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1. Importance of pnG to detect P-violation in the early-universe.

2. Current probes of P-violation.

3. Anisotropies in circular-polarized SGWB to probe P-violation.

Outline



Role of pnG, scalar sector

- POWER SPECTRUM AND BISPECTRUM:

- TRISPECTRUM:

• Need only magnitude of momenta.

• Need magnitude of momenta + 2 angles.

P (h⇣k1 ⇣k2i) =h⇣k1 ⇣k2i
P (h⇣k1 ⇣k2 ⇣k3i) =h⇣k1 ⇣k2 ⇣k3i
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<latexit sha1_base64="K7clnfyVkSQ3LQCVl/Z3onRS4do="></latexit>
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P

P

hXk1 ...Xkniodd = hXk1 ...Xkni � P (hXk1 ...Xkni)
<latexit sha1_base64="SGKSRAaMgVD7v9KmUsGzKixPtT0="></latexit>

X = ⇣, ��
<latexit sha1_base64="GoYtsKyRsMKH+k7jGvBdUDxVf7k=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBhZSZKuhGKLpxWcE+oFPLnTRtQ5PMkGSEOhTc+CtuXCji1p9w59+YPhbaeiBwOOcebu4JY8608bxvJ7OwuLS8kl3Nra1vbG652ztVHSWK0AqJeKTqIWjKmaQVwwyn9VhRECGntbB/NfJr91RpFslbM4hpU0BXsg4jYKzUcvdwHV/g4IEaOMZBF4SAu4DbfBtabt4reGPgeeJPSR5NUW65X0E7Iomg0hAOWjd8LzbNFJRhhNNhLkg0jYH0oUsblkoQVDfT8Q1DfGiVNu5Eyj5p8Fj9nUhBaD0QoZ0UYHp61huJ/3mNxHTOmymTcWKoJJNFnYRjE+FRIbjNFCWGDywBopj9KyY9UECMrS1nS/BnT54n1WLBPykUb07zpctpHVm0jw7QEfLRGSqha1RGFUTQI3pGr+jNeXJenHfnYzKacaaZXfQHzucP/xmWfg==</latexit>

• Assuming homogeneity and isotropy, not all primordial correlators matter.

h⇣⇣iodd = h⇣⇣⇣iodd = 0
<latexit sha1_base64="7BObpSAT2Ai3uFOKOpsJvDZZl4k=">AAACQHicdVBLSwMxGMzWV62vqkcvwSJ4KrtV0ItQ9OKxgn1AtyzZ7LdtaDa7JFmhLv1pXvwJ3jx78aCIV0+mD0HbOpAwzMzHl4yfcKa0bT9buaXlldW1/HphY3Nre6e4u9dQcSop1GnMY9nyiQLOBNQ10xxaiQQS+Ryafv9q5DfvQCoWi1s9SKATka5gIaNEG8krNl1ORJcDdu9Bk59bjjUvc2WE4yAY4gu8MPdv2vaKJbtsj4HniTMlJTRFzSs+uUFM0wiEppwo1XbsRHcyIjWjHIYFN1WQENonXWgbKkgEqpONCxjiI6MEOIylOULjsfp7IiORUoPIN8mI6J6a9UbiIq+d6vC8kzGRpBoEnSwKU451jEdt4oBJoJoPDCFUMvNWTHtEEqpN5wVTgjP75XnSqJSdk3Ll5rRUvZzWkUcH6BAdIwedoSq6RjVURxQ9oBf0ht6tR+vV+rA+J9GcNZ3ZR39gfX0DRnyviQ==</latexit>

h⇣⇣⇣⇣iodd,NG 6= 0
<latexit sha1_base64="0LVgqzJwBFnWmILfc+asiNk94PQ=">AAACKHicbVDLSgMxFM3UV62vqks3wSK4KGWmCrqz6EJXUsE+oFNKJnPbhmYyY5IR6tDPceOvuBFRpFu/xLSdhbYeuJfDOfeS3ONFnClt22Mrs7S8srqWXc9tbG5t7+R39+oqjCWFGg15KJseUcCZgJpmmkMzkkACj0PDG1xN/MYjSMVCca+HEbQD0hOsyyjRRurkL1xORI8Ddp9Ak/+6nPqdxJUBDn2/iN0ivr0eYVfAA7Y7+YJdsqfAi8RJSQGlqHby764f0jgAoSknSrUcO9LthEjNKIdRzo0VRIQOSA9ahgoSgGon00NH+MgoPu6G0pTQeKr+3khIoNQw8MxkQHRfzXsT8T+vFevueTthIoo1CDp7qBtzrEM8SQ37TALVfGgIoZKZv2LaJ5JQbbLNmRCc+ZMXSb1cck5K5bvTQuUyjSOLDtAhOkYOOkMVdIOqqIYoekav6AN9Wi/Wm/VljWejGSvd2Ud/YH3/ANwepSs=</latexit>



Role of pnG, tensor sector

• Tensor perturbations possess 2 polarization states, R- and L-handed: 

- POWER SPECTRUM:

- TENSOR AND SCALAR-TENSOR BISPECTRA:

• tensor perturbations detected —>  (CMB):        
(e.g. Gerbino et. al. 2016)  challenging to observe.                                      

S/N ∼ r

P (�R
k ) = �L

�k
<latexit sha1_base64="l2ffrBkzOKJy1MBkuWV5Dm04Q9Y=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoC2tSBd0IRTcuXFSxD2hqmEwn7dCZJMxMhBL6GW78FTcuFHHbnX/jpA2orQcuHM65l3vv8SJGpbKsLyO3sLi0vJJfLaytb2xumds7DRnGApM6DlkoWh6ShNGA1BVVjLQiQRD3GGl6g6vUbz4SIWkY3KthRDoc9QLqU4yUllzzuFZyeohz9HDnJg5Hqu/5cDA6hBcw02/c5OjHcM2iVbYmgPPEzkgRZKi55tjphjjmJFCYISnbthWpToKEopiRUcGJJYkQHqAeaWsaIE5kJ5k8NoIHWulCPxS6AgUn6u+JBHEph9zTnemFctZLxf+8dqz8805CgyhWJMDTRX7MoAphmhLsUkGwYkNNEBZU3wpxHwmElc6yoEOwZ1+eJ41K2T4pV25Pi9XLLI482AP7oARscAaq4BrUQB1g8ARewBt4N56NV+PD+Jy25oxsZhf8gTH+Bj7An0g=</latexit>

• Tensor perturbations detected —>  (CMB).                     
(e.g. Shiraishi 2019)

S/N ∼ r

h�k�ki|odd = h�R
k �

R
k i � h�L

k �
L
k i

<latexit sha1_base64="eNuLTvwz0EXcMqV0/xcR9tn1mXI="></latexit>

P (h�R
k �

R
k i) = h�L

k �
L
k i

<latexit sha1_base64="in7TI6RrIGocGms9W7J2g+dpHgI=">AAACRHicbVDLTgIxFO34RHyhLt00EhPckBk00Y0J0Y0LFmjkkQCSO6VAQ9uZtB0TMuHj3PgB7vwCNy40xq2xDCwQPEmT03POzW2PH3Kmjeu+OkvLK6tr66mN9ObW9s5uZm+/qoNIEVohAQ9U3QdNOZO0YpjhtB4qCsLntOYPrsd+7ZEqzQJ5b4YhbQnoSdZlBIyV2pkGLueaHGSPU9zsgRDwcNeOB6O5i0oSJ/gS47l0aTZdmk3jdibr5t0EeJF4U5JFU5TbmZdmJyCRoNIQDlo3PDc0rRiUYYTTUboZaRoCGUCPNiyVIKhuxUkJI3xslQ7uBsoeaXCizk7EILQeCt8mBZi+nvfG4n9eIzLdi1bMZBgZKslkUTfi2AR43CjuMEWJ4UNLgChm34pJHxQQY3tP2xK8+S8vkmoh753mC7dn2eLVtI4UOkRHKIc8dI6K6AaVUQUR9ITe0Af6dJ6dd+fL+Z5El5zpzAH6A+fnFyCHsPs=</latexit>

e.g. h⇣⇣�i|odd = h⇣k1⇣k2�
R
k3
i � h⇣k1⇣k2�

L
k3
i

<latexit sha1_base64="ylF1hw4HAz7h6nfmNReGU2TZ9HQ="></latexit>

pnG PLAY A FUNDAMENTAL ROLE in detecting P-violation!

h⇣⇣�iodd, h⇣��iodd, h���iodd
<latexit sha1_base64="6yaOeOAeOiTU+mjyOr4eb6mP5O4=">AAACd3icjVHLSgMxFM2M7/qqutOFwaq4kDKjgi5FNy4VrBY6pdzJ3NZgkhmSjFCH/oIf587/cOPOdKxgfYCXJBzOgyT3xpngxgbBi+dPTE5Nz8zOVeYXFpeWqyurNybNNcMGS0WqmzEYFFxhw3IrsJlpBBkLvI3vz4f67QNqw1N1bfsZtiX0FO9yBtZRnepTJED1BNLoES18nj2QEiJdKp0i0pKmSTLYp5Fb4/7S+b/AV+tfiU61FtSDsuhPEI5AjYzqslN9jpKU5RKVZQKMaYVBZtsFaMuZwEElyg1mwO6hhy0HFUg07aLs24DuOCah3VS7rSwt2a+JAqQxfRk7pwR7Z75rQ/I3rZXb7km74CrLLSr2cVE3F9SmdDgEmnCNzIq+A8A0d2+l7A40MOtGVXFNCL9/+Se4OaiHh/WDq6Pa6dmoHbNkg2yRPRKSY3JKLsglaRBGXr11r+Zte2/+pr/r731YfW+UWSNj5Yfvt+K/Ww==</latexit>

• Issue: tensor perturbations not detected yet.    
(r < 0.032, Tristram et. al. 2022)



Current probes of P-violation
CMB (2D): 

- POWER SPECTRUM:

- BISPECTRUM:

- TRISPECTRUM:

hTBi, hEBi
<latexit sha1_base64="/zGt6JBpG+QHDC6rKbEmWTzpi9k=">AAACEnicbZDLSgMxFIbPeK31NurSTbAIClJmqqDLUhFcVugNOkPJpGkbmskMSUYopc/gxldx40IRt67c+Tam00G09ZDAx/+fQ3L+IOZMacf5spaWV1bX1nMb+c2t7Z1de2+/oaJEElonEY9kK8CKciZoXTPNaSuWFIcBp81geD31m/dUKhaJmh7F1A9xX7AeI1gbqWOfehyLPqeoVkGeTPEMeeZk8s2P3LELTtFJCy2Cm0EBsqp27E+vG5EkpEITjpVqu06s/TGWmhFOJ3kvUTTGZIj7tG1Q4JAqf5yuNEHHRumiXiTNFRql6u+JMQ6VGoWB6QyxHqh5byr+57UT3bvyx0zEiaaCzB7qJRzpCE3zQV0mKdF8ZAATycxfERlgiYk2KeZNCO78yovQKBXd82Lp7qJQrmRx5OAQjuAEXLiEMtxCFepA4AGe4AVerUfr2Xqz3metS1Y2cwB/yvr4BonLnCI=</latexit>

h⇣k1⇣k2⇣k3⇣k4i|odd
<latexit sha1_base64="7OazKoWdh+F3mPaacdTjvGLVA8M=">AAACV3icbZFNS8MwGMfTOnXOt6lHL8EheBrtNtDj0ItHBfcC6yhp+nQLS9OSpMKs/ZLixa/iRdNtB932QODP73nJk3+ClDOlHefLsncqu3v71YPa4dHxyWn97LyvkkxS6NGEJ3IYEAWcCehppjkMUwkkDjgMgtlDmR+8glQsES96nsI4JhPBIkaJNsivC48TMeGAvTfQxM+9mOhpEOUz3y2KTdjaBtvbYKcoPLkY/W6wjHEShgX26w2n6SwCbwp3JRpoFU9+/cMLE5rFIDTlRKmR66R6nBOpGeVQ1LxMQUrojExgZKQgMahxvvClwNeGhDhKpDlC4wX925GTWKl5HJjKcm+1nivhttwo09HdOGcizTQIurwoyjjWCS5NxiGTQDWfG0GoZGZXTKdEEqrNV9SMCe76kzdFv9V0283Wc6fRvV/ZUUWX6ArdIBfdoi56RE+ohyj6RN/WjlWxvqwfe8+uLktta9Vzgf6FffYL4cy3Tw==</latexit>

h�k1⇣k2⇣k3i|odd
<latexit sha1_base64="V2C4/PMFJ6VnPWpaF/7ii8axwXM=">AAACKXicbZBNSwMxEIazftb6VfXoJVgET2W3CnosevGoYFXolmU2O62hSXZJskJd+3e8+Fe8KCjq1T9iuvbg1wuBh3dmmMwbZ4Ib6/tv3tT0zOzcfGWhuri0vLJaW1s/N2muGbZZKlJ9GYNBwRW2LbcCLzONIGOBF/HgaFy/uEZteKrO7DDDroS+4j3OwDorqrVCAaovkIZ9kBKiYhAFIxreoC25+Y13Heuy+TYqQi1pmiQjGtXqfsMvRf9CMIE6megkqj2FScpyicoyAcZ0Aj+z3QK05UzgqBrmBjNgA+hjx6ECiaZblJeO6LZzEtpLtXvK0tL9PlGANGYoY9cpwV6Z37Wx+V+tk9veQbfgKsstKva1qJcLalM6jo0mXCOzYugAmObur5RdgQZmXbhVF0Lw++S/cN5sBLuN5ulevXU4iaNCNskW2SEB2SctckxOSJswckceyDN58e69R+/Ve/9qnfImMxvkh7yPT2Ezp1A=</latexit>

S/N ⇠ r
<latexit sha1_base64="qoaIqkFV0TtEalRxYVr0TiepjvA=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU91tBT0WvXiSivYD26Vk02wbmmSXJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNIPphxTH2BB5KFjGBjpcf7s1vU1Uwg1SuW3LI7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns4gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhJd+ymScGCrJfFGYcGQiNH0f9ZmixPCxJZgoZm9FZIgVJsaGVLAheIsvL5NmpexVy5W781LtKosjD0dwDKfgwQXU4Abq0AACEp7hFd4c7bw4787HvDXnZDOH8AfO5w9Se5AJ</latexit>

No detection of B modes

Cosmic variance

(e.g. Gerbino et. al. 2016) No detection of B modes

(e.g. Shiraishi 2016)

(e.g. Shiraishi, Liguori, Fergusson 2015;   Bartolo, Orlando, Shiraishi 2017;   Shiraishi 2019)

Challenging:

h�k�ki|odd
<latexit sha1_base64="3jhCuITubNS/FV+8P9kw/EdOBD8=">AAACFXicbZDLSgMxFIYz9VbrrerSTbAILqTMVEGXRTcuK9gLdMpwJpO2oUlmSDJCGfsSbnwVNy4UcSu4821ML4vaeiDw8f/ncHL+MOFMG9f9cXIrq2vrG/nNwtb2zu5ecf+goeNUEVonMY9VKwRNOZO0bpjhtJUoCiLktBkObsZ+84EqzWJ5b4YJ7QjoSdZlBIyVguKZz0H2OMV+D4SAYDAHauI8BpmvBI6jaBQUS27ZnRReBm8GJTSrWlD89qOYpIJKQzho3fbcxHQyUIYRTkcFP9U0ATKAHm1blCCo7mSTq0b4xCoR7sbKPmnwRJ2fyEBoPRSh7RRg+nrRG4v/ee3UdK86GZNJaqgk00XdlGMT43FEOGKKEsOHFoAoZv+KSR8UEGODLNgQvMWTl6FRKXvn5crdRal6PYsjj47QMTpFHrpEVXSLaqiOCHpCL+gNvTvPzqvz4XxOW3PObOYQ/Snn6xemMp8i</latexit>

hBTT i
<latexit sha1_base64="1xi/SJm/Glo4VXnX36ArFmB/kiY=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsxUQZelblxW6As6Q8mkd9rQTGZIMkIZCv6KGxeKuPU73Pk3ptNZaOsJgZNz7uXenCDhTGnH+bbW1jc2t7ZLO+Xdvf2DQ/vouKPiVFJo05jHshcQBZwJaGumOfQSCSQKOHSDyd3c7z6CVCwWLT1NwI/ISLCQUaKNNLBPPU7EiANu4JY5nsxfA7viVJ0ceJW4BamgAs2B/eUNY5pGIDTlRKm+6yTaz4jUjHKYlb1UQULohIygb6ggESg/y9ef4QujDHEYS3OFxrn6uyMjkVLTKDCVEdFjtezNxf+8fqrDWz9jIkk1CLoYFKYc6xjPs8BDJoFqPjWEUMnMrpiOiSRUm8TKJgR3+curpFOrulfV2sN1pd4o4iihM3SOLpGLblAd3aMmaiOKMvSMXtGb9WS9WO/Wx6J0zSp6TtAfWJ8/hXSUjw==</latexit>

hTTTT i
<latexit sha1_base64="bbWgex+PtBVHQWWxfS47l+Y35Y8=">AAACAHicbVC7TsMwFL0pr1JeAQYGFosKialKChKMFSyMRepLaqLKcZ3WquNEtoNURV34FRYGEGLlM9j4G9w0A7Qcy9LxOffq+p4g4Uxpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRcSoJbZOYx7IXYEU5E7Stmea0l0iKo4DTbjC5m/vdRyoVi0VLTxPqR3gkWMgI1kYa2Ccex2LEKWoVx5P5e2BXnZqTA60StyBVKNAc2F/eMCZpRIUmHCvVd51E+xmWmhFOZxUvVTTBZIJHtG+owBFVfpYvMEPnRhmiMJbmCo1y9XdHhiOlplFgKiOsx2rZm4v/ef1Uhzd+xkSSairIYlCYcqRjNE8DDZmkRPOpIZhIZv6KyBhLTLTJrGJCcJdXXiWdes29rNUfrqqN2yKOMpzCGVyAC9fQgHtoQhsIzOAZXuHNerJerHfrY1FasoqeY/gD6/MHp+GVKQ==</latexit>



Current probes of P-violation
CMB (2D): 

- POWER SPECTRUM:

- BISPECTRUM:

- TRISPECTRUM:

hTBi, hEBi
<latexit sha1_base64="/zGt6JBpG+QHDC6rKbEmWTzpi9k=">AAACEnicbZDLSgMxFIbPeK31NurSTbAIClJmqqDLUhFcVugNOkPJpGkbmskMSUYopc/gxldx40IRt67c+Tam00G09ZDAx/+fQ3L+IOZMacf5spaWV1bX1nMb+c2t7Z1de2+/oaJEElonEY9kK8CKciZoXTPNaSuWFIcBp81geD31m/dUKhaJmh7F1A9xX7AeI1gbqWOfehyLPqeoVkGeTPEMeeZk8s2P3LELTtFJCy2Cm0EBsqp27E+vG5EkpEITjpVqu06s/TGWmhFOJ3kvUTTGZIj7tG1Q4JAqf5yuNEHHRumiXiTNFRql6u+JMQ6VGoWB6QyxHqh5byr+57UT3bvyx0zEiaaCzB7qJRzpCE3zQV0mKdF8ZAATycxfERlgiYk2KeZNCO78yovQKBXd82Lp7qJQrmRx5OAQjuAEXLiEMtxCFepA4AGe4AVerUfr2Xqz3metS1Y2cwB/yvr4BonLnCI=</latexit>

h⇣k1⇣k2⇣k3⇣k4i|odd
<latexit sha1_base64="7OazKoWdh+F3mPaacdTjvGLVA8M=">AAACV3icbZFNS8MwGMfTOnXOt6lHL8EheBrtNtDj0ItHBfcC6yhp+nQLS9OSpMKs/ZLixa/iRdNtB932QODP73nJk3+ClDOlHefLsncqu3v71YPa4dHxyWn97LyvkkxS6NGEJ3IYEAWcCehppjkMUwkkDjgMgtlDmR+8glQsES96nsI4JhPBIkaJNsivC48TMeGAvTfQxM+9mOhpEOUz3y2KTdjaBtvbYKcoPLkY/W6wjHEShgX26w2n6SwCbwp3JRpoFU9+/cMLE5rFIDTlRKmR66R6nBOpGeVQ1LxMQUrojExgZKQgMahxvvClwNeGhDhKpDlC4wX925GTWKl5HJjKcm+1nivhttwo09HdOGcizTQIurwoyjjWCS5NxiGTQDWfG0GoZGZXTKdEEqrNV9SMCe76kzdFv9V0283Wc6fRvV/ZUUWX6ArdIBfdoi56RE+ohyj6RN/WjlWxvqwfe8+uLktta9Vzgf6FffYL4cy3Tw==</latexit>

h�k1⇣k2⇣k3i|odd
<latexit sha1_base64="V2C4/PMFJ6VnPWpaF/7ii8axwXM=">AAACKXicbZBNSwMxEIazftb6VfXoJVgET2W3CnosevGoYFXolmU2O62hSXZJskJd+3e8+Fe8KCjq1T9iuvbg1wuBh3dmmMwbZ4Ib6/tv3tT0zOzcfGWhuri0vLJaW1s/N2muGbZZKlJ9GYNBwRW2LbcCLzONIGOBF/HgaFy/uEZteKrO7DDDroS+4j3OwDorqrVCAaovkIZ9kBKiYhAFIxreoC25+Y13Heuy+TYqQi1pmiQjGtXqfsMvRf9CMIE6megkqj2FScpyicoyAcZ0Aj+z3QK05UzgqBrmBjNgA+hjx6ECiaZblJeO6LZzEtpLtXvK0tL9PlGANGYoY9cpwV6Z37Wx+V+tk9veQbfgKsstKva1qJcLalM6jo0mXCOzYugAmObur5RdgQZmXbhVF0Lw++S/cN5sBLuN5ulevXU4iaNCNskW2SEB2SctckxOSJswckceyDN58e69R+/Ve/9qnfImMxvkh7yPT2Ezp1A=</latexit>

S/N ⇠ r
<latexit sha1_base64="qoaIqkFV0TtEalRxYVr0TiepjvA=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU91tBT0WvXiSivYD26Vk02wbmmSXJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNIPphxTH2BB5KFjGBjpcf7s1vU1Uwg1SuW3LI7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns4gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhJd+ymScGCrJfFGYcGQiNH0f9ZmixPCxJZgoZm9FZIgVJsaGVLAheIsvL5NmpexVy5W781LtKosjD0dwDKfgwQXU4Abq0AACEp7hFd4c7bw4787HvDXnZDOH8AfO5w9Se5AJ</latexit>

No detection of B modes

Cosmic variance

- TRISPECTRUM: h⇣k1⇣k2⇣k3⇣k4i|odd
<latexit sha1_base64="7OazKoWdh+F3mPaacdTjvGLVA8M=">AAACV3icbZFNS8MwGMfTOnXOt6lHL8EheBrtNtDj0ItHBfcC6yhp+nQLS9OSpMKs/ZLixa/iRdNtB932QODP73nJk3+ClDOlHefLsncqu3v71YPa4dHxyWn97LyvkkxS6NGEJ3IYEAWcCehppjkMUwkkDjgMgtlDmR+8glQsES96nsI4JhPBIkaJNsivC48TMeGAvTfQxM+9mOhpEOUz3y2KTdjaBtvbYKcoPLkY/W6wjHEShgX26w2n6SwCbwp3JRpoFU9+/cMLE5rFIDTlRKmR66R6nBOpGeVQ1LxMQUrojExgZKQgMahxvvClwNeGhDhKpDlC4wX925GTWKl5HJjKcm+1nivhttwo09HdOGcizTQIurwoyjjWCS5NxiGTQDWfG0GoZGZXTKdEEqrNV9SMCe76kzdFv9V0283Wc6fRvV/ZUUWX6ArdIBfdoi56RE+ohyj6RN/WjlWxvqwfe8+uLktta9Vzgf6FffYL4cy3Tw==</latexit>

(e.g. Gerbino et. al. 2016) No detection of B modes

(e.g. Shiraishi 2016)

Large Scale Structures:

(e.g. Shiraishi, Liguori, Fergusson 2015;   Bartolo, Orlando, Shiraishi 2017;   Shiraishi 2019)

Challenging:

h�k�ki|odd
<latexit sha1_base64="3jhCuITubNS/FV+8P9kw/EdOBD8=">AAACFXicbZDLSgMxFIYz9VbrrerSTbAILqTMVEGXRTcuK9gLdMpwJpO2oUlmSDJCGfsSbnwVNy4UcSu4821ML4vaeiDw8f/ncHL+MOFMG9f9cXIrq2vrG/nNwtb2zu5ecf+goeNUEVonMY9VKwRNOZO0bpjhtJUoCiLktBkObsZ+84EqzWJ5b4YJ7QjoSdZlBIyVguKZz0H2OMV+D4SAYDAHauI8BpmvBI6jaBQUS27ZnRReBm8GJTSrWlD89qOYpIJKQzho3fbcxHQyUIYRTkcFP9U0ATKAHm1blCCo7mSTq0b4xCoR7sbKPmnwRJ2fyEBoPRSh7RRg+nrRG4v/ee3UdK86GZNJaqgk00XdlGMT43FEOGKKEsOHFoAoZv+KSR8UEGODLNgQvMWTl6FRKXvn5crdRal6PYsjj47QMTpFHrpEVXSLaqiOCHpCL+gNvTvPzqvz4XxOW3PObOYQ/Snn6xemMp8i</latexit>

- POWER SPECTRUM:
(e.g. Biagetti, Orlando 2020)

S/N ⇠ r
<latexit sha1_base64="qoaIqkFV0TtEalRxYVr0TiepjvA=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU91tBT0WvXiSivYD26Vk02wbmmSXJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNIPphxTH2BB5KFjGBjpcf7s1vU1Uwg1SuW3LI7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns4gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhJd+ymScGCrJfFGYcGQiNH0f9ZmixPCxJZgoZm9FZIgVJsaGVLAheIsvL5NmpexVy5W781LtKosjD0dwDKfgwQXU4Abq0AACEp7hFd4c7bw4787HvDXnZDOH8AfO5w9Se5AJ</latexit>

No detection of B modes

Challenging:

h�k�ki|odd
<latexit sha1_base64="3jhCuITubNS/FV+8P9kw/EdOBD8=">AAACFXicbZDLSgMxFIYz9VbrrerSTbAILqTMVEGXRTcuK9gLdMpwJpO2oUlmSDJCGfsSbnwVNy4UcSu4821ML4vaeiDw8f/ncHL+MOFMG9f9cXIrq2vrG/nNwtb2zu5ecf+goeNUEVonMY9VKwRNOZO0bpjhtJUoCiLktBkObsZ+84EqzWJ5b4YJ7QjoSdZlBIyVguKZz0H2OMV+D4SAYDAHauI8BpmvBI6jaBQUS27ZnRReBm8GJTSrWlD89qOYpIJKQzho3fbcxHQyUIYRTkcFP9U0ATKAHm1blCCo7mSTq0b4xCoR7sbKPmnwRJ2fyEBoPRSh7RRg+nrRG4v/ee3UdK86GZNJaqgk00XdlGMT43FEOGKKEsOHFoAoZv+KSR8UEGODLNgQvMWTl6FRKXvn5crdRal6PYsjj47QMTpFHrpEVXSLaqiOCHpCL+gNvTvPzqvz4XxOW3PObOYQ/Snn6xemMp8i</latexit>

hBTT i
<latexit sha1_base64="1xi/SJm/Glo4VXnX36ArFmB/kiY=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsxUQZelblxW6As6Q8mkd9rQTGZIMkIZCv6KGxeKuPU73Pk3ptNZaOsJgZNz7uXenCDhTGnH+bbW1jc2t7ZLO+Xdvf2DQ/vouKPiVFJo05jHshcQBZwJaGumOfQSCSQKOHSDyd3c7z6CVCwWLT1NwI/ISLCQUaKNNLBPPU7EiANu4JY5nsxfA7viVJ0ceJW4BamgAs2B/eUNY5pGIDTlRKm+6yTaz4jUjHKYlb1UQULohIygb6ggESg/y9ef4QujDHEYS3OFxrn6uyMjkVLTKDCVEdFjtezNxf+8fqrDWz9jIkk1CLoYFKYc6xjPs8BDJoFqPjWEUMnMrpiOiSRUm8TKJgR3+curpFOrulfV2sN1pd4o4iihM3SOLpGLblAd3aMmaiOKMvSMXtGb9WS9WO/Wx6J0zSp6TtAfWJ8/hXSUjw==</latexit>

hTTTT i
<latexit sha1_base64="bbWgex+PtBVHQWWxfS47l+Y35Y8=">AAACAHicbVC7TsMwFL0pr1JeAQYGFosKialKChKMFSyMRepLaqLKcZ3WquNEtoNURV34FRYGEGLlM9j4G9w0A7Qcy9LxOffq+p4g4Uxpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRcSoJbZOYx7IXYEU5E7Stmea0l0iKo4DTbjC5m/vdRyoVi0VLTxPqR3gkWMgI1kYa2Ccex2LEKWoVx5P5e2BXnZqTA60StyBVKNAc2F/eMCZpRIUmHCvVd51E+xmWmhFOZxUvVTTBZIJHtG+owBFVfpYvMEPnRhmiMJbmCo1y9XdHhiOlplFgKiOsx2rZm4v/ef1Uhzd+xkSSairIYlCYcqRjNE8DDZmkRPOpIZhIZv6KyBhLTLTJrGJCcJdXXiWdes29rNUfrqqN2yKOMpzCGVyAC9fQgHtoQhsIzOAZXuHNerJerHfrY1FasoqeY/gD6/MHp+GVKQ==</latexit>

hEBi
<latexit sha1_base64="zEP9rjU/xa5DOSWd9x9//nqA5cY=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyWpgi5LRXBZwV6gCWUyPW2HTiZhZiKEUF/FjQtF3Pog7nwbp2kW2vrDwMd/zuGc+YOYM6Ud59taW9/Y3Nou7ZR39/YPDu2j446KEkmhTSMeyV5AFHAmoK2Z5tCLJZAw4NANpjfzevcRpGKReNBpDH5IxoKNGCXaWAO74nEixhzwLW5iT+Y8sKtOzcmFV8EtoIoKtQb2lzeMaBKC0JQTpfquE2s/I1IzymFW9hIFMaFTMoa+QUFCUH6WHz/DZ8YZ4lEkzRMa5+7viYyESqVhYDpDoidquTY3/6v1Ez269jMm4kSDoItFo4RjHeF5EnjIJFDNUwOESmZuxXRCJKHa5FU2IbjLX16FTr3mXtTq95fVRrOIo4RO0Ck6Ry66Qg10h1qojShK0TN6RW/Wk/VivVsfi9Y1q5ipoD+yPn8AaQ2T+A==</latexit>

h����i
<latexit sha1_base64="TuWgk5jja6mJYjpa+BK2T70m0EI=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoUoKEowVLIxFog+piSrHuWmtOk5kO0hV1X9g4VdYGECIlYWNv8FNM0DbI1k+Oudc2fcEKWdKO86PtbK6tr6xWdoqb+/s7u3bB4ctlWSSQpMmPJGdgCjgTEBTM82hk0ogccChHQxvp377EaRiiXjQoxT8mPQFixgl2kg9+9zjRPQ5YC8ErsnSy5N5pGdXnKqTAy8StyAVVKDRs7+9MKFZDEJTTpTquk6q/TGRmlEOk7KXKUgJHZI+dA0VJAblj/OdJvjUKCGOEmmO0DhX/06MSazUKA5MMiZ6oOa9qbjM62Y6uvbHTKSZBkFnD0UZxzrB04JwyCRQzUeGECqZ+SumAyIJ1abGsinBnV95kbRqVfeiWru/rNRvijpK6BidoDPkoitUR3eogZqIoif0gt7Qu/VsvVof1ucsumIVM0foH6yvX7RRng8=</latexit>

Galaxy shear (2D):

Large scale overdensity-field (3D):



Current probes of P-violation
CMB (2D): 

- POWER SPECTRUM:

- BISPECTRUM:

- TRISPECTRUM:

hTBi, hEBi
<latexit sha1_base64="/zGt6JBpG+QHDC6rKbEmWTzpi9k=">AAACEnicbZDLSgMxFIbPeK31NurSTbAIClJmqqDLUhFcVugNOkPJpGkbmskMSUYopc/gxldx40IRt67c+Tam00G09ZDAx/+fQ3L+IOZMacf5spaWV1bX1nMb+c2t7Z1de2+/oaJEElonEY9kK8CKciZoXTPNaSuWFIcBp81geD31m/dUKhaJmh7F1A9xX7AeI1gbqWOfehyLPqeoVkGeTPEMeeZk8s2P3LELTtFJCy2Cm0EBsqp27E+vG5EkpEITjpVqu06s/TGWmhFOJ3kvUTTGZIj7tG1Q4JAqf5yuNEHHRumiXiTNFRql6u+JMQ6VGoWB6QyxHqh5byr+57UT3bvyx0zEiaaCzB7qJRzpCE3zQV0mKdF8ZAATycxfERlgiYk2KeZNCO78yovQKBXd82Lp7qJQrmRx5OAQjuAEXLiEMtxCFepA4AGe4AVerUfr2Xqz3metS1Y2cwB/yvr4BonLnCI=</latexit>

Recent OBSERVATION 
in BOSS!

h⇣k1⇣k2⇣k3⇣k4i|odd
<latexit sha1_base64="7OazKoWdh+F3mPaacdTjvGLVA8M=">AAACV3icbZFNS8MwGMfTOnXOt6lHL8EheBrtNtDj0ItHBfcC6yhp+nQLS9OSpMKs/ZLixa/iRdNtB932QODP73nJk3+ClDOlHefLsncqu3v71YPa4dHxyWn97LyvkkxS6NGEJ3IYEAWcCehppjkMUwkkDjgMgtlDmR+8glQsES96nsI4JhPBIkaJNsivC48TMeGAvTfQxM+9mOhpEOUz3y2KTdjaBtvbYKcoPLkY/W6wjHEShgX26w2n6SwCbwp3JRpoFU9+/cMLE5rFIDTlRKmR66R6nBOpGeVQ1LxMQUrojExgZKQgMahxvvClwNeGhDhKpDlC4wX925GTWKl5HJjKcm+1nivhttwo09HdOGcizTQIurwoyjjWCS5NxiGTQDWfG0GoZGZXTKdEEqrNV9SMCe76kzdFv9V0283Wc6fRvV/ZUUWX6ArdIBfdoi56RE+ohyj6RN/WjlWxvqwfe8+uLktta9Vzgf6FffYL4cy3Tw==</latexit>

h�k1⇣k2⇣k3i|odd
<latexit sha1_base64="V2C4/PMFJ6VnPWpaF/7ii8axwXM=">AAACKXicbZBNSwMxEIazftb6VfXoJVgET2W3CnosevGoYFXolmU2O62hSXZJskJd+3e8+Fe8KCjq1T9iuvbg1wuBh3dmmMwbZ4Ib6/tv3tT0zOzcfGWhuri0vLJaW1s/N2muGbZZKlJ9GYNBwRW2LbcCLzONIGOBF/HgaFy/uEZteKrO7DDDroS+4j3OwDorqrVCAaovkIZ9kBKiYhAFIxreoC25+Y13Heuy+TYqQi1pmiQjGtXqfsMvRf9CMIE6megkqj2FScpyicoyAcZ0Aj+z3QK05UzgqBrmBjNgA+hjx6ECiaZblJeO6LZzEtpLtXvK0tL9PlGANGYoY9cpwV6Z37Wx+V+tk9veQbfgKsstKva1qJcLalM6jo0mXCOzYugAmObur5RdgQZmXbhVF0Lw++S/cN5sBLuN5ulevXU4iaNCNskW2SEB2SctckxOSJswckceyDN58e69R+/Ve/9qnfImMxvkh7yPT2Ezp1A=</latexit>

S/N ⇠ r
<latexit sha1_base64="qoaIqkFV0TtEalRxYVr0TiepjvA=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU91tBT0WvXiSivYD26Vk02wbmmSXJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNIPphxTH2BB5KFjGBjpcf7s1vU1Uwg1SuW3LI7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns4gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhJd+ymScGCrJfFGYcGQiNH0f9ZmixPCxJZgoZm9FZIgVJsaGVLAheIsvL5NmpexVy5W781LtKosjD0dwDKfgwQXU4Abq0AACEp7hFd4c7bw4787HvDXnZDOH8AfO5w9Se5AJ</latexit>

No detection of B modes

Cosmic variance

- TRISPECTRUM: h⇣k1⇣k2⇣k3⇣k4i|odd
<latexit sha1_base64="7OazKoWdh+F3mPaacdTjvGLVA8M=">AAACV3icbZFNS8MwGMfTOnXOt6lHL8EheBrtNtDj0ItHBfcC6yhp+nQLS9OSpMKs/ZLixa/iRdNtB932QODP73nJk3+ClDOlHefLsncqu3v71YPa4dHxyWn97LyvkkxS6NGEJ3IYEAWcCehppjkMUwkkDjgMgtlDmR+8glQsES96nsI4JhPBIkaJNsivC48TMeGAvTfQxM+9mOhpEOUz3y2KTdjaBtvbYKcoPLkY/W6wjHEShgX26w2n6SwCbwp3JRpoFU9+/cMLE5rFIDTlRKmR66R6nBOpGeVQ1LxMQUrojExgZKQgMahxvvClwNeGhDhKpDlC4wX925GTWKl5HJjKcm+1nivhttwo09HdOGcizTQIurwoyjjWCS5NxiGTQDWfG0GoZGZXTKdEEqrNV9SMCe76kzdFv9V0283Wc6fRvV/ZUUWX6ArdIBfdoi56RE+ohyj6RN/WjlWxvqwfe8+uLktta9Vzgf6FffYL4cy3Tw==</latexit>

(e.g. Gerbino et. al. 2016) No detection of B modes

(e.g. Shiraishi 2016)

Large Scale Structures:

(e.g. Shiraishi, Liguori, Fergusson 2015;   Bartolo, Orlando, Shiraishi 2017;   Shiraishi 2019)

Challenging:

h�k�ki|odd
<latexit sha1_base64="3jhCuITubNS/FV+8P9kw/EdOBD8=">AAACFXicbZDLSgMxFIYz9VbrrerSTbAILqTMVEGXRTcuK9gLdMpwJpO2oUlmSDJCGfsSbnwVNy4UcSu4821ML4vaeiDw8f/ncHL+MOFMG9f9cXIrq2vrG/nNwtb2zu5ecf+goeNUEVonMY9VKwRNOZO0bpjhtJUoCiLktBkObsZ+84EqzWJ5b4YJ7QjoSdZlBIyVguKZz0H2OMV+D4SAYDAHauI8BpmvBI6jaBQUS27ZnRReBm8GJTSrWlD89qOYpIJKQzho3fbcxHQyUIYRTkcFP9U0ATKAHm1blCCo7mSTq0b4xCoR7sbKPmnwRJ2fyEBoPRSh7RRg+nrRG4v/ee3UdK86GZNJaqgk00XdlGMT43FEOGKKEsOHFoAoZv+KSR8UEGODLNgQvMWTl6FRKXvn5crdRal6PYsjj47QMTpFHrpEVXSLaqiOCHpCL+gNvTvPzqvz4XxOW3PObOYQ/Snn6xemMp8i</latexit>

Seen in Oliver Philcox’s talk

- POWER SPECTRUM:
(e.g. Biagetti, Orlando 2020)

S/N ⇠ r
<latexit sha1_base64="qoaIqkFV0TtEalRxYVr0TiepjvA=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU91tBT0WvXiSivYD26Vk02wbmmSXJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNIPphxTH2BB5KFjGBjpcf7s1vU1Uwg1SuW3LI7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns4gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhJd+ymScGCrJfFGYcGQiNH0f9ZmixPCxJZgoZm9FZIgVJsaGVLAheIsvL5NmpexVy5W781LtKosjD0dwDKfgwQXU4Abq0AACEp7hFd4c7bw4787HvDXnZDOH8AfO5w9Se5AJ</latexit>

No detection of B modes

Challenging:

h�k�ki|odd
<latexit sha1_base64="3jhCuITubNS/FV+8P9kw/EdOBD8=">AAACFXicbZDLSgMxFIYz9VbrrerSTbAILqTMVEGXRTcuK9gLdMpwJpO2oUlmSDJCGfsSbnwVNy4UcSu4821ML4vaeiDw8f/ncHL+MOFMG9f9cXIrq2vrG/nNwtb2zu5ecf+goeNUEVonMY9VKwRNOZO0bpjhtJUoCiLktBkObsZ+84EqzWJ5b4YJ7QjoSdZlBIyVguKZz0H2OMV+D4SAYDAHauI8BpmvBI6jaBQUS27ZnRReBm8GJTSrWlD89qOYpIJKQzho3fbcxHQyUIYRTkcFP9U0ATKAHm1blCCo7mSTq0b4xCoR7sbKPmnwRJ2fyEBoPRSh7RRg+nrRG4v/ee3UdK86GZNJaqgk00XdlGMT43FEOGKKEsOHFoAoZv+KSR8UEGODLNgQvMWTl6FRKXvn5crdRal6PYsjj47QMTpFHrpEVXSLaqiOCHpCL+gNvTvPzqvz4XxOW3PObOYQ/Snn6xemMp8i</latexit>

hBTT i
<latexit sha1_base64="1xi/SJm/Glo4VXnX36ArFmB/kiY=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsxUQZelblxW6As6Q8mkd9rQTGZIMkIZCv6KGxeKuPU73Pk3ptNZaOsJgZNz7uXenCDhTGnH+bbW1jc2t7ZLO+Xdvf2DQ/vouKPiVFJo05jHshcQBZwJaGumOfQSCSQKOHSDyd3c7z6CVCwWLT1NwI/ISLCQUaKNNLBPPU7EiANu4JY5nsxfA7viVJ0ceJW4BamgAs2B/eUNY5pGIDTlRKm+6yTaz4jUjHKYlb1UQULohIygb6ggESg/y9ef4QujDHEYS3OFxrn6uyMjkVLTKDCVEdFjtezNxf+8fqrDWz9jIkk1CLoYFKYc6xjPs8BDJoFqPjWEUMnMrpiOiSRUm8TKJgR3+curpFOrulfV2sN1pd4o4iihM3SOLpGLblAd3aMmaiOKMvSMXtGb9WS9WO/Wx6J0zSp6TtAfWJ8/hXSUjw==</latexit>

hTTTT i
<latexit sha1_base64="bbWgex+PtBVHQWWxfS47l+Y35Y8=">AAACAHicbVC7TsMwFL0pr1JeAQYGFosKialKChKMFSyMRepLaqLKcZ3WquNEtoNURV34FRYGEGLlM9j4G9w0A7Qcy9LxOffq+p4g4Uxpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRcSoJbZOYx7IXYEU5E7Stmea0l0iKo4DTbjC5m/vdRyoVi0VLTxPqR3gkWMgI1kYa2Ccex2LEKWoVx5P5e2BXnZqTA60StyBVKNAc2F/eMCZpRIUmHCvVd51E+xmWmhFOZxUvVTTBZIJHtG+owBFVfpYvMEPnRhmiMJbmCo1y9XdHhiOlplFgKiOsx2rZm4v/ef1Uhzd+xkSSairIYlCYcqRjNE8DDZmkRPOpIZhIZv6KyBhLTLTJrGJCcJdXXiWdes29rNUfrqqN2yKOMpzCGVyAC9fQgHtoQhsIzOAZXuHNerJerHfrY1FasoqeY/gD6/MHp+GVKQ==</latexit>

hEBi
<latexit sha1_base64="zEP9rjU/xa5DOSWd9x9//nqA5cY=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyWpgi5LRXBZwV6gCWUyPW2HTiZhZiKEUF/FjQtF3Pog7nwbp2kW2vrDwMd/zuGc+YOYM6Ud59taW9/Y3Nou7ZR39/YPDu2j446KEkmhTSMeyV5AFHAmoK2Z5tCLJZAw4NANpjfzevcRpGKReNBpDH5IxoKNGCXaWAO74nEixhzwLW5iT+Y8sKtOzcmFV8EtoIoKtQb2lzeMaBKC0JQTpfquE2s/I1IzymFW9hIFMaFTMoa+QUFCUH6WHz/DZ8YZ4lEkzRMa5+7viYyESqVhYDpDoidquTY3/6v1Ez269jMm4kSDoItFo4RjHeF5EnjIJFDNUwOESmZuxXRCJKHa5FU2IbjLX16FTr3mXtTq95fVRrOIo4RO0Ck6Ry66Qg10h1qojShK0TN6RW/Wk/VivVsfi9Y1q5ipoD+yPn8AaQ2T+A==</latexit>

h����i
<latexit sha1_base64="TuWgk5jja6mJYjpa+BK2T70m0EI=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoUoKEowVLIxFog+piSrHuWmtOk5kO0hV1X9g4VdYGECIlYWNv8FNM0DbI1k+Oudc2fcEKWdKO86PtbK6tr6xWdoqb+/s7u3bB4ctlWSSQpMmPJGdgCjgTEBTM82hk0ogccChHQxvp377EaRiiXjQoxT8mPQFixgl2kg9+9zjRPQ5YC8ErsnSy5N5pGdXnKqTAy8StyAVVKDRs7+9MKFZDEJTTpTquk6q/TGRmlEOk7KXKUgJHZI+dA0VJAblj/OdJvjUKCGOEmmO0DhX/06MSazUKA5MMiZ6oOa9qbjM62Y6uvbHTKSZBkFnD0UZxzrB04JwyCRQzUeGECqZ+SumAyIJ1abGsinBnV95kbRqVfeiWru/rNRvijpK6BidoDPkoitUR3eogZqIoif0gt7Qu/VsvVof1ucsumIVM0foH6yvX7RRng8=</latexit>

Galaxy shear (2D):

Large scale overdensity-field (3D):



First ever claimed detection

• If confirmed, smoking-gun for beyond single-field slow-roll models!

• First ever claimed detection of P-violation that can be associated to inflation 
(3  in Philcox 2022; 7  in Hou et. al. 2022).σ σ

• The cosmic birefringence signal recently claimed (e.g. 3.6  in Eskilt, Komatsu 2022) 
cannot be explained by inflation! The associated  is above the CMB 
constraint: overproduction of  modes (e.g. Fujita et. al. 2022).

σ
r ∼ 102

B



Future: V modes from SGWB direct detection

Courtesy of Smith, Caldwell 2016

⌦I
GW(k) / h�R

k �
R
k i+ h�L

k �
L
k i

<latexit sha1_base64="lfs6aRxmm/ywWCM64IihjasMfQE="></latexit>

(2040-2050):
BBO

DECIGO

Growth-mechanism 
(2030-2040):

LISA
Taiji

Einstein Telescope
Cosmic Explorer

Unpolarised GWs (I modes): Circular polarised GWs (V modes):

P-violation!

⌦V
GW(k) / h�R

k �
R
k i � h�L

k �
L
k i

<latexit sha1_base64="e+84VunVukuwtSdTL0VPq9FEOcU="></latexit>

f =
k

2⇡a
<latexit sha1_base64="SblS09Yc0pxctugA9AZnTWBmAPE=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJWkCnoRil48VrAf0ISy2W7apZtN2N0IJQT8K148KOLV3+HNf+O2zUFbHww83pthZl6QcKa043xbpZXVtfWN8mZla3tnd8/eP2irOJWEtkjMY9kNsKKcCdrSTHPaTSTFUcBpJxjfTv3OI5WKxeJBTxLqR3goWMgI1kbq20chukZeKDHJxnlWR17CEM77dtWpOTOgZeIWpAoFmn37yxvEJI2o0IRjpXquk2g/w1Izwmle8VJFE0zGeEh7hgocUeVns/NzdGqUAQpjaUpoNFN/T2Q4UmoSBaYzwnqkFr2p+J/XS3V45WdMJKmmgswXhSlHOkbTLNCASUo0nxiCiWTmVkRG2GShTWIVE4K7+PIyaddr7nmtfn9RbdwUcZThGE7gDFy4hAbcQRNaQCCDZ3iFN+vJerHerY95a8kqZg7hD6zPH82vlL8=</latexit>

Previous talks:



SGWB V modes

⌦V
GW(k, n̂) = ⌦

V
GW(k) + �VGW(k, n̂)

<latexit sha1_base64="r1F2QBK/JsF3ytgMqiVruqwqdfs="></latexit>



SGWB V modes monopole

⌦V
GW(k, n̂) = ⌦

V
GW(k) + �VGW(k, n̂)

<latexit sha1_base64="r1F2QBK/JsF3ytgMqiVruqwqdfs="></latexit>

⌦
V
GW(k) / h�R

k �
R
k i � h�L

k �
L
k i

<latexit sha1_base64="x1X9JHmfECP49/RRAQKlWnUVuTk="></latexit>

 (e. g. Seto, Taruya 2008;  Smith, Caldwell 2016;  Domcke 
et. al. 2019;   Orlando, Pieroni, Ricciardone 2020;  Seto 
2020)

kGW � kCMB
<latexit sha1_base64="rA/vy+ESiEpmyw+Q5b4PKw3NMR8=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmqoMvSLnQjVLAPaEKYTCfp0JkkzEyEEgJu/BU3LhRx60+482+ctllo64ELZ865l7n3+AmjUlnWt1FaWV1b3yhvVra2d3b3zP2DroxTgUkHxywWfR9JwmhEOooqRvqJIIj7jPT8cWvq9x6IkDSO7tUkIS5HYUQDipHSkmcejb3MERxe93LohCEsnq3bZu6ZVatmzQCXiV2QKijQ9swvZxjjlJNIYYakHNhWotwMCUUxI3nFSSVJEB6jkAw0jRAn0s1mN+TwVCtDGMRCV6TgTP09kSEu5YT7upMjNZKL3lT8zxukKrhyMxolqSIRnn8UpAyqGE4DgUMqCFZsognCgupdIR4hgbDSsVV0CPbiycukW6/Z57X63UW10SziKINjcALOgA0uQQPcgDboAAwewTN4BW/Gk/FivBsf89aSUcwcgj8wPn8AfviWxw==</latexit>

rGW
<latexit sha1_base64="SSTZCki+AjvxS8OZEr3MpBVJtqM=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BD3qMYB6wWcLsZJIMmccy0yuEJZ/hxYMiXv0ab/6Nk2QPmljQUFR1090VJ4Jb8P1vr7C2vrG5Vdwu7ezu7R+UD49aVqeGsibVQptOTCwTXLEmcBCskxhGZCxYOx7fzvz2EzOWa/UIk4RFkgwVH3BKwEmh6WVdI/Fde4p75Ypf9efAqyTISQXlaPTKX92+pqlkCqgg1oaBn0CUEQOcCjYtdVPLEkLHZMhCRxWRzEbZ/OQpPnNKHw+0caUAz9XfExmR1k5k7DolgZFd9mbif16YwuA6yrhKUmCKLhYNUoFB49n/uM8NoyAmjhBquLsV0xExhIJLqeRCCJZfXiWtWjW4qNYeLiv1mzyOIjpBp+gcBegK1dE9aqAmokijZ/SK3jzwXrx372PRWvDymWP0B97nD5tOkM4=</latexit>

evades CMB constraint Hope to measure the parity-odd 
tensor power spectrum



Recent: SGWB V modes anisotropies

• New: study V modes intrinsic anisotropies  (G. Orlando 2022, arXiv:2206.14173)

• Previous talks:

�IGW(n̂) ⇠ f ttt,sq
NL , f tts,sq

NL<latexit sha1_base64="qdbdPIXAAn4x1aSCuH82EPLOc2E="></latexit>

• I modes —> V modes:

⌦I
GW(k, n̂) = ⌦

I
GW(k) + �IGW(k, n̂)

<latexit sha1_base64="aQTNLn7xDnxLWJaJr7HeGqcLjjE="></latexit>

f tts,sq
NL = fRRs,sq

NL + fLLs,sq
NL<latexit sha1_base64="/YHL7UXrrCCvIN2gtDmDzVw2mNE=">AAACK3icbZDLSgMxFIYz9VbrrerSTbAIglJmqqAbodSNiyK12Au0tWTSTBuauZicEcow7+PGV3GhCy+49T3MtF1o6w+Bn++cw8n57UBwBab5YaQWFpeWV9KrmbX1jc2t7PZOXfmhpKxGfeHLpk0UE9xjNeAgWDOQjLi2YA17eJnUGw9MKu57tzAKWMclfY87nBLQqJstOXcRgDrG6j7uRm3p4utyjC+wxtXqLD5KcLk8g7vZnJk3x8LzxpqaHJqq0s2+tHs+DV3mARVEqZZlBtCJiAROBYsz7VCxgNAh6bOWth5xmepE41tjfKBJDzu+1M8DPKa/JyLiKjVybd3pEhio2VoC/6u1QnDOOxH3ghCYRyeLnFBg8HESHO5xySiIkTaESq7/iumASEJBx5vRIVizJ8+beiFvneQLN6e5YmkaRxrtoX10iCx0horoClVQDVH0iJ7RG3o3noxX49P4mrSmjOnMLvoj4/sHB5umUA==</latexit>

�VGW(n̂) ⇠ fRRR,sq
NL � fLLL,sq

NL

⇠ fRRs,sq
NL � fLLs,sq

NL
<latexit sha1_base64="9IRjEBeKkbyLXIUIQKvDpN9lNx4="></latexit>

(e.g. Adshead et. al. 2021;   Malhotra et. al. 2021;   Dimastrogiovanni et. al. 2021-2022)

Sourced by  and  
ultra-squeezed bispectra

⟨tts⟩odd ⟨ttt⟩odd

⌦V
GW(k, n̂) = ⌦

V
GW(k) + �VGW(k, n̂)

<latexit sha1_base64="r1F2QBK/JsF3ytgMqiVruqwqdfs="></latexit>
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<latexit sha1_base64="UZ6WqMxP33UqQE4NfiTbylb09lU=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoQY8RzAOTJcxOZpMh81hmZoWw5C+8eFDEq3/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LBjhMaCjyQLGYEWyc9jnpZVwt025r0SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm108QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp+6jPNCWWjx3BRDN3KyJDrDGxLqSiCyFYfHmZNKuV4LxSvb8o167zOApwDCdwBgFcQg3uoA4NICDhGV7hzTPei/fufcxbV7x85gj+wPv8ATc7kJ0=</latexit>

kGW
<latexit sha1_base64="UZ6WqMxP33UqQE4NfiTbylb09lU=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoQY8RzAOTJcxOZpMh81hmZoWw5C+8eFDEq3/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LBjhMaCjyQLGYEWyc9jnpZVwt025r0SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm108QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp+6jPNCWWjx3BRDN3KyJDrDGxLqSiCyFYfHmZNKuV4LxSvb8o167zOApwDCdwBgFcQg3uoA4NICDhGV7hzTPei/fufcxbV7x85gj+wPv8ATc7kJ0=</latexit>

qCMB
<latexit sha1_base64="p75yoXx6e74dZsHx9b6Hj26tsMQ=">AAAB8nicbVBNSwMxEM36WetX1aOXYBE8ld0q6LG0Fy9CBfsB26Vk02wbmmzWZFYoS3+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb2dtfWNza7uwU9zd2z84LB0dt41KNWUtqoTS3ZAYJnjMWsBBsG6iGZGhYJ1w3Jj5nSemDVfxA0wSFkgyjHnEKQEr+Y/9rKclbtzVp/1S2a24c+BV4uWkjHI0+6Wv3kDRVLIYqCDG+J6bQJARDZwKNi32UsMSQsdkyHxLYyKZCbL5yVN8bpUBjpS2FQOeq78nMiKNmcjQdkoCI7PszcT/PD+F6CbIeJykwGK6WBSlAoPCs//xgGtGQUwsIVRzeyumI6IJBZtS0YbgLb+8StrVindZqd5flWv1PI4COkVn6AJ56BrV0C1qohaiSKFn9IreHHBenHfnY9G65uQzJ+gPnM8ft7WQ4Q==</latexit>

qCMB
<latexit sha1_base64="p75yoXx6e74dZsHx9b6Hj26tsMQ=">AAAB8nicbVBNSwMxEM36WetX1aOXYBE8ld0q6LG0Fy9CBfsB26Vk02wbmmzWZFYoS3+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb2dtfWNza7uwU9zd2z84LB0dt41KNWUtqoTS3ZAYJnjMWsBBsG6iGZGhYJ1w3Jj5nSemDVfxA0wSFkgyjHnEKQEr+Y/9rKclbtzVp/1S2a24c+BV4uWkjHI0+6Wv3kDRVLIYqCDG+J6bQJARDZwKNi32UsMSQsdkyHxLYyKZCbL5yVN8bpUBjpS2FQOeq78nMiKNmcjQdkoCI7PszcT/PD+F6CbIeJykwGK6WBSlAoPCs//xgGtGQUwsIVRzeyumI6IJBZtS0YbgLb+8StrVindZqd5flWv1PI4COkVn6AJ56BrV0C1qohaiSKFn9IreHHBenHfnY9G65uQzJ+gPnM8ft7WQ4Q==</latexit>

kCMB
<latexit sha1_base64="X0nW0c/5F+lKc5jo422IitBTkwc=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexWQY+lvXgRKtgP2C4lm2bb0GSzJLNCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDAR3IDrfjuFjc2t7Z3ibmlv/+DwqHx80jEq1ZS1qRJK90JimOAxawMHwXqJZkSGgnXDSXPud5+YNlzFjzBNWCDJKOYRpwSs5E8GWV9L3LxvzAblilt1F8DrxMtJBeVoDcpf/aGiqWQxUEGM8T03gSAjGjgVbFbqp4YlhE7IiPmWxkQyE2SLk2f4wipDHCltKwa8UH9PZEQaM5Wh7ZQExmbVm4v/eX4K0W2Q8ThJgcV0uShKBQaF5//jIdeMgphaQqjm9lZMx0QTCjalkg3BW315nXRqVe+qWnu4rtQbeRxFdIbO0SXy0A2qozvUQm1EkULP6BW9OeC8OO/Ox7K14OQzp+gPnM8frmGQ2w==</latexit>
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<latexit sha1_base64="X0nW0c/5F+lKc5jo422IitBTkwc=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexWQY+lvXgRKtgP2C4lm2bb0GSzJLNCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDAR3IDrfjuFjc2t7Z3ibmlv/+DwqHx80jEq1ZS1qRJK90JimOAxawMHwXqJZkSGgnXDSXPud5+YNlzFjzBNWCDJKOYRpwSs5E8GWV9L3LxvzAblilt1F8DrxMtJBeVoDcpf/aGiqWQxUEGM8T03gSAjGjgVbFbqp4YlhE7IiPmWxkQyE2SLk2f4wipDHCltKwa8UH9PZEQaM5Wh7ZQExmbVm4v/eX4K0W2Q8ThJgcV0uShKBQaF5//jIdeMgphaQqjm9lZMx0QTCjalkg3BW315nXRqVe+qWnu4rtQbeRxFdIbO0SXy0A2qozvUQm1EkULP6BW9OeC8OO/Ox7K14OQzp+gPnM8frmGQ2w==</latexit>



A non-linear probe of parity violation

• V modes angular power-spectrum: 
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-  and  +  ( V modes monopole  )⟨tts⟩odd ⟨ttt⟩odd ⟨tt⟩even = 0

• V modes anisotropies sourced by: 

CV V
` (k)|httti ⇠

Z
dq

n
AR

t (q)
h
AR

t (k) f
RRR,ttt
NL (k, q)�AL

t (k) f
LRR,ttt
NL (k, q)

i2
+

+AL
t (q)

h
AL

t (k) f
LLL,ttt
NL (k, q)�AR

t (k) f
RLL,ttt
NL (k, q)

i2 o

<latexit sha1_base64="rlRMxwD49eiQ4mz6cpzkOuUUsH0="></latexit>
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<latexit sha1_base64="bwIXQVATSCxXppUQh/noUDMfH/o=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLqxmUF+8B2KJn0ThuayQxJRiilf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu4JEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6zfzWEyrNY/lgxgn6ER1IHnJGjZUeuxE1Q0YFue6Vym7FnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEnVBnOBE6L3VRjQtmIDrBjqaQRan8ySzwlp1bpkzBW9klDZurvjQmNtB5HgZ3MEupFLxP/8zqpCa/8CZdJalCy+UdhKoiJSXY+6XOFzIixJZQpbrMSNqSKMmNLKtoSvMWTl0mzWvHOK9X7i3LtJq+jAMdwAmfgwSXU4A7q0AAGEp7hFd4c7bw4787HfHTFyXeO4A+czx8A6pB5</latexit> := power-spectra amplitudes
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<latexit sha1_base64="UZ6WqMxP33UqQE4NfiTbylb09lU=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoQY8RzAOTJcxOZpMh81hmZoWw5C+8eFDEq3/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LBjhMaCjyQLGYEWyc9jnpZVwt025r0SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm108QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp+6jPNCWWjx3BRDN3KyJDrDGxLqSiCyFYfHmZNKuV4LxSvb8o167zOApwDCdwBgFcQg3uoA4NICDhGV7hzTPei/fufcxbV7x85gj+wPv8ATc7kJ0=</latexit>

kGW
<latexit sha1_base64="UZ6WqMxP33UqQE4NfiTbylb09lU=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoQY8RzAOTJcxOZpMh81hmZoWw5C+8eFDEq3/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LBjhMaCjyQLGYEWyc9jnpZVwt025r0SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm108QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp+6jPNCWWjx3BRDN3KyJDrDGxLqSiCyFYfHmZNKuV4LxSvb8o167zOApwDCdwBgFcQg3uoA4NICDhGV7hzTPei/fufcxbV7x85gj+wPv8ATc7kJ0=</latexit>
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<latexit sha1_base64="p75yoXx6e74dZsHx9b6Hj26tsMQ=">AAAB8nicbVBNSwMxEM36WetX1aOXYBE8ld0q6LG0Fy9CBfsB26Vk02wbmmzWZFYoS3+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb2dtfWNza7uwU9zd2z84LB0dt41KNWUtqoTS3ZAYJnjMWsBBsG6iGZGhYJ1w3Jj5nSemDVfxA0wSFkgyjHnEKQEr+Y/9rKclbtzVp/1S2a24c+BV4uWkjHI0+6Wv3kDRVLIYqCDG+J6bQJARDZwKNi32UsMSQsdkyHxLYyKZCbL5yVN8bpUBjpS2FQOeq78nMiKNmcjQdkoCI7PszcT/PD+F6CbIeJykwGK6WBSlAoPCs//xgGtGQUwsIVRzeyumI6IJBZtS0YbgLb+8StrVindZqd5flWv1PI4COkVn6AJ56BrV0C1qohaiSKFn9IreHHBenHfnY9G65uQzJ+gPnM8ft7WQ4Q==</latexit>

` � 1
<latexit sha1_base64="v/+EZhTQKDWQBPIWhDS+UVscVIk=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7AckoWy2k3bpZjfuboQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmKLSp5FL1IqKBMwFtwwyHXqqAJBGHbjS+nfndJ1CaSfFgJimECRkKFjNKjJX8ADjHwRAesdev1ty6OwdeJV5BaqhAq1/9CgaSZgkIQznR2vfc1IQ5UYZRDtNKkGlICR2TIfiWCpKADvP5yVN8ZpUBjqWyJQyeq78ncpJoPUki25kQM9LL3kz8z/MzE1+HORNpZkDQxaI449hIPPsfD5gCavjEEkIVs7diOiKKUGNTqtgQvOWXV0mnUfcu6o37y1rzpoijjE7QKTpHHrpCTXSHWqiNKJLoGb2iN8c4L86787FoLTnFzDH6A+fzBzowkI8=</latexit>

-  and  +  ( V modes monopole  )⟨tts⟩even ⟨ttt⟩even ⟨tt⟩odd ≠ 0



Detection prospects

• Noise curves obtained with well-established pipeline (Alonso et. al. 2020).

• Main difference with I modes case: in V modes channel there is no contamination 
from astrophysical GW backgrounds and negligible from induced anisotropies.

Message:  competitive (not only complementary) with CMB experiments!rGW ≳ 10−3

vs

• BBO/DECIGO-like 
experiment, early-stage.
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(from G. Orlando 2022)

(Bartolo, Orlando, Shiraishi 2017)(Orlando 2022)

• Fisher-forecast on parity-odd :⟨tts⟩
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Take home message

• PnG important to detect P-violation in the early-universe 
(scalar and tensor sectors).

•  Anisotropies in SGWB circular polarization can probe P-violation 
in tensor and tensor-scalar pnG on configurations inaccessible to 
large-scale experiments.

• In the future, gravitational-wave experiments will probe parity-odd 
 with a sensitivity competitive with CMB experiments.⟨tts⟩

THANK YOU!



BACK-UP SLIDES



Motivation for studying P-violation in early-universe

• Standard modelling (slow-roll): inflation is P-invariant

THEORETICAL:

• P-violating early-universe processes explain the baryonic asymmetry                                                                                                          
(see e.g. Carroll 1998;   Alexander et. al. 2004)

OBSERVATIONAL:

• Recent evidence for primordial P-violation in LSS from BOSS galaxy survey                                                                                
(3  in Philcox 2022;   7  in Hou et. al. 2022)σ σ



P-violation modelling

• Modified gravity models (higher derivatives):

- Hořava–Lifshitz gravity, 3 deriv. (e.g. Wang 2017)
- Chern-Simons gravitational term coupled to a scalar field, 4 deriv. (e.g. Bartolo, Orlando 2017)
- Higher-order chiral scalar-tensor theories, > 4 deriv. (e.g. Bartolo, Caloni, Orlando, Ricciardone 

2020)

• Gauge field-axion Chern-Simons couplings (e.g. Dimastrogiovanni, Fasiello, Fujita 2016)

• Modified gravity + Gauge-field coupling (e.g. Mirzagholi, Komatsu, Lozanov, Watanabe 2020) 

• Effective field theory, cosmological bootstrap:

- Write all the operators that break P and are compatible with certain assumed symmetries   
(e.g. Bordin, Cabass 2020;   Cabass, Pajer, Stefanyszyn, Supel 2021)

�Lgravit
CS = f(�) ✏µ⌫⇢� Rµ⌫

� R⇢��
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a 2 G = U(1), SU(2), ...
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• Coplanar detectors insensitive to V-mode monopole 

1. Dipolar anisotropy in the GW background             
induced by the detector-SGWB relative motion                               
(Domcke et. al. 2019)

2. Network of detectors: 

                - network of ground-based interferometers 
                   (e.g. Seto, Taruya 2008;   Smith, Caldwell 2016)

                - network of space-based interferometers
                   (e. g. Orlando, Pieroni, Ricciardone, 2020;   Seto 2020)

SGWB V modes monopole

⌦V
GW(k, n̂) = ⌦

V
GW(k) + �VGW(k, n̂)
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space-net  dipolar  ground-net≫ ≫



Next steps

• Role of advanced state of BBO/DECIGO missions and their network

•  Role of forthcoming experiments (LISA, Taiji, ET, CE, PTA)

• Role of cross-correlations:

, , , , …

• Role of different polarisation states:  modes

⟨VGW − TCMB⟩ ⟨VGW − ECMB⟩ ⟨VGW − BCMB⟩ ⟨VGW − μCMB⟩

QGW, UGW


