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The N-jettiness slicing method has become a standard tool for precision QCD calculations over
the past decade. However, achieving reliable numerical stability requires the inclusion of power
corrections beyond leading power in the slicing variable. We present the computation of the next-
to-leading power (NLP) corrections for both zero-jettiness and one-jettiness at next-to-leading
order (NLO). We outline the methodology to systematically compute these NLP corrections and
investigate whether the process independence observed at leading power extends to NLP for
color-singlet final states. For the zero-jettiness case, we derive a master formula that captures
both soft and collinear subleading contributions in a unified framework, allowing for efficient
evaluation of power corrections in high-multiplicity processes. We also present the first explicit
NLP calculation for one-jettiness process at NLO, focusing on prompt-photon production using a
realistic jet algorithm. These results give key insights into the subleading contributions to the cross
sections for slicing variables and the applicability of N-jettiness slicing in collider phenomenology.
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1. Introduction

As the High-Luminosity LHC era approaches, the collider theory community has made sig-
nificant advances towards the N3LO precision frontier. Power corrections in the slicing schemes
are one aspect of the theoretical description of hard scattering processes at the LHC where further
progress is desirable. We focus on the power corrections in the context of the N-jettiness slicing
scheme [1, 2]. N-jettiness slicing uses the N-jettiness variable 7 as the cutting variable [3]. It is
defined as

T(R,U) = ) min (1)

{ 2psPh, 2PxPhy 2PxPhy }
xeU

P,, = Py, P

where we split the final-state partons into resolved R and unresolved U ones, with x € U and
h; € R and Py, are arbitrary normalization constants. The cross section then splits as

%o do do
= d7 — d7 —. 2
7 / ar )i AT @)

For very small 7y, the first contribution (unresolved) can be well approximated using the factorization
theorem Soft-Collinear Effective Field Theory (SCET) [4, 5]

%o do
/ dT = = B®B®S®H®HJ,-+O(76), @)

which is written in terms of beam, jet, soft and hard functions. If 7y is taken to be very small, its
dependencies on cross sections follow the double-logarithmic pattern, which is typical to radiative
corrections in QCD. However, for a better matching between the resolved and unresolved contribu-
tions to cross sections, and to improve the numerical cancellations, it is crucial to compute these
subleading corrections to the cross sections, referred to as power corrections.

Power corrections to N-jettiness slicing were investigated in the last few years [6—13], primar-
ily at NLO. However, these studies focused on relatively simple processes, and it is unclear how
to extend them to arbitrary collider processes, even at the next-to-leading order in perturbative QCD.

In this proceeding, we present a methodology in the direction to compute subleading power
corrections for arbitrary processes at NLO in QCD. In section 2, we present our computation of the
power corrections to arbitrary color-singlet production at NLO [14]. We extend this methodology
by including a jet in the final state by considering the production of a prompt-photon and a jet [15]
in section 3. The applications and checks to this methodology are discussed in section 4 and we
conclude in section 5.

2. Power corrections: Arbitrary color-singlet production

We consider the leading order process gg — X where X denotes a generic colorless final state
with momentum Px composed of m massless particles. To compute the next-to-leading-power
corrections in zero-jettiness, we consider the corresponding real-emission process obtained by
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adding a gluon with momentum k. The differential cross section reads

T =N [ 1Pl @R 5+ 1 = P = )
.

) , 3 “)
X 6(t = To(pa> Py, K)) O(Px) D IMIP (P, pas k. Px).

col,pol

- m

where [dk] is the phase space measure of the emitted gluon, [dPx],, = [1[dp;:], O denotes an
i=1

observable that depends on the momenta of colorless particles comprising the final state X, and N

is the cross section normalization. The zero-jettiness function is defined as follows

2pa -k 2pb‘k]
o 0o |

with Q being an arbitrary normalization factor of mass dimension one. The constraint 7 =

TO(Pu’pb’ k) = min |: (5)

To(pas Pp, k) implies that either the gluon energy wy or its transverse momentum squared k2 is
O(7). These corrections can be written in the form

do

— =TT e (©6)
dr

where f; and f. indicate the soft and collinear contributions respectively. For both of these

contributions, there are three building blocks that contribute to these subleading expansions: the

phase space, the matrix element squared and the observable.

2.1 The soft contribution

A gluon with momentum k is considered to be soft if k ~ 7. Since we are interested in the
relative O(7/+/s) correction, where s = 2p,, - pp, it is sufficient to expand the integrand in Eq. (4)
to the first subleading order in k. To facilitate this expansion, we use the momentum mapping that
absorbs k into the momentum of the colorless final state [16], and write

Pl =7 AV (P, = k). (7

In Eq. (7) Pup = pa + pp, As = A(Pap — k, AP4p) is the Lorentz boost that transforms P, — k
to APg4p, and A is a rescaling parameter that preserves the invariant mass under the momentum
mapping. To first order in the soft momentum,

[ 2Pa, -k Pa, - k
A= 1- =2 =~ 1- 22— 1 0(k?). 8)
Pab Pab

The momentum mapping in Eq. (7) allows us to rewrite the phase space in terms of the Born

kinematics, while isolating the dependence on the soft momentum k into simple overall functions.
This allows the expansion in the soft momentum to be carried out systematically. Utilizing Eq. (7)
allows us to write the phase space in eq. (4) as

[dPx]m[dk](27)26(pa + pp — Px — k) = 2™ 97274 4, (p 4, pp, Px) [dK]. )
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The remaining ingredients are the first subleading expansions of the matrix element squared and the
observable. The expansion of the matrix element squared is obtained using the Low-Burnett-Kroll
theorem [17, 18]. The observable O, assumed to be a smooth function of the boosted final-state
momenta, can be Taylor expanded in 7 to obtain the subleading contribution. Combining these
ingredients, we obtain a compact expression for the soft expansion.

do_(s)
dr

I — kmIp

N / [4Dpy (pas pos P)] {O(PX)

(10)
0
~h ), pli ]IMI (Pbs Pas Px) = I IMI (pb, pa,PX>Zp, = ,,0<PX>}

lELf

where L is the list that includes all particles in the Born process. The integrals /; (2), obtained by
analytically integrating over k, are given by

e 4 €40 (11
I = [a,] (%) o D= la] (%) TQ(Z‘§‘§+O(62))- (an

2.2 The collinear contribution

A gluon is collinear when k2 ~ 7. Similar to the soft case, we perform a momenta mapping
that isolates the dependence of k, from the phase space and allows a collinear expansion of other
quantities. Focusing on the k||p, case with final-state momenta Q x, we start by rewriting the gluon
momentum k as follows

k-P - 5
k = D gt ka=(1=X)pa+ka, (12)
Pa - Pb
and
L 2k
= 2P~ p )t (13)

This introduces a Lorentz boost A, (Qx, Q X) acting on the final-state momenta, defined as follows

Ox = Ay(Qx, Ox) Ox. (14)

As in the soft case, the momenta mapping in Eq. (12) allows us to construct a simple collinear
expansion of the phase space and express it in terms of the Born phase space in x-kinematics.
The expansion of the squared matrix element is more involved, since no analogue of the Low-
Burnett-Kroll theorem is available in the collinear limit. To facilitate the expansion, we use Lorentz
invariance to transfer the boost from the final state to the incoming partons and the emitted gluon,

D UIMP Py, pas b AZ'0x) = D IMIP(Aapbs Aapas Aak, Ox), (15)

pol pol

allowing us to ’localize’ the boost. We express the matrix element in terms of three Green’s
functions N, Nj, and Ry, as (see Fig. 1)

(Ba = k)y”
(=2pa - k)

vy (Db — k) k)

+R1‘-{n(pb’pa’ k’QX)+y 2pb k

Nb(Paana k)] Ug.
(16)

M ~ €V [N (Pa»Pb-k)
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Figure 1: The diagrammatic representation of the amplitude written in terms of Green’s functions introduced
in Eq. (16).

where we keep the collinear k||p, singularity explicit. We can now square the matrix element and
write it as a sum of three terms

FazFaa+Far+Frr,a’ (17)

where F,, and F,, , are subleading in the collinear limit k||p,. Although the collinear singularity
is kept explicit, the terms F,, and F,, contain logarithmic and power-like soft singularities which
require a careful extraction. As outlined in [14], we derive a systematic expansion of the matrix
element squared in k2, isolating poles which cancel with the poles in the soft case to obtain
the subleading contribution. The master formula for the collinear expansion CN"P+2 is a lengthy
expression, and we refer the readers to [14]. We note that the k||pj, collinear expansion CNLP-D can
be derived in an analogous manner.

2.3 The final result

Combining the soft and collinear contributions, we obtain the finite result for the power
corrections to an arbitrary color-singlet production in the zero-jettiness variable. We observe 1/e
cancellation from both contributions, resulting in a In 7 term. The final result for a generic smooth
observable is of the form

do ™ ~[a/S]N{2 [m(%) +1

dr

CNLP,S + CNLP,a + CNLP,b}. (18)

where CNP>$ corresponds to the soft contribution, and is written in a very compact manner. CNJP-2
CNLP: are the collinear contributions which take the Green’s functions N,, N, and Rg, as
ingredients. These ingredients can be computed in a recursive manner using Berends-Giele like

and

relations for generalised currents [19]. We explicitly derive these relations for the production of
arbitrary number of photons, and the details of its implementation can be found in the paper [14].

3. Power Corrections to prompt-photon + jet production

The next step is to extend our methodology to processes with final state jets. The previous study
of V + j production [11] only presented the next-to-leading power leading-logs using a non-realistic
jet algorithm. To start simple, we study the production of a prompt photon and a jet in hadron
collisions, pp — v + j, focusing only on the gG§ — v + g partonic channel. We do not consider
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any other partonic channels to avoid dealing with the complications of photon isolation. At NLO,
we have to consider the process,

qda(Pa) + 4o (pp) = ¥Y(Py) + &m(Pm) + &n(Pn), (19)

To define a final-state jet, we require a jet algorithm. We will consider the so-called inclusive
sequential k, jet algorithm [20, 21]." The jet algorithm uses the angular distance R,,,,, defined as

R = (i =) + arecos(cos(pi = ¢,))* 20)

where 17 and ¢ denote the pseudorapidity and azimuthal angle, respectively. We apply the clustering
algorithm to the two final-state gluons, g,, and g,. If their separation satisfies R,,, < R, they are
clustered into a single jet with momentum p; = p,, + p,. Otherwise, for R,;,,, > R, the two gluons
remain unclustered and constitute two separate jets with momenta p,, and p,. After imposing the
transverse-momentum cuts on the reconstructed jets, the cross section can be written as

doo

G2 =N [ 4O sl re ) IME 0P = i)

D
x{6uct 5(7 = Ti(pm)) O(prms py) + 0ut (7 = Ti(Pima1)) O(pimas P}

where O is the observable depending on the jet and photon momenta, p[mn] = Pm + Pn, and Oy
and 6. denote the constraints enforcing the unclustered (R, > R) and clustered (R, < R) jet
configurations, respectively, together with the corresponding transverse-momentum requirements.
The one-jettiness variable in terms of the jet momentum is defined as

. | 2p; 2pi 2p;
Tip)= ) mm{ Bt T ’;’,’J} (22)
a

ie{m,n}

To compute the power-suppressed corrections, we identify the kinematic regions where 77 becomes
small. For the one-jet process considered here, these correspond to a soft gluon and three collinear
limits, namely n||pa, n||pp, and n||m. The soft limit and the initial-state collinear limits are treated
using the momentum mappings discussed in section 2. In what follows, we briefly discuss the soft
contribution and the final-state collinear limit.

Soft contribution

Since a soft gluon can contribute to both the clustered and unclustered jet configurations,
the soft contribution retains an explicit dependence on the jet-clustering condition. Following the
discussion in section 2.1, we expand the phase space of the cross section in Eq. (21) using the soft
boost A;. In this case, however, the phase space and the choice of jet momentum are constrained
by ®(Run, q ), which distinguishes between the clustered and unclustered configurations.

In addition to the expansion of the matrix element, the subleading soft contribution also re-
ceives corrections from the jet-clustering condition. We first discuss the contribution from the
matrix element. The subleading contribution to squared matrix element can be obtained using

'We note that our results can be used, without any modification, for the anti-k, jet clustering algorithm as well.
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momentum shifts provided in Ref. [22]. The divergences resulting from this contribution cancel
upon combining with the collinear contributions.

We now discuss the subleading contribution arising from the expansion of the angular distance
Ryun- The soft boost Ay induces a modification of the angular distance, which can be expanded as

% R ka: (23)

where R, derived in Ref. [15], can be expressed in terms of the spatial-directions of the jet, the

Run = Rjk +

soft gluon and the initial-state partons. An important observation is that the subleading expansion
of ®(Rmn, ¢;) is proportional to 6(R — R,,,), which fixes the jet configuration at the boundary
separating the clustered and unclustered region. As a result, this contribution is finite.

Final-state collinear contribution

This contribution corresponds to p,, - p, ~ 7. The relation between the one-jettiness variable
71 and distance R, is such that p,, - p, is only small when m and n are clustered into a jet. Hence,
this expansion only contributes to the clustered part of the cross section. To simplify this expansion,
we map the two final-state gluons to a jet using the momenta redefinition described in [15]. The
mapping is of the form

pm"’Pn_’pj"'(l_/l)Pya ﬁy_>/lpy (24)
The momenta redefinition allows for a straightforward expansion of the matrix element squared and
the observable in py, - py.

The final result

The final result is obtained by combining of unclustered contribution, the clustered contribution
and contribution from the jet algorithm. We observe the cancellation of 1/¢€ poles for both the cases,
leaving a log 7 contribution. The final result is of the form

NLP
dO’O

dr
where the explicit results of the coefficients Cnpp 11 and Cnip,NLL are presented in [15].

= [as]00o(Cnrp,LL log[7] + Cnip,NLL) (25)

4. Applications and checks

Drell-Yan production

Considering the NLO Drell-Yan process

q(pa) +q(pp) = v = 1(p1) +(p2) + g(k). (26)

We use the methodology presented in section 2 to compute the power corrections to lepton pair
production, keeping the observable to be arbitrary, explicitly given in [14]. As this is a simple
enough process, we compute the naive subleading expansion of the cross section to analytically
validate our methodology and find agreement with Eq. (18). In addition, we also validate our
computation by comparing the Drell-Yan result with the earlier calculation presented in [10]. This
check was non-trivial as it requires us to correctly match their N-jettiness definition.
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Table 1: Next-to-leading power coefficients as defined in Eq. (18) for 4y production at /s = 200, ee;, — 1
GeV with the observable defined in Eq. (27). In this case, the collinear coefficient CN-P-? is equal to CN-P-@,
Fitted results for the next-to-leading power coefficients are compared with the results obtained by a numerical
integration of the derived analytic formula.

coefficient numeric fitted
CNLPs— 2.61598(7) x 1077 2.5(1) x 1077
CNLP.a 8.61(8) x10™7 8.9(5)x 1077

Four photon production

We apply the master formula in Eq. (18) to calculate the subleading power corrections in
the zero-jettiness to the production of an arbitrary number of photons. The central feature is the
implementation of generalized Berends-Giele like currents computed recursively in FORTRAN. We
use this implementation to compute the production of four photons for the process gg — 4y + g
and the observable is chosen to be the product of the transverse momentum of all photons i.e.

2 2 2
Pi,.P2, " PN,y
N b

O(Pny) = (27)

s
. This computation is verified against a numerical check where we compute the subleading co-
efficients using a y? fit analysis and we find a very good agreement for both the leading-log and
next-to-leading-log coefficients, as shown in table 1.

Prompt-photon + jet production

We evaluate the results for y + j production (discussed in section 3) for various transverse-
momentum cuts of the final-state jet. The observable is then given by

O(pj7 p)’) = 0(pJ_,j _pJ_,cut)- (28)

To perform a numerical validation, we compute the numerical cross section in bins of [Tmin, Tmax |
and perform fits to obtain the coeflicients Cnrp 1L and CnrpNiL in the equation (25). We find
excellent agreement for various p, . We provide an illustration of the correctness of the next-to-
leading-power corrections computed in [15] (see Figure 2). Itis clear from the plot that the inclusion
of full next-to-leading-power corrections extends the range of 7 values where the numerical and
analytical results agree, indicating the correctness of the latter.

5. Conclusions

We present a methodology to compute the power corrections to zero-jettiness cross sections
for arbitrary colorless final states composed of massless particles. In this process, we show that
momenta redefinitions, a familiar concept used in fixed-order calculations, allows for a generic
expansion of the phase space and the observable. We extend the same formalism to one-jettiness
cross sections by computing the NLP corrections to production of prompt-photon and a jet for the
first time. Together, these developments move us closer to a general framework for computing
power corrections in slicing schemes for arbitrary collider processes at NLO.
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Figure 2: The comparison of the numerical binned cross section and its various approximations obtained by
different truncations of the expansion in small N-jettiness. The analytic approximations including the leading-
power (LP) contributions, the LP + leading-logarithmic (LL) next-to-leading-power (NLP) correction, and
the LP + full NLP corrections. The three curves in the plot become indistinguishable for 7 < 1073,
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