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Briet Background - GPB
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Briet Background - GPB
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Brief Background - KKG

* Theodore Kaluza — 1921
o GR extension to 5D
o Unify Gravity and Electromagnetism

* Induced Matter (Paul Wesson)
o Ryg =0
n Guv = 87TTW
» Birkhoff’s Theorem Breakdown




Briet Background - SME

* Alan Kostelecky and Don Colladay — 1997
° Minimal SME in flat space-time
* Allows Lorentz Violation
o CPT violations and preservation
* Vacuum Expectation Value
s Pure Gravity Sector - s#Y
 Experiments Constraining s*V
° Jaser Lunar Ranging

o Atom Interferometric Gravimeter
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Solutions 1n Kaluza Klein Gravity - Soliton




Solutions 1in Kaluza Klein Gravity - Soliton

o dS? = A%dt? — A~ Pdr? — A" Pr2(d6? + sin? 6 d¢p?) — AP d¢?
- Ar) =1 — zcc’f

1= a?+ ab + b*?

dZC

oz T [ipuiuB

S4 is the 5D spin vector and u? is the orbital velocity
. uCSC =0







* Assumptions:
o Circular Orbit

_T
9_2

c0=7=0

o St is unrestricted

* Precession Angular Speed of S

(1—a—b)]

5 () = aGM’l-l—

CT'O

3GM

* Orbital Angular Speed
o w =d¢/dS







* Geodetic Precession Angle per Orbit

o 8 =2m
e A is the Deviation from GR
o A =a+ %b ~ 2

w— Q) 3TGM
w

(1+A)

6

* Where b < 0 for physical reasons
o Positivity of Mass Density

o J.ess Observed Precession

e b “measures’ the flatness of the fifth dimension




Solutions 1n Kaluza Klein Gravity - Canonical




Solutions 1n Kaluza Klein Gravity - Canonical

o 2
+ ds? == [Bdt? — B~'dr? — r2(d6? + sin® 0 d¢p?)] — d*

] B(r)=1—ZGM—r2

c?r L2
o A = 3/L2

d?x¢ C A B azs¢
iy + [pu®u® =0 e

uCSC — O







* Additional Assumptions:
= Spin Vector in the Orbital Plane
+ §% =0
o rSP & ST

 Precession Angular Speed of the Spin Vector

2
EIQ:c GZM_rg
To \| C“Tp L

* Orbital Angular Speed
o w =d¢/dS







* Geodetic Precession Angle per Orbit
2 56 21_[(0) Q) SnGM(l_I_A)

w
e A is the Deviation from GR
C A= 2¢?r¢ H
3GM L

C?‘O

* Consider H to be of Order Unity and:

2¢?ré 1

3GM A

* Relate L to Normalized Cosmological Constant, {15

O T e—




Solutions 1n Kaluza Klein Gravity — Parameter Constraints

Table 1. GP-B Limits on 5D Metric Parameters
Gyro ryg (mas/yr) A(x107%)  |blmax  Hmax L (PC)
1 -6588.6 + 31.7 (-7.4,+2.2) 0.045 1.5x 108 52
2 -6707.0 & 64.1 (+5.6,425.0) N/A N/A N/A
3  -6610.5 4+ 43.2 (-5.9,4+7.2) 0.043 1.2x108 41
4 -6588.7 + 33.2 ( 7.7,42.4)  0.046 1.5%x10° 31
Joint -6601.8 &+ 18.3 1) 0.020 6.8x107 70




Solutions 1n Kaluza Klein Gravity — Parameter Constraints

Table 1 -GP=-B.Limits on 5D Metric Parameters

Gyro /NS (mas/yrx A0  |blasx Hime Lo (pE)
1 / -6588.6 £ 31.7 \(-7.4,+2.2) 0.045 1.5x10° 32
2 [ -6707.0 £64.1 (45.6,+25.0) N/A N/A N/A
3| -6610.5 4+ 43.2 [-5.9,+7.2) 0.043 1.2x108 41

4 \ -6588.7 &£ 33.2 /(-7.7,+2.4) 0.046 1.5x108 31

)
Joint \(6601.8 + 18.3/ (-3.4,+2.1) 0.020 6.8x107 70
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Solutions 1n Kaluza Klein Gravity — Parameter Constraints

GR Predicts 6606.1

Table 1. GP-B Limits oar5D-Metric Parameters

Gyro ryg (mas/yr) /A (x10~ \ [ -

Hmax Lmin (pC)

1 -6588.6 = 31.7/ (-7.4,42.2) \0.045
2 -6707.0 & 64.1 (+5.6,+25.0) N/A
3 -6610.5 £ 43.2| (-5.9,47.2) ]0.043
4 -6588.7 £ 33.2\ (-7.7,42.4) /0.046

1.5x 108 32
N/A N/A

1.2x108% 41

1.5%x108 24

Joint -6601.8 & 18.3 \(-3.4,4-2.1)/ 0.020

6.8x 107 70

~—_




Solutions 1n Kaluza Klein Gravity — Parameter Constraints

Table 1. GP-B Limits on 5D Metrlc Parameters
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Solutions 1n Kaluza Klein Gravity — Parameter Constraints

Table 1. GP-B Limits on 5D Metric Parameters\
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Solutions 1n Kaluza Klein Gravity — Parameter Constraints

Table 1. GP-B Limits on 5D Metric Parameters PN
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Standard Model Extension - s#V Constraint Equation Detivation
J, 4 3

* Three Coordinate Systems

¢ Inertial Frame
= X points towards vernal equinox
o 2 aligns with spin axis of Earth
o Yy=27XX

* GPB Frame
= €gg points towards IM Pegasi

o @ys aligns with spin axis of Farth
° €gw = €65 X €Ns
* Hybrid Frame

o ¢ is normal to the orbit

A

o [ aligns with spin axis of Earth
= =0 X]J




® Anomalous Gyroscope Precession in “Hybrid” Frame:

S OwE sin2agg (s¥Y — s*) + s wy (2 sin? agg — 1)

Ak = :
BK sTTwr + s® wyssin®agy — s

s*2wyE sinagy — sY4 wy g COS Ak

- BI \ (GM\*/?
w(B) = (1 + Mrz) (czr)

Rotation Transformation From Hyrbid to GPB Frame:

XY
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wys sin2agg + s¥

Wy COS% agy




® Anomalous Gyroscope Precession in “Hybrid” Frame:
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® Anomalous Gyroscope Precession in “Hybrid” Frame:

S OwE sin2agg (s¥Y — s*) + s wy (2 sin? agg — 1)

sTTwr + s® wyssin®agy — s

s*2wyE sinagy — sY4 wy g COS Ak

- BI \ (GM\*/?
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otation Transformation From Hyrbid to GPB Frame:
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XY 2

wys sin2agk + s¥¥ wy cos? agyk
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cos & 0 sin6>
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® Anomalous Gyroscope Precession in “Hybrid” Frame:

S OwE sin2agg (s¥Y — s*) + s wy (2 sin? agg — 1)

Ak = :
BK sTTwr + s® wyssin®agy — s

sX2wyE sinagy — ST4 Wy g COS Ak

- BI \ (GM\*/?
w(B) = (1 + Mrz) (czr)

Rotation Transformation From Hyrbid to GPB Frame:

XY

R = 0 -1 0

—sind 0 cosod

J direction( cos & 0 sin 6)

wys sin2agg + s¥

Wy COS% agy




® Anomalous Gyroscope Precession in “Hybrid” Frame:

S OwE sin2agg (s¥Y — s*) + s wy (2 sin? agg — 1)

Ak = :
BK sTTwr + s® wyssin®agy — s

s*2wyE sinagy — sY4 wy g COS Ak

- BI \ (GM\*/?
w(B) = (1 + Mrz) (czr)

Rotation Transformation From Hyrbid to GPB Frame:

XY

0 -1 0

cos & 0 sin6>
—sind 0 coséd

wys sin2agg + s¥

Wy COS% agy




 wyg = 4607 M4/,

* wys = 1898 ™Mas/,,

* wr = 4505™M4%5 /.,

° gy = a —m = 2.85 rad
6 = 0.0944 rad

* Anomalous Gyroscope Precession in GPB Frame:

—368s*% — 1113s%Y + 1270s%% + 368s"Y + 4222574

1216s*X + 3678s%Y + 384s5%2 — 1216sYY + 1278sY%
Agpp =
—4506sTT — 157s%XX — 1047s%XY — 1741sYY




 wyg = 4607 M4/,

* wys = 1898 ™Mas/,,

* wr = 4505™M4%5 /.,

° gy = a —m = 2.85 rad
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* Anomalous Gyroscope Precession in GPB Frame:
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 wyg = 4607 M4/,

* wys = 1898 ™Mas/,,

* wr = 4505™M4%5 /.,

° gy = a —m = 2.85 rad
6 = 0.0944 rad

éNS direction
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* wys = 1898 ™Mas/,,

* wr = 4505™M4%5 /.,

° gy = a —m = 2.85 rad
6 = 0.0944 rad

érpw direction
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° gy = a —m = 2.85 rad
6 = 0.0944 rad

* Anomalous Gyroscope Precession in GPB Frame:

—368s*% — 1113s%Y + 1270s%% + 368s"Y + 4222574
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The 7 Constraint Equations and Free Parameters

* Previous Experimental Upper Limits on s#¥ Coefficients
sXV <107°
s¥% < 107°
s¥% <107°
XX _ oYY~ 10-9
s*X + s¥Y — 2522 < 1077
e Traceless Condition on s#V
o oTT _ XX _ (YY _ ZZ _
« EW GPB
o | —4505sTT — 157s%%X — 1047s*Y — 1741sYY < 22.6




Standard Model Extension — 4 New Independent Limits

Parameter Upper Limit

st 4.4 %1073
s* 1.5%x 1073
st 1.5 % 1073
54t 1.5x 1073
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