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A model of neubrino interaction
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A model of neubrino interaction
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A model of neutrine inkeraction
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&GW Evolution
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Neubrino tnberaction enhances G
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Mean free path of Neutrino
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Mean free path of Neutrino
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Neubrino tnkteraction enhances G

ACDM

]

/'/
/
,/'
g =0.001 Mpc! g=0.01 Mpc™! / q=0.1 Mpc’ /

’

o
o

q

—
b

GW perturbation D
—

:

(

| | ||||||| | | ||||||| | | ||||||| |
10" 10° 10°
Redshift (2)

[




CMRB B mode
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Neubrino thkeraction enhances B wmodes ab small scale

Changing
tensor

Spea&rat idex
- Blue Syﬁﬁfirum
(ny > 0)

For ACDMNT ~ 0

Fraction change of CMB BB for T, independent cross-section

*$¢r, Rishi Khabri, Tuhin S, Roy, 2017




Neubrino thkeraction enhances B wmodes ab small scale

Fractional change of unlensed CMB BB for iy dependent cross-section



Kev T&l&e&awav

There is rich information (BSM) hidden in the
CMB B modes spectrum bejond Just the tensor to
scalar ratio.



Constrainks on DM=Neubrine inkeracktion

CMB Scalar wode cownskrainks [95% CL]

R 4
Planck ‘15 0% g il
WiggleZ(LSS) (kpax = 0.122 Mpc™)
u® <2x10™* u® < 1x107
Tt o o u® < 4x 1071

Constraints of similar magnitude were also derived in
R. I Wilkinson ek al. 14 , M. Escudero et al. ‘18, £, Valentine et al. ‘17



Constrainks on DM=Neubrine inkeracktion

CMB Scalar wode cownskrainks [95% CL]

g 4
Planck ‘15 0% g il
WiggleZ(LSS) (kpax = 0.122 Mpc™)
<0 0 D =il 0
Tt o o u® < 4x 1071

Effect of DM-Neubrino interaction on CMB B mode is very small

1



Constrainks on DM=Neubrine inkeracktion

CMR Scalar mode cownstraints [95% CL]

Plawnclke 18 +

Planck ‘18
WiggleZ(LSS) (kpax = 0.122 Mpc™)

<0 0 D =il 0
Tt o o u® < 4x 1071
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Mu&i&ompamemﬁ DM

{ fraction of total DM interacks with neutrinos
(1-£) fraction is CDM, no neubrino interaction

Scalar mode Tensor mode
Opm = fo; + (1 - f)éc’DM R fu(O)
w0 St Effective strength of

Neubtrino inbteraction
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Mu&i&ampoheh& DM - Enhaineces Gs

{ fraction of total DM interacks with neutrinos
(1-£) fraction is CDM, no neubrino interaction

Scalar mode

Opm I F1d = fldonay

SO

f—0: fu(o) = const

Effect from DM power spectrum

SO‘QS amaj
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Tensor mode

W0, 7@

Effective strength of
Neubrino interaction

Remains unaffected



Mu&iammpamev\% DM - Enhances Grlinis
CMB Sccxtar mode @oms&ramﬁs (&‘X% & 95% '“.,L‘)

il = s Sl = - il = - g .

1.5e-12 4e-12 6.6e-12 0.1e-12
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Planck ‘15 constraints for temperature dependent interaction
RE *$¢r, Rishi Khabri, Tuhin S, Roy, in prep.



Mu&i@umpomemﬁ DM - Enhaineces Gs

CMB Scalar mode cownstraints (95% C.L.)

10/. 100 /.

( Iﬂf@lacﬁh; >m jrﬂciicm)

Planck ‘15 constraints for temperature independent interaction
26



Mu&i&ampome% DM - Enhances Grlinis

1000

Fraction change of CMB BB for T, independent cross-section




Cownclusion

DM-Neulrino interaction or Neubrino self interaction can
stop neulrinos from free streaming even after SM neutrino
decoupling.

Campared to ACDM enhances PGiNs ot scales which enter

horizon before DM-neutrine decoupling. Therefore CMB BB
mode s enhanced ok smaller scale.

The new inkerackion sowmewhalb mimics the blue primardiat
tewnsor spaa&ruw\.

Disentanqgling these effects need small scale measurement
of B mode and efficient delensing.

I Neubrinos interact with small amount of DM, the effect
on CMB B mode and GW waves can be enhanced by orders
of magnitude.
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Elaborate conelusion

DM-Neutrino interaction or Neubrino self interaction
con stop neutrinos from free streaming even after sm
heutrino decoupling.

Compare_d Fo ACDM enhances GGIW waves ok scales

which enter horizon before DM-neutrine decoupling,
Therefore CMB BB mode is enhanced at smaller scale.

The new inkeraction somewhat mimics the blue
primordial tensor spectrum. Extraction of
information about UV physics from CMB B mode can
be nonkrivial

Disentanqgling these effects need small scale
measurement of B mode and efficient delensing.
Arxiv:1711,09929




Mu&i&ampamemﬁ DM

CMB Scalar wmode cownskrainks

(Fraction of

with Neubrino)

Plancle ‘15 u® <2 x 107 u©® < 1x 1072 u.s 3
Fu@ <2 S0 full < 15810 fs <5 <10 °
Planck 18 + 0) < =5 0) < -3 0) <
WiqqleZ(Lss) u < 1x10 u’ < 2x40 W = O
fu® < 1x 1075 <05 [0 i < 3x107"

T emFera&ure IMdﬁFQv\dﬁ&\E Interaction



Mu&mc}mpamem& DM

CMB Scalar wmode cownskrainks

LSS cownstraints are Orders of magnitude
not very effective for small £ enhancement of B mode effect
(Fraction of
DM interacting f Gl 100%, 10% A
with Neubrino)

Planck ‘18 u® <2x 10 u® < 1x1072 uiLs 3

fu® < 1x1073

Planclke 15 + 0) < -5 (P e 0) < 3
WiggleZ(LSS) s 1x10 u’ S$2x10 u

fu < 1% 107 Fils a0 = U

Te.m?e.ro\mre Imdependam& Interaction



Mu&i&ampamemﬁ DM

CMB Scalar wmode cownskrainks

(Fraction of

with Neubrino)

Planck ‘18 u® X 1013 u® <O X 10712 ned <2 X 10~10
fu(2) <D0 fu(z) <9 x 10-13 fu(2) <X 1012

Plancke 18 + (2)'< =15 2 < _12 2 < 7% 1 i

WiggleZ(LSS) we's 4 X u S2x10 u’ S2x10
frli S 108 Fuld <D SAlURE R CED a0

Temyera&ur& depemdem& Inkerackion



CMB B mode

Stokes pmame&evs for CMB > Q, U
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Definibion
Neubrino Boltzmanin Equa&iahs
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CMR Spe&ra

N =
No damping
u(o) = 0.1
Y =0.01
ACDM
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GV wave spe&%ra

Redshift(z)




&IV wave source spe&ra
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