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Overview
1.Complementarity with direct detection I: phenomena with signals in direct detection and B-modes


•  Is the space of models sufficiently explored?


2.Characterizing an S4 signal: 


•  Are we sure we have a primordial signal?


•  Is there evidence in B for something beyond single-field slow-roll


3.Complementarity with direct detection II: phenomena with direct detection and Temp/E-modes
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1. Complementarity with Direct Detection I

Stochastic Background: superposition of unresolved sources


 - astrophysical (unresolved mergers of compact objects)


 - cosmological: primordial GWs, phase transitions, cosmic strings, 



CMB-S4 Summer 2021 Meeting

Time-line

Figure: Einstein Telescope 

LIGO/Virgo Search:


2101.12130


2103.08520
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Direct Detection: Stochastic Background

Figure from Tania Regimbau’s talk
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As detector sensitivity 
increases… 


more sources are resolved, 


…less astrophysical 
stochastic background
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Signal: cross-correlate detectors
Design and analysis point: 

       may be much less than one depending on detector relative orientation and 
separation


Should be optimized for the analysis you are doing  

 (Tania Regimbau’s talk)
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Signals? Require blue tilt

Figure: Lasky et al 1511.05994

Single-field slow-roll
<latexit sha1_base64="BhIpDsjRBBUYDEQ9G9zg0rRTHqs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgxZoU0V6EohePFewHtKFstpt26WYTdydCCf0TXjwo4tW/481/47bNQVsfDDzem2Fmnh8LrtFxvq3cyura+kZ+s7C1vbO7V9w/aOooUZQ1aCQi1faJZoJL1kCOgrVjxUjoC9byR7dTv/XElOaRfMBxzLyQDCQPOCVopLbs4fWZOq/2iiWn7MxgLxM3IyXIUO8Vv7r9iCYhk0gF0brjOjF6KVHIqWCTQjfRLCZ0RAasY6gkIdNeOrt3Yp8YpW8HkTIl0Z6pvydSEmo9Dn3TGRIc6kVvKv7ndRIMql7KZZwgk3S+KEiEjZE9fd7uc8UoirEhhCpubrXpkChC0URUMCG4iy8vk2al7F6WK/cXpdpNFkcejuAYTsGFK6jBHdShARQEPMMrvFmP1ov1bn3MW3NWNnMIf2B9/gAPco9V</latexit>

nt = �r/8
<latexit sha1_base64="MS89lio6suBKLdKkuWO3tTO4Usw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbB07JbpHoRil48VrAf0C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NIyVYQ2ieRSdUKsKWeCNg0znHYSRXEcctoOx7czv/1ElWZSPJhJQoMYDwWLGMHGSi117bm+3y9XPNebA60SPycVyNHol796A0nSmApDONa663uJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE10FGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JdfXiWtquvX3Or9RaV+k8dRhBM4hXPw4RLqcAcNaAKBR3iGV3hzpPPivDsfi9aCk88cwx84nz8b344s</latexit>

r = 0.11



CMB-S4 Summer 2021 Meeting

Signals? Require blue tilt

Figure: Lasky et al 1511.05994

Single-field slow-roll
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Blue Tilt?
You can do it with non-minimal (but well-motivated) field content during inflation:

Nearly flat inflationary potential 
Approximate shift-symmetry for the inflation

Inflation is an axion (natural inflation)
Expect couplings to gauge fields}<latexit sha1_base64="wryJKpwugXcmUMCrcqq0wWRJAXc="></latexit>
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Coupling: sourced fluctuations

Adshead, Wyman; Dimastrogiovanni, Fasiello, Fujita; Caldwell, Devulder….
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Blue Tilt + other features
GW signal is parity violating, chiral, non-Gaussian:


Figure: Caldwell, Devulder, 1706.03765

Left 
circularly 
polarized

Right BB
TB

EB



Paolo Campeti slide: used optimal filter function for this analysis (from 2101.02713)
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Expected?

Generic field content is well-motivated

Parameter values that match current data and give large observable signals 
look a bit contrived 

Is the space of models well-explored? 
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2. Characterizing an S4 signal

The features above suggest ways to characterize any (sufficiently large!) signal

Two goals: 


• Is this a primordial signal?


• Does it disfavor single-field slow-roll? 
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Challenges for EB
<latexit sha1_base64="6gijG4/p35t6dA8leOt7ktPL3S0=">AAACGHicbVDLSgNBEJz1GeMr6tHLYBDiJe4GUS9CSBA8RsgLsjHMTjrJkNnZZWZWCMt+hhd/xYsHRbzm5t84eYCaWNBQVHXT3eWFnClt21/Wyura+sZmaiu9vbO7t585OKyrIJIUajTggWx6RAFnAmqaaQ7NUALxPQ4Nb1ie+I1HkIoFoqpHIbR90hesxyjRRupkzsud2AXOk4fYDSXzAVdLyc2PWL1NXMVEruASHg7IWSeTtfP2FHiZOHOSRXNUOpmx2w1o5IPQlBOlWo4d6nZMpGaUQ5J2IwUhoUPSh5ahgvig2vH0sQSfGqWLe4E0JTSeqr8nYuIrNfI90+kTPVCL3kT8z2tFunfdjpkIIw2Czhb1Io51gCcp4S6TQDUfGUKoZOZWTAdEEqpNlmkTgrP48jKpF/LOZb5wf5EtluZxpNAxOkE55KArVER3qIJqiKIn9ILe0Lv1bL1aH9bnrHXFms8coT+wxt+xVqAq</latexit>

C 0TB
` = CTE

` sin(2↵)
<latexit sha1_base64="UI4x3sRdr+movS4Edw+hsytOTeE="></latexit>

C 0EB
` =

1

2

�
CEE

` � CBB
`

�
sin(4↵)

Mis-calibrating the absolute polarization angle:

Clem Pryke’s talk; see 2012.05934 for BICEP3 results


 -upshot: more to learn about how to do this
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But, if signal does not overlap, less confusion

From Robert Caldwell
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Bispectrum

Slide from Daan Meerburg



Slide from Toshiya Namikawa



From Toshiya Namikawa’s talk
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Intrinsic Bispectrum?

Slide from Daan Meerburg
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3. Complementarity with Direct Detection II

• Phase Transitions within the dark sector


• Topological Defects


• Exotic compact objects from dark matter


•  Individual merger events


•  New source of stochastic background (or other signals, like bursts)
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Overview
1.Complementarity with direct detection I: phenomena with signals in direct detection and B-modes


•  Is the space of models sufficiently explored?


2.Characterizing an S4 signal: challenges for E/B and bispectrum


•  Are we sure we have a primordial signal?


•  Is there evidence in B for something beyond single-field slow-roll


3.Complementarity with direct detection II: phenomena with direct detection and Temp/E-modes


