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: Introductlon.
it Recently the mterest to thc Bethe-Salpeter forma.hsm (BSF) [1] grown 'u‘p'a,s to"
a’covariant way. to ca.lculate various:. procésses on llght nuclei.: ‘First  of ‘all’it" serves: for,f“,
nvestlga.tron in framework of quantum field theory, of propertres of & nucleus such as'its oo
‘mass;; electromagnetrc form-factors and’other dynarmcal characterrstrcs (3,74,:5). " On the =
other hand these are expressed in terms of exrstmg solutions of the Bethe-Salpeter equatron[ o
*(BSE).in the bound state region.. The solutlons of the BSE have been found in an éffective
‘model both with'the separable. form the NN- mteractron {5]"and a “realistic Tneson- excha.nge
 potential [4 6], So we hopé that the BSF/ pomts towa.rds 1nvest1gatron of the rel tlvrstrc“fg.'
nuclear structure in hard’ processes on lzght nuclei.” - \,’ o
ot In present ‘talk we propose a relativistic covariant conslstent approach based on the BSF : o
The aim is to investigate relativistic nuclear. eﬂ'ects in deep inelastic scattermg on deuteron L
As long as we have to deal with a nuclea.r model in Wthll it is 1mposs1ble to regard subnuclear
dynamlcs we, ta.rget our calculatlons at- sepa.ratro : i
‘1_n terms of on-mass -shell amplrtudes of nuclear con ;

2 —~Basi’c;./forma1ism.'-

Itis well known that the cross; sectio
ffor deep inelastic- scattcrmg is_propor-".:
: rona.l to the lepton and hadron tensorsi
m'one photon approxrmatron S

Lo Luﬂ(P: )W“”(P q)

'*’All mformatlon a,bout target and its
clear propertles is concentrated:in the :
‘hadron’ tensor,. whrch is proportxonal to”
“the sum -of; matrlx elements ‘of itran-,
'srtlon from ‘y"D state to’ all possrble
"physrcal states. Vra optrcal theorem we ;
“can obtarn Ww by means of a srmpler ob)ect :
termg on deuteron ~

we calculate thls matrrx element in! the BSF Thrs yrelds an: expressron for Compton amph- B
. tude»rn terms of deuteron states and electromagnetrc tWQnucleon vertex [3] SENISITOR A
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7 AThe solutlon of equatlon (7) can be found ini terms of expansmn in. perturbatlon theory
Domg so in (7) we ohtam tl1e followmg relatxon for g term : g CE

s ('P k) (P +k)50w(P k),
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the spmor mdexes o : e ’ = R e
“Two new ob]ects appear in expressron (3) It 1s deuteron vertex l'unctlon F(P k), and‘;: :

f—Mandelstarn vertex: A,,.,(q,P k,,kg) The ﬁrst one descrlbes the deuteron state in terms of

: v1rtual nucleon states

Choosmg onl_\, zero, order terrn wc nnmedxately obtam the correspondmg term for A
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F\vo surnmonds are zero ordcr of Mandclstam vertex corr(‘spondmg to mteractlon \\1th smgle =
‘isolated micleon (a): and with two ‘niucleons’ slmultaneously (b), respcctlvely The term of -

what grves followmg

5 'order g2 for. Ge, depends on Af‘., contr)l)utlon and on g part of A,‘,,,
expressron for the latter: . o ; ‘

““The kernel of e(juati}on,'G,i(P kK )iis 1rreduc1ble by Bethe-Salpeter [1 2] truncated part of‘ o

" the exact twonucleon Green functlon.‘ All exrstmg solutions for this equation have béen found
n‘m one common, approx1mat10n na ely the ladder form of the kernel “which corresponds to i
pxcklng only gf terms 1n 1ts expan51on m perturbatlon’theory series. Thus we perform 11

L ADPek

TR AR g

(- #)S (—~+ 0

)/ ak G(Z)(Pk k")A(U)(P,q,k" k)S (12) )S“l( _*_}\)

-lS»

o

B} N ),u .‘:‘ TLEL o a ','
(1 +L)S (L)—"k)(‘ff’ (P q,k L)S

: (2m)
d4 2o P
+ )/ A(") P q,k k")G(’)(P K", k )5 '( +x)5 (

- The solutxon of ‘eq. (4) is deﬁned up to a: constant Inasmuch, as BS vertex functlon‘
doesn’t have probablllstlc mterpretatron, we have to’ normalize the solutron oti some physrcal'
pgrounds One way is. to use the covar1ant normal1zat10n of the de teron electromagnetlc’

part of GG‘,,, ; ;
: lnasmuch as we work in thc laddcr approxxmatlon it is cnougll“ k
o only first“ two, terrns for- A,,,, Substltutlon of ‘them in: (7) _gives us Compton amplltu(lefif i
g } ondeuteron in terms “of the. BS-vertex: functron and pcrturbatlon cxpanslon of the exacti

twonucleon Green functlon w1th 1nsert'bu : NP i

I
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Th1s condltlon a ong with, (4) glves mclusxve descrxptr nof:
‘not intend to ‘discuss aspects of solving the BSE, since a good account‘may be found in [4 6] ;
"% The other. new object in (3).is the Mandelstam ‘vertex" A,,,,(q,P kl,kg).‘ It: is ‘defitied by
o mteract]on ‘of the vrrtual photon w1th system of two n' cleo

s d"kz
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“The obtamed result allows us to calculate (‘ornpton amplltud( on dcutcron \\11]1 thc
help of Feynman’ dlagram tcchnlqu(‘ Indced, calculation of: all objects ina unique fie eld
theoretlcal model for deuteron: allows us‘to use l‘cynman dlagram techinique. to define both”
Gs,‘u and Gy “Enlarging’ this tcchmquc w1th a new. element correspondmg to BS- \(rtu\i‘—k _
- function and mtroducmg a rule for ellmmahon of reducible graphs, we, obtam Feynman l|l\c' S
techmque for calculatxon of amplltudes on’deuteron in framcworl\ of the BSF."An (xamplc S
“of such dragrams in the isoscalar méson nucleon thcory is presented on fig.2. Lllnnnatlon of i
-reducible diagrains stems from fact. that Mandelstam vertex is the irreducible part ‘of. (‘5“,,
‘The reducrble graph ‘can‘be ‘defined as a graph. wlnch is cqual to one of smallcr ord(-r in, g

. _An example of reducrblc dragrams is shown on llg 3
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nges us the followmg form of Compton amphtude wh1ch connects rt w1th the correspondlng‘ o -
elementa.ry amphtudes FRa [T RS S P O P
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:,l Flgure 3 Examplc i
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‘ Flgure 2 Feynman dxagrams for Compton amph-
: tude on deuteron in approx1mat10n up to g :

e ) general ca.se we can- hlghllght two" groups of dxagrams and thcrcforc correspondmg'
/.amphtudcs turn to a'naive convolutxon and nonconvolutxon parts On ﬁg 2 the naive convo—ji

- lution’ approx1matlon exhausts itself by a) and c) dlagrams Diagram a) is'a representatlve of.
the relat1v1st1c lmpulse approxnmatxon which is nicleon part of the convolutxon approxrma- .
ftlon dlagram c)is .mesonic exchange’ currcnt contrlbutlon wh1ch is non- nucleon part.' The
: ’nonconvolutxon correction consists-of. pure nucleon ‘and’ mlxed terms "The, nucIeon terms
are presented by b), d), c) dlagrams Here we.can’ suppose that d) and c) corrcspond to o
/ mteractlon correctlons to thelmpulsc approx1mat10n in’ partlcular, and. can be cast into_ the.”
’?f:convo]utlon form in the Bjorken limit’ as it"was ‘shown: in’ nonrelathlstlc consideration” [7]
. i“Role-of .b). and f). terms ‘and; its possxble behavmr are not 50 clear and, under mvest)gatlon
L INOW. Thc nonconvolutlon non- “nucleon’ part’ comes in only at next order.. ;

( + fot A+»m)

a ,)D(q)lé;]ﬁ

‘ (%’/‘+m)aa s( ) i
R 4E2(E+("+k)o)2

ssS: .

_;:In'asrnl\ich :s the hlghllghtedamphtude has a.zrmuthal symmetry, 1t is proportlonal Vto 6"
<2 1tis also symmetrlcal under exchange §—=sin the unpolarlzed ca.se Thus we ewrite
: (13) in térms of the nucleon amphtude for the unpolarlzed scatterlng

i"‘Now we cons1der t edcutcronr ructure functlon P,D in the 1mpu]se a.pprox1ma.t10n In
.lv1ew of obtalned results in, the prevuous scctlon wc an wrltc Compton ampht deon deuteron
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Obvxously, here appears separated contrlbutron of nucleon states with the posrtrve and neg—

- ative energy. The correspondmg elementary amphtude has the form, as it is'shown above
similar to.the ons -mass-shell ‘nucleon. and ‘antinucléon amphtudes but thh dependence on.
time component of the’ nucleons relat1ve momentum. . e ; s :
As the first raw approxrmatlon we can.make the most common substrtutron — to |nsert

‘ " on-mass-shell. amplrtude for the nucleon and try-to obtarn deuteron structure function FD
¢ in Bjorken hrmt To be. exact we’ll write our expresslons in the rest frame of the deuteron,

» and w1th orlentatron of the v1rtual photon along z-drrectron

q R~ (qo,O 0,q0): ¢

hadron tensors through scalar structure functrons Fl and Fg

If we lntroduce an aux1hary varlable y Z: —2 then the convolutron formula for the deutcron o

L structure functron can be obtalned as follows b

2w)4(f”(MD,.k) b7 (Mu,k»ya

Thrs formula has? clear physrcal sense —= 1t is the structure functlon of the physrcal nucleon !

- Jina certaIn state multrphed with probablhty ‘of th1s state. Thus: the distribution Tuhction
must be normahzed as a number of. nucleons lnsrde deuteron 1 el baryon number DR

If we rewrite the normahza.tlon condrtlon for BS vertex funct1on with’ the help of tr1v1al
transformatrons we can obtam the followmg condrtron for fN :

: . ‘ ‘ d“k
; f-:. ) (2 S

It is clear that it corresponds to: baryon sum rule

(fN(MD’Kk) + f”(MD, k))

Flg 4. dlsplays numerical results for the ratlo '—»7 in the effectlve model w1th the separable - e

e 1ntera.ct10n [5]= Curve 1 corresponds t6 the relat1v1st1c 1mpulsc approxrmatron "You can'see” i
- that it"doesn’t’ have EMC like - behav1or It means the obta1ned result accounts for only_ D

) effects of Fermx motion. =1 SR : L :

“How can.we take 1nt0 account off-mass—shell effects'7 It was shown in [7] that‘.rn thej

nonrelatlvrstlc case the 1mpulse approxrmatlon does not mclude any off-mass shell effects :
; : . : ik

30—

PD_(MD’O) \_ e e o

1n case of on-mass shell amphtudes we can have representatlonof the deuteron and nucleon

: Thls devrat on is’ about 1% : g £e :

‘Flgure 4 qRaho of the deuteron n
and: 1soscalar nucleon structure,'=
i “functions. Curve 1. corresponds -
o “to calculation in the lmpulse ap- -
, prox1mat10n with on-mass-shell .-
. kinematics” for" the elementary»

_‘,;“amphtude, curve 2 corresponds to' -
- ,the off-xnass shcll one..

'l‘hey were: ensured: by rnteractlon _corrections, 'Ihus our result;iin ’the approxrmanon wrth-
on-mass-shell amphtude isin quahtatlve agreement with the nonrelatrvxstrc one, And we ca
takc mto account oﬂ'«rnass shell effects by, means of mteractxon corrcctxons These correct)ons
are connected w1th g% ordcr of the nucleon: part of nonconvolutlon term ."Ho“ever in’ the
reIat1v1st1c case effects _coming from off-mass shell kmematlcs also rontrlbute, W hat appcars‘ :
dependence of elcmcntary amphtude on -time. component of the: relative’ molnentum of
n}ucleons Af we suppose | that we can handle ‘with-such an amphtude as on-mass-shell one:
“and neglect off-mass-shell correctrons in rclatlon (17) [8] we obtain the convohmon fornmla.'

: ;for the structure functlon in the form srmllar to thie’ obtalned above but w1th deﬁmtlon ol y L

depcndmg on'time, componcnt of nucleon re]atlve momcnt In this casc wé have L\IC like
behavior (curve 2 at fig.d.); with maximum deviatior at mcdnnn X is about: 2% However ! :
changmg definlhon ofy leads to rhangmg of the normahzatxon condltlon for f“ and then to"
'v1olat10n of baryon sum rulc At shows up numerlcally as devratmn of ratio at x_ '

4. Conclus10n. .

2 éln present talk we have propose the covarlant approach to calculate nuclcar eﬂ'(-( ] in d(‘vp
melastlc scattering on deutcron This approa(h is based on the Bethe-Salpeter formdhsm :

It is shown that in'framework of this approarh Compton amphtude on’ (I(‘utcron can be't
,expressed in terms of solutlons of Beth(‘-SaIpeter equation and expansxon ;in pcrturbanon Ly
theory series of twonucleon Green futiction with insertion of electromagnetic operators., i
The convolutlon formula for the dcut(‘ron structure functlon I’D is “derived. It’is sho“ neo

that the 1mpulse approxnnatmn for the structure functron FP thh on mass- shcll kmematrcs' N
for nucleon amplrtude does not dcscrrbe FMC lrke behavror of the ratxo If = —7,v Apphcatlon '
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