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Abstract: In this work, we compute the next-to-leading-order QCD corrections to the Dirac electromagnetic form

factors of the X hyperons within the hard-collinear factorization framework at leading power. The corresponding

short-distance coefficient functions are extracted from the relevant seven-point partonic correlation functions. We

find that the one-loop radiative corrections to the leading-twist hard-scattering contributions are numerically signific-

ant over a broad range of momentum transfer. Combining the perturbatively calculated hard kernels with nonperturb-

ative X distribution amplitudes determined from lattice QCD, we present state-of-the-art theoretical predictions for

the X hyperon electromagnetic form factors.

Keywords: hard-collinear factorization, Dirac Form Factors, evanescent operators

DOI: CSTR:

I. INTRODUCTION

The hyperon electromagnetic form factors character-
ize the internal electromagnetic structures of the hyperon,
which are scalar functions of the momentum transfer Q.
The systematic study of the hyperon electromagnetic
form factors is important for deepening our understand-
ing of the hard-collinear factorization framework. It is
also crucial for achieving a deep understanding of non-
perturbative QCD effects that govern quark confinement
in baryons. The tree-level hard-scattering kernel of bary-
on electromagnetic form factors within the hard-collinear
factorization approach has been known since the early de-
velopments of perturbative QCD nearly half a century
ago [1, 2]. Since then, several re-computations of these
results have been carried out [3—7]. The underlying mod-
el-independent perturbative factorization framework is
based on diagrammatic analyses [8—10] and relevant ef-
fective field theories [11, 12]. From the experimental per-
spective, there has also been considerable interest in as-
sessing the reliability of perturbative QCD predictions for
this process [13—18].

Recently, the next-to-leading-order (NLO) QCD cor-
rections to the nucleon electromagnetic form factors and
NNLO QCD corrections to the pion electromagnetic form
factors have been computed along the same lines [19, 20],
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employing a systematic prescription for the proper treat-
ment of evanescent operators [21-24], as well as within
the so-called KM scheme [25, 26] for the nucleon electro-
magnetic form factors. Independent calculations of the
NLO corrections to the nucleon electromagnetic form
factors have also been carried out within the KM scheme
[27]. Very recently, the two-loop renormalization-group
(RQG) evolution of the nucleon distribution amplitude has
been determined for the first time [28], and the corres-
ponding result is equally applicable to hyperons. This res-
ult provides the last missing ingredient for a complete
next-to-leading-logarithmic (NLL) analysis of nucleon
form factors within the hard-collinear factorization
framework. When combined with the NLO hard-gluon-
scattering analysis carried out in this work, it also en-
ables a consistent NLL resummation for hyperon electro-
magnetic form factors.

Experimentally, there are many effects in measuring
the baryon electromagnetic form factors in the spacelike
region [29—-34]. Owing to the short lifetimes of hyperons,
it is difficult to prepare hyperon targets, which makes dir-
ect measurements of spacelike form factors highly chal-
lenging. However, in the timelike region, the electromag-
netic form factors can be accessed through
electron—positron annihilation processes, which have
been measured by the BESIII and Belle collaborations
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[35-42].

In this work, we apply the same techniques in [19] to
investigate the X electromagnetic form factors within the
hard-collinear factorization formalism. We focus on the
spacelike form factors, while the timelike counterparts
can be obtained via appropriate replacement of the mo-
mentum transfer 0> — —Q?. As the timelike form factors
involve additional contributions from intermediate had-
ronic states, we limit the present study to a theoretical nu-
merical analysis of the spacelike electromagnetic form
factors.

We first employ the modern QCD factorization form-
alism to analytically extract the NLO short-distance coef-
ficient functions relevant for the hard-scattering contribu-
tions to hyperon electromagnetic form factors. The calcu-
lation is carried out by evaluating the required seven-
point partonic amplitudes at O(a’), making use of state-
of-the-art one-loop computational techniques that are by
now standard in higher-order perturbative QCD analyses.
A careful implementation of ultraviolet (UV) renormaliz-
ation and infrared (IR) subtractions is then performed, en-
suring a rigorous treatment that is fully consistent with
the underlying factorization framework. This allows usto
isolate the perturbatively calculable hard-scattering ker-
nels in a transparent manner. Based on the analytically
determined NLO hard coefficient functions, we sub-
sequently investigate the phenomenological impact of the
corresponding radiative corrections on the hard-gluon-ex-
change contributions to hyperon electromagnetic form
factors at large momentum transfers. In particular, we
present numerical predictions obtained with a representat-
ive model of the leading-twist hyperon distribution amp-
litude, thereby assessing the size of the NLO effects.

II. ELECTROMAGNETIC HYPERON FORM
FACTORS

Adopting the customary definitions of the hyperon
electromagnetic form factors allows us to parametrize the
hyperon matrix element of the electromagnetic current in
terms of scalar form factors [43]

@@NMHMFi@Uhﬁﬂd%d%iiﬂ@ﬂﬁwx
(1)

with  the electromagnetic  current given by
J, = e, i(x)y,u(x)+ey c?(x)yyd(x) + e, 5(x)y,s(x), where we
have closed the irrelevant quark flavors. The ¢=p-p’
denotes the momentum transfer carried by the virtual
photon, while the p and p’ denote the four-momenta of
the initial and final hyperon states, respectively. The my
is the mass of the T hyperon. We also define Q% = —¢?,
which is positive in the spacelike region.

In the large momentum transfer region, the momenta

of the initial- and final-state hyperons p and p’, are nearly
light-like and thus lie close to the light-cone. It is there-
fore convenient to introduce two light-cone vectors n and
i, which satisfy n-n=0, i-7n =0, and n-n =2, in order to
decompose the hyperon momenta p and p’. Explicitly, in
the limit Q*—>oco, one has p,=(n-p/2)ii, and
P, =G p[2)m,.

At the large momentum transfer, the hard-gluon-ex-
change contribution to the helicity-conserving Dirac form
factor exhibits the asymptotic scaling behavior 1/Q*.
However, the helicity-flip Pauli form factor exhibits the
asymptotic scaling ‘behavior 1/Q°, which is suppressed
compared with the Dirac form factor. As a result, the Dir-
ac hyperon form factor F,(Q?) is of leading power, and
we will only consider the hard-gluon-exchange contribu-
tion to the F;(Q?) in the following analysis.

1. FACTORIZATION FORMALISM

Within the hard-collinear factorization formalism [8,
10], The leading power contribution to the Dirac form
factor at large momentum transfer admits the following
representation

Q4F1(Q2) = (47'l'a's)2f Dx Dy
X {‘Pz(xn/#) Tx(xi,yis @ r) s (Vis iF)

+@or(x;,p1p) Tr (i, yi, QZ,,UF) (PT(}’n,UF)}

= (4ray)* ff@x@y

X {Qoz(xi’ﬂF)HZ(xi’Yi’QZ»/JF)‘;DZ(VI"/JF):| , (2

where the integration measure is defined as
Dx =dx dx,dx; 63" x;—1). The ur denotes the factoriz-

ation scale associated with the resolution at which the
hyperon structure is probed. We have made use of isospin
symmetry [2, 44, 45] in (2), which imposes an additional
constraint

1
Pr(xi X, X3, 1p) = 5 [soz(xl,xa,xz,uFHsoz(xz,xa,xh,up)} ;
)

so that the three hard-scattering kernels are related by

Hs (X1, %2, X3, 1,2, y3, Q% ir)

1
= 1 TT(XI,Xa,Xz,yl,ya,yz,QZ,HF)

+ T (X3, X1, %2, 3, V1,2, Q% fr)
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+ TT(x3»x17x27}’17}’37}’27 Qza/JF)
+ TT(x19x39x2ay3,yl,y2, Q2sﬂF)

+ T(X1, X2, X3, Y15 Y2, Y3, O ). )

The factorization formula (2) shows that the form
factor F;(Q?) can be factorized into the convolution of
the short-distance coefficient and the X distribution amp-
litudes. The short-distance coefficient function Hs can be
calculated perturbatively Hz =)/, (2)“HY . The per-
turbative expansion in «, for the other quantities, such as
Ts and Ty, follows the same convention as for Hs. The
twist-three hyperon distribution amplitudes ¢y and ¢ are
typical nonperturbative quantities, which can be defined
by the renormalized matrix elements of the three-body
collinear operators [10, 46]

(0

3
= - fZ(gF) (n-p)’iZT(P)/Z)xexp [—in'P;xiti]

e [u] i ez sl )| =1 () )

X ‘)Oz(xiaﬂF) )

(0

3
= 2fs(ur)(n- pYZ'(p) / Daxexp l—in 'szitil

=1

€ [ul (in)Cy Laus(tn)] yifiSZ(tan)‘ 2T(1))>

X or(Xi, 1F) (5)
where C denotes the charge-conjugation matrix, and the
"1" and "|" indicate the chirality of the quark fields, ex-
plicitly, ¢" = 1(1+ys5)g and ¢' = 1(1-vs5)g. In addition,
the three finite-length Wilson lines ensuring gauge invari-
ance [47] are omitted for brevity. We also suppress the
transpose symbol acting on the first spinor in
[ul (tyn) Cuk(:m)] | which is implicitly understood and ne-
cessary for the expression to transform as a Lorentz scal-
ar.

The RG equation governing the physical operators ap-
pearing on the left-hand side of (5) [48] provides the mo-
tivation for performing a conformal expansion of ¢y in
terms of a complete set of orthogonal polynomials

ex(hioptr) = 12000605 Y Y @uur) Pu(x),  (6)

n=0 k=0

with ¢go = 1. These polynomials P, are defined as eigen-
functions of the corresponding one-loop evolution kernel.
Our choice of the first six polynomials #,, are [49]

Poo =1,
Pro =21(x; — x3),
P =T(x1 —2x,+ x3),

63
P = 10 [3(x| - x3)" = 3x(x; + x3) +2x§] )

3
Por = > (1 =3x2+x3) (X1 — x3) ,

9
P,y = 3 o7 + 922 (01 +x3) — 12 X3 — 605 + 13 .

(M

The polynomials P, exhibit a definite parity symmetry
under the interchange x; < x;, which can be readily veri-
fied from (7). Tillnow, we have established the theoretic-
al framework for constructing the QCD factorization for-
mulae for hyperon electromagnetic form factors at large
momentum transfers.

IV. EXTRACTION OF SHORT-DISTANCE COEF-
FICIENTS

The short-distance matching coefficient Hs may be
obtained in a straightforward manner by evaluating the
following seven-point QCD matrix element in D dimen-
sions

IT, =(u(p}) u(py) s(P)Ju(pr) u(p:) s(ps)) . ®

At leading power accuracy, the external parton mo-
menta are restricted to their dominant light-cone compon-
ents, i.e. p;=x;p and p; =y;p’. We employ dimensional
regularization with D =4 -2¢€ to regularize both UV and
IR divergences. The UV divergences are removed by
renormalizing the strong coupling «, in the MS scheme
[50], whereas the IR singularities are subtracted by the
hyperon distribution amplitude contributions, with the aid
of'a consistent prescription for the treatment of evanes-
cent operators [21—24].

The computation of the correlation function (8) is the
same as the case of nucleon [19], which suggests a com-
plete operator basis of the form

O =LeiiC™ Vi1 ety el £ ChEL,

Or =leliiy C ™ R Y, v Y HEN €] Cy e,
EY =[pu /& DRy € ey o] — % O; - %O”T
EY [0y Vi E Ry p] 05y a1 - OF,

B =0y Wy (Y]~ 1 O

F =[eAdC e v yiv e [ELCy py satlés ],
Fy =Lty ay sC R iy il €1 CéL,
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Fy =[eliy ,C R Ay v vy yone]
X [‘fj; C’YJ_T}}/J_[?’YJ_udé‘:Z]s
FY =0y 1Y 157 1,C R A Y o v v e

X [E]Cy e, ©

where we have introduced addtional seven so-called
evanescent operators. We also omit the transpose nota-
tion on the first spinor within the square brackets here.
The ¢ represents the collinear quark field propagating in
the 7 direction, while the y corresponds to the anti-collin-
ear quark field associated with the » direction. The evan-
escent operators E! and F! have distinct origins. Spe-
cifically, the operators E! originate from loop correc-
tions to the correlation function II,, while the operators
F! arise from loop corrections to the physical operators.
By reducing the dimension to four dimensions and apply-
ing the Fierz transformation, we can verify that the seven
evanescent operators Ef and F vanish.

By matching the matrix element II, onto the collin-
ear operator matrix elements, one arrives at

(4na,)?
Q6

_ ! Za0r
- Y%

> e
k

{+2
) AL @O, (10)

The T, are the UV renormalized and IR subtracted hard
coefficients, which are finite. We have used the fact that
the loop corrections to the collinear operator matrix ele-
ments are scaleless when evaluated between collinear ex-
ternal states. Therefore, the collinear operator matrix ele-
ments are reduced to their tree-level matrix elements on
the right-hand side of (10). The amplitudes A{’ denote
the bare ¢-loop QCD contributions, containing 1/e poles
originating from UV and/or IR divergences. On the other
hand, the effective matrix elements of the renormalized
collinear operators take the form

=33 (L) As0n®,
m 14

where 7\ stands for the £-loop matrix kernel of renor-
malization constants. By further expanding the short-dis-
tance functions 7} in the matching relation (8) in powers
of a,, we are able to derive the master formulae for the
tree-level and one-loop short-distance coefficients associ-
ated with the two physical basis defined in (9)

(11)

©) _ 40
Tk _Ak ’

(1) _ A1) (1) 40 (1) & 7(0)
T, =A"+2Z,’ A, —E Z,.®T,".
k

(12)

Following the prescription established in [21, 22, 51-53],
the renormalization constants associated with the evanes-
cent operators are fixed by requiring that the infrared-fi-
nite matrix elements (E!) vanish identically in four di-
mensions. The renormalization constants Z{y and Z\)
have been derived in [28, 47]. To determine the evanes-
cent-to-physical mixing kernels explicitly, we can start by
considering the «, expansion of the renormalized matrix
elements of operators

08 ={0u+ T2 MP+Z0] +0E@) } OO, (13)

The matrix elements M, are obtained with dimensional
regularization applied only to UV divergences, but with
the IR regularization scheme being different from the di-
mensional one. If dimensional regularization is em-
ployedto regulate both ultraviolet and infrared diver-
gences; the quantity M’} vanishes, since the correspond-
ing loop integrals are scaleless. Equivalently, one may
view this as a cancellation between the infrared and ultra-
violet poles within dimensional regularization. As a res-
ult, we recover Eq. (11).

Renormalizing the matrix elements of the evanescent
operators to zero yields the relations

1 _ (1)
ZEkE - _MEkZ’

Zijr = =M. (14)
Among them, we find Mi)s = Mg}, =0 and My, = O(e),
resulting in Zix =Zyr =0. As a result, the nontrivial
mixing between evanescent and physical operators in-
duces non-vanishing finite renormalization constants
Zg)z These finite terms are essential for consistently es-
tablishing the perturbative factorization formula within
the D-dimensional framework.

V. SCHEME DEPENDENCE OF SHORT-DIS-
TANCE COEFFICIENTS

It can be inferred from (2) that the short-distance
coefficient is sensitive only to the evanescent scheme F;,
while it remains independent of E;, because the hyperon
distribution amplitude is only related to F;.

To show the dependence of the short-distance coeffi-
cient on the evanescent scheme, we can apply the follow-
ing transformation to the operators

Or =0, E'=E'-eal.. (15)

Without the loss of generality, we have set O} to zero, for
simplicity (so as O%).
Under this transformation, we assume that the trans-
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formed 7" is T4". From the (12), we find that we can
express the following transformed quantities with the ori-
ginal ones to obtain the relation between 75" and 7."

AL ALY AR 7 75

(16)

Later we will see that since the physical operator does not
mix into E; (Zsg, =0), the short-distance coefficient will
not depend on the choice of g;. Since the QCD amp-
litudes are scheme-independent, we have the following
relation

A;([) ® <0}’(ﬂ>(0) — A}(f) ® <Ol]z>(0) ,
LHS = AL @(0¢) + > A @ (E!)©,

1

RHS = AV @(09) )+ Al o (E)®, (17)

Comparing the coefficient of (E/)® and (0%)® on the
both side of (17), we obtain

7(0) _ 4(0)
AL =AY

AL =AY+ ) eany). (4

Since the matrix elements of the bare operators preserve

the linear relations of the basis transformations
1 1 .
O =Y | we can obtain
(1) _ (1)
ZZE _ZEE ’

Since Tg) are finite, one can immediately conclude that
the physical short-distance coefficient is free of the evan-
escent scheme E; in the limit € — 0. The demonstration
of the scheme dependence associated with F; follows
along the same lines and will therefore not be presented
here.

VI. NEXT-TO-LEADING-ORDER QCD COMPU-
TATIONS

In this section, we describe the one-loop QCD com-
putation of the bare amplitude II,. The NLO Feynman
diagrams are generated using FeynArts [54]. There are
48 diagrams generated at tree-level, and 2040 diagrams
generated at one-loop level.

The three independent tree-level diagrams contribut-
ing to the QCD amplitude IT, are shown in Fig 1.

To compute the IT,, the Passarino-Veltman reduction
[55] to the tensor structure of the amplitude is implemen-
ted first. The yielding one-loop scalar integrals are fur-
ther reduced to a small set of master integrals by IBP re-
lations with the help of FIRE [56]. Exploiting further the
fact that the momenta of external quark states are either
in collinear or anti-collinear direction, we arrive at two
independent master integrals at one loop. The above
workflow, including the identification of equivalent in-
tegrals under variable transformations, has been imple-
mented in the package LoopS [57].

Inserting the conformal expansion of the twist-three
hyperon distribution amplitude (6) into the one-loop fac-
torization formula for the Dirac hyperon form factor and
performing the resulting four-fold integrals over the mo-
mentum fractions analytically, we obtain

(1) _ (1) (1) (1) + 100
Zpy =Zpz —€ailys + Z €425, - (19) Q' F} (Q%) = (4na,)’ 3 15 Z P
J m,n,m’,n’

. : . x (e, 7" + e T @ » 21
Till now, we have found all the transformation rules lis- [e mn F s L mn ] ¢ D)
ted in (16). Collecting all the pieces together, we arrive at -~
the scheme dependence of the short-distance coefficient The «, expansions of 7" and 7,," up to NLO are

/ / m'n’ m'n’ s 'n’ m’n’
TZ(O) :Tg)) + ezaiTg?) > TE,'O) = T(E(,)) ’ 7~mn :/\(mn {1 + 47 I:zﬁo LR + CF ’yznn LF + 7emnl :I } ’
) T
' —m'n’ _~m’n' & m'n’ om'n’
Té(]) :TS) + EZGiT(E{) ) (20) 7~mn _Nmn {1 + in {2ﬂ0 LR + CF Ymn L[: +Rmn ] } R
: (22)
> g »> »> > —>—§->—c—b— » > g > >
[= [= [« o O
= [= [« O O
[e e [« O O
[e e, - [« - [e o e o
d - d q q g
[« [ [ [
e [ [ [
Fig. 1. Independent tree-level diagrams contributing to the QCD amplitude I,,.
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where Lz =In(v*/Q% and Ly = In(u%/Q%). v is the renor-
malization scale. Although the full integrand is finite, in-
dividual terms may develop spurious singularities either
inside the integration domain or at its boundaries. To deal
with this issue, we first rewrite the result in terms of Gon-
charov polylogarithms [58]. Spurious singularities loc-
ated inside the integration region are straightforward to
handle, since the integrand remains analytic. In this case,
we evaluate the primitive functions analytically with the
aid of PolyLogTools and obtain the correct result by
substituting the integration limits. By contrast, spurious
singularities at the integration boundaries require the in-
troduction of a regulator. We implement this by truncat-
ing the integration range, for example, f; dx f(x), with
6>0. The resulting expression can be represented in
terms of GPLs. We then expand the GPLs around § =0
with the aid of PolyLogTools. Afterward, the expanded
expressions are further simplified using PolyLogTools,
and we explicitly verify that all terms divergent in the
limit 6 - 0 cancel among themselves. Finally, setting
6 =0, we obtain a finite result.

We have verified that the coefficients Y™™ coincide
with the sum of the one-loop anomalous dimensions of
the local moments f5¢,ox» of the twist-three hyperon
distribution amplitude ¢y

— 4D (1)
=Ymn +7m’n’ .

m'n’

7"1'1 (23)

For completeness and for the reader's convenience, we
present here the explicit results of ,,,

113 519 23 }
@ M M D ) Yy _ )T e
{700’710’711 »Y20 5 Y21 ’722}— {2» 6°2°6°6"

(24)

and the asymptotic form factor
4 pZt Asy 42 , 100 , 4 0
O'F (0 = (na) = Fow [eTo" +e. 75" [ ovo

100 a;
:(47{0’5)2 Tf]\zl {eu |:1 + E <]8LR

L4, 709 7438
d 15

TP R L e

a 4
+2 ;{1+—S(18L +-L
é 4 RT3F

1601

30

209

+30 4 +6§5>} } .
(25)

The tree-level coefficients N and N , as well as the
NLO kernels R and R, are turned out to be identical with
those in [19]. For the convenience of the reader, we
provide the numerical values of the first few elements of

N, ]\7, R, and R in Table 1.

It is straightforward to check that the NLO QCD res-
ult for the Dirac hyperon form factor obtained from (2) is
indeed independent of the factorization scale ur at one-
loop order. This cancellation follows from the one-loop
RG evolution equation of the leading-twist hyperon dis-
tribution amplitude ¢y [28, 47]. To achieve the resumma-
tion of large logarithms In(Q*/Agp) at NLL accuracy in
the factorization formula (2), the complete two-loop RG
evolution of the hyperon distribution amplitude ¢y is re-
quired. Such a two-loop evolution equation has been de-
termined very recently, both in our evanescent scheme
defined in (9) and-in the KM scheme [28].

VII. NUMERICAL ANALYSIS

In this section, we investigate the phenomenological
implications of the NLO QCD corrections to the Dirac
hyperon form factor. To this end, we first specify the es-
sential nonperturbative input, namely the twist-three hyp-
eron-distribution amplitude, which enters the hard-collin-
ear factorization formula for the Dirac hyperon form
factor. For illustrative purposes, we adopt the recent lat-
tice QCD results [59]

Table 1. Numerical values of the first few elements of N,
N, R, and R
(mn, ' Nt N Rt R
(00,00) 1.00 2.00 87.34 71.96
(10,00) 8.17 -8.17 99.25 99.25
(10,10) 168.78 174.22 116.34 115.15
(11,00) 3.50 -3.50 115.87 74.00
(11,10) 38.11 -38.11 118.94 120.65
(11,11) 59.89 21.78 108.59 105.28
(20,00) 21.35 8.05 106.88 99.74
(20,10) 89.83 -89.83 126.80 127.58
(20,11) 93.10 9.80 129.65 153.27
(20,20) 234.71 54.88 139.22 136.02
(21,00) 8.75 -8.75 110.76 112.62
(21,10) 159.25 159.25 132.17 133.58
(21,11) 44.92 -44.92 130.09 132.15
(21,20) 84.53 -84.53 143.23 145.55
(21,21) 159.25 159.25 151.03 152.11
(22,00) 3.20 0.10 111.71 194.80
(22,10) 12.25 -12.25 128.59 128.85
(22,11) 7.12 2.68 159.72 142.92
(22,20) 30.35 4.94 146.17 150.39
(22,21) 7.18 -7.18 155.30 158.03
(22,22) 7.79 1.72 141.40 141.08
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(™M (o), @10 (o) @11 (10D, 50 (10D 051 (10 05 (o)}

={5.32,0.094,0.200,0,0,0} x 107> GeV?,
(26)

where reference scale o =2GeV. The nonperturbative
quantities labeled with the superscript "KM" are defined
in the KM scheme. For the purpose of numerical analysis
within our framework, these moments must be converted
to our evanescent scheme. Applying the two-loop conver-
sion factors derived in [28], we obtain

{f2(Wo), ©10(H0), ©11(H0), P20(H0), P21 (H0), P22 (o)}

={5.13,0.092,0.197,-0.002,0.000,0.000} x 107> Ge V>.
(27)

In Fig. 2, we present the resulting theoretical predic-
tions for these fundamental hadronic observables ob-
tained with the LAT25 model at LL, NLO, LL, and NLL
accuracy. The LL approximation is defined by incorpor-
ating the fixed-order NLO correction into the LL-re-
summed result. It is observed that, within the kinematic
range Q7 € [20, 50]GeV?, the one-loop corrections to the
short-distance coefficient of the hard-gluon-exchange
contribution remain significant relative to the tree-level
result, although their relative size decreases as Q® in-
creases. Notably, upon including NLL resummation ef-
fects, the magnitude of the one-loop corrections in the in-
terval Q% €[20,50]GeV? is reduced by approximately
20%-30% compared to the LL" approximation.

VIII. CONCLUSIONS

In this work, we have performed a systematic next-to-
leading-order QCD analysis of the leading power hard-

- LL NLO ]

LL NLL

30 40 50
Q*[GeV?]

(color online) Predictions for the leading power hard-

10 20
Fig. 2.
gluon-exchange contributions to the Dirac form factors of the
=+ (upper panel) and =~ (lower panel) at LL, NLO, LL, and
NLL accuracy, based on the LAT25 hyperon distribution
amplitude. The colored bands represent perturbative uncer-
variations  v? =k =(x)0*  with

tainties from scale

1/6 <(xy<1/2

gluon-exchange contributions to the Dirac electromagnet-
ic form factors of the ¥ hyperons within the hard-collin-
ear factorization formalism. Adopting a consistent treat-
ment of evanescent operators, the NLO short-distance
coefficient function Hs has been extracted analytically
from the relevant seven-point partonic amplitudes at
O(a?), with UV renormalization and IR subtractions im-
plemented in a rigorous way. The resulting coefficient is
finite and exhibits an explicit dependence on the evanes-
cent scheme. Combining this result with the conformal
expansion of the twist-three X distribution amplitude, we
have explored the numerical impact of NLO corrections
and NLL resummation effects using representative non-
perturbative input.
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