‘8 ere®in In:‘ex:ﬁm ? @

Defined so +hat the fn‘f!amﬁ#ﬂ i3 lincar and translation
inveriant, For o simgle 9grasiman variable 4his means

fd(ed)#(gn) = [do ft)
jae fe) = O

Which leads vs o 4he cucions statement 4habd mhar«*mn
¢ equivalent 4o diffventiation on 9rags man .r

- d w & w
f(e)z {f,+0f = y. f6)=f = Ide f@©)

The formnla below is crucial: essentially §(€) = ©
[dee = 1
Of cowse we will need 4o integrate over severed §an

dimensions where dE is natarnlly generaliped via
the measwnre 1 6 which 1§ G"-P
d'© = 5 d0"def€.,  (CHiraL measure)
d'6 = “-'- G*édég déi (ANTICHIRAL MEASVRE)
' = 4'64"8 = f cu e d6TYefd0, 6y
inteqration yrst
picks off the __
00,58 or 0660

e ———————

_Yd 9(99)-

"erm,

Jd'®
Sd‘e d' d*e(eeee) 1

<ee£e) y

Rtwh- snce inteqrodion ~ difberentiodion netiw d%O ~ ;;‘%‘
which Wills evvy tum except the 66 tum in
o superfield, no ©' ceman ofter +thi operation !




I e - - “1,
(N'-'-'-:l G oAy SurcRsyYmmMETRIC Ac*nwj

This s GLEBAL Susy becauwse the voriation § acts
the seme ot all points 1n superspace. Teo look

at LOCAL SUsY  +he parameters € must be changed
from constont parameters to functions on svperspale,
Dﬁins that A & Phyn’:nu’ sensible wey § wheat

is called SVPERGRAVITY = SUSY a5 « |ocal +heors .
We will condent owrfelves wivh GlosdAL
SUPH’!’MM!*!'} for which we have +hree congtructions

we will vse aanin d aqain ..

fd'x| [a0E001+ (46 £1718)] = Sewan

Id"x jol"e V(x,6,8) = S

@ 's CHIRAL SUPER FIELD
i* IS ANTICHIRAL SUPERFIFID
V' s VECTOR SVPEREIELD

A\l of +he actions have +he propecty +had

ofter Yhe ©, 8 intearations we ace left
with o intearand which +ransforms as
o +otal decivative under Susv Jransfomation.

P .
8 S(H nA L — O
4 8 Su fcTok - O




IWESS ?umwn MQQEL: SUPERFIELD F;HMUL&TlﬂNi I

('OHS;JET H’li mr..+ian OSNI.I'\ ’Ollw-i. WQ ‘*’ﬂkﬁ ; 4o
be o CHiRAL Super field ond ¥4 be AvTicHIRAL 7

S = [axf (e 's - [Po(ym's’+ yo F)« ne]

This uhan has §S =0 since ('E §) E*F.H"; ;
hence E'F i o vector superfield. Alse &' and 3
ore (HIRAL suplrf’mlds = 96 |n+¢5r¢’r|ans leave jwit
an X-spaa function which '\'rnns-&/m; ot o +otad r.l!rwa#lve

vader susy & = TS =0. Tus s the power of

+the SuFIr'('llld -Fnrmu\whnn +hat parayraph replu.r.n"

abouk of compengnt
\'i = A+ Tbs 80 F +10¢ 80 Ar K(©0)344"8 -5 - L0088 aA

T'= ' 5§+ BOF'-10000A'+ & 8B O -quﬁua

Let ~ dende the besonic projection (ignere ¥, @ for clurity)

? = A + OOF + 106021 —-{aalee)ma
=ty BBF*- 100" BonA- er(eeﬁﬂr:m

?L____ ~L(on )H'-qﬂ DA+FF+ 23R 3.A
(Kd:e :::1= iila&) .

YN
0

2R
o2’ = 3a°

E
e

P

S = Sd;{ TR+ FE - (ml;f-'i-caPTF e miE g ¥)

__gim_ﬂpitgreuhl, the W2 model we hd /
y the way I jwt pactiolly infegnied the £'¢ tem
" (A 9mh) = J"A% P + AT A
So I can trade 27A*OmA for = A" [JA in the action,



IWESS 2UM|;0 MGDE‘L WITH MPiS t COHPHn.Is Te;_mT

Loagt +ime we found thot the W2 model which easishy
ot the wmultiplet {ﬂ,\?,l:i and SUSY +eansformations
Bedween thege g nomely

Lsfn = fiey

e¥ =if2 o "CEo.A + f2€ F

£ = 1{?5?”31'&\!" :
These dcansformations leave S = JdIx £ iavariant when
+he \t%fmbian hos the form »

([=1 +mZ, +of |
L =iaF@"Y+ A'OA + FOF (Kweme Teams)
;‘M ¢« AF » Aﬂt*' %\Pglv - é’q)-q: (MM‘ TI'MI)
Ir_- . A‘LF % A‘IF*"" AYY (GN?HI\I“ m‘“’)

Netice F s an mﬁllu-a field we con eliminate it by
\mpesingy its e92% of metion. (netice they ave aloebraic; Aux. Fietd)

od _ X _ i 2 _
EE-]: m A Cbpt..O

¥ L
%é‘-: F-—MH'%(H) =0

gy lmpn.ﬂnﬁ Yhese ef'fr of mdtion we Can f!cu.lj’ -ﬂ\i 4
W3 action in *erms of +ha ™ Superpotentiad” V(A A"

V(aA) = FI*= [mA* o 6 )[mA +4p°] 2O
S= [ (Fa + AR - VIKA) -Y+5) - 4TY)
Viext we will see how ofl Hese results 4l g,/{.am/é, p -

the SUPERFIELD Congtraction.




|GENERHL CHIRM Movasi @

We coan write o more %tnera.ﬂ action of which W2

i$ on example,

S = (¢ (00 2% - [sowee) + 45w ts)

e W (T) is SurerPeTENTIAL
Tts A HoLomoAPHIC Function of 3

” Acba\.:n £ind F is a.-.mi”war ‘H\u.r on Ig,
A’ Pt* remain ﬁ.‘F"tf impufna s efd— matian
“ = 1c1%= | 8W/°
Veth,A) = IFI"= |4
Lets see how +his produces (W2) mede! choose

ng (;) ” ';'MII"' %951 owr choice
V. (A p*) = |lm® + 532’;#1 = lmn-l-sﬂz’t

Jwstas Befoce.
Cveic W(E) => Quarric Scawar = W2 medel
PetenmiAL / s moest
%&Mﬂ.&
”“;W‘a' ;

tenarmilipable
‘-9 SUSy Actien
for o gingle
CHiIRAL S.F,




{COMPLEX SCNP«R FlELD : GMGE -ﬁ-aeoﬁv fxnmmzl
We 6&3?:1 with the 4“3’“”3 ian and g._:"} of metion :
- Ph*) o At (D+m")¢=o
L=0,6)(0¢")-md'% o P
T‘lii Llaflna;'aq llj' j?:w;‘"* H.HJ':f o ainﬁd U(ﬁ} “f"""#a'
P—e'p o Pmei” (heR)

The abeve simply cotates P af all peink in spacetime.
Now if this :ymm:ff, Cotrespends to some pAy.rsz/
process with dynamics then thee is Something wrong,
the olobod sy mmetry should be instead adopted to
o. locod symmnfﬁa; these conseyuincso follow,

- A ceplaced with A (x)
. f:m.uﬁc. Petentiod or Commection A,.: must be ntroduced
e Covariont Derivakives replaca ordinwa derivatives

Pore Gowsg tum oadded to - 4
| = (0, 8)(3'9") - ¢ - § FF |
Dud'= (J wieA,)d* «— Covariont Derivadive

-i\(x)
*€ 4’ local oawae
Q}*—-—* 'y ) +rm?-F:?nMrinn$

the petential Al* most Teansform in this
woy *g maintein the nWorionce of

the oction under \ocal aange *ransformoddas.




lpuRE _gauci ACTION‘) @

Now we will see how 4o aeneralive the A F;w term
thet occws in ordiney qawge dheory to s supersymmetric
onoloos, We will let +he superfields do the work
fer vus, but first cecall,

W, = -i e+ ©D- 1 (e"5°0), fun + 606479, 2°
CLAm:  the following action is gawge and Susy invasiunt,
S'= 30 [do Wi, = [X(4 7L A" 0E 1 0%)

WK Fo llowts 3::; Mmlﬁplujma.
W“lee W W, out and Cellecting

\'}u..i'i' the OO +erm.
(omitted instunton term )

WHY 8§'=Q ? Naw o 5 5 e :uptr’snua& ‘ffnnﬂﬁ/
then jwit recall that Wy was invariant under o
guper qamne Frans. 1. W™ W, s unchanged - §S=0.
On the other hand /¥ 8§ is a SKSyY 4ransfumeation
then we need #o reeal] +hat Wy is & Chiral §.F.
henae WWe is & Chirdd S FL, Then conyider #his

£=A+lzo¥ +00F = 3, ,=F
&F = {71 2. (ve™e)

THE ©O CompoNeNT TRANSEORMS AS
A ToTAL DERIVATIVE ! So when
we intesrate over "X +his venighes

- « o bhame mim 1% o m
SS = Ek-fx S(W W“l&e) = 2ﬂ5ld x {21 () = fRil )|am
But we ossame the Lields are localized so vanish on DM,




[—:—————7 ® |
GAUGE' TRPiNSF'oRm&T?aMJ_ oN ;

WE bcﬁ;n by wrfﬁn3 G 5\#“ S‘ynmt*f on +he
CHIRAL superfields B, (we consider sw:r-} Chirad Supe¢ fields)
J

£ i t; are U(1) charges
%1 i €.X.P(-1t ?‘)i A ore rigid V(1) angles
Netice: D, 8, = D, (w) §:+ exp(tia)D,g,. = O
Congunt Tere o €; CHIRAL

-
Se D&E; =0 =2 slabJ V() cotation of CHIRAL S.F.
produces ooain & CHIRAL §.F., That is it cespects SUSY,
For o collection of Chirad Suplf'{u[d'.f‘-

+ he.

i " yilaeé& +[%— m;; E-,% . %3:&&, % ii}:‘]ﬁﬁ

(w1+h m; =0 f +:+'f'|; #0 ¢ 9,k =0 f f:"fj «t ',fﬁ)
othewise T E = ep(Ciltiet)R)EE; # T,
will comse L 4o net be invariont.

Sn we make 2 — /\(K) This ﬁiuu US 0 Unigne

fotation ot each peind n space, +het is g locod LY
teansformation, From the calcwlation obove you

Con See we must +akke A(X) to be o CHIRAL superfiold

n order for the oqommn transformation to respect susy.
?

%1 bk EKP(-iti A){
I‘:’ exp ( it;N) }T

/
Tkﬁc ‘\'rnh,;formnﬂonj' rcspcd' SUEY becanse I;
i o CHIRAL swperfiold anvo &) is an
ANTI cvipaL superfield. |

I ' it (A'- +; :
(?k) }; : E:ll?; € VAN = &9 E{'V

i i i




(Gowes Comes Acton ) Go)

) tV. ‘
We determined E:' f; o §:e f.. with V = I(Af"'A). So
then we see thot in order to keep L inveriant vnder
e tronstormations en the C(HIRAL seperfields we mwst,

(V— V*—i(l\-jfj )-(i)

+ 4V 4. (A - AV K-
3"E — Ii*ei.(ﬂ BRI Y - A))E ='£.+ew{|.
il Gu\gd 2 Dawctiil conie® =
Tl‘\f-'ﬁ we mma we t“.‘e anged CHrd action which

combines +he Chitad ond Vectur Mhlﬁplt‘b’ in o WwWo
whicth mokes Sense in view ef both SUSY ¢ GAuGE Sym.

— — Vv
af - _:1'( WKMJQQ . W-'r Wﬁ,gﬁ)*‘ g& g’geg
+1[-—é—mg E'.i_; + é‘%ﬂkiéﬁg}lw"' h-c-}
Th:'.f 8 iaveriant vnder SUSY oand the go ﬁmn.rfvrm.
} "e)ﬂ?(ff‘.ﬂ)f > and V'= V+ l'(A'ﬂT). A JH‘l'Mnfb

't containg ne Terms of dimension > Y since vizo,
Thot implies thoat L will be tensrmi|ivable.




lSuPER ELECTRO PYNAMICS f«_‘l‘a_v MoDEL ;

We consider 2 chirel supectields &, end £ +these
will make vp the electren. The lograngian 15

Lo =3 ww@ub‘wlﬁ) + (E_:ewil +3¢g )Ig%—e
+m(2,2),+3'T|;)
Where dhe Superkelds &, and T +ransform like,
f_: = g'el 2w §:= g $

When we called t; +he chosge we meant . The charye
of the &  field is € and +he chagr of E_ is -€,

\

Jow =(39"- {4ud™-iAC"UT + F '+ EE" ADAADA.
FiATEN, 952 ) kinetic & Aox. terms
+(eV (18- 3870 - {ala - DTN 0]
( V2-AVY2-n T3+ "
-5 (AR A-AYA-ATXen2) + £0[A A, - 70 ]
- etV (ATR, + ATA)
» AL +0F -4 -BE - AET 4 ATE]
'rm - gtmvn) 1S the Field Steen ad Mﬂ .'Flnn
A is the svperpwtner of E&hﬂ; the wz
Yy ond Y. compose o massive Dicac Spiner ) Electron

A, and A, make the Supwparine of eledron ; Selectron
(fields D and F, £ are auxillory Fiettls)

S




ot Oung

Is & theory with o rowp Su(z) ® SU(:L! © U(iav
It (ms-/:::? a nu?nbtf of ﬁesc;ﬂ, iaa ;““w.“,_l.; o
which we call “Vector besens”

Ylvens:(D) hes spin 1 and corvies (3, 1,0)
Bﬁsﬁm {W Basens : (W', W, W®) are spind with ( :, J'rsx,a) cepresenhiin
$.M. @ Bosews : (8°) alse spinil, cories (1,1,0)

The stundard model #ields corry a repcesentation
of SU(3),., ® SUlt) ® U cmee + The numbers
(8,1,0) menly indicate that gluens have :

N :inblﬂ

3-dimensioned f!pr:anh‘h'an ;
Its a long Stry but bo.u'u//, one choases the
standurd medel freld’s representation so thesh
‘H\t, 1nfecact in a way censisteat with €xperiment,

Quases — Q, = (vd), (cs),(tb) (vLeer avoep sue) 2)

ANTIQUARKS —> U; =

v E,I (RH Sv(2) 1)
A
(

s
, §. 5 (RW Sua) 1)

/

LEP'ﬁwg—-l Li I

Ve,€), (Ve, V), (Ve,T) (Hsue2)
ANTILEPNS —o E*. = E' F’-'f

. - 1] ‘l
The index renges oves Sormilies (or 3¢ncmh'im*)
theee are no aadi nuetrines,. or ore there 7




&

Considey the Kinetic Rt of the Standocd Mlodof %
Just the fermionic fields :

L=-iQ'&9,Q, - V90 -id &4,
=L@ L, - 1EPE; +--

o —

”lﬁil wé }lﬁw G/PW ﬂiﬁ-ﬁhﬂ Now means antiparticse.
Notia that the ctandasd meode ! conthing Cﬁf}-j
Fermions meaning. their LM € Rt parts transfum
under seperute represantotions of qanet rowps.
To convert o Dirac Spimers ene mugt put ia

Chirel ﬁ'aje:ﬁﬂ' " order To write a sensible /ﬂ-‘,rmyhg

LA %(l -":Y;) CHIRAL PRoTECTUR

You * ( ’?‘“) DRAC ConTaws LH $RH Pagrs 11!

E_‘l’umg; = (:r) .& LH an‘ SP‘MF
Pg q’omn s (g') i RW W%l SP.iMr

imu = -i% 2% -mbY, = i1g)T-x@9X - m(fx+ 7X)

In orde Ho /u:p LM 'ﬂufna: nferncting with LM #n'na.f we
must kill the RH port etherwise we hove vnwanted Jum,

£ - ({) - B }; =% (AunConwe)
f,_--(f;)“ byt SRR L

L




SUPERFtELD MumPLHH Vecor w. CH:R&L. @

The fwo superficlds we hove investigated have
U’ef, da‘ﬂmnf ﬁ'g/a/ Content, Zef.r expano‘ en -!"M,

CHIRAL 3 2 ceal or 1 complex scalar A)
MULTIPLET 1 Wl Fermion (m20) \ ¥

VEToR W I 1 mossless veche basen (v.. )
MWTIPLEr 1 Weg Fumion (m=0) \V¥

VEcToR MuLT PLET |
@ Gﬂ\bt Boson transforms in mdjainf Cep. = +hod
ddng 5&%11!\:;’; are alSe n odyoint Cep. So
w Hhis melBplet members share a camenon

gt Qlewp fep.

@) Adjeint rep. is its own Conjuanke thins femion
n the vechr maltiplet have the some qauge
tronsfarmaton propestios for LH $RH compinents.

CuiARL n?acrrggﬂ
1) Unlike Vectir Mu/tiplet we Aove ,po.r,r.-'ér'?r;‘b,
thot LH and BHM parts +rnstormy vnder
different gnu-al. O rewp rtpfuln'l'a't':’nn.r.

é Sﬂndhrd N\ﬁd{.‘ Fcrmg'gﬂ;
showld be pwl' inte Chired
mw ltip le s,

Ada{;ﬁin-”’ Im. ftfm'pr.r c‘nﬂﬂa?“ 9# r:'!?‘a a vecfur
multiplet due o LH/RM asymmetrg. Finally we
muwst puk dha  S.M. besons intd o vecter mwltiplet.
So these ore the guige lines for buildiny tha MESM.
the simplest extension of tha S.M. incorpocating NUSY.
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‘Gouu.néa. SJ-(}TI-\.CJQ'WE ok gﬂf\ Pphr+;c,Qw

o Jekt honded # PH piess of guarks and /epting
are SEPE*'"#-&“ 2- Cumpdnenb W F;‘.‘fm,’anf/
Fhose 3&1" da%regé gongn +nds oo A

2 (4‘;‘@1
il R ém&l\ cede e own esmplex ceolas .;*mperpw-j-m

» 77\.& Suuféj and f/ 160! jﬁwe Samg S‘Méw/
as Mjr Supec pos Fron ?EK ce ade ~ 7{; ;Jeﬂ/ﬂr{y

A/dr‘t 3 é: an(/ é; e Jp;a O lpf#fréc-&ﬂ
He ¢ and 2 reter b Ho heliity
Hha  Superpes frane e ol €,

< 7, S-poctites Shove Hao same SN gavgs

f'ﬂfv_fa.cﬁbnr ay ﬂ-.e}r fmpf.'fpafv‘{w,

UL Cﬂ%P[M +o W (Quj‘ar\
Gg vl neb,




L) Cuea._Sweetmurioiers w  MSSM) @

CHiRAL RerResentanion oF
o Names -~ men ”l SN 0 lSP: '/1. SUB) , Sue2), , Uld)y
D squks quarks Q *(‘G 3.) (u )| (3,2 &)

e —

& ‘F-m'u) S = 3
o q _(3;'11 “i] *

glifhﬂj ieﬁaq L
(753 -&nmi:ec) o

€

e The M frﬂu Chired Hfmm; ffﬁ#fﬁrm af a’ndt‘\&-

*‘ﬂ@f 5‘“(3); while the right honded Cafur‘o-!
‘_Fﬂm;w: mrg &Q Sufﬁ‘ F‘ﬁalﬁ-’h ey _’. , .

[ TR L S S A -~ A 4 L el

« Y ‘t.s. Hu. l\,parckmr%u.

' '. : wki;k 34

I W q--;-i— P

o The 3 s'fnr-ds -Rfr Sq.u!nr} a” v aé_;ed:r are w:a&u

presentty.

¢ 1% tlesiva of the brgec a/
| / prefcrrbeo/ a bove
Y s a !ﬁ“é and Je,/rc.zgg. itne , we disrcuss

on nNextd {0% (?f.nfj,w {Jﬂf/



ymr Suptﬁv-"-'lh!?‘eﬁ‘ Ve ”WSMJ @

) I Nemas . | Sena | spin L] Susle, Sue), U@y
%\uﬁma ; l:blunn f'j 9 & = 6)
winos W bsens | W* W° whwe | (1 ,3,0)

e '

I:J}nﬂ!ebdafd Qﬂ 84 | (Iril 0)

(5pw L Sjentmeye. Eww}
¢ Vechve &mng of S.M ciu.r|7 Mu:‘i' (eside 'n Hhe Ur,c('uer{-hpkt

_—

&

l::‘.fm{nnlc S;.Api.fpw{'m MJ: an “ine v At

% = %{m ; q - %Minb -@rcgmf3JwR
. < ez r.
+ i by
N W W ’@ are qrnae bexony a—ﬁ Gftc'l“raw-mfa_
- S‘\fMMJf‘rsf Sulz), @U(”

gupaf[»f‘\“w N* = Winos
B‘ 5o eiﬂﬂ




E WERARCY  TRosem . Way & ", So quy? @

%ﬁcﬂmﬂ M‘-M H"ﬁﬁ? P:-A‘enﬁo-»?
Vo= o2 U o+l
F?e%mlrw G, nun-uunfjki«a Wig G, i, e_xpec'ltdﬁn \Jn-/Lsz.

<H> = \I“M%l fnd <HY = 176l From

exp1mej

=y mH = |[a0 G:,\/

e Bb WIH fecues Enonlmsws %h.oa:l'b-m C‘af{e_u‘[’lﬁiq 'Gfdm

E.\rth {?ﬁ-r’hc& M mhﬁtf-f + t
— Fr:::f ’Fef’mfan ~dh s m},}

s _ Rt 2 .
AW, = T%;%-g [-urxw + ony ﬂh(ﬂw/m)ﬂf%-]

LhHrw{dl‘EfJ .-'t-oﬁuole’:
" - e/ mg .
?’““m%h? : GT%‘??? perb 1l
A (Finde Yuns)
Clag rd’J Ho Jf,/./

= Mury 5. M. Hermimg

& F;f 4:“{3‘ I{A_.{ﬁ.’ FMA%/ ﬂa“.',[;..\,‘a ""R‘S IHJEIQF \ = £g/ﬁﬂ§!:‘ﬂj
ﬁ g = _As s s <
" LA 2z (i) ]
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