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Examining the effect of resolution smearing : Contamination of exclusive sample 
by the associated Bethe-Heitler

Motivation
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A Bethe-Heitler Amplitude 2

I. THE EXCLUSIVE AND ASSOCIATED BETHE-HEITLER PROCESSES

Our goal in DVCS experiments is to extract the ep → epγ cross section from a measure-
ment of the H(e, e′γ)X reaction. The experiment necessarily integrated the missing mass
squared M2

X = (P + k − k′ − q′)2 up to, and slightly beyond, the Nπ threshold. Even if
an experimental cut is made at M2

X ≤ (M + mπ)2, resolution effects can contaminate the
exclusive sample with events of the type

e + p −→ e + γ + Nπ (1)

As a first estimate of the cross section of reaction 1, we can use the Bethe-Heitler contribution
alone, in which the photon is radiated by either the initial or final electron. In this case, the
hadronic current is the same current that is measured in the ep → eNπ reaction.

The general formalism for both the exclusive ep → eγp and associated-production ep →
eγNπ reactions is described by P. Guichon, et al., [1]. They model the inelastic hadronic
matrix elements with two components. Near threshold, they use soft pion theorems to relate
the associated BH and VCS amplitudes to elastic form factors and Generalized Parton
Distributions (GPDs), respectively. Up to two pion threshold, they add a model of the
∆-resonance.

A. Bethe-Heitler Amplitude

The Bethe-Heitler amplitude is written as:

TBH =
−e3

(q − q′)2
⟨f | Ĵν |i⟩u(k′)

[

γ · ϵ†f
1

γ · (k′ + q′) − m
γν + γν 1

γ · (k − q′) − m
γ · ϵ†f

]

u(k)

(2)
This expression is in Lorentz-Heaviside units, with

α =
e2

4π
=

1

137.0 . . .
(3)

The spinors are normalized to u(k)u(k) = 2m. For the elastic channel, the electromagnetic
current has the form:

⟨f | Ĵν |i⟩ = U(P ′)

[

F p
1 (−∆2)γν + iF p

2 (−∆2)
σνα∆α

2M

]

U(P ) (4)

with ∆α = (P ′ − P )α and

σνα =
i

2
[γν , γα] . (5)

The hadronic current for the associated BH amplitude will be discussed in later sections.
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Steps…..

• Write an event generator program!

• Take in to account the radiative correction!

• Add momentum smearing!

• Add cross sections
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Generator
HRS

15 cm

108 cm50 cm

2.7 cm

Liquid Hydrogen 
Target in 5 mil Al

16 mil Al

Vacuum 

zlab

ylab

k

k’

Momentum 
Acceptance   
Δk = ± 4.5% 
!
Angular acceptance 
ΔθH = ± 30 mr 

ΔθV = ± 60 mr

Generate events in 5 fold differential space for exclusive DVCS!
and 8 fold space for Associated DVCS

Q2, Xb, tmin - t, Φγγ, Φe, M*2,        and ✓⇡cm �⇡
cm

are Polar and !
Azimuthal angles in !
M* rest frame  

✓⇡cm and �⇡
cm x*⊗ z* plane is the DVCS reaction plane

and sign of x* was chosen in a way that 
ˆx* = ˆxq when Φγγ = 0

�4



Q2 – Xb Space

(at the spectrometer)
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Radiative Corrections 

External radiative correction - b=4/3

Internal real corrections - Applied once before 
and once after the scattering

In addition, bremsstrahlung from the aluminum windows is also accounted  

R - Random number in [0,1]
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X. Jiang, PhD thesis, University of Massachusetts Amherst!
L. W. Mo, Y. S. Tsai, Rev. Mod. Phys. 41, 205 (1969)!

Radiative corrections can be turned on and off  at will



htemp
Entries  3707191
Mean   0.9027
RMS    0.1053

Missing Mass
0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8

1

10

210

310

410

510

610

htemp
Entries  3707191
Mean   0.9027
RMS    0.1053

Missing mass squared

M2x

M*2
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Resolution smearing

HRS!
σHRS=2 x 10-4!
σx=0.001mr!
σy=0.002mr

Simple Gaussian Momentum Smearing 

Calorimeter!
σqz1=0.02%!
σqz2=0.06%/√q’!
σqxy=0.3cm/√q’

ẑs =
~k

0

|~k0 |
ŷs =

ẑ ⇥ ~k
0

|ẑ ⇥ ~k0 |
x̂s = ŷs ⇥ ẑs
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k’ smearing

k'
2.6 2.65 2.7 2.75 2.8 2.850

10000

20000

30000

40000

50000

smearing

no smearing
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q’ smearing

qprime
0 0.5 1 1.5 2 2.50

10000

20000

30000

40000

50000

60000

70000

smearing

no smearing
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0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 50

50
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250

310×
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Next…….

Adding Bethe-Heitler cross section as a first estimate.!
!
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∆(1232)

ep → eγπN

ep → eγp

⟨N ′ |q̄α(xµ)qβ(0)|N⟩ ,

xµ x2 = 0) qα α

N, N ′

N = N ′

γ∗(q) + N → M + N ′,
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~ Zen Proverb

"In all affairs of life, at every moment, we have a 
choice." 
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