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Motivation

* Production of 2H 2H °H, 3H. *He, *He, *He, “He, NaREGRE observed
in midrpidity at RHIC & LHC.

* Thermal model properly describes yields of light nuclei.
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Can light nuclei exist in a

fireball?

* Interparticle spacing in a hadron gas is about 1.5 fm at T = 156 MeV.
* Root mean square radius of a deuteron is 2.0 fm.

* Binding energy of a deuteron is 2.2 MeV.



Coalescence model

* In the coalescence model light nuclei are produced due to final state

interactions among produced nucleons.

* The coalescence model also properly describes the yields of light nuclei.



How to falsify one
of the models?

» Hadron-deuteron correlations carry information about a source of
deuterons.

* A measurement of K-D or p-D correlation functions is suggested
to falsify the thermal or coalescence model.
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Hadron-deuteron
correlation function

1. Deuteron treated as an elementary particle

* Experimental definition of the correlation function R

dNpp R dN, dN,,
dppdp, PP PD) Gn dps

* Theoretical formula

R(PrPp) = j 431y, d31yD (1) D (6p) |4 (1 1) 2

D (r) - probability distribution of emission points

Y (1, rp) — wave function

S.E. Koonin, Phys. Lett. B 70, 43 (1977)
R. Lednicky and V.L. Lyuboshitz, Yad. Fiz. 35, 1316 (1982)



Hadron-deuteron
correlation function

1. Deuteron treated as an elementary particle cont.

* Center-of-mass variables
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Hadron-deuteron
correlation function

2. Deuteron treated as a bound state of neutron and proton

» Experimental definition
dNp, dNy dN,, dN
2 :R(ph’pD)A d = d £
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e Deuteron formation rate
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Hadron-deuteron
correlation function

2. Deuteron treated as a bound state of neutron and proton cont.

 Theoretical formula

1 2
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» Center-of-mass (Jacobi) variables

—
mpIp + myuly, + Myl )
- mp, + my, +m,, 1/JhD (rh; I, rp) = elPR¢q (th)¢D (rnp)
'< Tnp =Tp —TIp D3r(th)Dr(rnp) = deRD(I‘h)D(I‘n)D(I‘p)
_ . MmaIy +myl, 3/2 -
T =1 my, +m D3, (r) = exp| — ==
. P : 3nR2 3R2

Deuteron formation rate cancels out.
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Thermal vs. coalescence
model

e Thermal model  Coalescence model
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Computation of correlation
function
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» Source function
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e Wave function

¢q(r) = e’ + f(q)

* S-wave amplitude
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* Coulomb effect

R(q) » G(q)R(q)

 Gamov factor
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K-D correlation functions
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p-D correlation functions
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Conclusions

* Hadron-deuteron correlations carry information about source
of deuterons.

 Measurement of h-D correlation function can tell us whether
deuterons are directly emitted from a fireball or deuterons are
formed due to final state interactions.

* p-D correlation function shows a sufficient sensitivity to a size
of particle source to falsify the thermal or coalescence model.
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