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1 Introduction 

The SLAC and EMC measurC'ments of the proton spin dependent structure 
function gf ( x) have showed our misunderstanding of the nucleon helicity con
tent. It was found that the valence quark contribution to the proton spin is 
abnormally small [1]. This results are in a conflict with our dd knowledge 
from the constituent quark picture where the nucleon spin projection was the 
sum of the quarks ones. Various ways were proposed for to resolve the above 
problem: large gluon polarization contribution in DIS via axial anomaly or 
abnormal sea quark contribution due to instantons or an unusual orbital an
gular momentum contribution in Skyrm model. Each of the proposal needs 
in a further experimental check. In particular a number of processes were 
proposed capable to probe the size of polari,-,ed gluon distribution. As a rule 
such processes involve the polarized beam as well as polarized target, like the 
direct ,-asymmetry, what seems difficult from the point of view of the ex
perimental facilities. The polarized target only with unpolarized beam seems 
more available. Then to test the proton spin content a final state polarization 
must be observed. Such a possibility have been proposed in paper. [2] where 
spin asymmetry is studied i~ the process AB --+ f- z+ X ( A,B are hadrons) 
with a measurement of the final lepton polarization. Here we investigate an 
application of the handedness concept for to measure the polafr1:ation.of final 
lepton in this reaction using the e+ e--pair bremsstrahlung. 

2 Handedness 

In this section we just outline an idea of the handedness concept for particl~ 
decay, more detailed information can be found in the original works [3] (see 
also section 2 of ref.[4]). This notion relies on a possibility to measure po
larization of particle from the investigation of decay products; The minimal 
number of final state particles depends on the interaction process. 

The parity conservation in electromagnetic and strong-interaction pro
cesses implies a rigorous constraints on the form of possible invariant ampli
tudes. It follows that in electromagnetic two-body decay it is impossible·to 
get information about polarization of the decaying state from the observa
tion of the momentum distribution of the decay products. Therefore one is 
forced to consider at least three particles in the final state for 'o construct a 
pseudovector Vµ from their momenta (Vµ = Eµvpu k1 k~ kg) and for to contract 
it with a polarization pseudovector to form a parity conserving term in the 
amplitude. The longitudinal handedness is defined in term of lefts and right
handed events. The event is called right-handed or left~handed if n1 < 0 or 



n1 > 0 respectively (it reminds the usual definition of particle helicity); where 

The normalized vector nµ is 

and 

n, = (iip) 
Iii 

Vµ 
nµ= J...:.vvvv 

p = k1 + k2 + k3=(E,1J) 

The handedness value for this case is equal 

L-R 
H 

,, 
= L+R 

(1) 

(2) 

(3) 

(4) 

where L, Rare the number of left- and right-handed events respectively. The 
value of handedness is proportional to the polarization of decaying state: 

H = as (5), 

For strong-interaction process the analyzing power a cannot be found 
consistently theoretically because it is determined by nonpertuhative strong
interaction dynamics. But in QED due to small coupling constant the ana
lyzing power can be calculated by use of perturbation theory only. 

3 Calculation of the Handedness 

In this, section we consider, fragme11tation s11bprocess that helps us to de
termine the polarization of final state lepton produced in any hard collision 

, V V 

c· ,+ . \}ca= 
PB ' ==( 

(Dre!l-Yan process, for example). Hard process with subseqt\ent fragmen
tation is described by unitary diagram, where the up and down big blobs 
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represent the structure functions of incoming particles, ,the small black.blobs 
denote the doniinated hard parton subprocesses a'rid V-b,lob is a vertex func
tion of virtu~l lepton (!-) fragmenting into z-e+e-. 

To proceed further we have to factorize fragmentation process of final 
lepton (later muon, l = 11) from hard production process. This can be 
done in the squared amplitude by ( l) use of Ficrtz transformation for the 
numerators of the muon propagators:. 

(fJ + m,,)oa'(P + m 1,}J;y 
P2+m2 2 • • 2 • • • • • • = ~(p laf3lf3'a' + Pa1J]J1J'a' + JJ (s,s)uf3(s,s)a 1a 1 + (sns)c,f3(sp,s){3 1a 1

) 

+'!!!f-(iiaf3If3'a' + Iaf3lif3'a' - (s1hs).;o(s,s)f3'"' - (s,s)a;3(sp,s);3 1a1
) (6) 

where Sµ is a polarization pseudm·ertor of muon and p,, its momentum four
vector (s2 = -1, sp = 0); (2) and some transformation in the formula for 
total cross section: , 

d<Jtot"I = J_ "'""' • I Mt?tal 1
2 

dF 
2s L.,,, .:>; 

= t. f d'1p8,(4l(p - JJ1 - P2 - !.:) I:x IMt10 '12 dF 
= d<J(µ+ ,,-pair creation) dw(Jragm) (7) 

where 

da(JL+ µ-pair creation) 

_ } , /l /l 4 (•J) / ~ ~ !!.r_ ' I + -12 =2s I:x Mx (27r) O (p..i + PB - P - P - J!X \21r)32p~ (Zrr)32po p2 U:i) 

and 

dwU'"gmJ= [AI1,-,+,-12 dcI>(2l (9) 

where 

d<I><2i = TI~- ~o (1 - (1•,+p2+-k>2) 
•-1 (2ir)32P; p2 

(10) 

d<J(1,+µ-pair creation) describes cross section of lepton pair creation with a po
larized virtual lepton and dw(Jragm) characterizes fragmentation process. The 
summation over ,~matrix strnctures in the last line of cxpre;sion (7) is as

sumed. 
The observable studied in this p,qwr is the asymmetry defined by the 

following relation: 
J/(¢) = d('.6.w(fra_gm)) 

dwUra9in) 
( 11) 

3 



; ! 

where ef> is an angle between the momenta of electron and positron in. the 
c.m.s. of decay products ,dwUra9 ml is the u11nolarizec! cross section and 

d( AW(fragm)) _ d (fragm) _ l (fragm) 
Ll - W++ l W+- (12) 

The quantities dw(_/~agm) and dw(_/~agm) in this relation are the probabilities 
of the positive polarized virtual° lepton radiation of the right- and left-handed 
e+ e- -pair respectively. 

The analytic formulae for dw(frngm) and d(.0>.wUra9 m)) arc given by the 
following relation: 

dw(fragmj = '\"" . li\Jtreel2d<P 
L..,spms (2) ( 1:1) 

d(.6.wUragm)) = 2/m (""" . Mtree•(Jvfloop + J\1/oop + i\!loop)) d<P( ) (l4) 
. , , . . : L..,spms • (1) (2) (3) 2 .. 

where amplitudes Jv/ 1ree and Mg~;J) are given by the Feynman diagrams 

("NI 
t~~ -p~ 
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Figure 1 

on Figs.I a,b,c and d respectively. As it can be easily seen the asymmetry 
appears only as a result of interference of the Born amplitude and one-loop 
ones because only the latter have the imaginary part. From the point of view 
of gauge invariance we have to add otlier-one-loop diagrams_ but all of them 
give zero contribution to the asymmetry due to the vanishing of Dirac traces. 
In the c.m.s. of decay particles the asymmetry is proportional to the sin¢, 
so it reaches the biggest value for ef> = r In this region e+ e- -invariant mass 
Af;+e- = (pi + p2 )

2 is of the same order of magnitude as the µe±-invariant 
masses M;e± = (k + P2,i)2. So the evaluati0:. of the Feynman diagrams was 
made in this kinematical region for highly virtual muon (p2 » m!). 

Now we make some remarks about the calculations. As can be easily seen 
from dimensional counting the loop diagrams do not possess the infrared 
divergences because one of the external line is off-shell. But all of them 
possess mass singularities due to the vanishing ofelectron or muon masses for 
box and vertex graphs respectively. To eliminate such singularities we have 
to add according to Lee and Naucnberg's theorem tree diagrams with hard 
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collinear photon radiation. But the Born diagrams do not have the imaginary 
part and.so to leave t~t!_asymmetry nonsingular the above mass singularities 
cannot give contribution to the imaginary part of the amplitudes. This was· 
checked by the straightforward calculations which giye the following results: 

d (fragm) 2 4(41r)
2 (? '12 '12 + J\12 ' (M. 2 + M2 )-)·. dm 

W = O'em <J\f4 ~1' µe+ 11 µe- e+e-: µe+ µe- '¥(2) 
p e+e-

d(LJ.t(J(fragm)) 

3 8(4ir}2 ( M
2
,+ M;,- M

2
,_ : M;,+ = aem fk12s 2 GM• M2 +M2 ln( P2 ) + M 2 +M2 In( P2 ) 

P yp- e+e- µe+ e+e- µe- e+e-

A/2 -M2 ( J\f2 M2 ) ) . ' µe+ µe- . e+e- ~ ~ + M2 +M2 _ 1 + M2 +M2 _ In( P2 ) d<I>(2) 
µP.+ µe µe+ µe 

'{15) 

Dividing the last expression by the first one one gets the result of interest: 

. ' 
H 2~ µe+ I _.e.c # ( M2 if2 = O'emfk12s - 2 2 n 2 

( 2M2 M2 _ +M2 (M2 +M2 _)) M ,+ +M,+,- ( p ) 
µe+ µe e+e- µe+ µe µ - '-_. , 

M2 M2 M2 -M2 ( M2 M' ) ) e- ~ µe+ µe- + - ~ + M2 _ +M2 _ ln( P2 ) + M2 +M2 _ 1 +, M2 +M2 _ In( P2 ) (16) 
µe e+ e µe+ · µe • , µ~+ · µe 

To measure reliably this asymmetry beyonr1 10% accuracy the rela,tive sta
tistical error should be smaller then Li// :50.1. This puts sever constraints on 
the lower limit of the number of Jt+ 11- - creation events: 

tan(½) :50.laem_JNe+e:;:,l,n (cos½)I {17), 

Ne+e- is a number of e+e- -pair bremsstrahlung events.The number ofµ+µ- -
events is. approximately a;,; times bigger due to the fragmentation p~ocess 
which is of order a;"'. The biggest value of the asymmetry -'- about half of a 
percent - is achieved for the <I>= f, but the required amount oi µ+µ--events 
is enormous in this region (Nµ+ µ- ?::: 1011 

). For smaller angles ef> fragmen
tation cross section becomes constant (for p2 =const),but the asymmetry 
decreases further and we cannot diminish the statistical error for the same 
(or smaller) number of µ+µ--events. On the contrary the.last one increases 
drastically to keep the same precision of measurements. 

4 Conclusion 

In summary,we have proposed a way to determine the polarization of fi
nal lepton produced in hard collision using recently introduced measurable 
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quantity - handedness. It was shown that the possible realization of this ex
periment is obviously very difficult ( or even impossible at the present stage) 
because of the required amount ofµ+,,- -creation events. But we think that 
one can decrease the latter considering near on-shell initial muon (formally 
this can happen due to the pole in the muon propagator, but this effect can 
be suppressed by vanishing of the phase space volume). 
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