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Relativistic model for ground-state observables

Lagrangian

L = ψ̄(iγµ∂µ − M)ψ +
1
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Nonlinear sigma potential

U(σ) =
1
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m2
σ +

1
3

g2σ
3 +

1
4

g3σ
4

Field tensors

Ωµν = ∂µων − ∂νωµ

~Rµν = ∂µ~ρ ν − ∂ν~ρµ − gρ(~ρ
µ × ~ρ ν)

Fµν = ∂µAν − ∂νAµ
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Relativistic model for ground-state observables

Gap parameter: for open shell nuclei is employed the constant gap
approximation with empirical ∆

∆(5)(N) = −1
8
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]

20
8O12

19
8O11

18
8O10

17
8O9

16
8O8

Five different isotopes

1d 5
2

1p 1
2

1p 3
2

1s 1
2

Matteo Vorabbi (Università di Pavia) Elastic and quasi-elastic scattering Cortona - 2013 October 29 4 / 21



Elastic electron scattering

One photon exchange

Differential cross section
(

dσ
dΩ

)

EL
= σM |Fp(q)|2

Charge form factor

Fp(q) =
∫

dr 0(qr)ρp(r)

Coulomb distortion
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Inclusive Quasi-Elastic electron scattering

Inclusive differential cross section
(

dσ
dε dΩ

)

QE
= σM [vLRL + vT RT ]

Coefficients

vL =

( |Q2|
|q|2

)2

vT = tan2 θ

2
− |Q2|

2|q|2 Q2 = |q|2 − ω2

Longitudinal and transverse response functions

RL(q, ω) = W 00(q, ω) RT (q, ω) = W 11(q, ω) + W 22(q, ω)

Hadron tensor

Wµµ(q, ω) =
∑

i

∑

∫

f

∣

∣〈Ψf |Ĵµ(q)|Ψ0〉
∣

∣

2
δ(E0 + ω − Ef )
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Relativistic Green’s function model

Equivalent expression for the hadron tensor

Wµµ(q, ω) = −1
π

Im〈Ψ0|Jµ†(q)G(Ef )J
µ(q)|Ψ0〉

Final expression for the hadron tensor

Wµµ(q, ω) =
∑

n

[

Re T µµ
n (Ef − εn,Ef − εn)

− 1
π
P
∫ ∞

M
dE 1

Ef − εn − E Im T µµ
n (E ,Ef − εn)

]

T µµ
n (E ,E) = λn〈ϕn|jµ†(q)

√

1 − V ′(E)|χ̃(−)
E (E)〉

× 〈χ(−)
E (E)|

√

1 − V ′(E)jµ(q)|ϕn〉
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Parity-violating asymmetry - Elastic scattering

Dirac equation [α · p + U±(r)]Ψ± = EΨ±

Total potential U(r)± = V (r) ± γ5A(r)

Axial potential A(r) = GF

2
√

2
ρW (r)

Weak charge density

ρW (r) =
∫

dr ′ GE (|r − r′|)×
[

−ρn(r ′) + (1 − 4sin2ΘW )ρp(r ′)
]

Electric form factor GE(r) ≈ Λ3

8π e−Λr Λ = 4.27 fm−1

Parity-violating asymmetry in Born approximation

Apv =

dσ+
dΩ

− dσ−
dΩ

dσ+
dΩ

+
dσ−
dΩ

=
GF Q2

4
√

2 πα

[

4 sin2 ΘW − 1 +
Fn(q)
Fp(q)

]
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Calcium neutron and proton densities
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A. Meucci, M. Vorabbi, C. Giusti, F. D. Pacati and P. Finelli, Phys. Rev. C87, (2013) 054620.
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Experimental elastic differential cross sections
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Elastic differential cross sections

ε = 496.8 MeV

20 30 40 50 60 70 80 90
-1110

-1010

-910

-810

-710

-610

-510

-410

-310

-210

-110

 [m
b/

sr
]

Ω
/dσd

 [deg]θ

Ca 36

Ca 38

Ca40

Ca 42

Ca 44

Ca48

Ca 52

Ca 56

A. Meucci, M. Vorabbi, C. Giusti, F. D. Pacati and P. Finelli, Phys. Rev. C87, (2013) 054620.

Matteo Vorabbi (Università di Pavia) Elastic and quasi-elastic scattering Cortona - 2013 October 29 11 / 21



Experimental inclusive QE differential cross sections
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Inclusive QE differential RPWIA cross sections

ε = 560 MeV θ = 60o
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Inclusive QE differential RGF cross sections

ε = 560 MeV θ = 60o
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Parity violating asymmetry
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P-REX Collaboration

Physical Review C 85, 032501(R) (2012) Physical Review Lett. 108, 112502 (2012)

Asymmetry averaged over the acceptance

〈Apv 〉 =
∫

dθ sin θApv (θ)
dσ
dΩ ǫ(θ)

∫
dθ sin θ dσ

dΩ ǫ(θ)

Exp. Result: APb
pv = 0.656 ± 0.060(stat)± 0.014(syst) ppm
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Weak charge density and Apv for 208Pb
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Proposal to Jefferson Lab

C-REX: Parity-violating measurement of the weak charge distribution of 48Ca
at 2.2 GeV

0 5 10
θ  (deg)

0

1×10
-5

2×10
-5

A
pv 48

Ca

= 2.2 GeVε

A. Meucci, M. Vorabbi, C. Giusti, F. D. Pacati and P. Finelli, Phys. Rev. C87, (2013) 054620.

Matteo Vorabbi (Università di Pavia) Elastic and quasi-elastic scattering Cortona - 2013 October 29 18 / 21



Proton densities for N = 20 isotones
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Elastic differential cross sections for N = 20 isotones
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Conclusions

Elastic and quasi-elastic electron scattering give information on the global
properties of nuclei and on the single particle aspects of the nucleus

Isotopic and isotonic chains

Parity-violating asymmetry parameter investigates the neutron skin

Good agreement with PREX measurement on 208Pb

Prediction for the future experiment CREX on 48Ca
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