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Transverse single-spin asymmetry for very forward neutral pion
production in polarized p+ p collisions at

√
s = 510 GeV†

M. H. Kim∗1,∗2 for the RHICf Collaboration

In high-energy polarized p+ p collision, the left-right
cross section asymmetry, which is called as transverse
single-spin asymmetry (AN ) of very forward (η > 6)
particle production, plays an important role in under-
standing the spin-involved production mechanism from
the view points of perturbative and nonperturbative
interactions. The RHICf experiment1) measured the
AN of very forward neutral pion in polarized p+ p col-
lisions at

√
s = 510 GeV in June, 2017 at the Rela-

tivistic Heavy Ion Collider (RHIC).
The nonzero asymmetries of the neutral pion have

been measured by many experiments2,3) in the forward
(2 < η < 4) kinematic range, and they have been
explained only by quarks and gluons’ degrees of free-
dom. However, a possible contribution from the non-
perturbative interaction has been recently highlighted
because larger asymmetries were observed in more iso-
lated neutral pion events4,5) that could be connected
to nonperturbative event topology. A straightforward
approach to studying the role of nonperturbative in-
teraction is measuring the AN of the neutral pion in
the very forward kinematic area where the nonpertur-
bative interaction is expected to dominate.

We installed an electromagnetic calorimeter (RHICf
detector) at the zero-degree area 18 m away from the
beam collision point at the STAR experiment. The
RHICf detector consists of two sampling calorimeters
with lateral dimensions of 20 mm × 20 mm and 40 mm
× 40 mm, respectively. Both calorimeters are com-
posed of 17 tungsten absorbers, 16 GSO plates for en-
ergy measurement, and 4 layers of GSO bars for po-
sition measurement. Since the radiation length of the
detector is 44 X0, the electromagnetic shower stops
its development in the middle of the detector. The
RHICf detector has an energy resolution of 2.5–3.5%
for 100–250 GeV π0s and the pT resolution of 3.0–4.5%
in 0.0 < pT < 0.8 GeV/c.

To the best of our knowledge, we observed large
asymmetry in a very forward neutral pion production
for the first time, which means a possible contribu-
tion from the nonperturbative interaction. Compari-
son between RHICf and previous forward neutral pion
measurements are depicted in Fig. 1. At very low
pT < 0.07 GeV/c, the asymmetries are consistent with
zero. However, as pT increases, the asymmetries in-
crease as a function of xF , approximately showing the
same magnitudes and tendency of the forward ones.

† Condensed from the article in Phys. Rev. Lett. 124, 252501
(2020)
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Fig. 1. Forward (black) and very forward (color) neutral
pion asymmetries as a function of xF in different pT
regions.

It may be necessary to consider nonperturbative inter-
action to understand both forward and very forward
neutral pion asymmetries.

However, RHICf data can be affected by perturba-
tive interaction in the low pT region. The perturbative
and nonperturbative interactions may make their own
nonzero asymmetries respectively. Since the result of
this report is the one analyzed inclusively, more de-
tailed analysis is necessary to reduce the diverse pos-
sibilities.

We have started combined analysis with STAR. Sig-
nals in the STAR detectors will identify whether the
neutral pions of the nonzero asymmetries come from
perturbative or nonperturbative interaction. Further,
we are preparing a series of follow-up experiments for
developing a larger detector. In the near future, fur-
ther analysis and experiments will provide a powerful
input to understand the origin of both forward and
very forward neutral pion asymmetries.

References
1) RHICf Collaboration, LOI, arXiv: 1409. 4860v1.
2) A. Adare et al. (PHENIX Collaboration), Phys. Rev. D

90, 012006 (2014).
3) B. I. Abelev et al. (STAR Collaboration), Phys. Rev.

Lett. 101, 222001 (2008).
4) S. Heppelmann (STAR Collaboration), Proc. Sci. 191

(DIS2013), 240 (2013).
5) M. M. Mondal (STAR Collaboration), Proc. Sci. 203

(DIS2014), 216 (2014).

1

RIKEN Accel. Prog. Rep. 54 (2021)

Transverse single spin asymmetry in charged pion production at
midrapidity in polarized p+ p collisions at 200 GeV

J. H. Yoo∗1 for the PHENIX Collaboration

One of the main goals of the RHIC spin program is
the determination of the transverse-spin structure of the
proton, which can in turn provide some insight into the
angular-momentum component of partons. For reach-
ing the goal, we measure Transverse Single-Spin Asym-
metries (TSSAs) which are left-right asymmetries of fi-
nal stage particles produced in the transversely polar-
ized p+ p collision.1) The TSSAs (AN ) of pion at mid-
rapidity in p+ p collision is expected to be helpful to
understand the transversity distributions of quark and
gluons, the transverse intrinsic parton momentum, ini-
tial and final state effects. In PHENIX the charged pions
at mid-rapidity can be measured by the central arm de-
tectors that consist of the Electro-Magnetic Calorimeter
(EMCal), Ring-Imaging Cherenkov Detec tor (RICH),
Drift Chamber (DC), Pad Chamber (PC). Trigger fired
if pions deposited energy over than 1.4 GeV on EM-
Cal and we can detect charged pion’s track and en-
ergy. In mid-rapidity charged pion measurement, the
background is categorized into two sources which are
hadron background(kaon and proton) and electron back-
ground(electron and positron). Pions with momentum
above 5 GeV/c create Cherenkov light in the RICH but
kaons and protons can’t create Cherenkov light under
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Fig. 1. E/p distribution in pion enhancement sample for five
PT bins.
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Table 1. Background fraction of two samples.

particle pT bin (GeV/c) rπ,e

5–6 0.0436
6–7 0.0688

π± 7–8 0.1375
8–11 0.1192
11–15 0.2154
5–6 0.00652
6–7 0.06569

e± 7–8 0.1646
8–11 0.8560
11–15 0.9178

16 GeV/c and 30 GeV/c, respectively. Only electron
background remained an object to subtract. In EM-
Cal, electrons lost most of their energy by electromag-
netic interactions. Therefore, primary electron’s en-
ergy/momentum (E/p) distributed around 1. A sec-
ondary electron track from photon conversion would be
incorrectly reconstructed with large momentum. There-
fore secondary electron’s energy/momentum would be
in the low area. because we can know only background
fraction but we can’t distinguish electron event from
pion event, Eq. (1) is used for background correction
of the asymmetries.2) By using Monte Carlo simulation,
we calculated electron background fraction in both pion
enhancement sample (0.2 < E/p < 0.8) and electron
enhancement sample (E/p < 0.2 and 0.8 < E/p).

Aπ
N =

Aπ,Sig
N (1 + rπ)−Ae,Sig

N rπ(1 + re)

1− rπre
(1)

rπ ≡ Nπ,Bg

Nπ,Sig
=

Ae
DATA

Ae
MClumi_scaled

×
Ne

MClumi_scaled

Nπ+e
DATA

(2)

Aπ,Sig
N , Ae,Sig

N are asymmetry in the pion and electron
enhanced sample, respectively. Ae

DATA, Ae
MClumi_scaled

are amplitude of the Gaussian centered at around one
in the data and the luminosity scaled MC simulation,
respectively. Nπ,e

DATA and Nπ,e
MClumi_scaled

are number of
entries in the E/p distributions for the data and the lu-
minosity scaled MC simulation in pion enhanced sample,
respectively. Figure 1 shows E/p distribution of pion
data and distributions of pion and electron in MC, re-
spectively. Background fraction tended to increase with
increasing pT (Table 1). These values are used to calcu-
late corrected AN for charged pion.
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