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1. Introduction

We present a measurement of the forward backward asymmetry of Λ, Ξ± and Ω± baryons
produced in pp̄ collisions by the D0 detector at the Fermilab Tevatron collider at

√
s=1.96 TeV. The

full dataset of 10.4 fb−1 is analyzed to determine if the studied baryons retain some memory of the
direction of the original proton and anti-proton beams. We consider a picture where a strange quark
can coalesce with a diquark remnant of the beam to produce a lambda baryon with the probability
of coalescence increasing as the rapidity difference between the proton and the lambda decrease.
In this picture we expect to see an asymmetry in Λ-Λ̄ production but no asymmetry for charged Ξ

and Ω baryons since they do not share a diquark with the proton. The Λ, Ξ− and Ω− baryons are
defined as forward if their longitudinal momentum pz points in the proton direction and backwards
if their pz points in the anti-proton direction. The directions are reversed for Λ̄, Ξ+ and Ω+.

The forward backward asymmetry AFB for Λ baryons is defined as:

AFB ≡
σF(Λ)−σB(Λ)+σF(Λ̄)−σB(Λ̄)
σF(Λ)+σB(Λ)+σF(Λ̄)+σB(Λ̄)

where σF and σB are the cross sections for forward and backward Λ or Λ̄ production. A similar
forward backward asymmetry can similarly be defined for Ξ and Ω production. i.e

AFB ≡
σF(Ξ−)−σB(Ξ−)+σF(Ξ+)−σB(Ξ+)
σF(Ξ−)+σB(Ξ−)+σF(Ξ+)+σB(Ξ+)

2. Detector and Data

The D0 detector is described in detail elsewhere, see Refs. [1, 2, 3, 4, 5]. The D0 detector
is well suited to measure forward backward asymmetries due to the initial state being pp̄ (CP
symmetric) and the solenoid and toroid magnetic fields being reversed periodically (canceling many
important systematics). For many asymmetry measurements no other experiment has comparable
sensitivity.

For the study of the Λ asymmetry, three data sets are studied (i) pp̄→ Λ(Λ̄)X , (ii) pp̄→
µ±Λ(Λ̄)X , and (iii) pp̄→ J/ψΛ(Λ̄)X . This allows a study of samples collected with a minimum
bias trigger (i) and an increased statistical sample taken with single muon triggers (ii) and a sample
containing reconstructed J/ψ candidates (iii). Additionally control samples where no asymmetry
is predicted with the Λ or Λ̄ replaced with a K0

s are studied. The K0
s control samples are used

to show that there are no additional corrections necessary due to north-south asymmetries since
K0

s → π+π− does not distinguish its parent K0 or K̄0. Since the K0
S does not distinguish between

the proton and anti-proton directions, it provides a powerful control sample to study any detector
effects.

The Λ and Λ̄ baryons as well as the Ks mesons are reconstructed from oppositely charged
tracks that have a common vertex. For the Λ and Λ̄ reconstruction, the proton mass is assigned
to the daughter track with the larger momentum. These reconstructed Vo’s are required to have a
transverse momentum pT between 2 and 25 GeV and pseudorapidity |η |<2.2. Figure 1(a) shows
an example of the invariant mass distribution for Λ→ pπ− for the pp̄→ µ±Λ(Λ̄)X data set. The
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Data set Number of candidate events
pp̄→ Λ(Λ)X 5.85×105

pp̄→ J/ψΛ(Λ̄)X 2.50×105

pp̄→ µ±Λ(Λ̄)X 1.15×107

pp̄→ K0
s X 2.33×106

pp̄→ J/ψK0
s X 6.55×105

pp̄→ µ±K0
s X 5.34×107

Table 1: Number of reconstructed candidate Λ+ Λ̄ or K0
s with pT >2.0 GeV.

Ks samples are analyzed identically as the Λ and Λ̄ samples except the pion mass is assigned to the
larger momentum track.

Table 1 shows the number of candidate events collected for each data sample.
The solenoid and toroid polarities are reversed approximately every two weeks such that four

different solenoid-toroid polarity combinations with approximately the same number of events are
collected. The events are weighted for the different polarity combinations to remove any forward
backward geometrical effects. Figure 1(b) shows the forward backward asymmetry as a function
of rapidity for Λ and Ks. A significant asymmetry is seen in the Λ sample while the asymmetry is
consistent with zero for the Ks sample. The Ks asymmetry shows that no additional corrections are
necessary for any north-south asymmetries.
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Figure 1: (a) Invariant mass distribution of Λ→ pπ−. (b) AFB as a function of rapidity for reconstructed
candidate Λ and Λ̄ (blue circles) and K0

s (red triangles)

Figure 2 compares the asymmetry measured by various experiments that have studied pZ→
Λ(Λ̄)X for different target Z=p, p̄, Be, and Pb. To compare to these results we plot [σB(Λ) +
σB(Λ̄)]/[σF(Λ)+σF(Λ̄)]=(1−AFB)/(1+AFB). We find that the Λ̄/Λ production ratio is approx-
imately a universal function of the “rapidity loss” ∆y ≡ yp− y, independent of the target Z or

√
s,

where yp is the rapidity of the proton beam and y is the rapidity of the Λ or Λ̄.
Two datasets are studied for the Ξ± asymmetry, pp̄→ Ξ±X and pp̄→ µΞ±X . Due to the

low statistics in the minimum bias data, only one dataset, pp̄→ µΩ±X , is collected using single
muon triggers for the Ω± asymmetry. We reconstruct Ξ baryons through their decay Ξ−→ Λπ−
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Figure 2: Λ̄/Λ production ratio as a function of rapidity loss ∆y = yp−y for different experiments studying
pZ→ Λ(Λ̄)X where Z=pp̄, Be or Pb. Results are for ALICE [6], ATLAS[7], D0 (this analysis), STAR [8],
LHCb[9], ISR R-607 [10], ISR R-603 [11], and E8[12].

Data set Number of events
pp̄→ Ξ±X 3.7×103

pp̄→ µ±Ξ±X 7.7×104

pp̄→ µ±Ω±X 1.4×104

Table 2: Number of reconstructed Ξ± and Ω± candidates with pT >2.0 GeV.

and Ξ+→ Λ̄π+. The Λ(Λ̄) candidate is combined with a positively (negatively) charged track that
makes a good vertex with the Λ(Λ̄) candidate and has at least a three standard deviation significance
in the separation in the transverse plane from the primary vertex. The mass of the track is set to the
pion mass for Ξ candidates and the kaon mass for Ω candidates. The transverse decay length of the
Λ, and Ξ or Ω must exceed 4 mm. Table 2 shows the number of reconstructed candidates for each
sample. Figures 3(a) and 3(b) show the reconstructed Ξ and Ω invariant mass distributions while
Figures 4(a) and 4(b) show the forward backward asymmetry for the two samples.

3. Conclusions

We present measurements of the forward backward asymmetry for Λ mesons, and Ξ and
Ω baryons. The measured asymmetries for both the Ξ and Ω samples are consistent with zero
within uncertainties. A previous measurement for charged B mesons yields AFB(B±) = [−0.24±
0.41(stat)± 0.19(syst)]% [13]. In addition D0 has measured the forward backward asymmetry
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Figure 3: (a) Invariant mass distribution of Ξ− → Λπ− (blule circles) and Ξ+ → Λ̄π+ (red triangles) for
pp̄→ µΞ±X data. (b) Invariant mass distribution of Ω−→ ΛK− (blue circles) and Ω+→ Λ̄K+ (red trian-
gles) for pp̄→ µΩ±X data.
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Figure 4: (a) Asymmetries of reconstructed Ξ− and Ξ+ candidates for the minimum bias sample pp̄→Ξ±X .
The uncertainties are statistical only. (b) Asymmetries of reconstructed Ω− and Ω+ candidates for the sample
pp̄→ µΩ±X . The uncertainties are statistical only.

for the Λb [14]. Combining all of these results show a consistent picture with the hypothesis that a
strange or bottom quark produced in scattering can coalesce with a ud diquark remnant of the beam
to produce a Λ(Λb). The forward backward asymmetry for Λ, Λ̄ show that the production ratio is
approximately a universal function of rapidity loss that does not depend strongly on the total center
of mass energy or the target. Further details on the analyses can be found at [15] and [16].

4. Acknowledgements

We thank the staffs at Fermilab and collaborating institutions, and acknowledge support from
the DOE and NSF (USA); CEA and CNRS/IN2P3 (France); MON, NRC KI, and RFBR (Russia);
CNPq and FAPERJ (Brazil); DAE and DST (India); Colciencias (Colombia); CONACyT (Mex-
ico); NRF (Korea); FOM (The Netherlands); STFC and The Royal Society (UK); MSMT (Czech

4



P
o
S
(
I
C
H
E
P
2
0
1
6
)
6
1
4

Forward Backward Asymmetries for Λ,Ξ and Ω baryons Brad Abbott

Republic); BMBF and DFG (Germany); SFI (Ireland); Swedish Research Council (Sweden); CAS
and CNSF (China); and MESU (Ukraine).

References

[1] V.M. Abazov et. al. (D0 Collaboration), The upgraded D0 detector, Nucl. Instrum. Methods in Phys.
Res. A 565, 463 (2006).

[2] V.M. Abazov et. al. (D0 Collaboration), The muon system of the Run II D0 detector, Nucl. Instrum.
Methods in Phys. Res. A 552, 372 (2005).

[3] S.N. Ahmed et. al. (D0 Collaboration), The D0 Silicon Microstrip Tracker, Nucl. Instrum. Methods in
Phys. Res. A 634, 8 (2011).

[4] R. Angstadt et. al. (D0 Collaboration), The layer 0 inner silicon detector at the D0 experiment, Nucl.
Instrum. Methods in Phys. Res. A 622, 298 (2010).

[5] V.M. Abazov et. al. (D0 Collaboration), Muon reconstruction and identification with the Run II D0
detector, Nucl. Instrum. Methods in Phys. Res. Sect, A 737, 281 (2014).

[6] E. Abbas et. al. (ALICE Collaboration), Mid-rapidity anti-baryon to baryon ratios in pp collisions at√
s=0.9,2.76, and 7 TeV measured by ALICE, Eur. Phys J. C 73, 2496 (2013).

[7] G. Aad et. al. (ATLAS Collaboration), K0
S and Λ production in pp interactions at

√
s=0.9 and 7 TeV

measured with the ATLAS detector at the LHC, Phys. Rev. D 85 (2012) 012001.

[8] B.I. Abelev et. al. (STAR Collaboration), Strange particle production in p+p collisions at
√

s= 200
GeV, Phys. Rev. C 75, 064901 (2007)

[9] R. Aaij et. al. (LHCb Collaboration), Measurement of V 0 production ratios in pp collisions at
√

s=0.9
and 7 TeV, J. High Energy Phys. 1108 (2011) 034

[10] G.J. Bobbink et. al. (R-607 Collaboration), The production of high-momentum particles and
resonances in pp collisions at the CERN intersecting storage rings , Nucl. Phys. B 217 (1983) 11.

[11] S. Erhan et. al. (R-603 Collaboration), Hyperon production in pp interactions at
√

s=53 and 62 GeV,
Phys. Lett. B 85 (1979) 447.

[12] P. Skubic et. al. (E8 Collaboration), Neutral-strange particle production by 300-GeV protons, Phys.
Rev. D 18, 3115 (1978).

[13] V.M. Abazov et. al. (D0 Collaboration), Measurement of theforward-backward asymmetry in the
production of B± in pp̄ collisions at

√
s=1.96 TeV, Phys. Rev. Lett. 114, 051803 (2015).

[14] V.M. Abazov et. al. (D0 Collaboration), Measurement of the forward-backward asymmetry in Λ0
b and

Λ̄0
b baryon production in pp̄ collisions at

√
s= 1.96 TeV, Phys. Rev. D 91, 072008 (2015).

[15] V.M. Abazov et. al. (D0 Collaboration), Measurement of the forward-backward asymmetries in the
production of Ξ and Ω baryons in pp̄ collisions, Phys. Rev. D 93, 112001 (2016).

[16] V.M. Abazov et. al. (D0 Collaboration), Measurement of the forward-backward asymmetry of Λ and
Λ̄ production in pp̄ collisions, Phys. Rev. D 93, 032002 (2016).

5


