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i Nonrenormalizable Scalar Fields

= Classical starting model

= Quartic interactions for n > 4
= Ambiguity of quantization

= Choice of counter terms

= Lattice formulation

= Continuum limit

= Classical limit



‘_L Conventional Viewpoint (1)

Latticepoint k€Z" ; latticespacing a
2 n-2 2 12 nm 4 n
[=2,[;(@ —@) a" "+ mypea” + Aya
Lattice limit (7 =5)
lim Mf g P! I1,dg, =e AN xdy

A nonlinear theory has become linear!



i Conventional Viewpoint (2)

Regularized perturbation theory leads to
infinitely many distinct counter terms of

ever increasing degree of divergence.

How should one interpret this?

By 1itself this story 1s incomplete.



‘L Strategy for Divergences

Dealing with divergences::

Re-active: Repair every outbreak

Pro-active: Remove the source

Each approach requires differentcounter terms




i Basic Background (1)

Periodic spacetime lattice ; size N =1L"

Points k =(k,,k,,...,k,) ; spacing a
1,(4)= ([, 1 ™" 11,dg,

= [k*Pe™ ™ k" dKk dQ,_,
[(A)=O(N/A)") I(4) ; A=4-1
L(A)=1,()-ALD)+NI,1)/2-



‘_L Basic Background (1)

Periodic spacetime lattice ; size N =1L1"

Points & = (ko,kl,...,ks) ; Spacing a
1,(A)=[[Z,4:1 e 11, dg,

= (e (K dQ,,
I,(A)=O(N/A") I,(4) ; A=A4-1
[(A)=I,1)-ALQ0)+NI,1)/2---



‘_L Basic Background (2)

Periodic spacetime lattice ; size N=1L"
Points k =(k,,k,,....,k. ) ; spacing a
I'(A)=[k*"e™™ di dQ,_,
[,(A)=0((1/A4)") I,(A) ; A=A4-1
LA =ID)-ALN+NIL1)/2---



i Basic Background (3)

Elementary quantum mechanics

H__§%+1)L(it+1)+2x _EO . (X#O)
_ : _ 14 1 dy(x)
Hy(x)=0 ; H=-3ic+3m a

Y =Clx[*e™? 5 By =1(1-22)
Leastenergy: O0<A<1/2



‘L " Suggested Lattice Action’

[(¢,a,h) =32, (B =) a"" +imZ,pla”
+ A2 pia" + 1 F 2 g a”

F=a”(G-0)=a>(+1-0) ,

‘Idealized version’
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i Proposed Lattice Action (1)

[(p,a,h)=1%, (¢ —¢) a" > +1mZ,¢.a”
+ A2 pia" + 3 0°EF (§)a”

Fk - a_st_lDakk , D= H}{[Z}Jk,lqu]‘y
y=(N'=1)/4N' , N' =L

No new parameters; scales as kinetic term
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‘L Proposed Lattice Action (2)

a_sz Jk¢k
”[ZJ 1¢1][Zm ]

a?J ¢ a*J, }
2,001 [Z,,,60]

Fu@) =3[V -D/N'TE

+I(N'=1)/N" X {2

1
Jk,l = 2S n lék,lE{kUkM} 5= 2
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i Basic Ingredients

S(h) _ Merl/zzkhkgbka"/h—](¢,a,h)/hnd¢k
2 . I,
H=-%3% 0"+ 2(4 -¢) a " -k
T %mgz;\f /czaS + A2y Ijas + 52 F (9)a’

o U(@.a)/2

219(N'-1)/4N’
Az b 177
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‘L Taming the Divergences

_Z;,l¢kAk—l¢lazs /h

K e
AT A

¢, = KN, 2;(%2 =K’, 22’713 =1

[[Zi¢.a’ 1" W, (¢) T1'dg,

-k’ nA.na’/h

‘P] (¢)2 =

- K[Kx*"a” dx du(m)
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' ' 21(N'-1)/2N’
Hk[zka,ﬂ?z ]



i Bounds on Lattice Averages
()= M[() e 10, dg,
[Z,F (p,a)al’ | =Sa” (F(¢,a)-F(9,.a),
[Z,F(¢.a)al’ )| <E.a” | F(¢.a)--F(¢,.a))]
<S,a" | F(¢,a) -+ (F(@,.a)" "’
\F(¢,a)") = [F(p,a)" W(p)" IT,dg,
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‘_L Fixing the Constants (1)
Tofix Z: Z77([Sh¢a’ ]’ W(g)' I1,dd,
To fix mg @ [ImyZipia’]” W(p)" T, de,
To fix Ay : [[AZipia’]” W(p) M,dg,

Result : <[m§2 pra"l” > < 0
Result : <[)LOZ Bra"l” > < 0
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‘L Fixing the Constants (2)

[Im;Z9ia’ ) W(p)" M dg,

K’ Z'nkAk_lnla“ /h

- K(m*ak? , -dk d
R T
o« m_Pa” [(N'a®™")” . m; =N'(qa)”'m’

Result : <[m§2 a1’ > < ©
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i Fixing the Constants (3)

27 [[Zihya’ T W(g) Tidg, 1 Z =N (qa)"™
f:m§2;c¢lfas]p W(p)’ T dg, :m; = N'(qga)" m’
f:)LOZ;c@?aS]p W(p)" Iydg, : Ay = N"(qa) A

Result : <[m§2 k¢,fa”]p> < 00
Result : <[)LOZ P a”]p> < 00
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Conclusions

+

= Add a single counter term that is h-bar
dependent and scales as kinetic term

= Determine parameters by self
consistency in continuum limit

= Leads to divergence-free perturbative
formalism about pseudofree model

which contains the counter term
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