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Introduction

* Nucleon and deuteron are studied for many years in electromagnetic and
strong interaction. Many efforts have been done to take into account
relativistic effects. In the present work we shall consider the
manufestations of the nucleon quark structure in scattering amplitudes
of electrons and protons on protons and deuterons.

 Electron scattering on proton in Born approximation

Tr)=--2—2 C) - 3,7 =",-77, 5, {--proton momenta.

» Charged drop (nucleus): zep(") is a charge density () 3r=1,e>0.
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Introduction

* Electron scattering on nucleon in Born approximation
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Introduction

* High energy electron-proton scattering

4 2 . —_
= {(2) ulJH (2) U(1)}h 1+ 1= 2+ 2,0= 1- 2= 2~ 1.
« 1, 1 areinitial 4-momenta of electron and nucleon, ,, 5 are final momenta.
2
c =2M( —— )5 - 5> , Where Z%( - ), %=-2>0,

P= 1+ 5, (2 is charge form factor and  ( 2) is magnetic form
factor, u and ~ are electron bispinors while U and ~ are for nucleon.

« Two independent structures: 2){2i + —2—}U( 1) =0.

e 2= %2 — 2— 2— 2 0g=(0,") only in Breit systems (_ 1+ »=0) of frame,
but the systems are different for various : “,=- ;=" /2, % =— 2,
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Electron-proton scattering

P

Puc. 2: [Jduarpamma HH3NIEro nopsijaka,
OIMCBIBAIOIIAS PACCeSHHE 3/1eKTPOHA HA
HPOTOHE.,




Dipole Formula

2
+ (¥)=(1+-5)? %=071 2 -> °=(081)> 2 2=-(034)°=-0115 2
2

* It is impossible to explain in naive quark model (Karl, Isgur) negative sign of neutron’s

* It is easy to check, that8—3 OOO - - 3p= i ;/ v Coulomb wave function?

Charge radii in quark-diquark modLr".. 2= (0,84)2 2, 2=-(0,34)?, =§, = - % ,

e ,isconstituent quark mass, 5 isdiquark mas.( 1+ 2)_>= 1 1+ 2 2=0--> % =

Protonufud), °= < $>+ < 5> Neutrond(ud) ?= < 2>+ < 3
c— 2=( = )< D=08212 ? *+2%=3 <5>=<35>=04744 2

=%/ %= 5/ 2=1731,if 1=350MeV,then ,=460 MeV.
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Dipole formula quality
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Puc. 3: Dnexrpntuecknil 1 MAarHuTHeil hopMdakTopsl HOPMHPOBAHHEIE HA JIHIOVILHOE
NPHOTHAKCHHE
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Puc. 8. (B uBere onnaiin.) PeTrpocnekTuBa pe3yabTaTOB MO H3MEPEHHIO
3apsAA0BOT0 paguyca NpPOTOHA pa3JMYHBIMH MeToJdamMu. UepHeie KBa-
paThl — pPe3yJibTATHl IKCIEPUMEHTOB MO YIOPYTOMY €— pP-paccesHulo,
3€IEHBbIE KPYAKKH — PaJHOYaCTOTHBIE H3MEPEHHs JT3MOOBCKOTO CABHTa
B BOOOpO/E, rojiyOble TPEYTrOJLHUKH — Pe3YJIbTaThl CIEKTPOCKOIHN
[NepexoJ0B B BOJOPO/IE, KPACHBIE 3BE3/Abl — PE3YIbLTATHI CIHEKTPOCKO-
NUH MIOOHHOTO BOIOPOAA, (PHOIETOBBLIE KPYKKH — PEKOMEHI0BAHHLIE
CODATA BenuuuHBI paguyca NpoToHa. 3HAYeHHs B34ATEI M3 0030pa [96].
Cupeneas moJjoca AEMOHCTPUPYET U3MEHEHHE CO BPEMEHEM OOIIENpH-
HATOTO 3HAYEHMs pajuyca NPOTOHA M YMEHBIIEHHE MOTPELIHOCTH €ro
onpeaenenus. Kénrtas obnacTth o0O03HAYAET TPYMIY IKCIEPUMEHTOB,
pPe3yJabTAaThl KOTOPLIX MPHUBEIN K CABUTY PEKOMEHIO0BAHHOTO 3HAYEHUS
3apPA10BOTO paguyca MPoOTOHA B MEHBIIIVIO CTOPOHY.
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Cross section of electron-nucleon scattering

Formula by Rosenbluth
2 2

42 2) 1+)a+= 2
where M is nucleon mass, is scattering angle in laboratory system, =1/137 denotes fine
structure constant, ( 2)and ( 2) are charge and magnetic form factors, respectively.
Four-momentum squared transferred to nucleon, 2 is equal to 2M(E-E") with E and E’
being laboratory energies of electron before and after scattering, respectively,

2
while T=-—and e=(1+2(1+ ) 25)‘1.
There is no interference between charge and magnetic form factors.

4
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Comparison of magnetic form factors
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Magnetic form factor
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Puc. G: Oraomenne popudakTopo: HPOTOHA 0 (IIVOTEE KBAIPATHL) H I0CTE (3AKPAIITIEH-
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Radiative corrections to form factors

Puc. 8: Box u x-Box jumarpassb
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Quark wave function of diquark

Fermi-Dirac statistics, color etc.
,i=1, 2, 3 =red, yellow, blue; 3 -->"=( 1, 2 3
~,i=1,2, 3 anti-red, anti-yellow, anti-blue; 3.
- =7y Y+, 2475 3 —colorless for mesons.
1 »->3x3=3+6;3 quarks are attracted:

. (red, green, blue)

—

1 27 =[_1)1_2)]

Quarks are repulsed for state 6.

Baryons are colorless: B= 1 - 3:B=("1[2, 3]
Diguark wave function: ¥(1,2) = R(1,2) (1,2) (1,2) (1,2).
Fermi-Dirac statistics: W(2,1) = - ¥(1,2).
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Quark wave function of diquark

1 o States: 3 (antisymmetric)- attraction, 6 - repulsion.
(1 2):1=0,uu-->( 1 2- » 1=0),ud-->( 1 »— 1 »)/V2 #0, antisymmetric.

=1, (1,2)= (2,1), symmetric.
R(1,2) space part of wave function for S-waves R(1,2)=R(2,1), symmetric.

Spin wave function (1,2).Spin-spin interaction =2a 1 ,, = /2,a>0.
> > > —_— — —_— — 3 1 1

271 2=(1+ 2% (D% ()%= % §- 5=)(+1) -5, 2= = 1)‘
= [( +1)—3/2].1=0 =- ga --> attraction, J—1 = --> repulsion.

Diguark wave function: ¥(1,2) = R(1,2) (1,2) (1,2) (1,2).
The lowest energy for J=0 antisymmetric, I=0 antisymmetric ud-diquark only.
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Calculation of nucleon’s charge form factors

s =TT T 2T 2T, 2= T 5
ET o2, 2T p() = WP()= T, 227
(9= O {— T+ - 7231 ()3 °,
2 1 _ 2 1 1 1
Ty Ty Ta 23575, 2 30
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Deuteron structure

. scalar
ud-diquarks. In this case it would have zero total angular momentum
while deuteron is vector particle (J=1). So it is wrong idea. Why?

One-gluon exchange potential V contains color factor . For colorles

state of g -pair or quark-diquark system = -4/3 while for qg-system
in 3 state =-2/3. General formulais = % {C( 0)-C( 1)-C( 2)}
with C(1)=0, C(3)=C(3)=4/3, where C(R) is Casimir invariant of su(3)
group . Here subsystems in states 1 o> are jointed in state .

Result: energy of three scalar ud-diquarks is large than energy of proton
and neutron.



Deuteron structure

* Does nucleon loose its individuality in deuteron? It is the main
qguestion. It definitely does this due to Fermi-Dirac statistics of quarks
but the effect is small due to numerical factor 1/27 (B.G. Zakharov).

* Has the short range correlation quantum numbers of deuteron (spin,
parity etc.)

e Can we obtain any information on quark structure of deuteron from
proton-deuteron elastic and inelastic scattering which is cannot be
understood in terms of nucleon states only?



Conclusion

 Electron scattering on protons and nuclei provides information on
quark structure of targets

e Can proton scattering on protons and nuclei give us new information
on quark structure of targets complimentary to that obtained from
lepton scattering on protons and nuclei?



