Hyperon-deuteron momentum correlation function including the effect

of the deuteron breakup
Michio Kohno and Hiroyuki Kamada, RCNP Osaka University, Japan

Understanding of hyperon-nucleon interactions remains in its infancy due to the paucity of experimental
data.

» Direct A-nucleon scattering experiments are currently in the planning stages.
Correlation functions measured in heavy-ion collisions are identified as a potential source of information.

This talk discusses the effects of the deuteron breakup, occurring in both the incident and rearrangement

channels, on the A-deuteron correlation function.

» Anp three-body wave functions are calculated using Faddeev amplitudes.



Faddeev calculations of low-energy A-d phase shifts and correlation functions

We have described A-deuteron scattering in a Faddeev formulation using ChEFT NN and YN interactions.

Correlation functions employing the A-d elastic wave functions were reported in ”Faddeev
calculations of low-energy A-deuteron scattering and momentum correlation function”,
M. Kohno and H. Kamada, Phys. Rev. C110, 044005 (2024).
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Modification of the deuteron wave function was taken care of, but the deuteron breakup was not.



Correlation function R(q) (S. Mréwozynsky [Eur. Phys. J. Spec. Top. 229, 3559(2020)])

R(q) = ]j drAdrndrp D(rp)D(r,)D (rp) |¢Anp (rA(np)r rnp)lz/j drndrp D(r)D (Tp) |(pd(rnp)|2

source function D(r) = D(r; Ry) = (V27Rs) "3 ™™/ @RS, (T pup), Tnp) > ¢! 10TATDY 4 (1)

[T A(np) [ Tnp| =

The cm coordinate is integrated out.
R(q) = ff drA(np)drnp D(rA(n'p); vV 3/2RS)D(rTl; \/ERs)llpAnp (rA(np)»rnp)lz/f drnp D(rnp; ﬁRs)lQDd(rnp)lz
Supposing the deuteron is an elementary particle P, (rA(np), rnp) = YPrd (rAd)god(rnp),

R(q) = [ drpgD(rag;/3/2Rs) [Waa(raa)|? (note that the range is /3/2R, instead of V2Ry)
Assuming the Ad relative wave function differs from the plane e'907ad only in the s wave,

R(q) =1+ 4m f Taad7aa D(raasv/3/2Rs) {I¥5a’ (raa) I* = ljo(ra) 1%}
> When 520 (rpq) is described by effective range parameters, L-L formula is obtained.

We do not use the factorization approximation: Yan, (Famp) Tnp) # YaaTad)Pa(np).



Correlation function R(q) (S. Mréwozynsky [Eur. Phys. J. Spec. Top. 229, 3559(2020)])

In the case of Yppy (rA(np)» rnp) # Yra(rad)Pa(Tnp)

R(Q) = ff drA(np)drnp D(TA(np); vV 3/2RS)D(TTL; ﬁRs)llpAnp (rA(np)r rnp)lz/f drnp D(rnp; ﬁRs)lfpd (rnp)lz

Assuming that only the s-wave is altered from the plane wave etdoTAd
R(CI) X fdrnp D(rnp;\/—R )l(pd(rnp)lz

=1+ (47'[)2 jj TAddrAdTnpdTnp D(TAd» Y, 3/ R )D(Tnp' \/_R )(llpAnp(rAd'Tnp)lz - |j0(rAd)|2|§0d(rnp)|2)

Anp (rAd, rnp) is constructed from Faddeev amplitudes.
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Wave function in the incident channel

Ad incident channel: (ramp), Tnpl ‘P§+)> = (Ta@p) Tnp| D) + (Tamp) Trp | G3lPo )P0l 2T | )

. _ 1 B (¢o] is the plane wave basis.
> channel Green function G3 = ;7 —— (V12 = V) The definition of T,|¢) is on the next slide.
0 12 2

> To explicitly evaluate (rA(np),rnp|G3|qb0), the eigen functions |®) of H, + V/;, are used.
= (rA(np)rrnp|G3|q)><q)|¢0>

Spectral representation of the Green function (s-wave) [ |PN®| = | NPyl + |Pscar(Pscar] ]

Pa(Tup)io (AT A(mp)) 2 Wy, (o (AT A(mp))
(TA(np)»Tnp|G3|ch , Pgcar ) ¥= jqqu P th b X, ;fJ p2dp q%dq hpz npJJo - np
E + — g2 + i€ E — 2 Y 24 e
|ed| Z#Anpq l Zlunpp z.uAnpq l

> Qg (rnp) and Y, (1) : bound state and scattering state wave functions of T5 + V3,

> @, term indicates the elastic scattering, and the second term breakup in the incident channel



Full three-body wave function in Faddeev formulation

The breakup in the rearrangement channel is included in the full three-body wave function:

o 1
Y = lim ie —
-0 E+ie—H

¢ = ‘Pl(ﬂ + ‘Pz(ﬂ + ‘P?Eﬂ, |[H = Hy + Vi, + V53 + V34, ¢ is incident wave]

Rewriting (Hy + V4 + Vy + Vo — E)¥) = 0 to W) = Gy (Vy + Vy + V)P [Go = - 1H ]
—I1g

usz|ep) = (V31 + V23)|LP(+)) and introducing two-body t-matrix t; (i = 3 is assigned to A)
Faddeev equation becomes usp = (1 — P1))t,Gou @, Uy = Gyt + t3Gousp — PiotyGoly @
Introducing T; = t;Gou;, then T3¢ = t3Go,(1 — Py,)Top, Top =t + t,GoTsp — t,P15,GoTo ¢

Inserting complete set of the plane wave |¢0)(¢0| = 1, the wave function is written as

(TAmp) Trp P ) = (Tagp), Trp | GolPoX(PolViz + Vaz + Ve W)
= <rA(np)rrnp|GO|¢O>(¢O|GO_1 + 2T, + T3|¢)
= (rA(np)irnpl(p) + <rA(np):rnp|G0|¢O><¢O|2T2 + T3|¢)



Contributions of deuteron breakup processes to A-d correlation functions

Using three-body wave functions calculated from Faddeev amplitudes
» Contributions of the Incident channel breakup are negligible.

» Contributions of the rearrangement channel breakup are not negligible, but small for R < 2.5 fm.
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Summary

The contributions of the deuteron breakup processes to the A-d correlation functions are

calculated using the wave functions in the Faddeev formulation.
» The deuteron breakup in the incident channel yields a negligible effect on the A-d correlation function.
» The contribution from the rearrangement channel breakup provides a certain enhancement.

» Absent the consideration of the breakup effects, the source radius is somewhat underestimated.

The next subject is the correlation functions between another hyperon and deuteron.

> The effects of the deuteron breakup are expected to be more pronounced in the Z-d correlation

function because the S, can contribute.
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