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Srednicki 40.1. Find the transformation properties of WS**W¥ and WiS* ~;¥
under P, T, and C. Verify that they are both even under CPT, as claimed. Do
either or both vanish if ¥ is a Majorana field?

First, we have: B
PIUS™OP

Recall from equation 40.3 that S* = ﬁ[y“ ,7"]. Since these are all gamma matrices, equation
40.35 applies: N N
P YIS UP = UBS*™ BU

which is:

PSP = i (T~ BT — T By A BT) (40.1.1)

Recall that 3 = 7°. From equation 36.9, 3 anticommutes with 7. Obviously, 8 and ~°
commute (since they are the same). Finally, 32 = I. So:

13, Quv — 411 (E/yu’yyqj _E'YV’YM\I/) it W, ve []., 3] or y=v = 0
PrwSTU P { -1 (\117“7”\1' — 1117”7“\11} otherwise
USw iy, v € [1,3lor p=v=0

—137, g — J—
P USHoU P {_\I/S/W\II otherwise

We can write this more succinctly as:

PTIUSHYP = PLPY WS T (40.1.2)

Now consider:
P_lﬁiS’“’fyg,\IfP

Recall that v5 = i79717273- 70 commutes with itself and anticommutes with the other three.
Thus, in the analog to equation (40.1.1), we acquire an extra negative sign. Everything else
is the same as before. Thus:

PIWSH ys U P = —PhPY Wiy U




Next we’ll do charge conjugation:

cCusmuC

As before, S consists of gamma matrices, so equation 40.45 applies:

CITSUC = %EC*l(yw)Tc\y . i@C’l(v”v“)TC\If
which is: » »

CTUS WO = WO T TOW = SO Ty T Cw
Now we insert a few copies of the identity:

CITSH IO = i@cﬂ”ca*%cqf - i@cflw(}cwﬂcqf (40.1.3)
and equation 40.46 applies:
CTISUC = iﬁfyy'y”\ll — iﬁfy“'y”\lf

which is: )
C S0 = %ﬁ[y”,v“]\lf

and so:

CHUS"UC = VS

As for C7'WiS*~5W(C, the analog of equation (40.1.3) simply has an extra factor of C~'iysC =
175, and so there is no net difference. Thus:

CIi Sy W C = —WiSH s W (40.1.4)

Charge conjugation takes each particle to its antiparticle. Since a Majorana field is its own
antiparticle, it must be equal to its charge conjugate. In both cases considered here, the field
is odd under charge conjugation, and so must be equal to its negative, a condition that is
obviously only possible if the field is zero. Thus,

both vanish if ¥ is a Majorana field.

Finally, we have, using equation 40.39:
T IS UT = Urys O~ SH*Crys U

This is: .
TS UT = Uy O (197) Cys ¥ — 2%50‘1(7”7“)*075\11

which is: ,
T ISHUT = Uy C Iy Crys U — 25750_17“*7”*075111

we insert the identity operator:

T IUSUT = UnysC*CO I Crys U — 25750717“*00717”*075\11



inserting another identity:
TS UT = Uy C 1" * Crysys C Iy Oy U — %@750_17“*075750_17”*075\11 (40.1.5)

Using equation 40.40:

Uy — L0yl if v € [1, 3]

—177, uv — i
T usHwuT {_ Uy # O+ Uiy otherwise

FNTSANPe,

which is: o
—USif p, v e[, 3]

-1y Quv — —
T sSHuT { USH  otherwise

which we can rewrite as:

TUSUT = —THT .S (40.1.6)

As for T'WiS*~5T , the analog of equation (40.1.5) simply has an extra factor of v5C ! (i7s)*Cvs,
which contributes a minus sign. Thus:

T iS5 UT = THTYS

Putting all this together, we have:
(CPT) " US"™W(CPT) =T 'P'C ' US"VCPT

Using equation (40.1.4), we have:

(CPT) " US™W(CPT) = -T~'P U SV PT
Using equation (40.1.2), we have:

(CPT)""US"™W(CPT) = —PLP" T~ US”UT
Using equation (40.1.6), we have:

(CPT)""US™W(CPT) = PAPT,TolS» v

PT = —I. Thus:

(CPT)""US™U(CPT) = TS" ¥

which is the definition of even.

As for (CPT)~'WiS*~sW(CPT), we have the same thing except for two minus signs, which
cancel. Therefore this is even too, ie:

(CPT) ' WiS"~sU(CPT) = WiSP7 ;¥




