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Introduction

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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e Adding the 3*S; channel

could improve the
agreement.
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Goal: ALICE results

The ALICE collaboration obtained results for the pQ correlation function [ALI20].
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pQ effective potential
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LO potential expression

We build the potential with a contact term and 1 and o exchange terms.

2E. Jenkins and A. V. Manohar. “Chiral corrections to the baryon axial currents”. Phys. Lett. B 259:
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pQ effective potential
(o] lele]e]

LO potential expression

We build the potential with a contact term and 1 and o exchange terms.
For the nucleon vertices, we use the Lagrangian

Lo = t[B(In*V,, — mg)B] + Dtr{By*rs{u,, BY + FtxBr"vslu, Bl (1)
Whereas for the Q vertices, we use?

Lp=—iTH(v V)T, +AmT*T, + 21 T"S,u" T,. 2)

This way, we obtain the three contribuctons for the elastic channels, S, and 3S;:
Ver(7) =(C + GoS - 9)fi(r),

~ my? A2 2
V”I(F) :CN'qI\_/CQnQ = ( . 2)

3 A2 —my,
e’ B e M\nr N (mn2 _ /\772)/\17 e—/\n’ g,(}” (3)
Arr Arr 8mmy?

. A2 lemr e M mgt - A? 4
Vo (F) = — CrnoiCava - - A, ¢
(" No i Caot (Agz — mn2) [ o yp 8rh,

2E. Jenkins and A. V. Manohar. “Chiral corrections to the baryon axial currents”. Phys. Lett. B 259:
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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.

[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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| 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)
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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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Results: °S, channel (attractive)
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Vvs.r ® The free FF fit

reproduces the lattice

results quite faithfully.

1 ® The fixed FF is also a

5g reasonable fit, apparently.
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® The no FF fit does not
reproduce well the lattice
results at all. We will
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pQ effective potential
[e]e]e] o]

Results: °S, channel (attractive)

Vvs.r ® The free FF fit

reproduces the lattice

results quite faithfully.

1 ® The fixed FF is also a
reasonable fit, apparently.

® The no FF fit does not
reproduce well the lattice
results at all. We will

Lattice (HAL QCD) —— disregard it.
Fixﬁg EE 0 ® The free FF fit admits a
600 ‘ ‘ ‘ | Free FF -—-— bound state at
Cho s o ae 200 Es a0 ~2.20 MeV.
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Results: 351 channel
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| ; show a minimum.
\ B J . .
S0 '\\-\ : ® Only the fit potentials
S 100 \\ : 3s, ] admit a bound state.
N R i
sof 1 ® For the free FF potential,
o _ it is found at
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pQ interaction femtoscopy
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Results: pQ2 correlation function
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Results: pQ2 correlation function
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7 — w .
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\ 1j1 _} % on the results obtained by
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Results: pQ2 correlation function

Cvs. k
7 — w .
Lattice (HAlF-rSeCFDlg - ® We see that adding the
6+ 1o ___ ALICEdata —— ] 351 channel does improve

\ 1j1 _} % on the results obtained by

N %{” o ’ the lattice HAL QCD
wﬁ 1 potential.

ol \
o \ 09}
3l -P( 08 05150 50 T 5L i ® There is even some room
\ 00 130 160 190 220 250 ; .
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contribution.
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pQ interaction femtoscopy
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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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pQ interaction femtoscopy
[ele] le]

ML outlook

Another approach would be to try to obtain the potential parameters from the
correlation function values.

We can approximate them by using a neural network trained with our model.

Work is still in progress. We only have some preliminary results, for a PyTorch NN with
LR = 0.005 and ADAM optimizer.

Hidden layers
(80) (60) (20)

Input layer

Output Layer
(5)

S <
¢ &
£ £
© ) Yz Softplus
(last 2 inputs)
Sigmoid
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Preliminary ML results
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® We have developed an effective
potential, fitting the 3S, elastic
channel, which gives the 35;
elastic channel. Both admit bound

, Cvs. k states.
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® We have developed an effective
potential, fitting the 3S, elastic
channel, which gives the 35;
elastic channel. Both admit bound
states.

® We have computed the pQ
femtoscopy correlation functions,
slightly improving the results.

Future work:
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® We have developed an effective
potential, fitting the 3S, elastic
channel, which gives the 35;
elastic channel. Both admit bound
states.

® We have computed the pQ
femtoscopy correlation functions,
slightly improving the results.

Future work:

® Include the higher partial waves
and inelastic channels.

® Study the dependence on the
source function.
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® We have developed an effective
potential, fitting the 3S, elastic
channel, which gives the 35;
elastic channel. Both admit bound

, Cvs. k states.
Al | Lattice (HAL QCE) —— | ® We have computed the pQ
12— ALICE data femtoscopy correlation functions,
st :; \% % %% . 1 slightly improving the results.
4t ' w 1 F k:
o 09t E uture work:
s8r %800 130 160 190 220 250 00 1 ® Include the higher partial waves
2t 1 and inelastic channels.
1 SRt 5 e e ot ® Study the dependence on the
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0 50 100 150 200 250 300

k(Mevic) ® Use this method to study other
systems (p=, QQ...).
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® We have developed an effective
potential, fitting the 3S, elastic
channel, which gives the 35;
elastic channel. Both admit bound

, Cvs. k states.
Al | Lattice (HAL QCE) —— | ® We have computed the pQ
12— ALICE data femtoscopy correlation functions,
st :; \% % %% . 1 slightly improving the results.
4t ' w 1 F k:
o 09t E uture work:
s8r %800 130 160 190 220 250 00 1 ® Include the higher partial waves
2t 1 and inelastic channels.
1 SRt 5 e e ot ® Study the dependence on the
0 ‘ ‘ ‘ ‘ ‘ source function.
0 50 100 150 200 250 300

k(Mevic) ® Use this method to study other

systems (p=, QQ...).
® Keep working on the neural
network technique.
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Thank you for your attention!
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Results: °S, channel (repulsive)

Vvs.r
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Results: °S, channel (repulsive)

Vvs.r
100 : . : ~
: Florit --------
Reduced Florit
80 1
__ 60} 4
>
s
S40f °s, 1
20+ | 1
‘\
0.0 0.5 1.0 1 2.0 25

3.0

® The Florit
parametrizations yield
very repulsive potentials.

® This differs strongly from
the HAL QCD potential,
as well as the correlation
function behaviour.



Results: %S5 bound states

UgVs. r
06 - :
sl B o= — * The HAL QCD potential
' Free FF -—-— and the good fits yield
04 5 1 bound states.
Tosf |/ Sz, PQ | ® The proximity between
E //I the free FF fit and lattice
$02 I shows that the free FF fit
ot lf | is the better fit.
00 ® Said bound state appears
' about E ~ —2.2 MeV.
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Results: 357 bound states

Ug Vs. r
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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
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