Def/ A scalar superfield is o function from superspace
to C; (X",0%6,)—> ceC. The stndard notution:

Scarar Sveerriep: U

U(xe8)=f+6b+B8X +00m+86n +Od6V,+» __
¢ +008 %+ 850V + 0000d(x)

{'F, 41} -f: mn, \f..f-if,‘ﬂ,d} are functions from R— C
(cnmﬂanen'l' fields)

TA;‘; " -ﬂe &mm?‘ ﬁe/a’ e:,oan.ﬂba- A/ﬂ‘f'“’-* ”m’”ﬁm

Bosows : £.mn, Vm, d —> I+/41+4¢) = 8 dof.

Fermosws ¢,f,'?{,"|’ —> 2+2+42+2 = 8 dof.
Physically the compenent 4ieldls are just ordinary
guantum fields ( carry o fepresentation of Roincaire ).
What is extra here is thab +he syserfield U
has arauped besonic and fermionic frelde into
a common “maltiplet”. We will see next how
Susy transforms one cnm,ounmf ﬁ‘cl&/ o Maﬁfer.

& U = 5f + 084+ BEY + 605,m + 28&,n
+ 086, V.. + 0088 3 + 860 8,¥ + 90888, d

SEU = (€@ + é@)[/(x,q,é) :

Z . ————
Qa5 (T %io “9n)

T —

Qy md;h&na up pPowes of Q,é: (=) 59: we can
determine how &g TFranthims he components.

( I Hhink Sg '8 (‘ea//? a derivation, a ﬁ:n;mf'
vector ot Hha identily of the syperLie Growp
which acts on fanchons of the pace which

+ha gronp acts , namely superspace..)
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lCoMPnNEMT |"tELD Vﬂﬂl&ﬂdh}fj

Se l'vnf:hg & (F+O©F+ET+ -+ 8066d) with &f+ ©8 P+
Yy ;E//I M{fl‘f Jomea fﬂ"u'n‘l’fnﬂ)

S&f =€¢+ex I
8¢ =2em+ "€ (i0uf + Vi)

8 =2&n+ed™(idnf-v.)

dm = Z2-ioda"E

dn "-‘e‘]’**-i-&o’“a..f ‘

SVe = €42 + Y6.€E+ gea,,d’ - 23.X€
S =28 + £TVo+ied o m

&Y =2ed -ied™, +ic"€onn

Sd ='z';3'm[’bfné_'+edm.i] me‘lmﬁ

Lets see how the &Ff trunshormation is rn./cu/ﬁrﬁd,;, we
went to keep all terms with ne ©% i §_ U,

€QU = e"‘-(;'g_ﬁ g gm)(ﬁ O¢ +&7+-) = e“a%e% =e¢

€au= &% +i00" Jeodr o) g, 2 8% - ey
“(ca+eq)y = Sef = e+ £x |

Cumponent

(@=0) _
* Question: £ in He Component expansion hos 1o
Q's why doesn’t it appear hewe ?

* Answer ¢ = £(x™) that i L ££(086)
Se '3‘-(_'—‘-‘ O and 5_—1 +=0. Add i+u'unm”3,
the ¢"©0. and o™on terms don't vanish -
when acting on £, but 'H\l\a do have a © or ©
leftover 2&1&1 'Hwa- don?t contribute o S €,

(ngff':e those feoms v into ‘S¢ and Sf)




JCHIRAL ¢ Aru-n CHWRAL m

We Saw the SUME-/J U hed 8.* SF = (6 c.dmpamn"ri
this cepresentation of SUSY is in fuct reducible,

.DQ'FE/ ® is Cuane Sueerrieep if 5;,3 =0 }
£ is AvmonraL Surerriep ¥ Dy F=0

Lets see why {0, Di§ =0 is important :

'@ (:2) = €'(-%q, )2
D (€°Qq )
D.(82) =0

The Chied SF E > T+8% Fum e

Calewlation above its clear that D, (F+8F) =0
Aence Susy takes Chinnd SE 1—s CHRAL SFEs The
Chirel Constraint is called a Coveriant censtraint
sinee it s pre va s

nno

Now you could work ont 'E,-f =0 4o find Jr‘(:of/”,
what constraints are = A +ha Components :

X=0 i=é’(aﬂ~4)‘"
n =0 $=o
Vo = 10nf d=-0f

I#s net had o see SX=0,8n=0,8¢ =0 whih
;1' Juﬁ +he Some Covoarrance f‘tn/r'!'!'e’ at the
Component lvel. We Aave recluced +he
namber of components by constraine tha S.F.
You ctould count 4o see’ Ng=ng still, but
# wi\ be mere convenient ofte we £ind

+he Qgtnerd. sel® for 3.




‘CH!RJI S-Uﬁfﬁf'fﬂ#ff amﬁw!w ]

A somewht Snesky sol® 4o this prblem goes like so intrc,
Coordinotes YY" = X"+ iQe"® underwhich +he
Super Covarinnt derivative takes tha form

D, = oy + 2ic53 B° ym
5%
A nice simplification in view of the 'ﬁ!/ewr'na,
@-& Y" = QO | aw D.0%= 07

E;{ 2(ve) = %535_2\‘ +22DO = O

TAu; a -ﬁm:ffhn of Yand © will be a CA;/J Iup#ﬁ:”."’

l £lve) = Aly) + lzeV W) +_89 F(y) ]

Sosens : A, F : Ng = |+
Feamoons @ ¥ : fig =2

* We huwve wnstrained & so as b make (e =Nr. Ia
foct this is as Fur o we con 9o, 15 net passible
to put further restrints on & and st/ Aave
o supertietd, henca F foums o (treducible
rep Cesentodon of Susy. _

* Nlexd dime we will see 3 ancther wua.-"a Cnnﬁ{l:-;n
o 5upl.r-ﬁtu c.wwhnﬂa.... +he " Vector Supcr-Fitlcl’

. By +he wo what we hove elinwinoted vie -D-,} ¢=o0
does net on 5 own Form a SUSY rep, the 3:::9:"4-49

Unlonstrained S.F. is not fully ceducible, If
tarns ouf that the CHIAAL AnvD VECTR S FZ

are +he mlg \treducible (ep's of swsy For N=|
SUSY w Y- Spoacetime dimensionS.
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We obtain I(X,ﬂg) 2 lxpmdl' 5(359). Rtmnmb«-_
BlY6)= AlY)+{TOY(Y)+ OO F(Y) whue Y=Xx+1800,

AlY) = Alx+iceB) s
= Ax)+ 186" 8. Ax) + 3 (1868)(18¢'8) 90, P x)
= AX)*i86"89,. Ak) - L N"1©0)(E8)dm?, P (X)

z

= AX)+ in”é?MHIKJ-%(QQ)@'é QRA)

Y6) = Yx+ieed)
= Px) + 10" 8. Yx) + (‘*“mﬂﬁﬁwh, 9)

=S {264() = 32 0¥(x) + 112 8(8¢"8 2. )
= ZBY(X) + i 1T O (0" 08 2.\, (X)
= zeY ) +ifi(L 08 (Ywe~8))
(now #s in conveatind farm )
FU) = Fix+ieg"8)
= F(X) +Qh.rmr whidrh vanish ageint 69)

2(x0,8)= Atx) + {fﬂ’\‘(x} + ©8 F(f) +;'0d"9-_a.. Alx) +
+5 08 V)"0 —q'eeéa OA(x)

Whet SA=fe¥ (Tz0, ¢ > ¥)
+:-ft 295 | QY =GEeF + Tio"EQA | (m—>F, v, =idf, f-A
e 8F = 12io Yo" € | (X-idde")

Nﬂuﬁ:m.' Aol Tn lectwe 1 iDEn&x}nr Y 3-‘tmr~)
we vsed Ceal scwlars A8 and Mojowe\\Criree @ anvo U,

hete we have Complex Scalws ond Wel Spines
A= &‘;gi SA =g (8A-45€)

~——

2 = g (&Y +’ef¢)
_ =/z E(I+75%)
Likewise we contd 200 = U (€ &)t o) )= (€Y%
the e;:iuknu of +his i (‘”)(f"") g

le cture s F and F:G be fore

Fe Bzt




Vector Sueereieros | Y

The Vector S.F. provides another imducible represmtution of SUSY.
Like last time we constrain o Function on Supsrspace
to kill seme of the component fields.

lDE‘FV V is « vedror supecfield ¥ Vis o " {
_scalar superfield thot obeys V=V'|

Ltfs see what this means 'ﬁ! the Compmem" ﬁ'e/o's P
V= é;* Op+8X +Sm+B'n+ 0gBV, + 881+ BoV+d'5d

- (r T (T
V=V
(£ =1 this is (36) i
X = 4»* %ykhm's Review.
Mm =N cobubl o ”I
? Vo = V: sh Hl-“‘a r:::lt'f
A = ‘P: in stead.
Dlj}“if . d =d :
((@¢)T= X )-—a V=VT=s 88X =&

Notice +hat ¥V and ¥ are celoted by

Vo= = (F)

Yoo (F) ot (m 2% ~7f)
F¥ = (¥, ) ot are celofed



&

ICOMPQHEN'I‘S oF VE:T&RSUPERFIEwi

The Lx ponsion below W Seem S+rtnc5¢ ,l‘:m‘t we
will see the uﬁlihj of *his choia of Lasis in &

moment (C(ﬂ i Wess ¢ Qoaqer.
V(xe8)= f(x)+ iOX »iB7T + .z.i[m+in se-g‘[m-sn 66
~00"5 Vo +1608 X+ 3"0.%] - 18862+ 102X
+ 36086 [D+10¢]
Consicdler now the sum of o Chird ¢ Aok Chivad Sopekel
whre £ and 7 are related +hra Conguopkion
F+FT = pe Y+ {Z(e¥+8¥) + coF + BB F*
+106" D% (A-N) + L 0067" .Y
+% 86860, F + L0085 (A +A")
Easy fo see that TeF i o wetw superfiel]. Then the trnsfomadion
V= V+EeF s sensible , +he owtpat is alco o vector S.F,

.F — -F + P‘ihﬂlr

X s X =-i{2¥
M+in > m+in-27F

Vo = V,, =i O (A= A") € like usual transhormation

A 2 7 ¥ inveriean
D—sD & Y :

6"';* encodes o auae $eonsfor modion
in the \““3"‘"‘3' ot Suprfitlds.

V—V+E3

Swqufuv.
Transformedion
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The genmln‘an/ gauge franshimation V=V + 3+ 3
seemed o /uu moere than we ru!/’ mufa'. Thr'; ‘5
porticulas clenr ¥ we examine the vector field
in +he “Wess 2umivo Gavge” (Cemen=Aa=0

Vo = Vo = 19, (A-A")
A — A

D =D

Kecol how SVSY mixed +he Compenent Fields and it
will become cloar Hhat SUSY will not preserve
the WZ type vecr superficld, we need %
construct the “Spmver Superci€e” whidch hag
WY Vi, A, D as components. Before thab notice
o 'Fr.w mere ‘Hll'ﬂa.f about Vw;

V =-6¢"0V, + 18082 - B80AK) + L0086 D

7
Vector Boson  Gaveine AuxiviarY
ok GAUGE Boson  (SuperpARTVER) FIEW
oF GAVGE
SoSon

V o Su?trsxfmmd'rir. Yn.ntb- M\s Pu'l'mﬁwl

@

(or vector potentisd "here e,uw-aH\In% &GELMN)

Just as Fuv = Ay -k, Q:n F=dA) we

expect the SAweR SuPERFIELD oR SUPERFIELD STREN ERY

fo involve Some sort of derivative of V.
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(SPmogr SUPERFIELDS ; Wy Avo W, f @

We need o Jefinition which is ﬂ.nn"/e in veew of SUSY
'funrﬂlmnfﬁn:) and makes it so Wi hes JHJ'I' Vi
N and D for components,

tm/ W = q(ﬁﬁ)mv where VeV ]

W (DD) Di V' thatis V u vedor S.F

Remoack: Yow can see from acting on +he definikion,

DY(We ="t DBOV) . ‘-,"" -
by E W - -4 00 rv)) D“Wj

Pr_uw W‘ \$ Cl-uum. Sinca .DQWu M&V,o
*

Likewise W, 18 ANTICHIRAL :mu gw 0

Leh examine l\nu W.-,_ '\'rw"'nrm: under a Suptrgnulv.
teonsformation, meaning V= V4 B+37,

:
= =305,V -4 D, - L p0D, %’

= W, - + (DD + ﬁpi)?f (a&ded Berw = D.;Irf-o)
= We+r3 Y i P.3 CURLWATEEAN
= W+ 3oen( V-0V (oqunWEt=0)

= W+ 4 ol [y, R]E

= W

tN;‘ AND Wy ARE INVARIANT )

VUNDTR A SUPERGAVGE TRANSFORMATION




ICumPnNEN'rS oF SPINGR SunRquJ

I yow are patiemt or very bored you miaht try to

work ouwd +he Componenents of W, From +he definition
W the end You wewld find,

Wy = iR, + ©D - f6"5"6) [ovi-2,0) + 6043, K°
-) T e,

Gawain AU!I“ 'th = ‘anvn' QAVM
il g (Fud shenaph)

niuniuit = Y ( A is 'Fgrﬂ'linn)
Ngosenwic = 1+ 73 ( D s scalar and -I»'.... $;uu 3)

As clear fmn hag 6 f_e__-.l)
dof = 3 complex dof.

. o € £, € 6 h‘lr.
'[M ~ [-E, 0 By B |~ hnruiﬂh.

o A % o e,
-6 8, 8 o

REWK‘ Wu an“‘nins j\hﬂ +he 'Fit.lai ef ;n'l'vlﬂ'. I'F you
wonted to construck the simplest SUSY model cnn'iainin%
o Vector beson yow wonld be Srced +o0 consider

the {N, Vi, D} muldiplet, Tna Fact superfields
con be built £rem 4he components using the

operator: S <
P eceq + ©Q) (cumplntﬁ+'F;tIJ)_ =5 g:n:peanud'r.

See Wess- Gaggper  Choptee TL, they explicithy build
the Wess - Zumine model in +his way.
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’ﬂ(m aéeﬁhn SPWK jupclﬁc/c/ .

We build We S0 +hab it containg &M’l’ the cnmpnntnﬁ'
of the Vectr supyfield of interest (fn, A, D).

W, = - Dde"De”

Examine then hew Wi transforms vnder am nen-abeliun
0) v +ransfor mation @V~ ¢l Ve iN .

q

- -_%Bﬁehlﬂeﬁlfn‘(evetﬂJ
- ——

= e .[1Phe ne")e
=i\ )

= w, et

WQ Can ‘“‘Iln wfﬂa. #Pe G’:A'ﬁyy lh‘ f.ﬂu‘e Jee -ﬁ‘g /a//;m;fy.
/n’f-na;hﬂ IS VAL iant undes o amy. f’mnﬂ%fmwﬁbn,

T = ls_i?f' jT-"’"r"'“( WiWyg* Wilgg + Fe" Flggeg
" [(%'“i.i EF - LonEEE), ¢ hc.]
L——~L\Mbg Symme € 'hlu‘sa
with respect to opuge 9rowp.
This /narnﬁa ran 5 a model hich Conp fes f:;;;..! n
Chicod Superfieclds to o geaust Jzﬁcrﬁc rd W, .
This /s the buildin 5 bleck for

mf}u:@ni fwme‘#ft -rﬁnﬁf”/ /”'_ﬂ/‘{
“mssm”




