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1 ·Introduction 

. Inte~~ive attempts to find an' adequate relativistic description of bound states 
have been·undertook during last'two decades by m'any au.tho.rs. The rriajority 
of.these in~estigations i~ based on dassical·paperof P.A.M. Dirnc[1]: --
. ,~'Study o_( the,Iightest nuclei disintegration in ,,the wide momentum region 
of fragment~' needs-to liave a reliable theoretical base to clarify the structure 
peculiarities bf investigated ob}ecis'. Mean~hile, th~'.developed relativistic ap
proaches is not. commo~ly 'accepted up to no\'/. So; even in recent papers[2]. · 
the obs~rved effects are analyzed assumin{that fragment: momentum in the 
·deute~on fosUrame is the argument of the viave functi~n. Th~·c.F.Pe!drisat's 
and V.Punjabi's rep

0

ort at Dubna symposium[3] witnesses that connection be
tween observed and internal momenta of fragments in nuclei are a subject of 
discussion up to now. · · • · · .· •. .· •• . 

In this paper we try to clarify this question analyzing the published exper-
imental dat_a ori disintegration of the deuteron[4], 3 H e[5] and 4 He[6]. · 

2 · The Relativistic .1m:pulse Approximati~n 

Here we review briefly one of the version of relativistic impulse approximation 
(RIP)[7]that.is used to _d~scribe lightest nudei break-up at zero angle. We 
restrict ourself by consideration of strictly coflinear particular case. • 

• Let us define the fragmenting nuclear, the fragment-spectator and the.ac
tive fragme~t as.A, s a:-nd f respectively. The projectile, .disintegrating A, let 
be P . . The momentum q of s in the A rest ·frame, opposite to·p one, we define 
as positive. . '· ' - . . . . ' .. / . 

Let us ~onside~the·disintcgration process as_ 

P + A-:-+ X+ ~f , . sf-..:+ s +f. - (1) 

··We have'· 
M.1= Cs+ cj, (2) 

· where Cs and C/ are energies of s _andJin the s + f rest frame, Ms/ iseffective 
s + f mass. . · ·· .. 
. We can 'introduce a Lorentz-invariant variable o:, .· defined as -· . .._-_ . ' . 

Es+ Ps 
:;,_ , 

a - E.J+ Psi 
(3) 
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w:here E; and p; are energies and 3-momenfa of .s ands +.f. In the center of 
niasss+Fwehave ,; ... •' ·.' ;, ,· ' ' ·:' ·., . 

. a=·c.s+k,, '(4) 

./. . : , . _·Ms1 , . . ... . . · 

.where kand_ ~k ari .3~momenta of s and I in~t~is system,, At! k. ~: ±oo. we 
have ,, · :: :\;,_~·,. ·. ·r'· . . ~ ,'.,.· ,i: ;·;. -, .. _ ' · 

.':c_.~c1.,;::.ikl, J'\ 
; ' , . 

and,'.substituting (2) irito,(4),· one can.see that o: cha:ngesfroin'O tol, when k · 
. changes froin -oo to +oo>Inverting, (4) ~n~ can easily obtain . . . 

' . -, •' ·, . , . ' 

. ' .· .,.·. . . ' Af•l;, :• + l~,,'; 

. We. also introduce_ o:', by; 

,. Es +.p •. · . 
/'... ':, 

O'.-~EA.+PA. 
, ;: '',:,' -✓, :, '.1 ' •• '. '. _, ' ,· "' : • ••• -,,·:·'.- .,, ' • 

which .iri the A rest' frame. have a form 

\ / 
0: 

·ffiA 
' .:, ··,_t,,, -- .' 

yth~reE~ ~ Jm;J. q2
.' >/; , . > , \ , , ·.· .. •,' '. ,· ·.·. . ; \ , 

, . . · .. · Comider~tion of a relativistic bou'nd state on the light: ~one pf+ t .. = 0 leads' 
·. 'to equ~tioii ;;·_:; ·O:' ... ,, ·1~ th.i~- al?p~oa~h· the'~ariable '. k i~· iinplietfas • ~'int~nial 

•: ->~orneI1t,u'~·?_.,of .'the +~13'.~ivist~c b~v~d\ '~t~~e·;. Ih'.e. ~~lati~:n. be~we~n ~bserve~ 
· .momentum q·and "internal" one k has a form. , · .. < . ·.·. 

' -·· , ' ~•·~: r•, ',/ · 1 • ','.I" , , ., .• .' ! /1;,,, 

• i · '.Eq,+ q c8 +.k 

,, mk . =, Ms/ 
' ,•.J \; <, ' ' ': : • ·, ' • ' 

using i~t:od~,~~d va~iable~ ~rie ~1~ 'obt.ai~ 

· _·• ·(• .. _ _.._'_:_ : l)· · · ',_ .. · · m_; - m_} . ·, · ·. 
• k =. a·,.2' Ms/,;..;. _

2
Af;:. ;. ·. 

' . ;,, ' · .. : '· ' . ~/. 

'(8) 

l -\ 
/, . 

;." .'l, 

.· (9) ·. 

\ 

.where o: is defined in {6)· or (7)', ~nd ¥sf in (5). We also I mention here 
'well' k'nowri ~xpression for the, fragmen~ momentum in the compound sy,stem) • , 
(w,hich,'however

1 
does not remember the-momentum direction): 

. , '. ·:·• A(if2 ' •2 ' ._-~-) ,·. • 
k2 ~ sf• m., ml . 
:. . 4M2 · '·' 

• •;.::::: ,_I, ' >:>~. \.' I\ •:,::, •. ••,•:,'••.1•),• ''·' .~1. /•:_,·, \\• 
: ': :X(a,b,c) == a~+b2+c2 -2ab....:2ac:'+-2bc,: 

,,. ' '; -\ 

:~~~~~11-~-.•~;" - n,,..,,...,,..., .• ,, .. ,,. g_ • .,,_"'-n1·• ) 
· i_ ~ffe~ ~~~11. ".""-:: n_. ~i~~' /1~~1:.•,n_i /~S · • 
\ t!l"""'TI!-''<t' '"f:"C" .. "'I""'"'"'«. ~ _,·-~_:'t.~:"-;~--~i.i-J~ .-.~"." --~j,i..~~,·~~i:.-.:.ft~: ___ E ., 
v;_ ·• _ 6WSJ1ViOTEHt, ·, f 
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_The J acobiari .between. q 'and fa has a form: _ 
.I - dk , c:sc:1 

dq = EqMs1(l - a)· 
(11) 

. In additib~to the reas~ning in favor of· k as rri.or~ preferable candidate 
. to be ~n a;rg~ment of the WaVf;1functio~, which are disc~ssed in refs.[7]), we·,
mention the following one, that' is out of field of.vision in case. one considers 

. the deuteion fragmentation only. , . . .· ._ ' · . . . . , ; - , 
Su~stituting the extreme value of a, = 1 into>(7Y ~)Il~. canjmllle?iately . ,,. 

obtain the absolute restriction of q: . . . . . . . 

j' 

' -- ._,.,· 

m2 - rri2 . . A s 
Jma:c = 2 . · .,. mA 

. ~· . i 

,I 

Overc~rriing the I strange circumstance that the wave Junction! argument can 
be restricted 'we just meet;anoth~r ~ne.Jfwe .consid~r-the dissociati~n of A 
into. two fragments ·with different m:asses we reveal that kinematical liillit. is 

I different for·eachof thein. These different. limits take, place at ~ny collision 
· ., eI1ergy inducting infi~ite one. Fon:xam:pl~, .if we study the : . : . '· , -

, " \ \ 4H ~ ~ t + t : ' 
·;, ... ..,:· 

< reaction, we .. find that·the ·absolute·mo~entum restriction·for.protons'is 'i.74 
_G{V}f(but •. f?r,, trit?n~ }s ·oilly -9.s1: Gf?Y/c._ Us,in,~ '.k; we .escap~- n;t' onl/ 
.the .. problem of restricted·. argumerit:of the, wave.Junction,, but .iri. this· case , 

. --._ r th<: ~xtr~ine vahrn ofk,at any ~ollision energy i~ the.~arne fqr.:ea~h}r.om t~o
.. fragments with different masses.·_ Indeed, at an, arbitrary. collision 'energy ·of. 

the r~acti~n ( 1) we· have the reitridion for Msf , · defi~ed _b:v"' · .. ' . 

! 

• .. ,, : ; ', . ' : :, . . : ! 

-;M~if m~ i; ;Js. · 

-. Then we find k thr~ugh · expr~ssion (19) which_ is sypimetrical relatively· a~ 
·o~der of.its arguments. . · _ '·'' , ·.· · , ... ; / . . ., -

C ·_Bu~ not all problems we ,escape 'using .this approach. 'If' Wy ·consi.der- a 
kinematic of a·real break-up process···w~,find that only at t = O; where t = 
'(Psf- PA? ~ (Px .:... Pp )2 )ne hav;e conditiou'(in' the A rest frame) 

. ' .. ' ' ' .. f,. 
Esj + p~j_ = ~A-

and,. hence, the relation; (8) ,is vali~ .. '·.:.: · · , , , 
' When s ~ ~x, MsJ in the process (1); the squared 4~momentum transfer 

· t can· be expressed as'' . ' · ' . . . . . . . . -. 

. t ~ 
. 2 ;·,·· ''·- 2. 2 ·.. ·2' 

,(Msf··.,... mA)(mx--,- mp) 

s 

4 

I,, 

· m2 (Af2 _ m2 )2· 
P. sL_ .A 

s2 i 
(14) 

\ 

r 

. - \ : . >. . '... . ' . .I ' .. \: . ' . . . ' 
wheres== (Pr-i, + PA)2 • Only second m~mber (tmin)in (14) suryives at m;,.,;, 
mp. When,MsJ , mx are arbitrary, but fixed, we have (- 0 at s -too. . 
. In a.real inclusive experiment one ob~er;e_s only s parallel (or '.1ntiparallel) 

to P (in the A rest frame); and _so, X'.and f can have perpendicular part of 
their momenta .. lri this case we h.ave -'-t' > -:-tmin· We, hence, must suppose 
.tha•t effective lteJJI does ~ot exceed too mu~h ltminl wh~n considering.equatio~ '. 
(8) a; m6re or less adequate. At fixed collision energy tni;,/incre'ases wheri q . 

( or k) increases:- But the r'arger the collision energy, the wider _the regicm of • 
q; k, when tmin/i~ negligible; ,_ _ . ' ' . ' . , _- : '--- . / '. .• . . ' ' 

)n thisyaper we deal with the region of q where ltminl < ~. 10-4 G<'!V2
• 

We analyze the asymmetry of cross sections in. vicinity. of maximum· that is ;· 
. different whether old ·or ,'modifiea •description. more adequate: j,lf :we negled. 

1 

by' double scatteririg effects•that are n_egligihle invkinity of maximum, .than; 
, relation between the ~ross:-section. and wa~e for,iction ( fpr· the. ?euteron)in the 
fram~work of nonrel~tivistic hripulse Approxii;nation (NIA) ,has a following 
form[S]:: · · · ·' . . 1' · _, 

. ··•d3 ·- .. · .. , 
c; · 1 (. ·1 2 . . 

. , . d 3 = C, w q) \.- ·,' 
·!•.·. . . . . . - .· .. q ' ; . ,. ''. 

By aii~logy, in the fr:~me;mk ofthe~RIA. ·w~ write ' .-

··rPa'. - ·•-·. ·. ' -~ 
:, dk3 ,== CJ-: l'll(k)I 

, r , • ',," ;'· ,' ·\\\ -; -:-,\ ·"'. • • ,,/ -, , ',..:,' ', ' ·, , : • '" \ •{'r ' 

and, usir,ig the st'.1ndard representation of, crnss sections, w~ have[9] · 
I - .' • ., ·~ . '\. ' ' ',.' ,. ; '"' ' . ' •· ' :" ·, ' . , 

<d3a ·~ E d3a d3k =·(c:. i C:sC:J IW(k)l2: 
Eq d 3 - q dk3 dq3 . · (1 -c: a)MsJ , · .q ' ' . . • .. . 

/ 

• • I ,· • ' • •,'' ·' •• ., } '• •• • • ' ' .--: . • • '• •'. • • • • 

Here Eq : d3 a /dq3; is.the invariant cross section,· ,dki.' =:= 'dq+, d_kll / dqu · is defint;d . 
. iri (·1_1),- _For t_he· description of 3H e and 4H e·hreak-~p we use denotati~n: n'a(k). 
. instead of l'll(k)I~ (overlapping i!1tegr~l between nuclear_ and fragment wave. 
·'functions). · • · · . . , ·· ' · · ·· 

' . ' . \ 
/ 

? '· The experin;1eritaltest.· /.' 

·_ T~ investigate th~ diff~re~~e betwee~'these h~o approaches ~t smallq, k let us 
derive approximate but.cl~~~ relations b;tween ·~ and k; when they are small.-

. , Taking into accourit'~nly'.first'.order·members on q' i,n(ll). w~ _ha.;e .··. . , . 

,· 
I 

' ' ' ' ' ' ' • • ' ._' ~ • ~ • ',.' .: •• ,: > 

. '-d/i-. ~-; C; ;,·. ffisffiJffiA, •. . , 

,, 'dq.~ rnini.+m1)(mA.:...m.'-q) 
' ( -.,. • , • • • . ' -,_ {, ~ ! ', .. 

j 

. l. · .. 
;1\·•, 



' i; 

. \ 

·11 

r/J'. 
· m1mA 

(mA {c)(m,- C-:- q)' 

(i +::~Jc+~/), . 
(17) 

·, where c:.=± ms+ m,--:- mA is~. b.inding energy .. Negle~tin~ als~by t_he bindi~g 
"e~ergy :we.h~ve '. . ' ' .·· .· I ' • • . • • 

': •• •• I " dk . ·. ' l 
-~l+.-q. 
dq .. ; · . m1 

J' ,. 

/ r. (18) 

· · , ·. Finding the: ze}o: orde~imemhe~ by, substitution of q = 0. into -(8) and 
. . . . (. ) . b ... , r' : . . . . c. ,. •. , 

~ntegratmg 1.7. we o tam.( : 1. '.,.,., : , •. · '· , . . " , 
' ·\ ' A ,' 

k ~·~st;+ ••(1~ _·rn.: ·~), q +, ~q2 • , ,\ (19). 
.. '~A, ' ·.:· ,m1m1 , , }m1, : ' 

.,, 
"•1' 

,,_,t 

i ·,·, , ,.·. ·,. 1 ·, ·, , · ,: ,', •• , . ,. , ., \. 

. The ac~urac)' of finding of absolute value. of q during· measurements . was 
within:~everal MeV: His not suffitient to eval.uate the first ,rnembe~ in· (19): 
So; the position of, maximuni was assumed t'o be equal O in both app'roaches. 

',<To'evaluate diff~reiice f~orril of the.second member Vve·need to know·exactly 
.. the: wave.functio~;- but that' is .a· subje~t ofinvestigati~n.,-And, fin~lly, the 
.. 'third member in/(19) is a ,sou~ce ,of a~ymm~try,between,q. and k. When q· 
·.is. positive, i k is'• growing faster. than, q, ,hut ,in-the. region of' negative'q. ,ve 
. ,hc1:ve the controve~sia[~ituati~m;, Prnceediriglfrom 1'11(k)l2 is uncondition~lly 
symmetrical i~d'.haye il: cl~se :to gaussian-like b~ha;iour; we: rewrite· (15) in: 
fo~m ,.',. '·,. ·, · ,•, ! '.,', ',• -'_ :•·. ',_ ..:'_',, .: : .• : .,,. . . < ". 1··' 

N 'C: E . exp(_:,B<l) ' • q, . 

. ·~'. .. c 
1

'.Eq(l ~ Bq~+o( q~)). 

'.-: <13; _·, - '·-- : (· ,' ,- 1· .. )•, /(·. ··(·}_.:·,q~-)~] ., .. 
Eqd'a'·~ C·-Eq. 1+;-·.-.. q ~xl;'l-:-~.-q_+-2- .. __ :•~•' 

. , . q : _ . , , m1 , ... , '\ .1 , , J ,m1: ,, ·' \ 
·.·· . · ( ·, ·. q ·· ·. 2 B a . 4 ) · (. ) ~ -C,Eq ·1 +·-· -Bq ·:-:-·-q_-+o(q;) :-::::·,; 21 

. ·.. ·•.··.··;' ·;. \\' :'m;\ :<, ,''~'.' <'·. ·:.<,'. : .. 
Comparirig~(20) and (21) one:can,se'e/tliat':at.:q >0, if.'the RIAlis,bette~, 
the crnss,sec~ion, ,due to member, propo'rti61rnl, to ,<r in {21),. goes upper ,at 

,•smallest q:and· later; due .toproportional,to q3 m~mber,•Iower than in case the, 
NIA is _preferable .. A~d ~e ha.v~ :the. coii!rovefsial picture at: q < o .. Such a 

.', • • ' T: • '• \;' •:,'• .< • < ' \,'', i•:, ', :i < ' /••' \ ',.::-:,-, S 

i 

t 

; 
J 
' L 
1 
•\ 
JI 

"( 

; .\ 

l'l .•. ' .. 

·t 
: ' 

I -

'.' ; 
l • 

difference in the behaviour of cross sections is riqt negligible and can be teste.d 
experimentally. · ·. 1 . . 

One can see from (21) the lesser ;_i I the. asymmetry between /c and. q is 
stronge~ :. Therefore we present here, apart frorn the d ,~ p + X, 3 H.e :....+ d + X . 
arid 4 He -t t + X reactions as more sensitive in comparisbn with the 3 He ~. 
p + X and 4 H c. ~ p + X ones. The' latter ones indeed do not show such an',. 
asymmetryas those we have selected't6 dem~nstrate. In fig~.11,3,5 it is shmvn 
ns(q) extracted from data usi1;g the relation (15). The points ,with different 
signs of argument ate p_resented by_ different sy~hols. It is seen that in all three 

. reactions the points with negative argu~ents are appreciably highe~ it largest, 
1 .values of jqj, Due to a number of reasons it is naturally to expect increasing of 

background in the region .~f negative q, that could expl~in marked discrepan~y 
of ,cross sections at different sigris ofq. But it is diffic'ult t~ imagine, that'. this 
increasing have exactly such a character to provide symmetri~al behaviour of 

. ns(k) (Figs. 2,4,6);' extracted ll~ing llIAforniula (16)i This evaluation i~ free . 
of any' model of a ~a~e function. . ·.. , .·. , .. · ·. . . · 

To have more'contrast picture let us pre~ent dat~ in form . ... . 
'".,._\,) . . ·. ;. ' ' 

'd3 ;,Jdil / 
J2(q) ' I 

' ' ( : . : ... · ; 

I 

wher~ parameters Ai, Bi of 
' ·' . -. ,. •; , 

, · .. . : .. · '2 . · • /. · 2 
f(x) = A 1cxp(-;-B1x) + A2exp(-B2x ), . (22) 

is \fitted.'' In this representation w~ expect 'the' points distribution along tlie 
y=l line if th~ NIA is a good. approximation, a1id near more complicated 
c1.1rve if.the RI~' is 'more adequate. '. Thi~ r~prcsentation (Figs. 7,8,9) allows 
one, to distinguish'not only the asymmetry at lql > 0.1 GeV /c, but also. one 
of opposite sign at jqj < 0:05 GtN Jc. As was mentioned above; l)oth of these 

!. asymmetries are evident when:one.compares approximate formulas (20)'and . 

(21). ... · . . , , ~. '. . . : 
The approximation of data byJunction (22) 'with free parameters using 

RIA or NIA approach give;, respectively, the following x2
: 16/14 and 54/14 

for the d -t p + X reaction; 16/27 and 35/27 for th~ 3He -t d + X ~eaction; . 
26/38 and 50/38 forthe 4He T+ t +:x 'reaction. :, 

! 
', • ' i 

4 .Conclusion. · \ .. 
;, .It is shq.y~ ,that. pi;~cise m.~astireII1er~t~· of ligl~tc::.t n,ti~lei b_reak~up, cross,s~dion ' 
·.' in,yicinity of. m;i.ximurr1, is a. gbod ·. test to. d1oose ,more adeqt~ate. ~p1froach .. 
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\ Figure 1: ,The proto~ mornent~mdistribiiti~n'. in th~ d~utero~. extracted f~o~ 
·cross sections in the fram~work of.NIA. :open points are points with n·egativ~ 

. . : I ·: .; . : ·. ·, '. . . . . ·., . I. 
·values of q: · . · J. •. , , I . . · ·· · \· 
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. Figure' 2:, The p~oton\ rriom~~tum, clisfributiori 
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i~ the 
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cross sections in the framework of RIA. Open':points 
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The obse{ved fon;ard-ba~k~vard asymmetry, points. out the. considered version 
of relativistic, impulse appro~imatiori is ru'ore' adeq~ate thap. nonrelativistic 
one .. Such an asymmetry was afoo observed in ref.[10]. Unfortunately, the 
importance of pre~ise measurerii.ent~ of cro~s sections iri.the.r~gion of n~gative 
.Jalues of q was notirealized' during carrying out' of fXpei-iments .. Therefore, 

· ·the data• at q < · -0:1 . GeV /c whether are. apsept (in case of the d _--4 p + X 
. reaction) or not. sufficiently st~tistically accuratJ. The considered asymmetry 
is .the m~re strong the more sharp behavior of cross section: in vicinity of 
maximum\ Taki~g into accou'nt this circumst~n~e, the d - p + X reaction is 
most suitable to carry- out the mdre reliable' experimental test. Such kind 'of 
investigation is 'also possible whc,n measuring pol_arization ol:>se{~ables o( this 
process.· ·:. , . . . • c > . . . . · · . .. . . . . •. . ! ' 
... The 'author thanks to his~ coauthors[4, 5, 6] V.G.Ableev, H.Dimitrov; .• ,,·. '( . . ' ' . ·,.· . ·. '', . ' ., 

A:A:Nomofilov, L.Penchev:; N .M.Pisktinov, E.A.Strokovsky, L.N .Strunov, • 
V.I.Sharov and S.A.Zaporozhets for join carrying olit of measurements .and 
also M.P.Rekalo and V.P.Ladyginfodruitf~l discussion. ·. . ··. · 
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