NOW FOR SOMETHING
COMPLETELY

DIFFERENT...

THE BASES ON WHICH THE ARCANE. MECHANICS OF
THE “STANDARD MODEL" ARE. BUILT ARE NET ALWAYS
TAVCHT [WRITTEN ... Huf they ave fun.

¢ THE CEUELOPMENT OF ESPECIAULN THE. ELECMOWEAK.
UoDEC. S FULL OF INTERESTING HISTORY, FALSE STARTS,
INTRLGUE, MYSTERY 2 SOME PRETTY NOW- HEP .

e [ PROROSE TO SCHEMANCALY _ . LITH A4 MIVIMUM CF

MATWEMATICS . _, TA,
.
p“r‘é
)
(<
STAVIARD MODEL. 7
CE E(SCINY~ ;%’
WEML PHAEICS
S

)
40 52




HEW SUMMET SeHued, (963

‘QAUGE - THEORIES

-an eccentric introdvetion

e.Bréce
MiCHIcAMN STATE

A PECIEATION IN THE HSTORICAL AJD
CROSS - CULTURAL ROOTS OF MODERN

GAUGE. THEORIES OF THE ELECTROMAGMNETIC,
WEAK , AD STIONG (UTERACTIONS

intredvetion

vses of sywmetry & invayiance in physics

gage principle

weak infevactions

crifical pheuomena

BROKEN Symemetyy

thgqs , ef. al. mechanisuy

PUITING (T TOCETHER —» WENBERE § SALAM MODEL

| WANT TO TELLYOU a Stowny ..,




nivedvedion: field Heory primer

ACATALOG  WILL SUFFICE...

FREE (AGRANGIANS EQUATIEAIS OF MCTION
scalar flelds :
= L Q¥ d - Lutg® p“d + m*gt= O
spn /2. fields
L= B[ il -m]¥Hx)= 6 (£33, -m Y¥lx) = O

spin |, messless fields
fl"'“‘ F::wFF" apF‘“':O
FM = aFA'- AP
spin |, wasswve fields :
L= —é F“ﬁ., - {-HH'B‘"&.. Pt WiB'= 0
{*'= 3"R"-2"B"

INTERACTIONS -

Lutectrovagueic-spy, = € FONI"Ele) Anle)

4 = g 4ix) ¥b) ¥lx)

Yoxgws

PARTICLE SPECTRA - £
~akx Lbex
o= [ I [atk)e™ s athle ]

(28 2w, |
k \(; T =l

L JU&:‘ lilee. dnnilahion cpevator X
Quantrun osclllator trom [ yeor quomtvm we chamic s




it (35a4 v Syuamet] v Guanfuim weckanics /4 :

OUR. FAITH HAS COME FULL CIRCLE ...

* We are awmused ot the lmage of Kepier , among wany
otners, fvying To beud the obsened wmivevse luto an
a priovi wotiow of hou it ousht o be — for Keple,
o %&'f’ fo hove something To do with the Platonic. lids .
fov others, ¢ pevfact geometry *, clvcles._ then ellipses...

s We ave 1o ai-?{f..re.wf M.uu'. Cue. of iy MmeESgeqes.

» WHAT DID ENSTE DO I SIECIAL RECATIVTY 7
— HE DIDNT WUET THE TRANSFORMATIONS MECESSARY
Loveuty. did tuad eavliev
—s HE DIDNT ESTABLISH THE MATHEMANCAL RIGOR.
Powneare did fhred caviiev
o WA HE DID WAS DEMVE THOSE ZESUCTS BY ARLVING
Fzom AN A PRIORI PREDIUDICE NEGANDING A REFREMANCE
For. SYMMETRY

THAT WAY OF THINKEIVE CAVEHTON ... SPACETIME.
SYMMETRIES TOOK. ON A AWDAMENTAL (MACKT AL,
N PMySes. .

ouly fo be confised 3 frustycteol byt
I. The cdiscovevy of uon- spacefiwe. symmetdes
(05 , isesphn.. the “WTEQMmR” SYMMETLIES )

fr 2. The discovevy thed Nopwve is cctuelly RARELY
S yunee fric E approximofe TymameTWES f




(Jvick. lesson on Sywumetng in quantuue weckguics 1!

QUANTUM MECHANICS:

* GROUP OPERATIONS PEPRESENTED BY UNITARY CRERATORS, 4,
IN A UNEAR UECTOR SPACE OF STATE VECTORS, |« [

veetors fransform: (o — [ot'> = Ul o
opevafos trapsform: QO —s Q' = UOU™

* F SYSTEM (S SYMMETRIC wrt cR0VP, [H,G] =0

* An importaut theovew came out of the incredible methematics
qroup of F Klein in GCoHlingen — writien down by Enemy Moether :

SYMMETRY (= CoNsSERVATIEN (AW

e (F TARTICULAR INTEREST ARE s'(uue‘mr GROUPS WITH

AZeiq
ZEPRESENTATIONS LIKE. U(E)= @ 7 R_ "CEIctAToRS" OF THE

N — GROVP § CPRRATORS
UANES! HAVING QUANTUM #5
PARAMETERS AS EIGENVALUES

o  COUNECTION THROVEM “CHARGE £ A CONSEAVED *CUneenT" —
Q= [d% jolx)

Where a,. J‘f‘(w) =0 siguifics a conservehion G




ick lesson on ymmetny in quentum weckawics 2 !

QUANTUM FIELD THEORY:

v lx) 1S AN OPERATOR d—d'= uou™

= (l .LZ £ ) (1+ Lz:*af)

. 2 4+ !-Zi.’[Q’ epm]
so [@%¢)]= Gtx) =

(uote: often  UPW™ = erp( bzf"ij)¢(!’) . 2 phase )
- Cigemualues of Q‘

o SUCReSE [ut@]eo D & =0

LET  HIPS = Eulpud

el GHIBD = E Q.S B £ &IPS ARE
uo - BoTH EiGEW STATES OF H
Halpnd = EnGIRD WITH SAME En- de?mmh.'.

—5 MAY NEPAESENT ORTHOLONAL
STATES WiTH DISTINCT
QUANTUM ANUMTBERS.-.

o THEME (S A SPECIAL EICEWSTATE OF H--. THE VACUUM.
HloY =0 Is AwAYs TRUE Rt VAcwuin STATE
UsUALLY | LT (5 ASSUMED TMAT | PR W= e,m“
wloS = lop Fw A SYMMETIUES
=) Qloy =0
(5 GloS ¢ o , THEN THERE MUST EE DECENENATE VAcvA
F Ase [H@lzo. stay fumed !



jwge syuypetnes [

HISTORICALLY..

® Soon) AFTEn. EENENAL MELATIUTY WAS WRITTEN RY
EnSTEIN, H. WE YL PROPOSED A4 MODIFICATION . _.

HE ADDED UVARIANCE WITH RESPECT TO

a, ?pi = Mx)gﬂ:’v sqme Alx) phase
2A)

b. ‘= A, -
B
b, 5 the ruju'lcv Mh?wfq vequived of 6f¢affmasn¢.ﬁ‘t.
potenhéls .

3 . * CTHS ARE
a.is ward.> ds*= gﬁ,di#‘{xw—-’ Ads "3 ﬁ'ﬁdus&b“
- suggests am lnvaviance eveu Hovshh space % Hme

Can change ovev all space avd Hme.

- the wedictor which holds e spacehme shruetuve
hjc.ﬂae,ur wovk! be the electvomaguetic field,

—> ALl CALLED A GAVGE THANSFONMATION ©

“llour tdess show a. Wondey fyl cohesion . Apeyt from the
asveew eut with reality, it s ot any vafe o
ﬁfﬁﬂdf@sc achievement of mind.” A .Einstein fo H.Weyl (414,

THE TwEDRY -— AN EANLY ATTEMOT T0 ONIFY GRAVITATIIN
WITH ELECTRO MASNETISM - - DIONT Wertic.

... but, the name sfuck.

N 927 London revived fhe tdee .. vt the Syumetny
st tue secle of Pacetine | réather the phascn-t‘
fhe weve fonction .




Javge sywswetnies 2.

GLOBAL, (1) SYMMETRIES :

~8Q
)= e “GLOBAL" =p SAME PHASE, INDEPENDENT OF
SPACETIME &% 6(x)

“WU()" D 1 PARAMETER LIE CROUP HAVING
& AS GEWERATOR

He) — ) = U !
- Ty

SIMALE EXERCISE L: Fow the Divac free fieid , show that a focal U(1)
Trans formation leads fo an hvaviance, and hewce

conseverd qUantum numbers, q-
ic. show S€= LIY)-L(y')=0.

GLORBAL SYMMETRIES NOT UERY RESIRICTIVE < NOT REALLY
CONSISTEMT WITH RELATWITY € LOCAL FIELD THEORY. ..

LOCAL, Ul) SYMMETRIES::

ulp) = e el LOCAL" =p POTENTIALLY DIFFERENT PHASE
AT ALl SPA CETIME PoNTS 6=6(x)

'-f'fh')-—b f{fﬁr) = CA%J?WKJ NOT SO SIMALE.. ..
5 660
({‘t")—) x("!) = e &f‘)? qfl'][ttar- m]e. ?q’

= RlLi8"3.-w] ¥x) - q2,.60c) Fo)“¥(x) # L(¥)

(x)

6Q

. o (x) - .
SIMPLE EXERCISE 2 For <P=(m])aud W=e . whatis the

Physicel Symmetry for Globel UL1)T




Jvge symmefres 3

nivative tevm covses trovble .. define o new divevgence cperator
10 cancel the vmwanted term !

Df" = af‘ i K; \d&qd wincmed vector operatoy

goal 5 to get the gredient term fo fransform <imphy. ..

(0,9) — (0.8 477 (D)

o START ouT wii L= G\ 42Dy ] Hix)
= @)« (*‘c}.-r AY Ky - m] Y¥{x)

fomsforne Yo ¥
L)1) = Fie)] [ s Xy - ig360] e} ¥0)
STILL NoT RIeHT! | |
must simu[tanedusly traustorm X, —-:K,: = K -4iqpb)
aha !l  Dyote K T LqALK) o the Gradient lockes lie
Dﬁ S QP + iq AP

4 TOTAL TRANSFORMATION NECESSARY TO (EAVE £ ALOVE (S:

, @ 6(x)
Vix) = $'(x) = e.‘ ¥(x) CAUGE
p (NI An oF
Ald—s Ap()z Al)- 3066) g g
L= F(il%-wm)¥- QAR FIY (= § FuiFrY) =7 & Is
N p—

. — GAVEE

ok
free ¢ “mtoraction”  added free A, INVARANT




TURNING THE UTILITY OF AALTWWAS
upside- down...

lr= INVAZIANCE. WITH RESPECT To LOCAL, U(1) YMMETRY
IS, a priori , OF PARAMOUNT IMPORTANCE. ...

one is forced fo Mmvent the photon.

DEMARD OF A SYMMETRY.. GET NEW FIELDS a‘;{l} Dynamics !/

OTHER SYMMETRIES —» MEW SPIN1.2.. FIELDS T

THE INTRIGUING TEESEARG PROJECT IN 1954 OF
YANG £ MILLS .. AND IUDEPENDENTLY BY SHAW

o) LOCAL SU(2) SYMMETRY — ISOTRIPLET OF SPN 1 FIELDS

b) GRAVITON7 -
(Z6u)T 2 ey /2 cheied
= x
DEMAUDING L= € —® D <1 val
isovecter ~
Lovewtzr veetor




Yeeug HalUs 1

AcAIN: L= ¥ (00w ¥
Aows Y= (It) as bases fov sU(L) Zpevators

PEFINE A NEW COVARIANT DERJUATIVE ...

& _* =
D 2 2+ ig bl T { wortitvre { lofs of elgabre.-
Lz G, -m)Y iiir‘%'tp bu =% fpv ™
- \-——.‘H__._.-r
-)-{_b Co uspficatedd
: "‘m - - ~% —4 i
g 876, =~ (3,b - 2,5,)-2"b~ L

-

)
- " b
+3b,sk,,.a'b*‘ : b
o T 0 B R[4 b:)]
& b
—3& Self- u-ﬁpﬁmy; for b s . I:?:\lp

-t

b, PIELD (S STILL MASSLESS
=

OVE MIeHT HAVE. HOPED THAT THE Io WoUuLD HAVE RUND
wong As Wh .. but wesslessuess is ¢ fatel flow.,




weal intavachons | evea 1960 .

SINCE PAUL) ¢ FERMI IN 1930s...

W ; - =
1{: GF"" (0 /H?‘
P P

F e”

20 YEARS OF CONTRADICTORY EXPERIMENTAL RESULTS,
SURPRISES , BEAVTIFUL THEORY (1258 Feynman %Gell-Mann)
A PAG-TAG BUNDLE OF DECAYS WERE FINALLY ALL
EECOCMIZED TD BE "WEAK" € PARIYY - LIOLATING

... HURISTICALLY TESCRIBED BY: ‘1)_;/

LY
Wt eharged B
isosptn vaising [lowering
MESSive
THERE WERE WELL- KNOWN PROBLEMS
y
: - 4’ vidletes Unitari l ‘e \‘K}‘ww T tubovnded
e
=3 e W

e

\"——‘-\f-""_"‘

Coutains an iwpovtawt hint, _.



hwt 7!

THE OROBLEM (31TH \r‘"‘ LIE) WiTH THE
/

LONGITURIRAL DEGREE OF FrREEDOM

. MASSLESS SOIN 4 FIELDS HAVE 2 dof --- polevizahions, L, R
(m.qc (nveviounce )

. MASSwE Sm 1 EIELDS HAVE 3dof ... usvaLLy TAKEW AS
L,R, £ LONGITURINAL

sPlhzo) ~ K ot high enevyy
M

AT N GLECTROMAECNETISM - - 2.5

Probucnon
/ Y RBOTH enitints
+ REguInE) BECAISE
¥ § NEQUIRE GAVEE
INVARIANCE . _ .

PRETEwD THAT ¥ HAD 4 MASS... & THEAERRE A
LonsiTopm. dof

THIS BADLY. BEHAVED POLARATION TERM
CAUCELS BETWEEWN THE G&AATHS. ..
(N KINDSIGHT, CANCELATION CAN RE ArRAACED AR W.T.

cither, vequive o uew, ov | Vedquive 4 hew, Weavy

heavy electvon spiw 1 feld I
+
(%) Va“"*‘” v>z {“ -
- €4 AN~ o W/
v / et ¥




nint 2

ENCOURAGEMENT (V).

ELECTROMACMETISM EXHIBITS A MAEICAL BEHAVIOPR.. .

4 y
}:‘*—:\ /’"’2*}5 (messy hadron)

(clean leptan )
SAME COURLING (i limit)

SO Db WEAk INTERACTIONS. .

W W

}"‘ ( Uadvons )

A %o uaes sy vons
(elean (cotons ) h

saMe covremic ! (vectoy weak chavge)
G consevvetion of Something

ﬁo;ﬂ 1 pvtIpc;afur o Cb (3 gﬂ.uﬂc Sqwme.fnf?
cve ...

COULD THE WE((-BEHAVED ELECTROMAGNETIC INTERAETION
BE [ELATED TO THE ILL-REHAVED, BADLV. BRED wedr 2

Schwinger, Selaw, Word, Eleshow, Wembery... . Using Yawms- Mills

ok , Wt ideas___(
(a‘ ) : (z*)i ¢
W= W-

BUT... YANG-MILLS FIELDS MUST RE MASSLESS . _ ¥ sigh




i hical phevemtena [

... AN INTERLUDE ...

MEANWHILE —~ CONDENSED MATTER PHYSICS WAS HAVING
GREAT CONCEPTUAL & EXPERIMENTAL SUCCESS
wiry 2 oRDER PMASE TRANSITIONS

... coopevative phencwmena. in mony- hody physics
A MINI- AEEADA ~

o UICHT. SPEED REVIEWS OF
- the thermodymamics of phase tansifions
- Meen Reld Theory & the Cinsburg- lawdau phenomenclogy
FERROMAENETISM AS AN EXAMPLE OF 4 “BROKEN SYUMETRY
.- AN INTERLUDE WITeHN] AN (NTERLUDE . ..
COLDSTONE THEOCREM
DILWTE ROSE GAS AS AN EXAMPLE ¢F THE COLDSTONE THEREM
o &OLDSTONE - viet!
- Svpeveoudvetivity

L ]

RAX. 1 PMETICLE WSS WITH THE SOWNON . 1967




Thevuwedymamies of Phase ausitims 1

WWHAT IS APHASE *

FORMALLY .. A REGION OF ANALY' TICITY CF THE FREE EWNERLY...

.. ‘ Hhenmodyyuansa'cs
.': L9 L,_BT,Q“Z_ +om stefisheal mccham‘cs} Comes o
Ly Ty e WesT devtvatives q
» .

.F' F=U-TS (He{mholfz)
| 6 = FepV (Gibbs)

5=(-'3_6 = (..3_1"-)
T IpN T [un

¢ A PARNCULAR PHASE MICHT BE REALIZED WITH MINIMUM & . ..

} from Hhevuiodymawsics

. MoRE THAN 1 PHASE MIGHT BE Possigce (wimi same H )

SUELESTING THAT ANALYSIS OF { FOR NON-ANALYTIC BEHAVIOR

(S APPROPRUATE.
FD,.JT

HEAT AT CONSTANT P o
DENSITY , 4= b

COBNSTENCE LINE
Pd6, =le, Across wexistauce wive




mtruwdquamx.s of phase fvavstions 2:
e

e AL
b (MAGINE HEATING . WHILE LAINTAING.
G": ] EQVILIBRIYM BETWEEN S £ &, C—d
1;T
v, Uauge = heat albosovied in
‘:,.... = om"ac.m:ﬁiq the ke ”
= S_r.- Se = as . L {rf{ausius-dcpe.yrm)
Vg - Ve, AV TAV
= lateut heat
o voe),  weGR), S . et

— N e |
OO L

z p F P F P T T T T
i
FigsT DERNATIVE

F G IS DIScoNTivpog = |5 orDer. PT. "

THULES PLACE ACROSS
(BEXI'STENCE CURVE

(ZUCIAL CONCEPT (S THE SYMHUETRY OF THE PUASES...

o A SYSSEM EITHER HAS A SYMMETRY--- O T DoEsn' T
o |F THERE (S A SYMMETY CHANEGE —> P T. HAS TAKBJ MACE
HIGH TRGREE OF SYMMETIY = (ACK oF ORDER.

Y \ O
MORE SXYMMETRY ORERATIONS =) HIeH ENTRDPY

 —

(@ WeH TEMPERATURE.
ARTE: £—x{& DOESN'T WUNIUE A SYMMETRY CHAKLE




T e ol [P > ed ;w.m-:..fvmiﬁ}mb z'f-;f

Li@uiD- GAS 2d ISiNG MOREL

- C1 o t

L A4 “oonecnen
4 + MAGUETIZATION

§
- A 5 v
P o ATh T & Bismenon

- MAGNETrZATION

H

WMILE  veRY DIFFERENT, THERE (S CLEARLY
SOMEMIMIG THE SAME  ABOUT DENSITY (N
A Fup & MAGUETIZATION (0 A FERLO MAGNET.,

... 4 en ?ueru(r'ﬁ? 3




Metwrronnics of phase trausfons 23

&0
o

¥ :
‘;" o THASE BOWODARY (% A cinE
- y A -Hmd
= @ . " SEPARATING TWO DISTICT PAASES
e OF A SYSTEM... Whet clistisgviskes
+hewt here? DEnSTY
L
: —AT « VAKISHES
T T eTr. :'Hﬂ' L —_—
=

i } et ArE EQuAwy oRdEMED AT T
A,

b
xb- :h
S ating

L l

} PASSING THROUGH COEx(STENCE.
CURVE —» LATGIT HEAT

TRANS TiONS Whttesl DONYT DISoAY A SUDDEN STATE CHAGE. =
HAVE A CouTINUOUS ENTROPY CHANGE ---CALLED "ORDER.DISOIRDER"
TRANSINONS ... DEMUVANYES ANME DISCoNTINUOS .- “CAMBIA » T2,



Hevwo dyncwaes of phese tvansitious 3!
THERE ARE PT. WH|cH ARE conTindous AT (3 ooEn.

a  v0%), #=BG%) S G=T(%0)
| * :
' ‘ 4 = ! A | 2 e u._ i . /1
R P & P R P T T T
ar

2" pevANE D “2™ onder PT."

e TOULOWING ON SYUMETRY XCuS.. (ADAV & EINSBURG
(NVEMTED A DEGREE OF FREEDOM T0 MEASURE THE ORDER
(N A SYSTEM : THE OrDER PARAMETER , % (T).
««. And in 55 doing , universalized the study of phase hausifions

. IF ¥ =0 THEN SYSTEM (S IN ORDENED PHASE
(M # O THEN  SYSTEM IS IN DISORDERED PHASE

. IF Y(T)— 0 WTMWwoUsLY THEN PT is 2 orper
SYSTEM Y EXAMPLE Te (K)

ligud- ge.s b= fe H:0 647
fevvomaguet M Fe. 044

W‘F‘Vid 4"@”“ sfute 4He 2

fevve clectvics F truglycevine svifate 223

bivary alloys  ComcewtvaRion Cu-2n 729




Thevuedymawies of phase fransitions 4

T5Te




“+henwodyunansics of pucse hansitims 5

NEAR. T. , AWDAV POSTULATED THAT we can WrTE A
ANCTiol | L (landav free enewy) ... CELATED TO G . v

LCRT, 11) = Ly + {ilfP.T)tl“ + Efl".T)‘ll" —

Aro = T2T FLIP , ABOVE € BELow
pCo D TeT, | PHASS rRAusmIoN

§50 AuAYs
o MINIMIZATION OF L GUARANTEES A STARLE GROUNMD STATE
. PRESUME  cOOD BEHAVIOR NEAR. T, : U(RT)= b(PY(T-T)+ .-

L= le+ bIT-T) 4> + §y¢

Thik T=Te TeT,
L L L

SHow

SIMALE EXERCISE 3! {

WO CHARACTERISTICS PR TCT, !
I. GROUND STATE ENERCY (WWERED

2. HULTIMLE GROWD STATE CONFEIEURATIOMS PoSSIRLE.




rewowaiuetisu | :

SYMMETRY IN PHASE TRANSITIONS

ses FERROMAECNET

_ « Al DIRECTIONS EQUALLY
TSl il LHyep TEOSNKE..CK

c a:—"'Ti: (S INVARIANT wriSO(2), Uy
" [ H, q] )

= HAMILTONIAN INVARIAN T
uwrtSO(2)

| T, , o A SINCLE RANDOM
TETS 1t MX0  beeTioN TS SWELED
ouT

- SYMMETRY OF GROUND
STATE IS (OWERED

S0R2) = Sol(2)
- [H G]=0 st

® SPECIAL STATE CF AFFAIRS.. Commcon Fo 2*° cvder Pt ..

SYMMETRY OF GROUND STATE (S (OWERED FROM THAT OF
THE HAMILTOMIAN

* SYMHETRY (S SADTO BE “SPOUTANEOUSLY BROKEN" o
(lovsy phrase .. beHey is “HIDDEN SYMMETRY * )

SYSTEMS WITH SYMMETRIES WHCH ARE NOT RBRoKEN ARE RARE (
classieally 2 quevione mechamicslly




WORTHINCTAN — Tuitof fid cemfury










Spenifeneously tvoken sywmaetves 1!

HOW DOES SYMMETRY EET (0ST 7 WHEIRE DOES IT &6 7

CLASSIC. .. ClASSIcAL .. ExAMPee  (solued by Evler) :

fl'u
. ELd¥ 4+ Fd% =90
k" 4 da¢ de* X=y=0 s a solvhion
x EX JdYy 4 Fdly = 0
J d29 da*
Te
3T, WHEN F> $TET =&
£2
Le X (ory) = Csinkz b=/ Fl/gp
ffdad g
SYMMETRY (S (oST --- HIDDEN (aue cquepndfwotin)
— ROD couLd HAVE PICxeED AN INFINITE
- - MUMBER OF DIRECTIONS TD RULDEE ...
te IJ ACLORDANCE WITH ORIGINAL SYMMETRY

. d'vsf [ike ﬁ.'woma.jn:f'

~ NTERLUDE ~  ARounD 190 HEP THEORISTS WERE
STRUGLLIVG WITH A AMUMRER. OF BROKEN
SYMMETRIES © SU(Z), SU(2.) PaRY .. .
* Weinbers got ¢ whiff of CMPS <uccess ¢ began frying To
apply Some of these ideas —» ides that Symametry isni some,
but Widden was eppesliug fo hina ... and Wirousg .




Cold stone. theovews 1

WRON& BECAUSE ...

GOLDSTONE. THEOREM i A SYSTEM WHICH HAS A SRWTANEOUSLY
(6.T) RROKEN CONTINUOUS SYMMETRY MUST
HAVE MASSLESS, BOSE- EXICTATION S
LThis spoiled Weinbevg's hopes, as therve ave wo wessiess
Pin 2erd pavhicies... )

GC.T. WORKS FINE FoR CHMP_ _.

eg fervoumague tism

frtrertt trrertt
CROMD STATE. 1 EXUITED STATE

Db thats wot what waguets do (e waguets. . !)
A
euevgetics favor : ‘f""—b\.u o S e«\T f

gjef e loug. uamfcujm MACROSCoPe , QUAMTIZABLE
excitation with enevyy

6 - h\-s % (r_ cos ;,z ) E"di‘spcvrﬂm“?

AS 3!'-*0 , €= 0 = “MASSLESS "

wo s if the Grovwma state is fuil of SP wAvE excitetions...

IF YOU LIVED WSIDE AT TCT, , How WoOILD You ZECOENIZE.
THAT THE. SYMMETRY OF THE HAMICONMA (s SorR) /2

. Thets our siuction.




(eldstone Theoreu 2.

PROOF:

* SUPPOSE WE HAVE A CONSERVED CURRENT | 3p jH(x) =0
FOR SOME SYSTEM HARACTERIZED BY FIEWDS ¢(x)
3 Lj#x), x)) =0
% [ 3°0), é(xY] - 7-LJ).807] =0

%o [ o3 [ o6, se0] - [d5. [ T6), 00x)] = © (esing Divegeuce

fheovew )
: i &
it O ovey the svrface ““;0".*'
Hhew WLak), ¢tx)] =0 > [&, o)) = constant,

o TALE EXPECTATION VALUE OF THIS QUANTITY IN VAECVUM. ..

ol [& #txA]lod = Colcloy et el

¢ USE COMPLETEKESS TO INSERT THE SPECTRUM OF A COMPLETE
SET OF (INTERMEDIATE. STATES oF THE &s  [n% ...

Z[olalnsdnlelx)ley -Col glx) Iy Crj@ 6] = <Olelod

. WHTE @ IN TERMS OF j[x) ¢ SHIFT SPACETIME ARSUMENT ('SING
P, ‘P . . )
"éa(a) &‘ o with e"pxlrﬁ = a‘knxlu}

e™ley = 105

[63x{ & Coljeto) WS il 1) [0S e " lgte)ud il F)le> eik"w} -

3"(&'} = E-

* INTEGRATE

exponentals contain ouly X depemdence — §(Lk.
v e ki,




Cold stone. Hiecveun 3! only Hwe
dependence

§ (af $(E)] ol o> bulgtrdley €

- Lol x| n> Lu| 3°(o) 6> ciE'*] = {olecled = RHS
o BACK : (o] [@ qlx)]0) = o] @' tx’)le) - Lolglx)@lad 2tHs
(EAVING 2 CONSEQUENCES, DEPENDING ON VACUYM & GROVP .

a) W(@)loy = loS D Gl =
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