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Accelerated expansion

Dark Matter

Dark Energy

@ Appr. 95% cover by dark
sector.

@ Simplest model is ACDM
model.

@ Observations do not rule out

w # —1.
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Tachyon Scalar Field

Lagrangian Pressure

L=-V(¢)y/1— 00,0 Py=—V(¢)\/1— ¢?

Equation of State Energy density
P - %
Po /1 — 92'52

No phantom like EoS
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Dynamics of Background Universe

Dynamics of tachyon Scalar Field

. . . 1 dV
=—(1-¢? [3H +——}
b=—(-&) |36+ g
Friedmann Equations for
ds? = —dt? + a*(t)(dx? + dy? + dz?)
N2 "
a 81 G a 47 G
(3) =%5%0| [3= 5w+

where p = pp, + pr + pg
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Tachyon Potentials

o Inverse Square Potential Parameters
n 2 1/2 2 Q Qo
Qe <1 a 3_n> ¢ Q ¢oHo

o Exponential Potential Q o orwyo

(V(¢) = Vaexp (—9/02) Q do/0a

With flatness condition Qyorar = Qmo + Qro + Qgo = 1.
Data Used
@ Supernova-la Union 2.1 data.

@ Direct measurement of H(z)

@ BAO data (from SDSS DR12, 6dFGS, SDSS DR7, WingleZ
surveys)
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Background Constraints On wyy — ¢oHp Plane

® wyo and ¢oHj are
correlated.

@ ¢oHy > 0.775 at 30
confidence.

@ No upper bound on ¢gHy
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Background Constraints On wyy — ¢oHp Plane
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9 Wyo and ¢0H0 are o For ¢0/¢a =01
correlated. ¢oHo > 0.045
@ No upper bound on ¢gHy @ For ¢o/¢s = 1.0
¢oHy > 0.45
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0.3
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© V(g)= C, ¢%
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Va0 Va0

@ wyo — —1 as ¢oHp increase
9 ¢poHo = 2.0 (left panel)

_ +0.023
wgo = —0.95015 537 ® Qmo = 0.285755 at
o ¢oHo = 4.0 (right panel) 30 confidence.
wyo = —0.9847392L
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-1 -095 -09 -085 -08

W0

@ wyo — —1 as ¢oHp increase
o ¢oHo = 0.1 (left panel)
wio = —0.9497005
@ ¢oHy = 0.3 right panel

Wepo = — 0993t8%%;
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o Q0= 0285

confidence

® ¢p/p,=0.1
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+0.023
—0.022

at 30




Comparison between data and theo
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Row-1 for V(¢) < =2 and row-2 for V(¢) x exp (—¢/¢a).
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Background Cosmology- Evolution

Ml ET . EETT B TR BTy
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1+z 1+z

Evolution of density parameters.
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Background Cosmology- Evolution
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Evolution of cosmological phase and equation of state w.
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Background Cosmology- Evolution for

V(p) xx exp(—d/p,)
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Figure: Evolution of cosmological phase and equation of state wy.
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Perturbations in matter and scalar field

In matter field

p(t, X) = pu(t) + dp(t, X), In scalar field
p(t,x) = pp(t) + dp(t, X), o(t, ) = dp(t) + 60(t, X).
ut = uy +out,

Subscript 'b" stands for average background values.
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Perturbed Einstein equations

Growth of Structure can be studied by solving
66! =87GoT} |

@ Geometrical part
oGH

v

Y
ds® = —(1+20)dt? + a%(t)(1 — 20)[dx® + dy? + dz?]

@ Source part

0TS = 0T pery T 0 Ty
I
T maiteny = (P + P)u", — pgl!
and
T _ 2 6(v/—gLy)

m
(9) V=8 guw
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Solution of perturbed equations

Background dynamics Perturbed dynamics
alt). os(t) " O(t. %), 56(t. %)

Consider all perturbed quantities ®, d¢, dp, dp and du* up to first

order.

Solved system of equations in Fourier space; using relation k = i—”
. P

for a fixed k or Ap.

Initial conditions at z;,, = 1000 Parameters
° Wy, = —1or gin=0. o Q0 = 0.285
° 5¢in =0 and 6¢in =0 ) d)inHO ~ d)OHO
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Solution of perturbed equations

@ The dynamical equation for gravitational potential-

d + 4§d> + (23 + z—2> ® = —47GV(P)\/1 - ¢ <w)
1—¢?

oV =
—4rG (a—gb)q;égb 1— ¢?

@ Dynamical equation for scalar field perturbation-

L. FTHS %] 5
(1-¢?) (1—¢?)?
;V/ k2 Q_S V/ V//
+3H¢7+?+ = <7>+7 3¢
(1-92) Y
72 ! 47
o 220 2V 20t ] 507 40,
(1—¢?) Vio1-¢?) (1- ¢>2)
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Solution of perturbed equations

Equations for dark energy density contrast and matter density

constrast.
V'(9) fy i
Sy = =20 — [ PPp” — Pd
6= 520~ (8 - 598).
2 . 2 7
5m=—;_ 37 0+ 3% 4 K2 5¢’_ V)
ArGpma=3 | a2 a a2 pma3 l—q;bz
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Evolution of Gravitational Potential & for V
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For left panel ¢;,Hy = 1.0 and for right panel ¢;,Hy = 2.0.
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Evolution of Gravitational Potential & for

V(p) xx exp(—d/p,)
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For left plot ¢j,Hy = 1.0 and for right plot ¢;,Hy = 2.0.
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Evolution of ¢, = ()[f’—m for V

m
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For left plot ¢j,Hy = 1.0 and for right plot ¢;,Hy = 2.0.
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Evolution of d,, ()[f’m for V
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ndency of d,, and d4 at z =0 on ¢, Hy

T e
5" o Results for scale
58 . A, = 1k Mpc
L V(g)= A, exp(-0/4,) P p
e V(¢)=C, ¢~
' @ For fixed ¢;,Ho,
2 2 . s (5m)expo > (5m)inverse-
¢inH0
S o Whereas
Y ]
_; (6¢)expo < (6¢)inverse
{9 ¥ 1 @ As ¢;,Hp increases and
i wy — —1, 5 — 0 and both
. : | models coincide.
2 4 6
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Evolution of Linear Growth function D) = 2=

V(¢) o ¢~2
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Evolution of D at sub-Hubble scales (left panel) and
super-Hubble scales (right panel) for ¢, Ho = 1.0 and
Qmo = 0.285.
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Evolution of Linear Growth function D) = 2=

V() ox exp(—/¢.)
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Evolution of D at sub-Hubble scales (left panel) and
super-Hubble scales (right panel) for ¢, Ho = 1.0 and
Qmo = 0.285.
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Evolution of Linear Growth Rate

< | © i
o o
g V()= A, exp( 6/80 |
< Lf v(g)= ¢ .
« | L
e 2 4 6
1 +2z 1 +z

Evolution of linear growth rate f = ddl7n5: for ¢jnHp = 1.0 at

50 Mpc(left panel) and 5000 Mpc (right panel).
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Comparison between Theory and RSD Data

Here, 05(z) = 0g(z = 0)52. Left panel is for ¢jnHo = 0.8 and
right panel is for ¢j,Hy = 2.0. Other parameters are taken to be
the corresponding best fit values.
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Constraints using RSD data: ACDM model
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Constraints on Q,0 — 0g(0) for ACDM model. Black dot in
represents the best fit value for Plank-2018.
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Constraints using RSD data: tachyon models
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Plot on left and right are for exponential and inverse square
potentials respectively. Here, we have fixed ¢;,Hy = 0.8. Black dot
in each plot represents the best fit value for Plank-2018.
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Summery and Conclusions

o

T T

° iy < 10746, at scales
Ap < 103 Mpc; dark
energy can be considered

=0
L =]
o oomom |

QET homogeneous.
3 o At )\, > 10% Mpc d4
S

become significant.

o At \, = 10° Mpc, for
¢inHo = 0.8 the ratio

-6

o ? : 5 (8g/0m)z=0 =
Log[A, (in MPc)] 0.2645 and 0.1060.

@ At fixed scale as ¢j,Ho o If wyo # —1 then at
increases and wgo — —1 dark Hubble and super-Hubble
energy become more and more scales, 94 become
homogeneous. significant.
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