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Open charm @ FAIR
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* Open Charm spectroscopy:

- Charmonium above open charm:
P X.,h,,...Interesting case: X(3872)

cdr' e
- Charmed exotics (multiquark states)

- Charmed hybrids
« Charm in nuclei (?):

- J/¥Y +N cross sections
- Y(3770),¥", X, decay in open charm

 CPV with charm mesons

FAIR-ESAC/Pbar/Technical Progress Report

Open Charm Probes of
Hot and Dense Matter

- Charm-Quark Interactions in QGP

- Charm-Nucleon and Charm-Nucleus
Interaction in Hot Dense Hadronic
Matter

- Charmed Baryonic Resonances in
Heavy-ion Collisions

The CBM Physics Book
Lecture Notes in Physics
Vol. 814 (2010) 1-980



Open Charm in
Hot Dense Hadronic Matter

* Open charm in dense nuclear matter:
Incorporate Heavy-Quark Spin Symmetry

* D mesons in nuclel

* D meson propagation in hot dense matter



In the laboratory...

J/W suppression

Gonin et al (NA50) '96, Matsui and Satz '86

D-mesic nuclei

Tsushima et al '99,
Garcia-Recio et al 10
Garcia-Recio et al '12
Yasui et al '12..

208pp
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Color Screening

taken fromHirano@CISS07
but also comover scattering

JW+ng<>D+D

Capella, Ferreiro, Vogt, Wang, Bratkovskaya,
Cassing, Andronic..



From theory...
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Unitarized theory in matter:
selfconsistent coupled-channel procedure
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Potential from
effective field

theories, meson-

exchange models.. / meson dressing
Medium /.\ — . .
Pauli blocking
and
baryon dressing
le(paT) =

1 self-energy



Unitarized theory in matter:

selfconsistent coupled-channel procedure
(bare interaction saturated by t-channel vector-meson exchange)
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Incorporate Heavy Quark Spin Symmetry

HQSS*: spin interactions vanish for infinitely massive quarks
*Isgur, Wise, Manohar, Neubert

To construct a model for four flavors for pseudoscalar and vector mesons as
well as 1/2* and 3/2* baryons that incorporates HQSS in the charm sector:
extended WT interaction that fulfills SU(6)xHQSS and it is consistent with
chiral symmetry in the light sector

C B AEF C A AEF
K(s) U
— / ! — !
V= 4f2 Hyr, Hyp = Hex + Hy. v M A X
CA BEF CB BEF
K(s): depends on meson-baryon energy H,_ H,,

f: decay constant H.,: exchange of quarks

H’,.: annhilation and creation of quark-
antiquark pairs, corrected with HQSS
constraints (only light quarks)



Resonance I(J¥) Status Mass (MeV) I" (MeV)
A_(2595)  0(1/27) *** 25954+0.6 3.6+20—13
A(2625)  0(3/27) *** 26281+ 0.6 <1.9

A, (2765) 27?) * 2766.6 + 2.4 50

or % _(2765)

O A.(2880)  0(5/2%) #***  2881.9+0.5 58+19
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Unitarized theory in matter:

selfconsistent coupled-channel procedure

D meson D* meson
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Simultaneous
calculation of

D and D*
self-energies

Garcia-Recio et al '09
LT et al. ‘“10;
Gamermann et al. ‘10
Garcia-Recio et al. ‘10
Garcia-Recio et al.’12
Romanets et al. ’12
Garcia-Recio et al. ‘13
Garcia-Recio et al. ‘13



B+I/2 [MeV]

Initially predicted in 2%8Pb within QMC
model Tsushima et al. ‘99

Within the self-consistent coupled-
channel approach that incorporates
HQSS
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D%nucleus bound states

D mesic nuclel

PANDA @FAIR?

{DO_(A_ 1 )}bound

PA reaction seems
more likely to trap a D in nuclei



D meson propagation in hot dense matter

D-mesons: One of the cleanest probes of the early stages of the collision

Their trelaxation time is long enough to
not fully thermalize, but short enough yM M
—— : : ™ ~ — et — ~6-—20
to undergo significant reinteractions rel "7 1 frel T
which reflect on their coupling to the

medium. Teaney and Moore ‘05

The D meson propagation can be studied using a kinetic description for
the distribution function.

Given that m 5 >>m .,

af(f, p) _ 'a (t,p) N 'a f(t’ p)]},
ot dp; ()pj

drag force diffusion coefficient

Fokker-Planck equation



For an isotropic bath

We need scattering amplitudes |T|? in matter

Previous works on D-meson propagation with different models for |T|?
Laine “11; He, Fries, Rapp ‘11; Ghosh, Das, Sarkar, -eAlam ’11;
Abreu, Cabrera, Llanes-Estrada, Torres-Rincon ‘11



(Vacuum) cross sections for open charm with mesons and baryons
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Some results for CBM/FAIR energies Tolos and Torres-Rincon ‘13
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Present and Future @FAIR

» It Is an exciting moment g 2
» moving from the light sector to charm
» a lot of theoretical effort is needed

» but in close connection to experiments



