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There are many (excited) hadrons that do not accommodate in the 999 or gq picture

Other configurations allowed by QCD, e.g., 99994, 9999 , etc., are called exotic
Heavy hadrons: hadrons containing at least one heavy quark (c/C or b/b)




A dense and/or hot medium

Several experimental facilities addressing

e b matter under extreme conditions:
RHIC-BES ‘4%’ Quark-Gluon ¥, LHC, RHIC, FAIR, J-PARC..
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Why heavy flavor in matter?
% A powerful probe for Quark Gluon Plasma (QGP)

Heavy quarks are created in the initial stage of the collision. Due to its large relaxation time,
they can test QGP by analysing their properties in matter

color screening comover scattering
% Jfp o D D
Initial stage of the Scattering with comoving particles
collision QGP evolution Hadronization

credit: G. Montana

** Interesting by itself, to understand their nature

Pb-Pb, syy=5.02 TeV

R R 0-10%, |y|<0.5
2 \~\‘\ i

H
9
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the T,.(3875)* and D_,*(2317) cases
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T..(3875)* in dense matter
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T..(3875)* as an s-wave DD* state with I(JP)=0(1%)

We take two families of energy dependent potentials, expanded around threshold

D~ D Dy 14 D
. —;
D* AN D* D* t . D*
1
VA(S) — C1 -+ Cz[s - (mD 4+ mlj")z] VB(S) -

Ci' + C,'[s — (mp + mp)?]
By solving the on-shell Bethe-Salpeter equation

T1(s) = V1(s) — Zo(s)
with Z,(s) the D*D loop function in vacuum

We fix C,() and C,() to generate the T..(3875)* bound state at its mass (m,) with certain

molecular probability P

dT1(s)
ds

- 1 B 1 620(5)

.s':m,g @ Po ds .s:mﬁ
coupling to DD*

T Ym2) =0,




DD* scattering in dense matter

D° D+

T; B T Tt B T
\‘D’, \‘D”
D*+ D*O

T (s5 p) = Vg '(s) = 5(s; p)

with 2(s; p) the D*D loop function in vacuum
We study not only T,.* (DD* state) but also Ts: - (DD* state)

The vacuum line shapes are the same (invariance under charge-conjugation symmetry)
What about in nuclear matter?



D, D*, D, D*
in nuclear matter

DON interactio_ns
different from DCIN

Tolos, Garcia-Recio, Nieves,
Phys. Rev. C 80 (2009) 065202

Garcia-Recio, Nieves and Tolos,
Phys. Lett. B 690 (2010) 369

Garcia-Recio, Nieves, Salcedo and Tolos,
Phys. Rev. C 85 (2012) 025203

S5(E,q=0;p) [GeV—2

5 1.8 1.9 2
E [GeV]
T
I ——— p=0.1p¢
N —— p=0.5p0 ]
p = 1.0po
1.8 1.9 1.95

E [GeV]

4= 0;p) [GeV~2]

Sp+(E

0;p) [GeV—7]

q

SD: (E

4 T T T T
i p = 0.1po i
L p = 0.5p0 i
p = 1.0po
3 - —
2
1 |
1.5 1.6 1.7 1.8 1.9
E [GeV]
10 i 1 T L ]
- —— p=0.1po 4
- —— p=0.5p0 ]
8 - —— p=1.0p0 —
6 I ]
al ]
2
ol
1.85




10® x Re (%)

DD* and DD* loop functions in nuclear matter
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different density dependence between DD* and DD* loop functions in nuclear matter



DD* and DD* scattering amplitudes in nuclear matter

TCC+ and TC_:C-

behave differently in nuclear matter

widths of T..* and T grow with

density, specially for high P

differences between positions and

widths of T..* and T arise
with Py and density:

- Tss less massive than T,.*

- Tsz- narrower than T..*
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T.." and Ts: pole positions in nuclear matter
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quite different (p,Py) pattern for T..* and Tx :
T..* becomes broader and with larger mass in nuclear matter



D.,*(2317) In dense matter
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D.,*(2317) as an s-wave DK state with I1(JP)=0(0%)

We take two families of energy dependent potentials, expanded around threshold
Va(s) = C; + Cy[s — (mp + mg)?]

1
V-(s) =
5(5) C," + C,'[s — (mp + mg)?]

By solving the on-shell Bethe-Salpeter equation
T2(s) = V1(s) — Zo(s)
with Z,(s) the DK loop function in vacuum

We fix C;() and C,() to generate the D*,(;(2317) bound state at its mass (mg) with certain
molecular probability P,

dT(s) 1 1 9%(s)

dS .-,':mg @ PO 63 s=m?2
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coupling to DK



DK scattering in dense matter

T(s3 p) = Vg '(s) = X(s; )

with 2(s; p) the D*D loop function in vacuum

We study not only D*,,(2317)* (DK state) but also D*,,(2317) (DK state)

The vacuum line shapes are the same (invariance under charge-conjugation symmetry).
What about in nuclear matter?



D, K, D, K
in nuclear matter

DN different from DN

Tolos, Garcia-Recio, Nieves,
Phys. Rev. C 80 (2009) 065202

Garcia-Recio, Nieves and Tolos,
Phys. Lett. B 690 (2010) 369
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Phys. Rev. C 85 (2012) 025203

KN much more_different from KN
than D*N from D*N

Tolos, Ramos and Oset,
Phys. Rev. C 74 (2006) 01520377
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Phys. Rev. C 78 (2008) 045205

0;p) [GeV~?)

Sp(E,q

0; p) [Gev—?]

I
T

Sg(E,

18

16

14

12

10

Ol 5

V)| Seem—/|

16 17 18
E [GeV)

1.9

(") T N T T N TN T T T T TN TN T T N M |

NENERRIREANAEEEREEEERINRAEN AR RARERER"

L[ | |
ocoo
5

g b b b b baaa baa s baaa baa sl

T %%

113

33

400 500 600

E [M&V]

.T5pp

-25p0

700

Sp(E,§=0;p) [GeV-?|

ESY [Mev)

10

LI B I N B N B B B B N B

LI B N B B N B N B

— p=0.1po
—— p=0.5p0
— p=10pp

—

| N N U T T e T T T |

NIRRT NN NN NN INN NN TN}

Clogo sl s bo oo bo v ala o dogaalangg

200 400 600
q [MeV]



DK and DK loop functions in nuclear matter
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different density dependence between DK and DK loop functions in nuclear matter

difference between DK and DK loop functions in matter larger than for DD* and DD*;
Dso** and Dgy* behave in matter much differently than T..* and T



DK and DK scattering amplitudes in nuclear matter

DSO*+ and DSO*-
behave very differently
in nuclear matter

widths of Dyg** and Dgy* grow with
density, specially for high P,

differences between positions and
widths of Dy,** and Dgy* arise
with Py and density:

- D¢o*- less massive than Dgy**

- Dgo™ is wider than Dgy**
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Conclusions

Lines shapes of T..(3875)* vs T(3875) as well as Dy,*(2317)* vs D,*(2317) are necessarily
the same in free space, but they are different in nuclear matter

This large charge-conjugation asymmetry in matter stems from the very different meson and
antimeson interactions with the nucleons in the dense medium

The changes strongly depend on the molecular probability of these states, as the compact and
molecular components of the wave function will get renormalized differently

These effects are more drastic in the Dg*(2317)*" vs D¢*(2317) case that those found for the
T..(3875)* vs T.(3875) due to the larger differences for KN and KN interactions as compared
to D*N and D*N ones

If these distinct density patterns were confirmed experimentally(?), it would give support to the
presence of important molecular components in these exotic states.
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