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Abstract: <span>Lorentz invariance is considered a fundamental symmetry of physical theories. However, while Lorentz violations are st
constrained in the matter sector, constraints in the gravitational sector are weaker, allowing to contemplate the idea of Lorentz-violating
theories. In this talk | will discuss the effects of Lorentz violations in the quantum cosmology scenario by analyzing the properties of a <
anisotropic model in the framework of Horava-Lifshitz gravity and, if time permitting, some partial results on the viability of this class
theories.</span>

Pirsa: 14040079 Page 1/73



Pirsa: 14040079

Quantum Cosmology in Lorentz-Violating

Gravity

Jorge Preciado with O. Obregén and S. Zacarias
Universidad de Guanajuato, México

April 10, 2014

Page 2/73



Table of Contents

@ Lorentz-Violating Gravity
e Horava-Lifshitz gravity
e Hamiltonian Formulation

© Quantum Cosmology
e KS Model in GR

o KS Model in HLL

Q SUSY Quantum Cosmology
@ Summary

Jorge Preciado with O. Obregén and S. Zacarias Quantum Cosmology in Lorentz-Violating Gravity

Pirsa: 14040079 Page 3/73



Lorentz-Violating Gravity

Hotava-Lifshitz gravity

V' Ouantum ¢ o Hamiltonian Formulation

Lorentz Violations in gravity

Motivation

@ LV may give a better UV behaviour as in Horava-Lifshitz gravity
(Power-counting Renormalizable)
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orentz-Violating Gravity . - 2
Lore l.l /I ll"l_‘llr”-' ' Ak .'\ Hotava-Lifshitz gravity
' . B Hamiltonian Formulation

Lorentz Violations in gravity

Motivation
@ LV may give a better UV behaviour as in Horava-Lifshitz gravity
(Power-counting Renormalizable)
@ LV allows for MOND-like (Blanchet) or DE-like (Afshordi)
phenomenology
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Horava-Lifshitz gravity

Lorentz-Violating Gravity
Hamiltonian Formulation

Lorentz Violations in gravity

Motivation
@ LV may give a better UV behaviour as in Horava-Lifshitz gravity
(Power-counting Renormalizable)

@ LV allows for MOND-like (Blanchet) or DE-like (Afshordi)
phenomenology

@ Strong constraints in the matter sector, but weaker ones in the gravity
sector

@ Examples: Horava-Lifshitz gravity and Einstein-sether Theory
(Jacobson)
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Lorentz-Violating Gravity
Wu tum Co 10lope

The Theory

[nspired from Condensed Matter

@ Anisotropic scaling

X — bX. A ik

@ Gauge symmetries Diff (M),

generated by

szt = C'(t.x), 6t = f(t).
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Lorentz-Violating Gravity

an Hotava-Lifshitz gravity

Hamiltonian Formulation

The Theory

[nspired from Condensed Matter

@ Anisotropic scaling
X — bx, t = b°t.

@ Gauge symmetries Diff (M),
generated by

szt = CH(t, x), 5t = f(t).

Jorge Preciado with O. Obregén and S. Zacarias Quantum Cosmology in Lorentz-Violating Gravity

Pirsa: 14040079 Page 8/73



Lorentz-Violating Gravity

. Hotava-Lifshitz gravity

Hamiltonian Formulation

The Theory

[nspired from Condensed Matter

@ Anisotropic scaling
X — bx, t = b°t.

@ Gauge symmetries Diff (M),
generated by

i ut

o = (1, %), at = F(t).

Action (ADM formulation)

9 d . 5
S == / dtd” x\/gN (l\',-_,- K" — AK* — V) .
R=
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Lorentz-Violating Gra

vity
tum Cosmologp

Hotava-Lifshitz gravity
Hamiltonian Formulation

The Action

Conditions

® Projectability N = N(t) (Otherwise a; = 9;In N # 0)
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Lorentz-Violating Gravity

Hotava-Lifshitz gravity

v O g b Hamiltonian Formulation
I 1 tum OSIMMolog

The Action

Conditions
@ Projectability N = N(t) (Otherwise a; = 0; In N # 0)

@ Detailed Balance V = f:"‘}gi,;!.‘ﬂf'ﬂ"’- EY =

dW

R
VI 09i;
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Lorentz-Violating Gravity

Hotava-Lifshitz gravity

4 fum ¢ Hamiltonian Formulation
1anturmn (

The Action

Conditions
@ Projectability N = N(t) (Otherwise a; = 0; In N # 0)

@ Detailed Balance V = /:‘”gi,;‘l.‘;J':"“’. B =

dW

-
VI 09i;
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Lorentz-Violating Gravity
Quantum Cosmologp

Hotava-Lifshitz gravity
Hamiltonian Formulation

The Action

Conditions

@ Projectability N = N(t) (Otherwise a; = 0;In N # 0)

: kel v 1 oW
@ Detailed Balance V = EYG; .. E™ . 7 :
]) l(l]] | l)(ll(l]l V I -fn‘jJ'JI /3 594,

/ ws(l) +,H/ v . } —2Aw) + 8 / r/':x[ri,.rf"]
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Lorentz-Violating Gravity
olog

Hotava-Lifshitz gravity
Hamiltonian Formulation

The Action

Conditions

@ Projectability N = N(t) (Otherwise a; = 0; In N # 0)

. 1 1kl 129 d W
o Detailed Balance ¥V = EYG....E®. E* _
Detailed Balance V = EYG,; i f VekITT

4 l . ) . . : } 1
W= — ws (1 )+;!/ " .  —2Aw) + / d’'x(a;a )

e
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Lorentz-Violating Gravity
: i

Hotava-Lifshitz gravity
Hamiltonian Formulation

The Action

Conditions
@ Projectability N = N(t) (Otherwise a; = 0; In N # 0)

tailed Ralanpe — . ki My — 1 W
® Detailed Balance V = EYG;; E™, E"Y = 5 5917

i i 3 ‘
W=— wa (L) + / (/'5)(\/;—;([1’*'_)_\”) + 2 / d’x(a;a’)

W .

g 9 g | '
; & ) k ]
EY = —C" — jf(e”“' y (.)flu”f.” a'a )

2
w=

where g, w, and Aw are constant parameters and C;; is the Cotton tensor

- = N
O = ;"'“V;‘- (N'JI - -I[M"’;
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Lorentz-Violating Gravity

Hotava-Lifshitz gravity
Hamiltonian Formulation

The Action

Action in 3 + 1 dimensions

9 D)
= 5L Je /
—;-fu [:’,‘/VJ‘ [1’;..

2=

. ' 3 i . v 2 K v 1
.H — /(“(/ X\/(_j\ “—:[/\,;/\ ’ \/\ ]— F( "'_J'( J +

K — 4\
8(1 — 3\)

[?)2+-\H'[/1’ 3Aw)

g :
— —{ [1’,‘,‘[)’” -
Q :

[{
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Lorentz-Violating Gravity

Horava-Lifshitz gravity
Hamiltonian Formulation

The Action

Action in 3 + 1 dimensions

)

j ! - L ’ ,i . ; i fl"-)f idk
B /(/r.«/-‘x\/r,_-\{f_,[_/\,,/\ = AK?) = == Cy;CY + M B ikp v R

2=

2.9 -
K= ' I

— 4 _,
N H’JHU . R+ Aw (R — 3Aw) }

8 8 { 4

Comparing with the Einstein-Hilbert action (A = 1)
H._)

(l'_\' — .
32me

. . . . 2} ' 2. . )
Analytical continuation p — ipg and w® — —iw~ implies V¥V — —V.
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Lorentz-Violating Gravity
Wu tum Cosmologp

Horava-Lifshitz gravity
Hamiltonian Formulation

Canonical Quantization

The Hamiltonian for the theory may be written, as in GR., is a sum of

o — / d"x (;\-"H L+ ,\-'“H,) .
‘J.‘IV

constraints

)

. K~ i ki
H, =- [1YGi i I1™ + —
..).\/ﬁ )

H' = —2v,I1Y
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Horava-Lifshitz gravity
Hamiltonian Formulation

Lorentz-Violating Gravity
Ju tum Co 10lope

Canonical Quantization

The Hamiltonian for the theory may be written, as in GR, is a sum of
constraints

H = / dPx (.\-"H L+ ,\-""H,) .

Vi '

== ._)Vi ] l”

2 5
A ij ki -\/.‘_f
=- 1" G: 5111 4
)

Wheeler-DeWitt equations

Hot) = 0, (Hamiltonian Constraint)

Hip =0, (Momentum Constraints)
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Lorentz-Violating Gra

ity
log

Horava-Lifshitz gravity
Hamiltonian Formulation

WKB Approximation

Take the ansatz _
i
f-'[.‘fi.f‘] = ('L‘/u]"xl’ Fﬁ {."/r_f'}

where C'lgi;] is a slowly varying amplitude and S|g;;| is the phase. This
corresponds to
i oS
[ — —
0gij
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Lorentz-Violating Gravity

Horava-Lifshitz gravity
Hamiltonian Formulation

Y Oua

WKB Approximation

Take the ansatz _
1 ) , '
V[gi] = Clgijlexp (ﬁ‘“ [!/UO

where C'lgi;] is a slowly varying amplitude and S|g;;| is the phase. This
corresponds to
0S8
[ — —
0gij

And from the WDW equations one finds that

K2 ~iiel 08 0S5 2./q
— G — — ¢ ‘/,_V —()
2 0Gij OGkl K=
08
V,-—_ :{'
T 0Gij

[t can be shown that this equations are equivalent to the classical HL field
equations.

Jorge Preciado with O. Obregén and S. Zacarias Quantum Cosmology in Lorentz-Violating Gravity

Pirsa: 14040079 Page 23/73



Ouag el o KS Model in GR
= Sl — i KS Model in HL

The Quantum Model

KS universe
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(,zll'l.lli‘l.l.lll (hmnmiu.".\.-' KS Model in GR
= Lo e elon KS Model in HL

The Quantum Model

IKS universe

Misner parametrization

rf.s': = —.\'I')rH"" -+ € -_,\/3{‘_;(“-_, + e 2384 Sl](;“‘_’
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Quantum Cosmology
Y Quantum Ci nology

The Quantum Model

KS universe

Misner parametrization

ds® = —N?4dt* + r"",\/:{‘-;ff.r"", + ¢

Jorge Preciado with O. Obregén and S. Zacarias
E 4

KS Model in GR
KS Model in HL

Misner map

N2 = r,—f.\/:H

—2/3(R340 D)
4 2/3(B4+Q) — 42
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Onant =1 0 KS Model in GR
Quantum Cosmology KS Model in HI

The Quantum Model

KS universe

N? =

e—2V3(B+Q) _

WDW equation
0 02 230 _2V3(8+6)
- -’82) + 9 f‘) + 48~ ] — Ae™“ » } (,_.“L f) = ik
{ - 5=

Solution for A =0
B = r‘_t””\/';‘-f I\',',,(-lf'i\/';“')
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KS Model in GR

Quantum Cosmology KS Model in HI

The WKB model

The WKB approximation leads to the Hamilton-Jacobi equation

_ ()_S _+ ()—S -ﬁ-lh’(' 2v3Q lf.\("",\/:“'ﬂu} = (),
o2 o
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v s KS Model in GR
Juantum Cosmology KS Model in HI

The WKB model

The WKB approximation leads to the Hamilton-Jacobi equation

(95 '+ O5\" 180=2V30 [1 _ A,—2V3(B+2)] _ ¢
9lY) 03 ‘ '

[dentifying
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P =1 _ KS Model in GR
Quantum Cosmology KS Model in HI

The WKB model

The WKB approximation leads to the Hamilton-Jacobi equation

(Y 4 (25Y _ age-2v3 [q _ A 2/BA+0)
) BJss ‘

[dentifying, : ;
= leads us to the classical equation

\:.“1",(5'g3~-'f")+f""‘/"”'”<'“ {I = A ‘:\/:u‘ﬂgg;] 0

19 'he Misner Map!!!
“e—V3(B+29) 5
N

e=2V39(1 4 2v/3t0) — ¢ (1 — At?) =0,

Classical Solution
—2/302 2 2 ¢

The WKB method applied to the WDW eq. gives the same solution as the
one obtained through the classical Einstein’s field equations.
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L . b il 4 KS Model in GR
Quantum Cosmology K8 Model 16181

The Quantum Model

Hamiltonian Constraint
2oV 3(B+Q) | ) )
_ { i .)(,\ — 3)IIG + 2(A = DIIIlg — (2A — 1)II5

-

F .'{;il').\“‘r

szz-)3AH1-medtu)+(2A_'”’2%Hﬂdu}}
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o : =1 . KS Model in GR
Quantum Cosmology KS Model in HI

The Quantum Model

KS universe

- At? 2m : 5 At? 2m o o o B
ds® = — 3 -+ : - 1] dt* + : -+ ! — 1) dre 4+ t=dS2°.

Misner map

N2 = ¢—2V38

Misner parametrization

(,—f:\/:u.« HQ) _ 42

WDW equation

{— .;“., 2 ; 2 -+ 48e¢—2V3R [1 _ pAe—2V3(B 1.521} } (52, B) = 0.
{ ol 3=

Solution for A = 0 |
B = r'i”f\/'{‘{f\',‘“(-lf'i\/'{“).
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Sy o ~ 3 KS Model in GR
Quantum Cosmology K8 Model in HE

The Quantum Model

Hamiltonian Constraint
x2oV3(8+9)

24(1 — 3X)

I 9 )
{ — ')(,\ — 3)IIg + 2(A — 1)IIqIlg — (2A — 1)I1g

2 - g 2 e ..31\— I . /al
$:{!"-\H‘f' 2v3402 .'_)7.-,)‘\“.(‘ _\/.’.(,ﬂ53)+ ( \ )r'”/""('““’}}
AW
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' i ~ P KS Model in GR
Quantum Cosmology KS Model o B

The Quantum Model

Hamiltonian Constraint

WDW equation in the UV limit

l_)(,\ - 3)83 — 2(\ = 1)8a8q + (21 — 1)82% F 3u?(2) — 1)e?

K

- , = o\ TR iy
[l. [r] _ (Ij;”,\/ggz (l”‘\/.;;i) TR =1

Yoy

2(2x~-1)

Particularly for A = 1

1, (Q, B) = eT WV (’“,\/:m)
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Rehe S, ' KS Model in GR
Quantum Cosmology K8 Modal in HE

Noncommutative QC

Proposed by Compein Obregén & Ramirez
(Phys. Rev. Lett. 88 161301).

i0, [nu.w =10
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| ()u'\knt‘um (-'-H'ﬁ'l;ll(il ry KS Model in GR
Oivantum: Cosmelon. KS Model in HL

Noncommutative QC

Proposed by Compedn Obregéon & Ramirez
(Phys. Rev. Lett. 88 161301).

), 8| = io, [H”.I'lﬁ =)

Movyal product

— —3
."

NS -r-y4
£(2,8) xg(Q, B) = £(, B)e' 2% =% %) g(Q, B)
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~ s ~ : 4 KS Model in GR
Quantum Cosmology K8 Model in 5L

Noncommutative QC

Proposed by Compedin Obregéon & Ramirez
(Phys. Rev. Lett. 88 161301).

Seiberg-Witten Map.
() =8, — £1ls, B =B+ 2l

1, [”5)“4} =} : . :
.\ Be : [llsg.u,ﬁ] =0
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Toi 2 4 KS Model in GR
Quantum Cosmology K8 Modal in HE

Noncommutative QC

Proposed by Compein Obregén & Ramirez
(Phys. Rev. Lett. 88 161301).

i0, [nu.n@ =3
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Quantum Cosmology
loyory

Noncommutative QC

Proposed by Compein Obregéon & Ramirez
(Phys. Rev. Lett. 88 161301).

2.5 16,

[nﬂ.]'lﬁ —0

Movyal product

LT

Jorge Preciado with O. Obregdén and S. Zacarias

KS Model in GR
KS Model in HL:

Seiberg-Witten Map.
() =ik, — £1lg, B =B+ 2lq

[s'z,., {} =0, {1153. I'Iﬁ] — ()

The potential is modified

., Be ) (e, Be) = V (2, B) (
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=iyl = KS Model in GR
Quantum Cosmology 1S Model 1o BEE:

Noncommutative QC

Proposed by Compedin Obregén & Ramirez
(Phys. Rev. Lett. 88 161301).

Seiberg-Witten Map.
[ = "f,. -+ h:“gg

if, [IIH.IM} =0 o o
[sz,...f.l = i {llgz.m] ~0

Moyal product .
The potential is modified
Q) : 19 (8085 -0380)

WDW equation in the UV limit

l 9 9 ¢ ‘ ‘ L
[.) (A=3)02 —2(A—1)88a+(2A—1)82 F3u2 (2A—1)e2 V3 (e u""se’]*f_-._._,(sz. 3)
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gy < ’ KS Model in GR
Quantum Cosmology K8 Model i HI;

Noncommutative QC

Proposed by Compedn Obregén & Ramirez

(Phys. Rev. Lett. 88 161301). Seiberg-Witten Map.

0 =0~ 21s, B =S+ ¢Iq

‘(_f. f. 16, [”1)“-;} =i} . ; , ;
e [Uf} — 0, {llgg.lllf] =

Moyal product .
'he potential is modified

WDW equation in the UV limit

| oy o . 9./ 163 .
[.) (A=3)02 —2(A—1)8a8a+(2A—1)82 F3u2 (2A—1)e2V3(BcA :“”se’]*f,-._._,(sz. B) =0

!HI\/K(.‘I+\/J‘;’3V‘)

{ \—1 I\' \/.'-L\fl i (

(.'lrf:| _ (‘jtiff\/:{sl (!”.\/f{(.'i | \/.". ff,,))?f:-_}’,\| i e [CEREN

Yo 2

J VoA—1
V2(2X—=1)

fu-\/:u.ﬂ\/:*.f.fu})

1 74
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(,Qn.'\.nt‘ulm (_:n:-%l]lt_ilup;‘\.-' &;ﬁ;};;}l;: :;1' ;_“-[_:

The Quantum Model

Hamiltonian Constraint

x2oV3(B+Q)

I 2] 9
{ — =(A = 3)II{ + 2(A — DIl — (2 — 1)I13

?f{fi")-\\yr 2V3Q 9 _ 3Aye -'_’\/:a(.mgg)+

K _»
A=1 .. VIX=—1 .,
{f"lu‘| _ (.:izr'n\/Z{Sl (!”\/Ji;-ﬁ)iﬁ.\l v \/-_3[-3,\_””

Yo

J VaA—1 g
VZ2(2A—1)

Particularly for A = 1

V10(2, B) = eEivV3Qpe (!“,\/:;.1)
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Quantum Cosmology &;ﬁlu;g;: :;ll ;_”-I_:

Noncommutative QC

Proposed by Compedn Obregéon & Ramirez

(Phys. Rev. Lett. 88 161301). Seiberg-Witten Map.

() =i — &1, B = B + L1Iq

6, 3| =i, [l'l‘_g‘l'l@ —0 o |
I [sz,-..f.l — 0, {II”.II,{] =0

\]n_\';ll 1)1'()(|l[('t .
'he potential is modified
S
ol |

(). ~ i8 (88, —850¢)

WDW equation in the UV limit

| ) 9 ¢ ¢ . il
[‘)(,\—:{)6)(2-2(/\-l)r')“f)(_g+(‘.2/\—])E)3$:{;:3(2/\—l)r"z‘/‘”{' ' :“”se’]*,;-._._,( . B)

‘ a 0 i
+ _,\71 i I\' \/:’L\7 i iy !(J‘\/';’("t } \/-igf ‘)
ﬂ‘.'lp’:| — ptivv3Q (}“,\/:;(.1 V3 F:m) IN—1 V3(2A—1)
a - [ qQ 0
W2y N J- V3(B+V35v)
VIN=T ., (i“
V2(2X—-1)
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Wave Packets

Consider a wave packet weighted by a Gaussian for ¢y,

1

xp(SZ..f):j\/‘/ e 3T T 00, (82, B)dv.
. ow

The GR Case UV limit A =1
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e, . KSyModel in GR
Quantum Cosmology KS Modal in HE

Wave Packets

Consider a wave packet weighted by a Gaussian for 11,

»

OO | 2
xu(sz.ﬁ)N/ e 202 VTV b, (9, B)du.
. - &

UV limit A = 0.75 UV limit A = 3
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Quantum Cosmology &g{*ﬁ;g;: ;;ll ;_l{:

Wave Packets

Consider a wave packet weighted by a Gaussian for 1,

- : 4
(. 3) :N’/ e 2a2 WYy,
L 20

NC UV limit A =1 NC UV limit A =3
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The WKB model

For the general WDW equation the WKDB procedure results in:

3e 2vV3(A40)
N2

42N "
KAy 2 — SAwe 2V3(8+Q) 4 (2A — ”[_‘_’\/?H-MSH &
16(1 — 3)) Aw

{(:«; —M)B2 4+ 4(1 = N)BO — 2(2) — l)s'zﬂ

q:
Using the Misner map and solving for A = 1 and ¢ = |

e—2V3Q _ At
3

Jorge Preciado with O. Obregén and S. Zacarias Quantum Cosmology in Lorentz-Violating Gravity

Pirsa: 14040079 Page 48/73



A". ( i \ '\.: C 3 » : ' ]
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The WKB model

For the general WDW equation the WKB procedure results in:

3e—2V3(B+Q)
V2

42N .
KA 2 — 3Ay e—2V3(A+Q) | (2A — ”(.-_’\/rw.um
16(1 — 3\) Aw

(3= 28 +4(1 = V)2 - 227 = 1)$?]
q:
Using the Misner map and solving for A = 1 and ¢ = |

(

Classical Solution

)” N (mﬂ
— 1 dt< + 3

where £ is an integration constant. This is a solution of the original action with

A < 0 and of its analytical continuation with A > 0.
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S(A)dS in GR

Clondition Horizons or Singularities
9AMm= < 1 t le and ¢ L.
9Am? I le (0 3m
9AM?2 > 1 Dynamical at all t > 0
m > t {
m No horizon

m - Unphysical
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S(A)dS in HL

Condition Horizons or Singularities
Dynamical at all ¢t > 0
/8
¢ V 2A
Unphysical?? t poand t L
{ t. and t te

dmn

te = to .

Unphysical
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Ouantum Cosmolop Hu#nn;n'y
SUSY Quantum Cosmology

Supersymmetric Quantum Cosmology

Following the method outlined by Graham (Phys. Rev. Lett. 67, 1381).
The Hamiltonian for the homogeneous models can in general be written as

'..).fllj — II“(I‘;""IIJ/ +{r(({)

where GH" is the minisuperspace metric.
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Quantum Cosmolog Hui#nn;n"\'
SUSY Quantum Cosmology

Supersymmetric Quantum Cosmology

Following the method outlined by Graham (Phys. Rev. Lett. 67, 1381).

The Hamiltonian for the homogeneous models can in general be written as

2Ho = I1,G**11, + U(q)

/Y is the minisuperspace metric.It is possible to find a function ¢ obeying

where (
o O

Ulq) = G* .

dgt gV
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Quantum Cosmolog Hm#nn.‘n"\'
SUSY Quantum Cosmology

Supersymmetric Quantum Cosmology

Following the method outlined by Graham (Phys. Rev. Lett. 67, 1381).

The Hamiltonian for the homogeneous models can in general be written as
'._)f{” - III,(I‘;!VIIJ/ + !Y(({J.
where G*" is the minisuperspace metric.It is possible to find a function ¢ obeying

, R do O _— N R O
Ulq) =G \ Remember Detailed Balance?
dgt dgV”
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Ouantum Cosmolog Hu#nu;n"\'
SUSY Quantum Cosmology

Supersymmetric Quantum Cosmology

Following the method outlined by Graham (Phys., Rev. Lett. 67. 1381).
(=] . A

The Hamiltonian for the homogeneous models can in general be written as

2}![] - III,(I‘;!“]IJ/ +!r(f{).

g
M

where ( is the minisuperspace metric.It is possible to find a function ¢ obeying

) , Og O¢ .
Ulg) = G* \ Remember Detailed Balance??
dgt dgV
The minisuperspace Hamiltonian is written in the form
i h f)g(,‘n
H=-{Q,Q} = Ho + gr, 0¥,
2 2 Aghdg”

with the non-Hermitian supercharges

o=et (T do _ A o
Y = p + i , &)= 1, — "
dght dgh
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Juantum Cosmolog HH#IHIJII"\'
SUSY Quantum Cosmology

Supersymmetric Quantum Cosmology

Following the method outlined by Graham (Phys. Rev. Lett. 67, 1381).

The Hamiltonian for the homogeneous models can in general be written as

2}{[] - II“(I‘;!“]IN + IY(({).

gy
M

where ( is the minisuperspace metric.It is possible to find a function ¢ obeying

) _ uw do Odo . N R T
Ulq) =G , Remember Detailed Balance?’
dgt gV

The minisuperspace Hamiltonian is written in the form

I h (‘)L.’ D
H=-{Q,Q} = Ho+ = _[6",6"),
2 2 Oghoqg”

with the non-Hermitian supercharges

O =o" (1 o _ A o
o) = v+ 1 y B =1 1, —i i
aqH gt

where 8% and 6 satisfy the spinor algebra

{”“.U')} = (). {(),”.(rf} = 0. {U“,HV} _ ('p;u'.
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Quantum Cosmolog HH#IHI:II"\'
SUSY Quantum Cosmology

FRW SUSY Model

C'onsider the FRW universe

ds? = —N?2dt? + a° (
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Quantum Cosmolog Hm#mmry
SUSY Quantum Cosmology

FRW SUSY Model

C'onsider the FRW universe
)
dr=

ds?® = ﬁ‘\v-_er'_’ I ”2 ( ‘
1 — kr

the corresponding Hamiltonian

N g m: 1 ” k?
) = —q | ka — ').\11'(1‘ —

2 {] _';/\) «l

For this model

| 9 k4
Awa’ — =
2 2Awa
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