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Exercise: relat.ing the PI-N helicity amplitudes to the non-helicity fy and f,

Start with the helicity sMPLitudes and helicity states:

b= Cegpi fyloony z<sf{te¢¢v><s¢wl&mw )

soin

The rightmost element has pure spin states, as opposed to the helicity states
we started with. And f,, is the transition operator, a constant times Tp.
* We can replace the last element with its usual spin representation:

o <ed|Sleor > = KWl REAT + Lo T KSR (£AD = K MW

Luckily, the right ket is an eigenstate of the fEEt " dot product, since we
- - T - assume that- the incident—direction-is the 2 axis.-This dot product-is just
the helicity operator and the right ket is a helicity e:l.genstate The other

dot-product is messier. So far we have:r. . _ / - 1
e
L espldlootpy = 4 ﬂl-ﬁ+’¢,‘u—F BoRelipy e C%é) gi/‘é/ 5; ¢29.2.
EHe-rnw—canszdeze -the -sas Jﬁ.. ere i
is. a gimmick to av$oid doing things separately:

S Ly = 3ok £12) RAYIYO = % L@\ Gy
o =8 D) H3) =05 (A 655 -
O i@ RODIDY = SO D@D
. 2 dod i Splovpd = 2491 v A% £ D Dy - LD
s Sy fityak Do D =hb + Do Oix

Now lets work on t.hn first elament up top: ) . / W

0t/ ol

However, these are the wrong results. I think the error Li/ shown abwe,so
= == -~ -lets back up andwrite:-— --—+— - - T — -




(:5 Two potential errors. Check them out one at a time

. First,

N TOES R&l%ﬁ RIS = D,yl*,x) -
D:y.g Rz = —Dbu- hn” 15T = Doy 5;?“ 1>
=_ 1«}..;_]_?. > = —

Y
= R

o
This looks -OK«—In- other -words, you are allowed to rotate a z'-referenced- - -
JM state in the same way you rotate a- z-referenced JM state. ﬁg

B i""
The other error was surely an error.
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Now at last we can compute em up:

for.= D-y bl = Gﬂb‘)m*ﬁ | L
R G N T AL AT W N B

And these are exactly right:—

o Now lets derive these relations in a faster way. Essentially, go backwards:
. o _derive the - el i

_ WMz Log ﬂui'\ coipy ={loptilophy o IS TATEIN

G){,ngtﬂ]pj}u) <ogiv| Rloor) = é Do oo.nm\m?)-.—. Dpk_ S
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 opute fit-
O Unfort.mat.ely, that accoInpllshed nothing. New idea, more direct:

== —_— - & - — e -
- ‘FJ*J* Log U;flﬁ‘?»@ = Lo \ﬂ‘*ﬁ@% |°°ﬂ> -

= Ledp \ 5P+ oM 28 [oam) o
* L= Ledwlegimdledim 5T < Y20 lc'o’w)
x— = logplegimy [ Sma i] Skj—_g%&,_] i _ .
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. —E....}r-= j‘)‘ ]_%‘:I‘qﬁ/.k 1..1 Dﬁ“[] - ~
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L Clearly this is the fastest and most effieient way to get these relt}t.i::-ns o E

We get to use the helicity operators o fheir best advantage. Thé cost is

that we have to know how to rotate a spin (non-helicity) state. This was :
“Teovered I another exercise. T got it from Goldberger—and Watson; because - - .

Martin and Spearman only use helicity states.

e = Gfdoms = §o ]
. _‘?:lr- - GI‘QM%Eﬁiﬁ e : i i
b = (oS smg etF ot




(:) Exploding a Myth about norms.

One might think that an operator of unit norm evaluated between C T
normalized states would yield a matrix element of unit norm. This

is simply not true: By "operator of unit norm" I mean only that - - -
the operator has eigenvalues of unit magnitude.

Por example, if an uperatur is BBlf adjoiﬂt anﬂ unitary, then the opemator
is its own_ inverse, the operator squared is the identity, and any eigen-
valnes must be + or — one. But it 'is easy to show that the matrix element
in question does not have magnitude one:

- - i .~ e — . - e -

. O=c=F o1 o=and Sh=aOW) =4S S a=xl,
_hl('LIOJ'L"F‘?‘I #* 1 ) an we swew:

—— . . A= é’&L“E—,Z,F 2%\ Pl mm%mg.wuiu-j o, o
= 2R\ uosle>s + é‘ TGP N =" S

- 1= \xlolol”+ 2, \eobol®

*® R, | %> uves ona. o} o MMWQM&MJ?\> . i

Thue we see that in general, the magnitude of the matrix element lies between

zero and one. It equals one only in the special case that the operator does
not connect to any other states.

This is remin1acant of the 1dea of the norm of an aperatar as discussed in
Stakhold where the definition I think is:

G = o KA oy
| el

* In the above example ( a unitary operator), we see that the norm is im -
fact unity by Stakgold's definition also, because at most, the numerator
ie egnal to the denominator.— - — - -

This discussion was motivated by consideration of the final polarization in

" epin-Oispin—% scattering. T was wondering why it Was poesible for the magnitude
of the finnl polarisaticn to be less than one:

B= (AITA) Bue _r"u:-- Qqel*ﬂ)
(Av\A9)
Wow it is olear why unity is just the maximum value of (P)°. In ge general, P

(:) will be less than one. Of course here one mmst define the norm apprapriataly
" T %o take into account the veetar sense of the uperator. m———

B L P — P — e re— e — - — —_ —— e ——— ———— e
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o Question: why ie Py =1 but Pf2 £ 1 7

Earé we are_annsidering the iﬁitial state to be a pure spin-% state. This
. state is completely polarized in some direction, so it is obvious that

/Pi#/ = 1. In particular, note that we are not dealing with mixed states
or density matrix stuff.

S0 how ie it poseible that the "thing" called A not be completely polarized
d in some direction ( if not the same direction as the initial beam). The
reason is that if you operate on a 100% polarized state with some operator 4,
that state remains 10 polarized only if that operator A happens 1o be
M 7 7 4 constant multiple of a rotation operator R. Now there is mo reason in the——— -
world why the scattering operator f should be a multiple of the rotation
- — --operator. by, — — = - - - ———

- D =ofpl, AP = F12 = gt (0% pl. D .

L w4 ed ANTIAD] g1
<o LAIA

Remember, although the initial fermion is all polarized in some directionm,
the scattering operator contains flip and non-flip type terms. For example, ~
it would be possible for a beam initially "up" to go into a final state
T “with no polarization in any direction. le, Pg = 0. That is of course -
(:) something you cannot do with a rotation operator!

Formally, we can show why the initial lﬂﬂﬁ polarized beam has P = 1

R according to the above definition of P. The trick is simply to define
your z-axis to be in the direction of that polarization. Then the x and -
y matrix elements vanish because they can be written in terms of raising

~ 7 @nd lowering operat¢érg, which opﬁratura—always”kill diagonal matrix elements:

C L PU= @I @B R g ol e i
@i+ 0 10 S ]
o = L o

B I o
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Ill




: Goldberger Watson
"Derivation of T-=233 on double scattering.”

" Congider the double sgcattering process sketched below. It is assumed that
the same interaction is responsible for both scatterings. Also, assume
the initial incoming beam ig unpolarized. We know that- after the firast .
scattering the beam will acquire & polarization in the nl direction. This

(partially) polarized beam is used for input to the second scattering
avent:

L ped i -

I 2 Mg F):s.msl
( AF
dll

|

—
P,

1-@\ -1-\31 :ama

Now, -as-an aside, rewrite (227)-using (231) for P2 =

(22) d%gf_ﬁr_ {1&1%131*31:&9@[1#_5’5-% | -

. Te Ay
—. %{Iﬂ_.r,. P&R-'“_] e e -

- This -interesting eguation looks like Williams L3+4ﬂl4__ﬂaw.apply this to
the second process using for P; the result of the first process:

p.seal. A_ _4
— . = | - 42 11+ Pe) [ Peat) -] = VAL P{ewahm %}

il

O

where  p(s) = Ifz&,ﬂ,_ﬁ_@; §©))) S
- A RTAY

. - “This is GW's (233): - It seems to me that there-is something fishy about
the magnitude of this double scattering coroes section. Some intuition says

— - that it should be much smaller than the mingle scatter cross section, but

. here it is of the same order of magnitude. In this experiment, every particle

_ that hits the first scattering center also hits the second scattering center.
The second center is in exactly the right place so it gets "hit". Yeah, there
is some flux stuff here that has been fudged over. Nevertheless, his point
about the assymmetry is tHe same regardléss 6f the normalizatiord of the dduble
sﬂ&ttar cross aectlun, 8o let it rest at that.

In ract we have meralr Hrltten the DCS for the nenund acatter1ng only. Its
(:} Jjust that the beam for the second process was prepared in a certain way. The
point ie that if you know all about the second process, you know F5 exactly

L ~_ end can deduce Py from the assymetry. No need to "know" the first process.
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(:) Exercises with the Density Matrix.

Look at tha original dofini‘tmn in GW {233} which nhowa the 'I:-hing as
an ensemble sum of momething. Just looking at it we can abetract away
the operator demsity matrix ( of course in its operator form it is not
a matrix): '

Vo> x|

IMa,

) T
‘ sy = 5 4 ol s = 4

» _ We have to be a little careful with the notation here. The objeot |4y is

the exact state of one of the systems in the ensemble, the one carrying the

label « . On the other hand, {3 is a complete set of states for any of the
Tt systems in the ensembla.” The index A tells what state you have (may that x— - -

rune from 1 to 5), whereas the index « tells you which s;vﬂtem |#y is the state

of . (Omd smonit - el =1,10,000 wasag. N =\0,008) — — —_

How if you knoH the exact state of every B:,rs‘tem. then you know tne

density matrix exaotly ( just look at the sbove formula)., And then you would

also be able to find the set of states 3N} that didgonalizes ¢ « This

leads us to & little exercise:

o= Y e o= w2 Z N <H|
R = = 11}4#1#2 FYYAIIRE DY) L
xr' ot

O S . o ‘--ﬁ. Ve agiIne . .
B SR QI W Z 1) PO LOEXE T

What is a bit strange is that in this last expression for the density matrix
as an operator, there are no "ensemble" indices. There is no reference at all
to the ensemble. One must keep in mind that this expression is only correct
if those states \1) do in fact diagonalize . This is where you need infor-
mation about the ensemblel

Now lets explore a two index notation: ',ﬂof_> = [}[ﬂﬂ'} =¥ = H)
—_ —_—— —— — . — - — - EH‘E&> i v s —
_powsttacd 15210 e, Ouk (AY= (@) o B

In this notation, « is just a number from 1 to N, whereas Ej{-t ‘tells you about
the nature of the state, Thus, for example, we can say: T
n{sﬂwq

Tay= T

4

- — = =

R
5= % 3 ek (- Z1mema ,é 3= W) -
O g B
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O General Results with statistical beams.
Recall that the results of pages 399 and 400 applied to an initial beam that o
was pure, ie, it was 100% polarized in some direction. Now , having read
through the bottom of page 407, ‘we are able to generalize those equations
to the statistical beam.

- ~The basic results of the pre-density matrix analysis were these: the
initial beam is described by some vector P; of unit magnitude. With such an
initial beam, the final polarigation is a very complicated function of P,
Bee {Eadj. However, if the initial beam is ™unpolarized", then the equation
for the differential croes section and polarization finale simplify:

. [ = W tglsite + 22 Posuobon(es). (r)
.P,_' N - =1 ~ A =
¢ { B LR« L [l mr LB & PR (230)

— ;_;Fi_ﬂﬁ&f:ﬂj e _
~ =\ ;
(%= (BT v {2om el @)

How here are the resulte for a statistical beam., The statistical beam,
firat of all, is fully described by the initial density matrix:
== 5 : =
or= {1 + B:-3 - P= (%) o

O Now, the vector P, can have magnitude lese than unity. This formalism of course
T allowe for the incident beam to Te fartidlly pelarisced in any direction we like.

i__ — g(% = Tﬂ-[#gtf?)_;jd oes wiouﬂ&mﬂa&lm_mﬂm mwﬂd‘”ﬁ; Lﬂ}g; .
ds — -l
P&=_T&(%'§'-> =E(§-%E » ET{L(_'FS:.E,T;-)K ~

In this notation, the long bar __ indicates the ensemble average, whereas a

short bar over the o indicates an unpolarized -initial beam (not used here ya‘t}.- -

Now, being more expliecit: - A= - .m A
I R - __ Yok (GR)T = (G xR
— t + LR NEW) = A - (xR
. - (i) = Ta(£3:8) = sTa@E) + 2 % Ta(d24) ¢ @A = 2(iP)m- o

_ | = {8y & Qo dn (@ PR MR- b

__HEEic_q__;hat this equation is the same . as the non-statistical equation except
that now P; has the fully general meaning, ie, oan have /P;/ 1. The final
polarization is given by: FIRST:

r=tef’  so k@)=L, Y 95=A+B3, Guw 20=hE)= .
N o N R B hGS) ow 288 S

: ~ .
—— g’s}-—-é('ltp-i-' ﬂ') - — cee - = - : ——
v My guess is that the final polarization ie exactly given by (230) for. any Py




Conclusions on the density matrix formalism.

In Goldberger and Watson, the equations (227) amd (230) and (231) were
all first derived with pure beam and before any mention of the density
matrix and the etatistical beam. However, it turns out that these equations
are correct for the statisticel beam also. The only difference is that for
-  the statistical beam the magnitude of the vector P; can be less-thanones - — - -

Comparisons: Williame produces the same kind 6f equations, except he chooses
to normalize hie final density matrix differently. To connect to Williams

" _ _notation, use: o o

<O L6 — ‘ﬁ

| o g =R
o N _

L S2- - - - ﬁ[ﬁ:) % L B

|
How lets summarize-again the. primary-pesults of -G+i: - - e

. dog) = @) = |+ glside + 2005 Sl dw () = (227) -
- . ‘=_(d:r-) . ’ZP MSM&MC&*‘FJ f_,-i' _EL_F%_ PR B
N .= ;;"‘E‘.ﬁ_ + ﬁ_ = %‘ T ES %md PQ‘Q_M @A-Mﬁi(’_,
= s i (230) (dapondaon To) o
R=y -
O _ _f_d%‘_i+ﬁ-?;1.

P =P
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Discoussion of GW's statistical analysis of general 2-to-2 reaction.

The problem is this. In a reaction A « B C + D, how do you
statistically characterize the initial system? Given such a characterization
or specification, what is the statistically averaged differential cross
section (into all final states)? If A and/or B were unpolarized, again what
would be the DCS? Also; how would-you characterisze the final system? After
the reaction, given a particular characterigzation fothe initial system, what
are the final system parameters gtatinticalea.Laa_funatians of the initial
parametersg=) If 4 and/or B are nnpolarized, what are these final parameters.

Obviously one could try to generalize thie beyond the 2-to-2 sense.

I can see how that would go, but lets not worry about it.
) I¥ tarns out Thiai the initial system oan Ve dacomposéd into beam X target. — ~
If A has spin 35, then there will be a certain finite number of parametiers
which completely describe the beam. That number is 4S(S+1).- For spin %,1,3/2,2,...
the number is 3,3+5,3+45+47,3+5+7+9,.... A8 the spin is increased by é] a new
"multipole (spherieal) tensor" of parameters is added, The lowest tensor is

always the polarization vector. The higher tensors do not in my mind have
any physical interpretation. What ie a "multipole polarization temnsor™? They
are just parameters which describe the way the ensemble is distributed in the
various spin states.

Similarly, the target is described by its set—of multipole -parameters. Then-
the initial average system is described by these two sets of parameters. It is up
to the experimenter to determine all these parameters so he knows what his im
initial system is, otherwise there is no point in doing the scattering experiment.

__Of course the final system of C + D is also characterized by two sets of
parameters. If we knew all about the interaction ( ie, if we knew all the functions
like f and g in that simple epin-%/spin~0 case) then given those initial parameter
BetE, we should be able to predict the final parameter =ets at a given scattering -
angle. Conversely, the experiment can be used to determine those functions in
the interaction matrix f. That is the whole point! -

Now it turns out that those initial parameters are all numbers in the
initial density matrix. They are the coefficients you get when you expand the
initial density matrix in terms of all the independent matrices ( the basis
matrices). So to know the initial state is to know the initial density matrix.

Then the standard density matrix formalism tells you the answers to all your
questions: ( of course you have to know f):

(@, ~ W(df) - =GN/ MGt )

tiad pansma. = ¢ L
gt — pg

1= ,é.wn.ﬂ poramsdert . | L _—

The intial density matrix is of course a crose product object. If one of the

two particles is unpolariged; -then the IDM-reduces to just that -of the other - ——-
particle. If they are both unpolarized, then the IDM is just the identity matrix.
Obviously either of these situnations_will simplify tremendously the equations
involved. ‘




Application to elastic nucleon-nmucleon scattering.

Consider this experiment: an unpolarized beam of spin-5, particles is shot T
at a polarized spin—% target. This situation is anglyzed on page 412,413 af
Gd, In particular, they give the DCS and final recoil P explicitly:

r—= = - -

. $= Q-'.-F’ >) . ® :L .

z('zs*-nj o : S
-~ PeS —> gdl?'). 4’1(‘?“3 _g-t-) {?&J"C}D"' R'E]— : N -
S whear 7,// K—/—Q, . ) o

a3 = _ I Ta(§% B= h@?y- -
v Rl ors A(53) J’; fé)) )
— - -L g F - ) o ) -
® > RB= (g&cr) (2&5) @% o
Y

] Ld‘m @ %Co*grvﬂ
o L (447)

We see that the size of S ﬂ.oau m:-t make much difference in these fnr:mlas..
However, the value of S, does determine the dimensionality if the scattering
matrix f. A large S, makes f have lots of independent funetions. If, as in ~
F-N scattering, Sy = %, I think f has § inﬁapandant fmmtic-nu and. is a 4—
dimenS8iofial object. R
We know that the above experiment ( with a polarized target) can be used

—to determine P via -the assymetry. Of course, P, ie a guantity related to a
different experiment. 5o they measure P, im, say, proton-proton scattering.

v — . If we wanted to make, say, .2 Regge fit tq this experimental P,, we would have

to fit those 5 functions in f. Of course these 5 functions are related to the

5 independent helicity amplitudes. Thus, by fitting the variocus helieity

amplitudes, and by worring about all that sense-nonsense stuff and the kinematic ~

gingularities etec, we can use the above formula for P, to fit the data. Now

x -~ ~~1 have the data out to very larget, so lets go!t — — ——

J— . -y e ere—— _—

o . L

—_— e ————
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(:) Possible Separation of Density Matrix Formalism

It certainly seems reasonable that the IDN (initial density matrix) separates
into a direct product of IDM's, ome IDH describing the state of each incident -
particle:

N .
=V S L 0 e N = (25 ()’
; (BR)(Bxr) A= {2 AL (50 (8et))

il
— =@ gl= 1 2 M W N =@
(23+\) XK=l -

Na

) A
_ R L - M1, 281t
- S whﬂ é AL C )"

"7 77 In general. these two IDM*s will have different }mﬂnsionalityg'and thus ,8 different
set of tensors. One of the tensors for S; is (0° and ome for S, is _u*
- Now it also -seems reasonable that the- scatteripng matrix itself can ha .
expanded in a direoct produet using these same canoniogl tensors:

o - — NS i _
O ¢ ﬁ A Y _m}___ _9:5 - Mj& ({1?;)?;{?%;%1 M:._,

THu obviaua a:amplaﬂ of such an expanaion suggust themselves:

'_@ R 2t 0
I = 4% u-,u;j = A, 1®1+2& 10 %

. L —’l._@_Lﬂ A+ ﬁ 9‘:{ (tea,_fh)
As=16) Ef_Lq{g\sm»m. = A

% e I — -

_® NN: N4 Ne=d o 4= Anlel + SAG KO0 ok

Uaing such a faatarinﬁd or direct product form, we can write the DCS aa:

(1.1)° ds:(}‘) h(fef) = 42\ H\h ﬁ;\‘}., {‘LCW ) {(ﬂ) (/unEM]~ o +M)

w b

‘Then, by inserting these DM's, you could get an explicit expression for the DOS™ ~
(:> in terms of the amplitude functions (like f,g...) and tha initial polarization
- parameters.—We have of course done—this reduction explicity in the-eese of — —
spih—ﬁ/spin~% and we gat:

y- _@J-_ijse < R. Mm@fﬂ’lam& o

a5
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O In addition to the DC3, we also want to know the final polarization

parameters of each of tha final beams. Using thiﬂ idea of a utpara‘ble
-operator-f we can say

e 2 A L9 8 s ]

'._ =

R R h@m&t n8e50) - [fz@n h(SeANE)
AR

* = L My A
) My = WlspdRd] M=o o ]
I'lmg write the direct product wversion of this last equation, Note that 'Fg"?*'
-——- - -expressible-as -a direct product. Naturally this-must- be so-since Lyift
for a constant, equal to @ which we know factorizes in this sense,

ie
is,except

SRay - e % AraA hﬁw gl \® Lu@ ﬁ*’“‘l % EM)J

O (2.1)

ol 4ﬂm~.ﬁ;¢x [Ri‘ﬂ Y| @__&LDA“

— - How we ‘have a slight preblem,- however. We cannot isolate the mmltipole psrameters

for the separate final particles because of the sums on the right side. ﬁut

— =%ill the mess could be solved for those separate parameters as a set of = _
coupled algebraic equations.

Now I have my doubts about this whole idea of separability in the general

case of (sl,82) goes to (83,s4). This is because now that matrix f is

recatngular. Tou might be able to write i% msa direct product, but note ——-- -
in general as & direct product of sguare matrices:

[ @5 (Gr)— T
§ P33 _ .

W

=_% A. © 8. wag, me&%mqi.ﬂﬁm + (e

_camat e M M samamand ! Jenens, o

By assuging that f ies so = called factorizeable, I am assuming the followin.g_ o
nopsense:

(sw_-,,sml Flsoms, vy Mﬁa 3}\?r34)<'5qw\% Lgx.)_
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(:) This really makes no sense at all, It would have more sense to combine 51 and
82 to get some s(inital) and then maybe oombine that with L to get J and then

use a diagonalized version of f, namely f*,. Well, maybe it does maké some
sense aftar all. If it doee, then we can Hr1te.

F\‘[’}] b‘Qj"’_ﬁ Il - '2531’1
) h@ﬁ)- J S ijﬂ ' ﬁ,,r = AQuant.
an o Qﬁﬁ# —— —

e —— e = = -

- ug=__(231—t3)(135*1)&o 50 -J'LT_'-;E%L- o\ @ openadale

So maybe the idea has been rescued. For a while there it looked as if we were
taking traces of reotangular matrices. Now equations tl.l) and (E.IJ seem
¥o be OK, The traces are alwaye in the final spin spaces.

"T 77T T T How, if ‘we Want to Know the Tinal parameters of oné of the final particles,
we cen set 1ha other index to 1 to get it. Ie, 1aoking at {2.1},

- i?;(?i) <w‘§'>n“ = 21 A /)i},},, v}t[&)th @ W&J ‘\'L[/Hh' t ‘f}gb :1_]

kl#l}l'u

As expected, the mltipols parameters of oné'ET"EE"?inii‘ﬁiffIﬁIﬁs ( here #3)
(:D depend on hg;g sete of incident beam parameters through 3, and § .

i How we knaw all there is to know. Turning the ‘crank we can find whatever
we want. So lets congider the ngpxal case where the beam 2 is uumplatuly o
unpolarized. This yields:

o 8=8¢ b g =

R AT AR Gy h L]

_ It is prﬂhably possible to choose Iha_rnctangular_matrlcas_{ ﬁ@ij_such_jhai ——
they are normalized as suggested by GW (268). Thus,
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If both initial beams are unpolarized these things become:

—es) = (341 o B
f?i(? =) = Gy £, -

o fuys @*o{mﬁ%,ﬂg\wh > WMl L

MA

These probably are not accurate, hut I can see how tha gennral thuﬂrw'nuuld £04
— Perhaps some book goes into the full case.
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On the Relation between the Spin and the Helicity Rep. in simple case.

~ __ Pirst of all, in a spinless scattering process we know that the scattering
operator f ig an operator in the state Hilbert Space. We =ay something like:

<pa¢1-‘}°?lpoo> ?Cﬁaﬁ) i

. Here we are using a cms two-particle formalism, The f inside is an operator, whereas
- the f on the right is just-a funetion, .
How let us go to the case of spin—ﬂ.spln-g Now the operator f is an operator
e~ m in two distinct manifolds. It is an operator in the above sense (if you like, in
. the little hilbert space h it is Tp. Here, h is a space spannnd by applying
: rotations to the state f00). Forget about p, it can be removed.) But it is also
. an operafor in the spin-space, Here, that measns it igF & 2x2 matrix. 5o, Tt Tt

pep e $poo "~> RCELNE $,84 1 pooa> -‘rd?eqﬁb M@Jn- e f:f[pnnv)
Ji)‘ 'C 1_‘1'—C trf{___,/'_"—‘ -

= <ped\&Plpoo) oltiay + <psc;ﬁ[9°"l podyc| § B & 52>
. = (o@) (\1) < £,(8,¢) &P\ S R T ks |ad

(F) We have not yet specified exactly what the spin indices a and b mean. Of course
~ each indeéxX has two values corresponding 16 up and down in some dirwetion, but™ ——
the the whole gquestion is what direction do we use. In the "spin formalism" we
choose the Bame direction for both spin states {initial-and final) and we
often choose this direction tc be n. On the other hand, in the "helicity
- formalism" we choose k for the direction of quantization of theinitial spin,
and we choose k¢ for the final spin.
Lets continue the above reduction in both cases. In the "epin" case we get:

"~

L. __EELE.E:uE$ = ¥

x>

] S\ = 2alna)

+ i KXk = 0080 +ASuAe & M
Zelilay = ¢RblANa) = Bha _
o (o\TR T )oY = 0088 Bka + (Swe b\ TR\

R _ 039 Bha + ¢ 3w La, Bha .
= egbldMpm) = =168+ L) loxe +2m5m&]§&h
gR ped 2\ Mooty = -Pr + 5080 x 28, (Swe

<?ﬁ¢*;§np'lenn-!2 S

_ Parity invariance of the amplituﬂe raﬂtrlcted us tc the form £, and f,. We see
i_,(:)- .. that, when the spin quantigation is chosen along the n direction, we see that
a spin-flip is not allowed at any scattering angle.
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CTJ Next, still stqying in the "spin" formalism, what would have happened had
we chosén the kX axis for the gquantization? Watch:

{elilay = <ﬁlf‘i‘l-\-ﬁe‘> = Solo

<é‘;b\$ﬁ.~ T\ = Qo L& 6T Kelkad o

He have used one dot product as a helicity operator to pull out the Eb but now
we have to do some work: = KL T T T T T

=2 {Ke, <B\Tw\0) + Kby (b1 \ad + Vha () Sual

Gogols™ | oo = 15, Ao & 208+ 3,(29]R2. ﬁila)#kyﬁbwﬂ

So, when we quantize along the k direction, now there is a flip passibility, asg
-evidenced -by those last two terms. R
Now let us repeat the reduction in the "helicity" formalism. Then,

| do\day = 4bﬁ.rr11\o~'€>- ol RR AR = (bRs| R ) i’ Oy 12D
O = Z D R b R=R(E~ 8k, 8).
- z’ p,qtgﬁa O)Lbikla k) = 2 Date. She = Pbm |

G1E 8220 = (olleuER) = Uab i |
@& b) ’j‘i\?ﬂbﬂ;‘; ‘{:1 « Don +_£‘1,_ Hab Dlm = Dha IQ# Liﬂl@‘?z]

Because the 2x2 matrix D~! has off diagonal elements (at least when 0£0), again
there is the flip possibility. This last equation is the one that allows us
to connect ! the helicity amplitud&a w:th the funatiuns fl and fo. (Another sheet).

Important Boint: thie discussion has served to illustrate the following point:
——— - that the-operator-f (thﬁ Mgcattering operator™)is a thing that is independent

of the type of spin states you choosde, Thus, the trace structures of the density

matrix formalism are also independent, For exapple, the unpol DC3 is given by

the following formula independent of chojce of spin states.:

iﬁ:-

L ()= ¢ Z zaﬂ;‘tu ZH-H w{ _________

= th(HE) = 2 @S = ¢ 5’_ ASDGOLF
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O Commeént on the way things are done from here onm out: In the "spin" formaliem,
T 777 7""{he basic units we deal with are the various functions Iike f and g. These
amplitudes cannot cleanly be identified with "spin-flip" and non-flip amplitudes
——————and=all that; Theyare just—=convenient parametrization.—Thus;—in-the-spin—
formalism, you stop right there at the trace level, put in the operator form
—— _ of f (ineluding its operator form in hhe spin space) and then you.compute the
traces directily. For example,

e dr = s RO = A (Sig TS A s s
Ny RES8) = W20 (gt swms _

I ~ Une obvious problem with extending this method ( the "epin"™ method) to more
complicated apin gystems is that you always have to hunt aup a set uf funct:.uns
—=--—ilikefapd g ——""""—"—"—"TY"" """ """ """ T T

Now contrast this with the helicity method. Here, you use the actual
helicity amplitudes themselves-as-the-independent functions. You do expand . .
the traces in terms of spin states as noted on the bottome of page 2. But,
now, keeping in mind that the helicity spin states are defined in special
directionse, we can say:

O Fh=t Zwisiol & Dictmial= ¢ L\ = 2 214,10
88~ 12 ;Qlﬂhxjﬁib)&_w_t_iﬂ . it CeBoipla &)

a

_If we are going %o use helicity amplitudes, it is crucial io notice that spin
states a and ¢ in this last equationm had to be quantized in the kg direction.
'I'huu, if we then d.e-sll:le to nhonaa this direction for a g axis, we get:

I W.%MLMH@L"._W I

a,b,.
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Comparison of the two normalizations used in density matrix.

——————all density matrices have unit trace: Thus?:

The first normalization ie that of Goldberger and Watson. They insist that

’ L hea=1 LO7 = W(0%)
uh(%eﬁ*]
g = m&gw— hrm-he:gse") _ o

R S—t—

= ()= (P54) o 92 (07 = (054"

h(‘%? 59
“Everyone seems to agree that at least the initial demsity matrix should be
normalized to unity. It is only the final matrix that is different., The

" second normalization is that used by Hattin and Sp earman and Williams. Namely,

~J

% = 43_13*_. . 41(_3&)____31 (£e o) I

__0Of course, the definitjon of 3y is not -going to change the final equations;

dr e b ()= n0pf)

%= h( (_[’_%i ) = (04pd) | =  de¢ /:ﬁ% &;TO)% f*? _____
0¥ aEn A P o -

—— - ——— o — i o
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The Full Formalism of Polarization

(:j This formalism widl describe any 2-to-2 scattering process {%L S5) goes
to (5; 54), arbitpary spine, In ofhar words, We select a spécific two-body"
antranne channel, and a specific two=body exit channel. It will be obvious
how the formalism could be generalized to describe the general scattering -
process of N to M partioles.

He choose to normalize the final system density matrix to the particular
differential cross section, as #s done by Kabtin and Spearman, rather than ’
to unity, as is done by Ooldberger and Watson. Also, we shall use the
representation of the multipole tensors as used by Hartin and Spearman on
pages 196 and 197. These tensors are nothing more and nothing less than
Clebeh Gordon coefficdients (the elements of thebe tensors ara...i}

- Each statistical particle involved will be called a "beam". Thus, there are
two initial beams, and two final beams . In the lab frame, one of theinitial
beams happene to be at rest. Each of the four beams is characterized by a
certain set of numbers called multipole parameters. Basically, these parameters
__are just the coefficiants of the basia matrices that appear in the axpansiun
matrices can be written as "tensors" ( objects which transform under rotations
ih the usual way). If the beam has spinm S, them there are (25 + 1) tensors
and thus (25 + 1) sets of multipole paramatara. The L value of the tensor
ranges from 0 to 25. As usual, for a given temsor nt.rank-L there are (2L.+ 1)
actual multipole moments. In all, there are (28 + 1)2 real numhers needed to
describ® the beam ( one of which is unity, so really (2e+1)2 = 1 =
And there are as many basis matrices, one of which is the unit matrix. Thrae
(:) of the multipole parameters ( those in the L=1 multipole) always describle
the polarization vector of the beam. The higheF miltipole moments have little
physical interpretation that I know of, though I have seen certain "surfaces"
- drawn to represent them { see Pol. Conference e — — - - ¥ -
In an "experiment", one is supposed to know all the multipole parameters
of both initial beams. By measuring some of the multipole parameters ofi one
(or both) of the final beams, the experimenter produces some numbers which
can be compared with thsory. It is the purpose of this formaliem to show
olearly what the predictions are for all these final multipole moments
in terms of, may, the helicity amplidues. It should be noted that one does
not gain much information by Jjust measureing the particular differential - -
cross sections (PDCS) ( by "partioular" is meant from a particular initial
- shate or set of initial multipole parameters, to all final states). .In fact, __
with higher spins, the bulk of the totality of information lies in the
final multipode moments, Thus the importance of "polarization experiments.”
For example, in spin0O/spin} scattering, polarization data is necessary to
‘resolve the so-called Minami ambiguity.
The density matrix Formalism is of coursé indépendent of thé nature of
the spin states chosen ( for example, the direction of quantization chosen. )
The spin-state choice known as the "helicity formalism" will be used- heres—It—
seems to be the most modern and convenient.

The fundamental equationd are 1THede: -

® %g: pz_qés;-ht,e.a,-.a(srg‘e*)_mw o

B (OJ@ &L;G%fﬂi-) 49’%;_:-»-_:11_@1, %) = &_( J}JF 91?4‘)
P4)




(:) In these equations, tr means trace, f is the scatteking operator, the § are
_the initial and final density matrices, the final being unormalized as mentiioned
above. Op is some operator describing an observable of the final system (for
example, polarization of one of the final beams).
The operator f needs a little discussion. It i an 6pératdr 1n twd senses, ~ 7 -
First and foremost, it is an operator in the quantum mechanical state Hilbert
gpace. 1t is the S—matrix. If we agree to use cms two body states, then £
" becomes the operator which HMartin and Spearman call 5@ . This operator is
défined on the "litile Hilbert Space™ called h. It happens &hat h is isomorphic
to E3, the usual euclidean 3-space, and the uparators defined on this Hilbert
v ____epace are rotations, contractiomns, inversions (if you like], etc. Actually,
£ is related to Jp by a constant, see elsewhere.
Secondly, f is an operator in spin space. It is a matrix, possidly not
gquaré, which connscts tHe imitial two particle spin states to the final - - -
ones, For example,
To get—a-good-understanding of- thesa density matrix equations,-one might- . -
read the appropriate sections in both books already mentioned. What follows
_ is just_an explicit fepresentation of these equations.

~ The deneity matrix describing any uf tha four haams 13 glven by,

) ;
9( — 1’1-"") ;() ITI.I.H

#Lt’f“’) (25? +0) L o

“ S { @)
O . dh-quy=-temd

_ Pirst we have written the density matrix as a function of the various multipole

parameters, then the inversion giving the parameters in terms of the densijy
matrix, Thu multlpnla tensors are described by a faﬂ equatinns

- T:Ln— Ay Tm Cem = )" fr.m

(i) |
o haw (TR = ‘(—HS:' L Suin :

, QW\TLM ) = ylw ﬂbfm> o

In passing, we note that GW do not inolude the factor {2L+1} in their expansion,

and thus thie wame factor does not appear in their normalization (268} Highly——
unimportant.

— - ‘How the- whele-problem is writing down an explicit expression for the BDCS__
and for the final mumltipole momente in terms of heliecity amplitudes. It is
really quite trivial:

s*x*?_

L - S ZalslS .
O—gg = e - (e = &1(4%1?) -

o __Z\ 2 Z (mjﬂv\‘?\“-*‘béﬂﬂh ‘fi.'\'“‘ ﬂl(mwljj_Lﬁg;ﬂq> o

'm?;"‘lf '-'IW;, '"I'] h'l.
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If one wanted 4o compute & PDCS, he would simply insert the initial demnsity
matrices as given on the praviuus page. For axampla,

P ————

i

{}:# S -

gﬂw; = ‘-i--éZL*rMSﬂmLHlSmw} _____ o
CZS*'"-H') LA

. The f's are helicity amplitudes and are functiofis of energy and angle., Of course
one might want to insert partial wave expansions for these "full" helicity

amplitudes, but that -is another-story. -—
Next, we write an exprespion for the predlcted mu1t1p01a mumantﬁ of, say,

___beam 3. Clearly a pimilar formula will hold for beem 4.

£2 = ®(Tim ) o0
O (89)

%f g‘j" s ‘"“7'%%_1}*)_‘_ - o

= 2 Z\ 1\ <“5“11TLH }W‘D@ml?lw’wz)ém:ﬂdga\wfw%ﬂ |:|_‘4 Y \'FTMSWQ

My WD, MM Wy

¥ o (U
é’ { i Z' @-LH “i‘:':z —‘Y_—'ﬂ.;'i*h”“ﬂ“t AF’";’M ,'Hf*ﬁx". ™ g e

- My “3 “r v omimy 2 )
B Lo (Sl lM| gy e moe plans

That is the full theory. Everything else is just special cases.

One final point. A particular reprentation of any tensor impliés & choice
of axes, especially a choice of 2 axis. On page 2, we wrote a Clebsh Gordon
-coefficient representation for the wvearious polarigation tensors. There we see
spin gquantum numbers m and m'. Since we have chosen the helicity formalism,
we have already decided to have .m and m' refer fo quantizastion along the __
direetion of motion of the particle that this tensor is connected with. Thus,
if particle (beam) 3 goes off in the Ky direction, this direction has to be
taken as the z-axis for the tensors relating to beam 3. One cannot "choose”

(:) the z axis arbitrarily, once the helicity formalism has been selected. The
’ ' Apﬂinﬁ 92.: and ¥ axes is theyg arbitr Hartin amd Spearman suggest using
¥ = k x kg, since this in some 5 nforms to the usual Euler cunvuntxuna.
s - 0 —— =~
WSQQ‘._QCLQLMSM ne




On the Relation between the Cartesian Rotation Matricee of Classical Kechanics,
O and the Hotation Matrices of Angular Momentum of Quantum Hechnniaa.

The definition of a cartesian vector is samathmg that transofrms like the
position vector under rotations. For ejemplo,

a Ac= Ry(@piA; Ay = Rim Ry Ao

Here we have also written the transformation of a cartesian rank-2 tensor, The
explicity form of these rotation matrices—is given -im the “"groump"-notess-- -~~— ———
The definition of a rank-l. spherical tensor isd

Tl.rn. = mrﬂm TLm

o Theee are the sa—callad "irreduoible tensors" and it is probably not proper to
~ refer to L and the "rank". One can show that the nine-component cartesian
rank-2 tensor A;4 can be expressed in tarms of L=0,1, and 2 irredicible tensors,
——=Let's come back to this later.— - St e s e s e - =
Going immediately to the case L=1, we ask how the two rotation matrices
Rﬂ and Dﬁﬁﬂw are relaeted. Hather than go at it that way, let us ask another.
question. Given the two different matrices, what linear combindtion of of the
Tim gives an object that transofmrs as a cartesian vector.

Q . _‘I:f? g am_]}l_ . ___?Rjﬁﬁ* =_ch_er? = ?!

_J - . . . — i

) - P\T1mﬂ‘r D.-u'-m Ti"m' = -ﬂ:\t
.- ?Jif?ﬁ QE.TMTI; = 2.7 A ewn, i Da.g..m T'm
E]‘:= 2Rt1 2 ﬂ -n’ln

Qo' Dot ﬁ Rﬂ G,éw T

=3 2': Qi D-:m" = 2_ Rii_aﬁm" — j‘“"-' f\r‘mh"' 0, J

| 2 5 . 2 o)
e _ o . aﬁﬂﬂ
= (ADlm= (RAkin = AB=8a ='A-gad’ ¥ v

—I—am-aborting this -effort+ We-end—up-with 9 equations- in 9 unknowns -so-4it—7m ———
O could be solved, but something says I am not d.ulng this in the right way.
& .




Constructing Spherical Tensors from two caritesian vectors.

i

__Consider the ocartesian vectora,J where J represents the angular momentum _
of some system. To say J is a eartesian vector is to say that it transforms

under rotations as follows
AR e 2Ry /TR

where R4; -are the usual cartesian rotation matrioes. Notice-that if you scale
the vector J up or down, you do not change ite transformation properties sc
it remains .a cartesian vector.

Corresponding to the cartesian wector.d, thane ie a spharical vaotorj&L
which transforms according to the following r&la under rotations:

RIF'= 2 D P =

where here the D are the rotation matrices of angular momentum theory. Again,

- —- - ——4he-scale iz not-set, but -the relative sizes of the spherical-components

O

are of course determined.
__ . As shown elsewherse, the relation between these iwo kinds of vectors is

given by: (9#_._: q,(:'ff;_) [I_Si+ ;_Eﬁl
Eg.—.- = o, Cj"zh L:S“—L?a]
S dezawe o R

Again, a is any constant you like, If you want the angular momentum matrix
elemente of the operator seript-J-to-be-exaetly-equal to-the CG-eocefficients, — ——
then o= \

- NG+ - - - - -

But here we will simply take a = 1.
Now we claim that starting with any carfesian vector A, we can form an o
object that transforms as a J=l spherical tensor in a similar way. Strieily
this could be proved by relating the R and D rotation matrices, but somehow
I have never been able to do that. Nevertheless, I am sure of the answer:

LA Ml — [fa;,fa,,fa} e AemBINHiA]
_ . B _f&_- . .-.E'ES_A;- - UQ*J
- _ _ _".___Hon_ f___éii — o

- i
Now as a practice problem, given the six numbers A and B, how would one

“ecombine thgm to form an objeét that trafsformd as & J=0 spherical tensor (
ie, as a sclar). HWe know the answer ahead of time, but lets see how it
obtaine via the €lebsh Cordon- coefficientet— - -- - - - -

1“’1‘) = % |20 e !wad""'“uml YM> N

sotpionh < ooy = 2 A Bay Aomimlosy




Here we are treating the tensors A and B as if they were angular momenium
— =~ —states. 1 am not completely claar why Il am doinmg thiwm; but it ifs going—
to Hurk Eo,

sealaqemdo ~< looy = ﬁ 41;, 6.% LIy | -m}aa) '

| = AR - nm> + Aol Llainlod) + A-B. LI fidw)
- = F‘Q-r&- erlqoga 'i'ap'ﬁ-

.p‘ [( k\(ﬁ«,-nﬂ.ﬂtﬂx ‘*g“lj At?}t""( {‘) {P(F“‘Aﬂ\(&f'\‘ tﬂ]ﬂ — -
e = J% [ Ax%&. ggﬁﬁA&&]
- -BAR

il

Again, the scale is undetermined.

Next, lets try to form a J=1 oh;act This will correspond to the cross
product, no doubt:

iy = o B drmwi@

= A <mJM4:t_,L
0 )

iy = Gy = A8, i 1o 1'1>+,4?¢,8 <fofu IiL:L) }

= B [A8-A8] -k [(A}ﬂmﬁi_m}@)] E
= -3 AR A + (AR —B,AR)]
R “IJ:Q-:& +LQ)’] O,

.____._LLD7 _J_‘? E_QH f“ﬂ) + Al (!@M_{GP + AL <f-f I' ff_f‘ﬂ) .
Lo - = i [ﬁ*@._rj:-ﬂ B]
= BT A A8 8 -m&_ﬁy@&ﬁ &)]
* = = 4[5 RiRBx=-8oA = =550 (AnRe=8,Ax)

e = _Cz- N

This leages us with three nquatﬁnnsl

6 i SlianGheanl
Tl o ] (Aeberhe) - (B Bp)] = —CeriGy
_ __Cg e DA ('A\Bf.—' B, Ax )___ _
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O Assuming all the C; are 1ma.ginar3', we obtain:

’2.5-(:3: "E'(A'S?Ja 'A'tg,u) L= ..Q\j_= ..-ﬁ,‘- (A%&C‘A‘RB;) L
20, = V& (Mbabae) Cp = =i Ay Be- BA | ..
. _ o G adaAR)

Finally, we ask what is the J=2 object like? It has 5 components. We get:
' -

o _\IZIVQ_:L -g"- (Qm gm d"m.xm\_?l't@ ______ —

____ﬂl'l?.ﬁo__.. AB-}-_.__ . L[Aﬁftﬁﬂ[g -fr.g-,. = L[A;ﬁ& A.!B +( A &'*A%P:-&L
= A = £ Ay (A BtABY). o

Similarly we could write out the other three linear combinations, Fotice that
these elements. are symmetric in A and B. These 5 components can be related
to the 5 independent elements of a traceless mxkisymgetrie, rank-2 cartesian
temasor. T S

—O—— - - A-better way to approach thiswhole thing-ig-as follows: from the angular —— - -
momentum idea, we know that with the two vectors A and B we can generate
- objects corresponding to J=0, J=1 and J=2. From the property of the Clebsch

Gordon coefficients: Qtj'ﬁ mﬂblﬁ"fﬁ> (:;}3'3*‘.?' C\i’“ Ja My *rn.«llﬂ'fh)

we know that in this case, the J=0,2 objects will be symmetric under interchange
“of A @nd B, whereas the J=1 object wilk be antisymmetric. We also know the
number of elemente in each of these spherical tensors. It ig easiest to construct
——— +them-by hand directly in the-cartesian-space.-There,-the two vectors.combine
to form a scalar, a vector, and a rank-2 tenser. However, we know that there
are only 5 elements in this rank-2 tensor, so_we qan get it up to be
traceless { it already is Iltts;rmma‘triu.)

e L e i T — — - —wr—— - —

HB | o L
S ____\l'h\_ﬂ Eﬂjﬂ-Bj | o . e

. Tw= (ARt AR)-=3:xA®




Relation between J and Tlm‘

: ;:j - —-—We-know-from the start that, - - - —_—- r————

= Qe T e
le=~a J—- ; . - .

-na = qaa-t

Any tensor operator with a 11 label transforms in thu same Hay as J*, There is
the posgibility of a constant ( independent of m, but dependent on i)e To get

these constante, just play with some matrix elements:

Cimd Toljmy = im\a,Taljwy L
L &Gmolimy = gowe = Gl mo\jwy = ijai&_____
= au=+[iGey e o

| _(ym\ Tulym=p = A Ll Tl jm) = @+ <ima1) I jm) Swg Awed

ER- W] A vieyreny)
(Al (= wei)
=<1 p@—— £k me! ﬂﬂﬂi h Hﬂtéﬁl

S ar= -4 L}"‘iﬁl -

e (Tl iwed= an (e (Tim= a-Gwen| Teljwy

-—Q—h(_\l—-M\Q-@VAH) S — -

= [3"'“\31\ "I:'W*"H)
-\
<5_‘k M\ Xm) + "-bt_\,“*“}

* e = G o
and A~ {zj(am)*

Thus we see this famous minus sign, that Ay w = A
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Special Case: unpolarized input beams.

Here, we use "unpolarized" in the sense that all multipole momemrts of “the msedunk
beams vanish, not just the components of the polarization veotor. (Of course
— for spin—% beams these amount-to the same thing.) —

1
. The equatione reduce to: . - | . I
|
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- In particular, the polarization vector cemponents are:
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p— Remember that-the-x and y axes referred to .here depend on which type of
helity amplitude is being used. If we use the regular f's of Jacob and Wick
- and Martin and Spearman, then X and § are very inconvenient. If we use

the un-pre-rotated convention, then y = #. I have been using twiddles to
indicate Eunh amplrtudes.
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Of course, if we chose our initial axis sc that ? = 7 to start with, then
@= 0 and 1o diegtinction is meeded. I Wwill @eBums these axes from now onz — -




the polarization vector:

Special Case:

We found that, ( ‘;] Sﬁrlm ” ) :
I L
- LM T anee T T

He also know that: - - =

v
- T
From now on, refer to 5(3} s:mplr as J to Bimplify notation. Then we know:
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o First lets treat the longitudinal polarigation P,. We know: .
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Doing Py and P at the same time we get: o
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Thus we can write the x and ¥ polarizations as,
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Now redefine the summation index in the first equation. Note that the range
~ of théee m pums is restriced soch that the helicity amplitude subscripte make
gense, no matter what sugmation index ie chosen.
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In general, these initial density ma.‘l:rmas are not symmetric, so the Im part
_simplification cannot be made ( but see other sheet for unpolarized case, )
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Polarization and Helicity State FPhase Choice.

(:) We run into a slight problem of interpretation with our final polarization
- - equatiens. We found,-for-example, -an explicit-expression for "F ", the
longitudinal polarization of one of the final beams. Here, we knaw that "s"
meant the direction along the beam because that is the way the helicity
epin states are guantiged.
However, we also came up with an equation for "?1“ and now we have a problem:
what is the x axis? It seems like a trivial question, but it is not really so
¢ trivial. What is the x axis to which all those multipole temsors are referenced.
It all -boile down to another question: in the helicity amplitudes which we
have been ueing, to what x axis are those spin states m3 and mgy referenced?
L ) e e e = = . N e

Lpedmmu £\ poo M) = ‘{'\'w,,ﬂ.,lw,mb
. At first it might seem that you can put the .x axis wherever you want. But
_ . _ . thgt can't be_right, becanse the polarization formula for P, is for some
' definite direction! We know that rotating the x axis about the z axis causes
the spin states to pick up some phase. It is this phase that makes all the
difference. - ST
Lets examine how the helicity states wera canstrunted. The single particle
-~ helivity state was built like this: - -
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The spin states are refarﬂnced to a set of xyz axés (body axes) that are
"stuck” to the momentum vector as it is rotated. Due to the Jacob = Wick
pre-rotation, the final position of the x and y axes is very obscure and
. ificonvenient. ( And very hard to draw. ) . -
So, it seems that the best thing to do is to go back and define different
- — ——helicity-states; ones that do not use the prerotation.-Then it is easy to _— -
location the body x and y axes:
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Smé S
So the reference y axis is nnna athﬂr than the familiar n axis, perpendxoulnr
to the scattering plané, Using a twiddle to denote these new helicity states,
(and no twiddle to refer to or JW states),
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lpepiy = REHIP )= REF S _qLPmL“*_EﬁPﬁ?%L

For the single particle state, the difference is this simple phase.




o Hm 151 s find out what the new two pa.rtit:la cms halicit:r s'tatc louks like.
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Notice here that uy is the component of the spin of particle 2 along the -2z
’ —axis.~The new state will be: —_—— e — — — - =
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Thus, the new helicity amplitude ie:
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. Effect of Parity Invariance on Resulte for unpolarigzed beams,

Parity does not make a.ny ef the multipole paﬂ.métara vanish., It does
however cause two of the three components of 'tha pnlarisation vector to

‘vanish, The longitudinal case is easiésty T T T T

: 2~ %q("mzﬂ_\ San \i = ff; Gy \-{F{‘i"‘-\ %‘( "!)\ mL c \

123y
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Py, the component in the scatitering plame,is a little harder to show:
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Thig stap took indices 1,2, and 4 to minus themselves (a relabelling). It also

O‘ —  took m3 top -Em}-l-}—, —which' ‘happensto leave the square root factor invariant. Then,—
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The % factors are + or — one and depend only on spins and intrineic parities. .
Thua, the two s combine to give unity, being heliocity independent. Then;- " -
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- does. not vanish because_the presence of Im rather than Re adds an extra
B{gn, so you get Py = Py. (It could ‘vanisl, of course.)
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