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267 Building the Tools

shown to first-order perturbation theory in Fig. 10.7, is described through the ex-
change of a Standard Model electroweak gauge boson [Sur99]:

e(k) + P (p) ! l(k0) + X(p0) (10.8)

with the electron (positron) and proton in the initial state denoted by the four-
vectors k = (Ee,ke) and p = (EP ,P ), respectively. The final state consists of the
scattered lepton k0 = (E0

l ,k
0
l) and the hadronic final state system p0 = (EX ,pX).

Depending on the exchanged electroweak gauge boson, one distinguishes two
classes of events:

• Neutral Current (NC) (electroweak gauge boson: virtual photon �⇤ or Z0 boson)
and

• Charged Current (CC) (electroweak gauge boson: W± boson) events.

Both event classes can be distinguished by the final-state lepton. In the case of
NC events an electron (positron) is found in the final state (l = e) whereas in the
case of CC events the final-state system consists of a neutrino (antineutrino) which
escapes detection (l = ⌫e).

Collider e± / p experiments are typically designed be able to measure the energy
and direction of both the scattered lepton (in case of NC events only) and the
hadronic final-state system. Two independent variables are su�cient in defining
the unpolarized inelastic e± / p event kinematics at fixed beam energies, e.g., in
the case of a NC event the energy E0

e and polar angle ✓0
e of the scattered electron

(positron).
A detailed discussion of deep-inelastic scattering (DIS) is presented in Chapter 9.

In the section below the emphasis is placed on the kinematic aspects. Here, in
order to be self-contained, the variables necessary to provide a relativistic-invariant
formulation of the unpolarized inelastic ep event kinematics are again summarized:

s = (k + p)2 ' 4EeEP (10.9)

t = (p � p0)2 (10.10)

u = (k0 � p)2 (10.11)

Q2 = �(k � k0)2 = �(p � p0)2 = �t = �q2 (10.12)

x = Q2

2(p·q) ' � t
u+s 0  x  1 (10.13)

y = p·q
p·k ' u+s

s 0  y  1 (10.14)

W 2 = (p + q)2 = (p0)2 = m2
p + Q2

x (1 � x) ' s + t + u (10.15)

⌫ = p·q
mp

(̇10.16)

Q2 ' s · x · y
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The relativistic invariant description of any type of particle collision is an essential element for 

any modern high-energy collider experiment, in particular involving hadron beams.  

Standard Model electroweak gauge boson exchange process in ep collisions: 

Relativistic invariant variables: s, t, u, Q2, x, y and W2:

e(k) + P (p) ! l(k0) +X(p0)
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Four-vector kinematics
Starting from the process discussed in section 1, ep/eA scattering is viewed as the 

scattering of a lepton (e) with a parton resulting in a scattered lepton (e) (Energy E’ and 

polar angle 𝜃’) and a scattered parton (Energy F and polar angle 𝛾) in the final state: 

The positive direction by convention is taken to be the proton beam direction. 

Measured quantities: E’, 𝜃’, F and 𝛾

k =

0

BB@

Ee

0
0

�Ee

1

CCA
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p =

0

BB@

EP

0
0
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1

CCA
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Reconstruction methods 1
Inclusive DIS processes require two independent variables such y and Q2. Those can be formulated 

using any combination of the measured four observable variables: E’, 𝜃’, F and 𝛾 

1.  E’, 𝜃’ 

2.  E’, 𝛾 

3.  E’, F 

4.  𝜃’, 𝛾 

5.  𝜃’, F 

6.  F, 𝛾 

In fixed-target experiments, it is only method 1 which is used to reconstruct DIS kinematic variables. 

However, in a collider environment the ability to also reconstruct F and 𝛾 provides a means to optimize 

the reconstruction of kinematic variables through other combinations different from E’ and 𝜃’. 
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Reconstruction methods 2
Starting from the basic definition of y and Q2, one arrives at the 

following expressions:
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x-Q2 plane 1
Q2 as a function of x reveals substantial insight into the topology of ep events by considering their 

dependence on fixed quantities of E’, 𝜃’, F or 𝛾 and by graphically displaying the final state lepton and 

struck quark both in terms of the magnitude of the energy and direction (Angles with respect to 

proton direction).  

Q2 as a function of x for fixed E’, 𝜃’, F and 𝛾:
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EIC kinematics (Ee=10 GeV, Ep=250 GeV)
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x-Q2 plane 2
EIC kinematics (Ee=10 GeV, Ep=250 GeV)
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For fixed (x,Q2) points, calculate E’, 𝜃’, 
F and 𝛾 and plot at each (x,Q2) point 
arrows of length E’ under an angle 𝜃’ 
and arrows of length F under an angle 𝛾, 
respectively. 
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EIC kinematics (Ee=10 GeV, Ep=250 GeV)
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Kinematic peak at x=Ee/Ep=0.04 
where E’=F=Ee=10GeV



Bernd Surrow

Resolution of DIS Kinematic Variables
9

1st EIC Yellow Report Workshop
Philadelphia, PA, March 19, 2020

Error propagation 1
The event topology diagrams already show a clear issue for method 1 for large values of x where the 

resolution in x and y deteriorates. This is one of the main motivations to seek alternative reconstruction 

methods as evaluated in section 3.  

Analytical error propagation for all reconstruction methods 1 - 6 have been determined. Study kinematic 

variable resolution from methods 2, 3, 4 and 5 have been studied and compared to methods 1 (E’, 𝜃’) and 

6 (F, 𝛾).  

Examples for methods 1 (E’, 𝜃’) and 6 (F, 𝛾): 
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�
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Examples for methods 1 (E’, 𝜃’) and 6 (F, 𝛾): 
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Summary

A full derivation of DIS kinematic variable reconstruction methods 

has been completed as a function of all combinations of two 

measured observables E’, 𝜃’, F and 𝛾  

The well-known deterioration of method 1/6 is clearly seen. All other 

reconstruction methods have also been analytically evaluated 

including a full analytical error propagation.  

The full scope of optimizing the kinematic variable reconstruction is 

still being evaluated based on the completed full analytical 

derivations beyond methods 1 and 6, such as method 3 and 4: 

Preparation of error propagation plots vs. kinematics variables. 

Extend to MC simulation with simple smearing to quantify acceptance 

and purity for y-Q2 bins!
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