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Inkroduckion: charm sector
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Inkroduction: charm secktor
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Inkroduction: charm secktor
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Inkroduction: charm secktor

i | Y(4660) )
| Charmonium Spectrum
0 G Z*(3900), Z=(3885), X (3872), ...
42 -xco(?Po)
|
T they seem to have a Ewowbodv structure...
~ 40 17 n0's) | 2Mp»
é 3.8 -________ __________________________
| Candidate to be exotic!
3.2 ~ 40
-//y/(ﬁsl) E E IIIIIIII
30 sy | S 30: 3 _
0 ] 1 £ [ 5’ ”'Ii'm’""f’i"}ﬂt' ' ”fjI"f’ﬁ'{ﬂ*t""n'u,t'n ]
> 20: 36 38 4 42 44 46 48 5__

10_0; ;'

L

: .'3 i -I_-l]:;l—rh" ) T_
WMESON—MesSONn—meson 9% 76 48 s
m(mr I /) (GeV/c?)

Phys. Rev. D 80, 094012 (R009).

terca-feira, 29 de agosto de 17
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Inkroduction: charm secktor
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Inkroduction: charm secktor
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Inkroduction: charm secktor
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Inkroduction: charm secktor
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Inkroduction: charm secktor
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Inkroduction: charm sector
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Formalism: Fixed Center Approximation (FCA)
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Formalism: Fixed Center Approximation (FCA)

) R, ) .
DI i or NN _ i
Ab e * sl o
i a R

How do we backle bhese stjsﬁems?

Ludviqg Faddeev,
Fixed Center Approximation (FCA)

o, Approximations...

| 5 i\."ﬁt o ,iJ X N

Faddeev equa&ions

zZh. EKsp. Teor. Fi 459(1960)
Sov. Phys. JETP 12, 1014 (1961).

ks solution is q.ui,&e
tavolved!

terca-feira, 29 de agosto de 17



Formalism: Fixed Center Approximation (FCA)

cluster

How do we tackle these svs&ems?
Ludviqg Faddeev,

Fixed Center Approximation (FCA)

Nt — Approximations..
t-vacideev equ&&o%s — o
tk's solubion is quu&e
Zh. EKsp. Tec 1459(1960) tavolved!

Sov. Phys. JETP 12, 1014 (1961).

terca-feira, 29 de agosto de 17



Formalism: Fixed Center Approximation (FCA)
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Formalism: Fixed Center Approximation (FCA)
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Formalism: Fixed Center Approximation (FCA)
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Formalism: Fixed Center Approximation (FCA)
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Formalism: Fixed Center Approximation (FCA)
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Formalism: Fixed Center Approximation (FCA)
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Formalism: Fixed Center Approximation (FCA)
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Formalism: Fixed Center Approximation (FCA)

TECA( 5) = ViI;CA ) + Z prCA( FCA( s)

which solution is given bv

TEOA(s) = > [ 1= VFOA(s) Go(s) |~ VEOA(s).
1 1l
ti 0t 0 0 0) (0 0 0 ¢t 0 t2)
0 t5 0 0 0 O 0 0 0 0 t3 0
prca _ [t 0t 00 0 Grca_ |0 0 0t 0
0 0 0 &t 0 0] ts 0 0 0 0 0
0 0 0 0 t5 tr 0 ts tr 0 0 0
\0 0 0 0 tr ts \0 t ts 0 0 0)

1)D~[BTD 4)[BTD°|D~
2)D~[B'’D*]  5)[B’DY|D™
3)D'[B'D°  6)[B"D"|D"

terca-feira, 29 de agosto de 17



Resulks: uncertainties...
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Resulks: uncertainties...
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Resulks: uncertainties...
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Resulks: uncertainties...
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Resulks: uncertainties...
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Resulks: uncertainties...

Inkeracktion
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Resulks: uncertainties...
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Resulks: uncertainties...

Inkeracktion

Regularized by a cubt-off
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Resulks: uncertainties...

Inkeracktion

Regularized by a cubt-off
Gmaz| = 600 MeV
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Resulks: uncertainties...

Inkeracktion

Regularized by a cubt-off
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Resulks: uncertainties...
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Resulks: uncertainties...
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Resulks: uncertainties...
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Resulks: uncertainties...

tz] ( p ) Inkeraction

t”&j (S/) %wo-"bodv center Oﬂf WA SS

M3 — cluster

three-body center of mass!
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Resulks: uncertainties...

Inkeracktion
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Resulks: uncertainties...

Til;CA(S) —
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Resulks: uncertainties...

Inkeracktion

We have two OF&EOMSZ

Phys. Rev. 82, 094017 (2010), Phys. Rev. 82, 094017 (2010).
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Resulks: uncertainties...
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Phys. Rev. 82, 094017 (2010), Phys. Rev. 82, 094017 (2010).

1
SH3H1(2) — m%{?, + m%ﬁ(g) + m(s — m%{1(2) = ME)(ME + miIl(Q) - m%{?,)

C

terca-feira, 29 de agosto de 17



Resulks: uncertainties...

Inkeracktion

We have two QF&LOMsz
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1
SH3H1(2) — m%{?, + m%ﬁ(g) + m(s — m%{1(2) = MCQ)(MC2 + miIl(2) - m%{?,)

C

\/E 2 M, ., M. 2 =
C 3
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Resulks: uncertainties...

Ti€CA(S) 4 ‘/;_];‘CA _I_ Z FCA TFCA( )

Inkeracktion

We have two op&mvxsz

‘Presmig&mn 1
Phys. Rev. 82, 094017 (2010), Phys. Rev. 82, 094017 (2010).

1
SH3H1(2) — m%{?, + m%ﬁ(g) + m(s - m%{1(2) — ME)(ME + miIl(Q) = m%{?,)

\/E 2 M, ., M. 2 _
C 3
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Resulks: uncertainties...

Inkeracktion

We have two QF&LOMsz

‘Presarip&iah 1
Phys. Rev. 82, 094017 (2010), Phys. Rev. 82, 094017 (2010).

1
SH3H1(2) — m%{?, + m%ﬁ(g) + m(s - m%{1(2) — MCQ)(MC2 + miIl(2) = m%{?,)

2 = Taking into account the binding..

‘P)QP ~ QIUB

\/E 2 M, ., M. 2 _
C 3
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Resulks: uncertainties...

Ti€CA(S) 4 ‘/;_];‘CA Z FCA TFCA( )

Inkeracktion

We have two op&mvxsz

‘Presmig&mn 1
Phys. Rev. 82, 094017 (2010), Phys. Rev. 82, 094017 (2010).

1
SH3H1(2) — m%{?, + m%ﬁ(g) + m(s - m%{1(2) — ME)(ME + miIl(Q) = m%{?,)

2 - Taking into account the binding.. It shares the cluster binding enerqgy
Phys. Rev. 96, 016014 (2017)

‘P)QP ~ ZIUB

\/E 2 M, ., M. 2 -
C 3
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Resulks: uncertainties...

Til;CA(S) 4 ‘/;_];‘CA Z FCA TFCA( )

Inkeracktion

We have two op&éans:

‘Pres«crig&mh 1
Phys. Rev. 82, 094017 (2010), Phys. Rev. 82, 094017 (2010).

1
SH3H1(2) — m%{?, + m%ﬁ(g) + m(s - m%{m) — ME)(ME + miIl(2) = m%{?,)

2 - Taking into account the binding.. It shares the cluster binding enerqgy
Phys. Rev. 96, 016014 (2017)

‘P)QP ~ ZIUB

\/E 2 M, ., M. 2 -
C 3
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Resulks: uncertainkies...

Til;CA(S) 4 ‘/;_];‘CA _I_ Z FCA TFCA( )

Inkeraction

We have two op&&ons:

‘Presmig&mh 1
Phys. Rev. 82, 094017 (2010), Phys. Rev. 82, 094017 (2010).

1
SH3H1(2) — m%{g + m%ﬁ(g) + 202 (s — m%{1(2) = MCQ)(M? + m%[l(Q) - m%{?,)
‘Prascﬂ[p&g@m i1 It shares the cluster binding enerqgy
Phys. Rev. 96, 016014 (2017)
—> 2 N

\/E 2 M, ., M. 2 _
C 3
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Resulks: BDDbar suyskem...

TECA(S) _ ‘/i];‘CA —|— Z FCA

Solubtion...
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Resulks: BDDbar system..

Til;CA (5) = ViI;CA ) + Z prCA( TFCA (5)

Solukion...

5 — Presc. 1

o 4 ----- Presc. 11

S — Presc. I with nn - ]

— | A -

G pp— - Presc. II with nn i" Y ]

N i -

Q| ! \ I

2 20 A '.

S A :

[ ;X \, .

1 B = \\' _

[ ] S, 7

L . \’ o

A ] ~, L

| ..f' ................ N i o i o ]

0 aanszz=z=22 _ : e . pr—— L 5 ST AT e 2N
8900 8920 8940 8960 8980
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Resulks: BDDbar system..

TEOA (s) = VEOA(s) + Z VECA ($)GoTECA (s)

5 — Presc. |
§ 4 ----- Presc. 11
I Presc. I with nn -~
S | Iy
] — - Presc. II with nn {
o | A
Q 'il
2 7 i
ISl g
L . =
11 ]
| i
| —
e A

8900 8920 8940
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Resulks: BDDbar system..

TEOA (s) = VEOA(s) + Z VECA ($)GoTECA (s)

M. + Mp threshold
5 —— Presc. 1
§ 4 ----- Presc. 11
I Presc. I with nn -~
=2 A
] — - Presc. II with nn {
Q of "
q “f /3
= i
L . =
1T :
| i
| -
0 banengrrannszzzzzcy T
8900 8920 8940
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Resulks: BDDbar system..

Til;CA( 5) = ViI;CA ) + Z prCA( TFCA (5)

M. + Mp threshold
5 Presc. 1
. 4 ----- Presc. 11 i _-
T . I I~ Both solutions are below threshold
o [ e Presc. I with nn ! -
— | 0
X 3 .- - Presc. II with nn .i' : ~ 8944 Mev
X i [
5, f
=7 it ~ 8926 MeV
=~ i ]
o I
T A i
L o ]
¢¢"’ ...... '= .....
O _ "'""-T __.-—' : : ‘ll§ -----------
8900 8920 8940
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Resulks: BDDbar system..

TECA( 5) = ViI;CA ) + Z prCA( TFCA (5)

tf,;j (S) - tDD (8) Including the 77 channel

Phys. Rev. 76, 074016 (2007)

Solubtion...
M. + Mp threshold
5 Presc. 1
_ 4 ----- Presc. 11 i ]
T . : I - Bokh soluktions are below bhreshold
= Presc. I with nn ! - ]
= | 1/
Q] — - Presc. I1 with nn li' : ~ 8944 MeV
o\ ] [ ]
2, f
2 2} it ~ 8920 MeV
~ i
] I
L S o
! ~.QI ]
[ o
O-...........u...-----"f il ; "'& """""""
8900 8920 8940
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Resulks: BDDbar system...

TECA( 5) = ViI;CA Z prCA( TFCA (5)

tf,;j (S) — tDD (8) Including the 77 channel

Phys. Rev. 76, 074016 (007)

Solution...
M. + Mp threshold
5 Presc. 1
LAl Presc. 1I | - Bobh solubions skill are below
= -------- Presc. I with nn ; Fhreshold
L | A i
X 3[ e - Presc. II with ng {
= | [' ~ 10 MeV
= i i .. .
- il ] §Taking into account our uhcertainties]
1} . i s g
T Y ; Fod
| Tl 8925 — 8985 MeV
() panrasyreannzy ' . : =—=sY
8900 8920 8940
Vs (MeV)
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Resulks: BDDbar suskem...

What is the origin of these binding?

Tracking dowh the binding..
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Resulks: BDDbar suskem...

What is the origin of these binding?

Tracking dowh the binding..

-V
i S
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Resulks: BDDbar suyskem...

What is the origin of these binding?

Tracking dowh the binding.. Attractive for I=0 and I=1

.
A%
1
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Resulks: BDDbar suyskem...

What is the origin of these binding?

T\“QCR’LMS down the bi&\dihﬁ)m Abbraclkive for 1=0 and I=1

terca-feira, 29 de agosto de 17



Resulks: BDDbar suyskem...

What is the origin of these binding?

Traﬁk’ihg dowin the bi\r\dﬁ\f\gm Abbraclkive for I=0 and I=1
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Resulks: BDDbar suyskem...

What is the origin of these binding?

Tra\ﬂ&ihg dowin the bi\r\di\f\gm Abbraclkive for I=0 and I=1
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Resulks: BDDbar suyskem...

What is the origin of these binding?

Tr&&k’ihg dowin the bihdihgm Abbraclkive for I=0 and I=1
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Resulks: BDDbar system..

What is the origin of these binding?

T\‘&&k’ihﬂ dowin the bihdi!r\gm Abbraclkive for I=0 and I=1
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Resulks: BDDbar system..

What is the origin of these binding?

TT’&&Q’&MS dowin the bihdihgm Abbraclkive for I=0 and I=1

Attractive for I=zo0

o
S e N
A
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Resulks: BDDbar system..
What is the origin of these binding?

T\“QCR’LMS down the bi&\dihﬁ)m Abbraclkive for 1=0 and I=1

...............

8900 8920 8940 8960 8980
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Resulks: BDDbar suyskem...

What is the origin of these binding?

T\“Q&kﬁhﬂ dowin Ekébiﬂdiﬂgm Abbraclkive for I=0 and I=1

LN
' %,
d
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Resulks: BDDbar suyskem...

What is the origin of these binding?

T\“Qﬁk’ihﬂ dowin Ekébihdihgm Abbraclkive for I=0 and I=1

L) \©
' 3
d

Presc. 1

8900 8920 8940 8960 8980

Vs (MeV)
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Resulks: BDDbar system..

The DDbar attraction helps in
the building wp of the three-
bocij bound stake.. However..

It is the BDbar the main
source of binding throuhq its
I=0 (’:OMF?OV\EV\E.“
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Resulks: BDD sustem...

Ik is assev\&muj exotic!
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Resulks: BDD suskem...

Ik is essev\&auj exotic!

R mweson
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Resulks: BDD suskem...

Ik is esseu&iallv exotic!

R mweson D mesons
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Resulks: BDD suskem...

Ik is esseu&iattv exotic!

'Presc:ri,p&ov\ I

R mweson D mesons
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|TBDD|2 X 10_10

2.0

‘Presa:rip&icm I

Resulks: BDD sustem...

Ik is essev\ﬁa\uv exotic!

1.5}

1.0}

8900 8920 8

——— Qmax = 400 MeV
----- Gmax = 600 MeV

O [ir~

40 8960

Vs (MeV)
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Resulks: BDD sustem...

Ik is essen&éauv exotic!

‘Presa:rip&icm I

2.0
——— Qmax = 400 MeV

Jmax = 600 MeV

9000 9020

8920 8940 8960 8980

Vs (MeV)

0.0
8900

R meson

D mwmesons
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Resulks: BDD sustem...

Ik is essen&éauv exotic!

‘Preswap&m\ I
"""""""""""" : R weson

2.0
——— Qmax = 400 MeV

Jmax = 600 MeV

8980 9000 9020

8940 8960

Vs (MeV)

0.0
8900 8920

threshold = ¥99% MeV

D mwmesons
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Resulks: BDD sustem...

Ik is essen&éauv exotic!

‘Preswap&m\ I

20—
| : R meson
| — Guax = 400 MeV _

Sl (5] E— Gmax = 600 MeV
- i
|
9 _
& 1.0_‘
Q |
% |
Sl 0.5

8980 9000 9020

8940 8960

Vs (MeV)

0.0
8900 8920

threshold = ¥99% MeV

D mwmesons
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Resulks: BDD sustem...

Ik is essen&éauj exotic!

‘Pres«:rip&ian I

2————— ™ — ™ —  — ————

R weson

— Guax = 400 MeV

Sl L] S— Gmax = 600 MeV
O L
|
9 _
& 1.0_‘
Q !
% !
ol 0.5

08%00 8920 8940 8960 8980 9000 9020
Vs (MeV)
threshold = ¥99% MeV

threshold = ¥962 MeV

D mwmesons
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Resulks: BDD sustem...

Ik is essen&éauj exotic!

‘Presa:rip&icm i1

1%

Gmax = 400 MeV
(max = 600 MeV

0
8900 8920

8940 8960

Vs (MeV)

R meson

D mwmesons
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Resulks: BDD sustem...

Ik is essen&éauj exotic!

Prescription 11
""""""""""""""" | B meson D mesons

10

e = 400 MeV
Gmax = 600 MeV

No BDD state signal’

|TBDD|2 X 10_5

O L ~.~~7~_|___f'.’ .............
8900 8920 8940 8960 8980 9000 9020

Vs (MeV)
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Resulks: BDD sustem...

Ik is essev\ﬁa\uv exotic!

Prescription 11
""""""""""""""" | B meson D mesons

10

G = 400 MeV
s = 600 MeV

No BDD state signal’

|TBDD|2 X 10_5

Abtractive

O L ~.~~7~_|___f'.’ .............
8900 8920 8940 8960 8980 9000 9020

V'S (MeV) B i
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Resulks: BDD sustem...

Ik is essev\ﬁa\tbj exotic!

Prescription 11
""""""""""""""" | B meson D mesons

10
—— Qmax = 400 MeV
(max = 600 MeV

L
X
a No BDD state signal!
2 ,
=
o: ----- R Y Abtractive
8900 8920 8940 8960 8980 9000 9020
e B -3
eruisive

D
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Resulks: BDD sustem...

Ik is essev&iatbj exotic!

‘?resmip&mn i1

1%

R wmesoin D mesons

—— Qmax = 400 MeV
(max = 600 MeV

No BDD state signal’

Abtractive

0
8900 8920 8940 8960 8980 9000 9020

Vs (MeV) L e
f&eputsive B D

g % .~ D ! We can’t arrive to a decisive conclusion! §
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Conclusions...

- We get a bound state
M = (8925 — 8985) MeV

- Where the I=0 components for
BDbar and DDbar interactions are
the main sources of the binding..

- In this case, we have some clues
of a bound state in the range.

M = (8935 — 8985) MeV

- However, the results are not stable
with the uncertainties of the model,
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Thank you for your attention!!




