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Extractions from 
exclusive jet cross 

sections have order 
10% uncertainty, 

dominated by theory
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N-jettiness
•A global event shape measuring degree to which 
final state is N-jet-like. 

⌧N =
2

Q2

X

k

min{qA · pk, qB · pk, q1 · pk, . . . , qN · pk}

Stewart, Tackmann, Waalewijn (2010)

groups particles into regions, 
according to which vector qi 
is closest.
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Factorization and 
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1-Jettiness in DIS

• “1-jettiness” in DIS measures final states 
with beam radiation + one additional jet

• Different choices of axes are 
possible: different sensitivity 
to ISR transverse momentum
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(2012, 2013)
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Factorization Theorem for DIS thrust

Start in QCD:
d�(x,Q2)

d⌧1
= Lµ⌫(x,Q2)Wµ⌫(x,Q2, ⌧1)

⌧̂1|Xi = ⌧1(X)|Xi

leptonic 
tensor

hadronic 
tensor

Wµ⌫(x,Q2, ⌧1) =

Z
d4x eiq·xhP |q̄�µq(x)�(⌧1 � ⌧̂1)q̄�

⌫q(0)|P i
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⌧1Measure of particles crossing the cut



jet function

beam function

soft function

hard function

Factor collinear and soft matrix elements:
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beam function

jet function soft function

(+ permutations)

Wµ⌫(x,Q
2, ⌧1) =

Z
d2p̃?

Z
d⌧Jd⌧Bd⌧S C⇤(Q2, µ)C(Q2, µ) �

⇣
⌧1 �

tJ
sJ

� tB
sB

� kS
QR

⌘

⇥ h0|[Y †
n0
J
Y †
n0
B
](0)�(kS � n0

J · p̂J 0 � n0
B · p̂B0)[Yn0

B
Yn0

J
](0)|0i

⇥ hPnB |�̄nB (0)�(QB⌧B � nB · p̂nB )[�(n̄B · q + n̄B · P)�2(p̃? � P?)�nB ](0)|PnB i
⇥ h0|�nJ (0)�(QJ⌧J � nJ · p̂nJ )�(n̄J · q + n̄J · P)�2(q? + p̃? + P?)�̄nJ (0)|0i

Factorization Theorem for DIS thrust
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“energy flow” operator

Nonperturbative corrections
• In general, soft function expressed as convolution of perturbative part 

and nonperturbative shape function:

S(kS , µ) =
Z

dl SPT(kS � l, µ)SNP(l)
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• For large enough            , leading effect is a shift:τ (kS)
observable dependent,  
calculable coefficient

universal nonperturbative parameter

ce

hei = heiPT + ce
⌦1

Q ⌦1

• Rigorous proof (and field theory definition of       ) from factorization theorem and boost invariance of soft radiation:

soft radiation sees only direction, not energy, of original collinear partons, invariant to boosts along z

⌦1

⌦1 =
1

NC
Trh0|Y †

n̄Y
†
nET (⌘)YnY n̄|0i



DIS thrust cross sections
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Resummed to N3LL accuracy:

include a nonperturbative shape function:
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can be related to other 
DIS event shapes

 
or even pp to 1 jet 

observables
Stewart, Tackmann, 
Waalewijn (2014)

D. Kang, CL, 
Stewart (2013)

D. Kang, CL, Stewart  
(2015 and in progress)
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DIS thrust cross sections
Tail region, fixed x, low to high Q:



DIS thrust cross sections
Tail region, fixed Q, low to high x:

���� ���� ���� ���� ���� ����
���
���
	��
����
����
����
����
�	��

���� ���� ���� ���� ����

�

�

	

��

��

��

��

���� ���� ���� ���� ���� ���� ���� ����
�

�

�

�

	

�




���� ���� ���� ���� ���� ���� ���� ����

��	

���

��	

���

��	

���

���� ���� ���� ���� ����
����

����

����

����

����

0.15 0.20 0.25 0.30 0.35 0.40

20

40

60

80

Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. ,Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0. �Spacer2� 0. , 0.

Spacer2

Spacer2

Spacer2

Spacer2

Spacer2
Spacer2
Spacer2
Spacer2
Spacer2
Spacer2
Spacer2
Spacer2
Spacer2
Spacer2
Spacer2
Spacer2



Experimental sensitivity and strong coupling

Current theoretical uncertainty 
vs. HERA or EIC coverage:
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Current theoretical uncertainty on the order of 1% 
sensitivity to       and PDF uncertainties:αs

D. Kang, CL, Stewart  
(2015 and in progress)



Outlook

• N3LL resummed predictions for DIS thrust to be published soon.

• Event shapes in DIS promising candidates for precision determination of 
strong coupling, PDFs, and hadronization corrections

• Results from HERA or an EIC may shed light on “low” value of LEP event 
shape determinations of strong coupling


