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[ALI20] ALICE collaboration. Nature 588: 232-238 (2020); [Koo77] S. E. Koonin. Phys. Lett. B 70:
43-47 (1977).
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Goal: ALICE results

The ALICE collaboration obtained results for the pQ correlation function [ALI20].
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[IA+19] T. Iritani, S. Aoki et al. Phys. Lett. B 792: 284-289 (2019).
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Schrodinger equation
For each wave number k (at the center of mass ref-

erence frame) we solve the Schrédinger equation nu-
merically and obtain the scattering wave functions.

Scattering
wave functions

Koonin-Pratt formula
We then integrate and obtain the correlation functions
Correlation through the Koonin-Pratt formula.
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LO effective potential diagrams

To obtain the contributing diagrams, we use Weinberg's power counting,

v=2+42L-B+Y Vi(di+b/2-2). (1)
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Figure 1: Diagrams considered for the elastic channels.
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LO potential expression

For the nucleon vertices, we use the Lagrangian

Lo = t[B(y" V. — ms)B] + Dt[By"vs{u,. BY] + F u[Br*ss[u.. Bl (2)

3E. Jenkins and A. V. Manohar. “Chiral corrections to the baryon axial currents”. Phys. Lett. B 259:
353-358 (1991).
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For the nucleon vertices, we use the Lagrangian

Lo = t[B(y" V. — ms)B] + Dt[By"vs{u,. BY] + F u[Br*ss[u.. Bl (2)

Whereas for the Q vertices, we use>

Lo =—iTH(v V)T, +AmT T, + 21 TS, u" T,. (3)

This way, we obtain the three contribuctons for the elastic channels, °S, and 3S;:
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3E. Jenkins and A. V. Manohar. “Chiral corrections to the baryon axial currents”. Phys. Lett. B 259:
353-358 (1991).

Marc Piquer i Méndez Supervised by Juan Torres-Rincon and Assumpta Parrefio

Amr Amr 87N\,

Addressing the pQ femtoscopy correlation function using baryon-baryon effective potentials 9/26



pQ effective potential
O00@000

Potential parametrizations

We parametrize the potential by either fitting the *S, channel to the HAL QCD
potential or by choosing a priori reasonable values for the parameters.

[Flo14] M. Florit Gual. Master's thesis, Universitat de Barcelona, 2014; [Mac85] R. Machleidt in
Relativistic dynamics and Quark-Nuclear Physics: Proc. Los Alamos Workshop (Wiley;"New York, 1986).
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Potential parametrizations

We parametrize the potential by either fitting the *S, channel to the HAL QCD
potential or by choosing a priori reasonable values for the parameters.

| QMeve?) | GMev™?) | Copa | Ay(MeY) | As(MeV) |
Florit 5.00-10° 1.00-103
Reduced Florit 1.25-10" 0.25-10"°
No FF —8.06(6) - 10 ° | —1.61(2)-10"° | 0.8858(2)
Fixed FF 1.133(5) - 10~° | 2.267(9) - 10° 1.882(8) 900 1200
Free FF 6.59(6) - 10~° 1.32(2) - 10~° 2.58(3) 917.4(7) 622(6)

[Flo14] M. Florit Gual. Master's thesis, Universitat de Barcelona, 2014; [Mac85] R. Machleidt in
Relativistic dynamics and Quark-Nuclear Physics: Proc. Los Alamos Workshop (Wiley;"New York, 1986).
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Correlation function generalities

With the potential, we can get the wave functions for each k, with which we can
compute the correlation function.

Approximation: the interaction only affects the s mode. Then, without the Coulomb
interaction,

C(k) =1+4n /OO S(r) [\uo(n k)7 — (rjo(kr))Q] dr, (5)

0
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Approximation: the interaction only affects the s mode. Then, without the Coulomb
interaction,

C(k) =1+4n /OO S(r) [\uo(n k)7 — (rjo(kr))Q] dr, (5)
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whereas with Coulomb interaction
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With the potential, we can get the wave functions for each k, with which we can
compute the correlation function.

Approximation: the interaction only affects the s mode. Then, without the Coulomb
interaction,

C(k) =1+4n /OO S(r) [\uo(n k)7 — (rjo(kr))Q] dr, (5)

0
whereas with Coulomb interaction

C(k) =2me” ™|l (1 + i'y)|2/ dcos 6 /000 r25(r)|1F1(7i'y; 1;ikr(1 — cos t‘)))|2 dr
o - (6)
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Following the original ALICE article, we use a Gaussian source with radius 0.95 fm.
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Correlation function generalities

With the potential, we can get the wave functions for each k, with which we can
compute the correlation function.

Approximation: the interaction only affects the s mode. Then, without the Coulomb
interaction, -
C() =1+4r [ S() [lun(r OF = (o(kr))*] ar, (5)
0
whereas with Coulomb interaction

C(k) =2me” ™|l (1 + i'y)|2/ dcos 6 /000 r25(r)|1F1(7i'y; 1;ikr(1 — cos t‘)))|2 dr
o - (6)
—|—47r/0 S(r) [lun(r, K~ Fo(k, 1) /K] dr

Following the original ALICE article, we use a Gaussian source with radius 0.95 fm.
We have two channels. We will, then, perform a spin-weighted average

3Css, (k) + 5Css, (K)
) . (7)

C(k) =
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ML outlook

Another approach would be to try to obtain the potential parameters from the
correlation function values.
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LR = 0.005 and ADAM optimizer.
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We have obtained bound states for
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We have computed the scattering
wave functions and, with them,
the pQ femtoscopy correlation
functions.

Since the higher partial waves will
contribute positively to C, we see
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Results: 357 bound states
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With the added Coulomb
interaction, both fits admit
35, bound states.

® The free FF fit one is about
E~ —4.81-10" MeV.
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Results: °S, pQ scattering wave functions
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Results: 3S; pQ scattering wave functions

Ugvs.r

13T T Bessel
. jEE— =——_____  ——Coulomb —
Q -
€ R
s . 381! pQ

NaoaNndDowo
T




	Introduction
	p effective potential
	p interaction femtoscopy
	Summary, conclusions and outlook
	Appendix

