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 Electron scattering is an electromagnetic probe which can 

provide the most accurate nuclear structure information.   

Introduction

well-known electromagnetic interaction 

mechanism 

 electron is very light compared to nucleon   

1950-1960: Charge densities of many stable nuclei were 
measured by Coulomb scattering. (Hofstadter 1961 Nobel 
Prize)  
1970-1990: Magnetic current densities of several nuclei were 
measured by magnetic scattering.      



 In 21st century new structure of radioactive nuclei, such 

as proton halo, neutron halo have been found.     

 The SCRIT electron scattering facility  has been 

constructed  at RIKEN, electron scattering experiment with 

short-lived nuclei is availaable (132Xe). Other facilities,   

such as ELISe in Darmstadt  will be available.   

 Parity Violating Electron Scattering experiment  PREX-I  

(208Pb Radius EXperiment)  has been run in 2010,  PREX-II  

and CREX (48Ca) is done.    



 Plane Wave Born Approximation

 Eikonal approximation 

 Phase shift analysis 

Basic theory of Electron Scattering



Plane Wave Born Approximation
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Cross section of elastic electron scattering:  

Mott cross section 

Recoil factor
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Longitudinal form factor 

Transverse form factor 

2

0
( ) ( ) ( )MF q J r j qr r drλ λλ λ

∞
= ∫

2

0
( ) ( ) ( )CF q r j qr r drλ λ λρ

∞
= ∫



Elastic Coulomb electron scattering

In PWBA, the charge form factor is the Fourier 
transform of charge density   
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= ∫ (spherical nuclei) 

• For small momentum transfer region 0q →

• The detailed charge density can be derived from 
the form factor in large q region.    



Eikonal approximation 

Glauber,  Lectures in Theoretical Physics Vol.1
(1959) (non-relativistic)
Baker,  Phys. Rev. 134, B240 (1964)   (relativistic) 

In spirit, Eikonal approximation is a high 
energy small angle approximation.
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Phase shift：
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Main formulas of Eikonal approximation  



Phase shift analysis 

Wave function of electrons: 
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Radial equations：
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The asymptotical behavior of P(r) 
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Spin-flip scattering amplitude:

Direct scattering amplitude:

Differential cross section:



Results and Discussions of our group

 Elastic Coulomb electron scattering 

this talk. 

 Elastic magnetic electron scattering

T. K . Dong’s talk (tomorrow)

 Parity violating electron scattering

this talk 



Elastic Coulomb electron scattering

I am interested in electron sacttering in 1996 

when I studied proton halo in light nuclei
(26P, 27S:  proton-rich nuclei) 

We predicted there are proton  halos in 
the two nuclei.

• We mentioned in the article (Ren et al. PRC, 
1996)  that  electron-scattering is a good way 
to test proton halo as it is a charged halo. 



Prediction：proton halos in 26P,27S
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As pointed out in reference [19],
27S also has the property of … 
loosely bound  diproton system.

It  clear that 26P is potentially the
most interesting loosely bound case, 

as has been pointed out ...[19]
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Expt. confirmation: proton halo of 26,27,28P 
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Expt.  : proton halo 27P

Predictions on proton halos in 26,27,28Pand 27,28,29S [26-29]。
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Expt.: proton halo in  27,28P (PRC 2004)

Navin et al. [1] confirmd …predicted halo structure [2-4] of…26-28P
实验证实[1]理论预言的26,27,28P有质子晕[2-4]。
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Calculate  elastic electron scattering on proton-rich 
nuclei,  to confirm proton halos in 27,28S (future)
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Charge density distributions of 28S (halo)，32S



Form factors of  28S，32S,  near second minimum  



Elastic scattering with isotonic chain (I1)



(I2((I1)





Form factors of isotones N=82  (I1)



Sensitive near the minimum around 
1.75fm-1  due to proton occupations 





Elastic scattering is sensitive to the occupation 
of protons to a new shell (I1)



Motivations: new phenomena of proton-rich 
nuclei  due to rare studies on proton-rich side



Charge density distribution of Ca 
isotopes 

Z J Wang, Z Z Ren, PRC 71, 054323 (2005)



Form factor of Ca isotopes 

N



Parity violating electron scattering: 
For neutron density  distribution  

Dirac’s equation  
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The weak charge density is mainly determined by 
the neutron density distributions. 



In high energy, the Dirac’s equation can be 
reduced as follows:
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The left- and right-handed electrons will feel 
different potentials, so the cross section will differ 
from each other.  

Parity violating asymmetry (PVA): 
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In PWBA：

In Eikonal approximation：

Phase shift for left-
and right-handed 
electrons:  
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Cross section：

The parity violation originates from the
interference between the Coulomb and weak 
amplitudes.



PVA for Ca isotopes



Neutron and proton densities of  Ca  isotopes



36Ca
40Ca
48Ca
60Ca



Neutron and proton densities for N=50 

isotonic chain



80Zn
84Se
96Pd
100Sn



Densities of N=Z doubly magic nuclei 

100Sn
56Ni
40Ca
16O



PVA  of  N=Z  doubly magic nuclei 



Antiproton atomic experiments show that the 
neutron rich nuclei favor the peripheral 
neutron distribution in the form of a neutron 
halo rather than a neutron skin.

A. Trzcinsk et al.,  PRL 87, 082501 (2001)



The skin and halo neutron distribution of 124Sn 



Form factor  of 124Sn with skin and halo 
neutron distributions

halo

skin



PVA of 124Sn     

skin

halo

The type of neutron distribution can be 
identified by the amplitude of PVA.  



J. Phys. G: Nucl. Part. Phys. 37 (2010) 064019

It has also been proposed [23] that PV electron scattering can be used to 
determine the type (skin or halo) of neutron distribution in neutron-rich 
stable nuclei. In particular, asymmetries for skin-type neutron 
distributions are larger than those of halo-type neutron distributions.

Focus issue on open problems in nuclear structure theory









Summary and Outlook 

We have investigated the elastic Coulomb, 
magnetic, and parity violating electron scattering by 
PWBA, Eikonal approximation, and phase shift 
analysis. 
 There are still many problems should be 
considered:
• electron scattering from deformed nuclei; 
….. 



Thanks !

I am happy to visit Trento! 
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Thank You！


	Diapositiva numero 1
	Diapositiva numero 2
	Diapositiva numero 3
	Diapositiva numero 4
	Diapositiva numero 5
	Diapositiva numero 6
	Diapositiva numero 7
	Diapositiva numero 8
	Diapositiva numero 9
	Diapositiva numero 10
	Diapositiva numero 11
	Diapositiva numero 12
	Diapositiva numero 13
	Diapositiva numero 14
	Prediction：proton halos in 26P,27S
	It  clear that 26P is potentially the� most interesting loosely bound case, as has been pointed out ...[19] 
	Expt. confirmation: proton halo of 26,27,28P �
	Expt.  : proton halo 27P
	Expt.: proton halo in  27,28P (PRC 2004)
	Calculate  elastic electron scattering on proton-rich nuclei,  to confirm proton halos in 27,28S (future)
	Diapositiva numero 21
	Diapositiva numero 22
	Elastic scattering with isotonic chain (I1)
	(I2((I1)
	Diapositiva numero 25
	Form factors of isotones N=82  (I1)
	Sensitive near the minimum around �1.75fm-1  due to proton occupations 
	Diapositiva numero 28
	Elastic scattering is sensitive to the occupation of protons to a new shell (I1)
	Motivations: new phenomena of proton-rich nuclei  due to rare studies on proton-rich side
	Diapositiva numero 31
	Diapositiva numero 32
	Diapositiva numero 33
	Diapositiva numero 34
	Diapositiva numero 35
	Diapositiva numero 36
	Diapositiva numero 37
	Diapositiva numero 38
	Diapositiva numero 39
	Diapositiva numero 40
	Diapositiva numero 41
	Diapositiva numero 42
	Diapositiva numero 43
	Diapositiva numero 44
	Diapositiva numero 45
	Diapositiva numero 46
	Diapositiva numero 47
	Diapositiva numero 48
	Diapositiva numero 49
	Diapositiva numero 50
	Diapositiva numero 51
	Diapositiva numero 52
	Diapositiva numero 53
	Diapositiva numero 54
	Diapositiva numero 55
	Diapositiva numero 56
	Diapositiva numero 57
	Diapositiva numero 58
	Diapositiva numero 59
	Diapositiva numero 60
	Diapositiva numero 61
	Diapositiva numero 62
	Diapositiva numero 63

