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Abstract: <span>We derive the collective theory of singlet fields of large-N Sp(N) spin
models and display its unconventional features. Using the known relationship
between O(N) collective fields and higher spin fields of Vasiliev theory in AdS

space, we argue that the unique features of the Sp(N) collective

theory suggest an interpretation in terms of a higher spin theory in de Sitter

space, as proposed by Anninos, Hartman and Strominger.&nbsp; This is

reminiscent of the way the Liouville mode is naturally &nbsp;interpreted as

time in supercritical worldsheet string theory.</span>
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Dimensions from Large-N

* Since the early 1980’s we have had many examples where the
large-N degrees of freedom organize themselves in the form of

extra dimensions — usually space-like
1. Eguchi-Kawai Models
2. “Old” Matrix Models
3. Matrix Theory
4. AdS/CFT

In some of these cases, this emergence of additional dimensions
can be in some sense “deduced” —e.g. c = 1 Matrix Model

Y5 <i; Polchinski i
There are also interesting suggestions for AdS/CFT
(R. Gopakumar, S.S. Lee,........ ). However no solid understanding.
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* Allthese models involve large-N matrices 'they give rise to
Strlng theorles —and in lucky circumstances (e.g. strong couplin
imit of a large-N theory) the String Theory can be truncated to

Iow energy supergrawty

* Another class of models which are known to display AdS/CFT
dualities are vector models. The dual theories are not String
theories — rather they are theories of an infinite number of
higher spin gauge fields considered by Vasiliev

* The classic example of this type is Klebanov-Polyakov duality of
the singlet sector of O(N) vector model in 2+1 dimensions to
Vasilievtheory of even spin gauge fields in Ad.S|

* The higher spin currents are dual to the higher spin fields in the
bulk.
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* All these models involve large-N matrices 'they give rise to
Strlng theorles —and in lucky circumstances (e.g. strong couplin
imit of a large-N theory) the String Theory can be truncated to

low energy supergravnty.

* Another class of models which are known to display AdS/CFT
dualities are vector models. The dual theories are not String
theories — rather they are theories of an infinite number of
higher spin gauge fields considered by Vasiliev

* The classic example of this type is Klebanov-Polyakov duality of
the singlet sector of O(N) vector model in 2+1 dimensions to
Vasilievtheory of even spin gauge fields in Ad.S,

* The higher spin currents are dual to the higher spin fields in the
bulk.
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Strlng theorles —and in lucky circumstances (e.g. strong couplin
imit of a large-N theory) the String Theory can be truncated to

low energy supergrawty.

* Another class of models which are known to display AdS/CFT
dualities are vector models. The dual theories are not String
theories — rather they are theories of an infinite number of
higher spin gauge fields considered by Vasiliev

* The classic example of this type is Klebanov-Polyakov duality of
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* The higher spin currents are dual to the higher spin fields in the
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The lagrangian for the O(N) linear sigma model in 2+1 dim is

: 1 ™\ 92 27D / N/ 1T9\2
L= 5 {(0(,5)“ + m“op° + (/\U;\)(c‘)‘)“}

To leading order in 1/N this has a RG flow diagram
m ’

* : * - A

The Vasiliev theory has a conformally coupled scalar - the UV
fixed point corresponds to the “alternative” quantization, while
the IR Wilson-Fisher fixed point corresponds to the “standard”
quantization.
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There has been a fair amount of evidence for this conjecture

recently (Giombiand Yin, .......... |
Related dualities Wthh relate CFTZ W|th AdS3 have uncovered
an interesting story (Gabardiel and Gopakumar) and dualities

which involve fixed ||nes rather than flxed pomts have been
discovered.

It has also been realized that these dualities could be speual

e

cases of dualities in String Theory. (Aharony et.al, Minwalla

-t ]
.U, )
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Bilocal Collective Fields

* Quite some time ago we argued that there is a direct way to
construct the bulk hlgher spln fields from those of the O(N)

theory — (S.R.D. and A. Jevicki, 2003)

* Inthe hamiltonian formalism, singlet states are described by
wave functionals of all the O(N) invariants.
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* Thisis like looking at the zero angular momentum s rofaD
dimensional quantum mechanlcal problem with a spherlcally
symmetric potential —i.e. wave functions which are functions of
the radial variable alone /;(r, )

* The hamiltonianactingon x(r,¢) = J(r)"/*¢(r,t) with the

jacobian J(r) ~r”~' is given by
I {2 D-1)(D-3
H o= =% )\ ) L V(r)
2 dr? 2re

* Wecando the same for a euclidean theory — the hamiltonian is
then the log of the transfer matrix.
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* Forthe O(N) field theory the analog of the radial variableis a
bilocal field (X, y) = ¢'(¥) - &' (7))

* Wethus want states which are functionals of this bilocal field
alone, not the “angles”,

* Starting with some general O(N) model with a hamiltonian

)

,7| . d—1 . 0~ ” L[ = » 1) = Pl =\ LB =\]
=3 /" ’ [_(s,;ﬂ(.r)fsuf(.r) + V'(F)VH(T) + U[o'(7)¢' (7))

-

The singlet sector hamiltonian can then be derived using a key
technique developed by Sakita and Jevicki (1980). The result is

: N? L [
HOW) = 2Tr [(n,,nn,,) F—0 ‘} - / dZV20(Z, §)|i=z + Ulo (T, T))

16 2

—

where (X, 1) is now considered as a matrix, and I1,, is the
momentum canonically conjugate to o
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Collective Fields and AdS

The conjecture is that the bilocal field is a collection of an
infinite number of fields — one for each even spin—in one more
dimension. These are identified with Vasiliev’s fields

At conformal points this higher dimensional bulk is a AdS space.

It is easy to see that this has the right number of fields. Consider

for example the 2+1 dimensional model. Define
I
2
Fourier series L x

U= —(r+79) U= —y=(r0)

The fields 09,,(u, 1) represent 2 helicities for each even spin in
3+1 dimensions — exactly as in Vasiliev theory
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Collective Fields and AdS

The conjecture is that the bilocal field is a collection of an
infinite number of fields — one for each even spin—in one more
dimension. These are identified with Vasiliev’s fields

At conformal points this higher dimensional bulk is a AdS space.

It is easy to see that this has the right number of fields. Consider
for example the 2+1 dimensional model. Define

I
2
Fourier series x

alZ. 1) = Z 0o, (i, 7)€%

U= —(r+17v) U= —y=I(r0)

The fields 09,,(u, 7') represent 2 helicities for each even spin in
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Collective Fields and AdS

The conjecture is that the bilocal field is a collection of an
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Sp(N) and dS/CFT

* Recently Anninos, Hartmann and Strominger conjectured that
the Sp(2N) vector model in 2+1 dimensions is dual to Vasiliev
theory in 3+1 dimensional de Sitter space

* Thisisa proposal for a microscopicrealization of dS/CFT —the
emergent direction is time-like.

* Since we have learnt how additional dimensions arise in vector
models, we would like to know in what sense can time emerge !
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Sp(N) and dS/CFT

* Recently Anninos, Hartmann and Strominger conjectured that
the Sp(2N) vector model in 2+1 dimensions is dual to Vasiliev
theory in 3+1 dimensional de Sitter space
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emergent direction is time-like.

* Since we have learnt how additional dimensions arise in vector
models, we would like to know in what sense can time emerge !
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Sp(2N) Model

* The Sp(2N) model is defined by
5 =y / dtd® 'z H(i‘),(,’)"l('),c‘); V(,*)’lvc’)é} -V (/(J’ln”‘)J

* The &},¢, with i =1---N are N pairs of grassmann
variables.

* The hamiltonian is given by

H / ) '[!"1“' | VU,VH) | \-"(z'r;‘f,c‘)g)]
* The only nontrivial anticommutators are

{(;)u(,.r)_m.;;)} i6,;0°0% (7 — )

{0.(@), (N} = {Fa(@), P} =
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Sp(2N) Model

* The Sp(2N) model is defined by
N =y / dtd® 'z H(j’,(,’)i('),«:b; V(;)’IVC);} V(i s \)J

* The &},¢, with ¢ =1---N are N pairs of grassmann
variables.

* The hamiltonian is given by

H =1 /d'f Ly [i-’,_ﬁf-’,i 1 \Tr;ﬁvf;‘); i \-"(z'rﬁ",c‘)g)]
* Theonly nontrivi.al anticommutators are

{0%(). /’”(ff)} i0,,0°0 (¥ — )

{6a(@), a4 (7)} = {P)(D), P} =0
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The Sp(2N) invariants are now

—

{' ab PraWi Yo
p(Z,y) = € oL (Z) oy (Y)

Note that the same action has a {/(N) symmetry as well. This is
made manifest by writing it in terms of complex fields

- | ;i ‘ | L
¢'=—=(gu+igs) ¢ = —=(d, —idy)
V £ V <

So that the action is

= — / d? oo ()(’) ) (09" + V (mn )]

However, we are interested in the theory in only the Sp(2N)
invariant sector.
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e TheSp(2N) invariants are now

—

p(Z, ) = € (D), ()

Do ==

* Note that the same action has a U(N) symmetry as well. This is
made manifest by writing it in terms of complex fields

] | .
] (2 K L1 ) Ty
O = —=(0 +i0s) O = —(¢) — i)
Ty iy} e’ , /e (1 P
V2 V2

* Sothat the action is

S =— / (/d.f.'[('(:)(,’q)i)((')(;')"‘) + 1"’(:(;)'(,‘))]

* However, we are interested in the theory in only the Sp(2N)
invariant sector.
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The Sp(2N) invariants are now

—

plT, y)

) (2N A
;Pflfj(,'):f(.l')U;,(U)

Note that the same action has a {/(N) symmetry as well. This is
made manifest by writing it in terms of complex fields

o | .
? (2 K L1 ) Iy
O = —=(@ + i05) O = —(¢) — i)
P34 2, ‘ Vr (1 ;2
V2 V2

So that the action is

§ = - [ d'2](06')(0') + V(#0)]

However, we are interested in the theory in only the Sp(2N)
invariant sector.
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The conjecture of duality to de Sitter comes from the
observation that

< /)('Fl ? {7-3 ll ) U /)('FH- 'ﬁ:u- /u) \’\f‘-:;:l!g\]_

—

-~ corn

— < 0(Z1, P2, t1) « *+ O(Tny Tna Tn) > 02N
Since to leading order each side is proportional to N, this is like
making the replacement NV — —N
However, in the dual gravity 7%, = NI and under

N — =N Z =T Raqs = iRys
The euclidean AdS metric
9 R2 T 9 9
ds® = - "l_')/h dz* + di*)

‘-

Becomes the dS metric

Ris
2 ST 2 | a2
= 2 [_dr? + d7F

ds - ]

/
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The conjecture of duality to de Sitter comes from the
observation that

=1

/ ) \_\r‘UHH
ny'n) < Sp(2N)—

< p(FGanth) - p(E,

- < o(Z1,V2,81) * O[Ty Tna tn) > 02N
Since to leading order each side is proportional to N, this is like
making the replacement N — —N

However, in the dual gravity /%,s = NI’ and under

L\fP — _1\." Z —> f'-T R.'Iif.-c — /-erh'
The euclidean AdS metric
R RR?
ds® = MH | 2% + d7? ]

-

Becomes the dS metric
2 1‘)1.[5

ds

[—(/r - dx

|
o
[E—

2

/
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The conjecture of duality to de Sitter comes from the
observation that

conn

< p(Z1,y2,t1) p(Tn, Tnytn) >5p0N=

— < 0(Z1, 82, 8) * =+ 0Ty Tny tn) >00200)
Since to leading order each side is proportional to N, this is like
making the replacement N — —N

However, in the dual gravity i*,s = .\'/j and under

L\fP — _1\." Z —> ?"-T R.'Iffs — /-}?rfh'
The euclidean AdS metric
5 B - .
ds® = l')h |_(/.:" + (/.1_’“]

‘-

Becomes the dS metric
2 h’ﬁg,

ds

9 -9
= [—d7* + dT”]

/
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The conjecture of duality to de Sitter comes from the
observation that

< p(E1, Gast) - P(Ens Ty tn) >oon)=

= & 0—(-""1 ’ .Ut.’- t | ) e (T("'ru- J"n- ,n) :‘);T):’f_){_’\’”
Since to leading order each side is proportional to N, this is like
making the replacement NV —» —N

However, in the dual gravity 7%, = NI7 and under

L\/P — _1\." Z —> ?"T R.'lff.-c — /-erh'
The euclidean AdS metric
9 Rj T 9 9
ds* = l')h ldz* + di*)

-

Becomes the dS metric

B
2 ST 2 322
= 2 [_dr? + d7F

ds - ]

/
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* |Inthe following we will try to argue why the collective theory of
the fields p lead to a natural interpretation of the emergent
direction as a time coordinate.
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Quantization- Free theory

* Wefirst quantize this model by treating ¢ (7') as hermitian. The
conjugate momenta are then anti-hermitian. The mode
expansion is standard

. ’ ] ’/rf l!nl : m S e - * 1| L | -
(J;J:,(,['_I) - / l(l:r(fl')( i(|klt—Fk-T) + (l:ll(l.,)( i(|k|t—k-T)
J (27 '

" E) {ni’{ﬂ.").né(ﬂjf]} —}()'”f)'(/\"—ﬁ'.’)

{al (k), o (K'Y} = id7§(h
* The hamiltonianis
}f—:;/hﬁﬁhﬂ‘(#h@(#)—(g’(ﬁyﬁ(kﬂ

(H, ol (k)] = —kal (k) [H,al] = kall (k)
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The Sp(2N) Oscillator

To read off the spectrum consider the Sp(2N) oscillator — this is a
momentum mode of the field.

Since the variables are fermionicthere is a highest energy state
as well as a lowest energy state
a, |0 >=0 a''|N >= 0
In a “coordinate” representation the wavefunctions are
Uy = exp|—ikd] o)) Uy = explikd) ol
Where ¢! are now grassmann variables. The energy spectrum is
E, =kn— N] n=01---2N

Of course most of these are non-singlets. We need to look at the
singlet states, and their collective theory.

~
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The Sp(2N) Oscillator

To read off the spectrum consider the Sp(2N) oscillator — this is a
momentum mode of the field.

Since the variables are fermionicthere is a highest energy state
as well as a lowest energy state
a, |0 >=0 a''|N >=(
In a “coordinate” representation the wavefunctions are
Uy = exp|—ikd]d))] Uy = explikd) ol
Where ¢! are now grassmann variables. The energy spectrum is
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Collective theory of the O(N) Oscillator

Before doing that let us review the O(N) oscillator.

* An efficient way of looking at the singlet sector is to write the
theory in terms of the singlet variables 5 = X' X"

The jacobian for the change is

RN
J(o) _)"T{\ “eQn 1
* Andthe s-wave hamiltonianis
(N — 2)? L
[[(‘HH — :’-)II,T(TILT e —_+_ _A,..O,
S0 2
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Inthe large-N expansion, we need to expand around the saddle

point of the potential. The saddle point equation gives
s N*
r?,, — ]A"'

The quantity ¢ is however a positive real quantity, so it is quite

clear that we need to consider the saddle
N

N j N
This gives the correct ground state energy £y = &
and consistent with the equal time two point function
< 0| X)X ()]0 >

T\

The leading corrections are computed by expanding around the

e ~irmt emnliitfiarn
Ale noln T \ 0
i N C KVITGLIY

[aN k
g =0y T+ \/A—lj l[n — W?‘T,I

c=
>a U
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Collective theory of the O(N) Oscillator

* Before doing that let us review the O(N) oscillator.

* An efficient way of looking at the singlet sector is to write the
theory in terms of the singlet variables 5 = X' X"

* Thejacobian for the changeis

J(o) = zoN Ay
* Andthe s-wave hamiltonianis
N — 2)? L
H.,; = 2ll,0ll, + (—) + k2
S0 2,
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* |Inwhat follows we need to know about the singlet
wavefunctions.

* Theground state wavefunction is of course the gaussian

Wo(X') = (‘X])~—3‘\w‘\"} = (\Xp[—;ﬁ] ~ exp[— \, _.)_,”

e e

* From the collective theory, the wavefunction is —to O(1)
! -
Wo(n) = [J(0)]7% exp[—kn’]
* Expanding this around the saddle point leads to an expression
which contains all powers of 7} - however we can only trust the

terms which are upto second order, since we did not consider
higher orders in writing down the wave function.

* One can easily check that the quadrat|c termin 7 cancels and
the linear term agrees. (Jackiw and Strominger,1981)
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In what follows we need to know about the singlet
wavefunctions.

The ground state wavefunction is of course the gaussian

o (X'} = exp|—5 X' X"| = exp|—30] ~ exp|—y/ =7

= —_— e

From the collective theory, the wavefunction is —to O(1)
! -
Ui (n) = [J(o)]" 2 exp|—kn?]
Expanding this around the saddle point leads to an expression
which contains all powers of 7} - however we can only trust the

terms which are upto second order, since we did not consider
higher orders in writing down the wave function.

One can easily check that the quadrat|c termin 1/ cancels and
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* |In what follows we need to know about the singlet
wavefunctions.

* Theground state wavefunction is of course the gaussian

| ok k kN
Wo(X') = exp[—5 X' X'] = exp[—70] ~ (‘xnt—\f' 1]

e e

* From the collective theory, the wavefunction is —to O(1)
_1 -
Uy(n) = [J(0)] 7% exp[—kn’]
* Expanding this around the saddle point leads to an expression
which contains all powers of 7} - however we can only trust the

terms which are upto second order, since we did not consider
higher orders in writing down the wave function.

* One can easily check that the qguadratic termin 7 cancels and
the linear term agrees. | iw and Strominger,1981)
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* Forthe interacting O(N) field theory, this propagator, together
with the nonlinear terms in the fluctuations which come from
the expansion of ‘\-‘:,T ' provide the set of Feynman rules to
compute correlators or singlet operators.

 With the identification of the Poincare coordinate 2 mentioned
above, these provide the bulk correlators of the higher spin
theory in AdS.

* Forexample the quadratic action for the bulk scalar is

. 1 4 | ) 9 ‘
q — = / dtdzdxdy {_.J ((()h:)- (D)

2

i -

We did this long detour to O(N) theory since we are going to
follow the same steps for Sp(2N) and see where we end up.
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Collective theory of Sp(2N) oscillator

* Forthe Sp(2N) oscillator the collective variables are
(& y) = i ¢l (1) by (Y)
* |tisimportant to note that while this is grassmann even, it is

not a usual bosonic field. In fact some power of 7 vanishes. This
fact will play an important role later.

* To probe the singlet sector, let us first examine the Sp(2N)
oscillator, which has the collective variable p = r'f""’mj,(:‘;;,

* Thedirect quantization of the model shows an important
relationship of the correlators with those of the O(N) oscillator

(p(t1)p(t2) - -+ p(tn))sniony = —(a(tr)a(te) - - o (tn))$Han)
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Collective theory of Sp(2N) oscillator

* Forthe Sp(2N) oscillator the collective variables are

ab 1

/)(I_'r" .U') T I[-( (r‘i)” (_‘r')("");)(-{jr)
* |tisimportant to note that while this is grassmann even, it is
not a usual bosonic field. In fact some power of 7 vanishes. This
fact will play an important role later.

* To probe the singlet sector, let us first examine the Sp(2N)
oscillator, which has the collective variable p = if'”’*mj,(f;;,

* Thedirect quantization of the model shows an important
relationship of the correlators with those of the O(N) oscillator

(p(t1)p(t2) - -+ p(tn))sniony = —(a(tr)a(te) - - a(tn))sOan)
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* Usingthe coordinate representation
0

) 11 ) \
@ — @ / _— -
(l il ol
dJdo!

* And making a change ot variables to /: we get the expected
jacobian for the transformation

J(p)=Ap el

* Theinverse power reflects the fact that we are dealing with
grassmann variables.

* Surprisingly the final form of the collective hamiltonian is the
same as that for the O(2N) oscillator

'n(2 N () () \ - | o
II:‘:’H'F\l - )_' J__' } e — _"A'-[)
' ()/) dp  2p 2
* These expressions are formal, since p is not a true bosonic
variable. Nevertheless they make sense in the 1/N expansion
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Using the coordinate representation
Y,

O — r,‘)f l” —_—r =l
: . e Dot
And making a change ot variables to p we get the expected

jacobian for the transformation

JI(I/)) — A’ P (N+1)
The inverse power reflects the fact that we are dealing with
grassmann variables.

Surprisingly the final form of the collective hamiltonian is the
same as that for the O(2N) oscillator
Sp(2N 7 8 N* 1,
HPCN — 92 5 + 4 "k
v dp Op  2p 2
These expressions are formal, since p is not a true bosonic
variable. Nevertheless they make sense in the 1/N expansion
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So we need to find the saddle point, which satisfies the equation

2 N’
Py — F
Now we have a choice of sign, since £ is not restricted to be
positive.
The sign which we need to choose is in fact dictated by the fact

that the saddle point value should agree with the coincident
time two point function of the basic fields — and this requires us

to choose i\
20 = =5
k
This leads, as expected, to a negative ground state energy
E,s = —Nk

Interestingly, the O(N) and Sp(2N) models are two different
solutions of the same collective hamiltonian.
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So we need to find the saddle point, which satisfies the equation

2 N’
Po = _A_j"
Now we have a choice of sign, since £ is not restricted to be
positive.
The sign which we need to choose is in fact dictated by the fact

that the saddle point value should agree with the coincident
time two point function of the basic fields — and this requires us

to choose N
0= =5
k
This leads, as expected, to a negative ground state energy
E,s = —Nk

Interestingly, the O(N) and Sp(2N) models are two different
solutions of the same collective hamiltonian.
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As in the usual harmonic oscillator we need to expand around

the saddle point IN . /T_
P=ROTYTES r =V INT

This leads to a quadratic hamiltonian

o = 1
& 9

-

72 + 4k2¢7]

Under normal circumstances this would have a spectrum which

is unbounded from below. Defining usual oscillators

l L e
£ — Qe + ”il: e = !\//T ”'E o ”""“
$= a5 %+ a a2 — ag

The algebra has a negative sign [u:\.uz] = —1 but still

|H, (IL] = —2kag

I
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As in the usual harmonic oscillator we need to expand around

the saddle point (N I
[) f)(] T T{ ]I‘“ I_\‘T:"

This leads to a quadratic hamiltonian

H® = 1
& 9

—

[Tf it lA"”)E""]

Under normal circumstances this would have a spectrum which

is unbounded from below. Defining usual oscillators

£ = Qs + (}l. Te = f\/!{T ”.E - ”'f'-“
S \/ﬂ[ S ..\] S [ H]

The algebra has a negative sign lui.ui} = —1 but still

‘ | = —%%a.
|H, a¢] = —2ka;
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As in the usual harmonic oscillator we need to expand around

the saddle point IN I
f) f)() -T- Tg: II‘“ I_\‘T:‘

This leads to a quadratic hamiltonian

H" = —% (72 + 4K*€?]

—

Under normal circumstances this would have a spectrum which
is unbounded from below. Defining usual oscillators

£ as + a, re = ivVk ae — Q
£ = —glac+all  me=ivVAlo - al

The algebra has a negative sign Iul.uz] = —1 but still

|H, (IL] = —2ka

Page 44/79



Pirsa: 12090045

~

Click on Sign to add text
and place signature on a
PDF File.

As in the usual harmonic oscillator we need to expand around

the saddle point IN "
2 o T Tg: II‘“ I_\a-i-f

This leads to a quadratic hamiltonian

o = —% 7E + Ak*E7)

—

Under normal circumstances this would have a spectrum which
is unbounded from below. Defining usual oscillators

€ a: + al re = ivVk ag — a
¢= glocrall 7= ivRiac -}

The algebra has a negative sign lul.u;] = —1 but still

|H, a¢] = —2ka;
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The highest energy state would be annihilated byu; and have a
“normalizable” wavefunction ¢ k¢

The Qe then ¢ e states of lower and lower energy.

This does not appear to resemble the Sp(2N) oscillator spectrum
which we derived earlier, which has a lower bound,

B = k[n — N| n=01,---2N

The point is that ¢ is not a true bosonic variable and we have
other possibiltiies.
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The correct state which has to be identified with the ground
state of the Sp(2N) oscillator is in fact the state which is
annihilated by the operator Qg -

However, because of the wrong sign in the commutation
relation, this has a wavefunction

explk&?]
If & was a usual bosonic variable, this wavefunction would be

T o o Tab-Telalladdl
( = = | €
s

< IR 1N

However, the true normalization of the wavefunction has to be
computed in terms of the grassmann partons of ¢ - and for the
grassmann integration this is just fine.

~

Click on Sign to add tex
and place signature on
PDF File.

Page 47/79

t
L]




Pirsa: 12090045

The correct state which has to be identified with the ground
state of the Sp(2N) oscillator is in fact the state which is
annihilated by the operator Qg -

However, because of the wrong sign in the commutation

relation, this has a wavefunction
exp[kE?]
If & was a usual bosonic variable, this wavefunction would be

o~ . 4 v & - el =
[ = = ( TIISS ] e
LU o all SI1KI1E

However, the true normalization of the wavefunction has to be
computed in terms of the grassmann partons of ¢ - and for the
grassmann integration this is just fine.
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* |n fact with this choice of the “ground state” ,the wavefunction
agrees with what we found in the direct quantization,

Woel€] = [J'(p)] " exp[k€] ~ exp[—VNk¢]

* The O(1) corrections to the spectrum are positive, just as in the
exact answer.

L
M

* However, unlike the exact answer we cannot see the upp
bound of the energy. This is because we are working around the
limit N = o where this upper bound is at infinity.

* Andthe two point correlation function of the collective field is
the negative of that of the O(N) theory — as required.
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