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-N-Δ transitions at a partonic level

-large Nc approximation: ΔVCS can be described  

in terms of quark GPDs

ΔVCS and GPDs

In the Bjorken limit: 
γ+Δ′→ eep

Handbag diagram
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N-Δ GPDs : same
information as nucleon
GPDs

CEM HHH ,,
4321 ,,, CCCC

N-Δ GPDs

hard part

soft part
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Interference between ΔVCS and  Bethe-Heitler

Calculated Beam Spin Asymmetry

ΔVCS  (π+):

ΔVCS  (πo):

γπγ ++ →Δ→ eneep

γπγ 0epeep →Δ→ +

opπ→Δ+++ →Δ πn

Experimental data is integrated 

over this whole range



ΔVCS (π+): event selection
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ΔVCS (πo): event selection
data after cuts
data before cuts

Xepep γγγ→
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Sideband method used to 
subtract combinatorial
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ΔVCS : background subtraction

ΔVCS (π0)

ΔVCS (π+)

BACKGROUND (B)FINAL State (S)

γπ oepep→
γπ +→ enep

)(γγπππ ooo epepep →→

)(γγπππ ++ →→ enenep o

same procedure used for both
ΔVCS channel

background
calculated and then
subtracted using MC 
simulations and 
exclusive double pion 
production                     
DATA



ΔVCS raw asymmetries

In the Δ+ region

error bars: statistical only

Xenep γπ +→Xepep oγπ→
AA

F (degrees)F (degrees)



Double p0 production
analysis

ΔVCS (π0) background

00ππepep→



p0 pair reconstruction
Events with exactly 1 electron, 1 proton, and 4 photons

Photons ordered in 
decreasing energy 4321 γγγγ EEEE ≥≥≥

first photon pair: p0
1

combination 1

combination 2

combination 3

42γγ31γγ
43γγ21γγ

32γγ41γγ

second photon pair: p0
2

Exclusive events
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iIM
Invariant mass of the first 

photon pair for 
combination i

Invariant mass of the 
second photon pair for 

combination i
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( ) )(13 GeVIM i
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Combination 3
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Double p0 event selection 
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exp data after cuts

mc data after cuts

Good agreement 
between Data/MC

Validate the MC 
model for double p0 

production

Validity of phase space MC model 
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p+ p0 production analysis

ΔVCS (π+) background

0ππ +→ enep
0ππρ ++ →→ enenep



p+ p0 event selection 
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Validity of p+ p0 MC model 

exp data after cuts

mc data after cuts

Good agreement 
between Data/MC

Validate the MC 
model for p+ p0

production
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ΔVCS results

ΔVCS (π0):

ΔVCS (π+):

γπ oepep→

γπ +→ enep
in the Δ+ region



Contamination
R= percentage of ΔVCS data samples estimated to be background

ΔVCS (π+) 
contamination

0ππ +→ enep
0ππρ ++ →→ enenep

45% on average

ΔVCS (π0) 
contamination

00ππepep→

30% on average

F (degrees)F (degrees)



ΔVCS Beam Spin Asymmetries 

ΔVCS (π0) ΔVCS (π+)

error bars: statistical only

F (degrees)F (degrees)



Conclusions

•Pioneering investigation for ΔVCS asymmetries

•First asymmetry results obtained for both ΔVCS channel

•BSA show a clear F dependency which may indicate that interference
between ΔVCS and Bethe-Heitler was observed

•Limited statitics : more data needed for an extensive ΔVCS study

Outlook
•Systematic uncertainties currently being evaluated

•PhD expected to be defended in June 2009

•Analysis note to be written



Complementary slides



DVCS asymmetry and GPDs

Polarized beam, unpolarized target:

Unpolarized beam,  longitudinaly polarized target:

Unpolarized beam,  transversaly polarized target:

Beam charge asymmetry:

EHH ,~,

EHH ,~,
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leptonic plane
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N-Δ GPDs
•Sum rules :
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CEM HHH ,,•Relevant N-Δ GPDs for ΔVCS process:

In the large Nc limit 
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ΔVCS (π0): γγπ 3epepep o →→

ΔVCS (πo): πo reconstruction

Which photons are likely to come from πo decay?

)(
0

GeVEE DVCS
π
γγ −

DVCS photon = most 

energetic one

8% events under 0 GeV
Phase space

generator



Cut position

Cuts optimization method
Study statistical effect of evolving cuts on each event selection variables:

-ΔVCS MC

-Double πo MC
Establish the optimal values

cutbefore

cutafter

N
N

R =

Varying cut
position

)( valuecutR



Example

for events below
the cut

for events above
the cut



Omega contamination
γπγ 0epeep →Δ→ +

γπω 0epepep →→
Invariant mass γπ 0



ΔVCS (πo): combinatorial background6σ

3σ 3σ

IMγγ

S+B SignalBackground

A

B

+Δm

Sideband method



ΔVCS : background subtraction

ΔVCS (π0)

ΔVCS (π+)

BACKGROUND (B)FINAL State (S)
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same procedure used for both
ΔVCS channel

γ
ππ

γ
ππ

ππσ 1

1

0

0

0

+

+

+ ∝→ Acc
N

enep

γ
ππ

γ
ππ

ππσ 2

2

0

0

0

+

+

+ ∝→ Acc
N

enep

S+B S B

γ
ππγπγπ

1
oenenXen

NNN +++ +=

single photon 
detected

all photons 
detected

γ
ππ

γ
ππγ

ππγπγπ 2

1
2

0

0

0

+

+

+++ −=
Acc
Acc

NNN enXenen

S+BS B



( ) )(13 GeVIM i
γγ

= ( ) )(23 GeVIM i
γγ

=

( ) )(1 GeVIM γγ ( ) )(2 GeVIM γγ

Combination 3
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