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Ideas and Theorems

Supersymmetric Field Theory

3

Before,the,November,1974,acceptance,of,the,quark,model

…attempts,to,ascertain,general,restriction,particle,physics,,
without,detailed,knowledge,of,the,dynamics

Also,,attempts,to,combine

spacetime,symmetry,,such,as,rotation/spin,SU(2)
internal,symmetries,,such,as,SU(3)f

NonArelativistic,models,using,SU(6) ⊃ SU(2) × SU(3)f,,work,well

But,,no,relativistic,generalization,could,be,constructed

In,1965,,L.,O’Raifeartaigh,proved,that

P.,Roman,&,C.J.,Koh:

The,Hilbert,space,of,states,of,a,particle,with
a,=inite,nonzero,mass,is,PoincaréAinvariant

Distinct,particles,and,states,transformed,into,each,other,by
an,internal,group,have,the,same,LorentzAinvariant,mass.
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Ideas and Theorems

Supersymmetric Field Theory

4

In,1967,,S.,Coleman,&,J.,Mandula

That,is,,internal,symmetry,(such,as,color,,isospin,,SU(3)f,…),G
must,commute,with,the,Poincaré,group

cannot,change,any,of,the,eigenvalues,of,the,Poincaré,generators

…such,as,spin,,spin,projection,,mass

As,spin,(eigenvalue,of,rotation,generators),cannot,be,changed

particles,of,different,spin,cannot,be,in,the,same,GAmultiplet

In,any,interactive,relativistic,model,of,particles,with,=inite,
masses,,the,only,permissible,symmetries,must,form,the,Poincaré,
group,and,a,Lie,group,that,commutes,with,the,Poincaré,group

by a Lie group have the same Lorentz-invariant mass m :=
p

p·p.
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Ideas and Theorems

Supersymmetric Field Theory

5

In,1975,,R.,Haag,,J.,Łopuszaṅski,&,M.,Sohnius

…noticed,an,implicit,assumption,in,the,ColemanAMandula,proof

Everyone,assumed,that,all,transformation,operators
…are,of,the,form,transformation,=,e)i(parameter)·(generator),
…so,generators,form,algebraic,structures,via,the,commutator
…and,produce,Lie,algebras,(as,per,a,theorem,by,Wigner,,1930’s)

But,,some,generators,themselves,could,be,fermionic
…and,need,the,anticommutator,binary,operation,in,superalgebras:

Ÿ2Agraded,algebras:,|Bi|,=,0,(even),and,|Fi|,=,1,(odd).
…and,can,“link”,the,algebra,(Poincaré)⊕(“internal”),nontrivially
…extending,it,into,a,proper,superalgebra

[,B1,,B2,],=,B3 [,B1,,F2,],=,F3 {,F1,,F2,},=,F3
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General Properties

Supersymmetric Field Theory

6

The,Poincaré,algebra

consists,of:

Is,extended:

by,the,supercharges,Q,and,the,central5charges,Z.
The,P,have,spin,1,,the,Q,have,spin,½,,the,Z,have,spin,0.
The,Q’s,,exclusively,,transform,|boson〉,↔,|fermion〉
Without,inserting,dimensional,parameters,into,the,algebra

Also,

e algebra, po(1, 3) = spin(1, 3) :+ tr(R1,3), [
is generated by Lorentz transformations (A.110) and spacetime translations (

[ L, L0 ] = L,00 [ L, P ] = P0, [P, P0 ] = 0.

L P

{Q, Q0} = P �
0

[P, Q] = 0,P � Z,{ } �
[Z, Z0] = Z,00 [Z, P] = 0, [Z, Q] = 0.

[L, Q] = 1
2 Q0,

[L, Z] = 0,

[Q] =
q

ML
T , [P] = [Z] = ML

T , [L] = 0.

P0 = �H/c.
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Motivations

Supersymmetric Field Theory

7

Quantumness:

The,only,universal,quality,in,Nature,that,stabilizes,atoms

Quantized,angular,momentum,obstructs,radiation,loss,&,instability

Not,the,original,motivation,(1913,,Bohr:,recovery,of,line,spectra)

Uni=ies,concepts,(mnemonic,imagery),of,waves,&,particles

Gauge,principle:

Links,symmetries,with,interactions

UnobservableAness,of,waveAfunction,(matrixAgeneralized),phases

Arbitrary,spacetime,variability,of,these,phases,⇒,gauge,potential

Gauge,potential,&,gauge,=ields,⇒,gauge,interaction,(measurable)

Uni=ies,concepts,(mnemonic,imagery),of,particles,,waves,&,=ields

Puzzle:

How,can,unobservable,(matrixAgeneralized),phases
produce,observable,interactions?!
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Motivations

Supersymmetric Field Theory

8

Special,relativity:

Links,symmetries,&,conservation,laws

Uni=ies,space+time,,energy+momentum,,rotations+boosts

General,relativity:

Links,symmetries,&,gravity,&,spacetime,geometry

UnobservableAness,of,coordinate,choices

Arbitrary,spacetime,variability,of,coordinates,⇒,Christoffel,symbol

Christoffel,symbol,&,Riemann,curvature,⇒,gravitation

gravitation,⇔,spacetime,curvature

This,“geometrization”,recovers,the,unAobservability
of,the,original,coordinate,transformation,as,a,symmetry

and,the,gravitational,interaction,as,its,consequence

This,“geometrization”,can,be,extended,to,all,of,the,gauge,interactions

by,extending,the,spacetime,→,(spacetime,,“phases”),where,particles,move

:,no,force,,just,freeAfall—albeit,curved

:,observable,force

=iber,bundle
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9

Supersymmetry:

The,only,universal,quality,in,Nature,that,stabilizes,the,vacuum

The,minimum,energy,is,zero,if,and,only,if,the,system,is,supersymmetric

The,minimum,energy,is,positive,if,supersymmetry,is,spontaneously,broken

If,the,system,includes,general,relativity,,energy,is,not,wellAde=ined

The,only,uni=ication,of,fermions,(matter),&,bosons,(interactions)

Technical,advantages:

Signi=icantly,lessens,(or,even,eliminates),need,for,renormalization

Prevents,mixing,of,characteristic,energies

Preserves,unnaturally,small/large,ratios

The,true,,complete,theory,is,presumably,and,hopefully,,simply,=inite.

m
ne

MP
. 10�28,

me
MP

⇠ 10�23,
mu
MP

⇠ 10�22q
c

MP =
q

h̄ c
GNq

Motivations

Supersymmetric Field Theory
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Motivations

Supersymmetric Field Theory

10

Vacuum,energy:

Consider,a,free,scalar,=ield

The,EulerALagrange,equation,of,motion,is

the,Fourier,transform,of,which,gives

A,bunch,of,LHO’s:

q

LKGB = 1
2 hµn(∂µf)(∂nf)� 1

2
�mc

h̄
�2

f2

�

= 1
2c2

.
f2 � 1

2
⇥
~r2 +

�mc
h̄
�2⇤

f2.

⇥ 1
c2 ∂

2
t � ~r2 +

�mc
h̄
�2⇤

f(x) = 0,

f(x) = 1
(2p)3/2

Z
d3~k f~k(x), f~k(x) := f~k(t) ei~k·~r,�⇥

∂

2
t +

�
~k2c2 + m2c4

h̄2

�⇤
f~k(t) = 0.

En,~k = E~k(n + 1
2 ), E~k := h̄ c

q
~k2 + m2c2

h̄ =
q
(h̄~k)2c2 + m2c4
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Motivations

Supersymmetric Field Theory

11

The,vacuum,energy

diverges

For,the,free,electromagnetic,=ield,,m = 0,and,so
…and,the,vacuum,energy,divergence,remains.

Remember,the,supersymmetric,LHO?

For,every,bosonic,mode,,a,fermionic,mode,must,be,added

…that,is,,every,bosonic,=ield,needs,a,fermionic,superpartner.

O’Raifeartaigh:,(matter),fermions,↔,(interaction),bosons

Evacuum = 1
2

Z
d3~k E~k = 2p

Z •

0
k2dk

q
h̄2k2c2 + m2c4.

Z
This evidently diverges ⇠ k4 as k ! •: there are (continuously) indefinitely many vectors

have a positive magnituderelativistic expression E~k = |h̄~k|c, since

En,n = h̄
⇥
w(n + 1

2 ) + e
w(n � 1

2 )
⇤
.

i

E0,0 = 1
2 h̄(w � e

w).

8.1. The Linear Harmonic Oscillator and its Extensions 385

Digression 8.2: By the way, there exist two distinct conventions for Hermitian conjugation:

1. the physicists’ rule [151, 60], where (XY)† = Y†X† regardless whether “X” and
“Y” are commuting or anticommuting objects,

2. the mathematicians’ rule [143, 100], where (XY)† = (�1)p(X)p(Y)Y†X† and where
p(X) = 0 for commuting X and p(X) = 1 for anticommuting X.

These rules coincide except for anticommuting (fermionic) objects, cy = �yc:

physicists’ rule: (yc)† = +c

†
y

†, = �y

†
c

†, (8.17a)

mathematicians’ rule: (yc)† = �c

†
y

†, = +y

†
c

†. (8.17b)

The product of two real fermions imaginary by the physicists’ rule, but real by the mathemati-
cians’ rule.

Herein, we stick with the physicists’ practice and rule.

8.1.3 The Supersymmetric Oscillator

With the operators a, a†, b, b† we define the bilinear operators (b†a) and (a†b), for which we
compute:

[HLHO+ , b†a] = h̄( ew � w)b†a, [HLHO+ , a†b] = h̄(w � e
w)a†b, (8.18)

[a†b, b†a] = a†a + b†b. (8.19)

This shows that the choice e
w ! w gives a special case, when the operators:

H := h̄w(a†a + b†b), Q :=
p

2h̄w a†b, Q† :=
p

2h̄w b†a, (8.20)

define the so-called supersymmetry algebra the defining relations of which are:

{Q†, Q} = 2H, [H, Q] = 0 = [H, Q†]. (8.21)

The last two relations show that the operators Q and Q† generate symmetries of this specially
tuned ( ew ! w) fermion-extended oscillator. The first relation identifies the operators Q and
Q† as square-roots of this specially tuned fermion-extended Hamiltonian H.

Finally, we compute

Q†|n+1, 0i =
q

2h̄w(n+1)|n, 1i, and Q|n, 1i =
q

2h̄w(n+1)|n+1, 0i, (8.22)
1
2
�

Q†, Q
 
|n, ni = H|n, ni = h̄w(n+n)|n, ni, (8.23)

so that

En,n = h̄w(n+n). (8.24)

Thus, for every n = 0, 1, 2, 3 . . . , the states |n+1, 0i and |n, 1i form a degenerate pair of
states that the operators Q and Q† map one into another, as is shown int figure 8.1 (c).

It is now clear that the ground state, |0, 0i, is the only non-degenerate state and
that it has a vanishing energy; the spectrum in figure 8.1 (c) fully exhausts the Hilbert
space (8.15b) for this specially tuned ( ew = w) extended harmonic oscillator. The action
of the operators Q, Q† on the Hilbert space (8.15b) is manifestly a symmetry. With respect
to this symmetry, only the ground state |0, 0i is invariant, while for every n = 1, 2, 3 . . . ,�
|n+1, 0i; |n, 1i

�
is a boson-fermion pair of superpartner states, a so-called supermultiplet.
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&,are,global
groundAstates.

A Few Small Bites of a Tough Cookie

Supersymmetry Breaking

12

Dimensionally,reduce,to,the,worldline

so

…which,is,a,sum,of,nonAnegative,contributions.

Thus

In,turn,

SupersymmetryAinvariant,states,have,zero,energy.

⚠☔♳!♴"♵�
♶⚗♷�♸⚡♹��

�
Q†i , Q j

 
= d

i
j H, Â

i
{Q†i, Qi} = NH,since Tr[di

j] = N,

0 = hW|H|Wi =
D

W
�� 1

N Â
i

�
Q†i, Qi

 ��WE
= 1

N Â
i

n��Qi|Wi
��2 + ��Q†i|Wi

��2o,

�
� �

�
⇥
r

H|Wi = 0 , Qi|Wi = 0 = Q†i|Wi.

U
e,e|Wi = |Wi, U

e,e := exp
�
� i(e·Q + e

†·Q†)
 

,
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A Few Small Bites of a Tough Cookie

Supersymmetry Breaking

13

There,can,exist,(even,continuously),many,ground,states

The,Euler,characteristic,reduces,to,the,count,for,discrete,points.

NonAground,states,are,bosonAfermion,(degenerate),pairs

⚠☔♳!♴"♵�
♶⚗♷�♸⚡♹��

iW := cE(VB)� cE(VF),

space,of,bosonic,ground,states space,of,fermionic,ground,states

E E

0
ESuSy
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A Few Small Bites of a Tough Cookie

Supersymmetry Breaking

14

Spontaneous,supersymmetry,breaking

If,the,Hamilton,action,is,supersymmetryAinvariant

but,there,exists,no,supersymmetric,ground,state

Discovered,by,O’Raifeartaigh

requires,≥,3,complex,(spinA0,|,spinA½),=ield,pairs

a,speci=ic,choice,of,the,potential,(masses,&,interactions)

Mediated,supersymmetry,breaking

A,dynamical,effect,for,a,subAsector,in,the,model

…induces,supersymmetryAbreaking

Explicit,supersymmetry,breaking

Adding,supersymmetryAbreaking,terms,“by,hand”

Free,=ield,Lagrangians,w/equal,#,&,mass,are,supersymmetric

so,,interactions,may,be,considered,as,breaking,supersymmetry

⚠☔♳!♴"♵�
♶⚗♷�♸⚡♹��
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Superalgebra
Superfields in 3+1-Dimensional Spacetime

15

The,complex,Weyl,basis

The,Poincaré,algebra:

extended,by,supercharges:

with,all,other,(anti)commutators,vanishing.

Y ⌘ Y+ + Y� = (ggg
g+Y) + (ggg

g�Y),

Y+ 7!


y

a

0

�
and Y� 7!


0

c

.
a

�
, a,

.
a = 1, 2.

(8.66)

P
µ

= h̄
i ∂

µ

, and L
µn

:= h̄
i (hµr

xr

∂

n

� h

nr

xr

∂

µ

),

�
Q

a

, Q.
a

 
= �2 s

µ

a

.
a

P
µ

,
⇥

L
µn

, Q
a

⇤
= ih̄(sss

s

µn

)
a

bQ
b

,⇥
L

µn

, P
r

⇤
= ih̄

�
h

µr

P
n

� h

nr

P
µ

�
,

⇥
L

µn

, Q.
a

⇤
= ih̄(sss

s

µn

).
a

.
bQ .

b

,⇥
L

µn

, L
rs

⇤
= ih̄

�
h

µr

L
ns

� h

µs

L
nr

+ h

ns

L
µr

� h

nr

L
µs

�
,
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Superspace
Superfields in 3+1-Dimensional Spacetime

16

1974,,A.,Salam,&,J.,Strathdee,introduced,superspace

Those,who,use,it,,those,who,consider,it,a,bookkeeping,arti=ice.

2008,(34,years,later):,it,is,inevitable.

Then

…&,are,spinA½,generators,of,supersymmetry.

!i := "ij [ Q j, t ] ≠ 0

x 7! (xµ; q

a, q

.
a) = (ct, x1, x2, x3; q

1, q

2, q

.
1, q

.
2),

{q

a, q

b} = 0 = {q

a, q

.
a}.

∂

a

:=
∂

∂q

a

, ∂

.
a

:=
∂

∂q

.
a

,
�

∂

a

, ∂

b

 
=
�

∂

a

, ∂

.
b

 
=
�

∂

.
a

, ∂

.
b

 
= 0.

Q
a

:= i∂
a

+ h̄s

µ

a

.
a

q

.
a

∂

µ

, and Q.
a

:= i∂.
a

+ h̄s

µ

a

.
a

q

a

∂

µ�
Q

a

, Q.
a

 
= �2 s

µ

a

.
a

P
µ

,⇥ ⇤ �
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Superspace
Superfields in 3+1-Dimensional Spacetime

17

Interestingly,

just,like

and

These,are,“covariant,superderivatives.”

Also:

D
a

:= ∂

a

+ ih̄s

µ

a

.
a

q

.
a

∂

µ

, and D.
a

:= ∂

.
a

+ ih̄s

µ

a

.
a

q

a

∂

µ

�  �  �  
It is not hard to verify that the combined operators

Q
a

:= i
∂

a

+ h̄
s

µ

a

.
a

q

.
a

∂

µ

, and Q.
a

:= i
∂

.
a

+ h̄
s

µ

a

.
a

q

a

∂

µ

satisfy the relations (8.69) and so, together with (8.68), give a differential representation of

the abstract operators in the algebra (�
D

a

, D.
a

 
= �2s

µ

a

.
a

P
µ

= 2ih̄s

µ

a

.
a

∂

µ

,�
Q

a

, Q.
a

 
= �2 s

µ

a

.
a

P
µ

,⇥ ⇤ � ! !�
D

a

, Q
b

 
= 0 =

�
D

a

, Q .
b

 �
D.

a

, Q
b

 
= 0 =

�
D.

a

, Q .
b

 )
,

⇢
U�1

e,e D
a

U
e,e = D

a

,

U�1
e,e D.

a

U
e,e = D.

a

.

.supersymmetry9invariant

�iQ
a

= D
a

� 2ih̄s

µ

a

.
a

q

.
a

∂

µ

, and � iQ.
a

= D
a

� 2ih̄s

µ

a

.
a

q

a

∂

µ

.

Monday, March 26, 12



Superfields in 3+1-Dimensional Spacetime

18

Super=ields,=,functions,over,superspace

so,powerAseries,terminate:

where

The,expansion,“coef=icients”,are,ordinary,functions,over,
ordinary,spacetime,,a.k.a.,“component,=ields”

They,alternate,in,spinAstatistics:,boson/fermion/boson/…

Some,authors,prefer,to,manipulate,the,powerAseries…

{q

a, q

b} = 0
a=b

=) 0 = {q

a, q

a} = 2(qa)2 ) (qa)2 = 0, a = 1, 2;

{q

.
a

, q

.
b} = 0

.
a=

.
b

=) 0 = {q

.
a

, q

.
a} = 2(q

.
a

)2 ) (q
.
a

)2 = 0,
.
a = 1, 2;

.
F(x; q, q) = f(x) + q

a

y

a

(x) + q

.
a

c

.
a

(x) + · · ·+ q

2
q

2F (x),

q2 := 1
2 #abqaqb and q2 := 1

2 #.
a
.
b
q
.
aq

.
b

Superfields
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Superfields in 3+1-Dimensional Spacetime

19

Using,the,supersymmetryAinvariance,of,superderivatives,

SupersymmetryAinvariant,de=initions,of,component,=ields.

f(x) := F(x; q, q)
��;⇥ ��

y

a

(x) :=
⇥
D

a

F(x; q, q)
⇤��;

c

.
a

(x) :=
⇥
D.

a

F(x; q, q)
⇤��;

F(x) := � 1
4

⇥
D2F(x; q, q)

⇤��;
V

a

.
a

(x) := � 1
2

⇥
[D

a

, D.
a

]F(x; q, q)
⇤��, V

µ

:= 1
2 s

.
aa

µ

V
a

.
a

;

G(x) := � 1
4

⇥
D2F(x; q, q)

⇤��;
l

a

(x) := � 1
4

⇥
D2D

a

F(x; q, q)
⇤��;

k

.
a

(x) := � 1
4

⇥
D2D.

a

F(x; q, q)
⇤��;

F (x) := 1
32

⇥
(D2D2 + D2D2)F(x; q, q)

⇤��

( X )
�� := lim

q,q!0
( X ).

No)such)thing)for)symmetries!

Superfields
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Superfields
Superfields in 3+1-Dimensional Spacetime

20

Since,all,component,=ield,de=initions,involve,setting

and

the,superderivatives,can,be,used,to,compute,supersymmetry,
transformations.

However,

implies

So

) contain a projection q, q ! 0
, the end result is the same as if

�iQ
a

= D
a

� 2ih̄s

µ

a

.
a

q

.
a

∂

µ

, and � iQ.
a

= D
a

� 2ih̄s

µ

a

.
a

q

a

∂

µ

.

Q
a

�
F
�
= F
 �
Q

a

= +(Q
a

F),

Qa
�
DbF

�
= (DbF)

 �
Qa = �

�
Qa �Db F)

�
,

dQ(e)f =
�
e

aD
a

+ e

.
aD.

a

�
F
�� = e

a

y

a

+ e

.
a

c

.
a

;� 1 2 �� � ��
dQ(e)ya

= (e·D + e·D)(D
a

F)
�� = 1

2 e

b

#

ba

D2F
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Note:

� 1
4 D2

D
a

� 1
4 D2D.

a

1

� 1
4 s

.
aa

µ

[D
a

, D.
a

]

1
32 [D

2D2+D2D2]

D.
a

� 1
4 D2D

a

� 1
4 D2

R ��
dQ(e)

Z
d4x [D2D2 f (F1, F2, . . . )]

�� = Z
d4x ∂

µ

Kµ = 0,

is,a,supersymmetric,Lagrangian
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For,most,applications,,the,complete,intact,super=ield,is,too,much.

SuperAconstraining:

These,contain,fewer,component,=ields:

Other,components,reduce:

…because,of,which

chiral : D.
a

F = 0 and anti-chiral : D
a

F = 0.

f

:= [F]
��, y

a

:= [D
a

F], F := � 1
4 [D

2F]� � � �

[D.
aF]

�� = 0, [D2F]
�� = 0,

[D.
aDaF]

�� = [(2s
µ
a
.
a
Pµ � DaD.

a)F]
�� = [(�2isµ

a
.
a

h̄∂µ)F]
�� = �2ih̄s

µ
a
.
a
(∂µf).� � �

dQ(e)f = (e·D + e·D)F
�� = e·y;
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�
DaF

�� =
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2 eb#baD2 + 2ih̄e
.
as

µ
a
.
a
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�
F
�� = 2#abeb F + 2ih̄s

µ
a
.
a
e
.
a(∂µf);
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µ
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.
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The,product,of,two,chiral,super=ields,is,again,chiral.

with,the,usual,distribution,of,multiplication,over,addition.

Chiral,super=ields,form,a,ring.

In,fact,any,analytic,function,of,chiral,super=ields,is,also,chiral.

The,EulerALagrange,equations,imply

410 Chapter 8. Supersymmetry: Boson-Fermion Unification

= 2#
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e

b F + 2ih̄s
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.
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e

.
a(∂
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f); (8.95b)

dQ(e)F = (e·D + e·D)(� 1
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��,
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a
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ab(∂
µ

y

b

). (8.95c)

Digression 8.8: Iterating the result (8.95), one can show that

[dQ(e(1)), dQ(e(2))](f; y

a

; F) = 2ih̄(e(2)·ssssµ·e(1) � e(1)·ssssµ·e(2))∂µ

(f; y

a

; F). (8.96a)

That is, the commutator of two supersymmetry transformations formally equals a transla-
tion in spacetime. However, notice that this translation parameter

e

µ

(1,2) := (e(2)·ssssµ·e(1) � e(1)·ssssµ·e(2)) (8.96b)

is not an ordinary spacetime vector! The supersymmetry transformation parameters,
e

a

(1), e

a

(2) anticommute, and so are nilpotent [+ relations (8.78)]; the vector (8.96b) is
therefore itself (degree-4) nilpotent: (eµ

(1,2))
4 ⌘ 0 for any µ = 0, 1, 2, 3. Similarly, e·y is only

formally a “shift” in the scalar field f, according to the transformation relation (8.95a),
since the expression e·y(x) is in every spacetime point (degree-4) nilpotent and the func-
tion f(x) in every spacetime point has values that are ordinary, i.e., non-nilpotent com-
muting complex numbers.

Conclusion 8.3 Although is the (symmetrized) iterative application of the supersymmetry gen-
erators Q

a

and Q.
a

equivalent to the application of the spacetime translation generator P
µ

,
supersymmetry transformations (8.67) do not produce transformations in “real” spacetime.

The fact that supersymmetry transformations map the fields f(x) $ y

a

(x) $ F(x) (and their
derivatives) in every spacetime point, however, remains.

Notice that chiral superfields (at the same spacetime point) form the “ring” algebraic
structure [+ the lexicon entry, in appendix C.1]:

Conclusion 8.4 The product of two chiral superfields is again a chiral superfield:

D.
a

F1 = 0 = D.
a

F2, ) D.
a

(F1F2) = 0, (8.97)

with the usual rules of distribution between multiplication and addition. It follows
that chiral fields (at the same spacetime point) form the “chiral ring.” Moreover, it
follows that an arbitrary analytic function of chiral superfields (defined by its Taylor
expansion) is also a chiral superfield.

Supersymmetric Lagrangian density must be of the form

L [F] = [D2D2 K(F†, F)]
�� + [D2 W(F)]

��+ [D2 W(F†)]
��. (8.98)

Since the Lagrangian density must be real, for the first term of the general form (8.89)
one selects a real function K(F†, F), and adds the second term and its Hermitian conju-
gate where W(F) is an arbitrary analytic funtion. Indeed, this second term is also (and
independently!) supersymmetric:
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Compute

so

Typically,,use,Φ,for,matter,,and,Λ,for,the,gauge,parameter.
Then,a,judicious,choice,of,Λ,eliminates,the,lower,half,of,the,
components

1
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In,the,so,gaugeA=ixed,version,of,¿†,=,¿,
project,on,the,upper,components:

so,the,supersymmetric,generalization,of,the,YM,Lagrangian,is
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Finally,,as,for,the,interaction,between,matter,and,gauge,=ields,

This,is,invariant,with,respect,to,the,gauge,transformation

and,is,manifestly,supersymmetric.

To,include,mass,terms,,need,to,introduce,Φc:

Superpotential,terms,are,not,renormalized

GaugeAinteraction,terms,and,kinetic,terms,for,matter,are
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