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l. Introducti Why light nuclei ?

L

Probes to explore important issues in relativistic heavy ion collisions

QGP property, QCD phase diagram, system freeze-out information......

Production mechanism of such composite particles itself is interesting.
directly thermal production or nucleon coalescence production

Methods: Experiments, Phenomenological models

yield ratios, e.g.,d / p, *He/ p, pt/d*
the coalescence factor B,

correlations and fluctuations
__flows ......

sensitive observables —
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Transport models
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Different phenomenological models have been
successfully used to describe different production

characteristics of light nuclel.
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p-Pb 5.02 TeV less p dependent, compared to Pb-Pb
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pp 7 & 13 TeV nearly constant with increasing py
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significant collision system size dependent behaviors of B, and B,
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nontrivial collision energy dependent behavior of B,
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How to understand such nontrivial
behaviors of B, depending on collision
energy, system size, and the momentum?

Universal Nucleon Coalescence Mechanism

light nuclei size
hadronic system size
instantaneous coalescence in the nucleon rest frame
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Basic ideas of the nucleon coalescence mechanism

Coordinate and momentum factorization

Momentum-dependent production formulas of
light nuclei (analytical expressions of B,)

Comparison to data in high energy collisions at RHIC & LHC

Obtain: production characteristics, freeze-out properties




pduction in Coalescence Mechanism

guark-antiquark system hadronic system
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light nuclei such as deuterons,
tritons, helions ......
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General formalism

f, (P) = [ dRdx,dp.dp,N ,, £ (%, %3 By, B,)R, (%, %, P, By, )

N, = N/N, number of all the possible pn-pairs

pn
fan (%, X xz, P, B,) normalized two-nucleon joint

coordinate-momentum distribution

kernel function
X X R R 1R _R\RXP(Yy ¥3 R
Rd (X1 p P, ) 5(p1+ Py~ p)Rd (X1’X21 Py pz)
spin degeneracy factor X’ _ the coordinate and
momentum conservation momentum dependent part



With coordinate and momentum factorization assumption

f (%, %5 By, By)=F 0 (%, %) £ (B, By)
RYP (%, %, By, B,) = RV (R, %,)R” (P, P,)

we have

‘fd(p):ngpnAde(ﬁ)‘

Ay = [[dx.dX, f 2 (%, %, )R (%, %,)

M (B) = | dpdp, f (B, B,)R” (B B,)8 (P, + B, — )
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Compute A,

Ay = [[dxdX, f 2 (%, %,)RY (%, %,)
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M, (P) = [ dp.dp, £ (p,, B,)RY” (5., 0.)8(p, + P, - P)

Gd(pl )2
R (B, p,) =¢ e = & function approximation

M, (P) = (—f) f‘“’(p p)

fd(ﬁ) — , ,
(CR: +0'd)\/C(Rf %% +ad

N, | d°N, _ d°N .
/ E,

dr)j) (E, = ) dp3)

_ 320, ()

m, (CR? +07),/C(R, /7)? +07

Coalescence factor |B, =(E,




Check the validity of the delta function approximation

M, () = [ dpdp, T (B, BIRY (5. 5,) (B, + B, - )
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, p-Pb and Pb-Pb collisions at LHC
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Results as the
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Our results reproduce the system size dependent behaviors of B,
in pp, p-Pb, and Pb-Pb collisions at the LHC. Larger value of a
parameter for deuteron in Pb-Pb collisions might indicate a later
freeze-out for deuteron compared with 3He in Pb-Pb collisions.
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B, exhibits nearly constant behavior with the momentum in pp collisions.
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€ Momentum-dependent production formulas of light nuclei are
derived analytically in the coalescence mechanism.

@ Analytical expressions for the coalescence factors B, and B, are
obtained and are successfully used to describe their interesting
behaviors observed in pp, p-Pb, and Pb-Pb collisions at the LHC.

€ We find that instantaneous coalescence occurring in the
nucleon rest frame can give natural explanations for the obvious
growth of B, against p; for all centralities in Pb-Pb collisions and
for the relatively weak p; dependence of B, in pp and p-Pb

collisions at the LHC. iﬁﬂ‘ iﬁﬂ‘ !

€ More results for p, distributions and yield ratios are continued.
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More results of p; distributions are being calculated by X.Y. Zhao & Y.H. L.I.
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