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Introduction Light-Nuclei Yield in Terms of Phase-Space Cumulants[4]

» Searching the QCD critical point is one of the most important goals of the

Relativistic Heavy-lon Collisions. Preliminary non-monotonic behavior of higher « To analyze the phase-space effects in the light-nuclei production, we employ the

order cumulants of net-proton multiplicity has been observed [1] and indicating phase-space cumulants with the characteristic function:

the possible existence of the QCD critical point. aet, . C,
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* Non-monotonic behavior of the light-nuclel yield ratio N, N, /N; also been Pl (2m)6 al
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observed [2] and Is expected to be the consequence of the critical fluctuations [3]. aeNy
. Essentially, the relevant scales forthe . » where C, = | d®zf(2)z“ is the phase-space cumulants with order of |e|. Then

light-nuclei production roughly include \ the yield i1s expressed as »
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the fireball size at freeze-out R, Ny = gal, p ] 14+ 0({Cahioon)]

homogeneity length [ and freeze-out /Eﬁ\// Vdet(C, + const.)

temperature. These scales are typically  where C, is the second order phase-space cumulant, corresponding to the
much larger than the critical correlation R : Gaussian distribution. 0({C,}4(>3) denotes the contribution from the higher
length ¢ when the light nuclel Is produce ;. siebaiisize homogeneity length £: correlation length order phase-space cumulants.

not so close to the critical regime. In  One can see that the yield N, for different light nuclei A share analogous

:)ther word, the oahckgr_o !"n(’: e_ff ectl 'S h expression up to second-order phase-space cumulant C,. In particular, the explicit
arge comparing the critical signal in the expression of C,, takes the form:

light-nuclel production.
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- where the coordinate (rrT), momentum (prT) and coordinate-momentum (rpT)

» This poster will address the critical fluctuations considering the large background
effects in the light-nuclei production.

Coalescence Model correlation respectively encode the geometric, thermal and dynamical properties
_ _ S of the profile at freeze-out. The corresponding relevant scales are fireball size R,
* In the coalescence model, the production of light nuclei N4 Is given by: homogeneity length [ and freeze-out temperature Ty, respectively.

Ny = gaf |7 d3rid3pif (ri, p) [Wal{rs, pi})
where g, is the statistical factor from the spin and f (r;, p;) is the phase-space
distribution function for the constituent nucleons.

Light-nuclei production with critical fluctuations|5,6]

 The light-nuclei production with the critical fluctuations can be evaluated by
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* Wu(iri, pidi) is the Wigner function corresponding the light-nuclei wave introducing the correction of phase-space distribution from the order parameter
function(Gaussian form of Wigner function is used in this work). One of the field:
m:)stt_ mgprttant prc;p;ﬁrtles 01;_\t/V|grt1er fulnctlon IS that It otntlhy depends og the f=Ff+6f=Ff[1l—gs,0/yT]
relative distance of the constituent nucleons z; — z;, not the (z; +2;)/2. * The yield of light nuclel near QCD critical point can be expressed in terms of the
* One example of the phase-space 0.48 L L L A
distribution function is Gaussian ) B i phase-space cumulant
distribution: oaz | 1 i (Nado = ga8*7' N [det(C; + const.)]=4H/2[1 — E(A)]
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frp) = Po exp| r p I A 2 =01fm -—-=-r _ » where the critical contribution 2(4) = Y4_,(—1)? (ﬁ) go(17_,0(r;)) . Due to
' (2mmT)3/2 2R 2mT" 2 o3ef \: ° 30 = 1.0 fm - - . g
_ o _ 9 R NN l the similar structure related to the second-order phase-space cumulants C,, the
;Sadmg to the similar expression for N, and 032 | "':“‘-1-'1~::;£§fff;;;f_;:,-.h..-._._.»--_-_-~~.._ y combinations such as
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Ny = g¢Np (Rsz T %) (mT | 202> + (here R, 57" = (Ng)A~Y(N,) L BNJ~4)greatly suppress the contribution from
- L7 the background scales in C,which helps to isolate the effects related to the
 [f the light-nuclei size difference is negligible (o; = 2.26, 0, = 1.59fm), then correlation signal.
the effects from Gaussian proflllsel\),(actlygcancils: + As an example, the critical correlators (I, o(r;)) can be obtained by mapping
;\}Zp = —; =3 from the three-dimensional Ising model, and we takes the Gaussian phase-space
d Ya distribution f,. The new light-nuclei combinations in the critical regime behaves
One can see NN, /N7 is a constant v.s. the variance of phase-space distribution as

(r2)"/* for Gaussian distribution but decreases in the case of Woods-Saxon
distribution.

Conclusions

Ny, N¢ N,.y depends on fireball size, homogeneity length, freeze temperature in
analogous way when nucleon distribution close to Gaussian and the light-nuclel
yield can be expressed in terms of the phase-space cumulants up to second order
In similar structure.

* Therefore, we can construct the new ratios to suppress the background effects,
such that the ratios are sensitive to the critical signal. We found that long range
correlation results a peak, and the square of 2-point correlation induces a double
peak In the new ratios.

 wherer ~ —(u — u.) Is the Ising variable and mapping to the chemical potential.
The blue and red curves correspond to the small and large critical effects,
respectively. The left plot corresponds to R(2,3) ~ (o (1) o (15)) — {a (1) a (1) )?
and R(2,3) reaches a peak near u. because the contribution from (o (r{)a(r,)).
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