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Charm under Extreme Conditions

J/W¥ suppression D-mesic nuclei

Gonin et al (NA50) '96, Matsui and Satz '86
Tsushima et al 99,

Garcia-Recio et al ’10
. ‘ . Garcia-Recio et al '12

Yasui et al ’12,
. Yamagata-Sekihara ‘16..

C. o C. 208Pp

- o DO,D-,D°
Color Screening
taken from-Hirano@CISS07

but also comover scattering

JW+n<->D+D

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




* Open Charm spectroscopy:

- Charmonium above open charm:

W X.he,...Interesting case: X(3872)
- Chamed exotics (multiquark states)
- Chamed hybrids

« Cham in nuclei (?):

- J/¥Y +N cross sections
- Y(3770),W’, 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

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

- Chamed Baryonic Resonances in
Heavy-ion Collisions

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

QMC model

exchange of w, p, 0

among quarks in hadron bag
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Unitarized theory in matter:
selfconsistent coupled-channel procedure

Free space

meson dressing

Pauli blocking
and
baryon dressing

1 self-energy



Unitarized theory in matter
selfconsistent coupled-channel procedure
(bare interaction saturated by t-channel vector-meson exchange)
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Meson-baryon interaction with heavy quarks:
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

~ K(s)

V=Zp7 B Hir=He + He \ j

/
K(s): depends on meson-baryon energy X

f: decay constant

C A BEF CB BEF
H H!

. .
‘e O ‘e, R
e . o . K3 ex ac
‘e

— -+ Hec exchange of quarks
H’.c: annhilation and creation of quark-

antiquark pairs, corrected with HQSS
constraints (only light quarks)



Spectroscopy of excited charmed baryons

A, : C=1,5=0,1=0

Garcia-Recio et al.’09;

Romanets et al. ’12

@ coupling constant
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Charmed hadrons in matter

Unitarized theory in matter:
selfconsistent coupled-channel procedure

Free space
potential from
extended WT
interaction that T - Vi + Vi G T meson dressing
respect HQSS /
Medium Pauli blocking
and

baryon dressing

1 self-energy



Resonance I(J”) Status  Mass [MeV] I' [MeV]

AL(2595) 0(1/27) ***  250225+028 2.6+06 Dynamically-generated

Ac(2625)  0(3/27) ***  2628.11 +0.19 <097

PDG

A.(2765) (77 * 2766.6 + 2.4 50 baryonlc resonances In
or X.(2765) | n
A.(2880)  0(5/2%) *** 2881534035 58+1. nuclear matier
Ac(2940) 0(7*)  *** 20303+14-15 17+8-6 LT, Garcia-Recio and Nieves ‘10
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Unitarized theory in matter:

selfconsistent coupled

-channel procedure

D meson D* meson

6 T[T T T ' — T T 1 T '
_ o — _ _
5+ T | — 2p0 .
C% i 5 5:_1 hull 5 i
O [ T=0 |F g —¢*-m?—Rell?+InlP : -
= 3 : —- : —
&l - _
s =N 1 Te@B0ONT
| /\0(2595)N'1\ A* N
A (2595)N-1 | / -
l@ ;+~=J. . | _M_J - I: T |

O M |
1600 1700 1800 1900 2000 2100 16

qO[MeV]

00 1700 1800 1900 2()()0 2100 2200

qO[MeV]

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.(1) ‘13
Garcia-Recio et al.(2) ‘13



B+I/2 [MeV]

Initially predicted in 28Pb within QMC D mesic nuclei

model Tsushima et al. ‘99

D \
Within the self-consistent coupled- \ DA}
channel approach that incorporates "
HQSS
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- Weakly bound D°-nucleus states
10 | ol o ‘ - with important widths in contrast
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D%nucleus bound states



Formation spectra of
charmed meson-nucleus
using an antiproton beam

@ J-PARC, PANDA (FAIR)

Yamagata-Sekihara, Garcia-Recio, Nieves,
Salcedo and LT ‘16

B+ 12C '1lB_D—]+D+

b+ 120 -“B—D0]+l_)°
Large momentum transfer

(about 1 GeV/c) makes any
structure due to bound states not
noticeable. Need of reactions with

lower momentum transfer, such as
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Figure 2: Formation spectrum for the p + 2c 5 I“B -D | + D reaction
at P, = 8GeV/c and 0);}% = 0°, as a function of the outgoing D* meson
total energy. The partial contributions of some shell configurations of the final
nucleus are also shown in the figure. The vertical dashed line indicates the D

meson production threshold.
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Figure 3: Same as in Fig. 2, but for the j + '°C — I"B D”I + DY reaction.

The vertical dashed line indicates now the D" meson production threshold.



D meson propagation in dense hot matter

D-mesons: One of the cleanest probes of the early stages of the collision
Fokker-Planck equation (m p>>m .4, M p>> Tpan)

drag force diffusion coefficient
o
fLp) ‘(r p) + —[‘[(r p)]
ot dp,

Isotropic bath
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Previous Works Laine “11; He, Fries, Rapp ‘11; Ghosh, Das, Sarkar, -e Alam ’11

We need scattering amplitudes |T|? (first approximation: [T|?in free space)
Abreu, Cabrera, Llanes-Estrada, Torres-Rincon '11; LT and Torres-Rincon 13



(Vacuum) cross sections for open charm with mesons and baryons

D-mesons with light mesons
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Some results for CBEM@FAIR energles

LT and

Torres-Rincon '13
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This work
......... Rapp and van Hees

——e—— Banerjee, Datta, Gavai and Majumdar
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energy beams (baryons!) but
do not relax (Tfrepg~10 fm)

Continuous matching at T,
Berrehrah et al ‘14; Ozvenchuk et al (LT) '14;
Song et al (LT) 15



Beauty under Extreme Conditions
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Spectroscopy of excited beauty baryons
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.:.bﬂ
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] — | Ap(9912) and A*(5920) found by LHCb™
'_'Z* collaboration are described as meson-
b .

baryon molecular states belonging to a
Lt ot Z HQSS doublet. New HQSS partners are
s 1 predicted: =,(6035) and =,(6043)
Abmt P—
* Aaij et al (LHCb) ‘12
— Zh |
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Garcia-Recio, Nieves,
Romanets, Salcedo and LT ‘13



Beauty propagation in dense hot matter

Fokker-Planck equation

af(,p) _ 9 | L‘ |
P ap (t.p) + o7, f(t. p)]},

drag force diffusion coefficient

Results from FAIR to RHIC energies

Torres-Rincon, LT and Romanets '14; LT, Torres-Rincon and Das ‘“16; Song et al (LT) ‘16
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- Results insensitive to trajectory for high s/ng:

prediction for behaviour of hadronic medium at RHIC energies

- Similar behaviour of diffusion coefficient for B meson and A,




Summary

» It Is an exciting moment

» moving from the light to the heavy sector

> a lot of theoretical effort is needed
(how to construct a reliable effective theory that implements

the correct symmetries)

» but in close connection to experiments/lattice

(how to provide feedback between theory and
experiments/lattice: spectroscopy of excited states, spectra
of meson-nucleus, transport coefficients,..)
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