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Polarization in Fermion Scattering 

A. J, Accioly(l), H. Mukai(2), E. C. de Rey Neto(l) and H. S. Bias Achic(l) 

lnstituto de Fisica Teorica, Universidade Estadual Paulista,� 

Rua Pamplona 145, 01405-900 Sao Paulo, SP, Brazil� 

2 Departamento de Fisica, Funda~tio  Universidade Estadual de Mar'inga,� 

Av. Colombo 5790, 87020-.900 Maringa, Pr, Brazil� 

Abstract. 

The behaviour of the helicity of an initially left-handed beam of massive fermions first 

interacting with a Coulomb field and then with a charged scalar particle via a photon 

exchange is analysed. It is found that in both cases the massive fermiolls have t.heir I]('licity 

flipped, while massless fermions seeem to be unaffected by the electromagnetic field as far 

as their helicity is concerned. 

Currellt!y 1.11<')'(' is uo ,[oubl. t"'tl. 'illa.utllnl "I"cl.rodyllalllics is I.h., I",sl. I.Ill'llrv Wt' have. 

In addition to being importallt 011 its OWII right" il. is also the prototypP for qilalll.llln chro

modynamics. Morcovocr, it pr..,dieted - to lIame only Oil" of its sn"....ss..,s - I.h" ,1I101l1010us 

magnetic momellt of the electron correctly to six decimal places. 

Quantum electrodynamics is thf' theory which describes Ilow point-like charged particles 

(usually with spin 1/2) interact with tIll' docctromagnetic field. As such, it is tilt' fOlllldation 

of the subject of atomic physics and of fundalnenl.al illlporta.nce to condensed lIlatter, IIl1

clear, and particl,' physics. !\ccordingly, it would be illt..,restillg t.o omdysl' 1.11<' 1)('llaviour of 

the helicity of a polarize,l I)('alll of Inossiv(' spin - 1/2 Dirac particles ill th,' electl'olllagllr'tic 

ficld, an illlportallt issue by its OWII which as far as W,' know has only h"('11 "arri,'d 0111. for 

electrons scattcrt>d from a fixed Coulolllb Pot.elltial. 

To begin with we work ()I'1. a. vl'rsioll of the IIsllal (:oulomh sca1.t.nillg prohl(,lli. Consider 

for this purpOSt' I.\}l' scatterillg of a ll1'g~.t.ive  char~ed f"!'Inion wit.h 1I1ilSS 111-(.' hI' til<' (:OIlIOlllh 

field of a heavy nucleus, trr'.at,'d as ,t point. chargp. In thp (;onlol11h ~ang(', tI", pot.('ntial is 

given hy 

A~,,(i') = ( Zle_I' 0, 0,0)
~1T'  :1' 

with the momelltulll space pol.('lIl.i".1 

Ze
/\~,,(T) = 0, 0)( ITI' ' 

0, 

Here the charge of the ekctroll is -(' < O. 

The Lagra.nge function of t.11l' SySI."111 is 

L = ti' Ui! - 111 F) 'I' + eJJ,1c,' lj' 

The corresponding fermion-external-field vert.ex is shown in Fig. I. 

Suppose then that in 1.1](' initial state we havp a. beam of fcr111ions wil.h InOn1f'ntu111 

p = (E, fiJ in the spin stat!' It (ii, SdfiJ). In 1.1", other words, t.1)(, incident fCl'lnions ar!' 

left-handed (L). The spinors 11 and ii are such th~.t[i-4J  
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(I +,5$; ) U(p,Si) = U(p,S;) , 
2 

(1 +15$; ) U(p, -Si) = 0 , 

2� [p+ mF I + IS$;(f)] ,u<>(p,S;(P))u/3(p,S.(f)) = 2mF 
2 <>/3 

i = L, R , 

vhereupon the polarization vectors are given byisl 

SiWi} = ( IPI , pOP)
mp mp , 

-"r(f) = (-IPI, -poP) 
mp mF ' 

Nhere R stands for right-handed fermions and f; == ~. 

The polarization of the scattered fermions is measured by 

2Np, 
P = I - N + N 

L R 

Nhere NdNR) denotes the number of fermions emerging with negative(positive) helicity. 

'Iote that P = 1 indicates no deporalization of the initial fermions, while P = - J says that 

,11 the left-handed initial fermions have their helicity flipped. 

For the process in hand, 

2 

NR = Iii (pi, S'R(p')) 1- xt. (k) u(p, SL(m/e

lIId 

NL = Iii (ji', Sdji')) ;,text, (k) u(p, Sdji))t ' 

~here p' is the momentum of the emerging fermion. 

Some more algebra and we arrive at the following expressiolls for NR alld NL: 

NR = ~ {(2A' pi A· p - A2 p'. P+ A2m}) (I - SR(ji') , SL(P))
4mp 

+ 2 (m} - p' p') A . SR(ji') A . Sdf) +2p' . Sdf) S'R(f;') . /1 p. A 

+ (2p'. A A- SdPl- A2 p'. SdPl) SR(p')· p} , 

:I 

NL =� _1_2 {(2A . pi A . p - ,1'p' . p + 111~./\2)  (I - Sdil') . Sdii))
4mp 

+ 2 (In} - 1" pi) A . Sdii) Sdil') . ;1 + 2/\ . ,c.'dil ') p' . 8dll) .1 ' P 

+ (2,1. pi ;1. SL(f) - A2 p'. Sdp)) SL{P')· p} , 

where ;1 == A~xl.(k) and ,11 == ;1 . 11. 

Therefore, the polarization uf llll' scau.cl'l,d f'~l'Iliiolls is !Sivt~1I hy: 

f' = I _ [ 2mf /[/0/2 ] (I)
P + 111}. tg'18/2 

where 8 denotes the scattering angle. 

In Fig. 2 it is shown the behavior of }' as a fnnction uf both () and 1ILF, for lix(',j I',:. As 

may [,P st't'n, the larger Iht· scal.t"ring angl,', 111<' la1"/~t'r the, 1H'licit,y Ilip. Fi!-\. '2 1.,'lls liS also 

that P -+ I as 1IIF -+ 0, as it was (·xlwet,,·d. 

Considpr now the rl"'il.et.ioll 

/.', S I - t /." I ,<;j • 

where P- denotes a lIegativ(' charged f... rlllion alld S+ Sl.a,lIds for a positive' cha'w'd SCillaI' 

particlp (set> Fig. :1). 

The corrcspollding lagrilllgiall ill till' LorclIl,~  Kang" is givl,n I,y 

[� = - ~  F,,,,f"'''' - 2
1
), (i),,/1~)1 + if' (1(1 - 71q:) 1/' +nHt/' + iJ.,r// a" (i; 

- 1tI~1"1)  + il·(.It"</JiJA; - ..1"'b'iJ"I!') + /2.'1,,'i;,1"(p • 

where IHF and 1Ils are til(' I11<tSS,'S of lIll' ferll1ioll itlld s(",dar l'a,rtir:I(~, l'l'slH'cl.iwl,l'. '1'1", 

pertinent. F'eynman rules for the process showll ill Fig. :3 are displayed ill Fig, ·1. 

Suppose t.hen tllat in lIle illitial sl.<tt~  we hav", it scalar part.icl,~  witll 1110111('111.11111 II alld it 

left-handed fermiull with 1Il0Illenttllll l' = (C, jJ). 

For t.he afurellJ('lItiOlwd prore'ss, 

., 
Nil = Iii (il', 8 11 (jl')) V," I( (ii, ,S'Li ii)) 6",i(~;) vi' (1/, q') I 
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and 

NL = lu (p', Sdp')) ~e>  u (p, SdPl) fie>tJ(k) Vf(q, ql)1 
2

, 

whereupon 

i r A-I ]
fi,w(k) = - k2 + if l1)"u + J;2k"ku 

is the photon propagator in momentum space, where p't q') is the momentulll of the emerging 

fermioll (scalar particle). 

Usillg much algebra we arrive at the following expressions for N" and NL : 

Nn = ~ {[I - SdfJJ' Sn(p')1 r(8 - U)2 +!.. (4m~ - t)] +1(Sn(p')· Q) (SdPl. Q)
4m"t l 2 2 

+ (8 - u) !(SdPl· p') (SR(p') . Q) + (SdPl· Q) (SR(p')· p)1� 

- (4m~ - t) (SdPl· P')(SR(P')' p) } .� 

NL = 4r~~t2 {[I + SdPJ· SR(p' )] [($ ~ U)2 + ~ (4m~ -I)] - t (Sn(P')· Q)(SdPJ' Q) 

- (8 - u) [(Sn(p') . p) (Sdii)· Q) + (SR(p') . Q) (SdPJ· p')] 

+ (4m~-t)(Sdp),p')(SR(pl)·P)}  . 

where Q == q' + q and 8 = (p +q)2, t = (p - p')2, and u = (p - q')2 are the usual Mandelstam� 

variables.� 

Next, we evaluate the polarization P in the scalar particle rest system k' = (ms, 0)] (see� 

Fig. 5).� 

In this frame 

8 = mt + m~  + 2Ems , 

t = 2ms (E' - E) , 

u = 2(m} + m~) - 8 - t , 

whereupon 

E' _ (msE + mn(E + ms) + (E2 
- m~)  cos(}Jm~  - m'f. sin2 () 

- (E+ms)2_(E2_m})cos2 11 ' 

.) 

where E(C') is tilt' initial(fin~.I)  elwrl(y of th" fertllion. 

The final expression for I' is then give!1 by 

/ F;2 _ w 2.I'V/ F"2 _ W 2 r _ r Ie' ,os
• 

"]V ) -' flJ.I 

P=1-2 1+ 2 l(8 ~ u) 2 + ~  (1 m~ _ I) )
{ [ InF 

_ 1 [JEI2 - m~(2ms + E) - EIJB2 - Wf,('OSO] 
1111" 

x [JE2 - m~.(2w., - E')+ EJFI2 -1lI}COSO] 
!I/.F 

F;'JE2 - wr - I~Jr:12 - lIIr("OSIJ) 
- (0< -11.) [( 1/1F 

x (JEI2 - m?.( 2ms + B) - B'JE! -1lI?'.rosO) 
IItF 

+ (JE2 - m}(2ms - E')+ EJE'! -111~'(,()SIJ) 

IItF� 

x (E JE'2 - w f. - E' JF;'! - W { cos e) ]� 
1J1.F 

2 (r~'..jE1-- wr - r;J1';'1 - w'f. ("os IJ)+ (-1ms -I) w" 
x (EJE'2-m'f.-E'JF2-mr..cos(})} /� 

w"� 
{ (0< - lI) 2 + I(flws2 - I) } (2) 

In Fig. 6 it is displayed /' as it fuuctioll of hoth 0 allli 1!/.F, for fixed E alld !/Is. As call be 

easily seell the result is the s"me "s ill (I), nalllf·'.\', !.II(' larl(er tlw scatt<'rill/?; ~.II/?;I('. the IM/?;er 

the helicity flip. P -+ I as mF -+ 0, ~s w,'11 

In summary, WP have shown that ~1.  t1w I.re" lev!'l "II the massive spill' 1/2 Dira, 

particles h"w' their I,eli,ity Aipped 011 ~.CCOUllt of tlwir illtf'raetioll with the ele("trolliagnetic 

field. Massless fertlliolls, in tllrn, s"elll 1.0 b,' 1I11~rrf'rted  hy the elccl.rolllil.l(IIf'l.i< 1;,,1<1 as lOll/?; 

as their helicity is concerned. 
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FIGURES CAPTIONS 

Fig. 1. The fermion-external-field vertex. Here k = iii - ii and IPl = liil 

Fig. 2. P as a function of both () and mF, for E = lOOMeV. 

Fig. 3. Lowest order contribution to the reaction F- S+ ~ F- S+ (F- and S+ are defined 

as particles). 

Fig. 4. The relevant Feynman rules for fermion-scalar-field interaction. 

Fig. 5. The definition of the F- scattering angle in P- S+ scattering. 

Fig. 6. P as function of both () and 1l!F, for E = lOOMeV amI ms = IIOMeV. 
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