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1. Coupling quintessence to electromagnetism

1. The action

2. The coupling

[ F = __Bf_l '-::"F.'.J'I"'F
3. Gauge kinetic function
BF = l — L.l =
4  Variation in a
| Ai.l' LY — LEp
iy — =1 — :“___,I'ﬁ""—'.i“
B; 1 |
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2. Proton to electron mass ratio, 1 =

From theories of gauge unification we expect ‘"‘*— = R—‘“*— eg.

S — [0.84 — 0.3(S +1)] s
g T a
(Coc et al. 2007) where
AA A 6 [Av Al A Ah
B a08 B 10 ) o
A { 2L A ® h U /

Under simple assumptions 4 = 36 and S = 160 , and for a dilaton model
with Aa/a =2Ah/h . then

Observationally, using Aa/a =~ —0.5x102and Au/pu ~3 <102 atz =3

we estimate
A N Aa

B
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for some quintessence models

Al

Anchordoqui, Goldberg (2003)
Copeland, NJN, Pospelov (2003)
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4. Fitting the equation of state with variation of .

Parkinson, Bassett, Barrow (2003):

parameters
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2. Reconstructing the equation of state with variation of .

In this talk:
] a. §=5e07, m=3
Theor 2SO Snla -
| )
| |
—0 4t
W
B_(0) A do/a(2) i
- —1|:_ 2 3 A
Z
B_; pe— I_ — === L
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6. Basic equations

1. Energy densities |
4. Rewrite as:

]. i |
5F

T A — Ex = ["_ | = 2 —a)
e 0 11
- {..]_‘:Iirl.'.lll'.ii_'r
PM =3 where
2. Equations of motion R , d
f "'_I{--}_'i._.'ru- - dlna
H=-"1{p
AR and
P = —3Ho? e’ V2 / 1
'y — —l —_ ( 1 5 )
% ._ oa
3. Equation of state : 9(1 Feir
(& — 21 —_ N — I | — 7l —
2V W =
I;'J__. I
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/. Reconstruction procedure

[EP 1: Obtaining the data sets

1. From observations or.
2. Simulations

— Simulate observational data by generating data points based on

numerical evolution of the quintessence field o for specific potential
Vio ).

— Consider normal distribution with mean Aa/a = (slo — og);

— Choose ¢ and R such that

(Aa’ . =% ﬂ A anes . R—_¢

- =0
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8. Reconstruction procedure (cont))

ESPRESSO CODEX
spectrograph for VLT: spectrograph for ELT:
200 objects in a 500 objects in a

50 objects in x 100 objects in p

o, 0=1e{08. m=3
i, 6 =>2e07. m=3 u o6=1le08 m=3
“—.Mi F : I ; ; ; I :
) _‘- | ) B | /
=1 a
25 !
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9. Reconstruction procedure (cont))

(D
(]

Ay
£

.J "r ‘\_ I

where N = —1In(1 + 2) . But

Aa _ : N, _f__:'r

r=—(%) e+
=-143(8) (43
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10. Reconstruction procedure (cont.)

Need to normalize the equation of state parameter at some value of

redshift.
g — 14 -I i — 1_‘: — E I;:
10 3 Qso(l + wo
Typical values:
Quo = 0.7, wo~[-099.—06]; ¢g~10"° =
C ~ 11#“_ B | e
Equivalence principletests = [(| < 10— (Olive and Pospelov, 2002)
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10. Reconstruction procedure (cont.)

o —— — .

STEP 3: Estimating ¢

Need to normalize the equation of state parameter at some value of

redshift.
3 I ]- J5
=1t — — jr;
30 3 Qso(l + wo
Typical values:
Q0 ~ 0.7, wp ~[—0.99,—0.6]; g ~ 10— =3
il
Equivalence principletests = [(| < 10— (Olive and Pospelov, 2002)
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11. Reconstruction examples

L =07, m= =L =507 5 =507, m=
1 iy
|

il |
a7 i i
<if i

i ) |
i g I
gt 6B 1
I
—a ¥ —il -
- el = |

— —
| - = _.—_' ]
- b 2 =
L =le—8. m= =i =1e-03. 8 =1e—88. m=

- | I
il | . |
| T -I
a4 04 1‘
-7 iR 1
0.5 i
|
-3 B i <
il |
|
—1 _'i_ —~ l

i
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10. Reconstruction procedure (cont.)

o —— —

Need to normalize the equation of state parameter at some value of

redshift.
fo o y ]_ { ;
Hl — —1 — : =" g = jr_
54§ 3 Qs0(l + wo
Typical values:
Quo = 0.7, we~[-099, 06 g ~107° =
C ~ 11!“_ - 1”_4
Equivalence principletests = [(| < 10— (Olive and Pospelov, 2002)
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11. Reconstruction examples

|
|
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12. Reconstruction examples (cont.)
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13. Fitting R

5 a2 - B
o
o= - 4 =
-]
z
- -] 1 I
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14. Reconstruction with oscillatory field

. (Rosenband 2008)

Are models of monotonically varying field and linear Bg(o) ruled out?

Pirsa: 08070014

Aot o

o, o0=5e—07. m=3
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14. Reconstruction with oscillatory field

afa—{=16-1-23) x 10~ yr (Rosenband 2008)

Are models of monotonically varying field and linear B (o) ruled out?

Aot/ o
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15. Reconstruction with oscillatory field (cont)

—@al 5
Z Z
L &=le—38. m= =8 =t =l =
—4r Al
| o
[
- &l 1
| —ar
—_-:l- :|_
g | =t =
[ [
4l — i _al =
2 1 i 4
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16. Consider general Bgi«

(Marra and Rosati 2005)

Assume Vo)l = A o™

1. BF=1—((o— op) =5 (< 06x10°

2 B =1—Clo — 0g)? _ q
satisfied even for { = 1.

17. experimental constraints are

3. Br = (0/00)° = le] <4 %107

4. Br = (0o/0p)¢(1 — oscillations in Aa/a
5

L
|
—
|
I
|
|

- (1 — (0 — 0g))eT1o—20) = oscillations in Aa/a

Ty
|
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