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e Vacuum energy
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e SPECTRAL ZETA FUNCTION REGULARIZATION set the value of the spectral
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Kink ground states
e Sum over modes with PBC: agdifi(x + 1) = f3(x)
Kactson 12 =@y, L(Sh
Kecf$(X) = e2(kn)fS(x)

Eigenvalues Eigenfunctions

£2(0)=0 £6(x) = secR[ <X

£2(3) = 3.2 £6(x) = sinl{ 2 xsecR[ 2]

(%) = K+ pd | f(x) = e (3tanif[4ex] — 1 — S iktant{£ex] — Hing)

Phase shifts
T (G L) T 72arcta&
p3 — 2k2
Periodic boundary conditions:
kn|+§(kn):27rn, s kn_zin:g.arctanﬂ , nez
. ng — 24
Spectral density
1 ds(k
() = 214 B0,

27 dk



Quantum
fluctuations around
exotic Kinks

J. Mateos Guilarte

Vacuum fluctuations
Kink fluctuations
One-loop kink mass
shift

N=1: the X (%),
model

N=2: the
Bazeia-Nascimento-
Ribeiro-Toledo
model

N=3: the massive

non-linearS?-sigma
model

Kink ground states
Kaaf () = e(kn)f2(0), a # ¢
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a(t,X)|0;K) =0,a#c¢
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>

e Kink ground state energy
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TroK?

e Kink spectral zeta function for very very large
N Np(a)

k(9 =TreK>=>" > gl(jﬁ/m dK pra (K) !

a—1 \ j=0 —o0 (K2 + 12)

REMARK : zero modes;¢(0) = 0, do not enter
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e Zero point renormalization

AESE) = (DS~ AB.(9)
= (1) ne(® - w(s)
AR = lim AEK(s) = \[(CK( 5) = Cko(= *))

s——1

e Ultraviolet divergence of the two-field contraction at the same point
(one-loop) G2(x*) =: GA(x") : +5u

d 1

T /K2 + 112 2In€ZZ 4’Tn2+u 1/2
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=1: the X (¢*), A ~
et FV (D), -, dn (X))
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model . pp— . pp— . .
N=3: the massive TH = A o exq hz 5ﬂa5¢2 =H+ hz (5Ma : ?’5621 : +O(h )
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e Zeta function regularization
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2
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Kink spectral heat/zeta functions

e Kink heat function

Tre K = % (% + Var(eEr[\/B] + e“ﬁErf[z\/B]))
e Kink zeta function
k(s) = %/OOO dg g=* (Tre % — 1)

= Jorg e 9 (Rl re 33 ) Ter )

e One-loop mass shift

1 3
AMK = lim (AES(s) + AER(s)) = (— - —) Am= —0.47111Fm
< = dm (AR +2ER0) = (56~ 7us

e Nuclear Physic8635 525 (2002)
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Divergence cancelation

e Pole in the Kink Casimir energy

AEG =

Em 22\ TI'(e 2 1

lim <—M ) 7§ ) —oF[3,6 3, -3 - ————
2V2r =0\ ? ) T(~14e) |3 (—3+e)azte
AM 3 3 2u? (01,001 o3 1 }

lim |- +2+In> —3m?L _p0L0011 g3 1
2\@7{'5@0{ creting=sinTg —2h (2,02 =5l +0e)

_hmo {,+3|n2‘7L2 _L}
227 e—0 | € m V3

e Mass renormalization Kink energy

AER

_3am (27%)5 4==T'(e)
V2r =0\ m ) T(-3 +¢)
3hm {1 242

o lim [ 2+ 2 —ind e (0(1) — w(—)) + o)

AmMm 3 242
lim |- +3In— —2(2+1
2\/§7r5*’0|:5 nm? ( )
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BNRT model

e Parameters

2 _
0%:0, O’% 1—% R 0'11:2 , 0'22:0 2 ! , 1+ 012=20(c +1)
e The BNRT action
114 1 /0¢p1 01 = O Opo 1
S = — [ dx{Z (== 2 (At 2(t,X) — 1)?
onod = 5[ X{z(axuaxﬁaxuax) 26X + 6360~ 1

- *¢>1+

¢2 +(1-20(c+1))¢765 +Z

-2
¢§}

e “Vertical" sector

ST SV S S

K0 = 0, 0= fanr{\fx—xwl

¢v(2)
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Vacuum fluctuations v l \/(1) 1 3
Kink fluctuations ¢1 ¢ 3 V(:l: 5 5 0) = é

One-loop kink mass
shift

N=L: the X (@), ¢T (X) = iitanl’(x - XO) ) ¢§ (X) =0

l—‘l\)

model
N=2: the
Bazeia-Nascimento-

Ribeiro-Toledo
model

1
=3: the massive 2 — 2 = 2 — 71 — — 2 — 2
pr=4l-op) =4, p 2<1 T, ET o2~ ffz>> o

model

_& +4- 6 0
K = dx2 costPx )
0 % 4 g2 2letD

X cosiPx
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Aristocratic TK1 Kinks

e Transparent &sch-Teller potentialsy = N € Z*

d? N(N + 1) 1 442
Kp=—-—S+N—-——2= | Nez® , A=N+>, 2 =N?
2 et costx T3 112
e Discrete spectrum
B0 = @N-DI . j=012- N
fx) = —— £2(x) = I _¢ (,E +(N— r)tanh() . L j>1
costix ! =0\ dx cosh—ix’ ' =
e Scattering states
k) = K+N 20 =TI, (—d% + ptanh() G
Im(II_, (p — ik) o1
So(k) = <2arctan| ———— , pK)=—— = L
Re(ITN, (p — k) Y A



Quantum
fluctuations around
exotic Kinks

J. Mateos Guilarte

DeformedO(N)
linear sigma
models
Vacuum fluctuations
Kink fluctuations
One-loop kink mass
shift
N=1: the A (*),
model
N=2: the
Bazeia-Nascimento-
Ribeiro-Toledo
model
N=3: the massive
non-linearS?-sigma
model

Aristocratic TK1 Kinks
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Kink heat and zeta function

e The heat function

N N
B B . | o0 a2 N2 2 p
Troe M = e AN ”+g/ dk g Al+NT liTZW
j=0 > p=1
e BN | 7 N PPN N/
_ 4+ Var r
VA VB Trpgl P4l
e The zeta function
G = = /OO d8 5t (Trpe ¢ — 1)
“ r(s) Jo :
1 |1 I(s—1%) il 2i 11 3 j2
= s X e Pty e
V7 | 2NB-11(s) S (N2 -2yt 222 72 N

1\ I(s+1)
7N725) I'(s)

e Nuclear Physic8681, 163 (2004)

7_]_2}_
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Aristocratic TK1 Kinks
e TheN = 3 andN = 4 BNRT TK1 kinks

1 [1T(s—1) 2 11 3 1
K S - A Ae_ 11T/ . F P S7 a'" o
K (s) N [2 Fir(s) | <85+% 55 s 5iglt
4 11 3 4 1\TI(+3)
- F A A S’7$_7 - 2
T 35 +85 78 93) I(s)
AER=% = —(0.47113+ 0.76686)im  ,  AER=* = —(0.47113+ 1.52420 im

Vyo3lx)
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model
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S2-sigma model action

e Formal\ — oo limit

3
1 Oxa Oxa 2 » 2.2 2.2
Six1: X2, x3] = */ dx® {Z o= oo — aax(t X) — agxa(t X) — agx;(t x)
2 = X Oxt
2t 2t St,x) =R R = s
Xl(»x)+X2(7X)+X3(7X)_ 3 - A
o = 252 al = 203 2 =202 0< 2—70.%70.§<1
1 — 1 ’ 2 = 403 ’ O3 = <403, 0_0_2_0_2
1 3
1 ) Aux2)?
s = X 4 D x10x1 + Fpxad¥xa + X10XLF X20px2)”
2 RZ*XZ*XZ
1 2

(%) - 0% X3 }

e Interactions come from geometry

(x10px1 + x20ux2) (x10H x1 + x20% x2)
2_ .2 =
R —xi —x3

1 1
2, 2 2 2
= 5 (l+ s (x1 +x2) + o (X1 +x2)"+ - ) ©(x19pux1 + x20ux2) (X13“X1 + Xzf’“xz)
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Vacuum fluctuations
Kink fluctuations
One-loop kink mass
shift

N=1: the X (%),
model

N=2: the
Bazeia-Nascimento-
Ribeiro-Toledo
model

N=3: the massive
non-linearS?-sigma
model

S2-kinks

e Spherical coordinates and field equations

x1(t,X) = Rsinf(t, x) cosp(t,x)
x2(t,X) = Rsind(t,x)sinp(t,x) , 0" (si? 08,¢) — %62 siff@sin2p =0
x3(t,X) = Rcosf(t,x), 08— %sinZB (8“@8,“0 —cof ¢ — o?sir? go) -0
e K1 kinks
3
Pk () = % » k(0 = % i Ok, (X) = 2arctane® (<=0)
R
Ke = 0 KMpy=4— K1(x) = +R tan -
X1 () y Xo (x) costio (X — x0)] X3 (%) HU(X XO)]
e K2 kinks
P, = 0, g () =7 ; 6k, (x) = 2arctane™(0)
R
Ko Kz _ Kz _
X1 °(X Y7 E— X>2(X) =0 , x>2%(X) = xR tanh(x — xo
00 IR 209 H(x = o)



Quantum
fluctuations around
exotic Kinks

J. Mateos Guilarte Sz_kink energies

DeformedO(N) i 2. )
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Vacuum fluctuations

K V2R
Kink fluctuations EK1 =mv2Ro
One-loop kink mass
shift
N=L: the X (@),
model
N=2: the
Bazeia-Nascimento-
Ribeiro-Toledo
model

, E¢, = mV2R

N=3: the massive
non-linearS?-sigma
model
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K4 andKj orbits K andKj energy densities

e Physical Review Letter$01, 131602 (2008)
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N=1: the A (*),
model
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N=3: the massive
non-linearS?-sigma
model

K1 one-loop mass shifts

e Geodesic deviation plus Hessian of the potential fokhéink (in a parallel frame to

the kink orbit)
2_ 252
K= < dx2 to cos(rr?crx 2 0 >
0 —ae T1- cosk?ox

e Cahill-Comtet-Glauber formula

h2
EQb(0) = EZ (o) + ANk, (o) + O(5) 5 v1 = arccog0) = g , v = arccosy

hAmo 1 1 h
V2mReo — E[sinzzl += sinvy — vg cosyy — v coswo] + O(@)

e K; one-loop mass shift

& _ h?
ER(0) = \meza—ﬁ {Z—Earccoio)} +O(@)
OL} o m 3hm E_L
G = 5o (5 avs) O

e Physical ReviewD 79, 121503 (2009)
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N=1: the A (*),
model
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Ribeiro-Toledo
model

N=3: the massive
non-linearS?-sigma
model

K, one-loop mass shifts

e Geodesic deviation plus Hessian of the potential fokhéink (in a parallel frame to

the kink orbit)
d? 2
K:<dx2+lcosh?x 0 5 )
2 _
0 d><2 to

cosix

e Cahill-Comtet-Glauber formula

2 .
EQ () = E&(0)+ AMKZ(U) +0(5) 1 w1 =arccos0) = g , vp = arccosiz)
= V2mR - [smle + 1 sinvp — 11 COSVy — szz coswvp] + O(= h )
\/Zr R2

e K, one-loop mass shift

EQ(0) = v2m R"——{ +\/—702—|70+a|09<\/—702—5)}

Vor
2
+ o)
EQr %) = %Rz 4\% <4+f+\flog<\[ f) W\[>+O(Rz)
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