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During the last- yeart a lotofwork has been concentrated on 'the study ofdilepton 

production i~ N N; pd, pA and AA re~ctions in order to learn about t~~ h~drondynamics i_n 

_ the nuclear i~terior (1]-[8]. Lept~nic prob;s are quite attr~~tive since. thJy provide weakly· 
•. ·, - ', • . ,', I .,' . '. -'_. • 

:-- dis-tmbed -inform~tion on hot and dense nuclear' matter atdiffe~ent stages of its evol~tion 
; - ·_ ·,· • • • ., - • • , J • ·,: ·:-··---- ~ _.·. , L 

in heavy-ion collisions at energies of about a few- GeV /u.' On the other hand there. a.re:_ 
'-._ '•• f:- • • e " • ., \. • r • • :•• •_;. .- • \ •• • 

7 lot oLhadronic sources for dileptons because}he electromagnetic field couples to all 

charges-and magnetic moments. It is thus very d~sirable to'have-additionalinformation . ' . - . . ., ·- '. ' .,. 

which allow.s Jo disentangle the various sources experimentally. 

' In hadron-hadro_n sollisions, the e+e- pairs are created /due to the electromagnetic 

j decay of time-like virtual photons. In turn;-the;~ virtual p{oton~ ca~ result fro~ the 

··, bremsstrah}ung process or frorri the decay- of baryonit a~d me~onic' resoriances" in~ludi~g' . 

the direct conversion of vector' mesons _into virtual photons in acc~~dance with the vec

.:.tC>r do~ina;ce hypothesis. I~ its' rest fr~m~, the d~cay of an unpolari~ed photon gives 

an is;tropic angular di;tribution 'for a createcf leptori pair since there is nopreferential ._ 
·, • ·" !, , 'c' .\ •. . •. ..: ' : . : . ; .fr'. ,< .•' •. - ,' . .. : : •• . . . " ~- ,_- I - • ·, 

di~ection. However; the coupling of the virtual photon to hadron(induces a dynamical 
I /• • ' • •' :• • • _'• ~ ,_ • • 

'spin a:lig~ment of both, resonances and viduatphoton~. _
1

We thu~ can.expect that th~' 

,a~~:lar di~~;i~uti~n elf: ,lepton· (~,g. · e-) · will b~ ariisotropi/with · re~pectt~ the 'di;~~tion · 

of the,ciilepton (i;e_. virtual ph~ton) e~is
0

sion.- .This ~ecaya~i~<>tropy (definei ior the ' 

. 'given dilepton m~ss-M) is carrying some information_o~ the spin alignment of the ;i~tual 

photon-as·well ~son the spins of colliding or decaying h~drons ~nd th~~by should allow 
' ,, I • ' . } . • - >. . • ' ._ - • .. ~ . • • .• - ~ ' 

~- 'to diseritangle different production processes. 
/' . . ~ .. ' ' .. , ' ',.: 

-In 'this letter we focus ori. the investigation of angular distributions of dileptons emitted 
' ·--- . ', ~ ,._ , - -~· -

from nucleon_,:nucleon interactions within two_particular channels:· the deita: resonance and 

::NN~br~msstrahlung. Jn a pr~cedin!{study th~s~ ~nisot,ropy eff~ctsJor cliffei:e~t ,chaiinels 

(br~mss'trahlurig,' Daiitz dicays of delt~ r~sonance, 77,jr0
, 1r;1r~...:annihilation; Drell~Yan 

process) we;e_discussed in th~ frarnewor:k of. the soft ph~ton ~~pr~ximatia'ii [9]; here we 

rean~ly~e the angular_ anisotropy 0~ the,' basi~ _ ol the micro~copic O~e~ Bcison-Exchange 

_ (OBE) ~ode! de"'.!;lo;id f9r dilepton pr~ducti~n"in (10]. . - - : 
- - , .. ,· . . . ·. . . .. r . . , -. . 

To characterize the decay anisotropy, we choose the· polar_ 0 and azimuthal tp -angles 
·~ . ' . . . \•. . . ' . ·' ' '. 

of the momentum f_ of a ~reated electron with respect to the momentum ij of a· virtt:al 
' , \ . ' . ' ' , . ' . . ·\- · . 

. ·.·_ photon, wh~re r_' 4 are me_asured in the rest frame of this virtuarphoton, i.e.'['+ 4 = 0 . 

. .The k!~~1natical situ~tio~ is illustr~le_d'i~ Fig.· 1. Inorder to- compare the ~hape of the 
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Fig: 1: :Illustrati~n of thCki~e,,;_ati-;_l sitii,'atfon foi; e+..,,.'- pair.production in p_N intera.c

, tions.·. ,e_b,, ~ ~re the lepton _mo~e.rifo in.th~ ~ucleon center~of-mass system. (Pa·+ P&=O) . 

·.while, P is half.!h~. total l~pton m~meritu"J l':b + ~t. •[, 4a~e· the}epto~ ·momentafo, th~ 

. lepton c~nter~ofmass syste~_(L.+ 4 ,= 0). · 0p is th~ arigle'betwepi the beam axi;, gi;~n 

', 

by the
0

i~iti~·1 p~oton moment~m Pa, anJthe momeritu,,;, P. a and/3 are the.angle~ bet~een 
. - . '-·. : . . ·: -r "· . . ,. . .• . , . , . . . . . - : . . . . . . . . . : ,. 
P and the relative momentum between both nucleons. arid)oth leptons, respectively. ', and· .. 

'P are th~ ~dditio~al rntational degrees. ~j fr~~do,;,, ~round the j5 direction while () i~ the' • 

p~lar/angle df thid;pt~n:moinentu~ t_ and P(fi'=:fJ. ' .· ·-. ,, ' 

angular distribution· for. different channels, it ;is converiieiit. to repr~sent · the differential 

cross section for di_lepton productio!}·i~ the fo.ilo~ing form: . 
. .. . . . ~, ·.. .de/• . . : .,· .. · ... ··2 

_!(M, 0) .= dM2d cos O ~ A(l + B cos 0), , ·:(l) 

•. where Mis the invariant mass of aJ~pton_ pair'(M2_ = q;f: ... if). Thf anisotropy. coefficient 
. ' ' ' /'· ·,' ' ' . ·'' ' 

]J then.-is defined by · ..;_ 
. . . .· . .. · ·· . S(M 0 ~ 0°) . ·., ·. , 

. . B =_['S(M,'0 = 90°) -= 1.·: _ . : _ (2) 

Since 'the-coefficient ·B is sensitive t~ the spin structure of the interactfng h~drons, it is in 

. general a f~nctionof~ and th~ ~ass~: ~f·t~~ had;~ns iri;~l~ed in the r~a~tion .. Before. 

ac:tually presenting\h~ ~umeiical r~sJlts 'fc~i'.'B we•b;iefly ~;~ail.th/ ba~ic
0 

c~n~epts ~fthe 

micr~scopi~ OBE~rh~del
0

~d<J~t~l[10].2 . ; ,._:_· ' • . 
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Fig. 2: Feynma'n diagram~ for (virtuell) phot~n emission after. (a)/ befor~ (b} and during 
',_. ·., • ~, ,_r•, ~ ,'.; •~ ',.:; •·, ';\. . ._, '. / /•·.•' .'• ·,'"c • · •. \ :.,· ·' \ , , 

(c). the nucl,eoT\-nucleon int~raction. The double .line denotes. eith_er an off-shell nuc[eon_ 
,', \ ,' ,,. ,, ' . 

or' a /j. resonance._, 

We i~vestig~te hadronic:' interactions i~ first order covari~nt pe~turbation theory iri 

. the nucl~~n-nucle~n inter~~tion, where ;article~ ar~ prod~ced f~6m 
0

the ~~ter~al ~u~leon · 

lines '.atd from ch~r~e1 ~eson lin~s. (.Fig. 2). Pirtide e~siimi bd~e~; s~bs~qu~rit NN 

interaction vertic_es :is .omitted in'·our calculation, but,~e .include .. the more important . ·, ' \'. . . . ; •' •\ . , ,, ,, . ,,, 

\ effects of excited nucleon stat~s, i.e'. in pa;tic~lar. the /j.-resonances,: ' 

·,:.,To ,d~terrriiri~ .a]]. the: rnupling. par3:m~ters iiivolJ~d i~ cmr caicu~ati~n w~ dire~tly fit 

the T~matrix by; an.effectiyJ nucleon-nucleo~·i1!-ter3:c~ion based_ on _Orie-Boson°Exch~nge 

diag;~~s ... For l~be~~r~i~sup ;to 401] Me\! su,ch fit~ ~e~ii,perf~m1ed; :using up to 16 

. mescins, .in [11, 12r Here w~ re~trict, ourselv~s to th~ in~st ~s~eiiti~I, m~sons for fitt.ing 
' " i·' , ·, . \ ', . , - \ . , . , ',r.•,' .. · '<, ;· .' ,"_ ' j ' . \' t • '.: . ' .• , 

elastic nucleon-nucleon scattering data for lab energies in the range from 800 MeV up to 

'3 GeV. F~r the i~t~~~ctiori b~twe~n ri~cleons and mesons we us~ th~ Hamiltoiii~n:· . 
' - , . . . . . . _, '\ ' .... 

= g,:,,,fnp~+ g,;,,,fryµtpr,l, \ .. 
' '' :.. ( '.' ,.,,;,..:av) - ·, ;:µ 

.+ gptp /µ +_. 2inN, T~P , , 



I 

_where a, w, ji, ir and ii denote the scalar, vector; jsovector-v~ct~r, isC!vector-pseudoscalar 

and iso;ect~~--axialvedor meson fields , re;pectively. J / -, 
We account for the finite size of the hadrons by introducin~-; formfa~tor, 

,/ . ' 

-A2 · 2 F.(k2) = ; -m; , 
-• ·A2'_ k2' ,' 

I ' 

(4) 

at each strong-i.nteracti6n vertex .where k i_s the four~momentum·and 'in th~ r_nass of the 

exchanged meson.~ -... 

Altogether w~ hlve eight p~rameters wliich have to be' determined by' elastic nucleon-
-' (, .·. ' ·,. ,· "\ - ' .:- -, ' . ' . : . - . ) 

nucleon scattering data. However, in the· "effectivefoteraction scheme" adopted it is not 

possible _to reproduce all 0the d~ta in the de~ired ~ne~gyrang~ from 800 MeV-up ;~ 3 GcV 

. with energy jndependent para~eters. Therefore we have ·kept the four cut6ffs A ·energy,'. 
. ' ' ' . ,· . . . . 

independe~t arid.use for each meson a coupling c6nstant depending.smoothly on theto1.;1· 
",i : . . . . . . ' ' .. ; ' ,, 

\·· 

c.m. energy _as . ,t 

".- · '· g( vs) ~- go exp(-10): (5)" 

With the~e 12 parameters (A, ;(o), l); (given i~ Tab!~ 1) we fit the_T:in~tri~ to th~ relevant 
. . ./ ·, ,, - . ' ' .· -· . . ' . 

·pp and pn d~t~ at the laboratqry,energies of L 73, 2.24 ~na'3.18 GeV for proton~pr~ton 

and pr;;ton-neuti-on scattering- (~f. Ref.[iOJ for"di,tailsr . . ' . l 
( ' . .- ' 

L ' 4,r . , t m [GeV) _A [GeV) 

.!, : I ;•i::}· 0.1133 - 0.138"' 1.005 

0.1070 0.550. 1.952 
,I 

w I 46.035 _-· 0.0985 .0.783 

p .·. 0.3!7 -, iusoo· 0.770. 

_K=6.033 

' 
Table 1: .Coupling constants used in the calculations. 

• ,, ·. - ·-.., I,' 

· As already menti~ned abc'i~e,, it is neces;ary to i_nclude_ higher resonances for particle 

p;odudion in the ~nergy region considered h~re. _In 'this study:w~ limit ourselves t_o tl-ie. 

implementation ofthe ~ r~sonances. pue to isospin conservati@.·o~ly isospin~l-mesons · 

cl~ be exchan~ed, i.e. the pion and the p~meson .. Theeo~respo~ding ✓ertex functions are: 
, . . ... .... - ., - . ' ' ' 

, I'Nt:,.". ~ _fNt:,.;'k T 
µ - ·m'Tf. µ ,. (6) 

,_ 

.,(· 4 

r. 

\ 

-~ 
l 

! .' 
',1 

1: 
r 
j ·" 

j 

---< 

rNt:,.p = _JN!::,.p (kvf9µa - kµ%hsf, 
µex ' ' mp•,. , . ' 

.·. (7).'. 

where _kµ denotes the mo~entum of the/outgoing mes.on'. f. the isospin-6perator .. Frorri 
, ,l'' ' ' , • . '.' ,. 

the decay~ -• N+1r we have d~termined_thelV~1r-coupling const~nt to fNt:,.1r = 2.13. 

, The~ propa~ator-is adop;~d from.Ref. [13) and r~ads: , . _ . , _ . 

Gµ~(•P_ ·)_-~ '.(Pt:,.a-Y" + M;~) ( µv _ ~•- µ v
0

:_ ~pi pv _.__c( 'µ~v __ .·_. pii v))-. : 
Jt:,_ t:,. - . p2 .., 2 'g : 3-Y -y 3M 2 t:,. t:,. ·3•1· -Y. t:,. - t:,.1 ;_ .·· ', t:,.-ivit:,.o - . t:,.o . - ' "t:,.o ... 

·: .- : ;, · .. • .. _.· ,•. , (_ :,,.,- ,· ·,.'_·,·: JS) 

'fhe mass of the Sin_ the-d~nominator is modified'by an imaginary.width At;,_ 0• ~ 
.'. ,, .• i ' . :' . ; . .'. '\ j !,· . ' . ·. . . ' ._. '" ' : ' 

Mt:,.~ - if /2 d_ue to the fact that ~'s have a short lifetime_ due. to the pionic decay which -

, dep~nds: on' the i11;ariani: en~rgy of·the 'delt;~r equivalently on the)momentuIIl k;~f_the 

dec~yin,g pio~ in• th~restfra~e' of. the ~- Nonrelati~is~i~ calculations, ofth~ .6. self en erg~ 
-: ,' ' . ·.. '. _., ,-,:.. . ' i '" . ., ·. ' ' 

_lead to a k; dependence,of the wid_th' [14). We take [15) · 
' \- . '' , ' ' ~ . ·, .' ' 

. . I'(M2 ). _ - r [ 'k"(Mi) ·1·~ k;(Aft:,.~)+~ 2 

· ·· t:,. :7 , 
0 

k"(Mt:,.~) k;(Mi) + 1.2 ', 
I 

. ' 'k,r(Ml) 
\ '),, 

-m~, 
..... ,'S:'J ! 

(9) 

i wh;;re,Ml ,is' the rna~sof a:n off7shell ~, The co~s.tantTo is the, free width of 0.12G1,\r 

". ; .· . · .. ' .: . . ·,. : . '1. . ,, ' 
: "As in.the case of ~ucleon-nucleon'scattering ( 4), we use fo~mfactors· foi- the nudc6n-~ 

vertex but: ndw of dipole form· [1,6). in ord~r to keep the selr-e~ergy of th~ micleo~ finite 1 , .. · ,,• . ,, /,_ . :\ ·:(·A~2: 2)·2 :.;,· · .... ,,.·· . 
• 2 . •' .: i --:. mi . 

F;;(k?'.".' .. A;' 2 -'-k2 ,i z;::::1r,p. 
. . ,. . . .. . . , . - ._._·. ... . .· I '.. . ·. . .. 

. The three new parameters 'Ip,. A., and .'A• arc fitted to .the existing· data [15) for mass~ 1 

;, . :· ' ' ,,· . .· . : -' ·.' ' ~: \ •,' . p . \ . : . . ' . ' : .' . '', . ' ' . -; - . . .. 

differential cross s~c'tions for N.+N-+ N_+~ in the energy range 1. - 2.5 GeV., In a fit, 
, , · ·,"., .. , , . , ., , , . · .. ·; ··I . .,, , 

tlcxperimental dita of the pp -+ nLi++ reaction at 3 e~e;gics' (970 MeV ,• 1 AS Ge V, 2.02 1 

\' ·.' ,' 'i" , . '.' ', ,\ / :·.' ·,' ' ' . ' ':. ~. ' ' ' . ·,; ' . :..... - '. . ' • ' , 

GeV) ":e have ~btained'' _ \ 

i (10) , 

' .. 
(II) A;= L421_GcV, 'A;:== 2.273GeV,. fNt:,.p = 1.1. -. ' . . . ' 

We notci that in;this c;sc a good fit 'can be obtained,alrcady witl;out it ,Is dqimdrn,·1', 
• 'J,. ·1 ' ':• ,' . • ''' I_I •;•• ' ' < ' • ,•' ' ' : •. ' • •,. ,•. ' l i , '' • • '· ', ' ' 
except at the highest. energy.' (The results in comparisoi1 to th_c cxpcriincntal data iHP' ' 
~ '.._, ' . ' . ' ' . :'. '.' " . ',! . . '. i 

given.in Ref. .[10).), 

' ,1 ~- monopole foni1factcir ,vould not changc\ny'of ti;.; :result.s rcp~~li·d; IH•l~w if.we' IISC a s~11,;'wl1at 
'' ' ~ • : ; •• ' ' ·,'' '. ' • \ • _I : • ' • • ,'I • ' ·.; . ' ''' .' ". i _. .. I ,. ''. I . . ', 

smalle~ ~ut-off.' · · · ' ' · ·· · · · ' 
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I. 

. f Having fixed. the' f~~damental couplings of the OBE~model we now tur~ to 'the cal-· 
! - , . . . ' - ,/ .. ... 7 .--

culatio_n of-the dilepton anisotropy. For the dilepton emission yia a delta resonance,· 

formed in the N N :_. !1N ~ N Ne+~-; process, th~ di lepton differential cross section. ~an 

. be written i'u the formi' . 

... . - > . .. . .M2✓Af2-+4IPl2 .· .· 
do- -Jdn dP · 1 

· ·· · ·_ 1r12 
-·. (12) 

dM2dcos0-,- · N_ (c:f+~;b)£~1P<;l(2ir)7. 8JQr,j3 · 

_ , ' · . ·, · ... ·. 2mNmeJQNJIQLJ · • -

X j(c:f+ °'.~b)IQLI 3-Ac:(- C:+b)IPI ~OS /31. j(E~ +EDJQNI+ (FJ~--:- EOIPI ~~Sa, , 
, . . . . - , . : . . ", ~ ,. . . ~ ) - '.. 

where P~, Pb and p:; p~ a;e th~ four momenta 0~ initial and outgoing n~~leoris, respectively, 
. . . , . .• . - ._ ,, .-, . ...._-• . ·\: , . \ , . . '.I 

· E 0,·Eb and Pa, Pb are t_he energy and momen_tum of nud~ns in the _nucleon-nucleon center~'-

-.. o·f~~ass system (Pa'+ Pb'~ O); c:':.\ c:';.b and f<:_b j ~b are the energy ~nd mo.mentum of leptons 
~ • ·,· • I ' - , 1 -, _,, . • • J ·.' 

in_the·same reference frame. p = ½(/'.'._b + /';.b)'is .. half of/the tot_al lepton inc:imentum; 
.....,,- ' - ' _, -~ --:·· ' -, ·,·, ' . /· ,; ' . ~- - - ;: . __:. -: ' 

QL = [':_b.~ P, and QN =Pa' -P. eland /3 are the angles between·Pand QN and P and · 

QL, respe~tively. _ ;he angle /Jis, related with1 the p~lar angle 0 vi_a c{os /3 ~ J ~~;:1IPl2 ~os8-

with ,IQ£! = ½-✓ M 2 +41~12 ~qs2 0. •. . . . l 

The transition m~trix element T is obt~i~ed by ;umming all Feynman diagram~ over . 

'th~ e:changed mes~ns ir; p: ITJ 2 =I °I)rP!+,iJi))-12,"wh~re the term ITl2 tacitly al;:a~;: 

i;cludes a -~um over final ~pin-and; aver~g~ over initial ~~i-n d~gree~ of freed9~.' For 
,. ' ',,' - -~ ,'.l', .. ''". ',, ' ,' ' ,._ : ., •: 

example; tlie matrix element for the t-charinel including,ir,excharige is given·by_ · 
' . . . ·, · ... : ' ' . .,' '· ·1 ' ', . 

rct> = Jt,, JN Lµ 
11' • '~: µ, ,, . ' 

(13) 

I ·-·. '· . . 
'-'<' 

where the lepton current Lµ is defined as 
. ') -.., ' ... ' , . '· •' 

L~ = u(L)-y;,v(l+), (14) 

and L, i+ ar~ the four ·µiomenta of the leptons. The hadron ,currentfor the N /1N-line is 

J: = u(pa) G~1iP,;_) 'k~.rft' u(p:), '. 
. \' 

. (15) 

where k '2 Pa - Pt,, is tlie four momentum of the, exchanged pion; and.G~/J(Pt,,) is the 
' • . . ., ' , • . . . ., . : ... ' . I . • - . , . -- . : • ~ . 

delta propagator. (8). _The N 1:11 vertex function is taken in the form: 

Nt,,-y i .fNt,,-y . ''v .· ·. ~-. . .__ _ .· .\ 

r{Jµi = -:i-.-.-(qv"Y 9/Jµ -qnµhs, fNt,,-y - 0.32, 
, _ m1[', 1. 

l 

(16); 

6, .-

,) 
I 'f 

~' 

\') : l•' 
I 

~- 'l, 

!.· 

;\ . (. 

wher~- q =:= /_ -t t;. is the four _momentum of .virtual photon. The ~ouplini constant h_as, 

been obtained from 'the experimental partial width of the /1 of 0.6% for the decay into a 
' . ! • ' - ' • ~- -· • 

real photon. The hadron current foi the N N-line is . . '" , /: 

. Jt:J = ti(pb)fNN1r u(p~). (17) 

We stress that we take into ac~ount the interference. betwf!en all diagrams with ir; p rrie"so_n 
.-· . .· . .. , I . ., > I 

exchange.: · • ' · · . ·· 
'· : ' . . t ·, , . _. ·,· ._·_' . I : .,, ,. - / 

·•For tlie croks: section. of dilepton :productio~· in ·non-resonance proc~sses N N/--> 
' . - ·. - ·: .'. •. ,' .. , ·' : ! . ,· 

N Ne+ e-:-' we u_se the ·same expressio~ (12) as in_ the delta case. ~T,Iie_ Feynman· diagrarris 

foi. the,-Bo;n· terms look like (a) and (b/iri Fig. 2, but it i~ n;~essa~y to add the diagr:ms 

~ith the \iirtission. ~fa .virtual pho~on frm:~ the otlie; nu~leon !in~ fo{_the pp-channel 
' . . ' ' - ,, '. - -, 

'and the pi{-channel, because• ~e also include _the coupling to the anomalous· magnetic 
. '· . ' . . ·, .. •, , , . . . I . . ,, 
moment of the nucleon. As a con.sequence now also the neutron lines can contribute 

'to the_'.radiation of dileptons. The ,amplitude T includes the sum ~Ver the five me;on-
' ,1 " I 

~xcharige diagrams_ ta.king into acc~un't the interference behveen /all diagrams ~i~h' the 
• j ', i' . . ', ·' •,' _ .. · ,. ., . / '.. ' '· \, 
different ine~ons (ir,O',p;w;a), ,; 

' 1'7, = L J~i_M) 1tM) L'', 
iM , . 

i ~ ,diii.gram, M =·ir, o-,·p;w, a, (18) 

' . . ' ~ ' •..,, . ' 
The hadron current forthe NNTJine is (for diagram (a) .iri Fig. 2): 

l_.· 

(19): 
.. ' •... \·, .. J· (aM) - _:_( •. ) . (p~~i ~ qV/i, + ::nN)

1
rN~M- .( I) 

, µ, -UPa"Yµ (( )2 '2) , -UPa, 
, _ _ , / .· · , '.. \ -·. ,• Pa~~. ,- mN . > ., ' ; ·. : : 

where rNNM is the .nucleon°nucleon-meson·vertex (M = ir,u,p,w,a). -,Firially; we also. 
• ' ' •.. .•' • I ' • -. •. •.'' - • ",<'. • .\ 

,'pei-fo~m calc!llation id while we tr~t foer~sonance ~nd ~o~~e}onarc~ gr,~hs coher~tl~ I .. , 

by summing up over the T-matrix (13) and (18). · .. ' · · . , · _,' . . , ' ·1 

As~ first corriputed ·observii,ble ~~ show in' Fig: 3 the invariant' mass ~pectr~ 'for . 

dileptons both fol'. pp and -~n collisions at the two b~mbarcli~g'1~eriies of 1.0 and -2.i' 
.. •,, ,'. ' . '. . ·. -: ' ' . . . : .. ,- \ ' \ ·, ' 

GeV. In aH cases the dominant.contribution arises from the resonance amplitude where 

· the 1nter~ediate, off-shell part,icle is. a Lij i
1

n fact th~ _total ~ield is ;alrrio;~ equal t~ the 
\, -; . .• , ' . , 

contributio~l the~ amplitude ~lone. ,The.pna~plit~d«;!for these graphsis abc:i~t a•'• 

, factor 2-'3larger than iorJhe pp reactions; this.factor is mainlydeterrriined by different 
I. • • ' , ' ' ' ' . . , ~. ' . ' • ' > 

isospii:J. factors. , 
. -.... ,, ' . \ ' , 

, The 'graphs involving only ip.termediate nucleon lines are significap.tly larger for_pn •. 
' I_ \ . •! ' ' 1. • • . • " ' 

than for pp reactions (factors ·6 and 4 at 1 and 2;1 GeV/respectively); which is due- to . . ' ., ' : ,. . . ~. . ' ~ . . - .. . . , : .. . .· \ 

--~ 
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, scatte,ring ~t 1.0-and 2.1 GeV. ,The diamonds' di;play the contrib'uii;~ of~on-res~na11~e: 
. ' . . . -'• .·· '/'.;, : ' ·.' '.; ·. ''. . ' .,/' ' ',. \ ' :· ~· ,_ ' 

diagrams; the res~na~ce c__o11,trib'ution io 'this reac_tion is, given by the cr<;sses(+}. The 

· squares' and .the' crosses(i} ~-ivesth~ -p~~itiv;, respe~ti;ely n~gati~~ 'interfer~~ce b~tween 
'; .·. ',,. . ·,.'",l \ ,,_ -..;· '• l;· ·;·· ·., - ,, ·:. ', '. ,, . :· '· ',_ .• ',. /'.. ,, ":•. ·{ <. 

resonances and non-resonance amplitudes. The coherent sum ·of all contributi~ris is given' 
, ._ , - . , _ ':· _, , .. -, , · _ ., ,.._ , ,· , . - - -· ,, _-. _ ,_- , •- -,_ -r ,·, "· ·1 - - .,. • .. · 

. by the solid 'line./ The individual contributiqnsfor the proton~proton reaction are shown 
I .I ' ',', I ,') .' • '. ,. < , , , •• , 1 < 1 : ; • 

0
,', , .' ', ! ' I, '. I \ • ,,' I' 

in ___ a) and for the proton0._n~utron reaction i~ 6).' -_, > ' ' -
. · .....• ' ·.,,· ·,.. : .. ·1 . •".' ·,· ', '(, • : 

' . ' ,\ :. '· .' ' .· ' .. ' \ ' . . ' ' ' '-, ' ' 

the destructive interference between the :radiation. from both' particles in the 'case of pp 
I 

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

scatteri~g. The tota!'yield from pn is larger than that from PP by o~ly about 'a i;ctor of 
,., ' ".'1 \ . '','' ., . \ ' ' '. '. ·' \· . '. ',, "' ·.i ' _, ' i . __ ,· . .; . ,• . '•' ; \ 

. 4· at 1 GeV.and &fadoi- of 2.5 at 2.1 GeV (both at Mi= 0.2 GeV): 
, ,· , · . . : ', l··., : ',, '• . ' .. ,' : ,·1 -~:, • 

_At first sight the_ mass-spectra of the nucleon graphs and the-~ graphs .alone look very' 
i_ ' ' ••• ,' - f' .' ·•<. ,· .,,- \(' . i ,_, \ _ .. } • \ .... ··. ' ' .: "-,,'; ·'. . . ) 

similar. However, a closer inspection.shows that at 1 GeV both'merge·at the high end 

-of the m~ss spectrum: In:' this ;a~ation a siz~able iriterfere~ce of. both contribhtions:lso 
' i • :· • I • , , •. , • ' ', ' ' ' ·.• _ •'' , '.' , • , • •, , , \ ; • '. \; , ', ,• , •• ',.'' : \-' X 

_ takes pl,ace. Note also, that the'incr~ase of the bombardi~g energy)e~ds _to~ hardening , 

of thespectra, but not to an increase of the value at s~all A-( . . . - . - . 

. I~ Fig:: ; we show the ~esult~ of o~r c~l~ulations for. thedifferential c~oss sectioi1 for 
• ' '. .. ; , < •• ' ' • ~ ' 
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Fig. ',1: The differentia/crqss sectio~ for dilepto~s in ·pp and pn }eactions as a function 
.. ;I·. ' ' . ' , ,· ' -, 1· ,· , . ' ' ', , \ 

ofcos0 fqr fix~d M = 0.1 Ge,V at 2.1 Ge V bombarding energy. T,he "~" labels the 

contrib,;tio~ of the,,delta ;e;on~nce term, the, "n(t,,;}lldenotes the _contribution ofth~ 
\ . .' \'' . :1 :: ' _/' . . ' ,: •• ·.--· '. . -, ' - ·~-~---' ' ' 

I-channel with a single '1r-meson exchange only; "pp", "pn:'denote thc'Born terms for the . 

~P, ,pn cbtiisions, re~peCt~vely, and ''I;" the sum ~fall chann~ls induding the interfer~nces. 
·· ... ·'1 :,.····.,.. ' .' ·;·.,,., ',-_,~" .. -,,/( :i,,. ,~ ~·: ,.,- ': 
dileptons in pp'arid pn reictions as'a functi~n of ms O for _fixed M = 0.1 GeV at 2._1 GcV 

• bo,mbarding ene:gy., The "~" labels the contributjon of the d~Jta·resonani'.,t~rm, the 

"fl( t, 7r )''denotes' the ~on'tribution of the t-cWannel ~it_h 7r-meson _exchange onl);; / "p,;"' 
''p~''.denote the Bor~. terms for the pp, pn collisions, respectively, and '~I:" the s~rri 6f' 

~II channels including th~ interforence~ .• A~:ecn f;om· this figu;:, the
0

ab~olute' value of 

, the cro~s- section rel~ted to the ,mechanism with ari intermediaie delta is s~n~itiv~ to 
,... -: ' ' - . . ·. ', - .. ·. . . ~ ~ ' .·., ·, '; ' . ' ,· ,· 

' ' •. ; " . ' . ' . . ' . ~ 

the modeL Taking into account all dlagrams of delta produc'tion and their interferences 

change~ the:vali1;
1
of the cross_ sectii:m by ab~ut a f~ct()r, 4. However, U;c form of the cwss 

;~ remains the sam; as, it can be se~n from the curves htbdcd "fl"and ;,Li(t,1r1'', / 

respectively. · 
t ··,c ' ' ' 

· The anisotropy coefficients B. for pp an_d pn collisions as, functions of M at._ 1.0 ahd 
,. , ·1 

2._l GeV are plotted in.Fig. 5. A~ 'Nas shown
1 
iri Ref. [9] the B values arc ranging from +I 

'(for psc_udosc~lar •r~:cson' (1r 0
, TJ )_ Dali;z,d~cay) _;o '.~ 1 (f~r ;+,i--;- ann,ihilatt~nor; p 'decay) 

'and depend op. both; the invari'ant :r~ass M ~nd the process considered. The solid c·u~n·s- · 
. . . -. . - . . ' , -- . - -- -- l -- . 

with- l~bd "I:" corre~poitd to the cal~ulation i~ the. "full;,- QBE-model accounting for_ 
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, all mesons exchanges an'd all i diagrams in~ludidg the interferences., The ".6.;' labels' th~, 

contributio~ of the delta resonance term,~"pp",. "pn"denote the B~rn terms f;r the PP, pn 
, . . ·' ' 

' collisions, respectively.· For the ,cas~· of.the delta 'we also 'present the results of a calculation '· . 

, involving 'only th~ ·7r-excha~ge' in ~he, t-channd given by_ the long dashed ~urve labelfd ' 

}'.6.(t, 1rt for the pp reaction at 2.1 GeV: The dotted and the l~ng di~h~d l_irie in this fig. 

are almost identical since the coefficient B,' which is defined ~s a ratio ofdiffe~e~tial cross 
• : • ,;•', . •• ' ; • • • ' <, . ' • ' • . '•,' • •,,, • ' [ I 

.sections (cf. _eq. (2)); is not sensitive to the absoluteyalue of the c~oss section, "'.hereas 

· the angular distrib11ti~ns are qutte_Jmilar (1.h.s. of Fig. 4).: ', 

· _ In Ref. [9] the dilepton cross sectio~ from tlie ~ ,cbannel ~as ~pproximated by a 
. ''I'.. • . ·: ' . : : • J ', ,• : •• • ' - ' • • ,_ ','.' ,, .' ' • / 

'pr~duct of the delta production cross 'section ,and _the differential width of the .6. palitz 
;, • , I ' ' • / , ,' ' • , ~ '• , 1 

de~ay'. Th~ B vahie in this approximation is +l~s for th~ case of pseui:loscalar meson ' 
. , ,:·, , , . .:: :., ' . ' , . , : ··. , , !" .·,. '·.'I: ', •·'. ·. ·, 

( 1r
0

, 1/) _Dalitz decay. We note tha_t ,though •this approximation reproduces, tl1e form of the 
! . \ ' ✓ ,, 

indusive dilepton spectr'um ·calculated within t,he OBE-model, it' should be c6nsidered · 
· ·. . ·. ·. I .. • . · -, , , · . ,,,,· i -. · .• · · • , - , . 

as rather unrealisti,c for the study of more subtle microscopic effects such_ as polarization , 

ph~nomena
1

and spin ~ffects. ·. Only,for nearly real ph~tons (M ':__, o)th~ i~upling tci 
' ~- •' , • . . ' I . ' : • • \. . , ' ; ', ', 

'the hadronic part (or' delta alignment) be~omes negligahle. Thus we obtain'''a rather 

c6m~licated b~hayior f;r the co~fficient B in the OBE~modei instead ·~f B = + 1 i~ [9] ._. · · 
'For the ;ame ;easons'th~,functional d~p~nde~ce.of_Bfor the Born·terms·changes.· 

very strongly' ~ith M: 'the dashedcurve; in Fig, 5-labeled "pn'.' ar~ the ;esults in thy 
', ·: , ' , , , : ,,.- \ ·,' , ,, ' :. ':- ., ·., ' ,', : , , ( , 

QBE-model, the}ashed ~urves labeled_, ''p71: (SP A)''. are the rest1lt.from'[9] b~sedo:n the 

's~ft ph6t6n appr~~iiriation (SPA) fo/ the dil~pt~n br~~~sttablung. He;'e ag~in' th~ 'i:esults ' 
;:'. ' J •• " : ' ' ' :_ '. '· :, : j : "'_, ' ' • . ',' . , ' , ' ·,. ' '•-' . . ' ' • < ' •• ·.,. ~ ' ' •' 

are close at the' lower energy (1 GeV) and.low dilepton mass M. 'Note .that at small 
• . , : . '.' ,', ,'1 · ,',, • , , ' '.'' ,,' ' .. :" . r i ·,~ ,. ', , '_· ' . .'-, . , ', .:" , , ( :, t 1~ 

Man increase of the '-'."irtual photon-energy leads to a decrease ofBin the_s6ft-photoll 
J ' :.• ., J •:- '•, • ', ','' {:' '. .•. ', '_'. •• :' 1 / '• r •, • " : ',, ,' ,! _'i I '•: • " ,_:. • ,- .' :\ j 

approximation while Bincreases .with Min ~he OBE·calculation and rerriaina ·positive for. 
' • ' • ·, ~ • ' ' • . , '.' \ ' <' • ' • • ' ' • 

. ·: '. ,· - ' . .-, ' . 1,: ··,_•/ 
· al! M contr?ry to the SPA. " 

.In .summary we can conclude that the .angular anisotropy B of dilept~n pairs is very 

~ensitive t~ the mi~roscopi~ detail~ ofth~ i~tera~ti6~ and ~a:·be used to d~ter~1ne the 
.. :· . .:. , .- \, . '; . r .. , . , . . . , ., , ·.. . , ,_ . . . . :- . -·.· 

relative weight of the hadronic production channels in pN rea~tioris. as a function of the ' 

•, in;a;iant ~ass ·M.··Jt re~ai~s to be' seen whether this allgulir ~nisotrop/~a~ 'al~o be' , 
• • , • ,, • < '. '\ ' .,_ ' • • : , '., ,• ' •• , : _1. ·, ' ·_....., •• -

used to distinguish.between the various reaction channels in heavy-ion induced dilepton' 
--: ,', ' .•:. ·, . ··~-: / .. ;,·-. ·\ -;. ~-· .<:·. ~_,, '.' . _:.. __ ,:<--.-', .• .. ; .· ·. ,•.,• 
production: · · ·' ' · · ' · 
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Fig. 5: The anisotropy c~cfficients B for pp and p11 ~oll£sions as furt~tions of Af at /,0 

and 2.1 GeV. Th·e ;olid curve; with lab~/ ''}:,': correspond to the 'calculation in:tlz~ 'full'~. 

,, OBE-m:del accoii~ti~g'fo/au mesons excha~g~s'and aU diagr~ms. The "~ ., 'iabcls the 
• > • -'. > ~ •\ O ' S > ' ' ¥0. • • f "" 

contribution ,of the'· delta/reson~1{ce tcri11, ')1p ", ')ni ";Jenotc the. Borµ terms for lhc pp, 1iii 
collisions, .resp_ectively., Fo~ the, case ?! /he deUa ~c· also pJcsei1itl;i5'~r,sul;s·of ~ calculalion 

··;n;olving, a s_infe,1r,:,r,xchang~ ·in the_ t~ch,arin~I in ,ici·ms of lhe .. long da~h~~l<:ur·v.c· ,labclrri: 

".6.(t, ~rat 2:1 Ge'V (upper 'right). T~c}·esultfor,ihe bre-1i1ssfrahlung,ronlr/bution in 1hr _· 

soft ;h~ton appmximati~:n fro_rn/9} is giv~~ by the dashed liiw.~ labcli:d l·pn ( S 1-'1\) ··. 
, : ' • - ' '< • -· • 
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BpaTKOB~Kag E.JI. n AP-'• 
AHtt30Tponusi: BbIJieTa AHJienTOHOB 
' , . . . ·, 

B HYKJIOH-:HYKJIOHHhrx_ B3attMOAeiicTBtrn:X 
:, - ' .. , ' 

' HcCJieAOBaHbI yrJIOBhle x~paKTepttCTH~i{ (a~H30TJ)OITHH) BbIJieTa e+ e..:.: ~~ap 
. . . ' . ~ ' 

B . HyKJIOH-HYKJIOHHbIX B3aHMOAeHCTBHSIX . npn ·upoMe)KyTOtIHbIX . 3Heprirnx 
Ha oc·Hoiie.MoA·eJin OAHo6o3oHH<;)ro o6MeHa, napaMeTphl·KoTopoii·n3aJiei<a10Tcsi: 
ll3 AaHHbIX no. ynpyroMy N N ..:B3aHMOAeHCTBHIO. · TioKa3aHO; l!TO. aHH30TpOilHSI. 
O1.JeHh 4YBCfBttTeilhHa K ~imAoBoii CTPYKType aMnJIHTYAhl po~eHnsi: AHJieUTo- , 
HOB n', Kaic.n:eACTBtte, -n03Bo.nsi:eT ttAeHTmtmu:npoBaTh 11x pa3JIH'1Hhle HCTOll
HHKH. B pa6oTe Bhl1.J~iQieH1>r K03cpqmu:neHThl aHtt3OTponnn AJISI . TOpM03HOro 
H3JIY'leHHSI B NN-paccesi:HHH H AJI~ p~cnaAa AeJihTa.:.pe3oHaH~~- , . . .. . 

. .. • .. Pa6oTa'·~bIIlOJIHeHa B Jla6opaTOpB~ Te9peTttl.JeCKOH ¢tt3HKH li~. H.H.Boro-: 
JII06oria pv15111t; .. ·:, . : •' . ·., .·• · ' ', ,' , :' · .·· , · : .. 

' ( :· ' ,'' • , , -~ : • '. 1 ' ; ; .' , • , , ; . l ', : I , ' ' 

Tipenpirn'T 06he]IHHeirnoro HHCTHTYTa !l)'lepHblX HCCJie]IOBaHHtt, )].y6tta, 1995 
,· • .'', ': .•\'_''.,I ' ,: ' ) ,' ' • ', • 

Bratkovskaya KL: et al.. 
Anisotropy of Dilepton Emission 
from Nucleon~ Nucleon Interactions 

i 
we study the angulir ,charadc6~i~ti~s: of e+ e~ -pai;s pro'du~ed in nucl;on

nucle6n, interactions at intemediate energies on the' basis: of a one-boson~ 
exchange model. fitted'< to. elastic.NN~scattering.,.Due to·.spin and angular. 

'momentum cons.traints, the. dilepio-n.:anisotropy. is ·found to be ~ensitive 
to the contrib~tion o~, differer1t so~rces. . The 'anisotropy from 
NN-b~emsstrahlung arid. delta-resonance. is calculat~d. and compared 
to the Dalitz decay from pseudo-scalar arid vector mesons. 

I, ,,,· ' ' , , \ •• , ·./ ::i ,' _, . 

', ''The i~vestigation has' be~n' performed. at. the 
of Theoretical Physics; JINR .. 
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