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|74 Suphsme‘frl'c Heories -$- £pm‘yz @rmw‘mj amdl
‘H‘z‘;\jP""‘P bosern Juphpan‘fneri

We have seen ‘//talt & S‘Ithp&f ¢ fu/efmu/ tc/ﬂ-&t( ms1Str

o{ fuw redd scalas (or eguwa,&,fé, a Caﬂf@( saabar)
awc( a M«jdrw -[ermr'n\ p aﬂf wilk mafsf m.

(cocrespondng o supenspin 420 (' massive , o¢ %
sopecheliiity O if maslhss).

A l.ar%#iwn that respects th Supersymmetry algebra
& le'% by

2= QN o) + iPFop - [

___J dzu ‘/2“/ L .
3 AALL}/’L+/ZF} MI/]
W/&e /f/:: W[Aj ';f an M£f¥ra4g AO/OMOIP‘(‘C‘ 4«6745& g’ )4

(16 W is an anolytic hnchin 11et diponds on A but pit A%)
A= amply seubon
‘P = M-CWM May’orm fermtém

IF WR) & a cobrr /mémmu,wf i A %y Wi o5 @
r&mrmuf{—e‘aé-& CFT culbpdf e liesr- Pomine el
Slm}& ef@«pee W= %MAZ'.
reswlt . o free ffeorl of 4 cmyéx scaban and G

Ma‘jbfwek ‘perm‘vh, éo‘/i 01(‘ mard m.




a fwomnﬁiﬂé é«wﬂ with nteaactioms
W= émﬁz‘+3'~gA3 m, 9 redd

T (3R (0%8) + FF Gl — L ml¥¥e FE) — m*A
~3(AV¥+ ARTT) — mg AA(A+AY —g*(A*A)*

nete that :

[ RN g g I

{2;) IrH.A = W\,d

- ohel ~
Qr) dayy = g whic I atare = 9"

Bo’ﬂ\ (c) and [52) e ijeiuance: of&%fymmeﬁy.
T,(uf, SVF&!J‘W_‘/YJ /%akf O/IW C‘o(//&”j; a'F
fle toory .

Comveit to four-compoment notation . Defisa Az L(St;P)
Ton -

7= (2.5)% £(3P) = Ly (5% PY
2L AR AR TS
TS Shatn —iP Fak )
B %S‘(S% P - Lgr/s2ep2)>

/

\/Ole Tnal gls afcafm amd Q 1S QPS%-{@.s‘fméLi

n‘/dJ we Chosen g CMQ% we wouly .
< s W& Would fave gonorateq CP-Vielatia;
faga“-ﬁf " (o !h'(@uac'h;ms.j v 4



T .ﬂp«f’mefnz Pranstormatins ae

AR ,

S, 4= oty TP oA - T (5F)"
whee § ‘4‘3 a comstant (e x-—mclafam(ud) Ml-cwﬁy
infimctesimal parameten .

Note: by hermitian cmjugatun, one ablio abtasns:

saf= B 5, F-

—_— A + —
3}‘1’-:0/".‘; }o( AA "\/a i—%

Re

One. cam check that
| 2= . K" (execise: gerwe K %“”&"’ )
which means Hak He achhom, f d*x,{J 15 mvariant,
iF flo 4ld egontions ane tstieol.
Tdecd, #his ic a symmetry. Bt o it supersymmometry 7
Fiest, considen ordenany Sfacé—'éiu-e tramsbotions :
e “%P" B(x) e ‘WP = B(rtqy
for infinitesimal a,
[P dlx)]= 2°Ftx)

., ‘
Hog, @lx) cc any gineric neld, edler A or W



Thus ) for an ;A?Q’n}'fes(imp .Space—fdue Pransbetion
S d(x) = Pleray-@(x)
= .daa«¢(x)

La* [Pm ¢(x/}

Likewise y P & J; Bx) s a Ivmwe‘(rk #W'Fof‘mﬁw. ,
we oxpect !

§,¢0x)= il SR $.8%, $0]

H

Comsidpy:
(538~ 8,0 )00 = [ it1@43R), [ (5:¢38), 0] [-Gon

- 1 [iad&), i (5&+3R)], B(x) |

UJ'Mg 7% %Cog‘l raéméf}%

Fnaﬁﬂy, weﬂg MCM% re&?‘mﬁf (% QS
Sinée § and Y ane M-cw-ﬁgnup.&m we fove .9,

[4a,5Q])= 29%0; “ 3¢ P

mf,m euJ: vp w(ﬂ
[5y 851800 = 2577 — #o+5) [Fu, ]
= —2i(§047 - 70‘*5) D Plx)

—



Let us dest thes resuld g u_(m"g

85 A = 3§ Y . dqw
-y 5P A -vis.(57)
T/eresﬁ:

D [58- Sy Sn] M) = —Z(§ 4T - YoT) AA

) [&«%—&M&mr 2i(§oT-9ox5)ont + R

Wheae R=0 FI tMpeSe Ye felel €guqz‘:£/h{ S'a'ér.f’ﬁ,e'ﬂ( bcy "}

Weﬁaﬁﬂwf t sypersymmetry algebra (s rebized on-shell 3
Le. affer m;pos:rbém of He field egva{(;m.

recalll: He achom s (hverant under é_;- a-% whon o Feld
Eguntions ane imposed .

T derwation c{ (i) is non-trivial , and reguires among othan
fﬂw-'\gs T use of Fiéna r'a(enz‘('z:[zéf. TAese aw a LH
vmpeq for M-WW termicers as mn/wv.eo( 7o
gur—Cme Lermims . A 1uch dentitees ae besed om !

B _ el —¢
CS\“ Jx-i-o'«a;o;“‘pp

§h, 85 = L[8% 8% — &+ Pi G Tul

hich Lollow from fle completeness of {T,o fon"vfe; set of 272 matrice,



an ablennative a,f}oack . Noetlaar Teortm

By Metlon's fleaaom, an riveriance of He action omples
the existence of a amsenved correat.

G‘l«/&n 5; as dewctgm)c we-éuncl 7742‘ J;’f Q/K’“
for some combimation of Febds K. Tlen, He Moetlen Supercorrent-

Correspn\a(-m; 'A ff;; /MrWam—cé /.r

§9T0+ 5, T = sts(a,‘)() - K*

vhew we sum ovea X A ‘f/ Exmase em&afe J. : ?—"P&Cl’ﬂi e
» Wess— Zuminc medel, ]
Note Hat T has beth 2 pechr am/ ipinc r mdtx.

Noetlors Homom states et atten lfupo.ring e f1edd egw{»ﬂr ,
2uTH4 = T %=

ce. 1l 5ufercurr&r7f o5 comseved. Tie ff//&.cAaA}er aw defined
tn o uSua.Q \uag.‘

d-‘-'fal’xﬂ": ) @_"‘:fd‘gcj%&

QxX?/‘ClSe umag % WW«CJ ff/nW/zﬂ:!m« re;d «z"'t(mr sf""fr’fe /

by e Lesonic F1eld A | and Hc famaujza,«j ondi~commau—teon
refations satished h_g ¢ Show Hat:

{Qd,@p‘f = ;d:) P,u. $pH u‘ﬂeNcea:
- — = Ch of
562“,6'246} = fQ;,,Qég o q::,’:%me
wﬁsre cJ &xprefrm i L oé el Guiam m-z‘{ e!%f Erans futions




ﬂuxihﬁﬁé&&

The §u,oer.€gmme'ért‘c Lranstormations shown ate not o,ofu'maj :
Note okt : |

() e -lw»asformﬁwx ae m—m-&i.eu e W /s not
gvdclra"'ic o A
(cc) He ﬂ?ersrme‘fraq a/}ebrg\ IS r?z%%e/aé m-fw.
We avoid both (&) awd (i) b; lﬁ-/rocl«ao}tay an Mxi/térg
complox scallan 11eld F.

Considen o allerna e Za/m M},;“ .
L= (oh)5(0%4) + ¥+ ¥ + F*F

W 2
F L ) '[j;{w oL 73

Fis an auxll(cw; tield sice /me F bt net . F
Se, F has frivial oﬁmamuc.r The paﬁaléguq{‘wxi #r Fand F*

are .
of
0 ofF#
That «,
I:*" i&g = d_’L/)
dp dA



But, cmsiden f betore ‘p&”xi e Jransformatrion :

tramine e followsing supersymmetric

LAz EST o
Sz a0l TP A ~ FEE
O cam now check 3 @/(ourv’vg resulds’ "
. | 5P ~X‘ LG .‘,:1/:\5{‘ ’f‘i {»i)i&!(:l‘
@ &L = g.K* Le.e;;rmm& y
u)zﬂ\ou*f‘m]pos'mg e a0l 6504'2['15”‘9 :
() [&,fg *% ;qJX(") = =k (50"‘ 7-%o~3) Q,“X
for X:A/ }l/l and F W}ﬁod Iin,oé&z}\cy 7‘7@74&@0/63047%%

We Sy et Afgoer_gmme-ﬂy a@,@gra rs _rg_mdze/ g‘ff ‘SXE—ZZ_

Emasks:
L. Note He pgss a@&@as’ﬁm IS a’:p e Ma’.«r . ’
. !
121, [¥Wl=2 | [F1=2, wheh wplies Hat [§]= 5.

2. Sinee é; F bkl a/we«a}g, e (d¢x F s invarcon
V'\Cl‘? :” % Supersy mm&%ﬁ"fs “.Lrw.;‘-{%rmaff&h. TZU wiéif’ iﬁ;’
U-i@ﬁ!f [4"’9')

101‘9: XS F s oa 4'9"'-0 J{&&)@nce fJ-a cao.seguemag cf/»@a.’f/(»’mj

MdzgS"So Stace e .ﬁpéztswe‘&ic framstormatin baw é5

{ =} A

Droon on He fields, 85F .must mvoboe aﬂ Sz 2zl



Counting degres of freedom
On .CM Counf‘vi\jg_l
Cﬂmf«&x S CJM A o

MQJ'¢rwnq Spmer \‘P o

Before lfwfosfnq 1% ﬁe@d agw{nms , % (et=1,2) har four
alereef o‘P ﬁeet{m ’ S /nel 5"{.! cm,o@/x . ./.,.‘Eﬁiﬂrz, ;,,,,&Zy/

Covnt Ve and ¥y as mor independint deyprces o1 Hreedom].
To@ fcef/ eJ‘ud-:anJ ae

2, X __

i3 ¥ = (9%) ¥
and tlese relete and ¥, eliminating +uo of fovr deproes
of freedom . | 17 %}.‘iwo Mo (TGN = C s acelation behoce . b and b

Note: both A and ¥ satihy Hhin-bordon fype bl eguations
Qs uw, bot ‘%Ie do not a‘/‘&d‘ % Comz.ll:v- '

O shell] covnting :
Complex scoblar A b}
Ma jorama spinor }/’q/) ‘Z:( 4
Comploy auxiliony fefol F o}
totals :

+éere%. d@?ﬂ.@é,f Q'F f}“eédﬂ” - 4

In both cases, Scpersymmetry guanantees He cpuelids, of 1
\mben of bosom and Lermim deerees of fnzadgm ‘



.essoms 'Frmm MSJ"ZUmino Moo(@Z

jo _TZ‘ is ho‘ll &é?a/l )ww "D bUI/J SUf@lJ‘Wﬁﬁlb Zaf/langm:n.f
Staitng wtf a known Swmwﬂ?% of prateclos.

Q. T/B .ﬁ//z&nfwefr/? #Mféfm{);n /aw; arQ no?‘
immediately obvicvs , ever (f & scpersymmodric
La?aa/;«fiam Is Oyu/'én.

3. C/cham; ffd /3 ﬂ//&rwez‘r/& Mﬁ/mﬁ;f
o“al?ﬁ% ‘ﬁe §(//&1f/};me'fi’;c agaelm /S 30/*&@
faéon&us '

L Clocking Hat 1 achim i inncint vrce 12
5(/,0&1SW'6';¢ trancdormathon s o dediovs.

. 3 v/ N .
.& W'S[-&Cé .SU/)% Wwé"ll/j ncreases ’7% r ég wr"‘&?«/
rumben of Malj, bot leads £ sipen synmetry

tramsbormatim {ows Hhat 2 Lo cn H viitls
b, VFO)d*% s ihvaviard undenthe sypensymmetry
‘}rmféfmaﬁ% ‘ [a. }\:;n‘[: for (1) above ? ]

br go«;e: aleve?op a 'érma,&:rm (,,,M S"éP/j) /:;
Frivial and eps (3)—(4) ae atowatic . |



Sugerﬂéﬁd: and SvpensSpaco.
o calll Mot our 3u@m‘vm £eelds faﬁstfg.‘
¢/YJ - e c'XvP¢[o) e —ex: P
wlee  L[P4 Bla)]= 4P
and 5;¢[x)5 ¢[H-cc) —Pplx) = a*dublx) = <a™ ﬁ,¢[x2]‘
We Hen defrsed 1l fo@qWe—éy,& Pranstormation Laws
on amalogy itk &y

S Plr) = 4[5R+ §5,8% Blx)].

Hewe, Plx) can be amy 41i0d: A Y E ete.

I books Che Qy and Q¥ @@ gemrating a Framshh bon 4y a

na)\-cm‘éw'«g infnefesimal S« and ?".(, Bt what “£F

L&'{‘ vy WW fpa-ce—‘l.[u;e éy u\ufroc{«c«;g M~Cmﬁng
- Co-ordumatlas ! |

“ ——
9 J 931 oo =1,

le., §9%0Pi=50,6;1=£9%6;l=0.

Exlesd T fromsbetion operater e P fo the
5%--[74:“4&15&& qa%a‘/vr-'

— . _¢(xP+O0+ER)
G—(XA/Q/Q)- e

?;}xﬁ—""’k 0"‘; 8? é-x) IS am X”J(W;Ens lﬁma«é :iuperSf’qcz .




Exlend He fietd operator, Plx)= e < Pebto )e-<xP
fo fre Super—ﬁé&( :

¢[x, 6,6)= 6(x9,8) Plo,0,0)Cx,6,8)

E{(&C!Se Preve #ht -

&lu,5,5)C(x,8,6)= @(X+y+2(§a§~90§)J 5+6,5+0)

Ad‘fe;'f;{: non=Friviel

Extra space-1me
Fransfation

[Hat: use e BCH formuba
eflel= pAtetiing)s .

-
Considen

Gly,5,5)d(x,0,8) 6 '(5,5,5)

—
—-——

6(y,$,5)6(x,6,8) (0,0 ), 5,5 )6 1x,8 5)]7
¢/X+31+ t(§o8- 5(75/ $+8 §eg)

for m“Fchl%?Jleo y, § and f we Can werite !

6(y,§,5) ~ 1+ ily. P+m+§a}
wmd Ta?[orexfamd

¢(X+;;1—¢(§o'9-90-§)/ §+9, 5¢9) |
¥ b(x6,6) + [ y"'+ ‘{§049-B85+5)]3, (8,8
+ ( e -§—°, )ﬁ[x 6,0/



To first order, Tt end resulis are:

E¢/P)J: z9;~¢
dn 1= 5%/ 2+ ile“Bl 3,
[, 5°0d) = 48[ Bz + o )¢

[¢, 8.3%] = —¢ (5%_:, + 1(90”)&90)7;&?5

Na’fah&h: der(vai‘u}e.f o‘F @mr&‘mam num ber;

Thas, we may represead P* Ry and Q, by ditterentiad
opeators acting on :ufn«ﬁa&/;

Puz [o%

& « w — (048 3,
9, + (8 0*):, I

\

b
Re
I}

LXed §€ ‘e L{_T‘;{ 7 &a:f whew act M:Z ch a w,oer)‘z
A A

9&, @3¢ = 2o Pa



E@udwg He superfreld = powens of O, §

Yehiie 66= 6°8,
6= 6, 0%

Hom, nofe that: .
0~gf= -1les%tgo B9F= Lc*Apg
D.0p = —,‘_£,,,4 68 5,;,9;': '-;'6;,',- 88

/
BBlHY= © | ete.
mee fle Ok ande comamicte m\f-% HKai (61)% = (97/2 =0
Thee ysehul renclts
@) (6048)8 = -1 68 (c48),
W (0046)B; = -1 B8 (8%
&) (0c%B)(808) = £ 916816 §)

XENC(S€: prove tHlere resedts  [Teci) $ollos e P Fidi ideotrd s

T"‘”} me Cé‘" @‘M ¢[X/ 0,0/ asa Wor[&uﬁu
m @ and O, The reicer is fenite

Blx,6,0)= £ix) + 97 (x) + O X(x) + 9O mlx) + G O nlx)
+ G548 Vg + BODAL9I+ BBOYx) + OOBB(x)

hece: £, my 0, Vo, and d aa wa'%; bosonce f~elols
1,6, and ¥ awe ente~commuting termionic €16dds .



How to ¢ "fe {7& f%we‘b"lc ﬁdo\sﬁrmq‘t‘)o« Lowr—

FarwfvfaMd ¢/
5¢~ iie+ic, &]

But we showed +£a

[#,5%Qu]= i5%Qudb

[6, @3]~ (82544
whoe By, B ave diflerental operators.
Thaus,

[4¢= -its8+38) )¢

.Tnsed fe exponsion
blx,0,8)= Fot 0l BIx)e... + POBOI LI

mto fle above egun‘tiw and Componre Lo Lorms in T

0,0 expansions . T -
lus! S ol Tl apecsymnctyic Hanshioncen



wmber &f clgtg_o.s of '(;ezc{m_a_g P(x,6,6) |
B(x18,8) = Fx) £ O L)+ BZC) + HOmix) + BB nlx)
+0040 Ule)+ 96BN (x)+ BB Hlw ¢ 0086 (x )

bo s Jegw ot freedom

'F) M, ”) ‘//A, d /é ‘ x
&rmw deytzu q?#aec/aw

7,%,0,F /6 g

7 T
& @is Complo x 'f b 15 reat

Nete: of @ s read = f . e ,
ote: «f d i rea {4 L d=d , h:m*,) ‘/}"—"l/"

I:Z.) A=Y

In e'lﬂﬂ'\ case , "14} Is oo mwa clefne.f o‘f-éezcl:m ‘/b
descride fle 50/194»‘44,% of The Llers-2omino medel.

Cm\o&m‘m;‘ 550(,9, 0) descuber ¢ reducible re//ese«'/u'ﬁm\
"of Qpersymmetry . To doscribe an irreducihle

representatiin, ome must linpose SuperSymenetric
Constrainds om ¢ .

Remak: 4o F‘ara‘rap;d ¢:¢+</oes bead #o an frrec(qc',ble
r‘.eprgSem'('utm ‘ T[iS s ﬁe af’f ~:W 57@@\»« vl flféd
w(tk j:"i We mﬁ? use s lata, wlow we J"'udg gamge MJK



—ermionic Covwa)d deriva -/—.&e{
" ¢Cx,9 ,0) «a Super/;'epdl it rs Casy do check HAd
2P is not a Juper/:"e/” , Since

o (58] F I (% d)

rqn&o% with Gouge ﬂcorg £ Via charged +elpl z‘mn;ﬂm:v
undr g eOCQQM Framsformaton, = g<Al) b, e,

2,& dees not tromstorm as ‘/f Since 9 (e“A(")‘P)-',é e-tl\[x)aﬂtk_]
The %(M covariant AErfua'['W'e D o 4/?7444’0, such A
Do( [%‘ﬁ) - J; (Do(¢)
D, (5¢)= & (Dy#)
Then, Dup and Dyt botl tromstorm prepel, as sypertieddls.
Umiﬁ Jsp = [5a 5@, ¢]/, A follows 14t

Z(5a+58)= (5+3Q)D, | k.

Since § i aicmmakiy | nd 0., D,1= 7 L Pidzo
d.‘w!'ws ‘P}(a:l

S

s

fD,()&‘Fj: {D%é;f: fﬁ;@ §= {5:,/ Z;[s

i~y

= O
R st 8

V.Smg 'ﬂlﬁ c{(f/&%'ézqf U}me?tor fef/eleu‘/aﬁm ‘ér
we Com deduce an explecd rm@zq?ﬁwog D, D.



T

Dy = —9; + i(05*)y 3

Furflea Mow:«fupa.‘{lo;h ;/:c.e@o[s S
DXz = 9%+ 4(854) Ou
D—&: 5& “2(5'—"5)&3/.
whee by definition, D*= €% Dp
D¥= g« D;

fbd: 9,("'2[0'“9‘)«3/*

[vani\g revisited. recall s=P 2,8 = -« , e-f;.]

Ex%czie! Shoto ‘L’{"’{ ?Da{) l}g:} = 315;: 2/4.

ce. the same refation suhsitied by f(;/;\x,f;(

»

We ae now in e 'po.r;‘ﬁv'h to ;m/o,{e on ,,,‘,[p/,_er{,,,‘(?
coustramt on @ |

Dyp=-o
Hoeby reduciy He numbber of degres of fradom.
Let's see whal happows -



Chiwal supertields
D;f=0
{;%‘d + ¢ 90‘7& 8})¢{K,9/§/: o |

slutin:
Plx,8,86)x exp (-ibgup S ) Blx,8)

whee P(x,0) it e arbitrany fonchon oL x,‘B.

Excpand $tx,0) o o Tayl

°F Series i O,
$cr8)= Ay + V& 8 Yre) —

89 F(X) [éxa(_\/‘/]

(He (3 and minss Sy 2e comvenhosal )
Note ot :

op (~«00“B ) = |- 480482, ~LBPBE ] foxact 1]
[execise: prove +his ] (0= 8.5% )
Some more mampulahin produces:
@/x,e, 0)= Alx)+ VZ 0% lc)— 0B Flx) -4 Oa+G 3 Al) |

+_£; 66 [%¥m)c 0] - L0660 A=)

F

e m—

Tle field conteat : A, ¥ F matches fo offocloll Aeﬂa(r of %
svperspin 4 o $Upermc%/-é@f /



exeacise. using A}¢: -—2/5& 4-;5) ¢, inseit fo cAral/
_ca,per-/:éﬂd gﬁ(x, 8, 6 )= A+ 0¥ —BOF ... adl derive
e Suw:wffic transtormatios Caws dg A J} W and
A; F writden dawn pfewao.sé,,

T+ we-:‘ué” Fo I mfbﬁég Ye express (o for e Airal
sepertield by modifying ol operators acrordem TR

@;ew = p1Bo“BI ﬁéﬂao—«ﬁa@,

In Hle new “”f/l/‘@é re,,m‘e.f@nﬁf!a\ﬂz
N
R = 90(
A —
Ruy= —edy + 2/90"");, P
Di= 0n—2i (548 2P

Dy = —2y
Now,'ﬂe Couclt{m\ E;»{()S:O _(rmp% weons That ¢ 15
ndependonct of 6. Lot vs call #e chiral superfreldd

Pi(x,0)= Alx) + & 0l — BOF(x)
n R chiral on
| cher :epre.rem‘aﬁ : C&u%/

Ple,0,0) = exp (~<054Ou) &, (x, 8/

= ¢,[x—490""§) 8)

Workrhj in He c[,gr‘ae r‘epfe.rou 1(1‘&(4\ Can fu;nfédg mangdy
colcdatroms.



Pati-ch ol r@érﬁ‘aﬂo{&
Depp = B
B (x,6,8)= exp(«0c+BE.) B(x, 6

~ A L R BT — B
= A+ wEVx) - B F ) 4.

amd |
Palx 8= N6+ 58 T - 8 £ 4e)
Tlew,
¢KX/9,5) = xp (160403, )P, (x, B )
| = ¢3(X+£95ﬂ§) §)



5223 }w\gw\'

Tl F- CWM A c‘zr‘«f 50,09\14'2&‘/ w e

Cotffpiint of te OO Jerm (wilh an extra minss sigm).

Sometrines I wilQ wridte:
[¢]gp= —F.

Theorem: TIf @ is a chiral J‘%-ﬂdﬂc/%ﬂ o D
Bt (,‘b"a m ¢ pol a chrad fcz/@»-ﬁé&( (n,m arg posctive

M'é?@\f).
Pr‘&crﬁj: Dv‘/¢ A ’?¢M~lp;?9( - .

ZA/L&rm' Fterms transtorm as fotal derivatives . |
recald:  b5F = —aiz D, ‘Pdﬁ:‘; -{ﬂ

bot now e t‘dan'l’l"ﬁd
[¢]g = 7 Vi)

l.-(:b] 00 -~ F
Consezu&u{‘é)

Z [%9’5"]99 *ohe

h2li ‘

s a ‘[of%'ltz JCG—&A‘ ﬂwf ﬁ‘wﬂgmf a5 @ 7‘97‘:/ a//:/&y%ce
Z:;/l(:m %«ffl ,.po.rf}[/e f&m th q JW.SW 5‘70 ’



geacise; m«%f% %%yef{a. +fwo chiral m«#}&ﬁ. Do .
Compotation vn T chirel representahon .

b= Aalx) + EBE () ~— BOFa (x)
Bule)= Aplx) #0160 %lx> —90 Fy (x)

ShowHat

[t oo = — [Aatc)Fyert Aylo Batn) AN

Siiitenly,
[¢a¢b¢c]39 = = [/44 Aé Féf'Ach FZ, + 'oi ACF;

o b+ Py et AR, )
The kinetic supertield
Tz LD2p
whee D*= DyD¥ and @ s oati-chial.
Note et Dy (Tep) = © g0 Hat Tp 13 chirad.
An explic cmpurtahin gives [ e chiral representution]:

T¢ $= A+H0¥ - 0OF, #au
TO = F*+ 38043, F+ 99 OA*

Le/fu.f Cmfwﬁ."
[pT8]. = — [$T#]ge



[8T#], = —ADA* +F*F + o “Ou¥

= '(a}A)(Q‘“A*)"‘ FYF + (Fo“du ¥
+ ool dweagance

which we recognize as e Lwnehe enengy of e Wessr-Zumino
WOA&Q e

TA"-O"W * For any chirad Juperwo//
S R Y
sinee Duz Dy + B-Jepeﬁdn.:t ferms,

(J';|(/‘%;M# Aaéd\v\orplu'c fonctron of 2l chiral .thwc{/
W(¢)/ we om C‘m«fu*e.‘

[wi$)].= ~4o%aw|

- .,,Laxg___“_{ 9«¢/ _ b;fﬂgclmin rule.
6=0=0

4 3?5
= —1[/3%W o + oW 1 p3 /
Lot ¢ “ﬁ) o¢ ¢D¢ 9=-0-0

N ‘ng 4’7\@'{' Y

s
i
A}
Q\
.
)
0.
Qo
R
AL S
1
|
33
w\{:
-

Scf&”‘g/l}@:;:c C o=z 0

-
~



Conclusion:

[wel, = 598 vr+ G5 F

where AW means: repéace ¢w/ﬂ A u WIB) and
d A
‘}‘(u\ Cmfv?[e ‘{ﬁ Jer‘ll;a‘élvb .

r/{é Supér. S'Wme#flc Zd{(#mﬁp%

“-a-“rf

L= [¢T¢] = ()], + h.c)

= (0:A)(0p) v (PG4 + F*F
..Fo“l/_ /W 2
) -4t (42)5]

vhich recoveas our previcus resald

‘roof Hat 5‘;0{: &E,u
Immedate l sinece 215 1 som of F (wd F*) '/er‘m.S‘

S v iC I |
Some. suporsymmetric jagen: W($) is He superpolentiid.
T is « kaeomrpkic Fonchon "g cAm.,[ S‘»per#;e'//f.




@"l}\va/viam-cg;
Qcall [R Q)= —QRu
[R @)= &

A¢ a diflerental tperator acting on sypeupace,
[#,R) = (6%&-8.5%-an)h
An = chial weght of the sperficld @. nelR.
e R=00-85-2an
Under an R-Eranstormatron,
Sod = a[R ]z —1al80-88 -27)F
ety o @ chirild spenfld or sntivchrl sporfill
Bat,0) = e*raple,ev20)
P&(x,B) = e F(x, e<2 )

InM+eJimm@&;,
Seh= 2inah " ns Pechonga of
SY = (an-1)ia ¥ fe svperfieli .

0aF = (2n-2)4iaF
Gueshn: s §ul= 01

axecise: prove Haot [¢T¢]F (s E*lﬁva/u‘;.z’-



Note: flo fully expmanticted Form of #e B-Franstormaton 57

A'—" eainQA
‘k__)‘-e.‘l.i(n—;')q’b
F— eai(n~))aF~

Nete: [W] s R-trvaniand ondy F W has P-charge 2n,
65«:1 fo 2.
ﬁfio.f » s fpllows Iinmea&a)@% from The Danmslodrmation of F.

M KQ fu}fm»?mmo wwcle{f w;‘z“".
Wid)= | 2, 1 3

If'm;‘ o, fl:f E‘m‘\/w‘dwl[ wilk e chorce A<
If 8=0, Z ; R- thvariand wotd e choice n=1 .
I both m30 and 3¢, thon 7, 26t e tmivanind .

4
3 -
4
z

F:r\a»@ey/ o dou/c/ 59 noted ‘Kw{ for a rea{ J%MO/
(net chiral or enbi-chiial ), te m%, pessible chore for

ﬂ”—’ﬁ‘c(w»gz S KA=0.
Rp(,0,6)3 Blx,e 8, e



G%uSMMWLQiQﬂiﬁéL

Ttandbsi

SdQ“ = falé—& = O

Sd@“ 0% = fdé-dé‘:‘ =1 Nno Sum oveé of, it
ylﬁ‘f’t}\'r‘./.‘w'nsf

. 0‘29: ";_L dgdd&&
A*0= ~LdB, 46
1% = 49d'F
Thon, |
[4860= [45 86 = [a%0 9055 = 1
and bl oﬂ%‘ li‘k;«-@f ezuaﬂ Zerd . |
Tt ollows et for @ churil superfield
fdz@ Pl 0)= [$],, = —*+l ngb/
while for an unconS Hrawmed 5Wﬁe&/

fa("ﬂ #lx,0,8) = [Ploozs

¢=f=-0o



e con wﬁife a Supl"\JW‘b‘;c achon as an /‘avfeﬁ.ﬂ oren
Super spoce . va'-p-ag note fAat :

L¢¢]eegg [¢T¢]99
Tl Wess- Zvmine acfma C= fol Z Car be wr/fle« as'
S = f A dto B + f A dO W) + [ d'TWE).
whiek i mam'tfes"'-eg S u,amsw'ér'lc.
[\_'_{rje e hax www@ noted Hat F-Ferms IL"“’“S*"" b
as fotod le@Lg.QMC.ESe For a gfwwm,@ Suf&ﬁ@@?/

Q?S: ... + 000610

e (am worlf ;t»u* 5; D ama( .s‘}law %a)l
(4] = [¢)pezs

-.émuﬁrms a5 q - il ﬁ"l‘ﬂfeﬁ;gwmi. 7ﬂ/M ) 77 ‘“%awﬂf Q«é}fo '
make tor sutally devms & A Susersymmetric £Q?4M3 12 .

Erample: [ SPly = (2.R)(3*AY+ F545¥ + FiF
+ fotal divegonce

as @cpec‘l':e'c{ .



Non- renc rmaization Heorem
Tle svperpotential is not remormallized o o00
orders vn peatun bation theory . Ondy e
kire-hi enengy Feam s revormabized — s b
wave fvactiom renormaliziatoom |

Hewee, no guadratic dweigeneos en e parameress
% e superpotential. Mass renormel, 2athcs,

s g&uez\aj/ed .mn'f—% Qs a Cousejuenm f wave an’l\oi\
renormelizahom, nmﬁg | |

a N
Mg ¢3 = Mg ¢R
4 D= 20 kit i 4
MR= Zymg -

Wave~fonchin revormaki et @ Baor H i U
cutoff. B A » e

tgc ’ ated 7Tk
The ofiginal pfw/ of 1his Meorem demonsty |
oY rai{:év'e correchrins covld be writden i e form

afam (A #e;«f oven 4{49 Tf{«r, 7[€rinf af'% 7@0..
f A% d*6 W(E)

arl nol m"/'ec Z(GJ :



V' Supersymmetric Gaug TAeortes

Sal‘I;"/éJ

THe redd vector Super™ hebd 5)
Ve 0,5) = V(0B

Cxpanding in 8,0 :
Vix,8,8)= Clo+ i8R0 ~iB0) + £ 00LMbc)# M)
—é 0B L[ M)~2N(x)] + Bo“B V. ()

689 Mx) -2 549, X(x) ]

~<PBO[A(x) ~L o0, %(x)]

* 36080 [De) -4 D (x))

C,M/I\//D and 1{44 2o reed bosonce ficbfe
F;C’L"'f 0F ¢ and - 5 o conveatron .

The fa«néa/m c[ozces for coelficents ¢ 999 Be b
and 9999 1S convesiest bor Cater purpeser:

De;«izel pu lz
AWS of treedom
g AOSM v C/M/ Aj/ D/ Kh

8 fermionic . X, X,), 5



Fitd strength soperticled [ UC) abelion gauge Hlaory ]
Wo( = "‘:,’— I)-aD« V

Note that 77/; Wol - OJ; so Mot W is a splhor c‘:%aj .fupé‘rﬁefﬂf

Tn e chirak reprefan'z‘qz‘g'amj one com evduate U G-expansion
og Wg. A?C'r[% muc J}Abra-‘

M/d: iAo t O.D "-54-'/0"«5"5)4 Eav - gg/a—“a‘j)“

From here, we com work st Ho SUSY Aranstormation Lo
(sUSY = supersgmmetry ).

J;A: 5 0% *‘!["'”;p}dﬁfﬁ Fue
5 F = i} -2a5)~id(fad- Ao i)
§D = o [§6%X+ Ao~ E)

Note: &D 5 a ‘lLo'/'J sz&gwce, as e¢r/aec7lca/.

(Wc&fléﬁ: [z\}}-) F:“V, D) (5 am H;feaLuc.lL/e Svloermu/{"ﬂ-&)‘.
OFf - shell c/eywef of freodom :

AN - . 3 k ,r’ri 4 . .‘
: 4 Lerminic j,ﬁf ol T tre.dcein ¢ A ) >\

4‘“‘ !oc.fam (lé‘ yae;ff' ot %lfeed/&m . :) ) FM d

)Ggree.r of freedem of F* am a«‘[u‘;mmefn'c Jensor has & d.of s
Stace Fuu= On Vy'gylf«, o follows ok €4 P, Fpo=0O . This 1s
e Biamchi wlentity whicd Boks Bke 4- constrecats (u=0,1,2,3). But
we of Hese 1s cedundant srice e4f 2.3, Fpe =0 m-c‘fomcf/c‘c%.



4 SJPErSWe‘{:ric La gramg jam
Note fAdd:

Ths is He binehc esengy for a UL1) gango el Vi
with Fald J*f%ﬂ Fuv and Hr Zfe{qau}mo A, 7.

‘perm(}mic .§uperpan'£u9/1 of ’//u
D ;\as no cfngf; /"{ 1§ an aa)cig/zal«? —i-;g(a/ '
/Anoﬂ&\ 'ﬂorm"
7= 1[/29 W Wy + Jfa/*a?'/&},'w&
4 a

Tn fact, both Herms above are e‘ud up to a fotal c/w&}fm .

So, Hle achon con be wrrtlen as !

$= %f«(‘lxdzg W W,
=4 f 4% %6 (D*V) W,

ﬂe fa'f-lm {orm slwwr ‘7‘1«2‘ 7%«: ferm a/aes Penormajt ée, - 7%': l:f
vave funchom renormalizaton og V.



E% ,;wa»éamcc"
Let A(x8,8) be a chiel spetield, <e DiA=o.
Tlen, B(x,0,8)5 A¥x,8,0) is anki~chiral
Comseden:
V> Ve i(A—N).

EX%C(.{"E‘: Show Hat L(/:( (s nvarand vnde, His
travstormation, '

I«F we wv;r(:e-‘ ' :
A= AcGOY-00F —<Bo+B2.4A
+_d£_: 803, $o*8) — 4 88068 OA

ve se0 Het after sme olgobrathat He componants of
V‘—émnsﬁ:rm as Fo//ows'. '
C—> C+ (A-AF)
Xx—> T+ LV

(916 Covrse, E:“": 3,“ VV"QV% (.:C JM}Q Mva/uéa)./
Fw = Fa



Wess - Zomino géfg

—

Choose ﬁedma;e Lonctions A ¥ F suchk 1t
C=2=M=N=0

Ths is not a super symmme tric Fage c[o:ce
S vsY fYaﬁS‘f;rma‘bu\S a/o not presesve %r Condly 2504\

Neveatleless, it (s vewy vietel for com poTqtrcus.
-1’\ PM"’?“‘QM/

Vis (/8,8) = 8048 V. tx) + 088t
—<P68Al) + L 99S6 ().



Ecg#g—,&/a/liami /h-&acﬁ;h{‘
LC?L ¢ be a CA(:‘JJUPQM. Stace f (5 [onf-é@x) <t e
rofate under fZe prey Fram sFor mahion é;( a 'oéa.‘ve refadBon’

¢ — e-—-QtjA¢
where A_ & a chiral .C%Md ntreducod carlion.

Cre can check that o lmehé encigy {Eim previously

used :
Zee = [d°0 F ¢
s not Jauge invavand | siric
Bt
of;(‘g‘ = /d45 $QQJV¢
s gauge iivariasd ), undey T—> T+ 2 (A —E)
I.;\ﬂe, h)e.rj-zumfno Jouge | s is a sensible oy mermucl
V\+%aC‘flm~. Im Ipa,,{zc'“é'/ :
ry Vi ——
[#e%°¢ ] 0050 = FF' ¥o*Du¥ + (8, A)(Da)*
—iVayg (AX ¥ -A%) L) + QAA"D
+ ‘b‘hﬂ JW‘@\.}MCQ
wLe,‘p, @ = Qﬂ“f' i g %‘ (s 772 usuaj Fouge —Couwéaaf Q_,/er;m‘."u/‘e.



.§up&\szm}uetv1'c_ V(1) -9auge 7%0',—2

S= _—{fd‘xd49 (D*v)ly, + /d& A0 pe?VS

= ‘[d4Xo{
where.
L= —p B F*t (JFeg ) + 1D ¢ Frt
HER)BA + 9548 + 9 DA%
+ 33 (AN~ AT )

3

s ir a Swfwe‘b';c inYerac hon cb" e
QCJM with (s érminurc svpmpaafnﬂn and 17 ga«f/}ta :

P / \’/ P ‘,/""'"' ‘}j
V. e S5 e
R ”"""‘;"K\ v A =
, - ; “ A

Let o5 eliaminete He auxiliany feelds by Hlec, frold Egua toons:

aJZ:O) QZ:O. 7’.(«;, Fo©O and
oF D '

D= -—gA;‘\”r



The remﬁﬁ}sa La;&m;au s
S5 LB P e d5#2.0 t (B.A)(9™A)”
+ V5Dt + 433 (A* )¢ —AXYE)
_ 2
5 §°(A*A)"
TA«‘{‘ 13} 'Kae s Q JZ‘J& Po‘f@n{lw 0F ﬁQ 141'4\-'

Vieatarn = L g*(AR*A)?

Q- v’a/u‘wﬂfé’

é\ V(x ©, 6)= V(x 9-2‘9/ e“8)

<e. nzo. In fAe L\Jeﬂ"gumd\oém}o,

Thus, e R-invariance kewe is associatod wth 1%
Chirel S’me‘ffav of e massless Frageno.

C/\e-fftr,a Aez.g:gs’ i‘f‘ 14‘62dlam j _Jée gcw}@ S'Uf?e—rma/z,[/pé’a‘(%

A boseme de of {reed. crtr€
f,‘ee_r reedoem ('/ldo AGZC‘IZQQ
A fermence Jef.eu of treedome  (Fwo AeZmz‘(ej 3;%))




The Fadagf ~Tlopovlos Herm
Anothen SUS}’—MUM derm cen be added % J

Ji‘; = 25[7]9955 = 3D + htal divergence

T[a.mﬂg MOC&AC.Q’AO.M o 1t frew‘ous work s AA k//(ﬂy\
e solves for The amx ltary hulds, |

D= —gA4"- %
Vf(daa- J'[ﬁAA +§]2

Mo'f'e‘. i exﬁe‘ case, we & ‘?‘Zw’(

AL - i ; ?.
I/K(a@aa" = D



(enerel 2ation f ’maoﬁ chiral supecteles

W, & mﬁy e chiral 5«//:&;14@//, A was not fos)é/e +>
d‘dJ a J‘upe«\yowl&,.'z‘)&,@ W[¢} 7‘0 % %or;, 3/&:.2

L= [WiB)],, + ke

(s rw" ja»«}e IRVMMZ(« 8.,{/ w,ﬁ more 'ﬂw one C/uri_p
Qapovftéfd ) Jomge invariasd So/a«pa{&nl‘/&js can be

lvr‘(f-{% .

I-/'we now e&;admajﬁ 7% Carre:mo‘c;\g F;‘ [c Qtéééf‘ 7%
chiral JUM%) :

- S E'r, - g dw o
j ZZ ¢ e olAzF; olAfF" L
weob?‘a.«:n —
F;l‘i‘—‘—/ R:d__‘{l)
dA, ’ dAi

whel proclwdf a '/M en e fa/a /ml&nzéaj

;caéa/x:‘ —"Z/J/"/

= F'F



For ffe -Memy of CAM}ea/ chiral _rcfer/;eléJf) wel%
¢£ — o9 g;_A¢2

g = UC‘)-suam"w r\u»\be/l of ‘f’e 4 J@Q«MX

He fofal Scalen ,Do’/ﬁnM s Hea Jwer bcy

N

Viate: = Z/ +-‘/Zg‘gAA +§)

L = Z PR+ £D*
Ta Svpmszame'fwb \)‘04903\, ffc:r (r e Sum of
He F-term ard to D~form contributoons

e S—

}Qema/({_ V’O/-e "1442’ ,[/’;(JM ZO Iﬁ'z a Supaaffgmmé“rfc

g_rour\cl Slav@ ’f\( Jca,ém MJS /“ag/ acgwre vacul m
Efpec'-/u‘lxm Va.&o@,r iucA ﬁaﬂ

%CJM\> = 0.



opampl 1 SUSY-QED
Svpe(‘A'@ed C”‘W’.
¢+ Chir<b SUf@!% - +1
¢_ chirel JVMMJ 8~ -1
V' rel vector sc.}oer{;eﬂa/

g{wje I\AVMM SU/&Pm[énzg'aj.‘
IA/[<751-, P-)= m ¢+¢-

TLS 7%0r(7 o P (nvauonZ. Cheose P/d_f)- +j
se het Q(W)=2 ar regwrec/ |

Pan* fge’ , C“"“@“’%
';ZS-I' = A, G, L)
cA - (A_ y/__,;: )
=2 (A1 D)
Eliminate aux'lhaiag {;é&/f Fe -, D.

Combiae 44-) ¥ b .a Difac f16ld , Ther o5 o eloctrom -
(omd poS/'i'rm) A{-/ A- aw Cow-;a«&x scalers ld

“Selectroms ) c/.!uaﬁé{ denoted A; eLJ E,Q Sinee 7%
e Supen lpm-fnerj of e Lot¥ and rgﬂ( ~handed Docham .
V,u (s e Pl\o'itw\ and /l 15 q MaJorama ‘l['e/'mlw (% lofmo”)_

on- SL«J % —&!Wfﬁh c[ ._&_f?.{! cn —Jw 5&!@% c/ o —}’\ %
D'fac @ ) € + 4. | seblectrons €+ , é‘f -
A

phobins & 2 photen 2



Non- abeliin SUS Y Yang-Mills Zeory

Mare cM&&afeJ than e abebian %otyj bot
- with a simiban ctrvc funa. Br[efﬁg‘:

The chicdd J‘Uf&t% ae now multipledts t/‘ﬁ.clﬂq 1%
ga.a}e ?fto?, p ﬁwréma Qs

¢ — (e7%97),; &,
wewe N= [/)07‘4)‘] and

[Ta,Tbj:' (fabe Te

defines e non-abelian Fpe froup -
T'é Cm—aio'm‘lt'le}h
9—5‘9 39V¢ T =Vre

LS ga«}g mva/uaiod dp % f@q}e *f%_féf‘mq 7Ll;‘h Sqﬁ}-?(/‘e.r.'
¢V’ = o249l o2V, 244

exencise: Show at 'ﬂega,«?e Grovp /5 aéeﬁmﬁu, 1
above veswlt reducesto V=1 +¢:/NA—-1).




on~ an }Y&ﬁf‘ r7lé£d
Lez‘ (
N a

4
%
D -8V D, e

- D

Wy = 79

-_ 2 =gV J 1/
_ 3 3
o/ y e Do’(e
Wo —

c/ .ﬂ
UA@‘ ﬁ@j@‘(}é hm< f.- A%\
'4

work aq'( .
an
/he.

.7(3
—794 W @

e

—

W

S)

ant.
' awgeimvw
“Wi). is g

Tr (W

“
d ;
- -—l

fnc‘h( )
.le — ﬂe JJblh{,toup :[ bc l//*b l/w
. .o N & g | —
/lereacs a-awvﬂ b/\c
Wi F;aq,,: a)tl/v _ja _;AACZ‘
~a - 8"
D

d °’ sSsesSed
‘ }W 9e co .
. C‘O/
19 ‘ (C/X/M,/V) m q aé au
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A fwsweﬁzé ngz r‘a—«g:_‘am |

-

J= 3t [d04e(WWe) + e
+ fd"ﬁ a‘;eaivgﬁ
+ [fdz& wig) + A.c.]

Note: ba gomge (avamance , ho F,‘a?é‘f—l'/fopou/os-/@\m
s elared snce [D4gpes carrres a Jauge imder .

A ga««}e IKVWMJ f'//-@tpa)[enléa-j P?lu/r:e.r
Wie?9"p)= wig)

;Qkﬂtj /‘: Aq TQ 10\1(!51 I.'Je.\'r)na.ﬂ/ aq ega}ua.éa,,.)f Ma’flgn\
s given by
914/ [ Q
—_ ] .. ¢5 = O



I,\ (Mm%t‘/
j- _ o. f—‘xw‘t + l/\

+F}F"'(°<BA')(°B
9 AT A D — g (A ’PT&
A __,L,__,. z¥,

a—-"A[ﬁA) +’!'D'D
uA‘.)*{- y, '71: 0’:’“($ SP)‘ |
4 -ATS 4 AY

¢ AALAAJ
.,dh/ T (dlﬂ/)
Efmanate e auxiliary Lelds:
F'*~OL"_‘}. ) F'_;r(é_‘:i)*, = "jAc &) AJ
dA: | dAc

One obteins He tollowiiy salen potental: _
e _
(Vo= = |27+ 4 (A7 T Ag)’-]

(3

> EAF, + DD

]

Jote - Vf(da 20. Taa ‘SvPaquQ'éf‘lb }400"/ JM/
<Vialan > = O. | |



