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Photoproduction →

Spectroscopy
Electroproduction →

Transition Form Factors (TFF)
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γ∗ N

Electrocouplings ≡ γ∗NN∗(Q2,W )

A 3
2
(Q2,W )

A 1
2
(Q2,W )

S 1
2
(Q2,W )

?

(M,B)

(M,B)N∗

N

γ∗

A 1
2
(W ),A 3

2
(W ) → A 1

2
(Q2,W ),A 3

2
(Q2,W ),S 1

2
(Q2,W ) := TFF
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My analysis In the N* program perspective

Epistemological structure of the N* program
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Experiment ⇔ Theory :

QCD
Hadron models

A1/2,A3/2,S1/2

Cross-sections

Reaction

Reaction model

JLab-Moscow (JM)

Electrocouplings

ep → e
′

p
′

π+π−
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Reaction and its kinematic coverage
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Experiment ⇔ Theory : Results from the N* Program at Jefferson Lab.
(Journal of Physics: Conference Series 299 (2011) 012008)
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Significance of pπ+π− channel
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In relation to π channel

Access to higher W

Cross-check for extracted TFFs

Has different background
contributions
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My analysis Measurements

Cross-sections from ep → e′p′π+π−
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γ∗ N
A3

2
(Q2)

A1
2
(Q2)

S1
2
(Q2)

Electrocouplings ≡ γ∗NN∗

N∗

?

e

e′

p

∆++,∆0, ρ

π+, π−, π−

p′,p′, π+

π−, π+,p′

γ∗
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Cross-sections from ep → e′p′π+π−

Arjun Trivedi Measurement of Double Pion Electroproduction Cross-sections 11

γ∗ N
A3

2
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,Mpπ+
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Cross-sections from ep → e′p′π+π−
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Cross-sections from ep → e′p′π+π−
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Cross-sections
Independent of γ∗ polarization:

1 d5σ
dτ 5 →

dσ
dXij
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Cross-sections from ep → e′p′π+π−
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c,Xij cosφi + R2TT

c,Xij cos 2φi + δXijαi

(

R2LT
s,αi sinφi + R2TT

s,αi sin 2φi
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Cross-sections from ep → e′p′π+π−

Arjun Trivedi Measurement of Double Pion Electroproduction Cross-sections 15

γ∗ N
A3

2
(Q2)

A1
2
(Q2)

S1
2
(Q2)

Electrocouplings ≡ γ∗NN∗

N∗

?

e

e′

p

∆++,∆0, ρ

π+, π−, π−

p′,p′, π+

π−, π+,p′

γ∗

Variable sets

∆++: Mpπ+ , θ∗
π− , φ∗

π− , α∗

[p′
π+][pπ−]

,Mπ+π−

∆0 : Mpπ− , θ∗π+ , φ∗

π+ , α∗

[p′
π−][pπ+]

,Mpπ+

ρ : Mπ+π− , θ∗p , φ
∗

p, α
∗

[π+π−][p′p]
,Mpπ+

Mpπ+,Mπ+π− , θ∗
π− , φ∗

π− , α∗

[p′
π+][pπ−]

Cross-sections
1 . Independent of γ∗ polarization:

d5σ
dτ 5 →

dσ
dXij

2 . Sensitive to γ∗ polarization:

(

d2σ
dXij dφi

)

= R2T
Xij + R2L

Xij + R2LT
c,Xij cosφi + R2TT

c,Xij cos 2φi + δXijαi

(

R2LT
s,αi sinφi + R2TT

s,αi sin 2φi
)



My analysis Measurements

All possible observables: A glimpse
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Polarization Observables for Electroproduction
(arXiv:nucl-th/9506029v1)

Note that this table is applicable for single pseudoscalar electroproduction

In case of double (charged) pseudoscalar electroproduction,
in addition to cR200

LT and cR200
TT , sR200

LT and sR200
TT can be also be measured:

(

d2σ
dXij dφi

)

= R2T
Xij + R2L

Xij + R2LT
c,Xij cosφi + R2TT

c,Xij cos 2φi + δXijαi

(

R2LT
s,αi sinφi + R2TT

s,αi sin 2φi
)
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Summary
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51 (30 new)1D Cross-sections per Q2,W bin

1 dσ
dXij

(3x3=9)

2 γ∗ polarization dependent
i R2Xij

T + R2Xij

L (3x4=12)

ii R2c,Xij

LT (3x4=12)

iii R2c,Xij

TT (3x4=12)

iv R2s,αi
LT (3x1=3)

v R2s,αi
LT (3x1=3)

Xij := Variable sets

1 Mpπ+ , θ∗
π− , φ∗

π− , α∗

[p′
π+][pπ−]

,Mπ+π−

2 Mpπ− , θ∗π+ , φ∗

π+ , α∗

[p′
π−][pπ+]

,Mpπ+

3 Mπ+π− , θ∗p , φ
∗

p, α
∗
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My analysis Core tasks

Experiment: ep → e′X

1 Reconstruct ep → e′p′π+π−

I Particle identification
II Fiducial cuts
III Momentum corrections
IV Energy loss corrections
V Event selection
VI Bin events ⇒ N i

R

2 Ai from Simulation

3 N i
T =N i

R /Ai

4 Radiative effects correction

5 σ(Q2,W )=
∑

N i
T

LΓ(Q2,W )
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My analysis Core tasks

Experiment: ep → e′X
Natural process

1 Reconstruct ep → e′p′π+π−

I Particle identification
II Fiducial cuts
III Momentum corrections
IV Energy loss corrections
V Event selection
VI Bin events ⇒ N i

R

2 Ai from Simulation

3 N i
T =N i

R /Ai

4 Radiative effects correction

5 σ(Q2,W )=
∑

N i
T

LΓ(Q2,W )

Simulation: ep → e′p′π+π−

Model(JM) based process

1 Reconstruct ep → e′p′π+π−

I similar
II similar
III N.A.
IV similar
V similar
VI similar

2 Ai =N i
R /N i

T

3 N i
T =N i

R /Ai

4 N.A.

5 N.A.
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My analysis Core tasks

Particle identification
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p = constant
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Particle identification
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Fiducial cuts
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Electron, protons and pions

Remove if detected at and
beyond edges of fiducial volume
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Based on Missing Mass technique

ep → e′p′π+X
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E16 experiment conducted in Hall B
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1 dσ
dXij

(3x3=9)

2 γ∗ polarization dependent
i R2Xij

T + R2Xij

L (3x4=12)

ii R2c,Xij

LT (3x4=12)

iii R2c,Xij

TT (3x4=12)

iv R2s,αi
LT (3x1=3)

v R2s,αi
LT (3x1=3)

Xij := Variable sets

1 Mpπ+ , θ∗
π− , φ∗

π− , α∗

[p′
π+][pπ−]

,Mπ+π−

2 Mpπ− , θ∗π+ , φ∗

π+ , α∗

[p′
π−][pπ+]

,Mpπ+

3 Mπ+π− , θ∗p , φ
∗
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E16 experiment conducted in Hall B
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Q2,W bin = [2.4,3.0)GeV 2, [1.725,1.750)GeV
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Q2,W bin = [2.4,3.0)GeV 2, [1.725,1.750)GeV
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γ∗ polarization dependent cross-sections
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Q2,W bin = [2.4,3.0)GeV 2, [1.725,1.750)GeV

(

d2σ
dXij dφi

)

= R2T
Xij + R2L

Xij + R2LT
c,Xij cosφi + R2TT

c,Xij cos 2φi + δXijαi

(

R2LT
s,αi sinφi + R2TT

s,αi sin 2φi
)
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γ∗ polarization dependent cross-sections
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Q2,W bin = [2.4,3.0)GeV 2, [1.725,1.750)GeV

(

d2σ
dXij dφi
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c,Xij cosφi + R2TT

c,Xij cos 2φi + δXijαi
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Q2,W bin = [2.4,3.0)GeV 2, [1.725,1.750)GeV

(
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c,Xij cosφi + R2TT
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γ∗ polarization dependent cross-sections
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Q2,W bin = [2.4,3.0)GeV 2, [1.725,1.750)GeV
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Q2,W bin = [2.4,3.0)GeV 2, [1.725,1.750)GeV
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Q2,W bin = [2.4,3.0)GeV 2, [1.725,1.750)GeV
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γ∗ polarization dependent cross-sections
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Q2,W bin = [2.4,3.0)GeV 2, [1.725,1.750)GeV
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Q2,W=[2.40,3.00][1.725,1.750]

Relative yield in Q2-W bins of analysis region

51 (30 new)1D Cross-sections per Q2,W bin

1 dσ
dXij

(3x3=9)

2 γ∗ polarization dependent
i R2Xij

T + R2Xij

L (3x4=12)

ii R2c,Xij

LT (3x4=12)

iii R2c,Xij

TT (3x4=12)

iv R2s,αi
LT (3x1=3)

v R2s,αi
LT (3x1=3)

51 sets of cross-sections
measured in every Q2-W bin, of

which 30 are new
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Summary
51 sets of cross-sections measured in each bin of, hitherto uncharted,
Q2-W region.
Of these 51, 30 are measured for the first time and are related to the
photon polarization.

Outlook
Working on analysis note and finalizing data studies.
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