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s qestion that must b checked inspcific
modds Asan “exstence proc,” a sl
Imode whic satise s osiiy condion s
iven in Appendix B,

L AnoMALIES

“Th problems s by the mininl model of
S T hae been swiclorl avoided i he
SUIDXSURIXUUIXG model dcused i Secs.
IV 100 and Appendi B. Thse models ave .
varictyofaer henomenclogical prolens, i
Chdingnew neutral currents ad masles emin-
e Supeearter of gloon. Howevr, blre k.
cring it the el o svod thes the -
Jem, it will e e il it 1 addrs he out.
sanding prblem of mathematicl constncy
aied by he intrdocto of the exia guge
Erou,the problens of AderBelJcki (AB)
anomates” Afe seing wha new speeiks
e b added 0 cancl thse sncmals, we il
e beter bl ot paper) o consder whit
Phenomenciogialprobic iy i

Lot ur asume fo dftence ht he gasee
aroup i SUCTSULX U< D),
Smone th e <hinl sl speriis e sre
N, geneations (0, D3 Ly ) of qurk
and eton supeeields with V= 11 04 N, pies
T Higs ot iy with 7= 5 .
22 Then thenrodocton of the cxtra 1)
aaugegroup produce he AB) snomalis

USRI TiTyy P
SURFO TTs Pim2e-28 . 0D
VRO TOPTI=EN 2N, o)
L o

We e i prtcla hat clod s with ¥
caaive ot be added o cancl the SUGFUL1)
anomaly. This i the possiily tat the -
m o B and L noneonsrvation which vas s
by the introdoctonof U1 may resppesr.

Asan cxample ofth sr f troble we can gt
ko in adding new colored soprfild,sopese e
ry 0 caeel anomlics by b SUL)
SSUQIU D11 in  lager growp whoe cp-
Fntation re know o be el fes .
i group i chosen hecaun Ey has an SOU)
U(E) sbgroup, and therloe Teds 10 genrs
ons f qurks o etons all with the e vl
o 7. Specitcll, the 27 of E, comis of one

-, w

enertion of quarks ad leptons with 7=+, in
Chingan sy SUGISUZ) X Ul cutral e
oo N3 i 1, los i of Higes dou
e, it ¥ 3.l i of v,
e aiplt) SUGHSinglts wih 7
50 V=2, plos an SUHSUQ) Ui
el single with ¥= 1. All anomalc -
{omatclly canel. 1t s rking tha we o hce
e supetied of the models we have b con-
St chdin the = +4 sngt e 1
‘Appendi B. Unfotuntly, we fnd ot super.
il s well. The st singet oo 15 can-
ot e superbeavy snce L) has 10 suvive down
1o ordinary energia) 50 the neutino would b ex
et 1 gt are Dicc s from tae Higs
Couplng” Evn worse,the cooraniriples supr
ki ¥~ and T3 would be expeied
10 have rencrmalzable Fitcrn nercions wih
T R r—
ot ecay ot s e, st 3 0 the
il modl of S 1. One b untirscive
et o his st of supeeis i that 10 it
1he cancelnions of snomalis, we s 4 s
Higas . fed o cxch new genration o quarks
and et

spection of (3039 suggests  diferen ap-
prosch o the cancelon of snomaics. Note (at
o Ny =3 gencations, the s (50 s the vl
46 This s neatly cuncld by singleclo
1610, of chirl sperficds with 7= 2. To
v renroducig a0 SUCYUQ) amormly, we
st ke 0 o e et under L1 e wll 35
UL n e words, 0 is 4 membe of he -
i represntation of SUGI<SUBIXUID. Sup-
ok ety ading anote " sperid”
ith V=2, single SU) il T, which s
neutral under SUL) and ULD. No e snomales
ar produced, and T, contibtes 4 1o th e
310, which cancl the SURFO1) anomly for &
inge s i and thre gencrtons o quarke
and pton. Dovbtcs ths caceltons coud b
ndertood by embodding SUISUR<Ul)
001 i scme g group with apomaly e -
resntation ontaiing s thre pncrutons of
nonupethesny quarks and et

ot ll nomalics have b cancd. With
N3 and Ny 1 he race (32 s the value
550 e Chard UL SUQLsingie super
ikt mutbe sdded with ¥ cgaive 0 cancl the
UPO) aomaly. One possibilty which would
ot cnteduce  UIDL1) or UD amrnly i 0
L6 o pirs of diional sipgit spstic
0 wih chargen 130 T 2. [Atany e
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260 rce, 50 there were 10 exrsgauge enen-
or . the (1) would give Te.4*~0, and hce
4% could ot b piive defne. (This argament
o cosly e o tht of Dimopouos snd Gt
519 OF coune o beof e he genrsion 7
‘hich reprsnis  on the quarks and letons st
ot themves be races. [However, f the
SUGIXSUGIXUDXG thory comes fom s
smple grand unifed theoy, T+ 17 woukd
ave 10 Vaioh| We e that G st comain at
et one D(1) fctor, whes geertor 7 has non-
vanishing rce on the knows quarks and Jpiom.
W are slmstincvably ed agan 0 the con
clusion that G is ot (1), wih quarks and e
sl having 7 valus ofthe same sign, 5 5
fumed i S IV 0 enfore et suppreson
o0 and L noncomervation.

The genral pitue othined herehas nersing
immedte contquence for the el partice
s, which bcame sxac i the it of vaish-
g quark and leton s nd Yolaw cou
plng. We note that ll members of 8 given SU)
mulilthave the same behavir under SUL),
1), G, (15 el s ht the s spiing
i any doubitha 8 common v

MM =MLY M)
=aut, @

ndependent of he generations of the corepond.
in quarks nd epons. We can b st 5 opper
o on i splin. Sinee SU) b -0,
Eqr (07 0 (1) give

A=t @

with  nd 1 o spocificly dentin the SUG)
Coupling and geertor. Ths may be compred
it the sl Tomals or the W+ s

FUS0 4 0) an

) ai s as
e avermgs g wighed wih e U
gl -0 e epetaion v, 1f
oy Some g snd dsobls have -
i xpectaion i o o g 4nd o vt
o i, e | (151, Wbl
G0 s e

1880 s £

My more mas eations arise if we make s
Pl ssumpion sbo th exs g goup G.

For insance,suppose that G is a UL group,and
o gnerto Y ha cqualvalue or s} et
nded gk and lpton soperficki, suy T 1
The (1) gve the mascs o l sciar supe.
parnes of th quarks and eptons i terms f st
Thre unknowns h vlues o 20,40 for the
generaons 73,7, and 7. The scaldscorspond-
g 10 qurk o Ietonof a given SULY XU
UL e wil s have  vass which s cal
for al gencrnions. Ao, the gnerton-
{ndependent e wll e st he rltons

M ML= P+ M)
an
$arhe i)
an

MM,

ME= M M) 09

I 7 varie from genrsio t generstion bt i he
same wihin cah genration, then he sslr

e the e fo ll enersion,and subet f0
(27091 Ofcoure,all he resals are ey
approimat,with correcions of rder
[

Fiyer s derived B, (19) s  forml o the
ifTrence eswee salar snd ermion squared
mase, withoutwin th approxnatio of esk
Yolkaws coupins. From ths, s strghtfor
wird o dcivean mproved version of Eqs.
(22109, and o the DimopotosGeori
theorem.” However, s rcogazed by Faye, a.
hough his dervation applis when there s &n
roken R symmery, nd n some othr cascs, i
el thre may appear séditions et i (19
T smumption of weak F-erm souplngs of the
quark and lptom superfelds was made here i o
e 0 void Raving o ivoke R ivarianc o he
i of specific modcls i deivin (1), and sho
cause e ned some sch seumpton 10 xpain
hythe quarks and lplons re s ight. By i
Colorcomervtion, Diropouion 1 Goors e
bl 10 chai the rslt onthe cxitence of bt
Scalar qarks, withoo hving to make any of he
v smptions.

O conchuion i tht there i o ificuty
undersanding why quarks nd eponsar s much
Hghtr tha salr and vector bosor, proided the
modelwithot quark and lepon ks as
minimum of the poteial i which the maiix 1)
o posive defnt. Whethe orno s 5 th case
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The paricalr st of superfds ha b ben
{ntrodood inthis sstion of cous reprsnt ot
one slion 1o e preen of cancelng snomlics
ithou remdcing an snsuppresed viation o
1 and L comervaton. It ha the tracive Festure
st i ok oy for thre gencration of quarks
i etons. I adiion, this seation s one ot
e igiican festur,ofcanclin anomalis i R
Symmetics? whih wil be dicusad i foure
s

(1) Al this aicle wassubnited for bl
vion, | ecivd  paper by N. Sk snd T, Yanagi-
6 [anich Report No. MPLPAE/PTHSS/31 (-
publichet] whieh dsh iththe prbisof
faryon and Ipion oncomsevation in supersym-
merc thories, sin an spprosch silr (0t
procoted e

)M Clandsn snd M. Wise ave ot ot
o'me that the suprsymmety bcaking slton of
b model preead n Appendix s scualyde-
sailzed by the rodution of Ietons: Withtwo
enerions of pton it s pssbe 1 ind » dcpr
‘otcntia minimum st which chare s broken an
Euperymmetry i soboken. They alao e o
1 vy sopermmetry-gocving slton coud
e svorded  here wer a SUL et e el 5
an SU)singlet i with V=44 One can g0
Tuter, nd show et f ll I chi supeields
Bove T 1, 2, and 4, and i thee sre
encugh sperieds with 7= 1410 sllow sl psies
O 7= 2 superfields o have seprse coulngs
it them, a0 i /20, thn supersymmery
must e sponianconsly broken. (This s b
Supersymimetrypresevig solyion would bave o
e (3171707, fo ll scalr flds,an in
particla for sl =4 fcds, which would imply
sl V=2 Feds vnish; and it would a0
have 1 have D, =0 fo il guge i, and i
particuar for the UL feld, which would oaly b

51 VRO OO+ 5O 00,7 L0 XORe350)

positi f some s with 7 negatve do ot ven-
) Onceone chminate he sy of &
Fapemymmete.preeving soloton, the hghtsof
0 potential  th vriows loca i il gn-
el b fncions of he parmeters f he thory,
o that the ot of sl found i Append B
Wil he et minimum o a st & e
g of parsmetes. Unfortunaily, o Claudson
o Wise potout, it s vry il o comtrct
S thory withcncugh ¥~ 14 fekd to v &
Fopemymmetry conring oo wihos sho
intrducing & T ABI amomaly.
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SUPERSYMMETRIC LAGRANGIANS.

T sppendix wilprecnt expresionsfr the
Lagrangan i terms o xdinary ks corrapond
g o the genral Lagrangi for el chira i
Supefields 5 ,0)docused n Se. |

SO OBASSN . A

Fit, et s cstablsh our norion. Sice we want
ourreit 0 sppe t the e i conentionsl
Dirc formalsn, the sperfcd coodinte O i
5,01 will b taken 3 s four.compo-
nen spinr,and all spiorsand socisid matices
il b four ol W defin he om-
ponent fikds 7, a5 spinr), and 4,
(ilary scala] o et cir sl suprfild
S the cpansion

sorwra,

wn

Our metric i 44+ . and our Dire matricescanbetaken i supermatix nottion)

I

-5 3]

ilh 7 he 22 Palf matics, Also, 7330 € re two dingonal supemtrins
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itiscocoursgng that we do ot have 10 add-
Colorncutal pricls with noninteger chargs,
hich s rom (32 another specil fetre
Ofthesgenrvion] The only remaning anomaly
s (1, bt this can e cancele i any number of
way by ading SUC) U< Ul nvtal ks
it variows valosof 7, cne f which could e
he X, of Appein B.

W now st check tht we Bave ot ritro-
ducd the possiity of rencrmalzabe . and L
\ioling ineractions. To b speific,suppose that
he nly I <hiralsalr supetelds e thse s
e in Tl 1. Then the cly trilincr  trms
hich invive  pae of the et hial quark
andor lepon soperfcds e thos e i Ea.
11, s the new nercion (£, 2,3 ) Al 5.
Tong e ve do no nrcdoce new X, superteds
with T, = +1 thee ar s lear F terms which
favoie 1 o 3 af the quark and lpion suprfcls
Henc B and L st asomatclly sovserved by sl
remomalizable SUS SURX U O(1-
ovaran spensymmetric neractons, with 8 354
L signed comentons vales for quark e k-
o0 supericds, et values o, 1O, Ty
and Xy and B0 and L =41 (1) forJ, U]}
Nt ther o troubl with d  ffcive in
Teracions; s ong as the X are lmied (0 certin
¥ valus nclocing 1,3, 4,5, i) o d =3
terms are alowed, B and L comering o o

“The phenomencigical viahity of 4 thory with
his e of superfieds now dependson the paten
of sclr ld vacuum expeciton valos. 1 ar

ieatr, 2 and st both gt monvanishing
vacuum cpactation v o give s 05l
qarksand eton,the charged sl components
O Hy, M}, Ty Jy, i, s e vanihing
Vacuin cxpetition vauc 1 preserve charge son-
Svation, £ mus hae vamshin vacuum expc.
Taion value o prserve clo nvariance, 4 the
et salr omponent of T, mut have 210 o
el vacuum apactation vl 10 prservs the
il st forthe Z/W e, Finly
some ofthe st have nonvanihing vacuum
Cxpetation vlic. Oterwisethe netr U1
atge boson Z would gt s mas sy from the
Same . and 31 vacuum xpetation vlues 2
77 he eectve low-cnergy st curent
couplings would be relied by

B _ g
W 16w o
(b s for ()= (), for () %)

e 2% 25 are i) i ks s e
o e e v of 7 ha o the
SUU quan e, the st curet
Coplin (39 robbly consicn with e
e, 0 e st et - s

it s o s el sl el 75
hic cury somnibing e of 7. Uor
ot e qustion of wheter o ot he v
i oo e v all e ey
gt cano b st il dede what
o, st 1 niode i h theey
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s canbe casily writenin o more fuiiar ot
o by g he rltion 7 -F7) This et
leady wel know' fo he spcilcase of 3 s
drac D tem and abieary I term, where 53

I i restin tht cven thongh we Bave sl
oned /(5] 0 5,5*) o conin tems of e
el Wigh oeder i he supefield,the Lagrang.
fan s taed ot 10 imvolve nly terms quadrai
and quarc n the femion filds. Furthemre,
h cunrtc femion inerction e cnly of e
LERR type.

s o diffialt 1 cxtend thse resls 10 g
thorie, o to Lagrangias with extesderivatvs

ey b tha thes el wilprove el n
ony for the amalys of efcive 3. 3nd L-
onconserving neraction, bt alo for te study
of rdinive corecton in enormalzale super
Symmerc theores,becaus any trm that dos ot
ppea in th ot gnera spenymimeric L
rgian cann b produced b eadisivecore

APPENDIX B, AN ILLUSTRATIVE MODEL.

One eccsary condiin hat must b et i o
er o aply he Tl of Se. ¥ 108 spciic
model i ha whea the qark and kpionsuper
ks are conted the madel st have an et

P el
aarasin

sz ar

potcnia i o whic the mateis 3.,
15 posiive defnie. For . pro tha this i post
e may refe o8 speiic verson o cassof
modes devloped by Fayt? To the bt of my
Knowledge, Fayet has o et prsnied » complete
analyss o the symmetey-eakin sluions of his
modes, 20 1 wil o nto some dtal her

“Th sopecficd comtent f this mode s lited
oot th il o quak,pon,and
Higgssuperfieds and SUCISUG) U X 1)
atge veor superfieds dsribod in Se. 11—V,
Pl one addiionn SUS) < SU) Ul eutal
eichirl sopid Y, We ssume that
uark s epon sperids ave U1 guant
b T 1y s supefields ;.
Rave =2, and the el supericld X, has
T 44 Wil thes quantum numbers, the st
Fenen renormalzatin neracion among the
Chiral sl supeeclds has the form.

RQUUHL )+ 0 QuDR L )y 46 LB )
B H X, )

In accordance with the discusion i Sc. V, we e
ntreod in th cse where 5. £, 400 51 ¢
moch sl han the gasge coupiings, nd 5 3
approimation wecan tgin by dopping thse
erms altgether. With sl quak and lepton
salar e cqual 10 er,the poseial akes the
Torm
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S tnie shene fo vk e frc i hch he sl cael o pr-

We ko tha f mtur t & undamentl vl
el ceys supersymmety, ten the supersyn-
mery mast b spomancouly broken. Howeve, we
oot know wheher the v sxpctation
Vi vt i this beskdown o f sn “ordi-
ary” scale, sa of order 00 GeY, ik those -
v inthe ko ofthe clctrowesk gauge
Fymmeey. o whether they re much ager,
pehaps 4 Bigh s the Planck s One resen o
Sipect that soperymmeey i broke oy t oxd
nay e s from he ierehy prbin’

i Supersymmetry s wnbroken at ighe negis,
bt ca protectsome salar felds rom geing
cnormous mascs n hesponancosbrakdown of
Whatever symmetey comnets strong 4 e
rone ntactons; thse seaars would thn s
Ve 10 provide o second sae of symmety break
g, Which the docioveak gaug symmtry and
Supesymmery are b spontaeouly bcken i
Crinary cnrgen. AL any rt,the ot that

x

S ="

supersymmtry s brokenabovesome oxinary
Coery el oforde 00 G i worth caefl 3
e, besuse i has diret experimentl implic
tion i the ncrgies that will oonbe scccsile 15
acelcenton. Mode which s spenymmetric
own 1 rdiary enegishave lrady bcn
dveloped and e consequences i, most
by by Fayer

"Th purpse ofthis paper i 10 tke  rsh ook
e mpication of upemymmety t rdoary
cnergin, an cspecily 1o aply 1o operymmctic
{hoorics et desclopments tht hve cocured in
he s fow years,patciarly n oo ek of view
egarding baryon and leton consevaion.

One of the s o the SUL<SUDXUI1)
sauge thory of srong and cectromeak nericions
s hat i xpined he experimentally oserved
comseration lws forbayon and lpton umber (B
i L) withot ncding 0 vk seprae glbal
Consrvtion aws. The most gncr reormali-
e iteraction tha on can e down i
ot ondinary quarks, epton, Higgs doublet,and
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posing hat sapersymmtr s expicly but sl
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ime o order 10% 3. To avid soch catatrohes,
wecomsider in Se. 1V the adiion o a extry
ouge symmety 10 the imariace goup of the
Mol It found that 4l 4 tems sr forid-
en including nt nly the B-and - nonconser

et which gave trouble i the Dimopouios

Goorg mocel, but ko any Lnonconsrving erms
‘which couldgive an obserable nutino s
Howeer, there remain alowed d 6 erms, which
coud produc a “normal” (8 L -conervin pro-
o detay o 4 ccrvable rte. Supensymmecry
and gauge symmetric consrin th s .
ment o thi dcey, with fereting phesomnen
ogis comequencn
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n oderavtomatcally 0 suppres B and L non-
consersation 1o s importan implicaton fo
partice mases. These are deerbd in SV, and
5 llsiaiona spcilcaseofthe s
dscribed by Faye is anlyzed n dcall in Appen-
ix B. 103 shown that supesymmetrc theoris
an it atualy acout fo he facttht we b
v quarks andlpions with masses mch s
b those ofthei clar superpariers, without

having  bresk supesymmctry explicily i the
Lagrangin. Sopereyiry i beoken el sy
oty ber,the sl of his brakin and of
SUQIXULD breaking g s by the coxcets
of Faye-Tiopouls terms* (1) As shown by
Wit i ratural for tese coefiins ot o
et ke vl rom th sponancous breakdown
s scmiimple group st superarge cocrgies, o
o perartative corrction, o his part of the
irarchy prosle i scved i3 s0h thorc
There remain the vesng qustion of why the (1)
terms e prsent t al, ad with soch small -
fints eativetothe supethavy mases. One can
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ffcs) yiekding (11 tems proportionl 1o
i contan/ ") bt such qusion will ot be
airaed i thi paes

Sestion VI derites o wayof caceing the.
Adie Bl ek (DY) anoemais in 3 model
it recisl hre eaecationsof qurksand kp-
o "N fture paper” willaply 10 R invarisnce”
he same st of sl s e or B and L,
bt wih special atetion o the clfcts of ABJ
ancmalissnd ntatons, and will e
iz heproiems tat i the ormtion
of s ralisic sopeymmetric thory.

I VARIETIES OF TROUBLE:
“A MINIMAL MODEL

“To spprcit the diffclies encouered i for
mulating e model that s superymmerc
down 0 xcinary cnrges,consider frs an
SU)XSUEX () gang theory conaoin st
hose chirlsalr seperfelds whoe spi- - o
ponents s the ncosey lepons and quarks. We
il dente thse suprfild by capial leers: the
£ component o te If chial scla super-
5ld 0, (0., i the e handed qark dou
et 0, = e spin-+ components f the .
il superfelds U3, D} are the sntparicles
3. ofthe right handed single quarks; and
inilrlyth supericids L, and EF bav s spi-§
components thekpon doubie ;. (v ) snd
e . The salr components of thee supe.
ikt e nbelod by copstsrp et

PR AN
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i ae i Lo reprsent ay parice with the
Same st b tho ¢ sands for 6, or
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here £ and d are aireyTuncions, s 5 sl
Fand D denot thetems i the oo pro-
postions 10.0,0; o 0,0, 0, rspectivel, with
0, a0 0 th e and right fnded paris of the.
frmionic superfid cordnae 6. Note that w do
ot nude F e of fncions of bt S and 5,
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e do ot il D terms of functions f § 0 5*
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Tocal guge symmety: in he e way s s o
o for renormalzable horics, we s 4 Yg.
Ml lype tem for the el vetor sopeeikd
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pendix A
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ams sy,

et 9y, (559 @
a=s: (5755, (5599

et (s555y (5757591, (S5555)y
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‘which must e sutably cotracied n orde
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e ffctive Lagrangian which can ocue up
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ey a an unaccepable e

“The fst questionca of courseanly be
answered n theconent o  spcifc theory of the
Superhcay degrcs of o, Inthe gand i
i fomn ofthe DG el thre s seperhavy
o superies, where xchange ctnlly
oo produce the elfctve nerctions
(0,0,0,L )y 0d (URDEDEE3)y in tree appro-
imiton, with coupling of arder 6, where / 163
ypial iggspurtice couplin.

At the et ofthes ntrsctons, ot it
ey incude th v Temion-two s e
(s Appecin A)

w2, w2,

ErEt N Ee @

Ga . duivis .





index-4_1.png
0 STEVEN WEINBERG

TABLE 1 Susmar of st o s, ith e i s i compoens
amd SUSU XD gt et Nee it whrt 2t bt e, e

e e 1 ks s of sy s i e ot e

Letictint
s

"
@ 7

[

o0
im0

3
3
'

sy

£ 50 . For comniene this otton is:
Fimmarzed i T 1

“Apart from Kinemtc (s snd e cou
pinge the mos generalrenormalizable supersyn:
mcine SUGISUR) Ul warant neraction
among the quark and epon superfiids i  inear
‘Combination of the tlinea F terms

(WLLuBRy QDR (DRD3UR)
o

T ——
o vy Thc e v s i
s i s s oy

bt & v o vl fthe
st s 101 of £, Wi ek
ST i et vey e e et
o o e g, e 70
e st T bt e e e
ot s o e 1 o

3 There 10 vy f cxenin e e
o v o s 1)
R T e . T
s e of e 7 et e b
v o ) ca e e o
ey e T e e
ovee Bt ' i o e v
Ry

iy A ——
i i s o Sty b 4 e
S Do and G whch st
et ey Vi g 5
SO ek e ond o

supefields are the nly coorsd ks h spon-
ancous brakdown o supenymmesy and
U)X U1 mut v st e el lghter
ha the lghios o 4 qark.

Dt s a el supersymmtey
model can be comvenicnly characirzod b the
Fetres that ae ot i 0 void tese hre pro-
p=-

. suexsuRUn
SUPERSYMMETRIC MODELS.

Lt s s consider what st be done 0 s
mouat the problems discusd i the astscion,
e d ot s 10 cxpand the gaue group a o
nary cories beyond SUYXSU U, Inthis
o he B. L noncoerving revormalzable n-
fercion (3 DF U3y st be proiid by some
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oo, b anothr traciv Tsure, et in
nderanding how 8 rssonable spcteum of
s can s i 8 sopemymmerc heory. An
xr gauge symmesry [vith G- UID] was e
e o 1 purpose by Fyet? L will come ack
 he e of i setion 0 th o e
s spprch and hat aken here

i, what i the provlem? 11 s ofen said that
he chict ifficuly faed i constrcting modls
Which r¢ sopersymimeric dovn o oxdnary €
e s 0 undrstand why thescalar Superpriers
fthe quarks and eptons do ot ceur st mases
Tow cnough or them 1 have bcn e In
opiion thissomewhat mistaes the el problen,
‘N sl there s maturlssle of s 10 b
expecta i  gauge theory,the sl o te masis
ofthe paue bosons ol wih roken -
e such e the W a1 80 GeV. Clarly any
umber o sla counterprs of quarks and e
iou could be rking a snergis o aer 30 100
GV, and we would oty know 0 The e
el i oo hat ha bdevld guge thevis of
Sctrowek intreaction from he st why
e hescalrs 5 vy, bt why ae at et some.
quarks and Iptons 0 gh?

Thev no e snewer o tis problem, bt t.
st wecan Iy 10 appy  n very sty ok
answer i 4 supersymmerc content. The aineved
quarks and lpto. are moch highter than the W ox
2 becaue thy v vry weak Yukava coulings
o the Higs bosors. I  spersymmetric model
i would e hat the d — & eacions of the
quark, lpion,and Higes superidds i (11 il
ave very sl coupin constants. We o nok
Ko why i shold b th cas, bt f by s

& these coupins to b sl e can udetand
ualtaivy why the qarks and ptons ar
it than the i th scaars are o, then
e will st b o worse off than without
persymnety.

T simpliy mattns, et usgo sl the way, and
magin tha the coupling constans of renomli
s (57 type intencons ivalving quark and
Iepton superiks (ke those i (1]l vanish.
W will oweve leave it 4 cpe possbiley et
e Higes suprickds may have (S y-type s
tions wih othe sperids, dencid X, [1 s .
it i thee ssumpion hat he quark nd ey
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(Recll ht copitalsrp etters dote ssars)
Each of the heavy-scalar pains 2,2, 7, 9,
g, 0 can b crstd frn  ermion
ol i 6100 45 g,y pecivcly, by
Criting » e o frmion pricr b, ofthe
Higasbonors, whichthe anriitc rough the
Majerana s ofthes Higgsfemions. This
iedsthe proton decay cfctive neacions
032unex 100 gy unds. Howees, he proon
iy i prodci n this way s enormosly
Supprscd by the foue ponersof sl Higs.
particecouplings i the e cement,and
proubly 100 small 1o b chervd. On the ot
and,the heavy boson pais i 7 can o be pro-
duce from the comsponding ght femion pis
a1 001 Undy, e b emiting pie o the
i, sperpaiorsof te auge. bosons 25 0r
W which the st trough thae Majoans
mass erm (ich DG explcily inloded i ther
model 1  sof supersymimetry beaking). Ths
ieds the proto decay effcive neacions
90011, and 5303k i cotTints of o
i

pe
My ©
[Thefactor 1755 s put n ecause his s o

Toop graph: the factor o 1°/M i te coupl
contan 6 of the

Tactor < arises fom the cision snd bacrpton
o the femion soperpatnesof the W 424 2.
i he Fctor 1/my s from the el on
e wsumpion hat s the chascteisic mass
Of the el superparthrs o the qarks and ey
{ons nd the fermion suprpartnes ofthe W= and
2°) The protondecay at i then ronghly f s

©
For theprocess p K", the couling £ is 8
product of Higgsparicle coplings,

L Gymam 1310 o

For M of oxde 10° GV, the proton iftime
ol be of order 10°y. Evenfor M =107 GeV.
ohe sppropeiai valo o the grand wifed verson
ofthe DG modelthe proto fetme i nly 10°
37,100 short by 2.3 ondersof magaitude

T iy could be avided,  ve o o in
st on erbodin the DG macl i  grand oni.
i theory, by addin additons loal sy

mese. This is st verystactive—even the
moden dicree symasty of the DG mode vas
ot el appeling. 10 s bt 0 attmpt &
it suion.

v SUBSUD UG
THEORIES. # AND L CONSERVATION

W wil now comsider a difcent way of svod-
ing theproble of inuflent supeetion o B
ey —rpT
Tnsiead of imposing glotal symmetics, we wil
suppos ha e auge roup which survivesdown
o ordmry acrgis 1 ot st SUG)SUL
XU, bt cotas an ddiiona facor G, Do
pendin o h trsnformation popesties o he
Qe epton speeicds under G, i then
Qe plsine tht s £ noncomsrvtion coud
el out i d 4 and d 3 eacions, 3nd
e e ot atogether foidden, ~

“To ke one cuample,sappose tht G =011,
where (1) s anaber U)o, commoting with
e riginl SUG)SU2 V(). Suppose o
sl of the e chir) sk snd et sape.
lds 01, U3 D Ly . have valosof the 1)
quantum e 7 vith the same . Then
Sy il terms that invave only quarks and
Jepion superiks are fridden, nlding the B
and Lononcosering efctiv neracion with
d=dand =5 i 9 a0d (5, rpectivy.

“To sllow u 0 catalog the varce of possie B
and L nonconservaton which s, v -
pos or deftencss that the 1) quantum mn-
e 7 s coual vl ey 1, for sl e chial
quark snd epton superficds 1 onder 0 provide
o qurk andlpion mavie,we st suppos, o
oS 1L, ht n sdition hee are UL gt
SUQ)doubit Higessoprfic 1, 0 1, it
oninary weak hyperchargs ¥ -+ and
¥ = epectively, and now sl with the new
00 quanam mumber ¥ 2. (s discused in
Se. VI and Appendix B, other supefields will o
have b o i cder o cance anomalc and
o chisn stable symmetr breaking soluons) A
conplt st (apat, a5 aways, rom inematc
e, gauge coupings, and xtn desvtive) of
SUOSUE U D(1Hnvaint supery
mec ntracions iavovin quark, lpton, and
Higessoperficds up 1o dimensonity d =6 5

4=t LB, . QDR

@i,

an
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o supricds form representons of he
SUBIX S Ul X D) gouge romp whih are
Sparute Trom those o the Higg and X super-
k] Our s then i 0 s o the broken:
‘symaeiy souon of sch  teory with
TP () 40 wil have masics quarks
and eptons and mssive salar. 1 o he we
il ot have o wrry sbout whethe the scalars
ar vy caough thy would have o have masis
ofthe oder of thecnly remaning mas e in
e thery ht f the W' and 2.

“The ot ofthe el s i his st of
thory il hav the gncralfom

e

as
where o stands fo l the sl sperpatnrsof
e quark nd epons,  stand for the sclse
components o alaher superficds, ncluing the
Salr Higgs ields 7, and the salr com-
ponents of whatve oherSuperfclds 1, may have
5% iype itrssions with thm, )
s th tner funcion whos F comparet de
erites any soch trncions, 4 and 12 s the -
rces eprcning th ath gauge gencator n the
'and ki, . s the comsponding cooping
Constant, a0 £ s the coeficent of the term’
V.3 which may apper inthe Lagrangan for
) bauge speris.

“This potntia can el b remritn i the
fom

[ RTURS SR

+1Zele'or s e

4 an
It iy pparen hat f ve i a vaoe
0 8 which minimis the potenial V(4,0 with
b the point 40,00 il be sl
miis of e fullpscnil 4 only i the

= S0 s

s posiive defie. In pracie i i positne
el his i wsally (ot ot sy e te Ad-
dd Nt s an stoloe i, s the
only way to gt 3 lowe vlue of (60) would e
123040 for which some of the cgrmatue of

302D, (61 havechanged sgn, and those will
T fom the o by which miniies
V6,01 On thecter and, 4 i ot posiive,
hen the e i of 1(4,0) Gl b
o0

"The imporiance her f inding o miisum with
=0 tht this s sffcient conciton o have
aising qark and lpin mase. (OF course, we
wan the sl counteparts o he quarks and
Charged epons to hav vaishing vcuum cxpects:
Hion alues b i order 10 prsrve clo and
Chargeconervation) T generl,the mass matix
Fth e handed frmions i  reormakzabe s
eyt theoey b gven i ek spproimation

oty
e | 1 "
Mg =2t a
g an

het 1 an i bl the eft-hand frmion ks
o lef-hia scla sperfids and el gauge ve.
or supeteld,rspectely, 7, s the sala com:
ponen o 08 ofthe e i sl speeicd
S e the matei reresening the th g
cator ofthe gaug grow on the S, /1) i he
funcion whose F erm appeas i the renormilz:
e part of the nteracion (1, the subsript
e meas ht hse quaniis ae vluned ¢
he minimum of the poental V(). For the
calrsupeparnes  of the quarks snd ptons,
(19 vaihesunderthe assmpion that  doe ot
apper in £, and (20 vanihe becaue we e
Condering & misimum of ¥(.7) with 74-0.
Henc all qarks and Iptns hve 0 mass. OF
course n he rsl work £ (4,0) would be assumed
o depend weakly o o, nd he guarks o lpions
ol 2t b s b oy reltvely g

We e tht the pmitvty of 42 wil cad o the
it we would ke, hat quarks snd eptonsarc
S g, 0 1t s s s i deiis.
What sbou the salas? Equaion (19 showsthat
el mase-sqared mati s ot 4°, which e
v s now assumed i posive defate. There
5o reson o cxpctthat sny ofthe posi.ve-
et cgenvalocs of (1) would be mch smllee
han the mtual scile gy, all clar coun-
Terprts of the qarks snd epons s xpected 0
o havy o have b hrved 3.

W can o s why s mcesary o it
duce the xta gauge group G. The mlrces
hich represcat the gnertosof SUGSUG)
U1 o he known quarks ad epons sl b






