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Strangeness production has been suggested as a sensitive probe to the early dynamics of11

the deconfined matter created in heavy-ion collisions. Ratios of particle yields involving12

strange particles are often utilized to study freeze-out properties of the nuclear matter,13

such as the strangeness chemical potential and the chemical freeze-out temperature.14

d+Au data connect Au+Au and p+p collisions, and help us to gain insight on the15

strangeness enhancement in the deconfined matter. The study of nuclear modification16

factor in d+Au collisions can also help to understand cold nuclear matter effects.17

In this work, we will present new measurements on the production of strange hadrons18

(KS
0, Λ, Ξ, Ω) at mid-rapidity in d+Au collisions at

√
sNN = 200 GeV, recorded by the19

STAR experiment in 2016. The physics implications of the measurement on the collision20

dynamics will be discussed.21
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1. Introduction23

The primary goal of high-energy heavy-ion (A–A) collisions is to create a system24

of deconfined quarks and gluons, known as quark–gluon plasma (QGP), and to25

study its properties. The transverse momentum (pT ) distributions of the particles26

produced in high-energy nuclear collisions can provide insights into the nature of27

the produced hot and dense matter and its dynamical evolution.28

Asymmetric collision systems like proton-nucleus (p–A) and deuteron-nucleus29

(d–A) can be considered as control experiments where the formation of an extended30

QGP phase is not expected. These collision systems are used as baseline measure-31

ments to study the possible effects of cold nuclear matter and disentangle them from32

hot dense matter effects present in heavy-ion collisions. Hadron production can be33

affected by various factors, including alterations in parton distribution functions34

within nuclei, the possiblity of parton saturation, multiple scatterings, and radial35

flow. It is anticipated that these effects may vary with the rapidity of the produced36

particles.37

Strange hadrons are useful probes for identifying the phase boundary and onset38
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of deconfinement. Strangeness enhancement in heavy-ion collisions with respect to39

p+p collisions has long been suggested as a signature of QGP formation. But cre-40

ation of QGP in small systems is still under intense debate. Strangeness has been41

extensively measured in many experiments at different accelerator facilities. Gener-42

ally, the yields of strange hadrons in nuclear collisions are close to those expected43

from statistical models. The precise measurement of these yields in heavy-ion coli-44

sions may lead to a better understanding of strangeness production mechanisms in45

nuclear collisions and a better insight into the chemical freeze-out parameters.46

The mechanisms for particle production in d+Au collisions at RHIC may be47

different at forward and backward rapidities. The partons from the deuteron-side48

(forward rapidity) are expected to undergo multiple scattering while traversing the49

gold nucleus. Those on the gold-side (backward rapidity) are likely to be more50

affected during collision. Study of nuclear effects can be performed using various51

observables, like Nuclear Modification Factor and Rapidity Asymmetry. Nuclear52

modification factor is defined as the ratio of the yield of particle in heavy-ion colli-53

sions (YAB) to its yield in proton-proton collisions (Ypp), scaled by the number of54

binary nucleon-nucleon inelastic collisions.55

RAB(pT) =
YieldAB

〈Nbin〉Yieldpp
(1)

where 〈Nbin〉 is the average number of binary nucleon-nucleon collisions.56

Comparative study of particle production in forward and backward rapidity57

regions is done using rapidity asymmtery (YAsym). YAsym is defined as58

YAsym(pT) =
YB(pT)

YF(pT)
(2)

where YB and YF are backward and forward particle yields, respectively. YAsym may59

provide unique information to help determine the relative contributions of various60

physics processes affecting particle production, such as multiple scattering, nuclear61

shadowing, recombination of thermal partons, and parton saturation.62

2. Experimental Setup63

The STAR is a versatile particle detector at the RHIC collider at Brookhaven Na-64

tional Laboratory. A detailed description of its solenoidal magnet and various sub-65

detectors for tracking, particle identification, and triggering can be found in Ref.66

[1].67

The TPC is STAR’s primary tracking device. It is 4.2m long and 4m in diame-68

ter. The sensitive volume of the TPC contains P10 gas (10% methane, 90% argon)69

regulated at 2mbar above atmospheric pressure. The TPC data are used to deter-70

mine particle trajectories, momenta, and particle-type through ionization energy71

loss (dE/dx). Its acceptance covers pseudorapidity (-1.8 < η < 1.8) and the full72

azimuthal angle (2π). The track of a charged particle can be reconstructed with a73

maximum of 45 hit points within the TPC fiducial radius of 0.5 < r < 2 m. The74
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location of the primary vertex of a collision event is determined using the recon-75

structed charged particle tracks. A primary vertex resolution in the transverse plane76

of 350 µm can be achieved with approximately 1000 tracks. The fitted primary ver-77

tex can be included in the track fitting of the charged particles to improve their78

momentum resolution. The TPC also measures the energy loss of charged particles,79

which allows separation of π and K to pT approx. 0.7 GeV/c and identification of80

proton pT approx. 1.1GeV/c.81

3. Analysis Technique82

A successful run of d+Au collisions at
√
sNN = 200 GeV was carried out in 201683

at RHIC. Total of approximately 100 million good events have been selected. The84

strange hadrons, K0
S, Λ, Ξ, Ω are identified and analyzed. These particles usually85

decay before they enter into the inner radius of Time Projection Chamber (TPC),86

so their decay products enter the TPC. STAR’s tracking software is utilized to87

reconstruct the trajectories of daughters’ tracks.88

Fig. 1. The 〈dE/dx〉 of charged tracks is plotted as function of rigidity (p/q) in d+Au collisions
at

√
sNN = 200 GeV. The various bands correspond to different particles such as π, K, p. The

curves represent the Bichsel expectation values of the corresponding particles.

Particle identification is accomplished by the energy loss (dE/dx) informa-89

tion measured by the TPC. Fig. 1 shows the average dE/dx of measured charged90

particles plotted as a function of “rigidity” (i.e., momentum/charge) of the parti-91

cles. The curves represent the Bichsel expectation values. It can be seen that the92

TPC can identify pions, kaons, and protons at low momenta.93

Strange hadrons can be reconstructed using invariant mass technique. K0
S and94

Λ (generally referred to as V0) hadrons are reconstructed via their decay topology95
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from their daughter particles. Decay channels are96

K0
S → π+ + π−, Branch ratio = (69.20± 0.05)% (3)

Λ(Λ̄)→ p(p̄) + π−(π+), Branch ratio = (63.7± 0.5)% (4)

while for Ξ and Ω baryon reconstruction, previously reconstructed Λ is combined97

with an additional charged track. This charged track is assumed to be pion(kaon)98

in Ξ(Ω) reconstruction. Decay channels of multi-strange hyperons are99

Ξ−(Ξ̄+)→ Λ(Λ̄) + π−(π+), Branch ratio = (99.88± 0.035)% (5)

Ω−(Ω̄+)→ Λ(Λ̄) + K−(K+), Branch ratio = (67.8± 0.7)% (6)

The mean of ionization energy loss, 〈dE/dx〉, measured by TPC is used for100

identification of the charged daughter particles, π, K and p. Although the measured101

〈dE/dx〉 for a track has finite resolution due to the limited number of hit points102

measured by TPC, the central values of the measured 〈dE/dx〉 for a particular103

particle species, as a function of momentum, can be effectively characterized by104

the Bichsel function. Hence a normalized 〈dE/dx〉, nσparticle, is used in particle105

identification. It is defined by106

nσparticle =
1

σparticle
log
〈dE/dx〉measured

〈dE/dx〉Bichsel
particle

(7)

where 〈dE/dx〉Bichsel
particle, is the expected 〈dE/dx〉 from the Bichsel function for a cer-107

tain particle species at a given momentum and nσparticle is the 〈dE/dx〉 resolution of108

the TPC at the same momentum for same particle species. The σparticle distribution109

is approximately gaussian at a given momentum and is calibrated to be centred at110

zero with a width of unity for each particle species. A loose cut of |nσparticle| < 4111

is used to select the charged daughter particles for the reconstruction of K0
S, Λ(Λ̄),112

Ξ−(Ξ̄+) but a slightly tighter cut of |nσparticle| < 3 is used for selecting the protons113

in Ω− (Ω̄+) reconstruction.114

In order to improve the average momentum and energy-loss resolution, the115

charged daughter particle tracks were required to consist of at least 15 TPC hit116

points for the reconstruction of K0
S, Λ(Λ̄), Ξ−(Ξ̄+) and Ω− (Ω̄+). The pT of daugh-117

ter particles is required to be larger than 0.10 GeV/c for K0
S , Λ(Λ̄), Ξ−(Ξ̄+) and118

larger than 0.15 GeV/c for Ω− (Ω̄+) reconstruction.119

The weakly decaying strange hadrons, K0
S, Λ(Λ̄), Ξ−(Ξ̄+), and Ω− (Ω̄+), have120

a decay length of approx. 2–7 cm. Their decay topology can be reconstructed well121

with their daughter particle tracks measured by the TPC. Therefore, a certain set of122
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Fig. 2. K0
s invariant mass distributions at mid-rapidity (|y| < 0.5), for the pT bin of [1.8,2.0]

GeV/c, for the most central 0-20% d+Au collisions at
√
sNN = 200 GeV. The distribution is fitted

with double gaussian (for signal peak) plus polynomial functions (for background), shown as the
red line. The horizontal blue dashed line represents the background.

Fig. 3. Λ (left) and Λ̄ (right) invariant mass distributions at mid-rapidity (|y| < 0.5), for the
pT bin of [1.8,2.0] GeV/c, for the most central 0-20% d+Au collisions at

√
sNN = 200 GeV.

The distribution is fitted with double gaussian (for signal peak) plus polynomial functions (for

background), shown as the red line. The horizontal blue dashed line represents the background.

cuts can be applied to the topological variables in order to significantly reduce the123

combinatorial background. Such variables include the distance of closest approach124

(DCA) between the two daughter tracks, the DCA of the daughter tracks to the125

primary vertex, the DCA of the projected strange hadron path to the primary126

vertex, the decay length of strange hadrons, and the angles between the spatial127

vector pointing from the production vertex to the decay vertex and the momentum128

vector of strange hadrons. These cuts were optimized as a compromise between129

background reduction and signal efficiency.130
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Fig. 4. Ξ− (left) and Ξ̄+ (right) invariant mass distributions at mid-rapidity (|y| < 0.5), for
the pT bin of [1.4,1.6] GeV/c, for the most central 0-20% d+Au collisions at

√
sNN = 200 GeV.

The distribution is fitted with double gaussian (for signal peak) plus polynomial functions (for
background), shown as the red line. The horizontal blue dashed line represents the background.

Fig. 5. Ω− (left) and Ω̄+ (right) invariant mass distributions at mid-rapidity (|y| < 0.5), for
the pT bin of [1.0,1.4] GeV/c, for the most central 0-20% d+Au collisions at

√
sNN = 200 GeV.

The distribution is fitted with double gaussian (for signal peak) plus polynomial functions (for
background), shown as the red line. The horizontal blue dashed line represents the background.

We used double Gaussian and second order polynomial function to describe131

the signal and background, respectively. Raw yield is determined by using the bin132

counting method under the mass window of M0 ±3σ, where M0 is mass of K0
S, Λ,133

Ξ or Ω and σ is the fitted width.134

Invariant mass distributions for K0
S, Λ(Λ̄), Ξ−(Ξ̄+) and Ω− (Ω̄+) are shown in135

Fig. [2], [3],[4] and [5] respectively. Raw yield is extracted for different pT inter-136

vals and this raw yield is corrected for efficiency and acceptance to get corrected137

transverse momentum spectra for each particle.138
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4. Summary and Outlook139

We presented invariant mass distribution of K0
S, Λ(Λ̄), Ξ(Ξ̄), Ω(Ω̄) at mid-rapidity140

(|y| < 0.5) in d+Au collisions at
√
sNN = 200 GeV. We are working on efficiency cor-141

rections for the corrected transverse momentum spectra to obtain integrated yield142

(dN/dy) and mean transverse mometum (〈pT 〉). We are also working on nuclear143

modification factor (RdAu) and rapidity asymmtery (YAsym) extraction of these144

strange particles to study nuclear effects.145
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