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✤A large part of our knowledge about the internal structure of hadrons, and about 
QCD in general, comes from lepton-hadron scattering experiments.

✤Traditionally we have studied the processes                 ,                    and                                                  

✤Recently there has been a growing interest in                     and                    from both 
the theory and experimental communities. Applications include:
✤ Measurement of the strong coupling constant
✤ Extraction of fragmentation functions
✤ Better our understanding of single-spin asymmetries in                   . Large all the 

way from fixed-target to collider energies 
✤ Improve our understanding of factorization:

✤ Study of multiple parton interactions (MPI) and higher twist operators
✤ Transverse-momentum-dependent (TMD) parton distributions

lN ! lX lN ! lhXlN ! ljX

lN ! jX lN ! hX

pp" ! hX

This talk:                   through NNLO (               ) in pQCDlN ! jX O(↵2↵2
s)
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WHY NNLO?

✤ (Semi)Inclusive DIS vs single-inclusive jet production

DIS e� N ! e� X Inclusive jet production e� N ! j X

✤Lepton observed
✤Cut on 
✤Hard scale

Q2 = �q2

Q

✤ Inclusive over lepton
✤Cut on 
✤Hard scale

pjetT

pjetT

✤  Equivalent at LO. Lepton recoils against jet

✤  At NLO, inclusive jet production probes the               
region, unavailable in DIS
✤ New singularities, new photon-initiated partonic 

channels
✤  Large corrections from this region

Q2 ⇠ 0

pjetT = Q cos

✓
✓

2

◆
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(a) (b)

FIG. 9. Cross section for single-inclusive jet production at the EIC, (a) as a function of pseudorapidity ⌘J at a fixed transverse jet momentum
PJ? = 10 GeV, and (b) as function of PJ?, integrated over |⌘J|  2. We have used the NJA [54, 55] and the anti-kt jet algorithm [60]. The solid
and dotted lines show NLO prediction for two di↵erent values of the jet size parameter, R = 0.7 and R = 0.2, respectively. The dashed lines
present the LO results, and the dotted ones the result for the approximation (31) of the NLO cross section, using µ0 = PJ? and (on the left) also
µ0 =

p
S /2.

nucleon collisions does not automatically imply that one mea-
sures an (approximated) quasi-real photoproduction process.
However, although quasi-real photons do not dominate, they
typically do play a non-negligible role for the NLO correc-
tions. As is well known, high-energy real photons may also
exhibit their own partonic structure, in which case they are
referred to as “resolved” photons (see Ref. [11]). The cor-
responding resolved-photon contributions are formally of the
same order as the Weizsäcker-Williams contribution we have
considered here. They are typically suppressed in the fixed-
target regime. It may be interesting to address this contribu-
tion in future work, also in order to study its impact on the
transverse single-spin asymmetries. The concept of “virtual
photon structure” may also prove useful in this context (see,
for example, Ref. [62]).
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Appendix A: NLO coe�cients

Here we present the NLO coe�cients in Eqs. (26), (27),
(28) for the di↵erent channels:

a. q! q channel:

Aq!q
0 =

1 + v2

(1 � v)2

 
(3 + 2 ln(v)) ln

 
s(1 � v)
µ2

!
+ ln2(v) � 8

!
,

Aq!q
1 = 8w

1 + v2

(1 � v)2 ,

Bq!q
1 = 4w

1 � v(1 � w) + v2(1 � w(1 � w))
(1 � v)2 ,

Bq!q
2 =

2w
(1 � v)2(1 � v(1 � w))

⇥
h
(1 � 2v(1 � w) + v2(1 � 2w + 2w2) ⇥

(2 � 2v(1 � w) + v2(1 � w)2)
i
,

Bq!q
3 = 4w

1 + v2

(1 � v)2 . (A1)

[Hinderer, Schlegel, Vogelsang ’15] 

NLO QCD correction is small for inclusive DIS (~5%), but it is huge for single-
inclusive jet production (>100%).

NNLO needed for:
✤Assessing stability of perturbative series
✤Precise theoretical predictions
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d�̂(m,n)
ql / ↵n↵m

s

d�LO =

Z
d⇠1
⇠1

d⇠2
⇠2

X

q

h
f1
q/Hf2

l/ld�̂
(2,0)
ql + f1

q̄/Hf2
l/ld�̂

(2,0)
q̄l

i

✤At leading order, the process                   is trivial

q

e�

u

MB =

fl/l(⇠) = �(1� ⇠)

lN ! jX

fk
i/j = fi/j(⇠k)

✤The partonic cross sections are

d�̂(2,0)
ql =

(4⇡↵)2

8s
e2q d�B(p3, p4; p1, p2)|MB |2J (1)(p3)
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✤At NLO
✤ Real and virtual corrections to      channel.
✤      channel opens up 

ql

gl

d�̂(2,1)
gl =

Z
d�R|M(gl)

R |2J (2)(p3, p5)

d�̂(2,1)
ql =

Z
d�R|M(ql)

R |2J (2)(p3, p5) +

Z
d�B |M(ql)

V |2J (1)(p3)

✤We handle the QCD soft and collinear IR singularities with standard NLO 
techniques, and mass factorization as usual

✤We also handle the QED singularity (          ) with standard NLO techniques and 
mass factorization

pl||pl0

=) Introduce (LO) photon-initiated processes

fq/N (⇠1)

f�/l(⇠2)p2 ⇠2 p2

P1
⇠1P1

N

l
�

q

f�/l(⇠2)p2 ⇠2 p2

P1
⇠1P1

N

l
�

g
fg/N (⇠1)
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f�/l(⇠) =
↵

2⇡
P�l(⇠)


ln

✓
µ2

⇠2m2
l

◆
� 1

�
+O(↵2)

P�l(⇠) =
1 + (1� ⇠)2

⇠

d�NLO =

Z
d⇠1
⇠1

d⇠2
⇠2

⇢
f1
g/Hf2

l/ld�̂
(2,1)
gl + f1

g/Hf2
�/ld�̂

(1,1)
g�

+
X

q


f1
q/Hf2

l/ld�̂
(2,1)
ql + f1

q̄/Hf2
l/ld�̂

(2,1)
q̄l

+f1
q/Hf2

�/ld�̂
(1,1)
q� + f1

q̄/Hf2
�/ld�̂

(2,1)
q̄�

��

✤NLO correction to                   : lN ! jX

✤Perturbative photon-in-lepton distribution (Weizsäcker-Williams)
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✤At NNLO

✤ Genuine NNLO corrections to      and      channels 
✤ QCD IR divergencies handled with N-Jettiness subtraction 

[Boughezal, Focke, Liu, Petriello ‘15; 
Gaunt, Stahlhofen, Tackmann, Walsh ’15]

✤ QED IR divergencies (          ,                 ) handled with antenna subtraction
 [Daleo, Gehrmann, Gehrmann-De Ridder, Luisoni ’10; 
 Boughezal, Gehrmann-De Ridder, Ritzmann ’10; 
 Gehrmann, Gehrmann-De Ridder, Ritzmann ’12] 

✤ NLO corrections to       and       channels. All singularities treated with antennae.

✤ New       and       channels

pl||pl0 pl||pl0 ||pq

ql gl

g�q�

qq̄ qg

fq/N (⇠1)

p2 ⇠2 p2

P1
⇠1P1

N

l

q

p2 ⇠2 p2

P1 ⇠1P1

N

l

fg/N (⇠1)

fq/l(⇠2) fq/l(⇠2)

g

qq̄
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P

(0)
q� (x) = x

2
+ (1� x)

2

P

(1)
ql (x) = �2 +

20

9x

+ 6x� 56x

2

9

+

✓
1 + 5x+

8x

2

3

◆
log(x)� (1 + x) log

2
(x)

µ2 @fq/l
@µ2

(⇠, µ2) = e2q
↵

2⇡

Z 1

⇠

dz

z


P (0)
q� (z) f�/l

✓
⇠

z
, µ2

◆
+

↵

2⇡
P (1)
ql (z) fl/l

✓
⇠

z
, µ2

◆�

✤Quark-in-lepton distribution computed perturbatively from DGLAP equation

✤ Boundary condition fq/l(⇠,m2
l ) = 0

fq/l(⇠, µ
2
) = e2q

⇣ ↵

2⇡

⌘2
⇢

1

2

+

2

3⇠
� ⇠

2

� 2⇠2

3

+ (1 + ⇠) log ⇠

�
log

2

✓
µ2

m2
l

◆

+


� 3� 2

⇠
+ 7⇠ � 2⇠2 +

✓
� 5� 8

3⇠
+ ⇠ +

8⇠2

3

◆
log ⇠ � 3(1 + ⇠) log2 ⇠

�
log

✓
µ2

m2
l

◆�



G. Abelof Single-inclusive jet production in eN collisions at NNLO

1-JETTINESS SUBTRACTION

10

T1 =
2

Q2

X

i

min {pB · qi, pJ · qi}

T1Small Large1 jet At least 2 jets

Contributions from
✤ Two-loop
✤ Soft and collinear radiation 

• N-Jettiness subtraction

6

N jets more than N jets

• Contribution only from 2-loop, 
soft+collinear radiations

• At least N+1 hard radiations

small large

Tr[H · SN ]⌦Ba ⌦Bb ⌦ Ji + . . . • NLO N+1 jet calculation 
• Simply recycle known NLO 

results/tools

T cut
Nsmall

T cut
N

smaller than any experimental cuts 
small to suppress power corrections 
final result independent of 

Becher and Neubert, ’06, Becher and Bell, ‘10

Gaunt, Stahlhofen, Tackmann, ’14

Boughezal, XL and Petriello, ‘15

jet:

beam:

soft:

Theory Setups

Boughezal, Focke, XL, Petriello, ’15 Gaunt, Stahlhofen, Tackmann, Walsh, ‘15

• N-Jettiness subtraction

6

N jets more than N jets

• Contribution only from 2-loop, 
soft+collinear radiations

• At least N+1 hard radiations

small large

Tr[H · SN ]⌦Ba ⌦Bb ⌦ Ji + . . . • NLO N+1 jet calculation 
• Simply recycle known NLO 

results/tools

T cut
Nsmall

T cut
N

smaller than any experimental cuts 
small to suppress power corrections 
final result independent of 

Becher and Neubert, ’06, Becher and Bell, ‘10

Gaunt, Stahlhofen, Tackmann, ’14

Boughezal, XL and Petriello, ‘15

jet:

beam:

soft:

Theory Setups

Boughezal, Focke, XL, Petriello, ’15 Gaunt, Stahlhofen, Tackmann, Walsh, ‘15

Contributions with at least 2 hard jets
✤NLO two-jet calculation. Use known 

results/tools

✤Starting point: dimensionless 1-jettiness event shape [Kang, Lee, Stewart ’13]

✤      : beam axis
✤      : leading jet axis
✤      : outgoing parton momenta

pB
pJ
qi
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✤ Introduce internal cutoff          . Partition RR and RV phase spaceT cut
1

MRRMRVMVV

✓<1 = ✓(T cut
1 � T1) ✓>1 = ✓(T1 � T cut

1 )

d�(2,2)
ql =

Z
d�B |MVV|2 +

Z
d�R |MRV|2 ✓<1 +

Z
d�RR |MRR|2 ✓<1

+

Z
d�R |MRV|2 ✓>1 +

Z
d�RR |MRR|2 ✓>1

⌘ d�(2,2)
ql (T1 < T cut

1 ) + d�(2,2)
ql (T1 > T cut

1 )
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All-orders resummation of      in DIS for the limit               known [Kang, Lee, Stewart ’13]T1 T1 ⌧ 1

✤Expand through                  to obtain                                 ,
✤All pieces known to this order       

✤ Jet function                 [Becher and Neubert ’06; Becher and Bell ‘10]

✤ Beam function                      [Gaunt, Stahlhofen, Tackmann ’14]

✤ Soft function                 [Boughezal, Liu, Petriello ’15]

✤ Hard function                   [Matsuura, van der Marck, van Neerven ‘88 ; Becher, Neubert, Pecjak ‘06]

O �
↵2↵2

s

�

Jq(tJ , µ)

Bq(tB , x, µ)

S(kS , µ)

Hq(�2, µ)

d�(2,2)
ql (T1 < T cut

1 ) d�(2,2)
gl (T1 < T cut

1 )

Power corrections
Small for small cutoffs

/ T cut
1

d�

dT1
=

Z
d�B

Z
dtJdtBdkS �

✓
T1 �

tJ
Q2

� tB
Q2

� kS
Q

◆

⇥
X

q

Jq(tJ , µ)S(kS , µ)Hq(�2, µ)Bq(tB , x, µ) + . . .
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DISTRESS: DIS Through a Robust Enabling Subtraction Scheme 

✤Parton-level event generator for inclusive jet production in eN collisions at NNLO
✤Fully differential
✤Arbitrary cuts on jet and final state lepton
✤Parallelized Monte Carlo integration
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the plots of Ref. [4]. We find good agreement with these
results.

This leaves only the validation of the d�̂(2,2)
gl and d�̂(2,2)

ql

contributions, which both utilize the N -jettiness subtrac-
tion technique. There are two primary checks that these
pieces must satisfy. First, they must be independent of
the parameter T cut

N . This checks the implementation of
the beam, jet and soft functions, which have logarithmic
dependence on this parameter. It also determines the
range of T cut

N for which the power corrections denoted by
the ellipsis in Eq. (13) are negligibly small. Second, upon
integration over the final-state hadronic phase space we
must reproduce the NNLO structure functions first deter-
mined in Ref. [28]. This is an extremely powerful check
on our calculation, which essentially cannot be passed if
any contribution is implemented incorrectly.

We show in Fig. 1 the results of these checks for the ql
and gl scattering channels. We have set the total center-
of-mass energy of the lepton-proton collision to 100 GeV.
For the purpose of this validation check only we have im-
posed the phase-space cut Q2 > 100 GeV2, and have
integrated inclusively over the hadronic phase space. We
have equated the renormalization and factorization scales
to the common value µ = Q, and have used the CT14
NNLO parton distribution functions [32]. T cut

1 has been
varied from 5 ⇥ 10�6 to 1 ⇥ 10�4, and the ratio of the
NNLO correction to the LO result for the cross section is
shown. The solid lines show the prediction of the inclu-
sive structure function. We first note that correction is
extremely small, less than 1% of the leading-order result.
Nevertheless we have excellent numerical control over the
NNLO coe�cient, as indicated by the vertical error bars.
Our numerical error on the NNLO coe�cient is at the
percent-level, su�cient for 0.01% precision on the total
cross section. The N -jettiness prediction for the ql scat-
tering channel is independent of T cut

1 over the studied
range, while the gl scattering channel is independent of
T cut
1 for T cut

1 < 10�5. Both channels are in excellent
agreement with the structure-function result. We have
also checked bin-by-bin that the transverse momentum
and pseudorapidity distributions of the jet have no de-
pendence on T cut

1 .
Having established the validity of our calculation we

present phenomenological results for proposed EIC run
parameters. We set the collider energy to

p
s = 100

GeV and study the inclusive-jet transverse momentum
and pseudorapidity distributions in the range pjetT > 10
GeV and |⌘jet| < 2. We use the CT14 parton distribution
set [32] extracted to NNLO in QCD perturbation the-
ory. We reconstruct jets using the anti-kt algorithm [33]
with radius parameter R = 0.5. Our central scale choice
for both the renormalization and factorization scales is
µ = pjetT . To estimate the theoretical errors from missing
higher-order corrections we vary the scale around its cen-
tral value by a factor of two. The transverse momentum
distributions at LO, NLO and NNLO are shown in Fig. 2.

10�5 10�4

T cut
1

�0.012

�0.010

�0.008

�0.006

�0.004

�0.002

0.000

�
N

N
L

O
/�

L
O

q channel

10�5 5 ⇥ 10�5

T cut
1

g channel

Figure 1: Plot of the NNLO corrections normalized to the LO
cross section for the quark-lepton and gluon-lepton scattering
channels as a function of T cut

1 . The points denote values ob-
tained from N -jettiness subtraction, with the vertical error
bars denoting the numerical errors, while the solid lines indi-
cate the inclusive structure function result.

The K-factors, defined as the ratios of higher order over
lower order cross sections, are shown in the lower panel
of this figure. The NNLO corrections are small, changing
the NLO result by no more than 10% over the studied
pjetT region. The shift of the NLO cross section is slightly
positive in the low transverse momentum region, and be-
come less than unity at high-pjetT .

Figure 2: Plot of the inclusive-jet transverse momentum dis-
tribution at LO, NLO and NNLO in QCD perturbation the-
ory. The upper panel shows the distributions with scale un-
certainties, while the lower panel shows the K-factors for the
central scale choice.

We next show the pseudorapidity distribution in Fig. 3.

Inclusive DIS cross section with                          ,                            ,  
and CT14nnlo PDFs

p
s = 100GeV Q2 > 100GeV2 µR = µF = Q

✤ Check cutoff independence of 
result

✤ Determine range of cutoffs for 
which power corrections are 
negligibly small

✤ Agreement with NNLO 
inclusive cross section 
computed with structure 
functions 
[Zijlstra, van Neerven ’92;
  Moch, Vermaseren ‘99]
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Using DISTRESS, we produced differential distributions with proposed 
EIC settings

✤             

✤               

✤              

✤ Anti-kt jet algorithm with                  

✤        

✤             

✤             

✤ CT14 (LO, NLO, NNLO) PDF sets      

p
s = 100GeV

pjetT > 5GeV

|⌘jet| < 2

R = 0.5

µR = µF = pjetT

↵ = 1/137.036

me = 0.511MeV
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10�3

10�2

10�1

100

101

102

d
�
/d

Q
2

[p
b
/G

eV
2
]

p
s = 100 GeV

pjet
T > 5 GeV

|⌘jet| < 2

µR = µF = pjet
T

R = 0.5
CT14 pdf

lp ! j + X

LO

NLO

NNLO

0 500 1000 1500 2000 2500 3000 3500 4000

Q2 [GeV2]

0.0
0.5
1.0
1.5
2.0
2.5
3.0

NLO/LO NNLO/NLO

✤NNLO correction is small in DIS region (high      ) region, but large (50%) at 

✤Shift is positive for              , negative in DIS region

Q2 Q2 ⇠ 0

Q2 ⇠ 0

RESULTS: Q^2 DISTRIBUTION
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✤NNLO correction is large and positive for low       , small and negative for large

✤NNLO shows an increase in scale dependence at low

pjetT

100

101

102

103

104

d
�
/d

pje
t

T
[p

b
/G

eV
]

p
s = 100 GeV

pjet
T > 5 GeV

|⌘jet| < 2

µR = µF = pjet
T

R = 0.5
CT14 pdf

lp ! j + X

LO

NLO

NNLO

5 10 15 20 25 30 35
pjet

T [GeV]

0.0
0.5
1.0
1.5
2.0
2.5
3.0

NLO/LO NNLO/NLO

pjetT

pjetT
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RESULTS: JET TRANSVERSE MOMENTUM DISTRIBUTION

5 10 15 20 25 30
pjet

T [GeV ]
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1.0

1.5
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d
�

N
N

L
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d
�

L
O

+
N

L
O

p
s = 100 GeV

µ = pjet
T

|⌘jet| < 2

CT14nnlo pdf

lp ! j + X

ql

gl

q�

g�

gq

qq

total

✤       and       channels dominate the NNLO correction (left) and the cross section 
at NNLO (right) for low 

✤They are LO at          ,      and drive the increase in the scale dependence of the 
NNLO cross section at low

✤No single partonic channel furnishes a good approximation to the shape of the full 
NNLO correction

O(↵2↵2
s)

qq gq
pjetT

pjetT

5 10 15 20 25 30
pjet

T [GeV]
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µ = pjet
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ql
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q�

g�
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There are a few surprising aspects present in the NNLO
corrections. First, the scale dependence at NNLO in the
region ⌘jet < 0 is larger than the corresponding NLO
scale variation. Although the corrections are near unity
over most of the studied pseudorapidity range, they be-
come sizable near ⌘jet ⇡ 2, reducing the NLO rate by
nearly 50%. To determine the origin of these e↵ects we
show in Fig. 4 the breakdown of the NNLO correction
into its separate partonic channels. This reveals that
the total NNLO correction comes from an intricate in-
terplay between all contributing channels, with di↵erent
ones dominating in di↵erent ⌘jet regions. Only the gluon-
lepton partonic process is negligible over all of phase
space. For negative ⌘jet, the dominant contribution is
given by the quark-quark process. This appears first at
O(↵2↵2

s). It is therefore e↵ectively treated at leading-
order in our calculation, and consequently has a large
scale dependence. We note that the quark-in-lepton dis-
tribution from Eq. (9) is larger at high-x than the cor-
responding photon-in-lepton one, leading to this channel
being larger in the negative ⌘jet region. At high ⌘jet, the
distribution receives sizable contributions from the gluon-
photon process. No single partonic channel furnishes a
good approximation to the shape of the full NNLO cor-
rection.

0

200

400

600

800

1000

1200

d
�
/d

� j
et

[p
b
]

p
s = 100 GeV

pjet
T > 10 GeV

|�jet| < 2

µR = µF = pjet
T

R = 0.5
CT14 pdf

lp ! j + X

LO

NLO

NNLO

�2.0 �1.5 �1.0 �0.5 0.0 0.5 1.0 1.5 2.0
�jet

0.0
0.5
1.0
1.5
2.0
2.5
3.0

NLO/LO NNLO/NLO

Figure 3: Plot of the inclusive-jet pseudorapidity distribution
at LO, NLO and NNLO in QCD perturbation theory. The
upper panel shows the distributions with scale uncertainties,
while the lower panel shows the K-factors for the central scale
choice.

CONCLUSIONS

We have presented in this paper the full calculation
of the O(↵2↵2

s) perturbative corrections to jet produc-
tion in electron-nucleus collisions. To obtain this result

Figure 4: Breakdown of the NNLO correction to the ⌘jet dis-
tribution into its constituent partonic channels, as a ratio to
the full NLO cross section in the bin under consideration.
Also shown is the total result obtained by summing all chan-
nels. The bands indicate the scale variation.

we have utilized the N -jettiness subtraction scheme in-
troduced to allow NNLO calculations in hadronic colli-
sions. We have described the application of this method
to inclusive jet production in detail, and have shown that
upon integration over the final-state hadronic phase that
we reproduce the known NNLO result for the inclusive
structure functions. Our results have been implemented
in a numerical program DISTRESS that we plan to make
publicly available for future phenomenological studies.
We have shown numerical results for jet production at

a proposed future EIC. Several new partonic channels
appear at the O(↵2↵2

s) level, which have an important
e↵ect on the kinematic distributions of the jet. No sin-
gle partonic channel furnishes a good approximation to
the full NNLO result. The magnitude of the corrections
we find indicate that higher-order predictions will be an
important part of achieving the precision understanding
of proton structure desired at the EIC, and we expect
that the methods described here will be an integral part
of achieving this goal.
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There are a few surprising aspects present in the NNLO
corrections. First, the scale dependence at NNLO in the
region ⌘jet < 0 is larger than the corresponding NLO
scale variation. Although the corrections are near unity
over most of the studied pseudorapidity range, they be-
come sizable near ⌘jet ⇡ 2, reducing the NLO rate by
nearly 50%. To determine the origin of these e↵ects we
show in Fig. 4 the breakdown of the NNLO correction
into its separate partonic channels. This reveals that
the total NNLO correction comes from an intricate in-
terplay between all contributing channels, with di↵erent
ones dominating in di↵erent ⌘jet regions. Only the gluon-
lepton partonic process is negligible over all of phase
space. For negative ⌘jet, the dominant contribution is
given by the quark-quark process. This appears first at
O(↵2↵2

s). It is therefore e↵ectively treated at leading-
order in our calculation, and consequently has a large
scale dependence. We note that the quark-in-lepton dis-
tribution from Eq. (9) is larger at high-x than the cor-
responding photon-in-lepton one, leading to this channel
being larger in the negative ⌘jet region. At high ⌘jet, the
distribution receives sizable contributions from the gluon-
photon process. No single partonic channel furnishes a
good approximation to the shape of the full NNLO cor-
rection.

Figure 3: Plot of the inclusive-jet pseudorapidity distribution
at LO, NLO and NNLO in QCD perturbation theory. The
upper panel shows the distributions with scale uncertainties,
while the lower panel shows the K-factors for the central scale
choice.
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✤We have performed a full calculation of the                 perturbative corrections to jet 
production in electron-nucleon collisions, using N-jettiness subtraction

✤We have shown that upon integration over the final-state hadronic phase we 
reproduce the known NNLO result for the inclusive structure functions

✤We have implemented our results in a fully differential parton-level event generator 
DISTRESS

✤We have shown numerical results for jet production at a proposed future EIC
✤ Several new partonic channels appear at the                 level, which have an 

important effect on the kinematic distributions of the jet
✤ No single partonic channel furnishes a good approximation to the full NNLO 

result
✤ The magnitudes of the corrections we find indicate that higher-order predictions 

will play an important role in achieving the precision needed to understand the 
proton structure at the EIC

O(↵2↵2
s)

O(↵2↵2
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