✉

FIG. 1. Diagrams included in the Jülich ππ −KK potential
[22].
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FIG. 2. Additional diagrams that arise when the DD̄ channel
is included.

the transitions from ππ and/or K̄K to DD̄ are shown in
Fig. 2. In this extension we were guided by SU(4) symme-
try [1]. Thus, we included t-channel exchanges of those
vector mesons which are from the same SU(4) multiplet
as those included in the original Jülich model and, more-
over, we assumed that all coupling constants at the addi-
tional three-meson vertices are given by SU(4) relations.
Indeed, in Ref. [1] an even more extended model was con-
sidered which included also the coupling to channels in-
volving the charmed strange meson Ds(1969). It turned
out that the DD̄ production cross sections based on the
DD̄ interactions with or without coupling to D+

s D
−

s are
almost identical and, therefore, in the present work we
show only the results for the latter case.
The scattering amplitudes are obtained by solving a

coupled channel scattering equation for these potentials
which is formally given by

T i,j =V i,j +
∑

l

V i,lGlT l,j , (1)

with i, j, l = ππ, πη, K̄K, DD̄.

In an approach like ours the ψ(3770) (in the following
usually called ψ to simplify the notation) has to be in-
cluded as bare resonance. It aquires its physical mass and
its width when the corresponding potential is iterated in
the scattering equation (1). We include the ψ only in the
direct DD̄ potential, i.e. in V DD̄,DD̄. The corresponding
diagram is depicted on the lower right side of Fig. 2. The
potential can be written in the form

V DD̄,DD̄ = γDD̄
0

1

E −m0

γDD̄
0 , (2)

with a bare DD̄ψ vertex function γDD̄
0 and a bare

ψ(3770) mass m0. Explicit expressions for the vertex
function of two pseudoscalar mesons coupled to a vector
meson in the s-channel and for the resulting potential can
be found in the Appendix of Ref. [22]. The bare mass m0

and the bare coupling constant in γDD̄
0 are adjusted in

such a way that the resulting T -matrix, TDD̄,DD̄, has a
pole at the physical values of the ψ(3770) resonance. The
main results shown in the present study are based on a
DD̄ model that produces a pole at E = (3773 − i 13.6)
MeV, i.e. at the value specified as “our fit” by the PDG
[10], but we consider also the value obtained in Ref. [9]
for the mass which is about 6 MeV larger. In the ac-
tual calculation the values for the mass and width of the
ψ(3770) were determined by evaluating the speed plot for
TDD̄,DD̄ for simplicity reasons. In addition, we use an
isospin averagedmass for theD (D̄), namely 1866.9MeV.
Cross sections for DD̄ scattering in the isospin I = 0

and I = 1 states can be found in Fig. 3. For the
I = 0 case we show the result from the s wave sepa-
rately (dashed curve) so that one can see the impact due
to the ψ(3770) resonance. Note that there is actually a
noticeable non-resonant contribution in the p wave which
is clearly visible for energies away from the ψ(3770), i.e.
around 3.9 GeV and above. The cross section in the
I = 1 state is very small. It is only in the order of 1 mb
and, therefore, hardly visible in Fig. 3. In this context
let us mention that there are other model results on the
DD̄ interaction in the literature [23], achieved likewise in
a meson-exchange approach.
For completeness reasons we present here also results

for the reaction e+e− → DD̄, cf. Fig. 4. Results cor-
responding to a ψ mass of 3773 or 3779 MeV, respec-
tively, are indicated by the thick and thin solid lines.
The pertinent calculation was performed in the Migdal-
Watson approximation [24, 25], i.e. by assuming that

TDD̄, e+e− ∝ TDD̄,DD̄, so that the cross section for
e+e− → DD̄ is given by

σe+e−→DD̄ ≈ N qDD̄ |TDD̄,DD̄|2 . (3)

Here qDD̄ is the DD̄ center-of-mass momentum and N
an arbitrary normalization factor that has to be adjusted
to the data. The shown curve is based on the DD̄ I = 0
amplitude in the p wave. In this case a factor q2

DD̄
has

to be divided out because in e+e− → DD̄ the incoming
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FIG. 6. Differential cross sections for p̄p → DD̄ at plab = 6.578 GeV/c (excess energy ϵ = 40 MeV). Same description of curves
as in Fig. 5.

is smaller by about 15-20 % and, of course, the peak is
shifted to the higher energy.

Differential cross sections for p̄p → D0D̄0 and p̄p →
D+D− at plab = 6.578 GeV/c are shown in Fig. 6. This
momentum corresponds to a total energy of 3773.8 MeV
so that the results display the situation practically at
the resonance peak. As mentioned before [1] without
the ψ(3770) the DD̄ pair is produced predominantly in
the s wave, cf. the dashed/dotted curves. Of course,
this changes drastically once the resonance is included
(solid/dash-dotted curves). Still, there is a strong in-
terference between the s- and p waves, especially in the
D+D− case, so that the actual angular distribution does
not resemble the one one expects from pure p-wave scat-
tering.

IV. ESTIMATES OF THE CROSS SECTION

FOR p̄p → DD̄

It is possible to provide a rough estimation of the
p̄p → DD̄ cross section around the ψ(3770) peak using
experimental information by exploiting the fact that at
energies very close to the resonance the reaction ampli-
tude can be well approximated by

T i,j ≈ γi
1

E −mψ + iΓψ/2
γj , (4)

an expression which is indeed exact at the ψ(3770) pole.
Here, γi is the dressed vertex function with i, j = DD̄,
p̄p, e+e−, and mψ and Γψ the physical mass and width
of the ψ(3770), respectively.

The cross section resulting from this amplitude can be

Empirical	information	missing	
to	constrain	model	space	



Open-charm	simulations	
(Andreas	Herten,	J.M.)	

Momentum:																			6.5	GeV/c	
Signal	model:																	data	driven	
Background	model:					DPM	
Efficiency:																								0.18	
Bckgrd	reduction:									2.8x106	

Total	B.F.:																								9.3x10-2	



1.  Possible	MC	analysis	for	P1	document		
ü Case	study:	single	and	double-tag	feasibility	in	
ü 		
ü Observables:	energy	dependent	(differential)	cross	sections	

2.  Who	could	contribute?	
ü Elisabetta	Prencipe	(FZJ)?	
ü Alexandros	Apostolou	(KVI-CART)	

3.  Required	technical	resources	
ü Day-one	setup	in	PandaRoot:	settle	on	release?	
ü Computing	cluster	at	KVI-CART	(50+	cores,	30	TB),	100%	PANDA	

Open-charm	perspectives	for	P1	

p̄p ! DD̄ ! · · ·


