
Squeezing femtoscopic data 
from vector-baryon pairs

Albert Feijoo
Technische Universität München (TUM)

SPICE: Strange hadrons as Precision tool for 
strongly InteraCting systEms

ECT*, Trento, May 13 -17, 2024



Study of the interaction between Vector Mesons (V) and Baryons (B)  in a 
coupled-channel (CC) scheme within the Correlation Function (CF) framework

• 𝝓− 𝒑 CF (femtoscopic data available)

• 𝝆 − 𝒑 CF (ongoing data analysis)

The nature of the interaction for these channels makes them the perfect testing 
ground to illustrate the relevance CC in the femto data analysis 

The constraining power of the CF data on the interaction will be shown and we will 
extract the scattering information, as well as, get novel  insights on the location of 
resonant states, couplings… 
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ALICE Coll., Phys. Rev. Lett. 127 (2021) 232001

In 2021 the ALICE Collaboration released the experimental 𝝓 − 𝒑 CF 

• Scattering parameters extracted from Lednický-Lyuboshits approach
• Conclusions: Interaction dominated by the elastic scattering 
• From phenomenological Gaussian- and Yukawa-type potentials

<latexit sha1_base64="5Pd1ZtcKINIpHkU/A4nH/P1EGNo=">AAACEnicdVDLSgMxFM34tr6qLt0Ei1A3NamltgtBcONKKtha6AwlE9M2NPMguSOUoX+hP6MrUXf+gH9jpragond1XoGc48dKGiDkw5mbX1hcWl5Zza2tb2xu5bd3WiZKNBdNHqlIt31mhJKhaIIEJdqxFizwlbjxh+eZf3MntJFReA2jWHgB64eyJzkDK3XzR/1u6sYDiS/Hp6REK9iNA0xK5BgXDTA4nPGy5SMDh918wTJCKKWZTOhJlVhQr9fKtIZpZtkroOk1uvl39zbiSSBC4IoZ06EkBi9lGiRXYpxzEyNixoesLzoWhiwQxksnxcb4oBdpDAOBJ/x7NmWBMaPAt5mAwcD89jLxL6+TQK/mpTKMExAhtxHr9RKFIcLZPvhWasFBjSxgXEv7S8wHTDMOdsWcrT/riP8HrXKJVkvVq0rhrD4dYgXtoX1URBSdoDN0gRqoiTh6QE/oFb05986j8+y8fEXnnOmbXfTjnPdPRo+Z+w==</latexit>

g�N = 0.14± 0.03(stat)± 0.02(syst)

Chizzali, Kamiya et al., Phys. Lett. B 848 (2024) 138358

A subsequent publication, the possibility of finding  
𝝓 − 𝒑 bound state was studied using the 
corresponding femto data
• Binding energy in the range of 12.8 – 56.1 MeV

Experimental background
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The interaction of V with the octet of stable B was studied, for the first time, 
within the local hidden gauge formalism using a coupled-channels unitary 
approach
• S-wave contribution, obtaining some states with degeneracy in 1/2-, 3/2-
• S=0, -1, -2 sectors

Garzón and Oset, Eur. Phys. J. A (2012) 48: 5

Oset and Ramos, Eur. Phys. J. A 44, 445-454 (2010)

This work was followed incorporating to the V-B interaction other diagrams mediated by pseudoscalar channels 
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where the subindex i and j correspond to the different
channels for all the states of isospin and strangeness.

However, it is more convenient to work with a rela-
tivistic potential as seen in ref. [30], which is given by

Vij = −Cij
1

4f2
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where MBi , MBj are the masses of the initial or final
baryons respectively, and EBi , EBj their on shell energy.

This potential has been used as the input of the Bethe-
Salpeter equation to study the scattering matrix,

T = [1 − V G]−1V, (13)

where G is the loop function of a vector meson and a
baryon which is calculated in dimensional regularization,
as shown in ref. [8, 30], is given by
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where µ = 630MeV is a regularization scale and al(µ) a
subtraction constant with a value of −2 in ref. [23], which
is considered a natural size in ref. [8].

In the cases where the iteration of the Bethe-Salpeter
equation includes the ρ or K∗ mesons, which have a rel-
atively large widths, a convolution of the loop function
G with the mass distribution of these vector mesons is
needed. So the loop function with the convolution would
be
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where G̃ is normalized with
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considering the widths of the vectors Γi (i = ρ, K∗) Γρ =
149.4MeV and ΓK∗ = 50.5MeV. The Γ (m̃) function is

V1 V2

V

B2B1

Fig. 1. Diagram of the V B → V B interaction mediated by a
vector meson.

energy dependent and is given in ref. [31] as
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with m1 = m2 = mπ for the ρ using that
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or m1 = mπ and m2 = mK for the K∗ using
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where λ is the Källen function and Γi is the nominal width
of the ρ or the K∗. Without these convolutions, the peaks
that we find in the scattering matrix in the channels where
the ρ or the K∗ are involved, have a zero width or are
very narrow. But when the loop function G is replaced by
the convolution function G̃ using the correspondent mass
distribution, those peaks acquire a substantial width.

The 'ε 'ε ′ factor involving the polarization of the vector
mesons factorizes in all the iterations of the potential im-
plicit in the Bethe-Salpeter equations, as a consequence of
which there will be a degeneracy in the spin, 1/2−, 3/2−,
for the resonances found for each isospin and strangeness.

Once the scattering matrix is evaluated some peaks
appear that can be associated to states. Next step is to
find the poles associated to those peaks, in order to ob-
tain the couplings of the different channels to those states.
The method used is to search poles in the second Riemann
sheet, changing the momentum 'q to −'q in the analytical
formula of the G function when Re(

√
s) is over the thresh-

old of the corresponding channel. Using this method one
can find poles, as (MR + iΓ/2), where the real part corre-
spond to the mass of the resonance and the imaginary part
is half of the width of this state. However the convolution
of the G function eventually can make the pole disappear
in channels with the ρ or the K∗ mesons. In this case one
can study the amplitude in the real axis using that near

Theoretical background

• (a), (b), (c) and (d) diagrams increase the width of the dynamically generated
• (b), (c) and (d) diagrams mixed with (a) break slightly the degeneracy only for J=1/2
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Isospin basis (repulsive 3/2 components, no states):
Theoretical background
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Formalism: Interaction

Hidden gauge formalism

Relativistic Interaction kernel projected onto s-wave  

<latexit sha1_base64="m00u05xonFUZRSzSHkwMMTurn/A="></latexit>
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very narrow. But when the loop function G is replaced by
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distribution, those peaks acquire a substantial width.
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which there will be a degeneracy in the spin, 1/2−, 3/2−,
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<latexit sha1_base64="bsz/AEGuyVhZM0RIZJsUHODl6iM="></latexit>

LV V V = ig h(V ⌫@µV⌫ � @µV
⌫V⌫)V

µi

<latexit sha1_base64="ls9BOfphMs6OUVJS/ITNfmftktk="></latexit>

Vij = � 1

4f2
Cij

r
Mi + Ei

2Mi

s
Mj + Ej

2Mj
(2
p
s�Mi�Mj)

6

S=0, Q=+1 sector: 7 channels



Formalism: T-matrix

The Bethe-Salpether equation is solved to calculate the scattering matrix 
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subtraction constants for the dimensional 
regularization scale 𝜇 = 630𝑀𝑒𝑉 in all the 
“l” channels.  isospin symmetry
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Tij = (1� VilGl)
�1Vlj

<latexit sha1_base64="CMPbrq4IRCkAeZ+PekVu7HeEM/4="></latexit> a⇢0p = a⇢+n = a⇢N

a!p = a!N

a�p = a�N

aK⇤+⇤ = aK⇤⇤

aK⇤+⌃0 = aK⇤0⌃+ = aK⇤⌃

The vector meson – baryon loop after dimensional regularization:

In principle, all vector mesons are assumed to be stable particles but… 
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Formalism: Interaction

<latexit sha1_base64="d6yzf0Mk96o6BF+O1lkdI0+QiRE="></latexit>
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… given the sizeable width of 𝝆 and K*, we convolute the loop function G with their mass distribution:
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⇢ ! m1 = m2 = m⇡,�⇢ = 149.77MeV

K⇤ ! m1 = mK ,m2 = m⇡,�K⇤ = 48.3MeV
From PDG 

Masses of the decay products
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Formalism: Correlation Function

<latexit sha1_base64="aMdJrTVHbUlC9gVWrHwbWVP3Y8Y="></latexit>
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𝝎𝒋
𝒑𝒓𝒐𝒅: production weights take into account the initially produced j 

pairs that can convert to the measured  i final state

ü Depend on yields & kinematics:    𝝎𝒋
𝒑𝒓𝒐𝒅 =

𝑵𝒋
𝒑𝒓𝒊𝒎
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𝒑𝒓𝒊𝒎𝑵𝒊𝑩

𝒑𝒓𝒊𝒎

ü Particle abundances estimated from Thermal1 & Transport2 moldels 

The CF in multi-channel systems for a given pair “i”  can be express as:

Values provided by Maximilian Korwieser
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Formalism: Correlation Function

<latexit sha1_base64="aMdJrTVHbUlC9gVWrHwbWVP3Y8Y="></latexit>
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The CF in multi-channel systems for a given pair “i”  can be express as:

𝑺𝒋 𝒓∗ : emitting source describes the probability of emitting the particle pair j at a relative distance r*.
 For the present cases, it is taken to be the same for all channels:

<latexit sha1_base64="9raZ2NIp3aPe8LONukKcvH3yXBM="></latexit>
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Source size also fixed for all channels (and both CFs):
𝑹𝒋 = 1.08	fm

ALICE Coll., Phys. Rev. Lett. 127 (2021) 232001
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Formalism: Correlation Function

<latexit sha1_base64="aMdJrTVHbUlC9gVWrHwbWVP3Y8Y="></latexit>
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The CF in multi-channel systems for a given pair “i”  can be express as:

𝜳𝒋𝒊 𝒌∗, 𝒓∗ : relative wave function describes the transition from a given inital channel j to 
the final observed channel i & it can be obtained from the scattering amplitude Tji as

<latexit sha1_base64="FMpAkCcgorKi7OngiMWwfzDFj+g="></latexit>

 ji(k
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⇤r⇤) +

Z
d3q

j0(qr⇤)Tji(E, k⇤, q)

E � Ej
1(q)� Ej
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Finally, to compare to the genuine calculated by ALICE, we redefine our CF by adding a 
global normalizing prefactor ND: 

ALICE Coll., Phys. Rev. 
Lett. 127 (2021) 232001
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Cgen
i (k⇤) = NDCi(k

⇤)
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Fitting/bootstrap procedure:

The model depends on 6 parameters: 
(the data set considered is the 13 points below k*=500 MeV in the gen. CF )
• 5 subtraction constants ai’s (already reduced employing isospin symmetry arguments)

theoretical arguments establish their values to be constrain around  -2
we allow them to vary in the range of [-4,-1]

• Global normalization ND
taken to be within [0.8,1.2]

Oller and Meissner, 
Phys. Lett. B 500 (2001) 263-272

Rev. Lett. 127 (2021) 232001

But… a preliminary 6 parameter fit provides:

5 param analysis at the end!!!

<latexit sha1_base64="5JhzobFh7SVpmdg/MsfxiVSQQKk="></latexit>

�(a⇢N ) ⇡ ±2.5
Uncorrelated parameter 
+ big error compared to 
the range, data cannot 
constrain it (kept as -2)
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�(a!N ), �(a�N ) ⇡ ±2
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rij =

0

BBBBBB@

1.000 0.000 0.000 0.001 0.000 0.000
1.000 -0.683 -0.081 -0.392 -0.360

1.000 -0.056 -0.283 -0.267
1.000 -0.361 0.327

1.000 0.555
1.000

1

CCCCCCACovariance 
matrix The size of these errors is associated with 

the notable correlation between them
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Results: 𝝓− 𝒑 CF
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Results: 𝝓− 𝒑 scattering parameters 

<latexit sha1_base64="iaGlXIGhRhcibwnvRpDDEY9bwNU=">AAACDXicbVC9TsMwGHT4p/wVGFksKiRgqBJAhQUJwcIIEgWkplSO+UKt2ollf0FUIc8ALwMTAjYWXoC3wS0d+LvF57uz5LtIS2HR9z+8oeGR0bHxicnS1PTM7Fx5fuHUppnhUOepTM15xCxIkUAdBUo41waYiiScRZ2Dnn92DcaKNDnBroamYleJiAVn6KRWef2WXeShbguqi1buF7e7q37Vr22GWrkz8NdoiHCDeayKVrnipD7oXxIMSIUMcNQqv4eXKc8UJMgls7YR+BqbOTMouISiFGYWNOMddgUNRxOmwDbzfqeCrsSpodgG2r9/z+ZMWdtVkcsohm372+uJ/3mNDOOdZi4SnSEk3EWcF2eSYkp709BLYYCj7DrCuBHul5S3mWEc3YAlVz/4XfYvOd2oBrVq7Xirsrc/GGKCLJFlskoCsk32yCE5InXCyT15JC/k1bvzHrwn7/krOuQN3iySH/DePgHKPpoL</latexit>

|a�p0 | = (0.063± 0.010)fm I. I. Strakovsky, L. Pentchev, and A. I. Titov, Phys. Rev. C 101, 045201 (2020).
• Analysis of the CLAS  data

Other values found in literature:

• LEPS measurements of 𝜙 cross section
<latexit sha1_base64="Yt/jt4Moq0RjX3eB+FgQwQqGi0s=">AAACAHicbVDLSgNBEJz1GeNr1aMIg0HwFHZFoxch6MVjBPOAJIbZSW8yZPbBTK8Ylr3oz+hJ1Jvf4A/4N05iDppYp+quaugqL5ZCo+N8WXPzC4tLy7mV/Ora+samvbVd01GiOFR5JCPV8JgGKUKookAJjVgBCzwJdW9wOdLrd6C0iMIbHMbQDlgvFL7gDM2qY++x27QV9wWNs07qZOdO0T2hLYR7TP0g69gFp+iMQWeJOyEFMkGlY3+2uhFPAgiRS6Z103VibKdMoeASsnwr0RAzPmA9aBoasgB0Ox3HyOiBHymKfaDj+bc3ZYHWw8AznoBhX09ro+V/WjNB/6ydijBOEEJuLEbzE0kxoqM2aFco4CiHhjCuhPmS8j5TjKPpLG/iu9NhZ0ntqOiWiqXr40L5YlJEjuySfXJIXHJKyuSKVEiVcPJInskbebcerCfrxXr9sc5Zk5sd8gfWxzfhCJXl</latexit>

a�p0 = 0.15fm A. I. Titov, T. Nakano, S. Daté, and Y. Ohashi, Phys. Rev. C 76, 048202 (2007).
W. C. Chang et al., Phys. Lett. B 658, 209 (2008).

• SU(3) Effective Chiral Lagrangian with vector-meson dominance
<latexit sha1_base64="4xTKXsHeB8yIHK2r/1HZqrUe6zg=">AAACCXicbVDNSgMxGMzWv1r/Vj16CRZFEcuuiPYiFL14rGBroa0lm35rg9kfkm/FsuwT6MvoSdSbV1/AtzGtPWjrHMJkZgKZ8WIpNDrOl5Wbmp6ZncvPFxYWl5ZX7NW1uo4SxaHGIxmphsc0SBFCDQVKaMQKWOBJuPJuzwb+1R0oLaLwEvsxtAN2EwpfcIZG6tjb7DptxT1B46yTOtnJzr5Tctw9Yc7yLm0h3GPqB1nHLhplCDpJ3BEpkhGqHfuz1Y14EkCIXDKtm64TYztlCgWXkBVaiYaY8Vt2A01DQxaAbqfDPhnd8iNFsQd0eP+dTVmgdT/wTCZg2NPj3kD8z2sm6JfbqQjjBCHkJmI8P5EUIzqYhXaFAo6ybwjjSphfUt5jinE04xVMfXe87CSpH5Tco9LRxWGxcjoaIk82yCbZIS45JhVyTqqkRjh5JM/kjbxbD9aT9WK9/kRz1ujNOvkD6+MbPHCYEg==</latexit>

a�p0 = (�0.01 + i0.08)fm F. Klingl, N. Kaiser, and W. Weise, Nucl. Phys. A624, 527 (1997).

• QCD sum rule analysis
<latexit sha1_base64="NrSzVLBcwZBTXEM6OYBmY15gYLs=">AAACDHicbVDJTsMwFHRYS9kKHLlYVEhwoEoQ2wWpggtHkCggNaVyzAu1aieW/YKoovwC/AycEHDjxA/wN7ilB7Y5jWfG0puJtBQWff/DGxkdG5+YLE2Vp2dm5+YrC4tnNs0MhwZPZWouImZBigQaKFDChTbAVCThPOoe9v3zGzBWpMkp9jS0FLtORCw4Qye1K+vsMg91R1BdtHO/2F/b8GvBNg21on7N31ynIcIt5rEq2pWqUwagf0kwJFUyxHG78h5epTxTkCCXzNpm4Gts5cyg4BKKcphZ0Ix32TU0HU2YAtvKB5UKuhqnhmIH6OD9PZszZW1PRS6jGHbsb68v/uc1M4z3WrlIdIaQcBdxXpxJiintL0OvhAGOsucI40a4KynvMMM4uv3Krn7wu+xfcrZZC3ZqOydb1frBcIgSWSYrZI0EZJfUyRE5Jg3CyT15JC/k1bvzHrwn7/krOuIN/yyRH/DePgElGZkU</latexit>

a�p0 = (�0.15± 0.02)fm Y. Koike and A. Hayashigaki, Prog. Theor. Phys. 98, 631 (1997).
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Results: limited prediction for 𝝆 − 𝒑 CF
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Results: 𝝓− 𝒑 and 𝝆 − 𝒑 elastic scattering amplitudes and pole content

I=1/2, S=0, Q=+1, JP=1/2-, 3/2-
These quantum numbers qualify them as N* states

*

* In physical basis this state appears at 1957.75 MeV (just 20 KeV above the 𝜙 − 𝑝 threshold) 
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CONCLUSIONS

The VM-B interaction (S=0, Q=+1) was studied within the hidden gauge formalism in a coupled 
channel scheme. The novel aspect of the present study is the use of the 𝝓 − 𝒑 CF data to constrain the 
theoretical model for the first time.

• The resulting model allowed us to reproduce the data in very good agreement with the experimental 
analysis, although the 𝝆 − 𝒑 SC showed to be unconstrained thereby providing a not very reliable 
prediction for the 𝝆 − 𝒑 CF (which relies completely in the 𝝆𝑵 amplitudes)

• From the constrained elastic 𝝓 − 𝒑	amplitude, we extracted very different scattering parameters 
compared to ALICE analysis due to the CC effects that play a fundamental role

• As in the previous theoretical predictions, 2 dynamically generated states were found:
a) one at  1959 MeV  slightly above the 𝝓 − 𝒑	threshold
b) another around 1700 (below 𝝆 − 𝒑 threshold) yet not well pin down by 𝝓 − 𝒑	femto data

• The present study shows that the ongoing 𝝆 − 𝒑 CF analysis will certainly help in order obtain a 
better understanding of the dynamics and will provide novel information about the low-lying pole. 
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Thank you for your attention 
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Results: limited prediction for 𝝆 − 𝒑 CF
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• These variations on a𝝆𝑵 SC barely affect the 𝝓 − 𝒑 CF confirming the lack of 
constraining effect from the data 
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