-. Exploring the inverse problem
from the correlation function
for system with two open
bottom quarks

Lianrong Dai
Huzhou University

SNEET S EWYEEER S XRRETR

HUZHOU UNIVERSITY ‘ E¥¥




Outline

1 previous works
1.1 propose and deveop formalism = molecular probability

LRD, Song, Oset, arXiv: 2306.01607 PLB T (3875)
Song,LRD, Oset, arXiv: 2307.02382 PRD  X(3872)

1.2 model-independent fitting = molecular probability
LRD, Abreu, Feijoo, Oset, arXiv:2304.01870 EPJC  T..(3875) resampling method

2 correlation function
2.1 why we choose Tpp

Feijoo, Liang, Oset, arXiv: 2108.02730 PRD consistent with LHCb data for T.c(3875)
LRD, Oset, Feijoo, et al. arXiv:2201.04840 PRD our prediction for Ty

2.2 model-independent fitting for correlation function = molecular probability

Feijoo, LRD, Abreu, Oset, arXiv:2309.00444 PRD Tp, resampling method

3 summary

2/36



1 previous works

molecular probability
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1.1 propose and deveop formalism  arXiv: 2306.01607 PLB  T..(3875)

The dilemma between molecular states and compact quark states is the subject of a
continuous debate in hadron physics.

The condition that a pole appears at sy (the square of the mass of the physical state) below
the threshold

so— SR — & Gpp+(s9) =0 with /s = v/sth + Ay/sr

we can obtain the molecular probability

529G
po_ L
~20G |s=
1— g2¥ $=50
at sp = \/sth — 0.36 MeV for T..(3875) [Nature Physics 18(2022)751]

we discuss A,/sg = 102 MeV [PRL119(2017)202002] and different “scale” with A,/sg =10 MeV
and A\/sg =1MeV = obtain different P at s.

= The binding energy by itself cannot give a proof of the nature of the state.
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For scattering length & effective range

The unitarity of the tpp+ pp+ amplitude

k
8m\/s

Imt' =Im <S ;;R - GDD*(S)> = —Im Gpp+(s) =

with k the meson-meson on shell momentum.
The relationship with the f@M [Quantum Mechanics]

1
t=—8my/s M~ 8
Vs W\/gf%Jr%rUk?—ik

It is easy to induce

1 Sth — SR
R == - R &3
- 5 e Gpp-+(stn)
s 0
v s {Hﬁ@ ( 7 ke GDD*“))} o
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scattering and effective range for gmax = 450 MeV at sy = /s — 0.36 MeV (3 = 0)

A\/sr [MeV] a [fm] ro [fm]
0.1 0.87 -114.07

0.3 1.19 -79.33

1 2.10 -38.20

4.62 -9.26

10 574 -4.51

50 7.25 -0.47

70 7.39 -0.17

102 7.51 0.06

It can be seen that as A,/sg becomes smaller (decreasing the P), a becomes smaller and
smaller and ry grows indefinitely.

The lesson we draw is the a and r; are very useful to determine the molecular
probability of the state.
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arXiv: 2307.02382 PRD  X(3872) extension to coupled-channel case
The binding energy by itself does not give us the molecular probability.

|D*D, I =0) = 7(0*000 D**D™)
\/‘
=2
g
t* I—O -
p-p(/ =0) -
~2 S — SR

-1 1
§G1 + §G2 ©

The loop functions G; of i = 1 for DYD*? and i = 2 for D~ D**,
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scattering and effective range for gmax = 450 MeV (5 = 0)

Aﬁ al [fm} n,1 [fm] as [fm] 1,2 [fm]
0.1 1.42 —663.61 0.0073 — i 0.00003 —664.79 — i 1.56
0.3 3.16 —273.51 0.0176 — i 0.00020 —273.04 —j 1.56
1 7.48 —89.71 0.0530 — 7 0.00180 —88.46 — i 1.56
10 18.45 —9.68 0.3957 — i 0.10756 —8.10 — i 1.56
50 21.35 —2.29 0.7558 — i 0.58190 —0.68 — i 1.56
100 21.78 —1.37 0.7818 — i 0.78157 0.25 —i 1.56

o rp1=—5.34fm LHCb data [PRD102(2020)092005]
—2.78fm < ry <1fm, a; ~28fm [PLB833(2022)137290]

o AﬁR = 0.1 MeV, ay, a» become small, and most important, ry 1, ro 2 become
extremely large, where we had a negligible molecular component =- enough to discard
this scenario.

o Ay/sp =100 MeV, would be basically acceptable, but P — 1.
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arXiv: 2306.01607 PLB and arXiv: 2307.02382 PRD

We develop the general formalisms in single-channel and coupled-channel calculations.

as an application we make the comparison of molecular and compact states for the
T.(3875) and X(3872) in three different scenarios.

o Tee(3875) in the D** DY single-channel
o X(3872) in the D°D** and D*D*~ coupled-channel

the conclusion binding energy itself does not determine the compositeness of
a state,but the additional information of the scattering length and effective
range can provide an answer.
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1.2 model-independent fitting

arXiv:2304.01870 EPJC

The discovery of the T¢:(3875) by LHCb experiment: Nature Physics 18 (2022) 751;
Nature Communication 13 (2022) 3351 was a turning point in hadron physics, showing
the first evidence of a meson state clearly exotic with two open charm quarks.

LHCH A
Preliminary £ J

fo]
Its mass: My, = Mp«tpo + dmey,

Its width: ' =48 + 2f?4 keV

with Mp«+po = 3875.09 MeV

SMexp, = —360 £ 407 keV

TF(3875)  (ccud)

D° D
L c
L
. » *
. -
i d

Compact (genuine) states? or molecular
states? or mixture of both?

we can see the debate for various models for
its origin and nature of T..(3875).
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A general potential for i = 1 for D°D*T and i = 2 for D*D*" channels

Viin V
V— 11 Vi2 7
Vig Voo
from where the scattering matrix is

T=[1-VG 'V,

where G; are the loop functions regularized in the cutoff method, with

G—/ d*q wi +w 1
|q|<gmax (27T)3 2wiwy s — (UJl + w2)2 + Jje

my is the mass of the D and ms that of D*. The value of gmax

i

where w; = /g% + m?
reflects the range of the interaction in momentum space and will be obtained from the fits
to the data.
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From the effective range expansion and scattering matrix, we can obtain scattering
lengths and effective ranges

i = 1: at threshold of D°D**t

1 _ 1-Vii1Go
—— = 8n/sT!=—-8n+/s
a1 \[ 1 \[ [VII + (V122 - V121) Ga

I = —Y-—<?16 s — Re G
0.1 pu1 Os TS Vin + (VA — V) G ! ’5=51

— Re G1:| ‘

5=51

i = 2: at threshold of D+ D*0

1 _ 1-ViiG
—— = —81/sTy =-81+/s
az \[ 22 \[ [VH + (V122 - V121) Gy

NCX, 11— VG
, = Y2 116 — ReG
" e s TV T g - v e el

— Re G2:| ‘

s=so
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From the residues of the T matrix at binding of T.c, wa can derive the couplings and
the probabilities of the channels

Vis + (Vi) - Vi) G

2 i =
& = Jmls—s) M= I DET —
_ Vin+ (VA - V3) G
> B _vn 12 1) =1
& = Jmis—s) = 9 DET e
— lim Tio = 52
g = Jmls— %) T2 = 5oerl,

we have the probabilities for the D?D*+ and DT D*0 channels, respectively, as

oG 0G:
— 277 _g2772
Pl - _gl as s=sq bl g2 85 s=s0

and the nonmolecular component

Z:1—<P1—|-P2)

Py =
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Conditions and parameters

isospin basis .
P We have a energy dependent potential

1

* M #+10 _ 0+ «
|ID*D,1=0)= \/E(D D’ — D*DT) Vi = 31+m_2(5_50)
2
1
D*D,I=1) = ——(D**D° + DD+ B
A ) \/E( i ) Vig = Vi, + (s —s0)

v

e e e et where a, 3 are dimensionless free pa-

Vii = Vas rameters, my = 800 MeV, s; is the mass
. . ﬁ[{l{.’l['r'li of the T...
b) from the experimental analysis
Viz>0; Vg > |V We have five free parameters umax,
¢) demanding a pole at s Vi, Vi, and «, 8 (dimensionless) in
reduce a parameter our fits.
Two different strategies to fit the experimental LHCb data [Nature Commun. 13 (2022) 3351]
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Two different strategies

by fitting the scattering lengths and
effective ranges

| fit (a)

The experimental LHCb data
[Nature Commun. 13 (2022) 3351;
arXiv: 2203.04622 neglecting the D* width

a; = 6.134 £ 0.51 fm,

ro,1 = —3.516 £ 0.50 fm
as = (1.707 £+ 0.30) — i (1.07 & 0.30) fm,
roo = (0.259 + 0.30) — i (3.769 = 0.30) fm

by fitting the D'Dr* mass distribution

| fit (b)

Nature Commun. 13 (2022) 3351

- 1
| E

B |
J AL il g

GV

corrected by the experiméntal resolution

and parametrized in terms of a unitary
amplitude (consider D* width explicitly)
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in the evaluation

a) correlation between Vi, — Vi, and
Qe resampling (bootstrap) method

There is a tradeoff which is particularly suited for the case
that there are strong correlations

1) eoneliion e sl between the parameters.

what matters is the o — 3
combination

fit (a) use six data: a1, ro,;1 (real), and ag,rp2 (complex)
fit (b): direct fit to the D’D%7* mass distribution

|} resampling method

to evaluate the average value of these magnitudes and dispersion of each observable

R | 1 _
P, = N Zi:Pl,ia (AP;)? = N Zi:(PLi - P)?
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fit (a) The obtained scattering lengths and effective

ranges

ap [fm] ro,1 [fm] ag [fm] ro.2 [fm]
6.04 £0.11 —-3.55+0.37 (1.724+0.12) —i(1.07 +0.03)
The experimental LHCbH data

(0.29 £ 0.08) —i(3.76 4+ 0.14)
[Nature Commun. 13 (2022) 3351; arXiv: 2203.04622 neglecting the D* width

a1 =6.134£0.51 fm, 197 = —3.516 £0.50 fm
as = (1.707 £ 0.30) — i (1.07 £ 0.30) fm,

ro2 = (0.259 % 0.30) — i (3.769 £ 0.30) fm

It is seen that the agreement with the experiment is remarkable.
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fit (a) The obtained coupling constants and
probabilities

g1 [MeV] 2o [MeV] Py Py Z
3727+ 54 —-37524+164 0.674+0.02 0.26+0.02 0.074+0.03

The obtained Py, Py of the order of 69%, 28% with uncertainties of the order of 2%,
and Z = 0.07+0.03 = T, as a clear molecular state made of the D°D** and
D*D*® components.

The obtained couplings g; and g» are very close and with opposite sign
= indicating that we have basically a state of isospin [=0.
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fit (b) Direct fit to the D°D%* mass distribution

[Nature Commun. 13 (2022) 3351
we are using now the G functions accounting for the width of the D*
d3q w1 +ws 1 1
lal<amax (27)% 2w102 VS + w1 +wWa /5 — wy —wy 4 155 T ()

QmD*

G =

where s’ = (/s —wp)? — g% and I'p:(s') from PRD104 (2021) 114015

We perform a best fit by taking 44 points to fit the D’D%z mass distribution.
|} resampling method for estimating the statistical uncertainties

we obtain the average values of the observables and their dispersion in the
resampling method
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fit (b) The obtained observables of scattering
lengths and effective ranges

The obtained average values and their dispersion

a; = (7.60=0.14) —i(1.73£0.09)) fm
rog = —2.9440.04 fm

ag = (1.99+0.07) —i(1.2540.23)) fm
ros = (0.1140.17) —i(2.74 £ 0.22) fm

Compared with [Nature Commun. 13 (2022) 3351] when the D* width is explicitly taken into
account

a®P = [(7.16 £0.51) —i(1.85+£0.28)] fm,  aS® = (1.76 —i1.82) fm

It is seen that the agreement is perfect within errors.
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fit (b) The obtained binding energy, width, coupling
constants and probabilities

The obtained average values and their dispersion

B = 360+£2keV, T =38+1keV
g = 3875+51 MéV, g, = —4077 £ 72 MeV
P, = 0.69740.017, P,=0.301=0.009

The obtained couplings g; and g, are very close and with opposite sign and very
similar to those with the fit (a) = indicating that we have basically a state of
isospin [=0.

The obtained P; + Py = 0.998 & 0.024 in fit (b), which are also remarkably similar
to those with fit (a) = indicating again the molecular nature of the T, state.
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We have performed fits to the data of the LHCb collaboration by using two different
strategies.

In a model independent way

1) starting from the scattering length and effective range of the D**D° D*'D+
channels;

2) or from the experimental D°D°7 " mass distribution.
We conclude that the T is a molecular state of the D**D° D**D* components.

using all the available experimental information (not only the binding but also the
scattering length and effective range) was essential to reach the present conclusions.
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2 correlation function

molecular probability
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Experiments on correlation functions

e The study of correlation functions in pairs of particles observed in high energy p-p, p-A
and A-A collisions is turning into a very useful tool to determine the basic properties of
the pair interaction.

[ALICE Collaboration, Nature 588(2021)232]

e Experimental work in the strangeness sector is abundant.
[ALICE Collaboration, Nature 588(2021)232; PRC99(2019)024001; PRL124(2020)092301;
PLB833(2022)137272; PLB805(2020)135419; PLB797(2019)134822; PRL123(2019)112002;
PRL127(2021)172301; PLB829(2022)137060]

e the ALICE collaboration is starting to explore the charm sector measuring correlation
functions in high-multiplicity pp reactions at 13 TeV.
[ALICE Collaboration, PRD106(2022)052010]

e In the future one will also have access to the bottom sector.
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2.1 why we choose Ty

Feijoo, Liang, Oset, arXiv: 2108.02730 PRD
LRD, Molina, Oset, arXiv:2110.15270 PRD

PHYSICAL REVIEW D 104, 114015 (2021)

consistent with LHCb data for T (3875)
extension

D°D"z* mass distribution in the production of the T, exotic state

A. Feijoo®”
Departamento de Fsica Tedrica and IFIC, Centro Mixto Universidad de Valencia-CSIC,
Institutos de Investigacion de Paterna, Aptdo. 22085, 46071 Valencia, Spain
and Nuclear Physics Institute, 25068 Rez, Czech Republic

W. H. Liang"
Department of Physics, Guangxi Normal Universi
and Guangxi Key Laboratory of Nuclear Phy:
Guangxi Normal University, Guilin 541004, China

Eulogio Oset’
Departamento de Fsica Tedrica and IFIC, Centro Mixto Universidad de Valencia-CSIC,
Instititos de Investigacion de Paterna, Aptdo. 22085, 46071 Valencia, Spain
and Department of Physics, Guangxi Normal University, Guilin 541004, China

) (Received 12 August 2021; revised 7 October 2021; pted 2 November 2021; published 10 December 2021)

We perform a unitary coupled channel study of the interaction of the D** D", D**D* channels and find a
state barely bound, very close to isospin / = 0. We take the mass as input and
of the state and the D°D’x* mass distribution. When the mass of the 7', state quoted in the experimental
paper from raw data is used, the width obtained is of the order of the 80 keV, small compared to the value
given in that work. Yet, when the mass obtained in an analysis of the data considering the experimental
resolution is taken, the width obtained is about 43 keV and both the width and the D°Dx* mass
distribution are in remarkable agreement with the results obtained in that latter analysis.

D*D system for Toc(3875)

Chiral Unitary Approach

PHYSICAL REVIEW D 105, 016029 (2022)

Prediction of new T, states of D'D* and D;D* molecular nature
L.R. Dai®,"*" R. Molina," and E. Oset™*
'School of Science, Huzhou University, Huzhou, 313000 Zhejiang, China
*Departamento de Fisica Tedrica and IFIC, Centro Mixto Universidad de Valencia-CSIC Institutos
de Investigacidn de Paterna, Apido.22085, 46071 Valencia, Spain

® (Received 5 November 2021; accepted 19 January 2022; published 31 January 2022)

‘We extend the theoretical framework used to describe the T, state as a molecular state of D* D and make
predictions for the D*D* and D D" systems, finding that they lead to bound states only in the J” = 1*
channel. Using input needed to describe the T, state, basically one parameter to regularize the loops of the
Bethe-Salpeter equation, we find bound states with bindings of the order of MeV and similar widths for the
D*D* sysiem, while the D:D* sysiem develops a strong cusp around the threshold

we extend to make further predictions for
the D*D* and D}D* systems.
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The extension to systems with two open bottom quarks
LRD, Oset, Feijoo, et al. arXiv:2201.04840 PRD  Chiral Unitary Approach

An extension of the local hidden gauge approach where the vector
mesons are exchanged.

PHYSICAL REVIEW D 105, 074017 (2022)

We study the interaction of the BB, B*B, BB,
B:B, B*B*, B*B;, B*B?, B:B,, B;B!, B: B}
doubly bottom systems.

Masses and widths of the exotic molecular B{))B;) states

L.R. Dai®,">" E. Oset™ A. Feijoo Molina.* L. Roca™ A. Martinez Tomes®,*' and K. P. Khemchandani***
School of Science, Huzhou University, Huhou 313000, Zhejiang, China
*Departamento de Fisica Tebrica and ", Centro Mixto Universidad de Valencia-( Instinitos . - - -
e istgaian de Pk, Apti. 22085, 46071 Vent, Sy~ The full s-wave scattering matrix is obtained
. *Departamento de Fisica, Universidad de Murcia, E-30100 Murcia, Spain . . . . .
et Federatde e Pt CF. 1 implementing unitarity in coupled-channels by means
® (Received 27 January 2002; accepted 28 March 2022; published 21 Apeil 2022) of the Bethe_Salpeter equation.
wdy the interaction of the doubly bottom systems BB, B'B, B,B, B{B, B*B*, B'B,, B*B}, BB,
7% by means of vcor meson xchange wihLagangiam from an etesion o ek idbn TABLE Y. _Staes of J* = I* obtained from difernt configuraions. T binding A s efere 10 the closst thrshold,
£huse spprosch. The fll e satering
by means of the Bethe-Salpeter equation, M (MeV) B (MeV) r
imcracting chumcls BB n 1 = 0. 525~ 55, inf = 1 — = —
J* = 1*. For these cases the widihs are evaluated identifying the dominant source of imaginary part. We 10631 i 45 eV
find binding energies of the order of 10-20 MeV, and the widihs vary much from one system (o the other: of BB (1 =0) 10609 0 33 MeV
the arder of 10~100 eV for the B*B system and B} B — B*B,  sbout 6 MeV for the B*B* system and of the BB (1= 0727 13 7 Mev
order of 0.5 MeV for the B3B* system. - z
local hidden gauge approach *+ R0 *0 o+ -
Bando, Kugo, Yamawaki, Phys. Rep. 164, 217 (1988); Too = for B*"B", B""B™ coupled-channel
Harada, Yamawaki, Phys. Rep. 381, 1 (2003); calculation, we obtain this state with /=0 and a
Meissner, Phys. Rep. 161, 213 (1988); fo
Nagahiro, Roca, Hosaka, Oset, Phys. Rev. D 79, 014015 (2009) binding of 21 MeV.

26 /36



arXiv:2201.04840

IV. RESULTS

A. B*B states
In the first place we show the results that we obtain for
the 7= 0,J" =17 B*B system. As we pointed out, the
only source of imaginary part comes from the B* — By
decay, with a very small width, as shown in Eq. (14). We
thus should expect bound states with a very narrow width.
Indeed, in Fig. 5 we plot the modulus squared of the

2.5 % 10

2 10%|

1% 102

[ —l

5% 10|

0
10510 10560 10680 10600 10620

V5 (MeV)

FIG. 5. Squared amplitude [Tz go_. g yo|>. The vertical lines
indicate the B**B* and B**B" thresholds at 10604.04 MeV and
10604.35 MeV, respectively.

9.9;= gqi(-? = sp)tyj($)s (26)

which is nothing but the residue at the pole.
‘We find, for gy, = 420 MeV,
g1 = 35954 MeV, g» = =35798 MeV, (27)
where g;. g». have opposite sign as we anticipated.
According to Eq. (13) this indicates a very neat [ =0
state, as we anticipated that only the 7 =0 component
could lead to a bound state.

The larger distance to the thresholds of the B**BO,
B*B* states has as a consequence a smaller isospin
breaking than the one found in the 7' state, as can be
seen by the proximity of g, to —g,.

The width of the states can be obtained directly from the
width of the peak zooming in the plots in Fig. 5 or
alternatively using that, at the peak,

i or _gitm{Tu}

:s—sk+iMRFR -

T =! -
. BT MRITOP

(28)
Either way gives the width of the doubly bottom generated
state: 25, 14 and 4 eV for ¢, = 400, 420 and 450 MeV

respectively. These quantities are indeed extremely small,
in line with the estimated 0.4 keV of the B* — By decay

» We predicted Ty state with a binding of 21 MeV

i =1,2 for B**B® and B*°B* channels

finding g1=35954 MeV and g»=-35798 MeV with opposite sign for gmax=420 MeV
(as we anticipated and a very neat /=0 state)

*

&igj
§—§j
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2.2 model-independent fitting for correlation function Ty,

Feijoo, LRD, Abreu, Oset, arXiv:2309.00444 PRD resampling method + inverse problem

400 ~
Cgopge+(ppo) =14+ 47 0(QGmax — pBo)/ dr r? Sia(r {|10 (pgor) + T11(E)G(1)(r; E)‘2
0

+ o1 (B)GD(r; E)* = 3 (peor) }

+o0 .
CBJrB*O(pBJr) =1+ 4719(qmax — pB+)/ drr 512 {|10 pB+r) + TQQ(E)G(2)(r; E)‘2
0

—l—‘ T12(E)a(1)(r; E)‘2 —jg(p3+r)}

1 1
)\?(s,méo,mzwr) )\?(s,méJr,mé*O)

with E = /s and pgo = NE . pg+ = e
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GW(r; E) and Sya(r)

where Tj; are the scattering matrices and the G function is given by

GO (r; E) = / d*g v} (q) + w3 () jo(ar)
al<ann 7 200 w(0) s - [l (q) + )]+ ie

with the source function

1 r?
51() = e (7

with R the source size as input.

for inverse problem, we use RIMPUt—1 fm and RIMPY—5 fm in the calculation.
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Correlation functions for B**B™ and B**BY pairs

B*°B* threshold at 10604.04 MeV B** B threshold at 10604.35 MeV
11 ‘ ‘ ‘ ‘ ‘ 11
1r 1 R TR R R E i ML SRR LSRR
‘m09 009
m *m
sosf 508
B g
Fo7 F07
5 5
06 F06
] T
§ost 805
04} 0.4
03 ‘ ‘ ‘ ‘ ‘ 03 ‘ ‘ ‘ ‘ ‘
50 100 150 200 250 300 50 100 150 200 250 300
p[Mev] p[MeVv]

e given the proximity of the two thresholds, the two curves are remarkably similar.
e correlation functions change appreciably with different source size.

we will use resampling method to produce synthetic data for inverse problem.
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Vll = Vlll + — (5 — 50) V12 = V{Q "— (5 — 50)
V

six free parameters in the fitting gmax, V/{;, V{5, a, B, R.

resampling method for inverse problem

a. first we start from the generated correlation functions and produce synthetic data

choose 31 points from each correlation function with a homogeneous error correspond-
ing to the 10% of the minimum value taken by the correlation function.

b. we use resampling method to evaluate the observables and uncertainties for the
inverse problem

run 50 best fits with the resampled data and in each of the fits we determine their
average and their dispersion
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final results

The obtained scattering lengths and effective ranges

Rinput a [fm] ro.1 [fm] a- [‘Fm] 10,2 [fm]

1fm | 0854018 —0.114+051 | (0.814+0.13) —i(0.03+£0.03) (0.43 +0.11) — i (0.38 & 0.29)
5fm | 0.85+0.19 —0.92+1.78 | (0.77+0.13) — i (0.05£0.06)  (0.26 & 0.40) — i (0.87 + 1.13)

The scattering lengths are determined with a 20% precision while, for the components of
the effective ranges, we get larger uncertainties.
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The obtained coupling constants and bindings

Rt g1 [MeV] g2 [MeV]
1fm | 33039414744 —32031 4 17367
5fm | 30970+ 19666 —31181 + 19718

RMPUC _ | fm . B = 22415 MeV
R — 5fm: B=-22421 MeV

® The average values provided by the bootstrap method for both cases are in remarkable agreement with
the results in PRD 105 (2022) 074017

® interesting to note that g1 and g» are very similar with opposite sign in both analysis, which indicates
that they correspond to a state of / = 0.

BB, | = 0) = —L(B**B"~B*0B*)

g
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The obtained Py, P, and Z

Rmpul Pl P2 Z
1 fm 0.444+0.06 043+0.05 0.13+0.11
5fm | 0414+£0.11 0.39£0.11 0.20+0.22

The probabilities of P; (B°B**) and P, (B*B*?), are very close to 0.5 each, in both cases.

R — 1 fm: Py +P,=087+0.11, Z=0.13+0.11
RPU— 5 fm: Py + Py =0.8040.20, Z =0.20 4+ 0.22

The sum of P; + P, is compatible with 1 within errors, indicating that the nature of the
state is mainly molecular, and the Z (nonmolecular component) basically compatible with
zero.
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recall the source sizes

To conclude, one of the most important results of the present study is that one can obtain
values for both sources as

RPUt — 1 fm : R = 0.974 &+ 0.024 fm
RIMPUL — 5 fm : R = 5.052 & 0.614 fm

with a notable precision comparing them to the starting input of R=1 fm and R=5 fm used
to generate the synthetic data.

in the case of R"PY'=1 fm the obtained error of R is of the order of 2.5%, while for
RIMPUL_5 fm the uncertainty is about the 12%.
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Summary
1 previous works
1.1 propose and deveop formalisms  =- molecular probability
The binding energy by itself cannot give a proof of the nature of the state.
The lesson we draw is the a and ry are very useful to determine the molecular probability
of the state.
1.2 model-independent fitting = molecular probability
using two different strategies  resampling method
= conclude that the Ty is a molecular state of the D*+ DY, D*°D* components
2 correlation function
model-independent fitting = molecular probability
resampling method + inverse problem
The correlation functions and its inverse problem can be used to determine the nature
of molecular probability of the state.
These findings can encourage experiments to look for correlation functions and extract

valuable information of observables with acceptable precision.
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