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We study the semi-inclusive production of real, high-pr, isolated photons in unpolarized and polarized
lepton-proton collisions, {p — ¢y X. In particular we analyze the transverse nucleon single-spin
asymmetry within the collinear twist-3 formalism in perturbative QCD to leading order (LO) accuracy.
We find that this spin asymmetry is generated by twist-3 dynamical quark-gluon-quark (qgq) correlations
in the nucleon through the so-called soft-fermion and hard pole contributions. Hence, this process
unprecedentedly allows for a point-by-point scan of the support of the dynamical qgq twist-3 matrix
elements Frr(x,x’) and Grr(x, x) in lepton-nucleon scattering experiments.
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1. Introduction

Transverse single-spin asymmetries (SSA) in single-inclusive
high-energy collisions have received a lot of attention in recent
years. In particular, remarkably large SSAs have been reported in
polarized proton collisions, pp? — hX, where p' denotes a trans-
versely polarized proton (see review [1]). The theoretical treatment
within perturbative QCD (pQCD) — based on the so-called collinear
twist-3 formalism — is challenging for processes like ppt — hX
that are mediated purely by the strong force, see Refs. [2-12]. The
main reason for this is that several competing matrix elements de-
scribing multiparton correlations in each colliding and produced
hadron enter such factorization formulae. Thus, it is not an easy
task to extract information on these multiparton correlation func-
tions from proton-proton data alone.

A reduction of complexity of (underlying) processes may be
achieved by studying transverse spin effects in high-energy lepton-
nucleon collisions. A promising experimental facility to do so
would be the future Electron-lon Collider (EIC) [13]. Naively, at
first sight, the easiest transverse single-spin observable is an SSA
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in inclusive deep-inelastic lepton (£) - nucleon (N) scattering (DIS),
¢N' — ¢X. However, it is a peculiarity of this observable that
time-reversal symmetry forces the SSA to vanish in Quantum Elec-
trodynamics (QED) for a one-photon exchange between lepton and
nucleon [14]. A non-zero transverse nucleon SSA in DIS may be
generated by higher-order QED contributions due to a two-photon
exchange [15-18], however the additional photon exchange causes
a suppression factor for the SSA of one order of the QED fine
structure constant, ey >~ 1/137. A naturally small effect of about
104 — 1073 is expected for the proton SSA [19]. Surprisingly,
somewhat larger effects have been found for a neutron target at
JLab [20], while a small effect was indeed observed for a proton
target at HERMES [21].

Another promising reaction that may give access to multiparton
correlation functions at an EIC is the (polarized) single-inclusive
production of hadrons or jets from leptons scattering off protons,
¢N — hX [22-25]. In particular the polarized production of jets
in this process might provide valuable information on soft-gluon
pole contributions at LO in pQCD. It is however expected that NLO
and NNLO corrections can become sizable for jet production at an
EIC [26,27], and an NLO calculation for the transverse nucleon SSA
has not yet been presented in the literature. On the other hand,
if a hadron instead of a jet is produced, multiparton correlations
in the fragmentation process also contribute to the asymmetry
[22,25], and it might turn out that the fragmentation contribution
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Fig. 1. Factorized amplitude with one quark leg connecting the nucleon (green blob)
and the hard scattering amplitude AM%™,

may potentially be the dominant source for a measured SSA, see
Ref. [12]. At NLO, Ref. [28] questions how well we understand the
origin of polarized processes in inclusive hadron production for
leptons scattering off nucleons.

In this paper we investigate the semi-inclusive production pro-
cess of real, high-pr, isolated photons in lepton-nucleon collisions
which we refer to in the following as ySIDIS. The ¢p — ¢y X
process and major sources of its background were considered pre-
viously in the literature, see Refs. [29-32]. ySIDIS combines two
positive features of the aforementioned processes:

1. Due to the additional radiation of a photon, a transerse nu-
cleon SSA in this process will not suffer the same fate as the
SSA in DIS, that is, to vanish under time-reversal symmetry at
LO. Consequently, the SSA will not be suppressed by ®ep.

2. Since we consider a real, high-pr, isolated photon in the fi-
nal state emitted in a point-like QED-vertex rather than in a
fragmentation process, the only non-perturbative objects gen-
erating the transverse nucleon SSA will be quark-gluon-quark
correlation functions in the nucleon. Hence, we expect that
these functions can be cleanly probed in the (polarized) semi-
inclusive production process of photons.

Our paper is organized as follows: In Section 2 we analytically
calculate the unpolarized cross section to LO accuracy and set up
the kinematics and notations. In Section 3 we present our ana-
lytical LO results for the transverse nucleon-spin dependent cross
section calculated in the collinear twist-3 formalism. Finally, in
Section 4 we present our conclusions.

2. Analytical LO formula for the unpolarized cross section

In this section we perform a LO calculation of the unpolarized
cross section for the process £(I) + N(P) — £(I') + ¥y (Py) + X. As
indicated, the four momenta of the incident lepton and nucleon
are labeled as I* and P*, respectively. In the final state we assume
that the lepton is detected with a four momentum I'* along with
a real, high-pr, isolated photon with four momentum Pﬁ. Since
we are interested in this process at high energies, we will neglect
the lepton and nucleon masses and treat their four momenta as
light-like vectors, I* =1"> = P? ~ 0. Of course, we also have P} =0
for a real photon.

We apply the common factorization procedure to the amplitude

of this process, sketched in Fig. 1. Here, the full amplitude is fac-
torized into a hard scattering amplitude M9 which is subject to
perturbation theory, and a hadronic matrix element describing the
soft physics in the nucleon. Along with the detected lepton and
photon we take into account that there may be additional unde-
tected partons produced in the hard scattering whose momenta
{r;} are integrated out.
By squaring the amplitude in Fig. 1 we can derive a formula for the
fully differential cross section. We may write this factorized cross
section as an integral over the full four momentum k* of a hard
partonic cross section 6%9(k) and a quark-quark correlator ®(k).
The partonic cross section may be defined as

_ o n ™
6%"(k)=2]‘[/ T 049 s0? —m?) x (1)

n=1i=1 (27[)3
6D (k+q = R) [ MI" 0 (r° 1" o) |

In this formula we encounter the partonic amplitude M%" which
we consider the sum of all Feynman diagrams for a subprocess
£q — Ly + nunobserved partons. The quark legs in these Feyn-
man diagrams are amputated, that is why the amplitudes carry
an open Dirac index r or s. The integrals in Eq. (1) refer to the
Lorentz-invariant phase space integrations over the parton mo-
menta rq, ..., I'y. The produced unobserved partons may or may not
be massive (mass m;). The sum of the unobserved parton momenta
is labeled by R =Y"! r, while the momentum q is defined as
q=1-1'-P,y.

We then apply the collinear approximation to the quark momen-
tum k* in terms of a Sudakov decomposition,

kM~ x PH 4 kb . (2)

This decomposition provides the collinear picture where the parton
in a nucleon moves collinearly to the nucleon with a momentum
fraction x. In addition, small transverse (to the nucleon’s motion)
deviations from this picture are allowed through the (small) trans-
verse momentum k; of the parton. In order to define the term
transverse an additional light-cone vector n* is required satisfying
n? =0, and for a normalization we choose P -n = 1. Then, trans-
verse is defined through the projector

gtV = ghv — pinY — pVpt (3)

Any transverse vector is defined by a/ = g/"a,. A component of k

in the direction of n is neglected in Eq. (2). In fact, for twist-2 ob-
servables like the unpolarized cross section it would be sufficient
to consider k >~ xP.

Once the collinear approximation k >~ xP is applied to the par-
tonic cross section (1) we can write the factorized unpolarized
Cross section as

Do

= 30775 / dx 67 (k = xP) ®%.(x) + O(A/Q), (4)
where we introduced the Mandelstam variable s = (P +1)? as well

as the short notation Do = E'E,, Ed"—. E" and E, are the ener-

/d3f:vy
gies of the detected lepton and photon, respectively. Furthermore,
the hard scale of the process is Q2 = —q?, and A is some small
hadronic scale, for example the nucleon mass M. We also en-

counter the unpolarized collinear correlator [25],

q _ d_)‘ iAX p .
@y (%) = 77 © (P[qr(0) [0; An] qs(An) | P)

= IPs (). (5)

In this definition g, q denote quark fields and [0; An] a Wilson line
along the light-cone direction n. The function f]q (x) is the usual
unpolarized parton distribution function (PDF) for a quark flavor gq.

We evaluate the partonic cross section to LO accuracy. The
corresponding diagrams are shown in Fig. 2. This calculation has
already been performed early on in the seventies by Brodsky, Gu-
nion and Jaffe (see Ref. [29]). We repeated this calculation as a
check, and fully confirm their results. In order to compare our re-
sults to their calculation we use the following Lorentz-invariant
dimensionless variables introduced in [29],
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Fig. 2. LO diagrams for the subprocess ¢q — £qy. The photon can either be radiated
of the lepton (black fermion line) or the quark (red fermion line).

P-l=3Q%a; P-I'=3Q%
I-Py=3Q%B; I'-Py=3Q°f
P-P,=3Q%; Q’=(1-p+p)Q% 6)

Another four vector is introduced, g# = (I — I')*, with Q2 = —§?

being a different scale that would correspond to the hard scale in
a DIS process. It was discussed in detail in Ref. [29] that a parton
model picture emerges if both scales Q2 and Q2 are larger than
the nucleon mass M, as well as their difference,

Q%2> M?; Q2> M?%; Q%2-Q%> M. (7)
As discussed in Ref. [29], every partonic factor that appears

in factorization formulae for the semi-inclusive photon production
process receives three kinds of contributions:

1. The square of diagrams where the photon is radiated off the
lepton — Bethe-Heitler (BH) contributions,

2. The square of diagrams where the photon is radiated off the
quark — Compton (C) contributions,

3. Interfering diagrams where the photon is radiated off the lep-
ton and quark — Interference (I) contributions.

Those three effects are cleanly separated by the fractional quark
charges. While the quark charges appear squared for the BH con-
tribution, eé, their powers are larger for C- and I-contributions, i.e.,
eg and eg, respectively. For this reason we define the following
charge combinations of a generic correlation function f? of quark

flavor q according to the charge weightings:

P Y @ (),
q=u.d,s,...

ff= 3 e (1459,
q=u,d,s,...

fl= 3 e (-7, (8)
q=u.,d,s,...

Note that there is a relative sign between quark and anti-quark
functions in the flavor combination f'. It is not, a priori, obvious at
LO at which factorization scale u the correlation functions are to
be evaluated in Eq. (8). While a choice ©=Q and i = Q seems
to be plausible for the BH- and C-contributions it is not so clear
for the interference contributions I. Hence, we take the geometric
average U =+ Q Q as a plausible choice.

At LO the fully differential unpolarized cross section has the
following form,

3

LO o ~k gk
Doy =ﬁ > 66 fixs). (9)
k=BH,C,I

The parton distributions f1" that appear in Eq. (9) are evaluated at
a specific scaling variable xg which we define as

Q%  —(-I'—-Py»> 1
2P.q 2P-(I-I'-Py) a—oa —y’

XB = (10)

The value of xp is entirely driven by the external kinematics and
one can, just like in DIS, scan the PDF point-by-point. Note how-
ever that the scaling variable xp is different from the one we
encounter in DIS,

T e DL By R
PT2pg 2P-0-1) a-«
due to the additional photon emission.

The partonic cross sections 65 depend on the external kinemat-
ical variables defined in Eq. (6). They were presented in Ref. [29].
For the convenience of the reader we show the explicit expressions
in Appendix A.

) (11)

3. Analytical LO formula for the twist-3 transverse nucleon SSA

In this section we present our result for the transverse nucleon
SSA calculated within the collinear twist-3 formalism. In general, a
twist-3 observable may receive contributions from more than just
one class of correlation functions. Typically, there are three classes
(cf. Ref. [25]): intrinsic, kinematical and dynamical twist-3 contribu-
tions. For the particular observable we are interested in it is easy
to see that there are no intrinsic twist-3 contributions. However,
kinematical twist-3 contributions may very well contribute. They
are generated by a Taylor expansion (collinear expansion) of the
partonic cross section in terms of the transverse parton momen-
tum k; in Eq. (2) up to first order (twist-3),

N ~dq p 0G4 (xP + kr) 2
Ors (k) = Gps' (XP) + k7 Y +O(ky). (12)

ak; kr—0

T

The zeroth order generates the intrinsic twist-3 contribution, and
as stated above, it vanishes for an unpolarized incident lepton and
transversely polarized nucleon. For the first order, at LO the deriva-
tive w.r.t. k; may also act on a delta function in Eq. (1). Performing
algebraic manipulations, this derivative may be turned into an x -
derivative on the kinematical twist-3 matrix element. We find the
following form of the kinematical twist-3 contribution,

3
o _ _ %em
Jkin — 471,2 s Q4

agk 2 aGk\""
oy Xp(qrp 00y 1(1).k
Lo e e w ) S

M ePnps (13)

k=BH,C,I =0
k[ 2XBGrp d )k
—Oy 2 1T (xB) |,
kr=0 Q dXB

where the totally antisymmetric tensor €S = €Y7 P, n,S,
with the sign convention €°123 = 4+1 is introduced. The vector S
denotes the four dimensional nucleon spin vector with P-S =10
and $% =—1.

In Eq. (13) the partonic functions 65 are calculated in the same
way as the ones in Eq. (9) for the unpolarized cross section, how-
ever the momentum k that appears in Eq. (1) is not immediately
set to xg P but to xP + kr, then the derivatives in Eq. (13) are per-
formed, and afterwards we set x =xg and k; =0.

The correlation function f#l)(x) is the first k;-moment of the
well-known Sivers function [33,34]. It is defined as follows,

a,sr

o9 (x) :/dsz kP @3 (x, k?) (14)

= IMe™Spg fE ) + ..

The (naive) definition of the transverse momentum dependent
(TMD) quark-quark correlator ®(x, I<%) in Eq. (14) including a
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Fig. 3. Factorized amplitude with a quark and a gluon leg connecting the nucleon
(green blob) and the hard scattering amplitude M98,
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Fig. 4. LO diagrams for the subprocess £qg — ¢qy. The hard photon can either be
radiated of the lepton (black fermion line) or the quark (red fermion line).

future-pointing Wilson line (needed for semi-inclusive DIS), as well
as its parameterization, may be found in Refs. [35,36].

There are also dynamical twist-3 contributions that are gen-
erated by quark-gluon-quark correlations. Those contributions are
interferences of amplitudes shown in Fig. 3 (with a quark and a
gluon entering the hard scattering) and in Fig. 1 (with only one
quark entering the hard scattering part). The quark and the gluon
in Fig. 3 carry momenta k' and k — k’, respectively. We may apply
the collinear approximation like Eq. (2) to these momenta right
away, so that k* ~ xP* and k'* ~ x'P*. A convenient gauge for
a gluon field A* to work with in the collinear twist-3 formalism
is the light-cone gauge n - A = 0. Using this procedure, we derive
a general factorization formula like Eq. (4), but for the dynamical
twist-3 contribution based on Fig. 3:

-1

DO'T,dyn: m/d){/d){ (15)
- i ®%? (x,x)

(6@?2 (k=xP,k' =x'P) ;WT +cc ).

The partonic cross section is similarly defined as Eq. (1), but with
a hard quark-gluon scattering amplitude,

oo n
q , d?r;
6753 (k. k):Z]_[/ (271;3 01 s(r —m?) x

n=1i=1

5@k +q—R) [M;’;g,;" (k, k') (yo./\;tq’"(k));r] . (16)

The quark-gluon-quark correlator ®¢(x, x’) appears in Eq. (15) and
its definition and parameterization can be found in [25]. Here we
just write the relevant correlation functions for a transversely po-
larized nucleon,

o0 (. X) =3 Mie""PS pg Fl(x.X) (17)
—3 M ST (Pys)sr G (X, X) + ...

In Fig. 4 we show the LO diagrams relevant for the quark-gluon
hard amplitude MZ;" in Eq. (16) where they are to be interfered
with the diagrams of Fig. 2. At LO (n = 1), just like the unpolar-
ized case, the partonic cross sections (16) will be proportional to
a delta function §(x — xp), fixing the momentum fraction x = xp.
In addition, we note that all numerators of the interference cross
section 6987 are either imaginary (when being traced with P) or

real (when being traced with Py5). Since we add the complex con-
jugate (c.c.) in Eq. (15) an additional imaginary part needs to be
generated to obtain a non-vanishing transverse spin dependence.
This additional imaginary part is induced by the ie part that ap-
pears in the quark propagators in Fig. 4, where we encounter three
different types of propagators,

! — X ims(x — xp)
(K +q2 +ie Q2 \X —xp vl

1 Xp P . ;-
—_— = —=— = —l7T5(X —XB) ,
kK +§)2+ie Q2 \x —3Xp

1 1 P . ,
" PV)Z Tie Q2 (x/ +ln8(x)> . (18)
Here, the symbol P denotes the principal value prescription. The
delta-function in the first line of Eq. (18) produces the so-called
soft-gluonic pole (SGP) contributions, the second line generates
hard-pole (HP) contributions, while the third line generates soft-
fermionic pole (SFP) contributions.

The SGP contributions fix the second momentum fraction in
@12 (x,x) to be X' = xp, and those contributions will be propor-
tional to the ggq correlation function Frr(xg, xg) (Efremov-Teryaev-
Qiu-Sterman (ETQS) matrix element [2,3,37]).! Also, the derivative
terms %F Fr(xg,Xxp) may appear through terms proportional to

S(x' —xp)/(x' —xp) = —%S(X’ — xp), and a subsequent integration
by parts in x'. The SGP contributions and the kinematical twist-3
contributions in Eq. (13) can be added using the well-known con-
nection between the Sivers function and the ETQS-matrix element
[25,38,39],

7 FL (%) = f79x). (19)

We find that those two terms cancel each other, i.e., the SGP and
kinematical twist-3 contribution from Eq. (13), for all three chan-
nels BH, C and I when being summed. As a consequence, SGP
terms do not enter the transverse spin dependent cross section,
and the HP and SFP terms are the only remaining contributions.

In general, the light-cone vector n* explicitly enters partonic
twist-3 cross sections through the €’"?S and S’T) terms in the pa-
rameterization (17). We checked the independence on the choice
of the light-cone vector n* of the partonic HP and SFP cross sec-
tions. To do so we followed the procedure of Ref. [25] and wrote
the n** vector as a linear combination of the four linearly indepen-
dent physical vectors P, I, I', Py,

nt =al* +bP* +cl™ +dP) . (20)

The conditions P -n =1 and n? = 0 eliminate only two of the
coefficients, say, a and b in favor of ¢ and d, which cannot be oth-
erwise determined. One might worry that the coefficients ¢ and d
enter the partonic cross sections in this way, which would lead
to the explicit dependence on vector n, and hence to ambigui-
ties. We checked explicitly that this is not the case and that the
coefficients ¢ and d do cancel out. The remaining parts of the vec-
tor n in Eq. (20) that enter the cross sections amount to a choice
nt = %Qzlﬂ- That would be the natural choice in a lepton-nucleon
center-of-mass frame.

After adding all twist-3 contributions the final LO formula for
the spin-dependent cross section emerges,

T Note that no contribution proportional to Grr(xg, Xz) appears since this func-
tion vanishes due to the anti-symmetry property of that particular function,
Grr(x,X) = —Gpr (X', x). In contrast, we have Fpr(x,X') = +Fpr (X, x) [25].
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3 s Py, S
DolO(s) = —Yem  7TM e’ o +ﬂg
T 472 Q4 Q Q3 uT Q3 uTr
(l,T . ST)EP”/PV 3 (P)/T . ST)GP”/PV 4 .
Q5 our RE oyr|- (21)

Even though Eq. (21) is written completely covariantly, the struc-
tures o, may be viewed as different azimuthal modulations of the
transverse spin vector S¥. At this point we present the analytical
expression for those modulations,

i=1,2 _ ~ik  rk b aik rk
Ooyr = = Z [UHP,F Fer(xp.XB) + Ogpp ¢ Fpr (X8, 0)

k=C,I
i y y
+6y Gy (Xb. X8) + G5 6 Gl (X3, 0)] ; (22)
i—3,4 ik - ik
ogr = Z [Uliip{,c GIICCT(XB’XB)dl—JSIi-‘l(’,G G’;T(XB’O)]' (23)
k=C,1

We note that only Compton (C) and Interference (I) effects con-
tribute to the transverse nucleon spin dependent cross section
Eq. (21). The Bethe-Heitler (BH) contributions to Doyr where the
detected photon is radiated off the leptonic part cancel once dy-
namical and kinematical twist-3 contributions are added. This fea-
ture is in agreement with the situation for inclusive DIS where
a transverse single-spin asymmetry is forbidden for a one-photon
exchange due to time-reversal symmetry [14]. The first and second
lines of Eq. (22) display HP and SFP contributions of the qgq cor-
relation functions Frr and Gpr, respectively. The structures 06?3’4
are generated by HP and SFP contributions of the gqgq correlation
functions Gpr alone. The partonic factors Gk depend on external
kinematical variables (G). Their analytical expressions are rather
lengthy, and we present our results in Appendix A.

Egs. (21), (22), (23) constitute the main result of this paper.
They reveal the possibility to experimentally scan the qgq corre-
lation functions Fpr and Gpr point-by-point at LO on their full
support in x and X', by varying the scaling variable xg and Xg. This
means that a measurement of the transverse nucleon SSA, e.g., at
an EIC, can give us for the first time direct information on these
functions. Such a feature is unprecedented and does not appear in
other processes in this way, to the best of our knowledge.

As the variables defined in Eq. (6) are not intuitive, we want to
rewrite the cross sections Eq. (9) and Eq. (21) in terms of the ex-
perimentally accessible kinematical variables that typically appear
in collider experiment like an EIC, i.e., transverse momentum p'T’V,
pseudo-rapidity n”¥ and azimuthal angle ¢V of the scattered
electron and the isolated photon. The momenta and nucleon spin
vector acquire the following form in the lepton-nucleon center-of-
mass (cm) frame,

Pr=1.51,0,01),1"=1.5(1,0,0-1),
I'* = p (coshn’, cos¢’, sing’, sinh7’) ,
P}y = p¥ (coshn?, cos¢”,sing?,sinhn?) ,

SH = (0, cos ¢, sings, 0) . (24)
The Lorentz-invariant cross sections Do in Egs. (9), (21) can be
translated to the cm-frame as follows,

do
dp; diy’ d¢’ dp{ dn dg¥
where Do depends on the variables defined in Eq. (6). Of course,
those variables need to be expressed explicitly in terms of the
cm-variables Eq. (24). We note that the unpolarized cross section,

Eq. (9), depends only on the difference of the azimuthal angles
¢’ — ¢”, and one may integrate out one of those angles. On the

=p,p} Do, (25)

other hand, the spin-dependent cross section, Eq. (21), carries four
azimuthal structures related to the transverse spin vector S. While
the functions U[ST in Eq. (21) only depend on the difference of the
azimuthal angles ¢’ — ¢¥ — like the unpolarized cross section —
the prefactors include the azimuthal angle ¢s of the nucleon spin
vector in the following way,

GP”’S
R = 1Jaa'(1— B+ p)sin(gs — ¢),
cPIPyS
—Q3 = %WSin((pS - ¢}/) k]
.S, pi'p , ,
(TQ# =320 - B+B)V/apy x

sin(¢’ — ") cos(ps — ¢'),
. PIl'P
(PVTSQ#Z% (X()[’(]—,B-{-ﬂ/)%X
sin(¢’ — ¢7) cos(¢s — ¢7) . (26)

By varying the azimuthal angle ¢ it will be possible to experi-
mentally disentangle the four azimuthal structures.

4. Conclusions

In this paper we have calculated the transverse nucleon spin-
dependent cross section of the semi-inclusive production pro-
cess of real, high-p;, isolated photons in lepton-nucleon collisions,
¢N' — ¢y X, to LO accuracy in the collinear twist-3 formalism. We
found that a non-zero transverse spin-dependent cross section is
generated by the quark-gluon-quark correlation functions F gT and
G%T. Most importantly, through measurements (e.g., at the EIC) of
the momentum spectra of leptons and photons it might be pos-
sible to (partially) reconstruct these otherwise unknown functions
point-by-point from experimental data. In this sense the suggested
process plays the same important role for the determination of the
qgq functions as DIS has historically played (and still does) for the
determination of quark PDFs. We also stress out that information
on the support of the qgq functions FgT and G‘}T will have a great
impact on the evolution of TMD functions like the Sivers function
[40-43] and will deepen our understanding on the g, structure
function in DIS.

Since the functions F};(x,x) and G%;(x,x') are essentially un-
known for x # x' we leave the estimate of the transverse nucleon
SSA at an EIC for a future publication. We expect that the total
cross section of ySIDIS will be suppressed with respect to DIS
cross section in the same (lepton) bin due to a suppression factor
of aem for ySIDIS compared to DIS. However, since the expected
event DIS rate is large at an EIC we conclude that y SIDIS may be
feasible as well.

We are also aware that the LO calculation considered in this
paper is likely not sufficient for a detailed description of data gath-
ered at the EIC. In particular, it is known that gluons (at NLO) play
an important role [31]. At NLO, other (unknown) matrix elements,
such as triple-gluon correlations might be probed when measur-
ing the nucleon SSA in ySIDIS. Also, the isolated photon may be
produced exclusively through a soft quark-antiquark distribution
amplitude at NLO, rather than in a point-like QED vertex. How-
ever, such effects are beyond the scope of this paper, and we leave
the study of those NLO effects for a future publication.
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Appendix A. The full expressions for the hard partonic factors

In this appendix we present our analytical LO results for the
various partonic cross sections discussed in the main text.

A.1. Unpolarized cross section

We abbreviate the denominators D1 =1— 8+ B, Do =1 —
xg(a —a’) and D3 =1— 8+ B’ — xg(ox — '), and obtain

~BH __
oy =

4 2 22 /
ﬂﬂ/(Z(l—,B)—l—,B +p2 428 (A1)

—2xg(x(1+ ) —a'(1—B))
+2x§ (oe2 + a’2) ) ,
c BB
U™ DyDyD;3’
_au +byxp +CUX,23 +dUX%
BB’ D1D; D3

with the following coefficients,

>

(A2)

>

c—

) (A3)

ay=4D1 (B+ )2~ B2~ B)+B'2+B)),

by =4a [(B = DB(B-2B+4)
—B(B=2)(B=3)B -2 +p%(B-3)B—6)
— BB +3)] + 40 [BG(B -2 +4)
—B'(B=2(B—DE+2)+B2(B-3)(B~-2)
—B3B -3+ 84,

(A4)

(A5)

cu =8a[2(1 = BB+ B2+ B2~ ) + B2+ )]
+8a2[2(1 = P+ 2~ B2~ ) + B2~ )]
+8ad/[—p2—pR—p)-F2-p)
-p22-p) -5, (A6)
dy =8 +a?)a'(B+B'(1— B+ 5?)
—a(B1—p)+F (1+5))]. (A7)
A.2. Transversely polarized cross section - Compton contributions
Here we give our explicit analytical results for the partonic

factors of the Compton contributions in Egs. (22), (23). The ones
appearing in the structure oLle read,

51 _ 16
HPF ™ @ D3 (1—Dy) D3

122 (ozz,B(l — By +ad(1428) —a(1 + ;3’)2)

[- D} —2x50/(1+ 8D

3 Dy —a)(e? + 0/2)], (A8)

~1,C 16 [

Osep,F = —m
—D1(3—28(1—B)+28' 2+ B))
xg (D1(3aDl —a/2+Dy))

—2aB(1—2D1) +282(a — a’))

_x% D1(e? + oz’z)], (A9)

~1.C 16
Opp,c = 2
’ aD1(1—Dy) D3
—2x3a ((a —2a)(1 = p) —a'p)

[D1 + 2xpa(1+ )

—x% (o — o) (e? +06’2)],

&LC =_L
SFP,G o Dy Dy D3
—xp (@24 D1) —a(3 -3+ )

_X% (az +a/2):|.

(A10)

[—(1+2D1)

(A11)

The partonic functions for the structure a&T read

N 16

G}il”CF = 2 2
’ o (o —a’)Dy Dy D3

~2x3 D1 (2(1 = B) +a”(1+ )

[D%(a —a)

+26 (@ — o) (a2(1 = p)2 + (1 + §)?
+aa'(1+ ' = B(1+26))
+1 D1(@ — @)@ +a?)), (A12)

6'2’C _ lGXB [
PP @ D? D3 Dy

Di(¢(3—282—B)+28/(1+5)

—d'3-2p(1-p)+26'2+$))

—xg <oc2 (3 LB 28R+ B)+B 4+ 3,9’))

—2aa’ (3— B(5—2)+58 — 268 +25")

e (Dl 2+ D7)+ 252) )

+1 D1(@ - @)@ +a?), (A13)

6_2’c _ 16XB

HPC ™ @Dy Dy (1 —Dy) D3

+2xp e’ (14 D1)
—2x2 (o — a')(1 4+ 2D1)

+x3 (o — o) (o + 05’2)],

[-Di@—a)

(A14)

Az’c ]BXB

lo =———— (142D -0’
SFP,G « D D2D; [( 1( )
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—xp ((a2 +a?)(2+Dy) — 20’ (1 + 2D1)>

2 (o — ) (02 + a’z)]. (A15)

For the structure O’ST we obtain the following partonic factors,

~3,C 64xp(1+ )

Oupc =~ 2 12 s (A.16)
Dl D3
N 64xg(1+ 8')
3,C B
63¢ — 22U TP) (A17)
SFP,G D% D, D3

while for the structure UL‘}T we obtain

L 4c 64x3( + o’ —ap+a'p)

lof =— , A18
HP.G D2 D, D2 (A18)

. 4.C :_64x§(a+a’—aﬁ+a’ﬂ’) (A19)
SFP,G D? D2 D, : .

A.3. Transversely polarized cross section - interference contributions

At last we give our explicit analytical results for the partonic
factors of the Interference contributions in Egs. (22), (23). The ones
appearing in the structure o[}T read,

Gl 16 [ﬁ/Dz
HPE ™ app Di(1-DyD2 L7 !

x5 D1 (@(B? — (1+P)B) +a/f' B~ p+38))

2 (a2B2(1 — B) + @@/ B' (1 + f + '+ 265
—a?B' (D1 +B)2D1 + )

3 ( —2d'B(1— B —66%+8)

+a’ 22 (1 =) + B — BB + B

+aB(B+ (14 8)(1+26")

—aa?B'(1+ B +B(5+65)))

e —a) @ + o) (alB? - (1 +p)p)

+a'p D1)]’ (A.20)

L LR |82 =822~ B)+B1+p)
SFP,F — Olﬂﬂ/ D] D2

+82+B2+8))

+xp (a/(Zﬂ —B*2-B)+B(1+8))

+a (B~ B =B~ B2~ B2+ B2+ B))

+ B +a?), (A21)
R 16 o
WG G BB Dy (1 —Dz)D3[ A Ds (A2

—xp («(B + B2+ B) +a/@D1 + A (D1 — 1)
3 (282 — 2 — B) + e (% + B4 —36))
+a(2D; + A) (D1 — 1))

—x3 (@2 +a?)(@(1 — Dy — BD1) + a’ﬂ’Dl)],

sl _ 16
SFP,G — 01,3/3/D1D2

+xp (' (B+ D1(B + ) — a(2B(1 - ) + B)

[/5 +D1(B+ 8
+x3 (a2 +o/2)ﬂ]. (A23)

The partonic factor appearing in the structure O‘ST read,

~2.1 16XB
Oppfr = ; 2
aB B’ D1 (1—Dy) D3

+2x3 D1 (0281 = B) +a2B'(1 + )
~24 (81 - p)? + 20 BB/ 2 - 3p)

—06,3,3/(1+ﬂ/)2+050l/2ﬂﬂ/(2+3ﬂ/))

[D3@p —ap)

1)@ — )@ + )@ p —ap)Dy], (A.24)

621 _ _ 16xp
SFPF = 5B Dy D2 D?

+8/(1+ )2+ B2+ 2+5)

—a(B? - B2~ B)+ B - B
+6'2+ B2+ B)

x5 (a?(B(1 = B)? +28'+ 2+ B)B?)
+a22p - B2 - )+ B 1+ )
—ad(B+ BB B2~ B+ 2+ )
+1 @ + @)@ - ap)),

AZ,[ 16XB
OHPG= 4 BB Dy (1— Dy) D
app Di( 2) D3

+xp (a’z(D1 — D2+ B) —a®(1 - — D?)

(8 -pe-p)

(A.25)

[Di@p —o'8)

—ad/(B+ B3 —2p+2p))
+x4(@? +a?)D1(@f —a'B)],
62 16xp
SEP,G «BB'D; D%
+a(1 == Di(1+ B+ )
(e —a')(a'(B + D1(B + )

(A.26)

[/ B+ D18+ )

+a(1—f—Di(1+B+5))
x5 (@® + o) (@'B — aﬂ’)].

For the structure o3y we obtain the following partonic factors,

(A27)

6’3’1 _ 32XB
" B D1 D3

+x3 (B 2= B) — @@+ p) + B e +d)
—2@—a)pp')].

531 _ 326(B+ p2+B))
SFP,.G — /3,3/ D] D2

while for the structure a{}T we obtain

[- B2+ 8% +2801+8)

(A.28)

(A.29)
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2
A4l 32xp

Onp,g = m [,3(06'(2 —-B)—ap)

+28/@(1 - B) +a'B) + (@ +a)p?], (A30)
. 32x2 ,
‘754F’rl>,c. = —m [Ol(ﬂ 2_B2-B)

~ B+ B2+ (A31)
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