
Supersymmetry & The WeakScale (in a Nutshell)
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· without loss of generality can parametrize
ixmP

My by pure
translation e e
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· irreps X= (j- , j+) dimx = Rj- + )(2j++1)

=> 100) ; ( , %) , 10, 2) ; /,E,D.--
quantum mechanical



· P"-x"-(E
,2) is "almost" the smallest

non-trivial irrep of $03, 1)
·Can we imagine an extension of ISO(3, 1) where

the smallest irrep (2
, 0) */, 2) also generates

asort of translation"

· ( , %(a) = (,) = "Qu
as %

P
er

· Idea : extend xi-X = (x, 002)
81 p = fermionic : 101= 10%=0 they areS



"quantum mechanically small".

· correspondingly , besides ordinary (2) translations

xm-x + a
er
We can imagine fermionic (2,)

(91) translations do,
However Lorentz covariance permits a more

intertwined option :interesting Supersymmetry
tions
10 xu- al+a+ i(z- ofuz) Ex'r

#)peto S&- a+ 34 = qx
-

& &->+ = Ji

Lorentz (x*+ /_(0)x0 + X(w) P , E=1) Eis



· SuperPeincare = [SO (3, 114) (x , 0 . 5) = R314

· Left group action 8 : glg, . 2

i(+p + ja +5)
· g(x, 0, 0) = e

· g(a , 3 ,3) : g(x, 0, 5)7 8(0 , 3,2)8(,
0
, 8) =g, 0,)

· (x) = commutation relations

g0, 3,) gp, 3 ,5)9(0, 3, 5,)8(0, 32,7) =g(2i(z,05 -355) , 9,%
xi- x4 + 2i(3

,543 -32
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eiA-iB itiB-[A]

= [9 ,Gi] = 22 Pu [Ra , 93y =0
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⑭ Representation on fields
· Poincare : x= xx +a
-

ObsObs

· fields $a(x)
↳ SL(C) representation

· irrep A - r = (i- , j+ )

& (1) = x(x)3 * da()

$'(x) = N(x)B + (a(xx)



· Supersymmetry >> Superfields &,= /)
& coreutz irrap

·() x+ X = ga ,
3
,

i(x) #

· (x) = $108,z(x)

·Ed =[P'(x) - P- (x)) = i(a . P + 3 . a +a)d
linearized

P = :2 FionConven
er er

- I & n = i( + i(0), n) I & 95Oga

- ↳g
_
Si

=-i( + i(ocy)3) Op &
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Ex Vector superfield" V(x
,
a
,
)

F

V= g + xi +F + Mr+N+ga+
+08 + 8 p + 0D

5q = - x3 - Fz

SV 5X4 = -2 M3- i (55r)S i
5)=(3)+y =y

=> JdcD is invariant



Dimensional considerations [0] = [3] = [x]
"2

[g] = 0 [z] =[F]=1 .. - - Es= [y]= [D] =2

= JD - 3 x [Ij = 2

2 - 3127

5D = G)- -) unavoidable

product of fields is itself a field·
Like a
= = superfields superfield

=DJ [V, V ... Unby non-trivial invariant



· Besides products another
recapy

to construct

another superfield is to use I"action"the sig

Left C
i(Pa + 3 +5)

e

i (Px + 0a +) = g
,
(x)

Eight C
i (px+or+ ) ei (Pa +za

+=)=(p(x)

81
°

fr = Jr Of L

= () = Gohr(x)

if I susi transform I , the of transfories as

& () -> bogioh(x) = Dohnogi'(x) = Fogi'(x)



i
.
e .
It transforms as a superfield

· infinitesimally : Right action #D coverient deciretives

Pur Dj = 2 - i (0) Ou Dj =-2; + i/pr)

⑭ Da
,
Dj allow

to impose coverient constraints

in analogy linary
2AM=0

, 0x= owith ora
er

# Chiral & anti-chiral superfields
·Chiral (

,

p
, %) : (T; a =o

- isb
a =q(x - :00, a) = e (9+01 +0F)



holomorphic
· analogue of zxf=e => f= f(z)

· working out algebra
5y =-23 .7

50 = Ex = - 123,F+ (3), Y

SF =-(xv5)

· anti-chire I : D
, d = =p +:or

, of

D= (D;)= o = china Panti-
Third Chiral



⑪ En building Legranges
· Superpotential

& china -> " is chiral

(D]b = n((,b)b"= o

=[B(- :org) =
:or

[(y +50x +0=)]n
- iop
- e(... + 02(nq F -)x))
--
invariant density



[w]= .F
d ↓

=potential
"

"Tukawa"

· Kahler Potential (wKinetic term)

# = real vector superfield [P]= density
=Compute

Sib = +pe+: 00, )$(-:or
, 0)]
,

da

=J( + zior
,
of $14 ,07ex



↓ ↓

9eijet ei (op =of(2 0x

=-dogagt =iB

= J[3 =(24+ + i = Ex + F+ F



# Simplest example : Wess-Zumindel

=J[]+[+] +[]
+

= 104 +:x + +=+)((mg + -g) = - (a ++)x]+n .c)I
F- auxiliary = fixedcally by e .

our.

F= - (uy +x()

= 2 = 1091+ iFx-1mg += ( + 1)+ n . c)



· scalar mess = fermion (Majorana) wass m

· manifest at tree level but true to all orders

bySust Algebra [Q ,

H]= o

# Now
my = fermion wass = complex

= transformers under 1-eix
=>Guex cu

= met not affected by power uV divergences
also Ma

won't be !

Let us check at e-loop



# 1-loop correction to my

-
+ .....

-----

4 -47
~

.4 + Log div !



↑

# Non-renormalization Theorem (Seiberg 1993)
Preliminary : R-symmetry

is - is [R , 9] = 19
8 - e O - e j

[r,]= -:

& e(x,to
, eto

#-20
F - > ei(q

- 2)
=



iz)

if w(l) - 2 W(d) then USD is
R

a sy in me try
· Ex [43] invariant if 9p=- F

# N()
PR xv(i)r on field and couplings

in think of two USD's in WE model

· Unpa: -e
%

(4
,

0
,
%)

-
ic

· Upr : $(, 0, 0 - $12, 00
/

jerry
· UKpa * Ulip is broken by superpotential



but I can forally extend me &t to background
Chiral superfields with suitable VIXU changes
so as to make W invariant and derive

Selectionrules.Cour favorite trick)
· Notice this makes sense becauseW depends

only on u, 7 and not+,*:helpmorply
+-W=m+

3
UDpatUp inveieu -

/



Unique
w = wa(z + holomorphic

↳ I= U
invariant

#What general form the full quantum Were
can have ?

I
wIP

= mpf() b va)xUG) ·

150 FE) = Stree= +
but I can take this limit keeping u = Ed



fixed = f(u) = /im f(u) = Gree (2)
A -30

= f(u) coincides with tree level result
· This derivation seem perhaps too dever
so let us consider by absurd f(u) #free()

f(u) = % + 2.~79 tree

e fort f, =5



but consider fr it corresponds to

DW= "
= ecoupling S-legs

->
· not a loop diag ren !! = f = o

· thisorgument extends to all orders
# Holoworphy was essential in deriving
this result presence of 7

#
world

I

have allowed to write more terms



v()y + U(i)
pa ,
but z chirel superfield

-

and supersymmetry does not permit its

presence in superpotential d!

# can check non-ren theorem directly at

slop by working off-shell.

I1841 +:x + +=+)((mg + -g) = - (a ++)x]+n .c)
↓

E compute 1-loop correction to

&F bilinear



A toy supersymmetric Higgstop sector

· SM top Yukawa y+ + + h
.
c

*
Y Y

Fi = EijH; (,2,5) (1,2 , -1) (3
,
U
,
43)

⑧ Supersymmetric extension

9- Q = (i)
B
,

color triplet chiralT1
, 23 b superfields

Er= =Tc (Tc) 1
,
2
,3 ) color anti-triplet

#-> H = (ii)



color

M

2 = [A
+
H + a

+

R +TITc)p+f[y+( - Q) . Tc]
=

+ h - c)W

SU(c)

· field components

(5)- T + F +

↓
left handed stop& shottom right handed stop

(t)-> ho

n
,

↓ ↓

higgsinos higgs doublet



In components
1+ i gp

+ (Fa(+ 18+ it,+ + (E)
+ 16H)"+ in + /F1

+ zt[(-) + (H - F2)T + (H)
+]

- ( + (Hq)t + 2-q + zat + n ..)

# 1-loop correction to Higgs was ~

En Q

----
ElSu -.........



sows up to zero as expected from
non-renormalization theorem.

More realistic Model : gargeless MSSM

· Need two independent Higgs chiral superfields
W = Y"HeRi) Un; + Ta *Ch, Ri)p; +H, 4) E ;

=> pletora of new scolors with B
,

L
,
Flavor

quantum numbers .... and possibly new
interactions breaking them

Ex W
= *p
= ijk DriDa ;Venijk(i9;)Dar



+ xijn(i(j) Ear

W
EP

would be disastrous... but can be forbidden,

by a seemingly ad-hoc , matter parity
Dc, 9

, 4,E - -(P,, 9
, 4)



# 1-loop renomalization

5Wall loops
e Sk + 0

· sk1-loop = -↳ =[] In X
X D

enough to compute the #F component

⑨ Ex WZ model
=

-51
=>-

=(i)(*) in....
↓

External momentum



= A =-+]

20 = (1-h) [p+a +(75 + n-)

=



* A more inspiring way to do things :
· very much likeA cam be extended to china

superfield

we can put a rector superfield & to
Sourced

+ 2= [2] + [= P3 + h . c .

(1)= 1 (2)=1 ... only in the end

· Manifest "garge" redundancy



- eb
1 - 2 I

z+ zex-x]=
Obs can only depend& -3X

on t=
We can thus rewrite previous e-loop result

20 = [2(1-i(n)p+) +[ +-

-
D

↓

Zo= bare ↳



# Spontaneously Broken Supersymmetry
·
how is Poincare broken in realistic situations ?

& Ex superfluid
· zg+ g + cV()a

=

↓ · y =4t + π↳ phonon

coordinate dependent background
· natural to generalize this to Supersymmetry
=SY #D & dependent superfield

background



E rector superfieldV = Fo + Fo+ )
+ F pa

2 Y

chire T (4) = fo + f, oh

This breaking could happen in another sector

Many more things could be said here but
let us instead go swiftly to the point :

· Assume SUSY breaking manifests itself on theJ
extended SM fields through a background real
Vector superfield<V > = m202

frin- [C1- (v) H+H +(1-cav)a
+

a +(-cy)+
+
+]x



+ untouched superpotential
this is the most general possibility at lowest order
in (Er , Po ,Di) expansion .

· What does this modification imply ?

[V+] = migh - up = cyb2
wa = Cam
u? = -mm

- 17

=> s offers a theory for the origin of
mass

· unlike in the SM
, MIFO is here associated to the

breaking of a symmetry
.



· The Lagrangian = L(M> RG scale

-> CH ,.+
-> C (M)

,
<(1) , ((r)

2and similarly re

H
,
9
,

T

· Like for WE model we can express that by

2() = [[(m)H+
H + za(u)aa +z(u) +

++] + [J HaT]=
D

- + h . c
.

All renormalization happens here
Q

T H

#1 H &- Q etc.TF --

2n(m) = z(r)(1- C()v) = Superfield
↳ -number



· background reparametrizations
H + etH 2

+
+ 2

+ e

- H -x

Q - etaa =D2a+ Za e
-Fa-ta

T- ex+ T 2+ - 2+
e
x
+
-x

↓

y+ - e
- (+ + xa +x+ )y4

= invariant= YIzz/ZZaZ+ controls

corrections
F
+

YE
= fixes coeffs.
-

The result for the bare Lo at a-loop is



2 =[2()(1-

Za(r)(1-T In) ata

2(r)(1- 5 - () ++T] + 0 ..

2 = [H(m) (1-55) = bare wave function

= RG evolution of the Z(m)'s encapsulates
the running of both coupling and masses!



⑧ Now then

=Min() =-
=in In E (r) =-

S
e

-2and similarly( In Za = - St

ha
d Inz+=-in
↑

· define 2x = ZZaZ+



-
= ()=x

=-
S number

-

= 2x(u) = 2x(Mo)- Int
↓ I ↓ remember

superfield number 2i = =(m)(1- m?02)
rusber

· This ep .

contains the running of every thing
# coupling (M)=

=>



# masses

[2x()]= [in (200) - 2)
= X(m) =x()( X(r) = u+

↳ (r) =(
↓ H

(mp-3)() = (e -34)( .) (MI-2() =) ((ro)



Ex Universal initial conditionMr- -
-

at u=-

~() =(

me() = MG(- Can easily cross to
a =D Suce)beg tire

broken

Ha = wo() awes o
m? = u(r) Si(z)

,
un broken



Notice r(r) =d) In4/2

If expended in 3 shous corrections to m

in agreement with the selection rules

previously discussed
Ex

= m() = mo)-(M+)In
⑧ we can concretely see what tuning

would look like



1

↓e

nor
u
critical er

RGif wo chosen right at Mc evolution

yelds malpys = o



· but for generic choices

min - u- - m

= squarks at weak scale


