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We propose the study of the inclusive production of two A hyperons or a single A-particle in association

with a jet, featuring high transverse momenta and large separation in rapidity, as a probe channel of the

resummation of energy logarithms in the QCD perturbative series. We give predictions, shaped on
kinematic ranges typical of CMS and of the backward CASTOR detector, for cross section and azimuthal-
correlation moments between the two emitted objects, showing how considering the tag of A baryons eases

the comparison between theoretical results and experimental data in the phenomenological context of

semihard reactions.
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I. INTRODUCTION

The study of basic properties and decay channels of
baryon particles is widely recognized as a landmark to
deepen our knowledge of strong interactions. Inside the
baryon family, a very interesting class of particles is
represented by hyperons, namely hadrons whose lowest
Fock state contains one or more strange valence quarks.
The apparent anomaly observed in decay times of kaons
and hyperons inspired physicists of the middle of the last
century first to introduce the strangeness conservation law
[1-5], then to organize hadrons via the eightfold way [6,7].
Nowadays, studies on hyperons are relevant in the search
for CP-violation signatures and exotic states, as well as in
spectroscopy and spin analyses.

A hyperons have been subject of intense investigation
in the last years (see Refs. [8,9] for an overview). As an
example, single-spin asymmetries in unpolarized hadron
collisions have been first observed in the case of A
emissions, then confirmed in the detection of several other
hyperons. Here, although QCD dynamics at partonic level
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forbids any sizeable asymmetry [10,11], A particles pro-
duced in the beam fragmentation region are largely
polarized along the direction orthogonal to the production
plane. This effect still represents an unsolved puzzle [12]
and many studies on the connection between spin and
nonperturbative distributions have been carried out so far.
It is even more puzzling that such effect is not confirmed
in electron-proton and electron-nucleus collisions: data
for semi-inclusive deep-inelastic scattering (SIDIS) from
NOMAD [13] and ZEUS [14] show spin asymmetries
compatible with zero, though within large uncertainties.
Analyses on collinear polarized A fragmentation functions
(FFs) and on the transverse-momentum-dependent (TMD)1
polarizing A FF have been made in Refs. [18-21] and in
Refs. [22-25], respectively. A first extraction of the polar-
izing A FF can be found in Ref. [26]. In Ref. [27] it was
highlighted that measurements of A polarization states in
deep-inelastic configurations may shed light on dynamical
mechanisms invoked to explain the proton spin puzzle [28].

In the studies listed above A particles are detected in
final-state configurations featuring relatively small rapid-
ities (or rapidity intervals) and large Feynman variables
(say, xp 2 0.2).

When outgoing particles are emitted in forward rapidity
regions of detectors, low-x dynamics naturally comes into
play. In the Regge limit, namely where the center-of-mass

'For a review on TMD factorization see, e.g., Refs. [15-17]
and references therein.

Published by the American Physical Society


https://orcid.org/0000-0003-3299-2203
https://orcid.org/0000-0001-5701-4364
https://orcid.org/0000-0001-8984-3036
https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevD.102.094019&domain=pdf&date_stamp=2020-11-25
https://doi.org/10.1103/PhysRevD.102.094019
https://doi.org/10.1103/PhysRevD.102.094019
https://doi.org/10.1103/PhysRevD.102.094019
https://doi.org/10.1103/PhysRevD.102.094019
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

CELIBERTO, IVANOV, and PAPA

PHYS. REV. D 102, 094019 (2020)

energy squared, s, is definitely larger than the Mandelstam
t, large energy logarithms enter the perturbative series in
the strong coupling, a,, with a power increasing with the
order. This spoils the convergence of pure fixed-order
analyses in collinear factorization, calling for an all-
order resummation action. The Balitsky—Fadin—Kuraev—
Lipatov (BFKL) formalism [29-32] provides us with a
rigorous way to resum to all orders these large-energy
logarithms both in the leading approximation (LLA),
which means (a,Ins)" type logarithms, and in the
next-to-leading approximation (NLA), which means
as(a,Ins)" type ones. In the BFKL approach, the imagi-
nary part the amplitude of a hadronic process reads as an
elegant convolution between two impact factors, depicting
the transition from each parent particle to the correspond-
ing final-state object, and a gluon Green’s function. The
latter is process independent and it is controlled by an
integral evolution equation, its kernel being known in the
next-to-leading-order approximation (NLO) [33-38].
Impact factors depend both on the initial and on the
final-state particle [39-43], therefore they need to be
calculated process by process and only few of them are
know with NLO accuracy.

Diffractive semihard reactions [44], namely diffractive
processes which exhibit the following scale hierarchy, /s >
{0} > Aqcp ({Q} is a (set of) process-characteristic hard
scale(s), while Agcp the is QCD scale), are widely recog-
nized as golden channels to test the high-energy limit of
strong interactions via the BFKL resummation. This stems
from the fact that large final-state rapidities or rapidity
distances, typical of diffractive final states, increase the
weight of contributions proportional to In(s) in the semi-
hard regime. Two distinct classes of diffractive semi-hard
final states can be singled out: single forward emissions and
forward/backward two-particle detections. To the first class,
the exclusive leptoproduction of a light vector meson
[45-53], the inclusive hadroproduction of a bottom-quark
[54], the exclusive photoproduction of a quarkonium [55,56]
and the inclusive forward Drell-Yan dilepton production
[57-59] belong. On the other hand, a wide range of
processes pertaining to the second class has been proposed
in the last years (see Refs. [60,61] for a review): the two-
meson exclusive leptoproduction [62-65], the total cross
section of two deeply-virtual photons [66], the inclusive
hadroproduction of two jets emitted with high transverse
momenta and large rapidity separation (Mueller—Navelet
configuration [67]), for which several phenomenological
analyses have been realized so far [68—84], the inclusive
multijet hadroproduction [85-93], the inclusive emission
of two light-charged hadrons [94-97], J/¥-jet [98], hadron-
jet [99-101], Higgs-jet [102], Drell-Yan-jet [103,104]
and heavy-flavored dijet photo- [105,106] and hadro-
production [107].

The BFKL resummation still represents a powerful tool
to improve our understanding of the proton structure

at small-x. First, it allowed us to define and study an
unintegrated gluon distribution (UGD) [108], written
as a convolution of the gluon Green’s function and the
nonperturbative proton impact factor (for a study on DIS
structure functions, see Ref. [109]). Then, it gave the
chance to improve the description of collinear parton
distribution functions (PDFs) at NLO and next-to-
NLO (NNLO) through the inclusion of NLA resum-
mation effects [110-112]. Ultimately, it permitted us to
predict the small-x behavior of TMD gluon distribu-
tions [113].

In this paper we propose the inclusive emission of A
hyperons in diffractive semi-hard configurations as
an additional channel to probe the high-energy resum-
mation in the kinematic ranges typical of current and
upcoming experimental studies at the LHC. In particular,
we focus on final states featuring the emission of a
forward (backward) A particle accompanied by another A
(panel a) of Fig. 1) or by a jet (panel b) of Fig. 1) tagged
in backward (forward) directions. The final-state inclu-
siveness is warranted by the emission of undetected
hard gluons strongly ordered in rapidity. Similar con-
figurations have been extensively investigated with NLA
accuracy in the context of dihadron [61,97] and hadron-
jet [61,99] correlations. Nevertheless, the detection of A
baryons brings several benefits. First, it allows us to
quench minimum-bias effects better than emissions of
lighter charged hadrons [99], thus easing the comparison
with experimental data. Moreover, it affords us the
opportunity to access naturally asymmetric final-
state kinematic configurations,” an essential ingredient
to discriminate BFKL from other resummations
[61,79,80]. Then, it provides us with a complementary
channel to further probe and constrain collinear FFs
describing the production mechanism of unpolarized A
hyperons, which currently represents an important chal-
lenge in the enhancement of our knowledge of QCD.
Generally, it enriches the collection of semihard reactions
which can serve as a test field of the dynamics of strong
interactions in the high-energy limit.

Our task is to estimate the feasibility of such studies,
calculating values of cross sections and azimuthal angle
correlations. In what follows we will use the MOM scheme
for the strong coupling renormalization with Brodsky—
Lepage-Mackenzie (BLM) optimization [114] of the
renormalization scale fixing, because earlier such approach
to BFKL resummation proved to be successful in the
description of recent LHC data on Mueller—Navelet jet
production.

*The rise of collinear contaminations due to relatively
small rapidity intervals in the (A-A) channel can be
compensated by considering (A-jet) configurations, with the
jet tagged by CMS or by the CASTOR ultrabackward
detector.
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p1

P2

(a) (A-A) channel

FIG. 1.

(b) (A-jet) channel

Diagrammatic representation of the inclusive diffractive (A-A) and of the (A-jet) hadroproduction (panels (a) and (b),

respectively). Final-state objects are produced in the fragmentation region of the corresponding parent hadrons, together with secondary

gluon emission in the central-rapidity range.

I1. INCLUSIVE DIFFRACTIVE PRODUCTION
OF A HYPERONS

A general formula for the final states under investigation
can be presented as:

proton(p, ) + proton(py) = A(ky, y1) + X + Py(kp. y2).
(1)

where a A hyperon” is always detected in association with
another A or a jet, P, = {A,jet} (panels (a) and (b) of
Fig. 1). Both final-state particles feature large transverse
momenta, |l_c)1‘2| = K12 > Agcp, and consistent distance in
rapidity, ¥ = y; — y,. Furthermore a secondary, inclusive
hadronic subsystem, X, is mostly produced in more central
regions of rapidity. The protons’ momenta, p,, are taken
as Sudakov vectors satisfying p%’z =0and (pp,) = s/2,
allowing for a suitable decomposition of the momenta of
the produced objects:

)
12
kio =x1op12+—=p21 + ko,
X1’2S

)
k%,u =—ki, = _K%,z- (2)

In the center-of-mass system, the final-state longitudinal
momentum fractions, x,, are related to the respective
x%.zs

K%.z

rapidities through the expressions y; , = j:%ln , so that

*In our numerical calculations below we will always present
results for the sum of baryon and antibaryon production cross
sections.

dy, = idxx]‘;, and AY =y, —y, = 1n%, here the space
part of the four-vector p; being taken positive.
Using collinear factorization, an overall expression for

the cross sections of our interest reads

do
dxlﬁzdzzldz%z

— Z /OldxlAldx2f5<xlvﬂFl)ft(x27/‘F2)

5.1=4.4.9
« d&v,z(@,ﬂm,z)

2% 425 (3)
dxld)C2d kld k2

where the (s, ¢) indices run over the parton kinds (quarks
q=u,d,s, c, b; antiquarks g = i.d,s,c, b;or gluon g),
fs.u(x, g1 ) are the initial proton PDFs; x; , stand for the
longitudinal fractions of the partons involved in the hard
subprocess, whereas pr; (1p,) is the factorization scale
characteristic of the fragmentation region of the upper
(lower) parent proton in panels of Fig. 1; dé, (8, pF;2)
denotes the partonic cross section and § = x;x,s is the
squared center-of-mass energy of the partonic collision.

A. High-energy resummed cross section

In the BFKL approach the cross section is suitably given
(see Ref. [70] for the details of the derivation) as the Fourier
sum of the azimuthal coefficients, C“*, having so

do 1 -
dy,dy,dk,dx,d9,d9, (27)? —

CNEA 42 Z cos(n(p)CyLA] ,

(4)
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where 9, , are the azimuthal angle of the tagged particles and ¢ = & — 9, — z. A NLA-BFKL consistent formula for the

NLA

azimuthal-angle averaged cross section, CONLA, and for the other coefficients, anl , can be presented in the momentum
renormalization (MOM) scheme (whose definition is related to the three-gluon vertex, an essential ingredient of the BFKL

resummation) as

NLA _
Cy =

KiK2 J -0 KKy

X% /md < 3 >%aemM(mu<n,v>+%a¥°M<uR>@<n,u>+%°"fx<n,v>>]
e v

[(1§AOM(MR)]201 (”v v,Kp, xl)[cz(”v V,Kp, xz)]*

L1 oM, El(n,y,Kl,x1)+ Cy(n,v, k9, X5)
5 k cr(n, v, ks, x7)

C](n7U5K17xl)

=)

Here, the MOM expression for the running coupling can be obtained from the corresponding one in the MS

scheme via
MOM T (MS) T/ + 1"
af M (ug) = —m 1=/ 1+ 4das (/’lR)f . (6)
|
with where D (x, /a) is the FF for the A-particle “generated” in
the final state with longitudinal fraction x,, from hadro-
5 2 nization of the parton i with longitudinal fraction a.
7= -2 <1 + —1), Analogously, the tagged jet is depicted by the correspond-
2 3 ing LO impact factor
Cy |17 3 1 1
T = 2| —T+-(I-1 1—=1|8--8,

(7)

where 1= -2 [!du uzhl(:jrl ~2.3439 and & is a gauge
parameter, fixed at zero in the following. Furthermore,
N, is the color number and C, =N, fy=11/3N,.—
2/3ny is the first coefficient of the QCD p-function, with

ny is the active-flavor number,

x(n,v) =2y(1) =2Re{w(n/2+1/2+iv)} (8)

stands for the leading-order (LO) BFKL characteristic
function, y(n,v) is the eigenvalue of NLA BFKL kernel
[115] and its expression can be found, e.g., in Eq. (23)
of Ref. [70], ¢;»(n,v) depict the LO forward particle
impact factor in the “so-called” (n, v)-representation. The
A-emission is described at LO by the light-hadron impact

factor, which reads

Cr, 5. lda ((a\2v-!
(v kn, xn) = 24 | —(x32 ”“_'/2/ <>
Ay = 2 [ |

cy(n,v,ky,xy)

_ 2\/E:Z(K%)iu—l/2 <g_ifg(xj) + th(x1)>. (10)

1=4.q

The remaining functions are the f,-independent parts of
the NLO impact factor corrections, ¢, ;(n,v, |kx |, X5.7),
their formulas being given in Egs. (4.58)-(4.65) of
Ref. [94] and in Eq. (36) of Ref. [70], respectively.
For brevity, we do not show here the dependencies of
the impact factors on the renormalization and factoriza-
tion scales.

The peculiar form of Eq. (5) turns up as an outcome
of the BLM [114] scale-optimization method,4 which
prescribes to take the “optimal” renormalization scale,
i, as the value that lead to the vanishing of the non-
conformal, f)-dependent terms in the expression for the
observable of interest. The concurrent presence of these
terms both in the NLA BFKL gluon Green’s function
and in the NLO impact-factor corrections makes the
BLM scale nonuniversal, but rather dependent on
energy [77]. The operational criterion for the BLM
scale setting is to fix ji as the solution of the following
integral equation

*In this paper we limit ourselves to give the final expression for
the azimuthal coefficients in the MOM scheme with BLM
optimization. The interested reader can find the formal derivation
in Sec. 3 of Ref. [77].
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w &\ MM () (n.0)
cVs.) = [aor, [ du(i)
J-o SLY)

01("’1/, K1,x1)[02(”71/7 Kz’xz)]*

S \N n,v) F(uv,j
X [}"(v,ﬁ) + IH(R> fa?’IOM(ﬁ))((n,v) (—Z( 2 ) + (2 ﬂ))} =0, (11)
|

where which solve Eq. (11). Then, we plug the found value for the
renormalization scale (which can be arbitrarily chosen
1d c1(n, v, K1, %1) within NLA accuracy) into the expression of the azimuthal
Flv,p) =i [——ln (—*> +1n (Klkz)] coefficients, and we set yp , = pg, as assumed by most of

2dv \[ea(n vk, 30)] the existent PDF parametrizations.
n 5 fom P 4, (12) We compare our NLA BFKL results with fixed-
3 KKy 3 order predictions based on an effective high-energy

and @ , is the phase space of the particles produced in the
final state (see Sec. II B). We choose j in the form of a
multiple of the geometric mean of the two natural scales of
the process, i = dg/k Kk, and look for the values of dp

DGLAP calculation (for more details on its derivation,
see Refs. [61,79]), where the CPOMAP azimuthal coefficients
are introduced as truncation to the O(a}) order of the
corresponding NLA BFKL ones, C\™4, up to the inclusion
of terms beyond the LO accuracy. This permits us to pick

prOtOl’l(pl) + pI‘OtOn(pg) - A(/{x\u yAl) + X+ A(/{A'zﬁ yA'z)

105 F— T T T
MOM scheme —— LLA - A(A)
5 LLA - 7+
105F MMHT2014nlo + AKK2008nlo LA KE 3
B = = R —— LLA - p(p)
10°F 10 GeV < kiapn, < KY%vs NLA - A(A) |
___________ ---= NLA - 7%
e NLA - K+
= Wy T e == NLA-p(p) 1
= ———
S 02l ]
10" F ]
[ya,,] < 2.0
10°F /5 =13 TeV E
JETHAD v0.3.1
1071 L L L L L
1.5 2.0 2.5 3.0 3.5
AY =yn, — Y,

(a) (A-A) channel

. proton(p;) + proton(ps) — A(kp,ya) + X + jet(ks,47)
10 . . . . .

) proton(p;) + proton(ps) — A(ka,ya) + X + jet(ks,ys)
10 : . . ,

— LLA-A(Y) MOM scheme —— LLA-A(A)
o MOM schee LLA -7 5L MMHT2014nlo + AKK2008nl LLA -7t
10%F \MET2014n10 + AKK2008n1o w LLA-K* 3 107¢ e iw e - LLA-K* 3
—— LLA - p(p) HE o = 1R = PR — = LLA - p(p)
100F NLA - A(A) 4 100 10 GeV < Ky < 68y 10 GeV < ky < w3285, NLA - A(A)
. ---= NLA -7+ ---= NLA -7+
e, s NLA - K= lyal <2.0; =66 <y, <—-52 .. NLA - K*
— 103k oy 103k o o o
z 10 NLA - p(p) = 10 /5 =13 TeV NLA - p(p)
- -
O 02k J O 2k J
i = pe = Hp
10t 0 q . as e E 101 F ]
10 GeV < Ky < K8us; 35 GeV < Ky < K58
1ok lyal < 2.05 |yg| < 4.7 ] 100k J
Vs =13 TeV
JETHAD v0.3.1 JETHAD v0.3.1
10—1 1 1 1 1 1 10—1 1 1 1 1
2 3 4 5 6 5 6 7 8
AY =yx—ys AY =yy—yy

(b) (A-jet) channel: CMS-jet (left) and CASTOR-jet (right) configurations

FIG. 2. AY-dependence of the g-averaged cross section, C, for the two considered final states (Fig. 1) in the NLA BFKL accuracy

and for /s = 13 TeV.
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the leading-power asymptotic features of a pure NLO DGLAP description, discarding at the same time those terms which
are dampened by inverse powers of the energy of the partonic subprocess. Our DGLAP expression reads

A

XX +o0 C K
Rone =% [ O g ey s s )} {14 )| L))
Ki1K2 J-c0 T KKz

¢i(n,v, Kk, x Cr(n,v, Ky, x,)]* 2700t
)

ci(n,v,Kkq,x1) cr(n,v,K9,X7) 3

(13)
where the BFKL exponentiated kernel has been replaced by its expansion up to terms proportional to a,(ug).

B. Final-state observables

We integrate the azimuthal coefficients, C,, over the phase space of the two final-state objects, by keeping the mutual
rapidity distance, AY, fixed. One has

e R y W
Co= [ ax [ des [T vy [ dnd(ar =i -m)Cateienns), (14

Kllm K.lznf yllnf y12nf
where the integration over the rapidity of the second particle, y,, will be removed by imposing the delta condition,
S8(AY — (y; —y»)). Here, C,, and C,, indistinctly refer to the corresponding NLA BFKL calculations [Eq. (5)] or the high-
energy DGLAP ones [Eq. (13)]. We consider realistic kinematic configurations, suggested by recent experimental analyses
at the LHC. In our study, A particles are detected (both (A-A) and (A-jet) channels) in the symmetric rapidity range from

proton(py) + proton(ps) — Ak, ya,) + X + Akay, Ya,) proton(p1) + proton(pz) — A(ka;, ya,) + X + Ak, Ya,)
1.2 T T T T T 1.2 T T T T T
JETHAD v0.3.1 LLA JETHAD v0.3.1
_ NLA
1.0} —— E 1.0}
— fr, = pr = M
———— _ M%\ 10 GeV < gy 0, < KPS\s
S 0.8 b O 08f T~ 2.0
< = ~— [yara.| < 2.
5 S ~——
© ; ~—_ s=13TeV
I o6 Lo06f —
% ol )
g g
~ 04r Ur s = pr = pBM < 041
10 GeV < kay o, < KRCus
021 MOM scheme [y, 4] < 2.0 i 02r MOM scheme
MMHT2014nlo + AKK2008nlo Vs =13 TeV MMHT2014nlo + AKK2008nlo
0.0 L— . . . . 0.0 L— . . . .
1.5 2.0 2.5 3.0 3.5 1.5 2.0 2.5 3.0 3.5
AY =yn —yn, AY =y, — ya,
proton(p;) + proton(ps) — A(ka,,ya,) + X + A(ka,, ya,) proton(p;) + proton(ps) — A(ka,, ya,) + X + A(ka,, ya,)
1.2 T T T T T 1.2 T T T T T
JETHAD v0.3.1 LLA JETHAD v0.3.1
NLA
1.0 [ /LF‘M ) _ 1.0F
@)
- 10 GeV < kg n, < KA GMs 5 —_—
0.8 081 T ——
g ~— [ya,0.] < 2.0 ——
= — I —
; ~— V5 =13 TeV =Y I
M oer ~—_ Z 0.6
EY ~— o
el ~— ~
8 ~— =
= 045 D N 04r Wr, = pp = P
Q
< 10 GeV < ki, a, < KiBug
021 MOM scheme 1 021 MOM scheme [yas | < 2.0
MMHT2014nlo + AKK2008nlo MMHT2014nlo + AKK2008nlo V5 =13 TeV
00735 2.0 25 3.0 35 0075 2.0 25 3.0 35
AY =yx, — yn, AY =yx, — yn,

FIG.3. AY-dependence of several azimuthal ratios, R,,,, = C,,/C,,, in the (A-A) channel (left panel of Fig. 1) for pp , = g = ubt™M
and /s = 13 TeV.
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—2.0 to 2.0 and feature transverse momenta larger than
10 GeV, according to the typical CMS measurements for
the A, baryon [116], that we use as a proxy for the
detection of A hyperons. Then, two possibilities for the jet
emission ((A-jet) channel) are considered: (a) the sym-
metric CMS-jet case [117], with |y;| < 4.7 and 35 GeV <
Ky < K ¥ys = 60 GeV; (b) the ultra-backward (with
respect to CMS rapidity acceptances) CASTOR-jet con-
figuration [118], namely when the jet is tagged by the
CASTOR detector with —6.6 < y; < —5.2 and 10 GeV <
Ky < kKJE = 17.68 GeV. The upper bounds of «, are
constrained by requiring that x; < 1, whereas the value
adopted for the upper bound of k, K{ys = 21.5 GeV, is
constrained by the lower cutoff of the FF sets (see below).
The final-state observables under investigation are the
@-averaged cross section, Cy, and the azimuthal ratios,
R,,=C,/C,. Among them, the R,, ratios have an
immediate physical interpretation, being the correlation
moments, (cos ng), while the ones without indices equal to
zero correspond to ratios of cosines, (cos ng)/{cos me)
[119,120]. We study the AY-dependence of our observables
at /s = 13 TeV and in the range, AY > 1.5.

proton(p;) + proton(ps) = A(ka,ya) + X + jet(ks,y)
2 T T T T T
JETHAD v0.3.1

B
1.0
6 0.8
<
O
I 06F
EY
s}
S
~ 04 HE, = pir = B
10 GeV < ka < K Eyss 35 GeV < Ky < KJEs
0-2¢ [yal < 2.05 |ys| <47 MOM scheme |
\/; =13 TeV MMHT2014nlo + AKK2008nlo
0.0 2 3 4 5 6
AY =yr—y,
proton(py) + proton(ps) — A(ka, ya) + X + jet(ks,yy)
1.2 T T T T T
JETHAD v0.3.1 LLA
E79 NLA
1.0 E
tr, = pr = ppNt
= os 10 GeV < Ky < Kacums; 39 GeV < ky < K}8\us
S [yal <2.05 |yl <47
3
Vs =13 TeV
I o6t ]
c% \“R’t% ~
7] =
< o4l SN
;M‘%‘
-2 MOM scheme —
MMHT2014nlo + AKK2008nlo
0.0 2 3 4 5 6
AY =yn -y,

C. Numerical analysis and discussion

The numerical analysis was performed using the
JETHAD [61] modular interface, suited to the analysis of
inclusive semihard reactions. PDFs were calculated through
MMHT2014nlo parameterizations [121] as provided by
LHAPDFv6.2.1 [122], while AKK2008nlo FF routines
[123] were selected to describe A-baryon emissions. Error
bands in our plots return the numerical uncertainty rising
from the multidimensional integration over the final-state
phase space. All calculations were done in the MOM scheme,
while a two-loop running-coupling choice with a,(M,) =
0.11707 and dynamic-flavor threshold was made.

Our predictions for the AY-dependence of ¢-averaged
cross sections, Cy, in all the considered production chan-
nels and kinematic configurations (Fig. 2) unambiguously
state that the usual onset of the BFKL dynamics has come
into play. Although the high-energy resummation leads to a
rise with energy of the purely partonic cross section, the net
effect of the convolution with PDFs (and FFs) is a down-
trend with AY of both LLA and NLA predictions. At the
same time, next-to-leading corrections have opposite sign
with respect to the leading ones, thus making NLA results

, proton(p;) + proton(pa) = A(ka,ya) + X + jet(ks,ys)

T
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FIG. 4. AY-dependence of several azimuthal ratios, R,,, = C,/C,,, in the (A-jet) channel (right panel of Fig. 1) for yp, = pg =

UB™M and /s = 13 TeV (CMS-jet configuration).
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constantly lower than pure LLLA ones. The main outcome
of our results comes, however, from the comparison
between A-hyperon emission(s) and lighter charged-hadron
detections(s)—pions, kaons or protons—whose theoretical
description exactly matches the setup of Sec. Il A, the
BFKL partonic cross section being convoluted with the
respective hadron FFs as provided by the AKK2008nlo
sets. Cross sections in the (A-A) [Fig. 2(a)] and in
the (A-jet) [Fig. 2(b)] channels are steadily lower with
respect to the di-hadron and the hadron-jet ones, from one
(pions and kaons) to three orders of magnitude (protons).
This, together with the fact that the lower experimental
cutoff for the A-particle identification is larger than the
corresponding one for the light-hadron tagging (10 GeV
versus 5 GeV, respectively), definitely validates our asser-
tion on the opportunity to dampen, from the experimental
point of view, minimum-bias contaminations. Considering
A-hyperon emissions in the final states makes the com-
parison with data easier.

In the next figures we present the AY-dependence
of some azimuthal-correlation moments, R, =C,/C,,,
in the (A-A) channel (Fig. 3) and in the (A-jet) one, for

proton(p;) 4+ proton(ps) = A(ka,ya) + X + jet(ky,ys)

1af " JETHAD v0.3.1 TLA
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FIG. 5.

UB™M and /s = 13 TeV (CASTOR-jet configuration).

both the CMS-jet (Fig. 4) and the CASTOR-jet (Fig. 5)
final-state ranges. Here, the emission of undetected gluons
[the-X subsystem in Eq. (1)] increases with the final-state
rapidity interval, AY, thus leading to the falloff with AY of
all the azimuthal correlations. Next-to-leading corrections
are responsible for a “recorrelation” the R,,, ratios, thus
making the NLA results larger than the pure-LLA ones. In
all the considered figures, the value of R;, exceeds one in
the case of small rapidity distance, an unphysical effect
particularly relevant in the CASTOR-jet configuration,
which deserves further attention. We provide with an
explanation of this issue in the last part of this section.

Having recovered the usual high-energy trend for the
azimuthal correlations corroborates the validity of our
theoretical approach, suited to the description of lighter
charged hadrons, its validity being evidently holding also in
the analysis of A hyperons.

Finally, in Fig. 6 we compare our BFKL predictions
for R and R, in the (A-jet) channel with the correspond-
ing ones obtained in the high-energy limit of DGLAP.
Panels (a) of Fig. 6 show the AY-behavior of the two
azimuthal ratios in the CMS-jet configuration, whereas the

proton(p;) 4+ proton(ps) = A(ka,yn) + X + jet(ky,ys)
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AY-dependence of several azimuthal ratios, R,,, = C,/C,,, in the (A-jet) channel (right panel of Fig. 1) for yip, = up =
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(b) (A-jet) channel: CASTOR-jet configuration

FIG. 6. Comparison of BFKL and high-energy DGLAP predictions for the two azimuthal ratios, Ry and R,, as functions of the
rapidity interval, AY, in the (A-jet) channel and for up;, = pg = uB"™ and /s = 13 TeV. Upper (lower) panels refer to the CMS-jet

(CASTOR-jet) event selection.

CASTOR-jet event-selection case is presented in panels (b).
As expected, a net distance between BFKL and DGLAP
emerges and becomes more and more evident as the
rapidity distance, AY, grows. At variance with BFKL, in
the DGLAP case only a limited number of gluons, fixed by
the truncation order of the perturbative series, can be
inclusively emitted. The choice of two distinct final-state
objects, namely a A hyperon and a jet, naturally translates
in an asymmetric selection for the transverse-momentum
ranges. This quenches the Born contribution and enhances
the discrepancy between the two approaches. The overall
outcome of this dedicated BFKL-vs-DGLAP analysis in
the (A-jet) channel is in line with patterns found in the
Mueller—Navelet channel [79] as well as in the case of
inclusive light-charged hadron detection accompanied by a
jet emission [61].

Now we come back to the issue about the unphysical
values of Ry, in the small-AY region. In the CASTOR-jet
case, the allowed rapidity band for the detected jet is close
to its kinematic boundary, that corresponds to the longi-
tudinal momentum fraction of the jet parent parton going
to its limit, x = 1. For instance, for x; = 10-15 GeV
and y; = 6.6, the value of the parton x is in the range,
0.57-0.85, at LO. In this kinematics the undetected gluon
radiation from large-x partons gets effectively restricted.
In general such kinematical restriction leads, in inclusive
observables, to an incomplete cancellation between virtual
and real gluon-emission contributions, which results in the
appearance of large Sudakov-type double logarithms
(threshold double logarithms) in the perturbative series,
that have to be resummed to all orders to obtain valuable
predictions. In the BFKL approach we systematically
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resum contributions of leading (LLA) and first non-leading
(NLA) logarithms of energy, whereas effects of the above
mentioned threshold double logarithms are implicitly
accounted for only through the NLO corrections to the
jet impact factor. Note also that, at the LLA BFKL
level, one is completely insensitive to these threshold
double logarithms. In technical terms, inspection of our
result for NLO jet impact factors shows that it contains
some terms which include the plus prescription, like
(In(1 = ¢&)/(1 =¢&)),. After its convolution with the quark
PDF, we obtain an effect roughly proportional to the quark
PDF derivative. Therefore, for CASTOR-jet large-x kin-
ematics, one gets a large NLO correction to the jet impact
factor, since the PDF derivative value is much bigger than
the value of the PDF at large x. NLA results for the
CASTOR-jet case shown in Figs. 5 and 6 are related to this
large NLO effect in the jet impact factor. Due to that, Cy, is
presumably exceedingly suppressed, thus leading to an
average cos ¢ larger than one for the lower rapidity values.
In the larger rapidity region in CASTOR-jet configuration
this issue is not present, since here the dominant part of the
BFKL result originates from the iteration of BFKL kernel,

proton(p;) + proton(ps) — A(ka,ya) + X + jet(ks,ys)

14} " JETHAD v0.3.1 A ]
1 NLA
L2r BE, = ke = g™ ]
10 GeV < kp < ki Evs: 10 GeV < ky < K58
S Lop lyal < 3.0; —7.6 <yy <42 ]
~
= Vs =13 TeV
O 08 MOM scheme e 1
o MMHT2014n10 + AKK2008n10
> 06f e ]
Q
=
041 q
021 q
0.0 . . . .
5 6 7 8
AY =yy—ys
proton(py) + proton(py) — Alka,ya) + X + jet(ks, ys)
14}  JETHAD v0.3.1 LLA 1
= NLA
1.2 1
Hr, = pr = N
s 1ol 10 GeV < kp < Kiys: 10 GeV < ky < K58
S lal < 3.0; —7.6 <y, < —4.2
>
s =13 TeV
(H> 0.8F MOM scheme Ve 4
— MMHT2014nlo + AKK2008nlo
>
s 0.6 ]
9}
o
<
04r 4
021 4
s
I - —_—
0.0 . : ; /
5 6 7 8
AY =yy—ys
FIG. 7.

(CASTOR-jet configuration with enlarged rapidity ranges).

and the role of NLO correction to the impact factors is less
important. In order to qualitatively describe a processes
with CASTOR-jet kinematics, one needs to develop a
method to resum both BFKL energy logs and threshold
double logs. It is a very interesting problem, which goes
however beyond the scope of the present paper. Here we
performed additional calculations for CASTOR kinematics
with an enlarged rapidity interval for the detected A
hyperon and the jet, namely |y,| <3 and -7.6 <y; <
—4.2. Our new plots in Figs. 7 and 8 with enlarged rapidity
ranges show a considerable attenuation of the excess of Ry
in the low-AY region. This occurs since in this case the
effective value of the partonic x on the jet side is shifted
toward the region of smaller x, thus decreasing the role of
threshold double logs.

III. CLOSING STATEMENTS

By proposing the inclusive detection of A hyperons
(with possible associated-jet emission) in the forward
kinematic ranges of the LHC, we enriched the selection
of semihard processes which can serve as a testing ground

proton(p;) + proton(pa) = A(ka,ya) + X + jet(ks,ys)
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rapidity interval, AY, in the (A-jet) channel and for pp , = pgp = p

rapidity ranges).

for the high-energy resummation, necessary ingredient in
the investigation of the high-energy limit of strong inter-
actions. We performed a full NLA BFKL analysis of cross
sections and azimuthal-angle correlations between the
detected objects, finding in the dependence of these
quantities on the final-state rapidity distance the usual
onset of the high-energy dynamics. We proved that cross
sections for (A-A) and (A-jet) production channels are
from one to three orders of magnitude lower with respect
to the ones typical of the light-charged dihadron and
hadron-jet reactions, respectively. This allows for an easier
comparison with experimental data, by suppressing the
contamination of the so-called minimum-bias events. In view

proton(p;) + proton(ps) = A(ka,ya) + X + jet(ky,ys)

T T
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Comparison of BFKL and high-energy DGLAP predictions for the two azimuthal ratios, R,y and R,g, as functions of the
BIM and /s = 13 TeV (CASTOR-jet configuration with enlarged

of these results, we suggest experimental collaborations to
consider the inclusion of the A-hyperon detection in the
analyses of hadron(-jet) production in the LHC kinematic
ranges sensitive to high-energy resummation physics.
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