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Time Reversal. '

@ 1, On single particle rest state: j
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As MS show, the phase € can depend only ons. Notice thet no matter what phase you

take, you always get T? = (-1)*° oh the rest, single-particle state. You cannot errange
things to get T” = 1. . /

2. Properties of the operator T: |
a) anti-linear so that Ta = e*f and (a/Z/b) = (a/t/o)”
b) enti-unitary so that 1 = 1.
c) TR rl eR for any rotation, but TB vtept for any boost.
d) of course Te T+ = c* for any cenunber.
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4. On spinor states:
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Comments: in time reversal invariance, you ‘pick up an obvious product of & phases
Which appeared at the start. Also, a characteristic spin phase calledem Topto bottom order is unaffected, but cyclic order is reversed. What came in, now
goes out with negated 3-momentum. Spins are mixed.
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\ Parity.

e 1, On single particle rest states: 1

Bim) = % Rwy fet = {i ws 37ON Toler

We could insist that Pe 1, but to be general we will regard % as a complex phasor.
2.The operator P is a standard unitary operator, linear.

3. On canonical spin states: eatee caged
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4. On spinor states:
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5. Parity invariance for Taylor Y-runctions}
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Particle in the initial state of course stays there. The 3-momenta are negated. The

helicities are mixed in a certain way.
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Charge Conjugation j

. t@ 1. mic unitary operator ¢ is the simplest since it moves through rotations and

boosts. However, it changes particle type, ‘so there might be two phases going

with this operator: '
i

~ ee .CemRP = te Fm,FP jC omy Ghatyor wank = &VVRMIE = Xe Uw,ED '
i 2 kde =e VE

2. Since C does not affect Loretne operatoys, the action of C is the same for
all types of states:

QNHED = ek Fm,BD

Verte F xe Vp, Be
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Because C commutes with all Poincare generétors, it cannot change momentum or spin.©
3. Charge conjugation invariance of M~functions of Taylor:
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For purposes of Ring amplitudes, I have assumed that ¢ reorders each

:@| creme, hence reverses overalt order, |i
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PT and CPT invariance as products of separate. operators.
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e 1. My first approach to considering reversal of order was to consider just a state.
Assuming S-matrix theory has the “relative statistics property", here is what you
get for reversing a state: ‘

: Us.syW2) = 9 en 1 €qy= Gy)
Wa = Wap) Cees Gs '

Ue pand = 19,3,4,1) eye is Ee Cas Ech Cay ' :

In the general case, the factors you get can be considered to lie on one side of

a certain matrix: .
!

eu : ‘ :

Qua, wha yous Rusaran am m= pore sledsén! Ghar ant A fookanés \ :

ox N= s(men)/2
Actually, I now find that this is a clumsy way to write the phase factor.

e 2. Consider again a general state containing both ferminns and bosons. Because ofusual relative statistics, you are free to shift all the boson fields to one side:

ARAB BSED = IR ARG B be Bey
oud LS BRR BRD = (ARR 8 68>

Now we see that to reverse the order of a state, you can consider the bosons and fermions

separately. In reversing the bosons, you get no signs at all. Thus, the only signs you

get cone from reversing the order of the feymions. Assume there are F fermions. Then

each of the (F* - F)/2 exchange factors i a minus sign, so that the overall phase
due to state reversal is:

:

Fereversal phase = (-1)" where I = #(F° - F)

By just fiddling, it is easy to show that this becomes:

reversal phase = (()F when F = even
!

e (4)F-1 when F = odd
a,3. Thus, when you reverse order foran $-nolaix Dienent_om-wightman function, you

get this factor i” peceuse F must be even, ‘otherwise the function vanishes.
e iGRD GS.-AD = idole Bae ONS ]



4. Now we can write F and B in terms of the spins ag follows:
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| 5. Therefore, we can say for reversal of order on Fares Seen aay2V2 [eS * Tis et")
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Thus, when the total number of fermions is even - - as it is for an-S-matrix-elemetn — -

the reversal phase can be written as a product of factors where each factor depends

only on one particle type._Ie, the phase does factorize. This is not at all obvious
in the other notations

uy [SSxt5,S2-+5e83] 2SytSerSs]gen = ©) ee GN ae

Ihave been unable to show directly the following théorem, but I-have proven it

indirectly so no need to show it directly: .
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Comments about this CPT result: :® 1. Using the complex Lorentz group we have already derived this thing and we have done

so in such a way that the only phase isd. 'In deriving the TCP relation through
the complex Lorentz group, we used these ingeedients:

a) Taylors crossing rule for all five particles

b) the complex lorentz transformation
However, in Taylor's crossing rule we have set a certain phase Iagolnitzer calls hy=

1 oO

So, in order to make our present Fesult agree with that earlier base conven-
tion, we shall aggee to choose the time reversal phase to compensate the parity and

don . acharge

conjugation phase eo (t «yt oe

| Recall that there can never be any significance to the time-reversal phase, but there
is significance to the intrinsic parity and‘ charg conjugation phases.
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| 6. We now make the corresponding statemenen{sx for S-matrix elements. Suppose we

e reverse the order of both initial and final!channels of an S-matrix element. We get:
| . ; Red we ot OD.

1

However, in order that this amplitude not vention, we know that Fy and Fo are either
both even or both odde The phases are then:

FA .

joo = { CY, Ra oe-ey™ FFE odd
Let us define this symbol signma: t

— 28; F Fe
r= 0 CY = GY sey = \* ows

chow, : ~ od

Then we can write :
phase = ¢ (-1)°/2
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7. Lemma:
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} (version 3) June 10, 1977nat is the iitgner rotation of a rotetion 2

@ 1, First, lets do the Helicity Wigner rotation. WE have:
RGA = WR) B®] : He) = RG) RE).

wa By = WORT RRR REALL ‘
BE R= COED od Re Gap), Daw ERO= CBE), one

RY = eg)

Te,a oad Rp ie ak Wp). Se |
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= Reise) me
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Quan: | Re CR = ReYY da BRE) = PT)
e R= Gee’) R=MPe),

Suan: cml)! ACR) -Ra(der\= BREE)
Rlewm)y = < \RermaAiea Sa

Thus, when you rotaté a helicity state, you;do not change the helicity of the state,

but you do pick up an unpleasant phase as shown here.

2. Now the Canonical case: '

Pn! aRECRey = ULCER RUC) = HEE) HCA) @ HERE

= RW) Bald RY = IRCR)> Rell’). RON!
1

= Rew ey =k. |
!

STH

e ReRe)= & [B2)\ heard.
So the Canonical Wigner rotation is the roufeson itself, wery simple.
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Some_comments about parity, ¥.

. ‘at y-11, Consider this equation: sas = (at) .

e iere I am imagining that a is some mabrix which represents the group.SL(2,C) with
some nunber of dimensions, and s is also a ‘inatrix representing parity in that same
number of dimensions. Why is this what parity should to? Start out in J~dimensions
where you know about things. Then you know that for a = rotation, a = unitary matrix
and thus you-have sa=as7? To see why! this must be true, apply both sides to

a general 4-vector: f

1 ~h9D kas dk 4 poueets

i rat
a

k t, + ' Rect = C 4.)oR G a s-| S]s (25SNM i)” ce '
é € $ DS). (e

€ r\t 5 ¥ |= (~*%,Rs (r\2 a (3)- (FE) aaG)= (#)-x = e/ i 2 : =e
ok

You want parity to commute with rotations. i But you want parity to negate boosts. Note

that in 4-vector space, boost matrix is hermitien because the boost generators are

anti-hermitian. Actually, the boost matrix is real and symmetric since we are only

e here talking about real Lorenta stuff. Corsider:
a(t de xa kas asheS%*\G\ = sl herve) = | Stamey abeL 4 er)

me By Kdarassht VY-
sk wa yshsfs = & (re \a | terer ay7 =o °3t et :

2. So the above equation which teels what parity does is motivated in this way:

i
a) asuume rotation generators are hermitian and boost generators are anti hermitian.

This means that rotations are unitary arfi boosts are hermitian.

u a! alb) then the equation says: sRs - H and sBs tol. te want thése
facts to be true for the 4x space. Ini the xh space we can find an explicit

dxk matrix called s which does the job. t

3. Now read the equation in the 2x2 space of actual SL(2,C) itself. Assumption (a) is
still correct, but the fact is that there exists no 2x2 matrix s which does the
required job. The reason is this: i

j
x A . p \e gas -aty dacsuleic) 3 a squivdithby GT went lensA wast Lame!i
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So, when we come to the 2x2 SL(2,C) world, we know what we want the parity operator
s to do, but we cannot find a 2x2 matrix that will work. Note that we cannot find a

matrix of any determinant that will work. So we have a peculiar situation that te@®operator s somehow lies "outside" of SL(2,C) and must, be added on. The fact that

no matrix 2x2 works is connected to the fact that the representation a is not

equivalent to the representation (att . Somehow the parity: operator s is faking
@ connection between these two different representations of SL(2,C).

44. Now what are we going to do? Since we cannot "represent" the parity operator s

in the 2x2 space, we probably cannot rppresent s in any of the D‘°*°) spaces. Thus,
we will never be able to find a statement like this:

Gis)Bae Cre DareGS) Bagh Gee)
This is in line with the fact that parity simply does not belong to the complex

lorentz grouppx8x L, (C), or not to mention the real proper Lorentz group. So how
do you make the statement of parity invariance ‘of your theory?

5. Looking at Toller, it seems that the only time you can represent parity is if

you are talking about one of the little groups. r)
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r 1, When you start looking this up in the standard texts, you are referred to the1

usual field theoretical arguement which is somewhere in BD. But I want a general

S-matrix argument for why this should be true. I checked Willimas (refers to BD), .
Gas. (field theory), etc etc. Not even Baryt seems to do this. But, Martin and

Spearman gave a hint, which I now follow up, and it works.

2. Consider a Taylor N-function. I will stiow that the above rule may be proved from
the combination of crossing and parity invariarice. For reference, see Taylér M-function
notes elsewhere. The basic idea is this: ° .

:

q ' (25)Se
eee Tee , 2,5) -M Coe aden ot)Te Deby CLES) oo...a

This is the statenent of parity invariance for the Taylor M-function, no ordering

6 needed but OK to use ordering if you want., I only show relevant factors. Similarly:

: = = ‘ ah «=CE ate + SCE by croseing,
Aree

1

.

i
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So, in, the usual system of conventions where Pes we have real parity for
bosons and fermions. Then you see that for fermions, the intrinsic parities
must be opposite for F versus F . For bosons the Boson-bar has same parity

as a bosn. But, for mesons, all anti-mesons are also mesons, so good thing answer

comes out plus! .
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a perttgety plato - Cae) aC)
. This agrees more or less with my symmetry notes inthe TK. There is some ambiguity” ~ee ee eee eee oe eee eee nL plage --+a5 to the meaning of the helicity of each particle. Also, recall that the two-partécle

helicity state has an extra phase thrown in, to it which I do not want to use. (See

@ page 12) MS). This phase will I think changb the phase in the above relations.
- ” 3) My strategy is this: consider @ miltiparticle amplitude to have an initial and -

~ Final state which is simply the direct product of Single particle helicity stetes.~~
“Thus; the ‘action of parity is completelyimpw ifyou know what parity does toa~
single particle helicity state. There is no need to make cms states, etc etc,.
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What.does TOP say for.a.reaction.with.spin? . ~~... -. --

| @ 1: First, 4. 40 important to understand what P andT do to helicity states.

2. First, parity: 7 . a| a. erty peltys Be eames
~ oe eee oy aan

eo Elcomee (RRGLELP Fore = (Qe ROdeyiel) = 2 Ve oad 7
8 GY ee eeewe aee CEO. Ry), ro aa _— |

~

Here, parity just, pulls an intrinsic phase, off the rest state: the thing is at rest,
80 you imagine leaving the spin put (parity no change magnetic field) but reversing

_

its "motion". However, parity on the woving state of course will convert 2p
into Z_y. “If you are going to only have helicity states defined by positive
boosts, you have to flip the thing back ‘to Zp Somehow. The way is ay — rotation.
Of course such a rotation acting on the rest state flips the helicity. The final
y-rotation then flips everything over, Dut helicity stays flipped.

On the more physical level, parity changes the momentum but not the spin
component, therefore the helicity must flip.

® 3. Secondly, time-reversal: ae 5 :

- Tin = (EyTT (ym Latesrk . -Go. GOERS ye :
ae This goes exactly as above, except that ‘in the rest frame,T does flip the helicity.
804t gets flippedback again by the same y-rotation,and the end regult is thattime-reversal dogs not flip helicity. ee .

ues. —O8the more physical level, once again, you gather that time reversal should .
______ fip momentum and’ spin, and-that therefdbe helicity should remain unflipped. _ * _

- ——— e Pr - a -
- 4+ Thirdly, lets do thecombination.of PT pn a state,The result is easily: -
— IAAT + Whew ee= - awoo... PYM Teno, = Baa LV. .
2 "Under this combination, themomentum endsup where it was, but helicity is

flipped. Pick up a phase in obvious way.Note that 2PI rotation is (-1)*8. .

ns — “poe oe --
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5. Now consder TCP = t invariance. Recalling thatat is an antiunitary operator,

recall that you get the switching of initial and final states as part of

the invarisricd “rule. Thus: Poe, vee @
.

1 .

er TA sens on phoacd,,SNS = CkA\ SIE

We have already shown what PT does to each state, except I only discussed states
along the s-axis. Recall that the-operator PI moves through all Lorentz

transformations, so we can consider the t operators to be acting directly

on the: states along the z-axis, then we cth use! infdrmation’just presentéd.
Action of € is +0’ cliarge conjugate all pétticles, maybe With a toriventfoned phase.
So TCP invariance! therefore would say: 4 coe ote

Kemet erones fayme| ST paws Pemer’ . he

an . » : Moe 2=
eas <<Em perme SL psiy tm pay e

> Geom) ‘ stwhan, Cohere) = MTT OS - ek wed— ‘rade fo Lath5 deo:6. Therefore, TCP relates amplitudes with all helicities flipped, but otherwise

only change is initial bo final state. Here is a picture. I do not show Belitities,
but arrow directions are supposed to represent actual momenta:

3y, 4 = s

¢ = > a. ‘

- 2 ae
These ape two reactions related by TCR. The magnitude of these:two amplitudes

must be precisely equal. Note that same momenta throughout!

7. The phases ‘of. course not’ observable.. “Perhaps tomb bdse detail £f you like.
- ‘ 7
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~~" I see no way to "duplicate" the Tee-Wick figld ‘theory results bere. for example, acting
—— - ~on siggle particle -states: of even: or-odd-2J4 -operators-P-and-T-always conmte. You

== cannot, change |inte fact By shy phase convention thet_Icen see. Lets try,to make
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So hurray! We presume that C is part of the internal symmetry group for hadrons
and therefore will commute with P and T. ‘Thus, anjwhere,C appears, it will slip
through and have no effect" fa te, ,

as a us.Rover) = GY rer) Po Get) = ©)fa \- -

Thus we riow ste why foLler maices that péculiar choice for the parity: fermions have
imaginary parity. This allows Toller to. duplicate. the Lee Wick-relations. This

is of course just convention. Another convention would be this:

tae a emaee evaTe : ois eTeo ere =er) wo
evs) - . :
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Antiunitary, entilinear operators. ' :

1. An operator A is anti-linear if it has this property:

4 ie A (ald + aie) = 8 Aly & odAld
2. Easy to show that product of two antilinter ops is a linear op, etc.

3. Constants get starred as they move through an entilinear operator.
44. The action of an antilineer operator on a bra is defined by this:

< res

AAI = Gl Aiyy”-/ change of direction accompanied by star for a.l.0.
Notice that the second expression (the RHS of last equation) is a linear function

of the ket y, because of the star. The namé of this function is (x/A, and this isthe definition of the action of A to the left.

5, If Ais antilinear, how do you define the adjoing A‘? Answer:

. 2. & ?<A By = GAby® = GiRiey

6. The rules for (AB) or (AB)* are the same rules as usual for Linear ops.
7. What is an anti-unitary operator? Answer: one such that A” = A* but A = anti-linear.

8.. Facts about anti-unitary operators. Let 'A be antiunitary, B = linear operator.
Then one can easily show that:

a * o

e <A BIG = GAY ola & ANe Ar
Ni a \wee ADE AWD, Gle GIA, R= ARA

9. Time-reversal as an example of anti-unitary operator. In general , let A = 7,

the time-reversal "operator" which is anti-bnitary. Then we know from the abave that

(S = S matrix = a linear operator):

AL Ray h Rr A <<M = <HAIDD, we = TH | Gre itt
'

A +ow, S= TST. So far we have not said anything. Now suppose it happens that

tst* = s*, Then you have this: }
RA Msitgas = E\Sity’ - cf siP?

'

< =

F n

ar ga\stay = Kath SUTDF
» nN =.oe aisle CtSld) es Ysa Sw

This last line written in operator and matrjx element form is the statement of time

e reversal invariance. )
'

1



' May 24, 1977

A naive discussion of time-reversal and panity for S-matrix theory.

eee ee eeee 1. This discussion begins with the stuff mentioned in Willisms page 105 to 110.

2. Whet is the time-reversed reaction? Just think classically. The 3-momenta should
reverse, the-Cenonicalspin projections should reverse. First, lets do a picture:

Bask 2 yer. - 7 ake

— ’ ? 2(*a *) a Ep er4 the va
LMR

VSP me, Ba gma SL Baas Ret DLAI Fame “Bip S|Bowe; -By,md |

8 \E4,Fm — a, Ea, Fay, = [oe Rey LONE PEE[ses a) ee CE bod hacara\ Te
Several comments are appropriate here:

a) Williams sometimes referse to time-reversal as "reciprocity".

b) notice that the phase has not been specified here.eS c) we use canonicel spin, not helicity. Helicity projections would not get negated.
d) energies and particle types do not, get changed, only 3-momenta get changed.

3. What is the parity-reversed reaction? Obviously this is going to involve reversed
3-momenta, but what about the spin. The! spin 3-vectors like s, which we usually
do not use in S-mstrix theory, stay the same because they are axial vectors. If
you view the canonical spin projection as spin vector s dotted into some fixed
z-axis which does not move under parity,'then cenonical spin projections do not
change. Anyway, this is the result williams gives. Again, in helicity the helicities
get negated; jus t the opposite result ab above. Fro parity we then have:

eo oe a - -VC Reames imalSl gL reas Pian] = [< Regme|=P vadS[Fe wer,~FE, we? |
1

8 Ee, Fee ea, Eu, Pa ome €.6e nme a Sa,aaFee BVT 2 Es Pea = Serb; Se pe TeaLPONSOh | Sa ee Nae PB
Comments on this: :

a) particles stay in same side of reaction, no type changes.
b) the only change is the three momenta are negated.
¢) again, phases not specified.

1

1



ks Now we add something new which is niehter T nor P. We invent a so-called
complementary or "detailed-balance" reaction, and we suppose that if there
were "detailed balance invariance" in nature, then we would have:

(Ge ome) “6 (Ea, Bette)(€1,31,04) 4 & (Ge, Bem) DB
2 (Ee Be me)

= (im) im CR) ae,(6, Fog) & 4 (5a,Pa md)
Looking at the combination of T and P, we see that detailed balance is almost equal

to PT except that the combination PT negates the spin projections ( in either helicity
or csnoncial). Thus, detailed balance does not nevessarily follow even if P and T
and C and CPT are all exact ‘symmetries.

In the special case of spinless particles, however, PT = detailed balance.

The main point. about detailed balance is that it does follow from PT in a spin-
averaged sense. Ie, if you average over ititial spin projections and sum ofer final
spin projections, then you can use PT invariance to conclude "semi-detailed balance:"

i

= loved — daa

—— az\ _ \s Ao \CarNeserl) AS CsxXasar) dh

r ) A violation of semi-detailed balance would ‘then imply a violation of either P or T orboth P and T.

5. Charge conjugation presumeably just charge conjugates a particle, so charge
Conjugation Syariance ought to say this:

em 1 Gh)
4 s | \ a * |
Charge-conjugation should have no effect on energy, momentum, spin projections.

6. Combined TCP: if we. now simply combine phe above three operations, we woulddraw this conclusion for TCP invariance:
1

1

(Ex Fyme) lat =.
= (Enh = aa =\ {2S0Et \ = |¢ S@ree |

Gm) (Eajfam) | Cena (fs)Ga,Bejme) & 1 (Ba, Ra a | Ceateyrme) = nom = (Ee, fee)® ( ©) see (Ferme) |= | (etm) 3 (Gum) Ter
i
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1. Conflict #1: according to Taylor or anyone else, say MS, when you cross" a particle,oe you negate its 4~momentum. Therefore, if you simlate TOP by crossing all four

particles of a l-body reaction, you would get a relation releting an amplitude where

a is invoming with positive energy , to an amplitude where 2 is outgoing with

negative energy. Ie, the two amplitudes’ are continuations of each other and are

not physical at the ame time. This conflicts with the idea thet TCP a 1a Williams

connects two reactions both in physical wegions, ie, @ has positive energy in

the second reaction of Williams. This Conflict # 1 does not need spin.

1
2. Conflict #2. In Williams or me, the combination PI negates helicity or canonical

:

spin projection, end therefore so does TCP. This means thet TOP relates a with

momentum pg and helicity m, to reaction with particle @ having p, but -m,.
This seems to conflict with both Teylor and MS who say that when you cross a perticle,

the helicity does not get negated but the momentum does. Of course there are two

complications here: '

a) Taylor uses spinorial states: rather than helicity.

b) this conflict #2 is complicated by! existence of conflict #1.

SS. geteSea, cond Od compen LT. de magaten SIL
Cwronneade, '

i

i

H
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1

H

H



Stepp ('62)

|



. ash (2/9. ,

@ 1, Definition: parity invariance for a process means reverse all 3-momenta, do not
reverse spin vectors. Magnitude of amplitudd is then the same for both. (2.1). There

will then be some phase called & (T) which you can show depends only on particle types,

not on their momenta. This thing is the "total process phase" due to parity inversion.

2. Theorem: the total phase you get from parity is either +1 or -1, This is whet (3.1)

says. I do not really know why this is, but postpone this question till later. Seems that
maybe two applications of P could give you ari arbitrary phase. I suspect this question

is a larger question than I care to analyzie ;right now. Assume correct.

3. One way to think of parity inversion is td go to the multiple-L representation. Then

parity gives a phase which ie minus one to tHe sum of all Lj. In this case, you see bhat

your phase must be plus or minus one. '
i

4. In section 5 Henry shows that product of process parities for process and another

process with one crossed particle must be (-4)* where s = spin of crossed particle.
I have not followed this because I do not yet understand Stapp nptation, eg, (5.9) or

e its generalization (5.4). ®X Waa rons,oyproMie,
5. In section 6 Henrgy asks: can you write the total process parity as a product of
particle intrinsic parities? If so, is thig assignment unique?

Uniqueness is considered first. It is easy to show that, 1f your theory happens

to have something else conserved, like charge, this fact enables you to generate an

equivalently useful set of jntrisic parities from the original set, as in (6.2+). This
thing is referred to as a guage transformatidn. In the rest of this section, he shows

the existence of a set of intrinsics. '

Should you always take them +1 or -1? You certainly can do this. Then any additive

conservation law would allow you to geuge these intrinsics into a set of complex nunbers.

Since self-conjugate fermions have not yet been observed, you can forget them. But

if they did exist, you would have to give them purely imaginary intrinsic parity, so

that sugre =-1 . Interesting point. IF the world had no conserved quantities except
integrality ( then fermions would have to be self-conjugate), you would be forced to

keve all fermions in such a thepry imaginary parity! Perhaps this is really the best

way to make the assignment, since integrality may be the only perfectly conserved

@ wees numer! Then you are OF 4£ self-conjugate fermlons are discovered sone day.
‘This must be why Toller opts for thie version!

1

'
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Intrinsic Parity from thé S-Matrix Viewpoint :
Horny P. Stave

Resiation Laboratory, Unizesityof Califrni, Berkley, California 1:

Received Fly 2, 1962)“ent insn py dvd ecm lh inde pc race |and ambiguities arising in more conventional approachedare avoided. Tt chown that invariance of transk-e@ ‘tion probabilities under spatial inversion implies the existence of a set of particle intrinale parities that is trealand unique to within a gauge transformation, provided allprocessnot forbidden by additive conservaton laws do occur in nature. Uf certain ofthe conservation laws are mltipeative then nontes)intinsc
parities are possible. The intrinsic parity of particle-abtiparticle pairs is fixed by the general matrix

ostultes tobe negative for fermionsand postive for bso, «rest that parallels the oaeofeld theary.
1. EwrRODUCTION | n mvvantancs oF 4 process UNDER

a

‘ SPATIAL INVERSION“Tit guostion whether the sign of the intsinsic
;

o

parity of partice-antiparticle pairs follows 4 A process is takerito mean a reaction having specified
. directly from the S-matrix postulates has served to initial and final particles. A process. will be said to be ,
i focus attention on the more general question of the itvariont under spatial inversion (reflection) if {
: meaning of intrinsic parity in the S-matrix framework. _if the transition probabilities associated with the proc-In this paper the concept of intrinsic parity is system-_ ¢s are invariant under an inversion through the origin |“ately develly developed from ahsetvablo Seats GuatS-matrix quantities, of all{polar three-vectors.The space parts of momentum- i‘The

approach is more general than the usual one, as ergy vectors are defined to be polar three-vectors, 'the existence of a parity operation in the abstract space whereas spin vectors are not polar vectors. Thus, in the
, of field operators is not assumed; the only assumed S-matrix framework, invariance under spatial reflection ;‘

‘invariance is that of the physically observed transition implies the equation! ‘‘
probabilities. The notion of an intrinsic: parity for

: individual particles is not a manifest part of this assump i IRG,)|=|RGOI, (2.4)tion, but the conceptcan be established by constructio: and the questionsof existence and unquencs com, bere K; is the set of variables obtained from the setpletely answered. The problem of superselection rules, g by reversing the space parts of all the momentum-'
which clouds the conventional approach, causes no eberay vectors contained in X. This equationcan also

‘ difficulty in this one. A more detailed comparison with —--———

: the conventional approach is given in the final section, den, P. Stapp, Phys: Rev. 125, 2139 (1960) and Lectures on: sis eis deve th nies of thew & nese ier, ABl fe New Yon 965), thes* This work was done wader the auspicesof the U. ‘dierenceswil be refereed to asST and ST, repectlvely.r ) Energy Commission. i J? See SE, AppendixE." 1
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INTRINSIC PARITY FROM THE S-MATRIX VIEWPOINT 1965 j
e where ¢=e(—1)"1, and Wr is the number of spinor productién of a fermion particle-antiparticle pair by a '

indices associated with initial particles. boson’particle-antiparticle pair; even orbital states will '
' “The expression for M(K) in Eq. (5.7) is the analytic go to odd orbital states, and vice versa. Also, afermion-

function that describes the processes in all channels. _antifermion pair must be in an odd orbital state if it
Since ¢' is independent of K over the physical region, “is tobeemi‘cated in a reaction without changing the 'See eerie dint The inbdace partes ¢ ofbialatatesof the fomalaing pele: These ators 1, defined in (5.1) are given, therefore, by are just what 1s Taeant By the taby the statement that the 1

i ee, (6.8) intrinsic party of « fermion-antifermion pair is ~1. :
. The immediate consequence of this equation is that 'vi INtRINSIC PARITY OF A PARTICLE
1 the intrinsic ities of two cesses are opposite if,

‘one 1s abated from. the oterm = hanging 2Peeaton Suppose all processes are invariant under spatial .
in the initial configuration to its antiparticle in the reflection. The intrinsic-parities ¢(7) of all processes T {1 Sgn, Ta fie verboth adSET US saGy Over DOERTATAT aad axe then well defined there isset of numbers, ;

1 ‘particles of the: angular momentum quantum one for each particle type #, such that the intrinsic !
numbers is even for some process, it must be odd for parity of every process is the product of these w's,
the process obtained by switching an initial fermion extended over the particles participating in the process, |

' to a final antifermion, or vice versa. For bosons the the sét of w; will he called a (possible) set of particle
intrinsic parity of the process is not changed by such a _inirinbic ities. Specifically, we require of a set-of
switeb. ‘particle Intrinsic parities w,, for all physically occurring .

‘To understand the essential idea involved here one _procetses 7, that

‘ may consider the simple case of the scattering of a spin Hi J .
= particle by a spin-zero particle. If the process is (D)=Mo=T (6.1)
invariant under spatial inversion the M function takes t tr)

thefom iheré Ne(T) is th f particles ofwhere Nu is the number of particles of type ¢M(K)=2(K)-0~ (F*-0)[0(K)-e(2-2), (5.9) occurtingin the process 7, and [T'Jis the set of
particlese@ where the & are mathematical momentum-energy in the process7. aVectors, and the mass of the fermion has been taken For generality we may consider, in these formulas,

to be unity; » is 2 combination of the four-vectors of that the intrinsic parities of initial and final particles
the problem. Going to the nonrelativistic limit, k-e are tebresented by relative reciprocals (inverses), sincebecomes plus one for final particles and minus one for this condition is already imposed by the no-scattering .
initial particles. Thus in the scattering process the casein which «(7)= 1. Specifically,in. ((6.1), theawitsurviving contributionis be considered to be replaced byw/for initial particles.This kdded generality becomes effective only if the iw

[o(K)+eV(K,)}-0, (6.10) are diferat fom pls oF mans unly, © possbilty weand only the part even or odd under A+ A contributes PRELIM oot of particle intrinsicfor « plus one or minus one, respectively. But if one 2+ BOL obvious thats sect partie intrinsicanolytcally continues the momentum-energy vector, BaUties can be found.-And t-teitexistence canbe —for, say, the intial fermion from the physical region “Str thee are conservation laws, suchas chasecon-where
£?<0 to the physical region where A>0, in servation, that forbid the occurrence of certainorder to obtain the function representing pair pro- apo the occurrence of. sutetio Hmit * pr ses, then the icle intrinsic ities, if theyduction, the nonrelativistic limit of dee is changed Bet are -cenately bot unigue, An Signe eonseeww

See ee etion pes one; the nonrelativistic limit “Yatton Taw requires, for Gccurring processes, that Vv
»  B&)-a(k,)}-«. (5.10), Ee Enno, (62)

‘Thus if the even part of »(K) contributes in the scat-
:

teting, the odd part contributes in the pair production, wheré gy is the number of units of the conserved
; and vice versa, quantity carried by particles of type 4. The contri-
| For a scattering process, in which the incoming and butions associated with initial particles are to appear
' ‘outgoing particles are the same, the intrinsic parity is in (6,2) with reversed signs. But then all M functions

plus one, sine it is plus one forthe nowcattering past are variantupder multiplication by exp(Oet ge),
of this process. That is, if the sum of the initial orbital for arbitrary a/ This implies that if w= (a) is one set@ _s2guer momenta is even (oda), then the sum of the of papticle intrinsic parties thes! o'=(a/}, given by
final ones is also even (odd). By virtue of the result

shown above, this connection will be reversed in the | oy'erexp(2riga), J

!
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1966 HENRY P. STAPP

is another set, since ctiaracterized by_vectors Ca with integer componentse@ , Cx giving the number of particles of type toscurrngHom Tw (63) “in the process. Initial particles will be represented by
: ‘ Begative numbers, The conservation law requirement' for any occurring process T. is, then,For thecase in which there are several independent. Xr CyAw=0 forall p, g. (6.5)

additive conservation laws restricting the class of For every C, there is a given intrinsic parity ¢. These
occurring processes, letA be the matrix whose integer are subject to the composition requirement: If thereelements

A,, are the units of the conserved quantity gia set of integers b, such thatlabeled by g and carried by particles of type f, It will

always be possible to use integers, since noncom- XobsCy=0 forall ¢, (6.6a)af mensurate units give independent conserved quantities then
and any common factor can—and will—be factored Te’=1. (6.6b)

4 out, The requirement that the conservation laws be i

” independent means that the NV, columns of Aw are ‘The positive by represent the number of times thelinearly independent. The number of particle types Vs corresponding processes p occurs in one set of processes,
will be assumed finite, and , must be at leastas large aud the negative 8, represent the number of times. as Ny. Generally, 4 will have more rows than columns. processes p gccurin another set. Ifthe two sets combine|

‘The direét extension of the'above agrument shows to give the same set of particles, then the products of1 that

if o= («) is a set of particle intrinsic parities, then the two sets of intrinsic parities must be equal. In| = (}, given by constructing this formulation of the composition re-
wfmey A 4) quirement the fact is used that the process intrinsic

exp (Ori Ye Aue), (64) arity mist be unchanged if the same particle is addedis another set. ‘bgth initially and finally. This is a part of the com-

There is an N fold ambiguity in.the assignmentof, pésition requirement that follows from the positiveness.
patie joinsic pe associatedwith the gauge of the intrinsic parity of the no-scattering parts ofis ‘The question now posed is scattering functions. A single C, actually representsi

whether a set of particle intrinsic parities exists and, the whole class of processes generated from one bye if it does exist, whether it is unique to within this gauge Shine the same sets of initial and final particles, The.
transformation. It will be assumed, for the moment, problem is to show the existenceof a set of w, satisfying'
that all processes not forbidden by the additive con-

servation laws do occur. Multiplicative conservation Tote, forall p, Co)!
Jaws will be discussed later. ‘ ‘t It is clear that if the process intrinsic parities are and the uniqueness of this solution to within the gauge
completely arbitrary one can never find a set of particle transformation

intrinsic parties, Specifically, ifthe particles occurring“ .! in some process are the sum of the particles occurring of =e exp(2xtDe Aate)- (6.8)in a set of other processes, then the intrinsic parity of "yy, ‘i follows.: the first process must be the product of the intrinsic yeHeatShat i insot seceunty testesthe original|
parities of the processes of the set. Otherwise one would cohserved quantities Linear combinations of conserved
obtain from (6.1) animmediate contradiction. However, Guanuties are also conserved, and one can choose any'
it fs a basic assumption of S-matrix theory (the de- ser of IV, linearly independent ones. It is possible to
composition law ansatz‘) chat the R fonctions contain gee the conserved quantities in such a wey that for:
terms that are products of the R functions for the cach conserved quantity g there is a particular linear
Various separate processes that can occur, This implies cofnbinationof particles, specified by integer coefficientsthe following composition requirement for process y,,, such that this combination carries one unitof thisintrinsic parities:The intrinsic parityof a process must conserved quantity and zero units of all the others,. equal the product of the intrinsic parities of any set of (The proof of this statement will be deferred until theProcesses that, combined, have the same set of initial enid of the argument.) The intrinsic parity of this group
and final particles, since the R function for the former of particle, defined by
contains a term that is a product of the R functions of 7

the latter. This composition requirement also guarantees a= Toe, 9)
the consistency of the assignments of process intrinsic . ‘

; paris with the unitvity relations, fs transformed by the gauge transformation into

: ‘The mathematicalproblem may now be framed. The § +17 (/)Morme ; -processes allowed by the conservation laws can be '.{* “II (o/) Met esexp(2xiXs MesAwate) «9e “See SE, Appendix I. =e exp(2ria,),
ts
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|

e where the last line follows from the property of M, _! which in virtue of (6.5) becomes
Le Mahe (6.11) * Tlai'=TI eer, (6.19)

. ;

According to (6.10) the «, can be fixed arbitrarily by , .
means of the gauge transformations. Conversely, the 'The Cp: can be written as,
specification of the ¢, completely removes the ambiguity - p
in the w associated with the gauge transformation, Com En Cuba's (6.20)
since the a, and the Ay, in (6.4) are both integers, where Cw’ is the particular set of C’s given by (6.12),

For every particle there is an allowed process in- and (6.5) is used again. Thus Eq. (6.6) can be invokedvolving only this particle and the multiples ofthe groups to give
. of particles constructed above. In particular, for a ena, (6.21)

particle of type s the process represented by .

Cumbun Ee AM 12) which, when combined with (6.19), gives the desiredEel (61

1 (62. Thus, the solution of the system of Eqs. (63)will be an allowed process, since, by virtue of (6.11), ! through (6.7) exists and is unique aside from gauge
transformations (6.8). If the ¢ are chosen to be real,EnCudueduAy=0. (6413) {he particle intrinsic partes wil be veal, peri Tevemates to bedeoonstviedthat oan chooseee seeee ee note ay choy tae Shere wil the conserved quantities in such a way that for each 4em : {conserved quantity, labeled by g, there is a lineare=Toit combination of particles, with integer coefficients M1,

' 1 hat cartesone unit of the conserved Guantity g and
mo, Troptedusten zero units of the other conserved quantities.moeTI op Peter (6.14) 1 “The original conservation laws are represented by

* the matrix A. Factors common to all elements of a

=o Tents, + columa can be divided out. Consider the st columa,. { It is possible to find a linear combination, with integral,
. + coefficients, of the particle types such that this com-which can be solved to give

, bination bears one unit of the first conserved quantity.
woe Tete, (6.15) | Starting with any two elements of the first column of

‘ A one can find, as is well known,* integral coefficients
: , sco exicte tt urteme aciag | Such that the’ corresponding Linear combination of

This shows thatif a solution exists it is unique, aside + these two elements is the greatest factor common tofrom
the ambiguity given by the gauge transformation. j them, This combination may then be combined withTo
show that the solution exists one must confirm ! any other element, using integral cocfilents, t0 givethat the solutionof the particular equations from (6.7) ' thy. erentest facta Oy these. “Andoneed above will also satisfy the remaining infinite; continue Slave the crentestcommon Lach ofall cheus l also satisfy ng ‘continue, Since the greatest common factor of all thenumber

of equations in (6.7) Also, one must show that + Slements of the frst column Is unity, the procedurethe solution, G18) foeyb commistent with the | must produce after a finite number of steps a linearthe

¢a a combination of rows corresponding to a single unit of‘To verifythe consistency of (6.15) with (69) one the fret conserved quantity, The femalning conservedmust show that ‘quantities can now be changed by subtracting off
Thegtn Meme, (6,16) ' *PPropriate integer multiples of the first conservedTe Te Mone (6.16) quantity so that this particular combination bears

. we . zero units of all other conserved quantities. ConsideringIn virtue of (6.11) this is equivalent to the condition, these operations as matrix operations on A, this matrix

is now transformed to a form with one in, say, the first.I eMond, (6.17) | row of the first column, and zeros in the rest of the first
jxow. Common factors ‘may again be divided out and

which is a special case of (6.6), with the Cy: given by }*h€ procedure applied to the second column. The
(6.12). The self-consistencyis thus demonstrated, sreatest common factor, unity, can be moved to theTo show that this solution will satisfy all the equa- Second row and appropriate multiples of the secondtions

(6.7), consider an arbitrary process, represented ; Column subtracted from all other columns. Repeatedby
Cou The left hand side of (6.1) fs ‘application of the procedure gives the desired result.e te nc Pe,

J

ostSee,for instance, A. A. Albert, Introduction ieaeraT ete, (618) britayof eas esta nd
t
’
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‘The linear independence of the original columns of A The discussion, so far, has been based on the simpli-

ensures that these operations never lead to a column {ying assumption that all processes not forbidden bye &of zeros. 8 additive conscrvation laws actually occur. Of course,
Itis possible to take intrinsic parities of all particles selection rules may als essed by multiplicative

ther plus or minus unity, and there j acrvation laws Afowever,tese.gescally-danakReTes tie ciattaliywat astra’ Afect the analysis: As mentioned before, the procesesSe eeestermation would generally take The paride,translormation would generally take the patie “Jepresentedby aay Cy constitute a whole class of‘intrinsic parities to complex values. One could con- processes that differ from one another by arbitrary
RES dine & certain gauge Tansformation for numbers of particles occurringboth initially and finally.each of the conservation laws. If the various a, were Multiplicative conservation laws generally forbid only |
taken to be incommensurate with each other and with certain of these. But the occurrence of any one is |
unity, then the absolute physical requirement that the sufficient for the analysis, since the corresponding ¢
intrinsic parity of all processes be real would, by itself, is then physically determined. Wwentail the existence of all the conservation laws. One There is one type of multiplicative law that does \
might try, therefore, to claim that the conservation forbid the occurrence of all processes of classes repre-
laws were a consequence of invariance under spatial sented by certain C,'s. These are multiplicative con-
inversion. Such a terminology must be regarded as éervation laws that can be represented by an additive
‘logical. ‘The question of whether invariance under conservation law that is valid to within multiples of
spatial reflection is maintained or not is simply the some modulus.
question of whether |R(K,)| equals |R(K)|. Any ‘The selection rule forbidding processes involving an

‘ restriction more stringent than this is not an expression oddnumberof ferr arnfonsis-4 mlipieaivelaw ofthis: ofinvariance under spatial inversion alone. fine Teractoal practice Tis partevlar law is evidentlyTo get a simple picture of the freedom available in “hot needed, Saatalelsalrealyuarentontthe assignment of intrinsic parities, itis helpful to use By the adhe conseevetion Tewsof baryon and leptonthe notion of a null group._A set ofparticleswill be “humber, but itwouldbenecessaryii Tor ingtaneinstance,Ca
.

calleda null group if it carriers zero units of allconstants bs eae femiee gyeebo analyai the” 1 To teed The anaes to incude|additive “quasi: 7 ¢/‘productof the intrinsic parities of the particles of a conservation” laws, that are valid, Vay, modulo m, a‘
null group is specified uniquely, since it is invariant “type of fictitious momentumless particle carrying me@ with respect to the gauge transformations. This product units of the quasi-conserved quantity, can be intro-
will be called the intrinsic parity of the null group. duced. ‘These fictitious particles can be considered to
Since all processes not forbidden by the conservation fupply the missing units of the quasi-conserved an

: Jaws are assumed to occur, one can consider for every quantity, which can then be considered exactly con-occurring process A a related occurring process A, that served. The previous analysis is then spplicable/ The
differs from A by the presence of the null group n of intrinsic parity of the fictitious particle can be fixed
final particles, The intrinsic parity of the nll group is \
then The results are, therefore, the same as before except

eam e(As)/e(A)y (6.22) that the geige transformation will introduce multiples(api into the inuinsie patterof the physical”the quotient of the two observable process intrinsic ee ealles, @ being the original real intrinsic parity ofparities. That this quotient is independent of A is fhe fictitious particle. If wy is minus one the new
' ensured by the above analysis, It can also be seen  jntrinsic parities of the real particles may no longer be
' directly from the composition requirement, which real. An alternative procedure would be to keep the

implies that {intrinsic parities real, but simply add the negative unit,
(An)e(B)=(By)e(A), (6.23) pf intrinsic parity for each missing m units of the{uasi-conserved quantity. This second procedure de-

‘ since the sum of the initial and final particles of the parts somewhat from the original program, but it is
set of A, and Bandof B, andA are the same, [Recall just as useful a method for cataloging the angularthat @(F) is unity.] Null groups of four or more omentum selection rules,
articles are associated with occurring processes; one j If_one_uses_theoriginal procedure, in which the,fan switch certain of the final particles to initial anti- process Tntrinsic parities are factorized_into_contri-
particles. The relationship between the intrinsic parities “butions from the participating particles, the intrinsicof the null group and the various associated’ processes “purty of a sellconjugate fomon Te Toreed to be purla ‘obtained in this way is fixed by the results of Sec. V. ee TRS oS fom Theseinary. This Tollows Tmmodiately from the result

: Particle-antiparticlepairs are simple null groups whose. “of Sec. V, ‘since the intrinsic parity of a pair of theseSez V-nce theintinseparty of pal'
intrinsic parities are plus or minus one for hosons or particles js minus one. Indeed, if the only selection rule

“fermions, respectively,Self-conjugateparticles are the. were the one requiring the total number of fermions—e@ simplest type of null group, initial plus final—to be even, then the intrinsic parities

i.



° Ls

’ i

INTRINSIC PARITY FROM THE S-MATRIX VIEWPOINT 1969 |

r ) of bosons would necessarily be purely réal and those of $idered as transforming into themselves, not their |
fermions purely imaginary. As this selection rule ‘antiparticles, under spatial inversion, this being a\ follows from the basic requirement of Lorentz in- convention that distinguishes a “parity” operation
variance, whereas the baryonic and leptonic and the from its product with antiparticle conjugation.
other conservation laws are not required by our general , Divergences between this conventional attitude and
postulates, it may be sensible to choose the intrinsic. the one adopted in the present paper may be noted:

arity assignments consistent with the possibility that First, the existence of particle intrinsic parities 1s

the former is he oyabsoaassuinedHunt at the start of the usual apoach,The :

| take the intrinsic parities of bosons either plus orminus transformation on each field will contain possible
| uunity and the intrinsic parities of fermions either plus phase factor and the states constructed using these
| ‘of minus the imaginary unit, The intrinsic parities of operatcrs will, under the transformation, be multiplied
! cack particle woulwr uid then becomjecomehisses theta by these factors, which are, then, essentially the particleits antiparticle, and self-conjugate combinations would intrinsic parities. These quantities are therefore intro- :

have well-defined intrinsic parities.This condition duced at the outset; their existenceis neverin question. 1removes most_of the ambiguity associated with the In the present approach the starting point is a possible. 1auge
transformations, and js perhaps to be preferred invariance of transilion drobabiliies under spatial :cover the arbitrary convention that the intrinsic parities aversion ‘The notion of a particle intrinsic parity |‘be chosen real, since the latter precludes the possibility. ‘emerges only after analysis, by a construction based ‘

‘of self-conjugate fermions. That it is possible to choose én observable quantities; the discussion is not predi- .
the particle intrinsic parities in this way follows from cated on the supposition that the physically observed :
the above analysis, provided the restriction to even invariance is a manifestation of some corresponding ‘

numbers of fermions is the only selection rule repre- symmetry operation, of «particular form, on the fed yet 'sented by a nonadditive conservation law that forbids _éperators of an abstrac{ Hilbert Space,” wa. Vv
the occurrence of all the processes rypresented by any A second difference revolves about the question of
Cy. 7 what quantities are observables. For Wick, Wightman,. and Wigner this rather abstruse question is the key

VIL COMPARISON WITH OTHER TREATMENTS to the entire situation. Since the parity operation is

. ‘np intrinsic arith red, from their point of view, to give well-definedThe
point of view regarding intrinsic parities de Teqvired, f ° 1e veloped here grows naturally out of an S-matrix phi- 24 Physically permissible values to all observable4 ‘ quantities, the question of what quantities are ob-losophy, but is presumably not restricted to this 4

A : servable becomes an essential one. This leads to theapproach. It is, in fact, essentially the view that has ‘
question whether one can measure the relative phases1 always been favored by the author. It differs somewhat, . e :‘

rs some Uetween states corresponding to different values ofhowever, from what seems to be the prevailing view.
s revalling good quantum numbers. For z components of angulatThe standard approach is to start with the idea that or one© “ ‘momentum the relative phases of the various eigen-there may be a certain transformation on the field .

fon This Sfates are clearly observable. But for different charge| operators that can be called the parity operation. This {2 ‘on i 4‘ Tis slates the question is unresolved. Yet questions re-

operation must express the field operators at each point Stes {RE duestion is, unresolved, Vet questionsin space-time in terms of the field operators at the S8™ding intrinsic parities devolve to this perhapsspace-time in terms ator Insoluble problem of whether such phases are, or arePoint obtained by inversion through the origin in space, aoe Prob
. with time unchanged. If this operator takes all ob- "7 ht “s strc approach developed here particleservable quantities into observable quantities, and if ,, 27 the S-matsix approach developed here_ particle,4 ss titles, a ic. parities 7the transformation of these observables is consistent fZctorization of the observable. “angular momentumwith the classical physical meaning of spatial inversion, 2ctotz8ton-oFthe observable angular momenta4 ! on) “parity defect” (—1)" Questions like whether or notthen the operation may be called a possible parity

operation. It is specified that particles are to be con- il! observables are properly transformed under someoperation: formal operation do not enter; particleintrinsicparities _*G. C. Wick,A. S. Wightman,and E. Wigner, Phys. Rev. §8, are merely a convenient device for cataloging the401
(1952), This reference will Ue takenas the standard in the “angular momentum selection rules implied by_an.felt Some igoraion of what thes authors say hasbeen ade) Tnvaviance of transition probabilities under spatial”,statement of their position inversion,es

e
(
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svetion upon Space Inversion, Time Reversal, and Other Discrete Symmetries in
perhaps even Local Field Theories*

. D. Laz ano G. C. Wick

Deparkment of Physics, Columbia University, New York, New York

ly tects the GRessved28 Febrary 1966)ve
form factor ‘The general algebreic relations between space Invesioh, time reversal, and the internal symmetry group[very serious sre analyzed within the framework of a Lorente-iavariant local feld theory. The problem of unitary fepre-

-ause the pos sentations ofthe full Poincaré group including the spaceland time reflection operators has been studied by
large range, Wigner, and the representations are classified into4 cast. Tt i shown that, withthe added assumption ofase range. the local eld theory, Wigner’cases 2, 3 and 4etHer dafaot not occur or can be reduced to his ease 1. The‘nll result in concept of minimal group extension is introduced and the related mathematical analysisis given, The syne

inpensate for metry properties under space inversion, time reversal,and other discrete operators such as eharge conjugtsFeew if itis tion are analyzed separately for each of the Ubree nowinteractions: strong, ectromagnetie, and weak,form factors

«estimate for

. sls .eee L INTRODUCTION alefamttonian containing terms which do not commute‘i ‘ ith P, CP orT, etc, This is the sameas saying, how-Non is below UR views of discrete symmetries such as space “ith 2 , ying

ctupriepo.  OSneicoe P, time reversal 7, and charge conju Aha these operators do not satisly exactlythewiring
more gain Chave undergone gest changes in recent years, Tulplicttion laws of the coordinate transfomationsbosons. Since 1987, it has been well established! that both P {ICY Sttlvged toTepitsent within the full Poincaand

C symmetries are only approximately valid. Rather §"°UP- pucitly, the transformation| raturally, this discovery led immediately to specu- rier, ot,
. hhtions as to the possible need of a profound revision , hath
sees ofsome of our concepts. Until the recent discovery? of Sdresponding to P or CP, should commute with a timeagp \ie bere decay mode of the longived Ki meson, Stsaton, represnted infinitesimally by Hy and theMe. however, it was possible to retain intact the structure '*9nsformation
“out the ax, ofthe full Poincaré group and in particular to believe Tot font
pout ‘Shaw, 2 the essential symmetry between left and right by corresponding to 7, transforms the time translation
veral‘helpful | ‘sing CP, instead of P. Froma fundamental point of ¢—> itr into 1» t—r which, because .of the anti-Donahue for } Vets therefore, the strong evidence now existing of a unitary nature’ of 7, again implies commutativity ofsptp pro ‘SPvidlationin KP decay, and the concurrent indirect the corresponding operators. Thus the “exact” def!Scherer, wh  #Clusion that 7"is also not an exact symmetry, are a nition of the symmetry operators is a purely formal

more decisive blow to our notions on geometric sym- convention, that in fact does riot satisfy’ the basic
metry principles than earlier results. gepmetrical requirements. One can similarly think of

uf Ref 12 um —__ Strietly speaking, since the very existence of sym- other possibilities of “exact” definitions, For example,
‘onsofnieieon Metry operators such as 7 and P, or CP, is deduced “one might start with the physical singhepartels emt
“ube. from the alleged equivalence of certain reference “[hX), and define P and T to be, respectively, the

systems, the presence of phenomena violating that “unjlaty and anti-unitary operators\that satisfy
‘quivalence implies that the operators themselves can- °

not be exactly defined. The language employed most P\k,)=n|—k, —2), (Lt)# often in describing the situation is in fact somewhat and

| inconsistent.One says: there is a P or CP, etc., operator 4 T\|k,)=7|—k, +A), (1.2)and in specific theories one often proceeds to give exact +, a
f indin where ‘k and \ are, respectively, the momentum and

« Minitions of these operators; subsequently oneassumes the helicity of the particle, and yp and ar are, phase
1) pubis research was supported in part by the U.S. Atomic factors which may depend on d. (Helicity is defined to2 Brexgy Commission. 3¢ phe spi nt along the direction of K.
* mate natreof P and C symmetrieswas made on 8 decay by'C. ea ‘De And 1.2), the statesWa E-Ambler, RW SinymardsD, D:Hoopen tad & assos, [Xeh) and f—K, sd) refer to the same physical particle.5 ya, Rev. 108, 1413 (957). This was jamedistely followed by Th equations, however, have an unambiguous meaning 7«ober atin of the same noninvariance Weick Phys only for an exactly stable particle. The state vector of
Wer 108, as GGG) and by JT FranandVe ted, an stable particle must sooner or later develop com-Phy. Rev. 105, “rhe possibilty that P, Cand Tare " i 4 No satis-| tel approximate symmeties was "wgeeed ‘horcticaly by PoHeNts corsesponding to the decay products, No satisd 4 EbiUgeand CN Yangys Kew 1294 (980)and Taher factory generalization of (1.1) or (1.2) exists for such°
ig So (Bsr, A Ortines and GN: Yang, Divs: Rev. “TEP. Wigner, Gat, Nach. Math, Natur, Kp. 546 (1952)3. Christenson, J. WV. Cronin, V. L Fitch, and R. Turlay, Fora general dacusson of aitiunitary gperstory eeeBeThys. Rev. Letters 13, 138 (i964): See aso A." Abashian @ aly Wighel Grav (Academic Dress Ine, New Vor 1959),

j BPE BSE taCe, | ee
MB 1385i
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@ + Waretivation for resding this : Toligh uses, certain mysterious phases in his.
. paper on signature and TCP. These phases involve the operators P and TCP which .

_ _ Toller calls s and t. Eg, on page 316 Toller notes that t” = s = (-1)75 and st = ts(-1)4)

IT want to know: is this_just some convention (whichMS donot, use) or is there .some .-
_ significance to these phases. _ eee : - 4

1, Introduction. With the discovery of T violation = CP violation, you find that you~
“~ “can no longer "rescue" parity by combining it with C. Therefore, the very existence

of operators P and T is brought into question. Maybe they only exist for some ~ -
___-unpurturbed-Hamiltonian. Maybe different intrectiong have: thein: own Py c,. T- operators?—

7 Notation: G = internal symmetry group like isospin, elements are S. OPerator
--—— - Tand-St-are--equivaleht-"time-reversal operators" so genbral T ‘operator called T, —4

_ a representative. . I think ‘the idea ‘here is this: if you turn off your weaks and BAM, = _
then can't tell p and n apart, so you cant tell wheterh these is an isospin mixer in

-- = your chosen T operators: ~~ ~ . ed -
__. _. This paper will operate in a field tleory context. 1 am not. yet sure what -

Ts going to be.
eae ers _-

-- +  gonclusions: after. playing with the single-particle-states-of Jacob-and Wicky-and -—
ignoring field theory altogether, I am able, to.make a phse. choise so as to completely

- _- duplicate the equations of Lee Wick. However, there is nothing-at all-magic about  —~

ry this business. The only definite convention-free results I get are these: T* =-(-1)°% —
— and (2D)? = (-1)*8. It seems that you canriot change these results -by changing —- — —
-—- conventions. In the special case of-field theory with-spinor particles, these two -

—--~ equations. are-in fact-botn out. But Z-have shown-them generally» The value-ofP* — -~
- however is a convention; eg, Martin -and. Spearman differ from Toller. This convention-

- = determines whether or not P and T will commute. By allowing fermions -to-have imaginary~

——— —-partiy, you-start—on-a path which. leads. to the Lee. Wick conditions.

eeee -- ~ ee

e wee

i



Ae duis Deets Tesclnaadsin Maples : -: -:
In my notes in QED binder, last section, I'have ‘an old page which shows the effects ~~@-
oF P1657, -and TOP on field-operators: I’ suspect that Lee-Wigk, algebra just: derives - -| _ from,these rules, I will try_some examples: _ . q

: . 8

| O4HS = RED, oo = OT _
_- HO LOS = LEO oe - - eee ee

_ ce oe at ee He |
MRS ty eaplgsig T doqeata: | Lea e)Y .

ai ere ~ oat = hovel . lyse x2 Gon ne OAS = OfekasIS = ave Eton) = pwiw Ne) = —1H)
-

Pee Bye 7 ye oe ne

~ Messer: S.QQS:= ofegud]e = oly gore = 74@ =40). _-

Se SHS = 4 4e | _ a - -
2... bLeaxwst = -x@.] ot - -

‘

— - ~ wae aS} z\

- Not: CryOVed = SLPHOMS = GC orcas =
- = GAME MO) ——--- —-

ee ee m - 4 a —

_. — BRAC = PLOsEIS] LH VOX) Lo
Rarernan ers wh eomin fone me ee eee

- . wer fF WETS} ee eee ee
HS MMs | SMaCO)GO | --- —-——
awe se nee - . - Gry +r) (-') Jo. ---
a

I write this for general. spin field, but have only shown it in one case. ‘The reason——
you get a minus sign for spinor field is that doing these operations in reverse

-—— order causes gamma matrices to appear-in reverse order and they anticommuter- - —

So, I can derive all these little equations from field thery,*but I dont __
know their content, as Halpern used to Iie to say. Why should you expect to get

— minus signs for fermions? Why dont-Lee and-Wick give @ simple-reason-for-this, if — -
__ there is such a simple reason. Otherwise it.is just convention, =

a ~ - - ' crows e

_ - - ee eee -

oT - So
i

: - 4.
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What is the evidence pro and con for LeeWick phase having relevant significance?

1) Nowhere in their paper do I Find any intérpretation, of the interesting facts

they claim: Ie, you-find. cévtain minus sign for spinor field, and this t )
appears in, all hglf~integer spin fiekds because you can ggke these out of '
spinor fields. Nowhere do they associate this phase (~1)“° with any particular
meaning/.

2) For my standard hadronic single particle states, 1 have:

asST Lewy = LON lt
» a

S&T ede = +4 ley sos Gps 44 Aion teas

Qdse: a con “sam
Pipe n= CV me Ry) CN Ry Ar) Joe

a

30 Pax y .

» stmney: Teas CYT RC) lee

sm sem . eFOYT LY 4%) 104)4
aaxtwts a as= oy ao =s T=)

Now thet is strange. It seems that this magic spin-dependent phase may have to pop
up semewhere or other, With my choise of phases I seem to gdt this:

a as a * °
P=\ eTeveGya ct 2~ as a R
Te) ens Cetyt = v(er)-N

. Cet sane =e Cr). Gi)ee ee booetr ed 4 at

This is very mich yhat Lee Wick claim: How did this happen? I was not expecting it?
Is it just accident? ~ oy : : coe

ws a re : +

"do 4 ty) sen .
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“ @ G.R, Goldsiin, LF. Owens| Polarization Z GR. Goldstein, AF: Owens| Polerzation @ «(46) then would requireC,,, to vanish as sin?! i 2 ;) id yy inish as sin? 0. Thus, the suppression of unnatural. FD, #4 Dest, + Deer?party at the pp vertex predicts, ~ sin {0, Ay, ~ sin 0.C,, = sin240 and all othe, H yy 4 De + Deh 1.polarization observables will be suppressed further. ”
.

Gd pts val Dex 4 DilDalsarap_ + DsSGitsa_I «14. ptp > AtX with beam polarized ae _?

Forth 4 Deg =4 Eads +DOGG Del 6)
Faroe gcion in genera, there are 20 amplitudes, However, withthe target “= aa anna rebelsunpolarized, only six combinationsof amplitudes.can be measure oh

to the amplitudes in pt> AX, (57). With particle b the unpolarized targeu,theeseed_P2,MC) Vertex, the A(c')~ unpolarized p vertex, andthe polarized p(a)-» polarizedrelevant amplitude combinationsare eet, “sees; pla!) vertex, respectively. For natural parity dominance at the polarized proton ver-
“FEY tex, Dyy,Dyq,Dzx, and Dz, will all be small, The angular constraints (51) on the ob-ZL dbrourys = DOG. £ DeGo.), BE] servables in the target fragmentation region (cos10 small) along with this naturalD .

r ! — puity dominance, then require that D,y, ~ cos?40 (Dg,4_,_ 54 must be evasive).
a Hence, for this hypothesis, all the polarization observables will be small in the target= (+, +. +) (—, ~,+) : *De. .a9s : Devel"+ De—3}_), 4] fragmentation region,

Drersgens = Devel. + veloers aesebtebe = SDE +Ded ),’
5 5 re 7. Conclusionihich

is a ws.bere airsf° Pines eltonshins petween these definite naturality am. ‘The formalism presented herein provides 2 convenient framework, both from thesame form sin (58), except for the sum over Meeethe eaaes He OF the 3c + experimental and theoretical pont ofview, in which the spin dependence ofInclu-natura party dominance in (59) should be the camefor thi nanos Peon sive reactions may be studied. The constraints due to conservation ofpartyand an-tn
the target fragmentation region the Avis associated withhen S¥. gular momentum, conservation have been discussed and their effecton.the various ———= =!~~~ T0Gn BAYT different decomposition into defini ta vt theunpolarized targse" inclusive observableshas been shown to be of importance. In particular, the collinearpriate, Ths is done by noting dat he aoe neces lity amplitudes is appro: 5 constraints provide a substantial suppression of these observablesover a significantYeren andthe tonget pense te bea now appears at the lower ig portion’of the relevant kinematic regions. The three-body amplitude naturality de-

observables can be written in teons ofpains of derma een Mg.2, Then the S.__composition relevant for triple Regye model analyses has been presented. This, o-Priate forthe target fragmentation region tality amplitudes appro- “x gether with the above constraints, allows a nunmiber ofinteresting predictions to be
ai made

Po ze.
sO i gD gle). 4 psn) s
arate Gants 2 esse + DG oeB.) , a Appendix WP BIDS (ANG)
FA=Aim Dey, +Deg) 28) Definite naturality three-body amplitudes

. * Extending the procedure used to write the angular momentum decomposition ofP= 41m 2D Deed +DeGed ), “, the three-body amplitudes, we can form linear combinations of amplitudes to whiche i

- reggeon exchanges of definite naturality contribute in the fragmentation and triple-

« Regge kinematic regions of the Regge-Mueller model. This procedure is a generaliza.Mag4 DDeSger}_ + Dee}, ~ + tion of the work of Salin and Soffer [6]. _¢@\\ -
. * Consider the ainplitude for abe > abe continued into the physical region for

FD. = ) a J a+ + Gb’) + (F') (see fig.2),We will form definite angular momentum statesne 4D alsahet DeGt hAL, for the (a2), (Bb'). (a'@") systems, combine these to obtain definite parity combina-
at

Pm

By



As

e pe '
TN ‘ ;
S , v

As

a ge :

e e ; ®



168 QLene ttn 2@ . ©. Goldstein,L#: Owens /Polerizotion 169
fo: ¢ Ee whore ny and nz are the intrinsicparities of a and &, S, and S, are their spins, and&S 0 ford an‘integer but } for J a half-integer. These states have deinite naturality

en ree Inserting these states into (A.1), with —
+ b RS Uae) =VJ¥1Va0, + Vaod_]N—> 2 = {lvaed, + Vaod_] ,

f Ef and observing thet «

8, : an pug ZO) = VEE gs ga
‘ Beadoe to leading order in cos0 (which is proportional to s/M2), we obtain the amplitudes

»’— v = for naturality #(—1)/—¥ of the ac system
Fig2 TiploRege diagram showing th no a = rm" : S,4S-v-erétn notation used forthe natraity decompasiton af Fore yey ee 7 boat ya haar”
tionsof the (2) system to leading order in the cosine of th “2 °¢ cosine of the relevant scattering an-gle, and then cross back to the three-body physical region. ane Seattering at ag XFGuyee,-a-t * oe (a3)

in the (a) er-of 4 7 _ vet .

helicity state 5 ea be decor osed ino vce ane omenta: The two body >: 2 or the trée body Forward cattertg .ly state [BB can be decomposed into states of angular momentum§ ra We next cross into the three-body forward scattering region,
Bb'l= Ds at on = a yt rypSe_ ot .(Be 1 DO S5 4 Gq. #,)(SAZb'I, s Sagayrgu doh z FeO Oe e og)

ze oo

where64 andg, orient the single ‘ Zt. ¥a Jc single particle momentum @ ‘chis 74 #

_. When angtelaraSade ne CO Tenore we se a meets
tat

KAO)A OEE ZK) Gay carey 0? (Kay
izi=D de, 0.4) SN, ! apa dag

pOw Once EME aye
:

where 0! ,
+ where the x's are the selevant crossing angles. Using the properties of the d functions, >.

whiere 0, and 4 otient qy- with respect to @, and it follows that
a= Man % sa $,45p-etE~a= Dah gg OUMEe, ase Réwerate SME eye ae” OS)

wee the salesng angle cos 0 = p-Q/IplIQl. Then the a+ ¢-+(Bb) #('@’)- 4 bes G8) ‘coupling only to states of definite naturality #(—1)/~¥, to leading order in _amplitude can be written 2 E ~ae ‘The Same procedure could have been applied,to the amplitude for 3’ +c!(5, b’)
Fo os Da + +(@,¢), So that an analogous conclusion is that
re PeE “ys Pg hana 2 PRG50a) ™ en

. SEawe Sone ave MEMO Sey eae’ 9)
X DS?| _(01, ¢ MSABD'; S'A'0'" IT! Uai “tT"na 29g» 9) $ '7/ Uae). (A.1) ¢* has @’c’) coupling only to statesof definite naturality #(—1)~" toleading order in

’ (M2. Final sideration of reactic Poa "C") \e colNow form the states ‘i312. Finally, consideration of
the reactionb +8 (c2)+ (a’c’) leadsto the con-

4 lusion that

vat) += VE lee -1)Se4Se~ D
} 20,5) ay
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+ 0 (sin } + 0) will be satisfied (evasively)") couplin; finite naturality #(— rin en Minear constraints (21) for1+ 0 (sin}hs .8’) coupling only to states of definite naturality #(—1)' toleading order in | Then ih leeFor fctorizable reggeon amplitudes this impliesi. z BnGiven

the amplitudes for definite naturality of any of the pairs that couple to an Eaters tgte—el+u'=c't) (All)Regge polesin the triple-Regge limit, it is then possibleto form combin: th os { oye ape & Sbe'(sin 38) ,<Jefinite natuiality at all dnree vertices (see fig. 2) by applying relations (A.5), (A.6), 4; . . icity ip. ThatSctinite natutality at all three vertices (s¢ y fe vertex cannot involve helicitand (A.7) simultaneously, Letfy, £3 be the naturality(+1 or -1) that couples #| which immediately requires that the we dye—— &to the (2), (e"), (bb") vertices, respectively, Then definite triple naturality ampli- 2 “is just the result first shownby Abarbaneltudes
(0 leading order in M2 and 5/32) will be ‘sf

: EYfats) SytSp—v— est anSOBER = 404 talaga. age thr tunel) Fis teens
- 345,+S;-v—a'

42" ta 1] AH, Mueller, Phys. Rev, D2 (1970) 2963. sawford andSyne, one *f2ngne(-I) Fate abe 2 1 BG, Roberts, Phenomenology of particles thigh energies, ed by RL.C
. a: B. Jeng Acad ess, London, 1974) 2 sets 408 (1972)239Cpr nBte yp ‘ oh lips, G.A. Ringlandand R.P. Worden, Phys. Letters3 +n Fae ene) gS as 2f {al ab- hee, Ph, Soin and Meyers, Noa Pry.82 1970 292~ J .

fick, Ann. of Phys. 7 (19! .‘where parity conservation relationd(17) Mave beei usedto simplify the form, Note 101 Mh SaadJ Sote, Neel Phys,O71 09Tht (de to partySnteste etius be #1 in onder for Wipe Dra eeCA: TPL, Wang, Phys. Rev. 147 vest, Nucl Phys. B80 (1974)be non-zero. Hence, naturality combinations that are odd will not occurat all 7 a on Goldvtcin,LF, Owens, .P, Rutherford and MJ. Moravesik, Nucl. Phys. BS‘The inverserelations willbe ofusetnthedecompositionof Observablesntsde. > : 164, 1971) 732.finite tri unplitudes in the te ze H. Abarbancl and D. Gross, Phys. Rew, Letters26 (finite triple naturality amplitudes in the text “Al — 1 otra Wyte ye FT
(+,4,4) (+, -, =) (-, +, -) (-, -,+) wt 1] N.S. Craigie and G. Kramer, Desy preprint 5. 74.:

S05; ure ZEt 11a potie, MslorenctonoMhateons ler teiand Amsterdam 396P maLoVE ELE fo he gsr got 2m eid alld] Hefilhuhe, Thelnteredonof tadeons
(-,-, +) % .

i ‘ev. Letters 19 (1967) 273;
= Ste we

foord, Nucl. Phys. BS3 (a rt a - 71-G.R. Goldsein, I. Owens and J.P. Rutherfoord,Sa eave “MgC AS BEY — aged aad
4) atao, S)

Ba Baap8 DEEEE GD = I gD 4oy,
(a9) alwhereA= a'b’¢', abe. Note thatif only one particularset of naturalities, (Hens aw<contributes, the collinearity constraints (21) in the 60 limitwill force oe oe hetie amplitudes to have additional powersof sin 10 (Le, some amplitudes will evade.) <4several

sets of naturallties contribute, there will be the possibility of conspiracy. 2 }Note
also, that for single factorizable reggeon contributions to definite natural Retity amplitudes, the resulting smplitude will be proportional to the product of residue ">

functions al
(S1.f2583) a

Sones abe & Bee OHO). (Ai0) ‘



alin.
~

Re el“4 Sac’« : . .®
oT pg ee “ Ghink playnesd proune

r Ast" Pe a techa
ows “@4o an ,

(Aa) da Dae sek Ree (2) pe anrhysi-

The idea of this little appendix is to cqnstruct 6-point functions of definite
triple-baturelity. We know of course how to do this for a 4~point function. The

thing begins by doing a White-like partigl wave analysis in a physical 2 to 4 channel.
You recombine all your two-body states sq that each system has a definite parity.

Then you @iddle around as in (A.3) to get the entire amplitude to have a

definite parity with respect to the initieh channél only. Then using the helicity

crossing d-functions you convert to some ‘useful Mueller region from your chosen
2-to-h channel.

Having done all this wrt a particular’ 2-body intial channel, you repeat for@ the other two channels to get (A.6) and (f.7). Each amplitude involves naturality
in a particular channel. Finally, you combine everything ‘to get amplitudes of

definite naturelity in all channels, see {A.8). It is claimed that the product

of the naturdlities mist be 1 or else the, thing vanishes due to parity. I'q note
sure this is exact or asymptotic clain. Asymptotics were used in step top p 169.

” Fot more details, eee their ref's 6 and 9.

By the way, when I do this stuff I have been using Toller so have not had to

do crossing. Something maybe to wonder about, iten # 53,67L.
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f PCT and all that. Crest bo GEVand Ural)“
@ I. This first section is a discussion of how time reversed, parity inverted,and charge conjugated wavefunctions must be related to the unmanipulated

; wavefunction such that the Dirac Equation either renains invariant (P and t) |
or stays the same except for a charge change. (C) In each subsection below

we investigate several aspects: |
2 must the transformation operator contain complex conjugation?2) how must the Dirac Hamiltonian transform under the transformation

operator (which acts in the Dirac 4x} space)?3) whet happens to Dirac's ALPHA and BETA matrices under xform?
4) what is the energy of the transformed wavefunction if the

| untransformed one is in ap energy eigenstate?
5) How should the external electromagnetic potential be treated

under the various transfoimations?6) Do all analyses using both ALPHA and GAMMA forms of the Dirac equation.
7) Special section on PCT all at once.

Here is a list of contents: 1 :

1, TRI and the Dirac Equation = __ .~-.
2. External Potentials : i }
3. CCI and the Dirac Equation . a an
he PI and theDirac Equation , 7 é
5. PCT invariance Py
6. typed comments ae v

II. A miscelleny selection of working papers. |
e 1. Behavior of the spinors u(p,s) ete under P,G and T we

2. What is time reversal? nn 7
3. Werity that Mott ts TRI. en

he Mott and the "Commins Teble® | Wy5. Reverse spins and momenta but not i and f. ®
6. The TR Contradiction and resolution a

~

as Conimins M, M* and M’ -
bs Hermiticity has two senses
¢. photon absorption as ex of TRI

7. Typed_comments ' nm
‘@- when do you know a current is Hermitian? so
b. why are em proton form factors real?
c. “Hermiticity" in weaks: T = Tt

III. Invariances of Bilinear forms.

1. Recap sheets for PyC TH+ _ _ oy
a. specific POTH transformed bilinears
b. table of transformations

c. direct effect of PC,T on spinors
d. two statements of invariances

2. When is a Bilinear TRI? When is it PI? Whenis itCCI? _ pe _3. Hermiticity Invariance , -
1. Example of how Hermiticity’forces real form factors. 30

e Yat emand Ware! '

&. S- rnd and PCT. :
BL Yu opuatre and POT:
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e@ Comments on P,C, and 7. . -oo.
I. There is an essential difference in our handling of T and P as

: + compared with C, T and P involve spacetime and observers 0 and O'y
We spoke about the relations between the external electromagnetic
potentials " as seen from different frames, the primed and the

| unprimed.” There; we were observing the same electron from two
different reference frames. In both frames, the electron seen
had the same energy, the same charge

2. Charge conjugation is very different. We never "go to a charge
conjugated reference frame." There is only one frame in our consideration

of C, But, there are two different electrons. Psi is an electron,!
Pai, is something else. If Psi were a negative energy electron, then
Psig would be a regular positron of positive energy. So, the two

objects involved here, and observed in the same referential, have| equal and opposite charges and energies. Since there is only one

referential, we never ask questions like: " tihat happens to A under| charge conjugation?” In fact, in treating C, it is best to just

suppress the spacetime indices.| 3. We have now shown that the Dirac equation is separately "invariant"
' under Pc and T. For P and T (or P? together) this means that in

either frame, the Dirac equation looks the same. For C, this means

: that Psi, satisfies the same equation as does Pai, except chargee is reversed. That is, C invariance says thet the anti-electron acts
exactly as an electron with. reversed charge.

| 4. This, we are not surprised to find that the Dirac theory also has
i combined PCT invariance. The interesting facts are:

a) the “PCT wavefunction" satisfies almost the same Dirac equation
' as the "original wavefunction". However, energy, spacetime, and

| charge are all reversed in the P@T equation, relative to the
original equation.i d) the fact that 3 C wavefunction has reversed energy is only clear

' if you lock at an energy eigenstate equation.

: c) fact a) motivates the idea used in paropagator theory which
says thet a positron is a negative energy electron moving
backwards in space time.'By "positron" we mean the PCT wf.

1 5. Also interesting is the fact that outside the realm of Dirac theory
and QED, the product PCT is still supposed to be an inuariance of
the exact theory, even though the separate piece are known to be

violated. The PO? theorem has been proven in.axiomatic FT and SMT.| 6. Note that in this whole business we have given up on the idea of
giving a meaning to the action,of some operator P,C or T on the

external potential. We simply do not consider one of these operators| as acting on a fundtion. Then only act in the Dirac space.
i

{
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@ . Questor: What is. the effect of reversing all spins and momenta, but not
.L fo = interchanging initial and final states???iy 4%,> - ()

<
: is

1 rsbo Ny »f~_2_ 22 A| Ce id A te So Las .
H It would give you the sane amplitude you started with, except for the

possibility of polarizations perpendicular to the reaction plane.
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. Towards a Resolution,

t ) I have read page *¢ 86 of Commins and learn, much to my surprise, thet
.

M' is not the TR of process M. Instead, it is the TR of process M*. So, when

he says to compare M* =?= M', he meanb to compare a process directly with

its TR, no stars involved. This is supposed to line up the spinors for

comparison.

Well, for me it does line up the spinors. So now it seems that

‘ everything is in order again.
;

However, now we see that (it ig not time reversal invariance whichrequires that the coupling constnats ve real. Instead, they are real because

4stone er orm Seer ttre)4o-roalrwell; -whet-Imeanis_thiss
‘ i * Auss EITED = cit loot calito” = Md the Toop &L i —__ L Hea.= xT ~ 4BOF Ae) x FAG ue) 5 FREY FAW x RO) G alah

> lacyra@| = [Zod rule) ake dk Saeak-

So, the hermiticity of the T-operator (see other sheet why) implies thate these two objects mist have the sandmagnitude:

EW Fu aud tat make WO ral empha ,
TO YEP, ale)

Notice that this involves the comple¥icomjugate of F, whereas the time reversal

relation, to follow, only involves the transpose. Time reversal invariance

says these two must be equal in magnitude:

TCv) F alo)

Eb) \T FT Y, a)

ys) Detail onHormitden conjugating: Let M be a bilinear form, This thing is just

$F +o a number, so in the 4x matrix sense, taking a hermitian conjugate is exactly
the same as complex conjugating. Ie, jt you transpose a number as a 1x1 matrix

nothing happens. Hi

HOWEVER, when you thing of M gs the matrix element of the T-operator
an the usual quantum mechanical Hilbert space, then Mp, = (b/T/a). With

respect to this "states Hilbert space there is a different meaning to the’e Hermitian conjugate. Ie, although Mp,is a 1x1 matrix in the Dirse space,
it 4s a NxN matrix in the QM Hilbert dpace (eg, a is a matrix subscript in

this sense). So, when you demand that} M be Hermitian in the QMS sense,
you get: =i > That Uavawbme”” +" anf hommes
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Time Reversal. Contradiction. :

@ Suppose we have an amplitude or bilinear M= B...a . What is the
amplitude MR? I seem to have two. contradictory answers to this question.

First, it seems reasonable to say:

are é 4 . marWe BCRS) F OCR) > Mim = TCRSS) Fa)
Now, if we use Gene's page 366.claim,' then

Waa = (Sucesyy ers alma) = was)KTFTK Wha)
Now if we reverse the direction of action of the first K operator, we have

to star the whole thing, ‘ 4
~ *“thee,= [it Cd KTHPT wa] = LES) TET a9)]1

Thus, with thie definition of MT™® 1 find thats

*NL = % Ce) F A Ca) Whe,= Ke) TET uc)
Mi= RODE TETYS A) © /ynomy «

Now these equations disagree vio) fently with Commins Hg-always ha’
e to use Moe der to compare with M)S6 that the spinorg-fgree, whereas

my spinors already Bgree without the *. Lets go over Sdumins method for TH.

t 1s as follows:

Wx TO) Fa) =3 = Vin Ure (2)
‘The difference is that x KowYF ‘
Commins has the roles n

of a and b reversed ffo ie above; Thus, in the end he get:

mt= Ue)FKHa) “ :
Mh FRO) TR Too)
We = EC) LTET voute) | a

‘
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a Comments on Time Reversal, Weak Interactions, and Reality of form factors.

® 1. First, a coment on the hermiticity of currents. The electromagnetic current
.

is, at zero momentum transfer, an observable thing. The current operator

corresponds to a physical observable, so the expectation value mst be

reals Laonyp aay]= Tay Yay,
If we were to concoct some kind of electromagnetic current operator, say

using Dirac fields, then we might expect thet operator to be Hermitian

{at least the normal ordered current ought to be Hermitian.) It is Hermitian

operators which have real expectation values, always.

Similarly, the V-A current of’ weak interactions is real at zero

momentum transfer. To check this, we just look at the last column in
Commins' table. In general, we would’ expect the weak leptonic current

operator to be Hermitian.
1

2. In QHD field theory, the Legrangiah is an operator L = J.A. The vector
potential A may or may not be an operator. If it is not, then it is real.

If it is, then it is Hermitian bechuse photons are neutral. The electronr ) current Jy is also hermitian, and normal ordered. Thus, the lagrangian
density operator is also Hermitian,

However, in field theory the Lagrangian is slways Hermitian because
the $ operator is unitary. Thus, the Hermiticity of L is really a starting

point. We should not think of it as arising from the hermiticity of some

current. In fact, in weak interactions there are charged currents , and

these ere not Hermitdan.(You always have to add the piece of opposite

charge to get a Hermitian current.)

3. How do we know that the form factors of the proton for deep inelastic are

real? At zero transfer we know they are both real because they are both

observables ( charge and anomolous moment), . But why couldn't they go

complex as you leave the forward direction? well, there is this idea
that even at q@f 0 this current cotples to AY. Again, L = J.A, and the

Hermiticity of L, together with thé reality of A, implies the Hermiticity

of J, so the form factors must maintain zero relative phase.
e
.f'

|
\
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 ) ke. In the study of weak interactions, thowever, we often encounter currents
with various form factors, which ciirrents are not Hermitian. Of course

these currents are combined by hand in a way which makes the phenomenological
L Hermitian. The question now is: how to we show that these form factors

are real ?

Well, the answer is as follows: you know that these form factors

are going to show up in matrix elements of the T-operator. Now, if you
could show that the T-operator were Hermitian, SpdAe(

fot dedetse WimrhyhyGeX \itwériaately then you can show that the form factors are real.s
= S 4

Me <AITI7 , ere = trey,
Mra= <ITley= <p J Yoo asta, aad

= 4 ha Aue nd

Mn SAT vr 2 / nano= p = :

* i Sw
1

= '

y Now if you takéa specific wxample for M, You have to go look up ithe last

e two colyses of Conmins table to gee Mow things transform. F;
N= BeWaade + Re OOKCa

x it «at’=(LROGWOT GF ATRWmagt er
cs) HRYHA gl + TOGA gy) / Sask 4

, ~ a hoe,the = [Weyl Ko!) gy POEG y JE te, ta gflin TR sh
TA re TR 4= Ran, + ba Arca en / on

sok”

©) TOMA aQ) gy + BYES aC) Je
Comparing lingé (a) and (b) shows that/ga and gV must hayfreal relati:

phase. 1

5. It remains only to justify the idea that the T-operator is Hermitian. Usually

it ds not so, because the differente is TI*, according to unitarity. But,

in weak interactions it is fair to'set all higher order graphs = 0 since

e G 4s so small. This means that TI*/= 0 and T= Tt. Another way to look at
it is this: If you consider only first order, then T = integral d4x Lag.

Since the Lagrangian is Hermitian, so is 7.
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Sompare Crossing a5 Stated in Helicity Amplitudes versus as Stated in -
Toller M-functions, . - -

e 1, First, I quoté the helicity amplitude result from MS. SeeSelf“notesin S-matrix‘binder for one page review. Crossing says: + . 24

arya eon.) ry ae - er
== Eee Syp\E Qa gap Lape aayah VT | ayes guy
oO oT ge ag
en ne aee a :-. - <k = : .

7 77 ine % oa 7 asa \
ee Gea

2 OT -  =%- Ss -

_ __T_woulg ike to know how this equality appedrs in Toller function notatikin,

7 ° ry A sO ¢ SO 8) gor is)- WMyypybcetaciely Wayayg (a. ae a6" a4
Te ty ~e Tone ) &)

was lank as! . wae AfandDe” cadenacade T, US dowit_ “ Tolars.de cunt.

@ ~~ Bit 1 wowre nat say these genéral objects ‘are equal wiles you put in the right
"Wok  tratisforhiations aj. Thess AYE sbppgSed tobe “heTicity asipTitudés, 0 ~ ~~

~ CofiStiuct Your", accdrdingly: ) -- - - moe
z So 4a

en ae = a a- — |
~ ae eR Be er. aMe 82 T. .

wre “Hg: Me godoe & ze 3g MM A= 92% ~ UNS go :

- - oa ~-- 0. - -o
aN. a * 7 ~~

a = GY Gd. = Vay ost vet week
- oe by. aew! _ gite givalet LL

nase '~

L The group rotations g and g' are presumably determinednn
oe ae by the above ‘equations. - - se

~-— + - 2 Comment: with these values of the-a we reatly want—to say that “the-two~ —-—— -—|
-~ -- —+-Toller Kiunctions are equal, They are equal when evaluatedat two different. .point

in,the huge space 4 . However, ‘these two points are not connected by@ any a €Az ~To-see-this, you just realize that such an "a" would either have vo
- = -- include TCP or not include it, in either. case you cannot generate the right ICP

factors. Thus: ’
4

— --- - ~The Toller M-functions include. TCP, but..they-do-not_include crossing! .

‘
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,

3. Let me try to Festate this ih other words? * cof os

We know that there are many amplitudes related to the same analytic function.
If you negleét Dalitz decays, then usually there.are’6 amplitudes to bé E

considered, : : 5
The Toller formalism including TCP "incorporates" TCP invariance. Ie, two

reactions which are related by TCP are simply related beeasue the TCP operator

is just an element of the invariance group. ‘In other words, the comparison
of a reaction to its TOP reaction is as trivial as comparing a reaction in one

Loretnz ‘frame to the same reaction in another Lorentz frame.

However, there is no such simple connection between the, s-chanhel amplitude

and the t~channel amplitude. In other words, the Toller formalism does not

include analyticity as one of its assumetptions.

Toller nevertheless does want 0- include all,6 reactions into.his one function,

reaall equation (j,.7) in signature paper, where he allows for all reactions to

be “present. Howeyer; this is of course a doctoring' up of the Hilbert Spaces

by adding their conjugate spaces, and then letting the doubled Moussa Stora
wavefunction: select out the reaction of interest.

Still, there is no analytic connection between the various. reactions, except

the TOP connection as already noted.
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| Quick ‘reidew of MS on crossings . ayn

r 1, I had trouble reconstructing the argument,,so thie time I will record the
arguemtn in more detail. Open MS to page 329. Examine the equations on that

page. We are going to prove that equation ) (7/14) is true, ie, we will

prove this:

‘ (9) .@ AFe403 papal TO gages aaa Cae 45 papal (= 96,46) Ay>
as

« Zan ' a” ; ~ . qe 3-44

Aas, oirtnn [E-ae “els aye ©, CFa]e po betaine
. ee ne

Se Gury Ce R= Gurany So@
We are claiming that if, you fake the normal srchannel helicity, amplitude and
analytically continue it to a point (s,t) which is in the t-channel physical”
region; then you will end up with’ something which is numerically equal to the
t-channel helicity amplitude. Look at the right thing above. This cannot of
sourse be a physical s-chenne) process becguse t is positive and s is negative.
Another way to say this is: two the,momenta which should,be future are pasttimelike, Thus; this s-channel aplituile is not being “evaluated” in the s-channel

~

_ physical-region, on” - -
‘ . ’ ' t

2. Now, let A. be a real Lorentz transformation (not a complex one) which connects

tw frames in the t-channel physical region. Then the t-channel amplitude shown
above on the left mst, transform exactly as, shown im equation (7.17) where & nyph loanis the proper Wigner rotation, ie,8 = R(K ,q:) for each particles Note of4~
course that at both ends of this Lorentz transformation, the t-channel amplitude

is physical, de, is evaluated in the t-channel physical region. t(#)
Now, apply this same Lorentz transformation to the object on the right,above,

e ie, on the continuation of the s-channei amplitude to the t-channel’ physical
: region, You will get, equation (7.21), although MS use the p; as shown in (7.16).

The Wigner angles here are RA yc) for particle c, the sane Wigner rotation
appearing ip (7-17). BUT, what is RA, -aa) ? Ie, you must, face up to this.
minus sign. . .



If the vector -qq As defined in terms of qq according to (7.23), then you
can calculate the rotation R(A, -ag) and you get. the result shown on top

of page 332, te, . : . . : @

Gy, [edral= EF" Ge LRAew|Jen Osea) —= EY Dy LRU w]e
This allows you to write the transformation of the (continued) s-channel

amplitude as in (7.26). Comparing (7.26) to (7.17) then shows that’ the
two objects given on top of last page (back of this page) transform in the
same way under real Lorentz transformations. :

If they transform the same way, it is reasohable to conclude that they are

equal. This is the gist of the MS proof.

3. The story almost ends here but not quite. In equality (*) we could choose
a t-chatinel cms frame’ if we liked. We would then be equating(a t-channel amplitude
evaluated in the a t-channel cms frame) with (a s-channel amplitude continued
to the t-channel cms frame).

Now a careful distinction is needed. A t-channel amplitude evaluated in

a special t-channel cms frame may be identified with the "t-channel cms i)
amplituden 1°*)(s,t). “You can’continie this "t-channel ems amplitude”
into the s-channel physical’ region, eg, to the s-channel oms frame, but it
is still the “trchannel cms’ amplitude". ~ a

Now consider equation (7:31) ‘This shoys a relatidn between the s-channel
amplitude evaluated in the s-chennel tus freite, and Some cther frame: The
s-channel amplitude eveluetied in the s-chanel cms frahe is identified with
the "s—channel cum ‘amplitude", which as noted above you could if you liked
contanue anywhere you like in s and t, but it is still thé"s%ehennel cms amplitude.”

Now so far, equation (7.R%x 31) links the s-channel amplitude at two points
_

an the s-channél physical regién. ‘(here specieliéd’to case where’ the LT is a
“zg bodst). ‘he trick is now to continie the entire equation, includeing the

wignet fotations, to the t-channel negion, in particular to the t-channel
cms frame. “Then the object’ on’ the right of (7.31) is the s-channel amplitude
continued to the t-Channel cms frame, and is therefore exactly the object on

the right’of (+) and vid (#) may bé identified with tle somkinnek t-channel
cms amplitude, as noted above. This we get (7.34). vos .

‘

gquation (7.34) then relates the t-channél cms amplitide in the t-channel @
cms frame, to the s-channel cris amplitude continued to the t-channel cms frame.
More generally, (7.34) ‘Belates the (t~channel ‘cms amplitudé) to the (s-channel
cris aniplitude) in. any frame. The ‘frane is denoted roughly by values of s and te



H —_ es

\./ 416-75" &

X A

H - aaa at

(0) r MW, he mun. reSensuse, aro 28.8 i 2
NI 4 ‘ »

le. b
°

i , ,

Kc AlabsedsCode py, “(Peay (a- poy

= ACob>ads x = a)

@®! We anime do exprona ol onessind—adabed amldheiche

aoa oa - ,
SA .

& = wy wy X) : .

X 4 +

=WB: in Ore chow cose, x=! (Patt) = povtbsine daly; im



4
.

—fsoamna oe Coa artorsance paneres

ee

co beth _
| UTSeTS_= 342)

- Mh Ao oxyek,az=. TavaLt omed

DW eds eo
b fg __ ok

-  -& ava(BAC)
+ a —_--______-_ -—- —-

va a geay a aQue Qu Qs chen’ Qe Ashonnuer. pasiaad,

rr

ump oy = Tm) Lk

- 21| gacarsa pamsada _______

. ee



? 1

/ ‘ 2.
‘

| ,

edi= Bi cht

Que eas caer de quiver thas invaniondo el dllicak |d 0)

cies Oe ee “s-dermeel
RES _
BA . }

SOP = $Gty Bu coal”

poe = ftw Sb end |

)

x Bex. — sa (yet sg! .
J s=.1C ee =a rae stot

[ours ovplature lene. .



r
»

eer om a ma oe

_
.

Fisk ws. _ Sis teu we SACS45. 4,

- Ol Wertin aia Ad Aasdiyss, bioewaniagtes |
| SAX = Sow)

*'b

;oy Bd 0a) pond ol Wigea
st iee

tla: Mvin fogs Alas Moiersaonaad” of flan R= ecbsoatr. |

by Ine Goinsro® Crassiuas- Promeio iihuils uns: are

.

°

.
° 0

Beamdsad Goss sQoa ) odin



/ ' 3.

. {sa boas doo ded Sek ad oo AYVINIMSe _PAacead ab-rsd

S< \ t ys o

yA lof

haesoasea: com lbe loarens in Senmng db 21,%1,2s) Wy) Lhe

raadhacod jiek hie cusoands ' x tA 8 “ a
9

+ *

casi: gomnraliniad braids = Ya: dn Miia oblonmatcn sohoue
N C . i :

im denamas of rans alain Qrasa tavinnionwkds

:

3

.a _ ff ot an

PA 2 Thabsoy bad,f)

_ A_ Cal. iimrosning') do onitider arashanvnslacdaleike fre

is_ clays Rimsandot sally, bs arddour wasnorlsdosa, unt

4 §pi pcan ps gin pasta J| Sita cages i
. Vea, be; Be bao ke d ki TC abed—%; kako

ke, kdsspo SRE



Y,

mo

|

. Nonmsaina acdabed” exocoutd. Were co Mee aude whistle

a Qinwe Beads., Qo, plau’dicol owen obsess

_ mpaaadach aasd Qac_ponbiede Coles! te. bannad,

__

A ek
a

rR | <9 = MM (aykayb ks; okeyd; ) Tte : paler Petet Roe RAS OO
(a kwnomodtic. canctabein da -

al ~ M4 Ge . 4 ; .

D, | = We (Tae,bays eee; dQd) _

of Tar(outgoing a pasicede,Vnbe
Qhoktk. appeana orogated. Aflip uso lors Ce

_ 2, shad cane OD Lngiv r

[Tb ades gi9,944) = Wows.) ee dad)



. ~

,
;

‘ 4./
1

.

:

YC Cay kesbe Yeu: oye: dy ed wou

+ oe oY

qtstea < ; da

PoCa

8

4

Arron omen hark Tne caithiode » to mM cua nanan(

w " A . 2 8

amt 4 ¢

Dedarns, sQate A . eulocs

s on oliy Ad YAW) Aowenagla Sun [a eas" a pantcle sa chaupeaoa Diins a oss” o particle +f " casket: a
hanacte, Jann imaging dm tabeots" 1, yaa amdPaws of DAA’ W.Geatad Ds BUtceo Wis Ga rund

QNNasaa EDA AD Qasay (ne lay a ad nse= 4



yr .

_— TL ope sana rrspoded Cu. (Mo cma uber omer Qabuck e
\ g

Pa

ney ee ye —_R Co) = Nha bbus,bed,
p ZN

— fT Se Cranstes

aC = Tham fe, uss, Pe A, Pa) __
—

.
———_

_

.

= b> dey Pa, Px, fa feb ee

—_____@ Mas (ak Soak na ears. obhoann dn_ssdate (se _
5

_ P or: a , + . fa a 7
—-& =U Castes byPes Say Amped)
_ a Po = T(oredy Pa,fb, Pept)

---- AvaPans Qaca go: __|
aq 3 449 _.

_— | =. Mela Gib wisi Taq) |

qa |% qe = Thr Bd; Gs, 9%, 92,04)

cS . +
:

ut » a . |



| sL :5
H

e Pie abt Went hee To. wethekea Asdabrin, Weoturrou nes adi pideneng

a
aT Gb eds ~ 02,0, 89, 4

1Who sslonoinse anne Tadeo: 1
9

.

~ [pannus amy muasing aisle angina Bek
a

Y 6 t _o )

tThoad, kkkk) = seth kn ke, Rd
=

—

™

=

7

~

> —_e



r
*

~ a ° =

| 34 =. E(ot bly.baka, lerfel)
ee
be be = ab-m ods | Ary mh, hy

mun ese oe 4 ef ;
a bie? 4 ke

Dey = TabaBebb)2 |
€ = Flabicdi- be-bk ke Re

:

-Roame, sla chides . “

ey de ee ee) ee ws
DA) as TV Cob Sadie fb, feyOd an 2 eeTO * ‘ ran 7

fu UF (aleaed: CPt PY Dera. (Pax Pn’

—

- _ = abe > ed, “S ha, ta) a
~

— ake 2

x a . Ley
Lp . . 7 dAED) = TGboady 92,9n,93,a1) ;

gNAb = Tlab 0d) - 9%,98-93, 04)= |



e = LE Cobo chs Can cas)’ (~92 +n (Gaetgs)
ab = al— ody S t ey . ae

md Vike, Qro ida J. eacbilostiie losfly Mee grossed cua
. ‘ne an ‘ * 2 t . -

__

abcd: Py, Py fs Pe . .
—

H :

:

amd won. Qe pmomocda!one aoncorsd ta fro sane
4 8 ;

operon Arnightk lae.:
a .

T1C0,. Pe. Bs. P
~

“pe ' N
OO

:

t

(ZO) Fri pontssdee writ prin tase naashdy ww
po al0:

. Al shu, PaDh Pe Pd= Ma die dre ul

Cosbby. ka Rebe Pl iy We Ue, WE dd



r
e

x,

0

————_lluhorr you shy de carmipane flea somber -d-rroa
paapdituados dl Qncar hur ga 2adod), Vo'ndoke gues

g. 8 1
__

- BD Crrrimg ia Gar sladeunadh ‘Dash of "icnadainngsstinksd’
—— N ¢g

— Sti). We rose dadsnosed seed sal pr. Khig
: vs ae! ~

— Pasonosd push k Asome Sp ons rc (oo

- Is, Mears yim sas “oi do” Gre wrch Srosa —$

ee ee

AO———

Vo _cese Ooaranid’ Son €hoir deal." Viminorron, (are |

fot = O  desnime Ono ac AWA ure Dots Shak 4a . a my, . M wT -@o
- Ino mnrawee cle ono udmotsualornyd | Olio Va onraduslrerte

° wv —

— L\ Mar olaarcak sbsssk ol |S i”
* Q ca .



7 sane”

| . 43
@ - Beedclasetionis. Lhitifastiten,Tem enessing!

oo Hs Se Sack Sie A etng antag dale dof- yeah Anak sent asin

. Ohm nace wey sonnet Qowsriskstdle poutine pole indhuin: ime Wihur anmplitiider), Ba 4
a i 4 .| Pye | EOE ~ P ze a man Suse= yf4 pra de Gorm say oleak Srey.Sia, Sse %fede. uk| j pe GBR) <0 = ACE SEGrapph)>o | apse

£ :|
| Que ahh Geed= age

>0loo, Orne a eckmibenoe aioe EnronLaka:r ) ul = CRATE) . -
e Suse < (Jka ~15%)

ew OME <(Ne-SEl

oun aoe, PS Se PO See. KSase, oJ :
She

teed . - ae Sie

~ = Greeneam Sse aloo, de Oreabaatd, -

R su= (Tan tp * Baye aqgieo
;

; (pe Sr Here,e {HAL~ - - Se = -hfSh

| H . ‘Sass .pie Sine



i ~4-

,

|
4

|.

@-Mao amasMie pictineWe ar hoimina) Anak our HY h -e @ ne ia anngiitndes
ror oupete ot Sig yy ua dain Oia urqemnoll, lout dha pole apps

tm a playicall rajiow slow A ~ ie, ua wiberpad aw:
: Th, Pow Oe a ‘ Too “succusind eemnacad

qete RO techyaljagrope Sa =

| IL S6P - '
Modine do ua Uw Qe ra-evbrauerinthe Qa Guystead Aigin oh thiefame pe ok Panasa tok g goavdse vakad “tm 4

. g SRR > ofS)
z 7

Catering,Vain malig ie wth, Quan Dee rectaadk a peleF See joven, pate Pbkwith aIL odatte quelumnumberearreresd,

® Wardarto prow thet Die poe iw on Gat pluysicad shedt, wa oursboect 22. ‘ged & gale d\ cmmiwmakion im Ore rrubtbiverisale conglux Space
| : : \ Suse \Sa,
Supper wok woe

. lho Noamdn eeu : nes
VooowaA do Toe .RC axe oe . oe -
aroun .p. Wa! Warynat rddee Oe ple right doula? De Dock cons une!

| Sten

pat nw _ Us wok & Sy o(TEct Bing]bse a ot FS. = ia ayy
neal * ve

- Ss Se . ©

e 1S A } Sn= (Gren)\4 , -_™ S.=Ge --
Se Se

| <, MWe Woua to Ssag acrecdamunpansrcal gap hu.



‘ ~3- 48

-~@--— Qha arood.cordiowahiod savas onelinnstion io.Sn Yate Soon,oe = few motaing oleads, Wrartinth UAT OO pou‘ t

- on, Aaforemcny: - --/ wae feee

.

s

+

i cy *

a -@ men 15Sa feeSs ..-- Z - ' 7 Lo, :
( BrOe atoand cas, Sp ie Dena rmota vendre,OK pian See, Mie amgjamiaansY See don Sonne. RA, Gade mst Or Or ongdinden hao —
ef pnBndi oB. Oadee pola Ge Se Granede a wing ok SienGretyl” vin.
~~ fentRandtiy”, - Se Wid, mo, nest entre thor, Soo.

Joo. ih set eee a _. -
- 8 eH Lape - _ -

a poole Jamar bo coe mea yen de at anual 2 8

So, de. bheSnse plant, lrack ob. @y. roroowck bee easel bak oa
- oe Janta. che crnmadamdy ~ Adda Danae a eats — - =
a 7 Bert ba qn seat Net casetint-—- 4- j -. - ~ sven

— |. eae Wigde i Ou neti» _

© = GN, Eka arguesOns ene A Darr ua ude, ora uae THE,
_ 0. wat. showy as. Srse. = Atal, Darn eamnat lar cory:

~b ape \Sire a Sore ae

r ) 12 Krssrjeoudd lar serns. Gosh AneaenadR Vne Led) 5 ” 3 3 7: nt Snes saad beh 0 Nae Ses
. peorh, | a-pe ee _



Coo -4
: Vs

1

, ~ @.Corstusioy: ae Lenaca Ou Siser plone ic “olean", Sow the "poe® * out PAN van oak wi Wa pusensh add in tee Be.

. (© Revier huition anal disdy: A A =e /| ' “Rr => ABA.
@ Yoo aaidn lenin | wae => A comaA*

_ | Sh,= A Acrbtetanasqan
:

y a - one cam Sew Irak X= a ka ghost,oo = A Conroe ake Dos gle eat
iy J BA comarca (Dike isorpuir che).- Baryinay.vorty Wwa-y ‘

. ] Thus, wa hams caslelabrishedOu guinet cnaening) B oner | pede. fe hn ponte hee ey
= po. =

cal ive ” oSa
; oes oe owe: q Salenguct Guest mn pacar onkiparticler,

| (a3) aechnine be (15-9 ZN) . _
Ter (hee ws possine!
(pros&R) | “ 1
; PQs be qbmee OK im choral of Uibent CGHle poserighin) .
@ Comiden G10, Uy hy amd Hquao 862. Read p2¥3~¥.

{Covi ta. tak Uae howe, wifeck peo. ak lo = {2
pe @rs> ed) = G&A 7 at)



a . —sh
\ WS

Ghe iden to Drak worwsa case'damet bo 10-9 Ml. ao .e Qea ernss hu ohne pour eres
- Mu ee Loack do De ster! ae

- So omg one squall. ‘ .
|

@ Woy eal TRE? Cmdt omener leaner Adomat brad
: ja T dew b amang Reda

; | Siete TE Bons BRM ay
SAL UY = Kalu)by wostny,I tb] AID= GIADT oak Cashed)

So pepewe aan: : :
qt - “ Gal Tehd = Gat & Opt Ue)Wh Arareol -

@ ree
“

= Le) Gig
= Bel Teleey - UneSaan.

poles f bch en Fok, am ocanegts:
} 1 one ra

me, Dopomm: peli, «Weea Dette nowdtdi
- . YOST Be eves Ypccmuanjit yo

-- ‘ retard yorumdar k -

" * wen .. 1 .
_:

}
:

> {=O-CE,( i

a. Drea, pelea. ” ‘


