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@ Regularized Propagator:

c(p?/N?)

Al =

@ Wilsonian Effective Action

Sal] = —90 AL o+ Sply]

Flow Equation

@ Polchinski Equation
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The Dual Action

o 1 (5 (5 —SI[Lp]
@ —Dpylp] =In [exp <2590 B 5@) e

@ The flow of the dual action vanishes

_/\al\Dm [90] =0
)

@ lts vertices, Df,? , are invariants of the ERG
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The Dual Action

Diagrammatics

@ Wilsonian Effective Action

@ Dual Action

@+;@6+...

@ The Dual Action has IR divergences for m(u) — 0
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@ Consider constructing n > 2-point connected correlation
functions from the bare action

Example

G(p1,p2,p3,Ps) = — @ +oee

o G(p1,p2,p3,pa) = —Dﬁr?)(P1,P27P3,P4)H?:1 Ap(pi)

° G(p17 cee 7Pn) = _Dg’:)(pla v 7pn) H7:1 Ab(Pi)7 n>?2.
@ lim -0 Df,'])(pl, ..., pn) makes sense!

@ Any IR divergences have a physical origin
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@ Consider constructing the 2-point connected correlation
functions from the bare action

@ The first contribution is Ap

@ The full contribution is

G(p) = Au(p) [1 - DY (P)A()]

= 2u(p) |1 - DR (P)2L(P)]

@ lim (-0 D,(,g)(p) makes sense!

@ Any IR divergences have a physical origin
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More about the Dual Action

Interpretation

@ The dual action is a secondary construction

@ |t is not used as the weight in a partition function
@ It is a convenient way of collecting together the D(")

o If the D(" have IR divergences, so be it!

'

Recovering the Wilsonian Effective Action

@ Sometimes it is useful to retain the IR regularization!
@ Recall:

—Dmle] = In [exp (%% A %) e_SI[‘p]]

@ Trivially,

14 5
Sl = - 2. : —Dm[¢]
Sl =1In [exp( 350 Ay 590> e ]
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Dressed Effective Propagator

oA, - Bm __ L o= Am[l —D,(,E)Am]

1+A,D? A74+D

m

Interpretation

@ Recall G(p) = Ap(p) [1 - Dfﬁ)(p)Ab(p)]
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Dressed Effective Propagator

i A 1
o A, = m___ - Am[l _ D,(,?)Am]

144,02 A;l+D?

@ Recall G(p) = Ap(p) [1 - Dfﬁ)(p)Ab(p)]

o A, is the UV regularized two-point correlation function




Construction
00000008000

Rescalings




Construction
00000008000

Rescalings

@ We want to investigate fixed points



Construction
00000008000

Rescalings

@ We want to investigate fixed points
@ |t is convenient to rescale to dimensionless variables

© — eV ZNP=2)/2
p— pA



Construction
00000008000

Rescalings

@ We want to investigate fixed points
@ |t is convenient to rescale to dimensionless variables

© — eV ZNP=2)/2
p— pA

and to introduce the ‘RG-time’

t=Inp/A



Construction
00000008000

Rescalings

@ We want to investigate fixed points
@ |t is convenient to rescale to dimensionless variables

© — oV ZNP=2)/2
p— pA

and to introduce the '‘RG-time’
t=Inp/A

@ But scaling out the anomalous dimension produces an
annoying change to the Polchinski equation!



Construction
00000008000

Rescalings

@ We want to investigate fixed points
@ |t is convenient to rescale to dimensionless variables

o — VNP2
p— pA
and to introduce the ‘RG-time’
t=Inp/A

@ But scaling out the anomalous dimension produces an
annoying change to the Polchinski equation!

n 6\ 1068 . 6S' 1§ . 68!
A T,. 2 — 2 A, 2 A,
( On+ 59 5¢>5 27 35 5o 2700 50



Construction
00000008000

Rescalings

@ We want to investigate fixed points
@ |t is convenient to rescale to dimensionless variables

© — eV ZNP=2)/2
p— pA

and to introduce the ‘RG-time’
t=Inp/A

@ But scaling out the anomalous dimension produces an
annoying change to the Polchinski equation!

n 6\ 1068 . 6S' 1§ . 68!
A T,. 2 - 2 A, 2 A,
( On+ 59 5¢>5 27 50 5o 2Z%g 50

@ This factor of Z also appears in the dual action
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General ERGs

@ General ERGs follow from demanding that the partition
function is invariant under the flow

— Ao e—S[SO] = / %(x) (WX[SD] e—S[SO])

“ARZE = A / Dpe3l¥l =0

Parametrizes blocking procedure
Choose

lAnew . ox

V=
2 op

oY =5-25
@ The seed action
o Parametrizes residual freedom in blocking procedure

@ Choose AW to eliminate annoying Zs after rescaling
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@ The dual action is defined as before
@ But its flow is different

_ n,. 9 _ M A1
<A8A+2s0 5¢)Dm[90]— AL

2
D 1 S
+ m .A .A . _— [R— -
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The New Flow Equation

o After rescaling ¢ — v/ Z

1 . Y 1 . s
_A3A+ﬂ¢.i s 195 A 0 0 Al
27 o

25, A5 2k B,

@ The dual action is defined as before
@ But its flow is different
n 1) n _1
— (A 2o — ) Dplo]l = — 20 AL
< On+ 3¢ w) [¢] 2 B o

(]

New two-point term on the right-hand side

(]

Seed action contribution (surprisingly simple!)
For the rest of this talk, take Sl—=0

(]



Construction
00000000080

The New Flow Equation

o After rescaling ¢ — v/ Z
5)52155 . '5_2_15 A 0L

n
A aJ = A, — A, =
< On -+ 20p dp 268y dp

2% 55
The dual action is defined as before
But its flow is different

(]

(]

B n,. 9 _ M, AL
<A8A+2s0 5¢)Dm[90]— > VAN

New two-point term on the right-hand side
Seed action contribution (surprisingly simple!)
For the rest of this talk, take Sl—=0

Not a typo!

e ¢ ¢ ¢
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@ Now scale out the canonical dimensions:

gp—>g0/\(D_2)/2, p — pA, t=Inpu/A
D-2-n g n -1
O+ ———p-—+Ag—D | Dlp] =—=p- A"
° ( R A PR ) [e] = —7¢ @,
@ The ‘derivative counting operator’

_ dPp o o
A8=D+/W¢(P)P‘a—pm-

@ The massless effective propagator is independent of t

A(p) = C(p”z)




Construction
0000000000 e

Final Rescalings

@ Now scale out the canonical dimensions:

(D-2)/2

© — N p — pA, t=Inpu/A

D—-2-n 0 n 1
——— - —+Ng—D | D[] = —=p- A"
° <8t L E A PR ) [e] = —7¢ @,
@ The ‘derivative counting operator’

_ dPp o o
A8=D+/W¢(P)P‘a—pm-

@ The massless effective propagator is independent of t

c(p®)
Ap) =
(p) 7
@ At a fixed point

atS* == O, = atD* = 0
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@ Define x = p?

o Set 9,D?(p) =0

_2+77*

(2)
. an* (X) — _EA—I(X)

2
Di )(X) + I >

°o =
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The 2-point Vertex

@ Define x = p?

o Set 9,D?(p) =0

2
J; M 279) (x) +

@ The solution is:

—1
(2) _14me/2 Tx ¢ (x)
D* (X) =x ! |:b B 2 /dXX1+77*/2:|

(2)
XLD* (x) = —&A_I(X)

°=- Ox 2

@ Taylor Expanding the cutoff function:

2 bx1 /2 4+ (x + subleadin , #0
Di)(x):{ . ( g n fo
T = V.
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The 2-point Vertex

o Recall: G(p) = Ap(p) [1 - D&E)(p)Ab(p)}
@ Using

2) bp2(141+/2) 4 (p2? 4 subleadin . Z0
PP, )_{ P +(p g) e #

77* — O.
o Gives the expected result at a critical fixed point

1
G(p) ~ p2(1=11./2)

@ Also,
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@ We can resum classes of diagrams contributing to Di ):

' (s)
D = @ +

1
p2(1—77*/2) ’

N =
|
S =
=
+

@ Recall: A,(p) ~ D@ o p2i-n./2)



Application to Fixed Points
00000000000

IR Finiteness

: S —=(2
@ We can resum classes of diagrams contributing to Di ):

' (s)
D = @ +

~ 1 .
o Recall: A,(p) ~ =, Dy~ pX17/)

@ So, for D>4andn, >0o0r D=4and n >0

N =
|
S =
=
+



Application to Fixed Points
00000000000

IR Finiteness

: S —=(2
@ We can resum classes of diagrams contributing to Di ):

' (s)
D = @ +

~ 1 .
o Recall: A,(p) ~ =, Dy~ pX17/)

@ So, for D>4and n, >0o0r D=4and n >0
S .
? I|m0D (p) = const
p—>

N =
|
S =
=
+



Application to Fixed Points
00000000000

IR Finiteness

: S —=(2
@ We can resum classes of diagrams contributing to Di ):

' (s)
D = @ +

~ 1 .
o Recall: A,(p) ~ =, Dy~ pX17/)

@ So, for D>4and n, >0o0r D=4and n >0
S .
? I|m0D (p) = const
p—>

N =
|
S =
=
+



Application to Fixed Points
00000000000

IR Finiteness

: S —=(2
@ We can resum classes of diagrams contributing to Di ):

' (s)
D = @ +

~ 1 .
o Recall: A,(p) ~ =, Dy~ pX17/)

@ So, for D>4and n, >0o0r D=4and n >0
S .
? I|m0D (p) = const
p—>

N =
|
S =
=
+

o D )(p) ~ const + O(p?) + subleading
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@ We can resum classes of diagrams contributing to Di ):

' (s)
D = @ +

~ 1 .
o Recall: A,(p) ~ =, Dy~ pX17/)

@ So, for D>4and n, >0o0r D=4and n >0
S .
? I|m0D (p) = const
p—>

N =
|
S =
=
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The 4-pt Vertex

@ Re-express D®) in terms of 1P| pieces:

—(4
D( )(p17 P2, p3, P4)
—(2
[T 1+ 2D ()]

D(4) (Pl, P2, p3, p4) =
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@ Re-express D®) in terms of 1P| pieces:

B (p1, p2. ps3, pa)
—(2
[Ty [1+ 8(0)D? ()]

D(4) (Pl, P2, p3, p4) =

° Dg) satisfies

4

D—-2—

(4% + ;p; Op, — D) D (pr, p2, p3, 1) = 0
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Re-express D) in terms of 1P| pieces:
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=
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For n, = 0:
D—-4+4+r=0
D > 4: 5(4) ~ const + subleading
Two conditions: r <0 and r >0, = D£4) =0
For D =4, r = 0 is a solution with D£4) ~ const = D£4) =0
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The 6-pt Vertex

@ Re-express D) in terms of 1P| pieces

o D satisfies (with n, = 0)

4
D—-2
(67 +3 P O - D) DO(py, ..., pe) = 0
i=1
o D >4 D£6) ~ const + subleading = Diﬁ) =0
@ D = 4: require Dﬁﬁ) ~ mom 2 = D£6) =0
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The n-pt Vertex

@ For D > 4 and n, > O:

D tells us that 7, = 0
This forces D,(f) =

This forces D,(kﬁ) =0

By induction, D{">? =0

¢ © € ¢



Application to Fixed Points
00000000000

The n-pt Vertex

@ For D > 4 and n, > O:

° Diz) tells us that , =0

@ This forces D,(f) =

@ This forces D,(P) =0

o By induction, D{"? =0

@ Therefore, the only critical fixed point in D > 4 with 1, > 0 is
the Gaussian one



Application to Fixed Points
00000000000

Conclusion




Application to Fixed Points
00000000000

Conclusion

@ To complete the proof of the triviality of scalar field theory in
D > 4, negative anomalous dimensions need to be considered



Application to Fixed Points
00000000000

Conclusion

@ To complete the proof of the triviality of scalar field theory in
D > 4, negative anomalous dimensions need to be considered

@ Exactly the same method can be used to prove the triviality of



Application to Fixed Points
00000000000

Conclusion

@ To complete the proof of the triviality of scalar field theory in
D > 4, negative anomalous dimensions need to be considered

@ Exactly the same method can be used to prove the triviality of

@ Non-compact, pure U(1) gauge theory in any D



Application to Fixed Points
00000000000

Conclusion

@ To complete the proof of the triviality of scalar field theory in
D > 4, negative anomalous dimensions need to be considered

@ Exactly the same method can be used to prove the triviality of

@ Non-compact, pure U(1) gauge theory in any D
o Theories of a chiral superfield in D = 4 (Wess-Zumino model)



Application to Fixed Points
00000000000

Conclusion

@ To complete the proof of the triviality of scalar field theory in
D > 4, negative anomalous dimensions need to be considered
@ Exactly the same method can be used to prove the triviality of

@ Non-compact, pure U(1) gauge theory in any D
o Theories of a chiral superfield in D = 4 (Wess-Zumino model)

@ The million dollar question:

Can this methodology be usefully applied to non-trivial
theories??



Thank you for listening
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