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Lensing modifies CMB power

e Lensing shifts power Lewis, Challinor 2006
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Lensing modifies CMB power

Solid: Unlensed spectra N_eff = 2.046 vs 3.046
Dashed: Lensed spectra

e Lensing shifts power
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e Covariance between
2-pt and 4-pt reduced

Baumann, Green, Meyers, Wallisch 2016
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Delensing with a template

Tlcnscd (ﬁ) — Tunlcnsed(ﬁ + VQb)

Tdelensed(ﬁ) — Tlensed(ﬁ - qu)

External tracers like optical shear or CIB:
high S/N now, but don’t have all the lensing
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Larsen et. al. 2016
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Non-negligible high-z contribution

2.0 :
Bl <05
- <10 30% power from
L4l - <20 z>5
Bl 2<3.0
5 Bl 2<4.0
8(3‘ Bl :<5.0
-+ 1.0 2 <10.0
E . <20.0
0.5
O 20? 10 10°

Credit: Duncan Hanson?
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Internal
delensing with
future surveys
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Green, Meyers, van Engelen 2016
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Demonstration attempt with a delensing pipeline

Sehgal, MM, Sherwin, van Engelen 2016
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Delens with reconstruction

Sehgal, MM, Sherwin, van Engelen 2016
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Test: Gaussian uncorrelated noise

Sehgal, MM, Sherwin, van Enge]en 2016
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Origin of delensing bias
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A solution 1,
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A solution

Sehgal, MM, Sherwin, van Engelen 2016
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Alternatives * future work

1.2

oMV-delensing
1.0 TT ——  Pred. (FFP9 sim.) ~— Bias (FFP9 sim.) —— Perfect delensing (CAMB)

e Alternatively, model the % | — Pred. (dealsim) — Bias (port prod) &  SMICA (debiasec)
b|as : :i': Partial delensing (CAMB)

e Sensitive to simulation v
mismatch at linear order < "

e Planck delensing
detected at 260

(Carron, Lewis, :
Challinor 2016) > &
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Alternatives * future work

e Write realization-dependent estimators

for the biases < See:
(4-point and 6-point polyspectra) Namikawa 2017
e Demonstrated for B-mode delensing

e Robust to simulation mismatch, minimal
S/N loss

e For T/E delensing, higher order
correlations could matter (8-point)
Not yet demonstrated, more work
needed.
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Searching for Signatures of Dark Matter-Dark Radiation

Interaction in Observations of Large-Scale Structure

Zhen Pan/Manoj Kaplinghat/Lloyd Knox

Jan. 25, 2018 @ Perimeter Institute
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Zhen Pan/Mano| Kaplingha ovd Kn Search for Signatures of DM DR Interaction

Qutline

e Motivation for Dark Matter-Dark Radiation (DM-DR) Interaction

@ A Non-abelian DM-DR Model and its Impact

e tiny impact on CMB
e large impact on matter power spectrum

@ Model Constraining Using CMB and LSS Datasets
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e Model Constraining Using CMB and LSS Datasets

e Planck 57
e Planck Lensing and DES
e Lyman-ao

@ Summary

Zhen Pan/Manaj Kaplinghat/Lloyd Knox  Search for Signatures of DM-DR Interaction

Motivation: og tension

Pirsa: 18010094 Page 18/31



LPRRITAR LIRdbinhv, e W°

e Model Constraining Using CMB and LSS Datasets

e Planck 57
e Planck Lensing and DES
e Lyman-ao

@ Summary

Zhen Pan/Manaj Kaplinghat/Lloyd Knox  Search for Signatures of DM DR Interaction

Motivation: og tension
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Motivation: oy tension

Pliseok lensbog
Nanh N7

T o

Figure @ “directly’ measured oy from
LSS vis, CMB « ACDM derived oy

Zhar Pan/Mano] Kaplinghat/Lloye Kaox  Search for Signetares of DM DR Interaction Jan, 2%, 20148
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Motivation: oy tension

Pliseok lensbog
Nanh N7

T o

‘directly” measured oy from
ACDM derived oy

Figure
LSS vis, CMHB

Lhar Pan/Mang] Kaplinghat /|

Search for Signatures

l ol I‘. | 4”\ W/, |ﬁ“.‘

|, The CMB-57 tension is the

largest

[

2. The underlying physics of 52 1s

most complicated

of DM DR Interaction Jan. 24, 20148
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A Non-abelian dark sector model

Buen-Abad et al. (2015): Dark Matter <+ Dirac fermion

~ (1,3)o, Standard Model (SU(3)e, SU(2)w )y,

and
~ N, dark sector SU(N)y

Dark Radiation =+ associated SU(N), gauge feld

Zhar Pan/Mana, Kaplinghat/Llioye Kaox  Search for Signetares of DM DR Interaction Jan. 24, 2014 4/0
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A Non-abelian dark sector model

Buen-Abad et al. (2015): Dark Matter <+ Dirac fermion

~ (1,3)0, Standard Model (SU(3).. SU(2)w ) g1y,

and
~ N, dark sector SU(N),

Dark Radiation =+ associated SU(N), gauge feld

l .I|'.f‘ .J"\'..'..J,p\s
(DM, DR) «+(quark, gluon), therefore DM-DR, DR-DR

Zhar Pan/Mano] Kaplinghat/Lloye Kaox  Search for Signetares of DM DR Interaction Jan, 25, 20148
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Impact on matter power spectrum

A!“f

(’Jllli

where [ = g/a”.

Parameter space: ACDM + (', Nyt

Zhar Pan/Mangj Kaplinghat/Lloye Kaox  Search for Signatures of DM DR Inte Jan, 2%, 20148 5/8
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Impact on matter power spectrum

- 4
"\I;f .-gﬂahl

| p-"\‘||| s : f
U,“! !1 4 | fﬂ (! ‘ ¢ ; ! Wi ||

j ) g 1 ) '\
where | l.,g." ) Figure . DM-DR interaction
induced matter power
suppression for N,

Parameter space: ACDM + (g, Nyt ) Mo = 2 % 10 "Mpe !

Zhar Pan/Manol Kaplinghat/Lloye Kaox  Search for Signetares of DM DR Interaction Jan, 25, 2014
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Impact on matter power spectrum

- 4
"suluf .-gﬂahl
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| ) g 1 ) '\
where | l.,g." ) Figure . DM-DR interaction
induced matter power
suppression for N,

Parameter space: ACDM + (g, Nyyr) Mo = 2 % 10" "Mpe !

Zhar Pan/Mangl Kaplinghat/Lloye Kaox  Search for Signetares of DM DR Interaction Jan, 25, 2014
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Model Constraining: Planck CMB | Planck SZ

SZ: Ly » My via a hydrodynamical model
My = (1 — b)Mi,

From sims, (1 — b) ~ 0.8;

From obs,
| — b= 0.780 + 0.092 [C'C l|
Previous works:1 — b — 0.8,

10" To(Mpe ") = 1.61 1 0.54

Leagnirgues ot al (2005) Weal sral (2017} s Abad{2017)

Zhar Pan/Mano] Kaplinghat/Lloye Kaox  Search for Signetares of DM DR Interaction Jan. 24, 2018 6/68
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Model Constraining: Planck CMB | Planck SZ

SZ Ly » My via a hydrodynamical model

My = (1 = )My

From sims, (1 — b) ~ 0.8; | ]\

From obs,

| —~ b= 0.780 4 0.092 [CCCP]. »
Previous works:1 — b = 0.8, | ‘ |

10" To(Mpe ') = 1.61 1 0.54
CCCP prior on 1

Leagairgues ot al (2005) Weal aral (2017}, Dusr- Abad{2017)

10T o(Mpe™1) < 1.36 (20)

Zhar Pan/Mano] Kaplinghat/Lloye Kaox  Search for Signetares of DM DR Interaction Jan, 25, 2014
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Model Constraining: Planck Lensing, DES, Ly-a

Planck CMB -+ Planck Lensing + DES

10" g(Mpe 1) < 1.43 (20)

Zhar Pan/Mangj Kaplinghat/Lloye Kaox  Search for Signatures of DM DR Interaction Jan, 2%, 20148 T/ B

Pirsa: 18010094 Page 29/31



Craniran Eladtinne, ine "

Model Constraining: Planck Lensing, DES, Ly-a

Planck CMB -+ Planck Lensing + DES

107 g(Mpe 1) < 1.43 (20)

Ly-cv 1§ sensitive to smaller scale k

4

AY

i |

k*P(k, 2)/2n°

Nor = dIn Pk, z)/dInk

FIgure | Dashed Ly-o Palangues Delasronille
et al [2004); Blus ACDM /P aneck ©ME; Re
DM DR Poanck CMB  Planck Lers ng | DES

Color bur: 1071,

Zhar Pan/Mano, Kaplinghat/Llioye Kaox  Search for Signetares of DM DR Interaction Jan. 24, 2014 T/ B
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Summary

. The g tension motivated the DM-DR interaction model

2. The interaction is NOT detected using Planck CMB-+ 57 data, due to
the 1 — b uncertainty

3. The interaction is NOT detected using Planck CMB | Lensing + DES,
due to the mild tension in ACDM

4. Ly-«v is sensitive to smaller scale matter power spectrum, and might be
a working direction,

Zhar Pan/Mano, Kaplinghat/Llioye Kaox  Search for Signetares of DM DR Interaction Jan, 25, 2014

Pirsa: 18010094

Page 31/31



