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Originally planned talk

BICEP2, THE CURVATURE PERTURBATION AND SUSY
based on 1403.7323 but not given
because
B POLARIZATION = TENSOR + DUST
and
Planck DUST is consistent with TENSOR =0

Mortonson /Seljak 1405.5857, Flauger/Hill /Spergel 1405.7351
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This talk: Generating fyy, at £ < 60

Based on 1405.3562
SUMMARY

For CMB at £ < 60, ie. scale k=1 = x/¢ > 200 Mpc;
» OBSERVATION gives

» Dipole asymmetry
» Reduced power
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This talk: Generating fyr, at £ < 60

Based on 1405.3562
SUMMARY

For CMB at ¢ < 60, ie. scale k=1 = xis/¢ > 200 Mpc;
» OBSERVATION gives
» Dipole asymmetry
» Reduced power

» THEORY can explain this if ( is generated by curvaton-type
(ie. not inflaton) field with super-horizon mode

Erickeck /Kamionkowski/Carroll 0806.0377: McDonald 1403.2076, 1403.6650

» Then get ADDED EFFECTS

» fyL at £ < 60
» Contribution to CMB quadrupole

» Upper bound on quadrupole = Lower bound on fyy,

» fyr. may already be present in data
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Dipole asymmetry

Let's assume, in each small patch of sky,
AT(R) = (1+ A(p - n) ATiso(i),

with A Tigo(1) independent of the patch. (That makes sense only
for £>1)
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Dipole asymmetry

Let's assume, in each small patch of sky,
AT(R) = (1+ A(p - n) ATiso(i),

with A Tigo(1) independent of the patch. (That makes sense only
for £>1)

For ¢ < 60, assume A, constant. Then A = 0.07 £+ 0.02.

The effect seems to be a real one, ie. not cosmic variance Akrami et. al.

1402.0870

But same assumption for £ = 601 to 2048 gives A < 0.0045 render &

Hotchkiss 1307.6069
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Lack of power

6000

— Suppr., Planck+WP+BICEP2
-~ Planck+WP, r=0.004
5000114 ¢ Planck TT data
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Upper line is ACDM model with constant ng = 0.96. Lower lower
obtained by Contaldi, Pelos & Sorbo, 1403.4596, assuming
Pe(k) = Pe(ko) (1 — KO(ko — k)) with K = 0.35 and k; * = x./38.
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My assumption for P,(k)

To account for both effects take, within small region at location x
Ck(x) = (1= C(k) + A(k)P - x/xis) Ck

That makes sense only for k™1 < xs.
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My assumption for P,(k)

To account for both effects take, within small region at location x
Ck(x) = (1 = C(k) + A(K)P - x/xis) Ck
That makes sense only for k™1 < xs. I'll take

Ak) = Ab(k.— k), A=0.07
C(k) = CO(k,—k), C=017

with say k. = x5/60. Corresponds to

Pc(k, x) ~ (1 —2C(k) + 2A(k)P - x/xis) Pg(k)
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Contributions to (

Assume ( generated by curvaton-type field with super-horizon
contribution dxr..

¢(x) = N(x(x)) = N(xo)
= N'(x0)) (6xs(x) + oxu(x)) + %N”(Xo)) (xs(x) + xw(x))?

(G(06) + 00) + S (R) (Gs(x) + G )

where (s = N'(x0)dxs(x) and ¢, = N'(xo0)dxL(x), and fyL(k) is the
reduced bispectrum of  in the equilateral configuration
Byrnes/Nurmi/Tasinato/Wands 0911.2780.
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Contributions to (

Assume ( generated by curvaton-type field with super-horizon
contribution dxr..

¢(x) = N(x(x)) = N(xo)
= N'(x0)) (6xs(x) + oxu(x)) + %N”(Xo)) (xs(x) + xw(x))?

(G(06) + 00) + S (R) (Gs(x) + G )

where (s = N'(x0)dxs(x) and ¢, = N'(xo0)dxL(x), and fyL(k) is the
reduced bispectrum of  in the equilateral configuration
Byrnes/Nurmi/Tasinato/Wands 0911.2780. LHS time—independent, RHS evaluated at
time when cosmological scale k leaves horizon. This gives

o Aen (K)o (x) = ~ C(K) + AK)p - x/e + -
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Generating fyy,(k)

diL(k) _E i/\/’p’\/m’
dink | 6\ 8 3H?

where r is the tensor fraction Bymes et. ar. 1007.4277.
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Generating fyy,(k)

diL(k) _E iMp’Vm’
dink | 6\ 8 3H?

where r is the tensor fraction Bymes et. ar. 1007.4277.

Need fni.(k) approximating step function, requires approximate
step function for V",
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Grischuk-Zeldovich constraint

Let's assume P, (k) = P25(In k — In ki) and assume we live at a
typical location.

CR)| = ¢ PIAL(K)

Alk) | Pﬁ
3.7fNL(k) o aH
k 4
C$% ~0.21 (ai/) p? (GZ effect)
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Grischuk-Zeldovich constraint

Let's assume P, (k) = P25(In k — In ki) and assume we live at a
typical location.

CR)| = ¢ PIAL(K)

A(k) ki,
— |~ P—
3.7fNL(k) aH

C$% ~0.21 ( kﬁ[) P? (GZ effect)

Need \/CGZ < \/5 3" |aam|?2 = 6.5 x 1070 Using the step
function for A(k) and C(k) this requires |fnL(k)| 2 170 at
k=1 > x,/60.
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GZ constraint for open universe

There is an open universe model that can generate (; with kL_1
bigger than the curvature scale Linde/Mezhlumian astro-ph/9506017;

Yamamoto/Sasaki/Tanaka astro-ph/9605103; Sasaki/Tanaka astro-ph/9605104. ThIS has been
used to implement the present model Liddie/cortes 1306 5698.
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constraint for open universe

There is an open universe model that can generate (; with kL_1
bigger than the curvature scale Linde/Mezhlumian astro-ph/9506017;
Yamamoto/Sasaki/Tanaka astro-ph/9605103; Sasaki/Tanaka astro-ph/9605104. ThIS has been

used to implement the present model Liddie/cortes 1306 5698.

The GZ constraint is now oL 14053562 [N, (k)| 2 48.
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Erickeck-Kamionkowski-Carroll constraint

A dlffel’ent COﬂtI’ibution to the quadr0p|e COMES Erickeck/Kamionkowski/Carroll
0806.0377 from

3 5 (—C(k) + A(k)p - x/xis)?

_ > 2 _ 2
CEKC = 5fNL(k)CL =1 ()

David Lyth Generating f, at £ < 60



Erickeck-Kamionkowski-Carroll constraint

A dlffel’ent COﬂtI’ibution to the quadr0p|e COMES Erickeck/Kamionkowski/Carroll
0806.0377 from

3 > _ 5 (=C(k) + A(K)B - x/x5)°

CEKC = ngL(k)CL =1 ()

Using Sachs-Wolfe this gives |fxr (k)| > 66.

David Lyth Generating f, at £ < 60



Erickeck-Kamionkowski-Carroll constraint

A dlffel’ent COﬂtI’ibution to the quadr0p|e COMES Erickeck/Kamionkowski/Carroll
0806.0377 from
3 2 5 (=C(k)+A(K)P - x/x5)°

CEKC = ngL(k)CL =1 ()

Using Sachs-Wolfe this gives |fxr (k)| > 66.

Weaker than GZ constraint for flat universe but a bit stronger for
open universe.
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Conclusion

Plausible prediction || 2 100 at ¢ < 60.

Let's see if this is visible in existing CMB data
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