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ON VIOLALICOW CF TIHE TIME REVERSAL
D" VARTANCE

R. G+ SACHS 197 3.Ge s

Tt is very plcaging to have this opportunity to telk
;0 you about a subjeet that is olosc to my heart and
which I hope can intirest you. I mugt apologise for
having to speak in the language othcer than Chincac.
Although I think about itrying to speak in Chinesc, you'd
undergband me betior in my Bnglish. I have learned two
or threc wordg sincc I camg to China., I also must
apologisc for being here in such g short time, bocause
the subjecet dg o rather complicatzd ome requiring some
new conecpbs and it will bo nice $0 give you a scries
of lechureg rather than try to tell you about it. in one
leeturc, -

waat I ghould vy to do ie give you a very bricf,
neceggarily brief, gomeral view of what the subjeet is
abovt. Spacifically in comection with recent develop=
mantg in high meoergy physics. The subjcet of {time re-
versol invariance in physics is rather olde It has been
applizd o digeugsgiong of gtatigbioal mcchanica hefore
the beginning of this century. Tt has been discussea’
in connection with quantum mechonics by Wigner in 1936.
“ut 1% ig only very rccently that in high energy phyeics,
= LZaove discovorcd that old idcas are not ncoessarily
cxactly corryci. And thig ig what I wont to tell you
abeut. I think thig problem is very important to° pgysiog.
l.obody has provided a theoory that explains what it is
that we uro going to talk about here. We cam only deg-
cribe it, we con not cxplain it, There is no theory., Té
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has ot the monmt no proctical applicationg. So it may
be dngppropricic for me to talk sbout it of this moment
in China but I would gaoy that onc never kmowss The only
thing I went to ghow you ig that it is not provided for
growing young again. The gubject of time rcvergel ofton
ig suggesgbive to people ¢f "the fountain of youth™, but
I am afraid that I camot offer you "the fountain of
youth", The¢ {theory that we do not undergtond that ig
aseded hereo, I helicve, ny pergomal.  belief , this is
my belief, will go G0 the very roctgs; the very foundation
of our wmdergtanding of theoreticsl rhysics, I think
thet it probably hag something to do with the undere
gtanding of spacc time on the extremely mieroscopical
scale; and if I had vime I may try to show you the con=-
neetion. I am not surc thet I hove time.

My t«lk will hove Yo be in two parts. The first is a
digenssion of CP, (P invarisnce, and theot will take a
g00d porvion of my time, take mogt of my time and then
will meke the oonnection with time reversal at the end,
But with the ocomnectica go I hope you will realize that
I am not forgeiting time reversel.

Let me firet deyine what I mean by CP. Firgt of all,
Pe It ig called invergion. Thig is the transformation
that dnterchanges 1.f% (hand) end right (hand). |
cervesian coordinates it is the iransformation: x goes
to minug x, y gocs to minus y, z goes to minus z. That's
the trangformation. The letter P gtands for parity. Be=-
cange in quantum mechanics thig transformation serves o
“efinc the property of tho wave Ffunction which we called
parity. As mogt of you know, sinos your countrymen
Voung end Lec had & great deal %o do with it, the prin-
ciple of parity is know to be violated. Les me Jusgt to
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remind you whal thol meminm. Tie lawg of phygics, the
gquationg desgeribicg the potion of particles and 11 of
the diffevential eguationg of plyzice that ws know up
unt il the year 1UaS cr 1856 were found o be unchengzd
2thier ther wore writhon din tevma of thig cocrdéinato
sygtem or wrilven in toimg of the invertcd coordliaats
gystem, they were Invariant voder the transformstica Pe
In about 1985, the rropoviics of +1c LiTaGge particles £
megon were found %o be very trongs, Tho K+ e 800 dacay
into two L mesonsg or invo tlree N mosong. At Firgt it
was thowght these wera twou different puriiclos. And Lhen
the magses end sll the othor propertics turmed out Lo
be exactly the semc. o it was. Fany psoplé tried o
undergiand <this. The Tesron of the shrangenesgs ig be-
cauge 1f X megon have & Jofinise rexity and if parity

+3 congerved, thon it covld not both gocy into “wo
megons end into thirce mesong because they had different
parity. Lee =nd Young suggerted that possibly this
Procogg violated counpirvesion of parity. Sincc this
brocess is due to what wo

¢all the weuk interacohion
whiolt 1s als0o respongibic

for radioactive  decay of
nuclei, They suggoesgiced that if it ip violabted here 4t
might be violated in radicasctive A deoay, gad gug-
“egbted varlousg cxperiments which as you know ig the and of
onother countrymen of yours,Wu C.S., the leader of a

spoiment which ghowg in 0060 that in dced parity is

viclated. S0 we now know that the woak intorabions
violatz congcrvation of parity.

There is mother gymmetry that is relatcd, that's
gimilar. It's what we call improper symmetry bocausc
thig transformationy omn not ocour in gnall stepe (a
rovuiion ean oceur dn gnell eheps) that con only



occur thig wey or what way. And thig is anothor guch

gymmeEy-cnarse conjugation €, that tTromesformation
chenges cvery particle into its amtiparticle. Thot's C,
C troansformg poyticle into mmtiparticle and of courge,
thoo te he symmetry that wog newly digeovercd otout 19562
m Ghe basic of Dirac theory of the ¢lcetron. In thig
cags Duroe showed that the clcebtron is agpociated with
the pomitron, ity mmiipariticlc. Wo now know that every
pairticle tas apepocinted vwith an antiparticle, even the
rrangess parvicle thoat we deal with, we have discovered
the ansipoerticls agcocintcd with cach such perticle.
Bxeopt in the cuple of photon md ncuiral © meson, the
pasriicle md embviparvicle awe ddentical. Now It warn
selicevad chos Ll hic thoorice, The equationg demeribing
the motion, oll “he cumtum meehimics, all the differon~
tilal cquationg giould Lo inveriant wndcr C. However,

wiizn 1% dg dincovorod whob

-l

thoe weak intcerationa violatced

thig P gymmeiry, % worn gimogh gimulteneougly digeovered

weok dmtivationg violatcd charge conjugation sym=
metry, bosh are viocleted. However, on very closc sbudy,
it wog feund that if you both invert, take the P
peration and trke the charge conjugation togethsor'y then
“he gymmetry is rogboreds. You ean congider thig in the
~cllowing. We uged 0 belicve before 1955 that if you
Gid cxperimonte in the laboratory, ond madc measures
mont e on vhe imeginary mirrer, thon you will get the
game rogultge for the

1 -
P! o

squationg of motion. Ler and Young
chowed Thod 1% wog not true for weok interationg. If
Jsouv look ait She mirror, you 4o not get

¢ the gome bchavior.
If you d¢ on the co®C cxperimente of Wu €. 8; you will
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