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C. Muñoz Camacho (IPNO, CNRS/IN2P3) DVCS @ JLab/Hall A 10/02/2014 2 / 13



Exclusivity

Missing mass

Missing mass squared ep→ e′γX

M2
X = (e+ p− e′ − γ)2 M2

X cut = (M +mπ)2

H(e,e’γ)p

H(e,e’γ)∆…

[ H(e,e’γ)X - H(e,e’γ)γY ]:  Missing Mass2

Raw  H(e,e’γ)X Missing Mass2 (after accidental subtraction).

+H(e,e’γp) sample,
Normalized to H(e,e’γ)

•••H(e,e’γp) simulation

Exclusivity ensured by missing mass technique
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Exclusivity

Associated systematic error

Varying the M2
X cut below the π-production threshold

gives an estimate of syst. uncertainty
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Systematic error due to the missing mass cut . 2%

M. Defurne
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Cross section extraction

DVCS cross section: data analysis

Challenge:

Very rapid variation with kinematics (mostly due to BH propagators)

Experimental issues:

Integration of cross section within experimental bins

Bin migration

Variables: xv = {k, xB, Q2, t, ϕe, ϕ, vz}v xe = {k, xB, Q2, t, ϕe, ϕ, vz}e
Exp. bins: jv = {jxB , jQ2 , jt, jϕ}v ie = {ixB , iQ2 , it, iϕ}e

K(xe|xv)

dσ

dΩ
(xv) = ΓBH(xv) +

3∑
Λ=1

ΓΛ(xv)X
Λ
jv ≡

3∑
Λ=0

ΓΛ(xv)X
Λ
jv
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Cross section extraction

Experimental number of counts

N(jv) = L
∫
xv∈Bin(jv)

3∑
Λ=0

ΓΛ(xv)X
Λ
jvdxv =

= L
3∑

Λ=0

XΛ
jv

∫
xv∈Bin(jv)

ΓΛ(xv)dxv

N(ie) =

∫
xe∈Bin(ie)

dxe
∑
jv

N(iv)K(xe|xv) =

= L
∑
jv

3∑
Λ=0

XΛ
jv

∫
xe∈Bin(ie)

dxe

∫
xv∈Bin(jv)

dxvΓ
Λ(xv)K(xe|xv)

We define a bin mapping function:

KΛ
ie,jv =

∫
xe∈Bin(ie)

∫
xv∈Bin(jv)

dxe dxv K(xe|xv)ΓΛ(xv)
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Cross section extraction

Fit of experimental counts: linear system

NMC(ie) = L
∑
jv ,Λ

KΛ
ie,jvX

Λ
jv .

χ2 =
∑
ie

[NExp(ie)−NMC(ie)]
2

[σExp(ie)]2
,

0 = − 1

2

∂χ2

∂XΛ
jv

∣∣∣∣∣
Xjv

=
∑
ie

LKΛ
ie, jv

L
∑
j′v ,Λ

′

KΛ′
ie, j′v

X
Λ′

j′v
−NExp(ie)

[σExp(ie)]2

0 =
∑
j′v ,Λ

′

αΛ,Λ′

jv , j′v
X

Λ′

j′v
− βΛ

jv ∀ jv, Λ .

The linear system is defined by:

αΛ,Λ′

jv , j′v
=
∑
ie

L
KΛ

ie, jv
KΛ′

ie, j′v

[σExp(ie)]2
βΛ
jv =

∑
ie

NExp(ie)K
Λ
ie, jv

[σExp(ie)]2
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Cross section extraction

Cross-section results

The fit parameters are:

X
Λ
jv =

∑
j′v ,Λ

′

[α−1]Λ,Λ
′

jv , j′v
βΛ′
j′v
.

The covariance matrix of the fitted parameters is:

V Λ,Λ′

jv , j′v
= [α−1]Λ,Λ

′

jv , j′v
.

d5σExp(i)

d5Φ
=

d5σFit(i)

d5Φ
NExp
i /NFit

i ,
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Cross section extraction

Experimental results
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Analysis with BKM-2002:
Belitsky, Müller, Kirchner, Nucl. Phys. B629, 323 (2002)
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Cross section extraction

Results with different parametrizations

Reanalysis with BMK-2010 and comparison

Low −t

 (deg)Φ
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High −t
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Stable within statistical uncertainties

Especially at low −t where the acceptance is best known

M. Defurne
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Beam energy dependence

Rosenbluth-like separation of the DVCS cross section

σ(ep→ epγ) = |BH|2︸ ︷︷ ︸
Known to ∼ 1%

+ I(BH ·DV CS)︸ ︷︷ ︸
Linear combination of GPDs

+ |DV CS|2︸ ︷︷ ︸
Bilinear combination of GPDs

I∝ 1/y3 = (k/ν)3,∣∣T DV CS∣∣2∝ 1/y2 = (k/ν)2

BKM-2010 – at leading twist → 7 independent GPD terms:{
<e,=m

[
CI , CI,V , CI,A

]
(F)

}
, and CDV CS(F ,F∗).

ϕ-dependence provides 5 independent observables:

∼1, ∼ cosϕ,∼ sinϕ, ∼ cos(2ϕ),∼ sin(2ϕ)

The measurement of the cross section at two or more beam energies for exactly

the same Q2, xB , t kinematics, provides the additional information in order to

extract all leading twist observables independently.
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Beam energy dependence

DVCS cross-section: ϕ & Q2

I =
i0/Q

2 + i1cosϕ/Q+ i2cos 2ϕ/Q2 + i3cos 3ϕ/Q

P1P2

DVCS2 = d0/Q
2 + d1cosϕ/Q3 + d2cos 2ϕ/Q4 .

The product of the BH propagators reads:

P1P2 = 1 +
p1

Q
cosϕ+

p2

Q2
cos 2ϕ .

Reducing to a common denominator (×P1P2), one obtains:

P1P2I +P1P2DVCS2= (i0 + d0)/Q2 + d1p1/2/Q
4 + p2d2/2/Q

6

+[i1/Q+ (p1d0 + d1)/Q3 + (p1d2 + p2d1)/2/Q5]cosϕ

+[i2/Q
2 + (p2d0 + p1d1/2 + d2)/Q4]cos 2ϕ

+[i3/Q+ (p1d2 + p2d1)/2/Q5]cos 3ϕ

+[p2d2/4/Q
6]cos 4ϕ .

The I and DVCS2 terms mix at leading order in 1/Q in the ϕ expansion
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Thank you!
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