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                 Nucleon Electromagnetic Mass Difference and

                          Inelastic Electron Scattering

                              Norikazu MORISHITA*

                             (Received September 1,1971)

               We consider theか πmass difference on the basis of a dispersion

           theory. We evaluate the inelastic and Regge contributionS by using

            (1) 七he T■((12, v)dispersion relation subtracted at v=0,(2)predictions

           of the vector-meson dominance model for inelastic electron-nucleon

           scattering, and (3)total photoproduction cross sections of the proton

           and neutron given by simple Regge pole fits of the experimental data.

           Thus we findδ-Minel(p-n)-1一 δMRe99e(p-n))O.4 MeV.

                                §1. Introduction

   Recently a SerieS of intereSting experimentS1)of inelaStic lepton-nucleon Scattering

haS been carried out and the reSultS have deterrnined the inelaStic electror【1agnetic

nucleon form factors. Several intereSting theoretical models have a1So been proposed

to explain the feature revealed by theSe experimentS. The typical examples are the

vectorーmeSon dominallce(VMD)mode1,2)the parton model,2a)and the Regge pole mode1.3)

   In this paper We conSider the p-n maSs difference Starting With the Cottingham

formulation,4)which relates the mass difference to the experimental differential croSS

sectionS for elaStic and inelastic electron-nucleon scattering. ESpecially we eStimate the

inelaStic contribution to the p-n maSS difference. We then uSe the VMD predictions

for the form factors W■and W2, and total photoproduction cross sections of the proton

and neutron given by Simple Regge pole fitS of the recent experimental data. For any

dノ=1maSs difference Harrari5)pointed out on the baSiS of a Regge pole model that We

Should introduce a Subtraction for the amplitude T1((72,の since itS behavior at high

valueS ofッiS dominated by the.A2 Regge pole. Therefore, using the T1(q2, v)dis-

persion relation once-subtracted atッ=0, We alSo eStimate the additional contribution

ariSing from thiS Subtraction.

              §2.Electromagnetic self-energy of the皿ucleon

   To firSt order in the fine structure conStantαthe electromagnetic Self-energy of

anucleon haS been expreSSed aS

     δMr睾 、/謬2∫1,碗 ・一・・)・/・〔3T・(q・・i・)」2扉 ツ2 T・(q・・iv)〕・ (・)

Where T1(q2,のand T2(q2,のare related to

     T・・(q・・の 一丁・(q・・の(9・一 禦 ・)+T2整)(P・+讐4・)(且 夢9・)・ (2)

Which is the forWard Compton amplitude for the Scattering of a virtual photon With

maSS-q2 and laboratory energy qo=v from a nucleon of maSs M and momentunl P.
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For T1（22，γ）and T2（g2，γ）we consider丘xed－22dispersion re1ations in the variab1eγ．

Fo11owing to the Harari’s argument，we assume that T■（22，γ）obeys a once－subtracted

dispersion re1ation5）and T2（グ，γ）an unsubtracted one as fo11ows

                         π ユ6M3v2     22
     T・（・2・γ）＝T・（・2・0）十τ7＝・M・、・〔∫・（α2）十・M・∫・（・2）〕

                       ・2隻2／こ工m事導γ’）等’     （・）

     ・・（・…）一㍍端。、。∫・（1・）・嘉／こIm㌶1〆）〃・   （・）

where∫■（22）and∫2（22）are certain combinations of the e1ectric and magnetic form

factors of the nuc1eon and〃is the ine1astic thresho1d．In order to determine the

subtraction term we use the conventiona1Regge po1e mode1，in which the asymptotic

form of T1（σ2，γ）is expressed by the1eading trajectory A2as

                 ・1・（σ・・1）一β（α・）1＋e器烹蒜（O）〕1ユ（・）・   （・）

whereα（O）＝αλ2（0）is theナ＝0intercept of the A2trajectory，which is about1／2～1／3，6）

andβ（22）is its residure，of which the exp1icit form wi11be given in the next section．

In order to simp1ify our ca1cu1ation we take the va1ue

                          α（0）二1／2．                         （6）

We a1so write an unsubtracted dispersion re1ation for T1（g2，γ）＿T1R（α2，γ）and obtain

・・（…1）イ1・（σ・・1）一τ71呈撚。／∫・（1・）・τ霊。∫・（σ・）〕

                    ・多／二川m拷1V’）1・・…ξβ（・・）Nα芸11デ）・
（7）

where N（α2）de丘nes the beginning of the Regge asymptotic region．By puttingγ＝O in

（7）we五nd the subtraction term T1（22，0）．Thus we can write down as

               π 4Mσ4    v2   2  Nα（o）（22）
     T・（α2・・）＝高・一4M耶〔∫・（σ2）十一戸・（・2）〕十万β（・2）α（O）

               ・壬／二（州m賠；〆）〃1・・2隻2β（・・）／τ、島、苧  （・）

   After some ana1ysis we obtain

               δハ4＝δMe1＋δハ41ine1＋δM－1Regge＋δM2ine1，                       （9）

whereδMel andδM1i・e1are the contributions of terms invo1ving the e1astic and ine1astic

subtraction terms obtained from（7）withγ＝0，respective1y，thereforeδMe1becomes

the Cottingham’s expression4）which fo11ows from the unsubtracted dispersion re1ation．

The termδM1Re99e，which is the subtraction contribution except the e1astic and ine1astic

subtraction contributions，is given by

    lM1・・…一一割こβ（山1・・（舳・，       （1・）

whereα（0）has been rep1aced with1／2．The ine1astic contributions are given by

lM1・・1一一
ﾔr側二（q2）（一1・〉1・黍）舳・，・）・・1

       一。葦、r・・β（州一…（・・）吻・，

（2）

（11）
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（12）

where we have used the Dre11－Wa1ecka form factors W1（σ2，γ）and W2（グ2，γ）7）which

are re1ated to the absorptive parts of T1（22，v） and T2（22，γ） as

                   肌（σ2，γ）＝π一■Im乃（22，γ）   （ダ＝1，2）．          （13）

            §3．Estimatio皿。f t11e im1astic amd Regge co皿trib11tions

   In ca1cu1ating（10），（11），and（12）we need the exp1icit forms of W1（22，v），W2（22，γ），

andβ（22），and so we now consider these functions．Recent1y ine1astic e1ectron－nuc1eon

scattering experiments have been carried out wide1y，and the resu1ts have determined

the ine1astic e1ectromagnetic form factors．At present there exists no comp1ete theory

by which we can ca1cu1ate the form factors．However，severa1interesting theoretica1

proposa1s have been made for the form factors．As one of these proposa1s1et us take

the VMD mode1．

   The form factors W1（22，γ）and W2（22，v）are written as

                         K
             W・（22・γ）一4π・ασ・（22・・）

                         K   22

             W・（・2・γ）＝・π・α。・十、・（1＋R）σ・（σ2・γ）・      （14）

where K＝γ一22／2〃，R＝σL／σT，andσT andσL are the transverse and1ongitudina1virtua1

photo－nuc1eon cross sections，respective1y．The VMD mode1predicts thatσT in ine1astic

e1ectron－nuc1eon scattering is given by2）

                  σ・（…1）一（み戸）2（∴）2σρ・（・）・    （・・）

where（eノ∫ρ）2σ州（K）is simp1y rep1aced by the tota1photoproduction cross section

σ山（K）．According to the Regge po1e mode11et us consider thatσ、w（K）consists of a

constant contribution due to Pomeranchuckon公一〇hanne1exchange and another contribu－

tion to go to zero as K→∞ due to the∫＝1trajectory exchange．The difference

σγヵ（K）＿σγ、（K）consists of the contribution on1y due to the∫＝1trajectory which is

dominated by the A2trajectory．We use the va1ue forσγヵ（K）＿σ。仇（K）given by a

simp1e Regge po1e fit8）of the experimenta1data，

     K〔σγ力（K）一σ。m（K）〕二24．6K皿（o）（GeV・μb）．                      （16）

With the above assumptions we obtain comparative1y simp1e forms

     舳・・1）一肌・・1）一63芸義票一3（、。竿≒青）2・1／・（…一・）・  （・・）

     舳・・1）一肌・・1）一631嘉砦■3（…）（、㌫）2ア苧、。・1・・（…一・）・（・・）

Comparing（17）with（5）we a1so obtain the exp1icit form ofβ（σ2）

     β1（・・）一β犯（σ・）一一631幕〇一3（、島）2（…一…）・   （・・）

   Using（ユ7）～（19）we can canried out the ca1cu1ations of（10）～（12）．SinceδM1ine1

andδM1Re99e depend on the Regge asymptotic cutoff．V（22），we reasonab1y consider

that N（22）is greater of the order of2GeV than the e1astic thresho1d22／2M． The

eva1uations ofδM1ine1（力一m） and δM－1Re99e（力一m） are disp1ayed in Tab1e I、

                                     （3）
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TaMe I．Ca1cu1ations ofδM，inel（力一m）andδM1Regge（グm）with W（q2）＝〇十92／2M一．

c＝1．5GeV

  2．0GeV

  2．5GeV

δM壬ne1（力一m）（MeV） δMドe99e（力一m）（MeV）

＿0．32

－0．37

＿0．41

Tota1（MeV）

O．71                   0，39

0，78                    0，41

0，84                   0．43

The contributionδM2ine1（力一m）depends on the ratio R＝σL／σT which has measured

experimenta11y on1y for very few va1ues of22and K．For va1ues of Kノα2＜3GeV－1，the

resu1ts indicate R≦O．5．9）And R may smooth1y vanish forα2→0sinceσL must vanish

there．For these reasons we may assume that児is a constant of the order of0～ユ，

which gives us

                         δM2ine1（力一m）～0．01MeV．                  （20）

Thus we may sppose thatδM2i・el（力一m）is fair1y sma11for mknown R．We then obtain

the ina1resu1t，

             δM’1ine1（力一m）十δM．1Re99e（力＿m）十δM2ine1（力＿m）二〇．4MeV．     （2ユ）

                            §4．C1osing mmarks

   As is we11known，the e1astic term in（8）yie1dsδMe1（力一m）二0．8MeV，10）whi1e the

observed力＿m mass difference is＿ユ．29MeV．We can see from TabIe I that the ine1astic

contribution gives a right sign but the Regge contribution of the subtraction term has

a positive sign compensating the ine1astic contribution． Fina11y a sma11positive con－

tribution，δM’Pin・工（力一m）十δM1Re99e（力一m）十δM2i・e1（力一m）二〇．4MeV，aggravates the situa・

tion．Thus it seems impossib1e to understand the力一m mass di丘erence within the

framework of dispersion theory as1ong as we re1y on the way investigated here．

The VMD mode1is supposed to be best when g2is sma11andγis1arge．Therefore，it

is not c1ear that the contribution from the high・α2region has reasonab1y been estimated．

We may a1so need to consider the presence of∫＝1andノ＝1ixed poIe11）together with

the usua1Regge po1es．Last1y we on1y refer to an interesting fact that severa1authors11・i2）

have attempted to ca1cu1ate the Regge contribution in various procedures，but their

predicted resu1ts do not a1ways give a same sign．
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