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Transverse Single-Spin Asymmetry for Diffractive Electromagnetic Jets with pT + p
Collisions at /s = 200 GeV at STAR

The STAR Collaboration

Abstract

The STAR Collaboration reports the transverse single-spin asymmetry (Ay) for electromagnetic jets (EM-jets) at forward pseudo-
rapidity (2.8 < n < 3.8) in diffractive events as a function of Feynman-x (xz) and photon multiplicity in transversely polarized
pp collisions at /s = 200 GeV. Results for Ay of single diffractive events, where the unpolarized proton stays intact, and semi-
exclusive events, where the polarized proton stays intact, are presented. Ay for the single diffractive events is consistent with A for
inclusive EM-jet production. Furthermore, the cross-section in single diffractive events compared to the inclusive events is small.
The Ay in the semi-exclusive events has the opposite sign to the inclusive EM-jet Ay. These results show diffractive events can not
make a significant contribution to the large Ay found for inclusive EM-jet production at forward pseudorapidity.

Keywords: Transverse single-spin asymmetry, single diffraction, cross-section

1. Introduction 3

Transverse single-spin asymmetry, also denoted as Ay, is the :
azimuthal asymmetry of the final state production of particles N
on the plane that spans the polarized proton spin direction and o
momentum direction. This asymmetry could be helpful in map- “
ping out the three-dimensional proton structure [1]. Initially, it .
was predicted to be nearly zero in hard scattering processes in o
perturbative Quantum Chromodynamics (pQCD) [2]. However, o
various measurements on Ay for charged- and neutral-hadron “
production in proton-proton collisions showed sizeable asym- o
metries [1; 3; 4], contradicting the pQCD prediction. Since w
then, different models were proposed to unravel the origin of o
the large Ay observed in proton-proton collisions. Two ma- "
jor frameworks can provide potential explanations to such size- o
able asymmetries. The first one is the transverse-momentum- ©
dependent (TMD) framework, including the initial state Sivers
effect and the final state Collins effect. The Sivers effect intro- *'
duce the contribution of the large asymmetry from the corre- *
lation between the proton spin and the parton transverse mo- *
mentum [5]. The Collins effect posits that the large Ay arises **
from the fragmentation process with the correlation between *°
the spin of the fragmenting quark and the transverse momen- *
tum of the outgoing hadron [6]. The contribution from TMD *
framework is dominant when the momentum transfer (“hard” *
scale (Q)) is greater than the transverse momentum (’soft” scale *
(gr)), QO > qr [7]. Another framework is based on the Twist- *
3 collinear factorization framework. The contribution of large ®
Ay mainly comes from the spin-dependent twist-3 quark-gluon %
correlations, known as Efremov-Teryaev-Qiu-Sterman (ETQS) ®
mechanism [8; 9]. Such twist-3 collinear factorization frame- *
work is contributed dominantly when gr > Agpcp and Q > &
Aocp [7]. However, in the region where Q > gr > Agcp,
both frameworks give the same result [7]. 67

In recent years, there were various experimental attempts on es

Preprint submitted to Physics Letters B

investigating the origin of Ay in the forward region in polar-
ized proton-proton collisions [10; 11; 12; 13]. Among these
studies, STAR [11] measured the forward 7° Ay in two distinc-
tive topology categories of the 7° production. In one case, the
n¥s are isolated, meaning a 7° without any surrounding pho-
tons; while the other case looked at 7% which are not isolated,
meaning the 7° is accompanied by other photons. The magni-
tude of the isolated 7° Ay is significantly larger than that of the
non-isolated case. Furthermore, the measurement at STAR on
Ay for the electromagnetic jets (EM-jets) as a function of the
EM-jet energy and photon multiplicity (number of photons in-
side the EM-jet) reveals that Ay has a strong dependency on the
photon multiplicity [14]. Both behaviors suggested there might
be additional sources of the contribution coming from other un-
derlying processes. One of the proposed explanations is that the
isolated 7%’s are coming from the diffractive process [15].

Diffractive processes at RHIC are one of the essential tools to
investigate the origin of the transverse single-spin asymmetries
in polarized p+ p collisions, providing a unique approach to ac-
cess the orbital motion of partons inside the proton [1]. One of
the signatures of a diffractive process is a large rapidity gap and
the vacuum quantum numbers transferred across the gap [16].
At the HERA experiment, about 15% of the total cross-section
in e + p is given by diffractive events [17]. In addition, the
diffractive scattering events constitute about 25% of the total
inelastic p + p cross-section at the RHIC center-of-mass ener-
gies [18]. Studying the transverse single-spin asymmetries in
diffractive processes would potentially allow us to study and
understand the properties and the nature of the diffractive pro-
cess in p + p collisions [1].

This letter reports the results on the first measurement of
transverse single-spin asymmetry for rapidity gap events and
single diffractive events as a function of xp (xp = %). Fur-
thermore, the fraction of the single diffractive process cross-

March 21, 2025



69

70

7

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

11

112

13

114

115

116

17

118

119

120

121

122

section to the inclusive process cross-section at forward rapid-
ity is studied. Finally, the transverse single-spin asymmetry for
semi-exclusive events is studied. These studies could poten-
tially provide evidence to develop and understand the diffractive
physics in p + p collisions.

2. The STAR Experiment

The STAR detector [19] is located at one of the collision
points at Relativistic Heavy Ion Collider (RHIC) [20; 21].
RHIC is the world’s leading collider, which can provide trans-
versely or longitudinal polarized proton beams [22].

In this analysis, the Forward Meson Spectrometer (FMS) is
used for detecting the photons at the forward region. The FMS
is a lead-glass electromagnetic calorimeter located at about 7
meters away from the STAR interaction point (IP), covering
a pseudorapidity region of about 2.6 < n < 4.1. The FMS
consists of two regions: an inner region (3.3 < n < 4.1) with
smaller cells (size of each small cell 3.8 cm X 3.8 cm); and
an outer region (2.6 < n < 3.3) with larger cells (size of each
small cell 5.8 cm X 5.8 cm). Two types of triggers for the FMS
are used in this analysis: the FMS Board Sum triggers, cover-
ing a 2x2 region of cells for both large and small cells, and the
FMS Jet Patch triggers, which combine the board sum triggers,,,
to cover an area that is about a quarter of the entire detector,,,
size. Both triggers require the transverse energy sum for the,,
corresponding regions exceed the threshold. Details of the FMS
detectors and FMS triggers can be found in [11; 23]. .

The FMS reconstructs points or photon candidates by tak-,,,
ing the energy from each cell and making contiguous groups
of cells called clusters and then uses a moment analysis and
shower shape fitting to finally reconstruct the point. Details for'2
getting the points as photon candidates can be found in [11].
The calibration for FMS is using the #° reconstruction from'®
points at FMS, since 7° mostly decay to two photons. 1

The Roman Pot detectors (RP) are used to detect the slightly
scattered protons in this analysis. The RP at STAR used for this'®
analysis was upgraded with the RP used by the PP2PP experi-'**
ment [24]. RPs are located on both sides of the STAR detector,'®
where one side is at a position of about 15.8 meters and the'
other side is at 17.6 meters away from the STAR IP. Each set
of RP consists of one RP station placed above the beam-line'”
and another RP station placed below the beam-line. Every RP™
station contains four Silicon strip detector planes. With these'
two sets of RP, the proton momentum can be easily measured.'
Details of the RP setup can be found in [25; 26]. 142

The Beam-Beam Counter (BBC) is a scintillator hodoscope'*
which is used to trigger on minimum bias events, monitor the'*
luminosity and measure the local polarimetry. The BBC is lo-'
cated on both sides of STAR, each at a position of about 3.75'
meters away from the STAR IP. Each part of BBC consists of 6"
small hexagonal scintillator tiles in the inner region, also called
the small BBC region with 3.4 < || < 5.0, and 12 large hexag-'*
onal scintillator tiles in the outer region, also called the largeis
BBC region with 2.1 < || < 3.4. Details of the BBC can beis
found in [27; 28]. 151
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Figure 1: The schematic diagrams for four types of events mentioned in this
Letter. From top to bottom, they are inclusive event, rapidity gap event, single
diffractive event and semi-exclusive event.

In this analysis, the dataset with transversely polarized p + p
collisions at /s = 200 GeV collected at STAR in 2015 is
used. The integrated luminosity of the dataset is about 52 pb~".
The polarization for this dataset is measured using RHIC po-
larimeters [22]. The average polarization of the dataset is about
56.6 + 1.7% [29].

3. Event selection

This analysis focuses on three different processes to extract
Apy. These processes are: rapidity gap events, single diffrac-
tive events, and semi-exclusive events. Figure 1 shows the
schematic diagrams for these classes of events including one
not presented here but is used for comparison and that is in-
clusive events. The inclusive events are mentioned in (??77).
Rapidity gap events require one electromagnetic jet (EM-jet) at
the FMS, and to ensure a rapidity gap, a veto on the east BBC
(east BBC veto). The single diffractive events are a subset of the
rapidity gap events so requiring the same FMS EM-jet recon-
struction and east BBC veto; and then an additional requirement
that there is one proton track in the east RP (unpolarized pro-
ton direction away from the FMS). The semi-exclusive process
requires one EM-jet at the FMS, one proton track on west RP
(polarized proton direction towards the FMS), a veto to satisfy
the rapidity gap requirement using the west BBC, and a con-
straint on the sum of the energy for the EM-jet and proton to
equal the beam energy (energy sum).

3.1. Electromagnetic jet reconstruction

An EM-jet is a jet reconstructed using FMS points. The EM-
jet reconstruction criteria are the same among all the four types
of events mentioned in this letter. In this analysis, only the
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FMS points with E > 1 GeV are applied to the EM-jet recon-zo
struction, in order to minimize the effect on the background207
noise. The EM-jet is reconstructed with the anti-k7 algorithm208
from the FastJet package [30], with the resolution parameter R209
= 0.7. In the jet reconstruction, the primary vertex position in210
the beam direction (z-direction) is determined according to the211
priority for the primary vertex obtained from the Time PrOJec-
tion Chamber (TPC) [31], Vertex Position Detector (VPD) [32],
and BBC. The fraction of the primary vertex obtained from the214
TPC, VPD and BBC are about 1%, 33%, and 50%, respectively.215
The rest of the events that can not obtained from these thlree216
detectors are assigned the primary vertex in z-direction to be217
0 cm. Only the events with primary vertex |z] < 80 cm are_
accepted. Two types of corrections are applied to the recon-
structed EM-jets. The first type is the underlying event cor- -
rection using the off-axis cone method, where it subtracts the N
background from soft scatterings [33]. The second type is the
correction for the EM-jet energy from the detector level to the »
particle level. The correction function is studied based on the
particle level and detector level simulation, detailed in 4.1. Fur-
thermore, the EM-jet transverse momentum (py) is required to**
pass both the trigger threshold and the fixed threshold 2 GeV/czzs
threshold. Lastly, only one EM-jet is accepted for rapidity gapzes
event, single diffractive event, and semi-exclusive event. 227
228
229
3.2. Proton track selection 230
231
The proton in the single diffractive event is detected on thezs
east side RP and is considered the unpolarized proton and neg-zs
ative pseudorapdity by STAR convention; it’s direction is op-zs
posite to the FMS which is at positive pseudorapidity. The pro-zss
ton in the semi-exclusive event is detected on the west side RP2ss
and is considered the polarized proton and has the same pseu-z
dorapidy cardinality as the FMS. There is no requirement of azss
proton track in rapidity gap events. The selection criteria forss
the track in RP (RP track) is similar in both single diffractivezso
events and semi-exclusive events. To begin with, the RP trackes
is required to hit at least 7 silicon planes. Under this condition,
the track hits two RP stations, and the position information for
the hits can be reconstructed, which can be used to reconstruct
the RP track. Details on the RP track reconstruction can be
found in [26] Then, the RP track is further selected by its fidu->*
cial region on its ., 6,, p, and p,. 6, and 6, are the scatteringes
angle in (x,z) plane and in the (y,z) plane, respectively. p, andess
py are the x- and y-components of the RP track momentum,zss
respectively. These fiducial region cuts are helpful in minimiz-z«
ing the beam backgrounds. Furthermore, the cuts on RP trackass
& is applied. RP ¢ is the fraction of proton momentum losszss
& = M, where ppean and pgp is the momentum of thezso
beam an(iafhe RP track respectively. The east RP track £ in thezs:
single diffractive event is required to be within 0 < & < 0.15,252
based on the requirements for the single diffractive process ines
experiment [16]. The west RP track & in the semi-exclusivezss
event is required to within 0 < & < 0.45. Lastly, one and onlyass
one RP track on east (west) side is allowed for single diffractivesss
event (semi-exclusive event). 257

242

3

3.3. BBC veto

The BBC veto cuts mainly serve two purposes: minimiz-
ing accidental coincidences, and determining the rapidity gap.
The accidental coincidences refer to multiple collision events,
where the EM-jet is detected in one event while the proton track
is detected in another. The BBC veto cuts focused on the east
side BBC are used in the single diffractive events and rapidity
gap events; the west side BBC veto cuts are for semi-exclusive
events. The threshold for the sum of the small (large) tiles
(ADC sum) depends on the minimum ionized particle hitting
the corresponding BBC region. Only when both the ADC sum
for the small tiles and the ADC sum for large tiles are less than
these corresponding thresholds are events accepted. The east
side BBC detector covers 3 pseudo-rapidity units, so the veto
on the east side BBC is a sufficient to ensure a rapidity gap re-
quirement for single diffractive events. However, the west BBC
partially overlaps the same pseudorapidity as the FMS so semi-
exclusive events can not be called diffractive events.

3.4. Energy sum cut

The energy sum cut id only applied to the semi-exclusive
events, where the energy sum is the sum of the energy of the
EM-jet and the west RP track. This cut is necessary because,
as shown in Fig. 1, these types of events have both the proton
and the jet going to the same side; therefore, the energy sum
should be consistent with the beam energy within resolution.
However, for the semi-exclusive events passing all other cuts
mentioned above, two obvious peaks can be seen in the energy
sum distributions, regardless of the region of the EM-jet energy.
The lower energy sum peak centers around the beam energy,
which should mostly consist of the real semi-exclusive events.
The higher energy sum peak is far higher than the beam energy,
which should mostly consist of the accidental events with the
west RP track coming from the protons in either elastic scatter-
ing events or beam remanent. Therefore, the energy sum cut is
based on the separation of two energy sum peaks and only the
energy sum at the low peak region is accepted.

4. Simulation

4.1. Simulation on FMS

In this analysis, the simulation for the FMS is aiming to
study the correction for the EM-jet energy from the detector
level to the particle level. The particle level simulation uses
PYTHIAG6 with the tune setting of Perugia2012 (Tune parame-
ter 370) [34; 35] to generate the proton-proton collisions with
/s = 200 GeV. Then, the GEANT3 [36] based STAR detec-
tor simulation is applied to study the detector responses. Based
on the results from the simulations, the two-dimensional profile
for the energy of the EM-jet in the particle level to the energy
of its best matched detector level EM-jet is made. A linear fit
is applied for the detector level EM-jet at 7 - 60 GeV to study
its general relation to the particle level. Such linear fit is used
as the energy correction function to correct the EM-jet energy
from detector level to particle level.
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4.2. Single diffractive process simulation a1

The main goals for the single diffractive process simula-3'
tion are to study the efficiency of the detectors with the sin-3*
gle diffractive events as well as investigating the fraction of the®*
single diffractive events in the rapidity gap events. The sin-
gle diffractive events in simulation are generated using Pythia8315
with the flag “SoftQCD:singleDiffractive” [37]. In this simu-
lation, only the single diffractive events with single proton at__
n < 0 are considered. Then, the detector level simulations are
processed for these single diffractive events. The first type of*”
the detector level simulation is the GEANT3 [36] based STAR®**®
detector simulation. Another type is the GEANT4 [38] based®"”
Roman Pot detector simulation. Both detector level simulations®°
are applied individually with the same single diffractive process®
simulation sample and synchronized event-by-event.

The east BBC efficiency and the east RP efficiency for the®®
single diffractive event are studied based on the single diffrac-**
tive process simulation. The east BBC efficiency is calcu-**
lated by the fraction of the single diffractive process simulation®®
events passing the east BBC veto that is same as data (rapid-**
ity gap events), showing in Sec. 3.3, to the generated single®*®
diffractive process events with proton 7 < 0. The relative un-
certainty for the east BBC efficiency is calculated by deviations®®
between PYTHIAS and HERWIG [39] models. The east BBC
uncertainty is 99.8 + 10.0%. The east RP efficiency is calcu-3®
lated by the fraction of the single diffractive process simulation!
events passing both east RP selection and east BBC veto (sin-32
gle diffractive events) to the generated single diffractive process3
events with proton < 0. The relative uncertainty for east RPs+
efficiency is up to 6.5%, according to [25]. Therefore, the easts
BBC efficiency is 11.4 + 0.7% 33

The fraction of the single diffractive events in the rapidity gap3”
events is also explored using calculations with data and simula-
tion. In the data, the rapidity gap events consist of single diffrac-sss
tive events (RSD) and non-single diffractive events (NSD). It isss
not able to directly separate both types of events from the ra- w0
pidity gap events. In the simulation, we calculate the fraction »
in Equ. 1,

322

342
S D 343

RS D (1)344

which is the ratio of the number of the single diffractive events”"
(SD) to the number of the rapidity gap events. Only single346
diffractive process events are generated in the simulation. In"
order to distinguish between rapidity gap events in data, these™
rapidity gap events in such simulation are called real singles49
diffractive events (RSD). In data, the similar fraction is also™”
calculated, showing in Equ. 2 !

SD 352
o 2
RSD+ NSD

The purity of the single diffractive events (SD) in data is high,ss

detailed in Sec. 5.1. We assume the fraction RSS—DD in bothasss

data and simulation are the same. Combining both equations,sss
we get the fraction of single diffractive events in rapidity gapsss
events in data % is 68.7 + 0.6 + 8.2%. It indicates thatss;
a large fraction of the rapidity gap events are single diffractivesss

frac(sim) =

frac(data) =

4

events. It provides another approach to investigate the trans-
verse single-spin asymmetry for the single diffractive process
using the p! + p collisions in 2022 and 2024 with STAR for-
ward upgrade detectors.

5. Background

5.1. Accidental coincidence for the single diffractive events

The fraction of accidental coincidence of the single diffrac-
tive events is estimated using highly scaled data and selected
only with the minimum bias triggers with STAR detectors.
These events are called zero-bias events. Due to the low co-
incident rate of the FMS detector in the zero-bias events, most
of the zero-bias events are without any FMS detector responses.
Approximately 0.2% of the zero-bias events meet both criteria
for east BBC veto and east RP track cuts. This is the rate for
the accidental coincidence in the single diffractive process, and
it is the same rate within every process.

In the single diffractive events, the fraction of the accidental
coincidence (fracac) can be calculated using Equ. (3).

nRG

nsp

_ Nac _ nac
fracAc = =—
nsp nRG

3

In this equation, "Lf; is the accidental coincidence rate, ngg and
nsp is the number of rapidity gap events and measured single
diffractive events per each EM-jet xy bin, respectively. The
fraction of the accidental coincidence in the single diffractive
events is about 1.9%. Therefore, the fraction of real single
diffractive events in the measured single diffractive events in
data, is about 98.1%. Such effect on the accidental coincidence
to the measured Ay is assigned to the systematic uncertainty.

5.2. Background for semi-exclusive events using mix event
method

For the accidental coincidence in the semi-exclusive events,
the energy sum is usually much higher than the beam energy
because the west RP track is coming from the proton from
non-diffractive events, especially from elastic scattering events.
Therefore, in order to estimate the contribution to the semi-
exclusive events from such background, the mixed event back-
ground method is used. In this method, the distribution for the
west RP track energy in the zero-bias events and the distribution
for the EM-jet energy from the inclusive process are applied
to investigate the potential accidental coincidence background.
Equation 4 shows the calculation of the mixed event energy sum
(Esum(i+j)) per energy bin.

Esum(i+ j) = Y P() xn(j)

ij

“

P(i) is the fraction of EM-jet yields in the inclusive EM-jet
energy distribution for [i,i+1] (GeV) within each specific xp
range. n(j) is the yield of west RP energy distribution for [j,j+1]
(GeV) for the zero-bias events. All the possible combinations
are considered and accumulated in the mixed event energy sum
background calculation. The shape of the mixed event energy
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background per EM-jet xr region is then scaled to the max-
imum value of the accidental coincidence region (the higher
peak region in the energy sum spectrum). The fraction of acci-
dental coincidence to semi-exclusive events in data can be cal-
culated as the ratio of the integrated yields for the scaled mixed
event energy sum background within the signal region to the in-
tegrated yields for semi-exclusive events in the data within the
signal region, where the signal region is the energy sum cut re-
gion defined in Sec. 3.4. The accidental coincidence fraction
is small (Iess than 3%), so its effects on the Ay are assigned to
systematic uncertainty for the semi-exclusive events.

6. Systematic uncertainty

The systematic uncertainty for the transverse single-spin
asymmetry consists of two types of contribution: the effects due
to the threshold determined in the event selection and the ef-
fects due to the accidental coincidence background. The former
type is considered for all these three types of events. The major
idea is varying the thresholds for the BBC veto for these three
types of events and the energy sum cut for the semi-exclusive
events. Each of the threshold change about 10 - 20% to test
its effects on the Ay as well as its statistical uncertainty. The
systematic uncertainty for each type of threshold are calculated
independently. In addition, the events passing one trigger re-
lated to FMS where they might contain some fraction of the
beam remnant background are excluded. For these term related
to the event selection criteria or the triggers, the Barlow check
in Bayesian method is applied to all of these terms to consider,,
whether to take into account for the final systematic uncertainty,,
[40]. Another type of the systematic uncertainty is related to,,,
the accidental coincidence, where they are discussed in Sec.
5.1 for the single diffractive events and in Sec. 5.2 for the semi-,,,
exclusive events. In this analysis, the systematic uncertainty for
the transverse single-spin asymmetry are calculated indepen-A13
dently for each xr bin. e

407

408

415

416

7. Results 417
418

7.1. Cross-ratio method a0
The cross-ratio method is applied to extract the Ay in thisso
analysis [41]. The final state productions in the transversely po-s

larized proton-proton collisions with the polarized proton spinsz:

“up” (“down”) can be expressed in Equ. 5 and 6. 42
424

N'(¢) = €L (1 + P x Ay cos(¢)) oo ),
N(¢) = €L (1= P x Ay cos(9)) o OM

In both equation, the final state productions (NT, N') can be®
expressed as a function of the azimuthal angle ¢. € stands for®
the detector efficiency, £ is the luminosity, P is the polarizationsz
of the transversely proton beam. Equation 7 shows the cross-4o

ratio method calculation, which combines both Equ. 5 and 6. <
432

VNT(@NY(¢ + 1) — YNYU PN (¢ + 1) 7
VNT(@NY (¢ +7) + /NLNT(¢p +m)

P X Ay cos(¢) =

5
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Figure 2: Ay for the rapidity gap events as a function of EM-jet xr with three
cases of photon multiplicity: all photon multiplicity (top), one- or two-photon
multiplicity (mid) and three- or more-photon multiplicity (bottom). The statis-
tical uncertainty is shown in bar, while the systematic uncertainties shown in
shaded box.

This method cancels out the effects on the non-uniform detector
efficiency and the time-dependent luminosity at leading order.
In this study, 16 ¢ bins are applied in full 27 azimuthal region,
resulting in 8 data points in calculation. Based on this method,
the cosine fit is used for these 8 points to extract the Ay.

7.2. Transverse single-spin asymmetry for rapidity gap events

Figure 2 shows the Ay for the rapidity gap events as a func-
tion of EM-jet xr with three cases of photon multiplicity: all
photon multiplicity, one- or two-photon multiplicity and three-
or more-photon multiplicity. The photon multiplicity refers to
the number of photons inside the EM-jets. A two tails student-
test (t-test) is applied to investigate the non-zero significance
for the Ay for the rapidity gap events for EM-jet with one- or
two-photon multiplicity and three- or more-photon multiplic-
ity. The former one shows its overall non-zero with more than
99.9% confidence level, while the later one only shows with
more than 90% confidence level. Furthermore, the Ay for the
rapidity gap events for EM-jet with one- or two-photon multi-
plicity is much larger than that with 3- or more- photon multi-
plicity at 0.25 < xg < 0.45.

7.3. Transverse single-spin asymmetry for single diffractive
events

Figure 3 shows the Ay for the single diffractive events as a
function of EM-jet xr with three cases of photon multiplicity
which are same as rapidity gap events. The non-zero signif-
icance for the Ay for the single diffractive with one- or two-
photon multiplicity EM-jets is at 99% confidence level. Fur-
thermore, the Ay for the single diffractive events for EM-jet
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470
471
with one- or two-photon multiplicity is much larger than thatsz
with three- or more- photon multiplicity at 0.25 < xp < 0.45. 473

7.4. Contribution for the single diffractive events to inclusive,
events 475

In order to understand the contributions for Ay from the sin-,
gle diffractive events to Ay from the inclusive events, the frac-,,
tion of the cross-section in the single diffractive events to the,,
inclusive events is first studied. Since it is difficult to calculate,
the efficiency of the FMS detector and the triggers, only the,,
cross-section fraction is calculated. Both the analyses of Ay for,,,
inclusive events (cite???) and the single diffractive events apply,,,
the same dataset, same list of triggers. Therefore, the efficiency,,,
of the FMS detector and the triggers can be canceled out when,,
calculating the cross-section fraction. Equation 8 shows the cal-,

culation of cross-section fraction. 486

Jsp _
Tine Nine X Erp X Eppc

NSD X purlty 487

®)

Purity can be calculated using the zero-bias events, detailed inass
Sec. 5.1. The efficiency of RP (egp) and east BBC (gpp¢) can
be calculated from simulation, detailed in Sec. 4.2. Ngp andass
Nine are the number of single diffractive events and inclusiveas
events, respectively. The overall cross-section fraction for thess
entire dataset is 0.672% =+ 0.080%. as2
The differential cross-section fraction is studied as a functionss
of EM-jet xp, shown in Fig. 4. The single diffractive processass
cross-section is very small compared to the inclusive processass
cross-section, which shows that it can not provide significantsss
contribution to the large Ay in inclusive process. ag7
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Figure 4: Cross-section fraction of the single diffractive process (osp) to the
inclusive process (0ixc) as a function of xr.

Furthermore, to better visualize the Ay contributions of the
single diffractive events and the rapidity gap events to the inclu-
sive events, a direct comparison plot among the Ay for inclu-
sive events, rapidity gap events, and single diffractive events for
one or two-photon multiplicity, and three or more-photon mul-
tiplicity are shown in Fig. 5. Applying the two tailed t-test be-
tween the Ay for every two types of events, the Ay for the single
diffractive events and the rapidity gap events are consistent with
that for inclusive events within uncertainty for both multiplicity
cases. These direct comparison results indicate that the single
diffractive events can not provide evidence that it contributes to
the large Ay in the inclusive events.

7.5. Transverse single-spin asymmetry for semi-exclusive
events

Figure 6 shows the Ay for the semi-exclusive events as a
function of EM-jet xr with the one- or two-photon multiplicity
EM-jets. For the EM-jet in the semi-exclusive events, most of
them are with one- or two-photon multiplicity. Therefore, only
this type of the EM-jet photon multiplicity is considered in the
study. Constant fit is applied to check the n-sigma significance
for non-zero Ay value among these xp regions. It shows that
the Ay of the semi-exclusive event is more than 3¢ significance
to be non-zero. However, the semi-exclusive EM-jet Ay is neg-
ative, which is different from A either in inclusive events or in
single diffractive events. Further theories are needed to under-
stand this sign change.

8. Summary and conclusions

We present the first measurements of the transverse single-
spin asymmetry for the single diffractive events and rapidity gap
events for transversely polarized p + p collisions at /s = 200
GeV at the STAR experiment. About two-thirds of the rapid-
ity gap events are single diffractive events, and both measure-
ments reveal a dependency on Ay to the EM-jet photon mul-
tiplicity, consistent with previous studies on the inclusive 7°
and EM-jet Ay at STAR. Furthermore, The Ay values for the
single diffractive events where the unpolarized proton remains
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intact are consistent with Ay for inclusive events within uncer-
tainty, showing that the single diffractive events can not explain
the large Ay in inclusive EM-jet events. The fraction of the
single diffractive cross-section to the inclusive cross-section at
forward pseudorapidity is 0.672% =+ 0.080% provides evidence
for potential theories regarding Ay for diffractive events. Due
to the tiny cross-section fraction, the single diffractive events
can not have a major contribution to the large Ay in inclusive
EM-jet events. The Ay value for semi-exclusive events where
the polarized proton remains intact is negative; therefore it too
can not contribute to the large positive Ay in the inclusive EM-
jet events. However, further theories are needed to understand
this negative value for the semi-exclusive events.
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