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

+ ¢ — p CF (femtoscopic data available)
 p—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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Experimental background m

In 2021 the ALICE Collaboration released the experimental ¢ — p CF

» Scattering parameters extracted from Lednicky-Lyuboshits approach
» Conclusions: Interaction dominated by the elastic scattering
- From phenomenological Gaussian- and Yukawa-type potentials ggn = 0.14 + 0.03(stat) & 0.02(syst)

3(f) =0.16 + 0.10 (stat) £ 0.09 (syst.) fm

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

151 ALICE pp Vs =13 TeV =
- High-mult. (0 — 0.17% INEL > 0) .
bl 0.7<5; <10 E A subsequent publication, the possibility of finding
_ 13F e peepe = ¢ — p bound state was studied using the
* B Lednicky-Lyuboshits model - corresponding femto data
OZ 121 do=7.85+1.54(stat) £ 0.26 (syst) fm  —  Binding energy in the range of 12.8 — 56.1 MeV
- R(f) =0.85 £ 0.34 (stat.) + 0.14 (syst) fm 3
1.1 =

; o § 00

—

ﬁfﬁ__jq—

PR SRNT H H N  T H IN  T  H N  T H IN  T  H INO  ST U N H ST SA U Y SA H W O
100 150 200 250 300 350 400

k* (MeV/c)
ALICE Coll., Phys. Rev. Lett. 127 (2021) 232001

= TTTT
3



Theoretical background m

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

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

B By

Garzén and Oset, Eur. Phys. J. A (2012) 48: 5
This work was followed incorporating to the V-B interaction other diagrams mediated by pseudoscalar channels

by N Ty
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* (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



Theoretical background
Isospin basis (repulsive 3/2 components, no states):

S=0, I=1/2, JP=1/2" S=0, I=1/2, JP=3/2"
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Formalism: Interaction

Hidden gauge formalism

Vi

Va

Lyvv =ig(V'0,V, — 0, V"V,)VH#)

Lppv = g (Byu[V*, B]) + (B, B}(V"))

By

Relativistic Interaction kernel projected onto s-wave

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

/'Cij p pn wp op K** A K*os+ K30
°p @ V2 0 0 =32 /N2 12
ot @ 0 0 —vV3/V2 0 1/V2
wp 0 0 =32 -—1/\2 -1)2
op @ V3/V2 1 1/V2
K** A 0 0 0
K*os* @ V2
K*x0 0
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Formalism: T-matrix m

The Bethe-Salpether equation is solved to calculate the scattering matrix
—1
Tii = (1 —=VuG;) Vi,

The vector meson — baryon loop after dimensional regularization:

M2—|—s m? om $+2+/8qcm 2_(M?—m?)?
C1 = iz ulp)+1n l+ In 375 + % In [Estzégcm;—EM%—m%g?

pop = Aptn = ApN

subtraction constants for the dimensional Gup = GwN
regularization scale u = 630MeV in all the | = . t > Ggp = ApN
et isospin symme

I” channels. pin sy ry Aot A = QEcep

AR++30 = AR«0n+ — AK*Y

In principle, all vector mesons are assumed to be stable particles but...



Formalism: Interaction m

... given the sizeable width of p and K*, we convolute the loop function G with their mass distribution:

) 1 p(mt2r)? , 1 1 o o
G(s) = — dm?| — = |1 Gi(s,m2, M
(S) N (m;—2T")2 . d . m? — ml2 +7’mr(m) l(s m\ l )
Ordinary loop
5 function
(ml—l—QI‘l) 1 1
(m;—21)2 T m? —m; +imI'(m)

F(m) = Fl

ml2 m? — (my + my)?
m2 \ m? — (my + mo)?

3/2
) O(m — (m1 +m2))

p— mi=mg=mg, ', =149.7TMeV
. From PDG
K* —>mi=mg,mo=my, ' =48.3MeV

Z—

Masses of the decay products



Formalism: Correlation Function m

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

Colh™) = Yo [ 8,7 0" )
J

channel—j w‘;” “ (o°p CF) w?"’d (¢p CF)

v 1 6.249 . . . . .
PP ?"°%: production weights take into account the initially produced j
o*n 0.951 5.944 / .

pairs that can convert to the measured i final state
wp 0.924 5774
4 NPrim N?rimNz.)rim
ép 0.160 ! v’ Depend on yields & kinematics: ! " = L1— =-24_I&
] NPTlm Nl.JrlmN}.)Tlm
K*A 0.104 0.651 i ia ip
K%+ 0.067 0.418 v Particle abundances estimated from Thermal' & Transport2 moldels
K**x0 0.069 0.434

Values provided by Maximilian Korwieser



Formalism: Correlation Function m

“I'”

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

D
r*?é LR\ prod. 3.k Q (% k(2
O oy forsimenen

S]-(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:

1 ¥

v 7 J

Source size also fixed for all channels (and both CFs):
R; =1.08 fm

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

“I'”

The CF in multi-channel systems for a given pair

Cz<k*) _ Zw;-)md'/dgr*Sj(T*)|¢ji(]€*,7“*)|2

J

can be express as:

‘I’ji(k*, r*): relative wave function describes the transition from a given inital channel j to
the final observed channel j & it can be obtained from the scattering amplitude Tj,- as

. * Tz E7 *7
Vi (K", 7") = 05550 (K™ r") ‘|‘/d3q ]O(qg T3l jk q).
E— Ei(q) — E3(q) +in

Finally, to compare to the genuine calculated by ALICE, we redefine our CF by adding a
global normalizing prefactor Np:

gen g x\ __ (1.*\ ALICE Coll., Phys. Rev.
Ci (k )— NDCz(k ) Lett. 127 (2021) 232001
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Fitting/bootstrap procedure: m

The model depends on 6 parameters:
(the data set considered is the 13 points below k*=500 MeV in the gen. CF ) Rev. Lett. 127 (2021) 232001
« 5 subtraction constants a;’s (already reduced employing isospin symmetry arguments)
theoretical arguments establish their values to be constrain around -2 Oller and Meissner,
we allow them to vary in the range of [-4,-1] Phys. Lett. B 500 (2001) 263-272
» Global normalization N
taken to be within [0.8,1.2]

But... a preliminary 6 parameter fit provides: ~

apN dyN dgNy dg=A  dkx  Np 5(apN) A £2.9 \’ Uncorrelated parameter
[1.000_0.000 0.000 0.001 0.000 0.000\ apN ' :hgigai”grgggloczrf:otto

1.000 -0.6831 -0.081 -0.392 -0.360 | awn constragi]n ,it (kept as -2)
o 1.000 | -0 =0.283 -0.267 | agn
’ Covariance HOO0-9.561 092 dka 6 (awn ), 0(agn) = £2
matrix 1.000 0555 | ak-x The size of these errors is associated with

\ 1.000/ Np the notable correlation between them

==m) 5 param analysis at the end!!!
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Results: ¢ — p CF

Correlation Function p¢
o o ek p—
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--- Pure theoretical
— Best fit 5 param.

Pure theoretical ~ Bootstrap
apN -2 (fixed) -2 (fixed)
auN -2 (fixed) -3.04 +£0.73
agy -2 (fixed) -3.15+0.37
ag-a -2 (fixed) -1.98 £ 0.08
agy -2 (fixed) -1.95+0.08

1 (fixed) 0.988 + 0.004
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Results: ¢p — p scattering parameters m

Pure theoretical Bootstrap ALICE analysis
agp (fm) 0.272+i0.189  (-0.034 £0.035) +i(0.57 £0.09) (0.85+0.48)+i(0.16 +£0.19)
rf}’f (fm) -7.20-i0.09 (—8.06 +£2.57) +i(0.05 £ 0.53) 7.85 +1.80

Other values found in literature:
« Analysis of the CLAS data
yagp | = (0.063 4 0.010)fm 1. 1. Strakovsky, L. Pentchev, and A. I. Titov, Phys. Rev. C 101, 045201 (2020).

* LEPS measurements of ¢ cross section

a¢p — 0.15fm A. |. Titov, T. Nakano, S. Daté, and Y. Ohashi, Phys. Rev. C 76, 048202 (2007).
0 ) W. C. Chang et al., Phys. Lett. B 658, 209 (2008).

» SU(3) Effective Chiral Lagrangian with vector-meson dominance
agp = (—0.01 4+ ¢0.08)fm  F. Kiingl, N. Kaiser, and W. Weise, Nucl. Phys. A624, 527 (1997).

* QCD sum rule analysis
agp = (—0.15 4+ 0.02)fm Y. Koike and A. Hayashigaki, Prog. Theor. Phys. 98, 631 (1997).
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Results: limited prediction for p — p CF

1.5 T T T T T T T T T
14 — Bootstrap 5 param ]
- - Bootstrap 5 param a oN =24
213 .—. Bootstrap 5 param a oN =22 A
5 N . Bootstrap 5 param a oN =-1.8
g I -~ Bootstrap 5 param a =-1.6
i .
s 1.1 --- Pure theoretical ]
£
£ sALITE NP ]
£ =
O
09 ]
0.8F \_in_ -
0 50 100 150 200 250 300 350 400 450 500 550

Pure theoretical ~ Bootstrap
apN -2 (fixed) -2 (fixed)
ayN -2 (fixed) -3.04+0.73
agy -2 (fixed) -3.15+£0.37
ag-a -2 (fixed) —-1.98 + 0.08
agey -2 (fixed) -1.95+0.08

Np 1 (fixed) 0.988 + 0.004
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Coupled channel contributions

— All channels
0

PP
0 +
pp+pn

750

100 150 200 250 300 350 400 450 500 550
K [MeV/c]
Pure theoretical Bootstrap
aﬁop (fm)  0.090 +i0.568 (0.09 £ 0.03) +i(0.56 + 0.05)
rﬁ; (fm) -3.01+i9839 (-3.05+0.28)+i(98.40 +0.12)
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Results: ¢ — p and p — p elastic scattering amplitudes and pole content

1=1/2, S=0, Q=+1, JP=1/2-, 3/2-

These quantum numbers qualify them as N’ states

s [MeV]

0005|| T LA B A B B BN
L 0 .
pop i -~ p p theory L op
/ — pop bootstrap :
0.004 - y --- ¢p theory 1
— ¢p bootstrap
L 0.003F
0]
=)
—- 0.002}
0.001}
{500 7650 1700 1750 1800 1850 1900 1950 2000 2050 2100

Model Pure Theoretical Bootstrap
M [MeV] 1977 _ _ _ * 1959
['/2 [MeV] 52 23
8i lgil 8i lgil
pN -0.21 -i0.54 0.58 | —0.08 —i0.46 0.47
wN -1.01-i0.58 1.17 | -0.68-i0.22 0.72
¢N 1.39+i0.80 1.61 | 0.94+i031 0.99
K*A 221-i0.54 228 | 1.98-i0.20 2.00
K*Z 375+i0.79 3.83 | 295+i0.52 3.00
M [MeV] 1700 _ _ _ 1700
/2 [MeV] - -
8i lgil 8i lgil
pN 321+i0.00 3.21 | 3.22+i0.00 3.22
wN 0.13+i0.00 0.13 | 0.11+i0.00 0.11
¢N -0.17 +i0.00 0.17 | —=0.15+i0.00 0.15
K*A 232+i0.00 232 | 222+i0.00 222
K*Z -0.59 +i0.00 0.59 | -0.67 +i0.00 0.67

* In physical basis this state appears at 1957.75 MeV (just 20 KeV above the ¢ — p threshold)
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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 ¢ — 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 p — p SC showed to be unconstrained thereby providing a not very reliable
prediction for the p — p CF (which relies completely in the pN amplitudes)

« From the constrained elastic ¢p — 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 ¢ — p threshold
b) another around 1700 (below p — p threshold) yet not well pin down by ¢ — p femto data

» The present study shows that the ongoing p — 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 p — p CF
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— Bootstrap 5 param
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N
.—. Bootstrap 5 param apN=—2.2
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.—. Bootstrap 5 param a =-1.6

... Bootstrap 5 param a

--- Pure theoretical
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— Best fit 5 param.

apN=-2.4 (best fit)
apN=-1 .6 (best fit)
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* These variations on apN SC barely affect the ¢ — p CF confirming the lack of

constraining effect from the data

500 550
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