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(h=0)

e (1+1)-D Scalar field Model:
S = [dn [30,60" 6 — U(¢)]

e Euler-Lagrange Equations

SOLUTION: ¢g
e Classical Mass:

0
Eclz/dx{ (92 +U(¢)}
e Solution stability:
K, = w;ﬂ/’n

K= —L a¢2 [Qﬁs]
wp > O é Stable solution
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e Potential:
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e Partial Diferential Equation:
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7 o T2 1)
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V1—1?

e KINK CLASSICAL MASS:
4

e(x) = sech

€(x)

Eq = / dx sech*(x + x0) = 3

| CLASSICAL KINK
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S

P

“What do you mean, ‘a quantum fluctuation?’
Didn't we discuss cause and effect?”
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CLASSICAL PHYSICS
(h=0)

e (1+1)-D Scalar field Model:
S =[x [30,60" 6 — U(¢)]
e Euler-Lagrange Equations
00" = ——
SOLUTION: ¢y
o Classical Mass:

0
Eclz/dx{ (92 +U(¢)}
e Solution stability:
K, = w;ﬂ/}n

K= _ﬁ a¢2 [@5]
wy > 0 = Stable solution

(MASS QUANTUM CORRECTION

QUANTUM PHYSICS
(h<1)

Quantification of
the classical system

SERIES EXPANSION OF THE MASS

Eo(h) ~ Ea + hAE

SEMICLASSICAL
APPROXIMATION:

_ 1
AE = EFL Zr ()
SEMICLASSICAL MASS

AE = Lhu(K?)
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2
e Hessian Operator: K = —d— + 5 [¢s]

sk

N\
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(MASS QUANTUM CORRECTION

Quantum correction to the mass:
1
AE = 1hu(K?)

2
e Hessian Operator: K = —d— + 5 [¢s]

5k

2 \ 3 4 &
S/ This operator always has a zero mode

WARNING MESSAGE!!!:
The response will be 0
SOLUTION:

‘We need a reference point

Zero-Point Renormalization

We have to measure the quantum correction with respect to the quantum

correction of the vacuum solution ¢y .
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RENORMALIZATION

(MASS QUANTUM CORRECTION

Quantum correction to the mass:

AE = 1htr(K2)—Lhte(Ko?)

d2 o’u
Hessian O tor: K = —— + ——
e Hessian Operator 5+ 05 [#s]
S
FiE
; ' ; s

VAR

&’ 82

e Era [#v]

0= —75

WARNING MESSAGE!!!:

The response is co — 0o
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RENORMALIZATION (MASS QUANTUM CORRECTION

Quantum correction to the mass:

AE = %htr(K%)—%htr(Ko%)

2 2 2 2
e Hessian Operator: K = —% + %[%] Ky = *% + 80715 [ov]

—

gk

WARNING MESSAGE!!!:

The response is co — 0o

SOLUTION:

‘We choose a prescription

6 Mode Number
Cut-off Regularization




Kink fluctuation
asymptotics and
zero modes

A. Alonso
J. Mateos

General outline
Kink solutions

Mass Quantum
correction

Zeta function
regularization

Gilkey-De Witt
heat kernel

expansion

Modified
Gilkey-De Witt
heat kernel

expansion

RENORMALIZATION

Quantum correction to the mass:

AE = Lhu(K? — Ko?)

(MASS QUANTUM CORRECTION

0=

d2
Cdx?

PU
g2

[#v]
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RENORMALIZATION (MASS QUANTUM CORRECTION

Quantum correction to the mass:

AE = 1htr(K? — Ko?)

& o0U
Ko=—--5+ W[fﬁv]

WARNING MESSAGE!!!:

The response is still co

SOLUTION:

The mass coupling constant

is infinite

Mass Renormalization

We have to introduce the counterterms (well stablished procedure in Physics)
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RENORMALIZATION

Quantum correction to the mass:

AE = AE| + AE,

(MASS QUANTUM CORRECTION

e Kink Casimir Energy:
1
AEI = Ehtl‘(](% — KO%)‘M.C.
e Counterterms:
dk 1

AEZ =h <V(X)> / Eim,

o Kink fluctuation operator:

d’ 2
Ky = 0 +v where
e Vacuum fluctuation operator:
d? 5
K = e +v*+V(x)  where

vy = [
o*U
= W[Qf)v]
U U
= 8752[%] TR

[pv]
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e Potential:
Mass Quantum 1 2 2
correction U — -1
Zeta function . 2 (d) . ) .
regularization e Partial Diferential Equation:
. 2 2
Gilkey-De Witt 09 O 2 E '
heat kernel — — — +2 —1)=0
expansion or? ox? ¢(¢ )
Modified SOLUTIONS:
Gilkey-De Wit
heat kernel
e VACUUM SOLUTION: KINK SOLUTION:
by = 1 fr = tanh =L

2
I—v=
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ov = £1
Mass Quantum - Hessian Operator:
correction d2
K() = 7@ Jr 4

Spec?Ky = {4} 1
Spec‘Ky = {k2 + 4}tier

- Spectral Density:
po(k) = 5=

(MASS QUANTUM CORRECTION
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MODEL ¢*. (MASS QUANTUM CORRECTION

HOMOGENEOUS SOLUTION  KINK SOLUTION:

v = 1 ok (x) = & tanhx
- Hessian Operator: - Hessian Operator:
2 2
Ko=*%+4 K:7%+4765ech2x
d _ dy
Spec’Ky = {4}% Spec.K = {02} u{3tu {4}%
Spec’Ko = {k* + 4}rer SpecK = {q" + 4}4er
- Spectral Density: - Specltral l)ler;sai(t};: ,
po(k) = L P(q) = 5= + 57 5 0(q) = —2arctan 5=
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MODEL ¢* (MASS QUANTUM CORRECTION
HOMOGENEOUS SOLUTION  KINK SOLUTION:
v = 1 ok (x) = & tanhx
- Hessian Operator: - Hessian Operator'
2
KO:,%+4 K7—7+4 6 sech®x
Spec’Ky = {4} Spec’K = {0} U {3} U {4}
Spec’Ky = {k* + 4}rer SpecK = {q” + 4}gex
- Spectral Density: Spectral Density:
I ( ) + 1 (1()(1/) (5( ) _
po(k) = L p(q o q

AE

l’(\/ﬂi/dq\/u‘t (q))+AE2=

V3hm Em/oe 'i\/q +4(g% +2) 3hm /oo
52 +4 \/kl T 4

hm
= vw-4 =
4

S i o 1 - 1) <[ =0.666255Fum

2 V3 4m J—oc
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MODEL ¢* (MASS QUANTUM CORRECTION
HOMOGENEOUS SOLUTION  KINK SOLUTION:
v = 1 ok (x) = & tanhx
- Hessian Operator: - Hessian Operator'
2
K0=*%+4 K7—7+4 6 sech®x
Spec’Ky = {4} Spec’K = {0} U {3} U {4}
Spec’Ky = {k* + 4}rer Spec'K = {q” + 4}4er
- Spectral Density: - Spectral Density:
7 o 1 dé(q) (5 _
po(k) = L p(q) = 5z + 2 2. 6(q) =
AE =

l’(\/ﬂi/dq\/u‘t (q))+AE2=

V3hm hm/oo 'i\/q +4(g% +2) 3hm /oo
ot +5¢2 +4

hm
= vw-4 =
kz + 4 4

S i o 1 - 1) <[ =0.666255Fum

2 V3 4m J—oc

e R. Dashen, B. Hasslacher, A. Neveu, Phys. Rev. D 10 (1974) 4130
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Goal:

Invent a procedure to approximately compute the semiclassical mass of any kink
in any (1 + 1)-dimensional scalar field theory.

Clue:

We will need to estimate the trace of differential operators without knowing the
spectra, even asymptotically.

No country for numerical analysis:

The difference between the traces of two operators demands to compute the sum
of infinite infinitesimal values.




Kink fluctuation
asymptotics and
zero modes

A. Alonso
J. Mateos

Mass Quantum
correction

CARTOON

"I think you should be more explicit here in step two.”
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(ZETA FUNCTION REGULARIZATION |

Quantum Correction

1 1 3 oo d
AE=1h [tr(Kz 71<02)] VO T

Generalized Zeta Function:

oo

Crls) =Tk ™ = 3 (wh) ™

n=0

Quantum Correction

AE = lim Z(MW% (Ck(s) = G (s)) + lim %M

F[S] CK()(S + 1)
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P Quantum Correction
1 1 1
Kink solutions AE = ih [tr (K2 — KO-)i| — o Jir
Mass Quantum
Zeta function Generalized Zeta Function: Heat Function
regularization 0o 0o
L ) =R =Y ) he(B) = Tre™PF =3 emPe
expansion n=0 n=0
N <
heat kerne Mellin Transform
J— 1 o= 1
(5) = sy [ 488 h(s)
I'(s) Jo
Quantum Correction
Boastd .1 T[s+1]
AE = lim = s+ s) — $)) |+ lim - ———(k, (s + 1
Jtim 3 {[Gels) = G0 |+ Jim 7= Gl + 1)

e
e / dB 8" (i (8) — iy (5))




Kink fluctuation
asymptotics and
zero modes
A. Alonso
J. Mateos

General outline
Kink solutions

Mass Quantum
correction

Zeta function
regularization

Gilkey-De Witt
heat kernel
expansion

Modified
Gilkey-De Witt
heat kernel
expansion

e Heat function:

(GILKEY-DE WITT HEAT KERNEL EXPANSION

hk(ﬁ) = Ty (e_

BK) = fg dXKK(xvxa 6)
—_——

\4

Kk (x,y; 8) =

Yo (v

+an

“hn(x

e 4 [ ki (yn(ge
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e Heat function:

[GILKEY-DE WITT HEAT KERNEL EXPANSION]

hi(B) = Triz(e™ %) = [, dx K (x,x, 8)
N——

\4

KK(xay; /8) = d’o

+an “(x

4*/&wmwwf“%

OUR REFERENCE EXAMPLE: MODEL ¢".

h’((ﬁ) - h’(()(ﬁ) = 673

A

Iig(f)y=Ig, ()

Perf /B — erf 2/

lof
0.5
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[GILKEY-DE WITT HEAT KERNEL EXPANSIONJ

e Heat function: /g (3) = Try2(e %) = Jo dx Kk (x,x, 3)
\4

Ri(3,338) = U 0)(x) + 3 n0) Ualc9e™™5 + [ s e

OUR REFERENCE EXAMPLE: MODEL ¢".

hi(B) — hi, (8) = e Perf /B — erf24/B

VL hg(Br—hg (P

— In a general model, the spectrum
of the kink second order small fluc-
o tuation is not known.

, ‘ . . — We can calculate exactly the
B heat function.
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e Heat function: /g (3) = Try2(e %) = Jo dx Kk (x,x, 3)
——

General outline

Kink solutions v

Mass Quantum wz * —Buw?
Ki(x,y; ) = X) + Z () Un(x)e P + / dkpy ()i (x)e P ®
Zeta function

regularization

. . . 2
gilkeyDe Wit verifies the PDE [a% — % + V(x)} Kk (x,y;8) =0; Kk(x,y;0) =d(x—y)
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e Heat function: /g (3) = Try2(e %) = Jo dx Kk (x,x, 3)
\4

General outline

Kink solutions

Mass Quantum —Buw? * —Buw?
o Ki(r,v; B) = 0+ D ) (e + [ s e

correction

Zeta function
regularization

. . . 2

gRoB verifies the PDE [ 2 — 25 4 V(x)| K(¥,:8) = 0; Ki(x,3;0) = 3(x — )
expansion

Modified Plugging the Series Expansion into the PDE:
Gilkey-De Witt
heat kernel

o Kk (x,y; B) = Kx, (%, y; B)A(x,y; B)
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e Heat function:  hx () = Try2(e™ %) = [, dx K (x,x, 3)
—_——
v
2 . Bk
KK(Xay; B) + Z wn wn —Ben + /dk'(/)k (y)?/}k(x)e (k)
ﬁmﬁw‘me“mmm[*—4*+W%Kﬂ%%@=0;KML%®=5@—W

expansion

Plugging the Series Expansion into the PDE:

KK(X,}’;[}) = KKu(xvy; ﬁ)A(xaya B) KK() X, y7 Zan X y ’l

n=0

provides us with the Recurrence Relation in the x — y variables:

aza”(x7 y)

Oapt1(x,y)
Y p

(n+ 1) () + (=) 25

+ V(x)an(x,y) =

starting with ao(x,y) = 1
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e Recurrence Relations:

(1 1) () (=) 22 4y, 1) =

aza"(x>Y)

ox?

’ y — x (Delicate limit) }

Gilkey-De Witt
heat kernel
expansion
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[GILKEY~DE WITT HEAT KERNEL EXPANSIONJ

e Recurrence Relations:

_ 9 (xy) Pan(x,y)
(24 1) ans1(6,9) + (=) 25 4 y(a(x,) = 04
| :
’ y — x (Delicate llnnt)# WA, (x) = l M

(O)A = a,l X, x

] 1T e
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[GILKEY~DE WITT HEAT KERNEL EXPANSION]

e Recurrence Relations:

darr(x,y) |

(n+1) ans1(x,y) + (x — Y)T (X)an(x,y) =

82aﬂ(x>Y)

ox?

| T
’yﬁﬂmMmmmwf“%@pqmgﬂ@ﬁ

y—x 8xk

(O)An (x) = an(x,x)

J ® 40(x) = 6

(k)An (x) = !

(k+2)A _
n+k n1(x) Z

k
=0

-

k 817‘/ (k—./)A B
j) ox !

1@‘)}




e OUTLINE:

[GILKEY-DE WITT HEAT KERNEL EXPANSION]

~ _ -g? N
I (8) — hiy (B) = ~

2@2 a

«Or «F»r <

it

v

a
it

DA
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Kink solutions
N
Mass Quantum *51/

- ’IZL’K(B) - EK() (/3) \/7 Z an /3

Zeta function

regularization \L

Gilkey-De Witt

heat kernel 0
expansion a, = a, (X./ .X) dx

—o0
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Gilkey-De Witt
heat kernel
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h(B) — hiy (B) =
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General outline

‘ OUR REFERENCE EXAMPLE: MODEL ¢*: ‘

Kink solutions
Mass Quantum EXACT HEAT FUNCTION
correction
Zeta function hK(/B) — hK() (/8) =
regularization
Gilkey-De Witt +ePerf /B — erf 2/
heat kernel
B 15
expansion "‘K(ﬂ)_l’m(ﬁ)
Modified
Gilkey-De Witt .
heat kernel
expansion
0.5
1 2 3' 4‘
B
0.5

%Ln})[hK(ﬁ) —hi, (B)] =0
(& (B) — hg, (B)] =1

lim
B—o0
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P ‘ OUR REFERENCE EXAMPLE: MODEL ¢*: ‘
Kink solutions
Mass Quantum EXACT HEAT FUNCTION GILKEY-DE WITT EXPANSION
correction
it h(B) = o (B) = S R

- }lK — }ZK = — C,

Gilkey-De Witt +€—3ﬁerf\/B —erf2y/3 ) o(B) 4r3 Z w3
heat kernel n=1
expansion P hg(f)=tig (B) ULig(N)
Modified

Gilkey-De Witt 10 Lo & .
heat kernel {
expansion if

05 osf

: ! : 5 N=l NLP. ;L; t\':‘- ; : ﬁ;
lim [ (8) = oy (8)] = 0 lim [ (8) — i, (8)] =

0
Jim [ (8) = iy ()] = 1 Jim [i(8) = b, ()] = 0
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(GILKEY-DE WITT HEAT KERNEL EXPANSION

‘ OUR REFERENCE EXAMPLE: MODEL ¢*: ‘

EXACT HEAT FUNCTION GILKEY-DE WITT EXPANSION
hk(B) — hi, (B) = _ _ e N
h —h 3"
+ePerf /B — erf2y/B k(8) = hr (8 T 4B ; b
P hg(f)=tig (B) ULig(N)

: € : 5 N=l NLP. i\lza \':‘- ; : ﬁ;
tim i (5) — iy (9)] = tim () ~ i ()] = 0
Jim [he(5) — hx, (B)] = [ileoo[llK(ﬂ) — hiy(B)] =0

Conclusion: The Gilkey-De Witt keat kernel expansion does not work
properly with zero modes
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e Heat function: /g (3) = Try2(e %) = Jo dx Kk (x,x, 3)
\4

General outline

Kink solutions

Mass Quantum —Buw? * —Bw?
: Ki(x,y; 8) = +an “u(x)e P+ / i () (x)e =7

correction

Zeta function
regularizatior

Gilkey-dewi  verifies the PDE [% — g; + V(x)} Kk (x,y; ) =0; Kg(x,y;0) =d(x —y)
heat kernel
expansion

Modified
De Witt

eat kerne
expansion
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J. Mateos
General outline ® Heat function: hk(ﬁ) = Try2 (e_ﬁk) = fQ dx KK(X7 X 6)

N——

Kink solutions v
Mass Quantum WZ * —Bw?
Kx(x,; 8) = ¥ (0)vo(x) + Z Dn () (. "+ / i () (x)e =7
Zeta function
Gilkey-dewi  verifies the PDE [Biﬁ — gjz + V(x)} Kk (x,y; ) =0; Kg(x,y;0) =d(x —y)
heat kernel
e The STANDARD Gilkey-De Witt factorization is:
Modified
Gilkey-De Witt
heat kerne!
e Kk (x,y; B) =Kk, (x,y; B)A(x,y; B)

Asymptotic behavior of the heat kernels:
Jim_ K (x,y; 8) = 1o (5)%(x) Jim Kk, (x,y;0) = 0
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1. Matcos
e Heat function:  hx(B) = Try2(e™ %) = [, dx Kx(x,x, 3)
N——
\4
wz * — [ wz 9
KK(xay; B) ll)() Yy wo + Z wn wn —Ben + /dk'l/)k (y)/l/)k(x)e Bt
verifies the PDE [ Xzz + V(x)} Kk(x,y; ) =0; Kg(x,y;0) =d(x —y)
The MODIFIED Gilkey-De Witt factorization, which we proposed, is:
Modified
Gilkey-De Witt & )2
heat kernel P Nt 4 % .
expansion Kk (x,y; 8) =Kk, (x,y; B)C(x, y; B)+8(B)e” 7 f5 (y)fo(x)

Clx,y;8) =Y ealx,y)B"  g(B) = erf(v/B)
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(MODIFIED GILKEY-DE WITT HEAT KERNEL EXPANSIONJ

hk(B) = Trpa(e”

e Heat function:

Ky = [ dxKx(x,x, §)
\T/

w? * —Buw?(k
M*/&wwmwed“

x) + Z Pn(y) n(x

Kk(x,y:8) =

XZ

verifies the PDE [ 4 V(x)} Kk(x,y; ) =0; Kg(x,y;0) =d(x —y)

The MODIFIED Gilkey-De Witt factorization, which we proposed, is:

0/

Kk (x,y; B) =Kk, (x,y; B)C(x,y; B)+8(8)
Clx,y; 8) = Y ealx,y)8" g(B) = erf(vy/B)
provides us with the Recurrence Relation in x — y variables:
2
(n+ D ewa() + (=) 2D 4y ) - Tt
. . 2n+lv2n+l dﬁ)(.x) 2n+2v2n+l B

with co(x,y) = 1
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(MODIFIED GILKEY-DE WITT HEAT KERNEL EXPANSIONJ

e Recurrence Relations:

2 )
(D ena() + (=) 2D 4y ) - Tl
. . 2/1+] 2n+1 . d 2n+2 2n+1
2215 (09045 O 1) s + (6= i ) B

=0

’ y — x (delicate limit) E
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(MODIFIED GILKEY-DE WITT HEAT KERNEL EXPANSIONJ

e Recurrence Relations:

2
(D ena() + (=) 2D 4y ) - Tl
. . 2n+lv2n+1 . df (X) 2n+2v2n+]
2vfy (V)f (x)don + fo ()’)f(x)m + (=)o (v) Six [CESI 0
‘ O c,l(x y)

’y — x (delicate hmlt)F ®¢C,(x) = lim

y—x

(0) C

=] L
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(MODIFIED GILKEY-DE WITT HEAT KERNEL EXPANSIONJ

e Recurrence Relations:

Ocy , %cn(x,y
(n+ D ewn () + (- 3) 2D 4y ) - Tonlo)
« " 2’1+1V2'l+1 . dfb (X) 2n+2v2n+]
2vfo (y)f(x)(SOn + /o (y)f(x)m + (x —fo (y) 0 m -0
: ‘ - . O%ca(x,y)
— ®) — lim Z5\%Y)
’ y — x (delicate hmlt)F Cu(x) = )121} o

¢, (x) = cnlx, x) ‘J

1 k
(k)Cn(x) ~ +k

J=
k

2o L1 — o) B

<k+2)Cn71(x) _ Z

df() ny, 2n—

dx* (2n —

IV
(5) )

1

—yn(1+20
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E - E Elr——i n "
x(8) — hxy (B) N ; ¢ B
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expansion
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e OUTLINE:

hi (B) — hiy ()

[e o)
Cp = / enl(x,x) dx
Modified — 00

Gilkey-De Witt
heat kernel
expansion
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e OUTLINE:

(MODIFIED GILKEY-DE WITT HEAT KERNEL EXPANSIONJ

hx(B) — hi, (B) =

e g
cn |8
2\ nz:; g
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(MODIFIED GILKEY-DE WITT HEAT KERNEL EXPANSIONJ

o OUTLINE:
-t N
h (/8)_E n(ﬂ): Cn ﬂn
K K NG ; |
N
Cp = cn(x,x) | dx
cn(x,x) = <O>C,,(x)

hd

(k)cn(x) o j‘ k

k .

k\ oV —

(k+2) § (k—.
Crm1(¥) = (j) ox

J=0

d k d k on 2n—1
230 D o1 — o) B

dx* (2n —

i)Cn_|(x):| _

i (1426)
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STANDARD GILKEY-DE WITT HEAT KERNEL EXPANSION
ao(x,x) = DAp(x) = 1
ar(x,x) = VAi(x) = —V()
2
O = L0V Ly
Modified az(X7 X) Z(X) 6 a.xz + 2 ( (X))
Gilkey-De Witt
heat kernel [

expansion

MODIFIED GILKEY-DE WITT HEAT KERNEL EXPANSION

co(x,x) = QCo(x) = 1

() = V0 = —¢ SE 43 VW) + 3R + 4B WVR
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(MODIFIED GILKEY-DE WITT HEAT KERNEL EXPANSIONJ

‘ OUR REFERENCE EXAMPLE: MODEL ¢* ‘

EXACT HEAT FUNCTION

he(B) — iy (8) = S+
+e Perf /B — erf2¢/B

Ig(F)r=Ig (F)

lim [ (8) — iy ()] = 0

lim
B— o0

[k (8) — hy (B)] = 1
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(MODIFIED GILKEY-DE WITT HEAT KERNEL EXPANSIONJ

‘ OUR REFERENCE EXAMPLE: MODEL ¢* ‘

EXACT HEAT FUNCTION MODIFIED G-DW EXPANSION
e—4B ;
Ko (£ Cn
+ePerf /B — erf24/B o 47f B =

Tig(F)=lig, ()

Yim [ (8) — Iy (8)] =

ﬁllmm[hk( ) — hx, (B)] =
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[MODIFIED GILKEY-DE WITT HEAT KERNEL EXPANSION]

‘ OUR REFERENCE EXAMPLE: MODEL ¢* ‘

EXACT HEAT FUNCTION MODIFIED G-DW EXPANSION
4P
) @) =St e 7“i %
+e Perf /B — erf24/B % (8 4n 3 -

hg(F)-Ig (B)

=,

éiglo[hk(ﬁ) —hi, (B)] =0
Jim [hc(8) — iy (9)] = 1
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General outline

| OUR REFERENCE EXAMPLE: MODEL ¢" |

Kink solutions

o EXACT HEAT FUNCTION MODIFIED G-DW EXPANSION
correction

Zeta function h h e

regularization x(B) — Ko (B) = 878 +

Gilkey-De Wi =33 _
heatkernl tePerf /B —erf2,/B

expansion ﬁg(ﬁ)—flm P
Modified

Gilkey-De Witt 10
heat kernel
expansion

0.5
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‘ OUR REFERENCE EXAMPLE: MODEL ¢* ‘

EXACT HEAT FUNCTION MODIFIED G-DW EXPANSION
h ey (B) = 4o 5 N
K(ﬁ) - Ko( ) — 8np8 + 7 (3) 7 (3) e
k\P) — Nk, \P) =
73‘@ ! 0
+ePerf/B —erf2/f3 4r3 —
1 RK(ﬁ)—hKa(ﬁ) Kink Seeley Coefficients
Gilkey-De Wi B ald
1lkey-De it
heat kyemel i 1 4.00000
expansion 2 2.66667
0s 3 1.06667
4 0.304762
. : . . 5 0.0677249
B 6 0.0123136
v 7 0.0018944
. 8 0.000252587
lim g (3) — hi,(B)] =0 9 || 0.0000207161
B—0 10 || 3.12801-10—°

[k (8) — hy (B)] = 1

lim
B—oo
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‘ OUR REFERENCE EXAMPLE: MODEL ¢* ‘
EXACT HEAT FUNCTION MODIFIED G-DW EXPANSION
h(8) = hiy (8) = 55+ w0 X
K — Ko — 878 — -
‘ hk(B) — hx, (B) [cn]3"
+e Ferf /B — erf2/B (B) = o 73 ”z:l H
S hg(Fi—tig (F) T AA
Modified
Gilkey-De Wit s Lol ——
heat kernel
expansion "
1 E S ﬁ‘ % 2 3 ﬁ‘
tim [ (3) — i, (9)] = tim [ (8) — i (3)] = 0
lim [h(B) — h, (8)] = Jim Ak (8) — hi, (B)] = 1
B— o0 B—o00

Conclusion: The modified Gilkey-De Witt keat kernel expansion
does work very properly with zero modes
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General outline Kink Mass Quantum Correction

Kink solutions AE[¢k] 7 _K 1

Mass Quantum

correction h T 87

Zeta function

N

> &) () T — 1]

n=2

regularizatior

Gilkey-De Wit Exact quantum correction to the kink mass

heat kernel

opemnin AE = —0.666255hm

Modified
Gilkey-De Witt
heat kernel
expansion
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[MODIFIED GILKEY-DE WITT HEAT KERNEL EXPANSION]

Kink Mass Quantum Correction

N

AE[g] _ v 1 3 e(K)(6A) Tl — 1]

Exact quantum correction to the kink mass
AE = —0.666255hm

Estimated quantum correction to the kink mass
quantumcorrection[1/2(y~2-1)"2,-1,1,10] = —0.666255/Am
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[MODIFIED GILKEY-DE WITT HEAT KERNEL EXPANSION]

Kink Mass Quantum Correction

N

AE[g] _ v 1 3 e(K)(6A) Tl — 1]

Exact quantum correction to the kink mass
AE = —0.666255hm

Estimated quantum correction to the kink mass
quantumcorrection[1/2(y~2-1)"2,-1,1,10] = —0.666255/Am

Virtue of the Approach
Applicable to every model
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(MASS QUANTUM CORRECTION

MODEL ¢°.
U@
e Potential:
L, 2,2 2
U= @ +A)E 1P a=} ¢
e Kink Solution: o)
i a(— 142V 1+ . .L
\/4e \% 1+a? “+a?(1+e M*)Z 7‘

e Second Order Small Fluctuation Operator:
d ) 15(4a + 1)*
K=——+4(1+a)+ —
x ( ) [2acosh(2v/a? 4 1x) + 2a + 1]?
6(a*> +3)(4a + 1)

" 2a cosh(2v/a? + 1x) + 2a + 1
UNKNOWN SPECTRAL INFORMATION !!!!
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(MASS QUANTUM CORRECTION

MODEL ¢°.
U@
e Potential:
L, 2,2 2
U= @ +A)E 1P a=} ¢
e Kink Solution: o)
i a(— 142V 1+ . .L
\/4e \% 1+a? “+a?(1+e M*)Z 7‘

e Second Order Small Fluctuation Operator:
d ) 15(4a + 1)*
K=——+4(1+a)+ —
x ( ) [2acosh(2va? + 1x) + 2a + 1]?
6(a*> +3)(4a + 1)

" 2a cosh(2v/a? + 1x) + 2a + 1
UNKNOWN SPECTRAL INFORMATION !!!!

Estimated quantum correction to the kink mass
quantumcorrection[1/2(y"2-1)"2,-1,1,8] = —1.0748hm
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Conclusions

1. The Gilkey-de Witt heat kernel expansion has been adapted to
operators which involve zero modes.

2. This offers a tool to compute the kink mass quantum correction
Modified . . . .
Gilkey-De Witt with a high precision.

heat kernel
expansion

3. The computation associated with this scheme can be automatized
by means of a Mathematica program.
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