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Observables in b → cℓν

Theoretically clean; hadronic uncertainties 
cancel in the ratio 

2

<latexit sha1_base64="PHhnJDfYs4GavDAjfErOj7uPaAw="></latexit>

RD(⇤) =
�(B ! D(⇤)⌧⌫)

�(B ! D(⇤)`⌫)
, ` = e, µ

Test of lepton flavour universality

SM predictions significantly smaller than 
experiment, combined deviation*: ∼ 3.3 σ

 Violation of LFU? New Physics coupled to  and ?⇒ b τ

0.2 0.3 0.4 0.5
R(D)

0.2

0.25

0.3

0.35

0.4

R
(D

*)

HFLAV SM Prediction

L-QCD FLAG24 (Nf=2+1 for R(D*))

 0.004±R(D) = 0.296 
 0.005±R(D*) = 0.254 

 0.0054±R(D) = 0.2938 
 0.0051±R(D*) = 0.2582 

68% CL contours

total 0.024±R(D) = 0.358 
total 0.011±R(D*) = 0.281 
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Possible explanations

EFT study - ΛNP ≃ mNP/CNP ∼ 𝒪(1 − 3)TeV
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Possible NP solutions: , Charged Higgses, Exotic 
neutrino interactions... 

W′￼

Or Leptoquarks!

<latexit sha1_base64="fVYtN1fO879ZvvbO3E/FpGNntaU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPx8+M7w==</latexit>

b

<latexit sha1_base64="89J+JuC5FxMnvUsR7pwslvrJLdI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJuuXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHyVOM8A==</latexit>c
<latexit sha1_base64="Y6bEkB8bkKi+Mu2rEVKvBquMa9E=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIiEfMByRH2NnPJkr29Y3dPCCH/wMZCEVv/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWj2acoB/RgeQhZ9RY6eG+3iuW3LI7B1klXkZKkKHWK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6ZScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nbpM8VMiPGllCmuL2VsCFVlBkbTsGG4C2/vEqaF2XvslypV0rVmyyOPJzAKZyDB1dQhTuoQQMYhPAMr/DmjJwX5935WLTmnGzmGP7A+fwBRnqNNA==</latexit>

LQ

<latexit sha1_base64="iOi4if5NkMIV0hgFuxOxEMPZMJw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnUR5oMqjW37s5BVolXkBoUaA6qX/1hxBLFNTJJre15box+Sg0KJvms0k8sjymb0BHvZVRTxa2fzm+dkbNMGZIwMllpJHP190RKlbVTFWSdiuLYLnu5+J/XSzC88VOh4wS5ZotFYSIJRiR/nAyF4QzlNCOUGZHdStiYGsowi6eSheAtv7xK2hd176p++XBZa9wWcZThBE7hHDy4hgbcQxNawGAMz/AKb45yXpx352PRWnKKmWP4A+fzByQbjlE=</latexit>⌧

<latexit sha1_base64="ZdwZZRY4yltDKU6D4D7eibOERsM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBh0Y3g</latexit>⌫

(1603.04993)



Possible explanations

EFT study - ΛNP ≃ mNP/CNP ∼ 𝒪(1 − 3)TeV
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Possible NP solutions: , Charged Higgses, Exotic 
neutrino interactions... 

W′￼

Or Leptoquarks!

<latexit sha1_base64="fVYtN1fO879ZvvbO3E/FpGNntaU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPx8+M7w==</latexit>

b

<latexit sha1_base64="89J+JuC5FxMnvUsR7pwslvrJLdI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJuuXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHyVOM8A==</latexit>c
<latexit sha1_base64="Y6bEkB8bkKi+Mu2rEVKvBquMa9E=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIiEfMByRH2NnPJkr29Y3dPCCH/wMZCEVv/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWj2acoB/RgeQhZ9RY6eG+3iuW3LI7B1klXkZKkKHWK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6ZScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nbpM8VMiPGllCmuL2VsCFVlBkbTsGG4C2/vEqaF2XvslypV0rVmyyOPJzAKZyDB1dQhTuoQQMYhPAMr/DmjJwX5935WLTmnGzmGP7A+fwBRnqNNA==</latexit>

LQ

<latexit sha1_base64="iOi4if5NkMIV0hgFuxOxEMPZMJw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnUR5oMqjW37s5BVolXkBoUaA6qX/1hxBLFNTJJre15box+Sg0KJvms0k8sjymb0BHvZVRTxa2fzm+dkbNMGZIwMllpJHP190RKlbVTFWSdiuLYLnu5+J/XSzC88VOh4wS5ZotFYSIJRiR/nAyF4QzlNCOUGZHdStiYGsowi6eSheAtv7xK2hd176p++XBZa9wWcZThBE7hHDy4hgbcQxNawGAMz/AKb45yXpx352PRWnKKmWP4A+fzByQbjlE=</latexit>⌧

<latexit sha1_base64="ZdwZZRY4yltDKU6D4D7eibOERsM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00JNpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBh0Y3g</latexit>⌫

(1603.04993)
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Right-handed interactions 
no CKM mixing⇒

Model with only right-handed interactions?

Inert  (right-handed) S1

 evading a lot of constraints from flavour observables⇒

<latexit sha1_base64="+deMa0FbPulvv8x5jSLkojrC3MM="></latexit>

LS1 = yRiju
C
i ejS1 + ỹRiNdCi NR S1

Consider minimal coupling texture
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Model with only right-handed interactions?

Inert  (right-handed) S1

<latexit sha1_base64="+deMa0FbPulvv8x5jSLkojrC3MM="></latexit>

LS1 = yRiju
C
i ejS1 + ỹRiNdCi NR S1

<latexit sha1_base64="WkwfDmA7V/BOQJXyL4xi1PsQvpk=">AAACCHicbZC7SgNBFIbPxluMt1VLCweDEEHCrki0EYI2VhLFXCBZwuxkNhkye2FmVghLShtfxcZCEVsfwc63cTbZIkZ/GPj4zznMOb8bcSaVZX0buYXFpeWV/GphbX1jc8vc3mnIMBaE1knIQ9FysaScBbSumOK0FQmKfZfTpju8SuvNByokC4N7NYqo4+N+wDxGsNJW19y/6d6hC1Tq+FgNXC+xx8czaB11zaJVtiZCf8HOoAiZal3zq9MLSezTQBGOpWzbVqScBAvFCKfjQieWNMJkiPu0rTHAPpVOMjlkjA6100NeKPQLFJq4sxMJ9qUc+a7uTJeU87XU/K/WjpV37iQsiGJFAzL9yIs5UiFKU0E9JihRfKQBE8H0rogMsMBE6ewKOgR7/uS/0Dgp25Vy5fa0WL3M4sjDHhxACWw4gypcQw3qQOARnuEV3own48V4Nz6mrTkjm9mFXzI+fwApyZgv</latexit>

NR = (1,1, 0)
"right-handed neutrino"

Right-handed interactions 
no CKM mixing⇒

 evading a lot of constraints from flavour observables⇒

Consider minimal coupling texture



<latexit sha1_base64="09uxMcYz9FbEmn2RHOVz2UVL5K8="></latexit>

LS1 = yRc⌧ c
C⌧S1 + ỹRbNbCNR S1 + ỹRsNsCNR S1

7

Model with only right-handed interactions?

Create desired effect in RD(*)

Inert  (right-handed) S1

Right-handed interactions 
no CKM mixing⇒

 evading a lot of constraints from flavour observables⇒

Consider minimal coupling texture
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 can be accommodated :)RD(*)

 up to masses of RHN up to 1 GeV⇒ ∼
*  allowed  
    regions
2σ

Inert  (right-handed) S1

0.0 0.5 1.0 1.5 2.0 2.5
1.0

1.5

2.0

2.5

3.0

3.5

<latexit sha1_base64="W8M/631aZwsjTA3Vga3kSoXbZYU=">AAACDXicbVDJSgNBEO2Je9yiHr00RkElhBkRFUQQ9eDRLQtk4tDTqcTGnoXuGjEM8wNe/BUvHhTx6t2bf2Mn5uD2oODxXhVV9fxYCo22/WHlhoZHRsfGJ/KTU9Mzs4W5+aqOEsWhwiMZqbrPNEgRQgUFSqjHCljgS6j514c9v3YDSosovMBuDM2AdULRFpyhkbzC8pmXHl2mq+trWVZySzTw0nPPyfY23F0X4RbTC6hmXqFol+0+6F/iDEiRDHDiFd7dVsSTAELkkmndcOwYmylTKLiELO8mGmLGr1kHGoaGLADdTPvfZHTFKC3ajpSpEGlf/T6RskDrbuCbzoDhlf7t9cT/vEaC7Z1mKsI4QQj516J2IilGtBcNbQkFHGXXEMaVMLdSfsUU42gCzJsQnN8v/yXVjbKzVd483SzuHwziGCeLZImsEodsk31yTE5IhXByRx7IE3m27q1H68V6/WrNWYOZBfID1tsnWdqagw==</latexit>

RD(⇤) , mS1 = 2 TeV

Very few other obserrvables affected
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Inert  (right-handed) - predictions S1

For example: , Bc → τ'inv' Bc → J/ψ τ 'inv'

Particularly interesting:

  Angular observables in  decays, example:⇒ B → D(*)τν



  Angular observables in  decays, example:⇒ B → D(*)τν

10

Inert  (right-handed) - predictions S1

For example: , Bc → τ'inv' Bc → J/ψ τ 'inv'

Particularly interesting:

  Very few predictions experimentally measured ⇒

<latexit sha1_base64="7am/VqdZNyPPzU1jNpSjpUdVIYs="></latexit>

Exp.

→0.37(54)
<latexit sha1_base64="YZ/TnS7OXUcpLcItSOy3k0n/BEs=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUy5IVrXorevFYwX5Au5Rsmm1Ds9klyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzgkRwbTD+dlZW19Y3Ngtbxe2d3b390sFhU8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6G7qt56Y0jyWj2acMD8iA8lDTomxUgu7VVy5OeuVytjFM6Bl4uWkDDnqvdJXtx/TNGLSUEG07ng4MX5GlOFUsEmxm2qWEDoiA9axVJKIaT+bnTtBp1bpozBWtqRBM/X3REYircdRYDsjYoZ60ZuK/3md1ITXfsZlkhom6XxRmApkYjT9HfW5YtSIsSWEKm5vRXRIFKHGJlS0IXiLLy+T5rnrVd3Lh4ty7TaPowDHcAIV8OAKanAPdWgAhRE8wyu8OYnz4rw7H/PWFSefOYI/cD5/AA9rjhg=</latexit>

0.60(9)
<latexit sha1_base64="ijykxErpFdNVftBnjvBNUEdsevg=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBahXkKi1XosevFYwX5AG8pmu2mXbjZhdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBQlnSrvut1VYW9/Y3Cpul3Z29/YP7MOjlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8d3Mbz9RqVgsHvUkoX6Eh4KFjGBtpLbrVC8rtfO+XXYddw60SryclCFHo29/9QYxSSMqNOFYqa7nJtrPsNSMcDot9VJFE0zGeEi7hgocUeVn83On6MwoAxTG0pTQaK7+nshwpNQkCkxnhPVILXsz8T+vm+rwxs+YSFJNBVksClOOdIxmv6MBk5RoPjEEE8nMrYiMsMREm4RKJgRv+eVV0rpwvGvn6qFart/mcRThBE6hAh7UoA730IAmEBjDM7zCm5VYL9a79bFoLVj5zDH8gfX5Aw3mjhc=</latexit>

0.43(7)

<latexit sha1_base64="rEgnLa5zEW2w6UXe1burW+LveR4=">AAAB73icbVBNT8JAEJ3iF+IX6tHLRmKCl6YlIB6JXjxiIh8JNGS7bGHDdlt3tyak4U948aAxXv073vw3LtCDgi+Z5OW9mczM82POlHacbyu3sbm1vZPfLeztHxweFY9P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJ7dzv/NEpWKReNDTmHohHgkWMIK1kbqOXXfLldrloFhybGcBtE7cjJQgQ3NQ/OoPI5KEVGjCsVI914m1l2KpGeF0VugnisaYTPCI9gwVOKTKSxf3ztCFUYYoiKQpodFC/T2R4lCpaeibzhDrsVr15uJ/Xi/RwbWXMhEnmgqyXBQkHOkIzZ9HQyYp0XxqCCaSmVsRGWOJiTYRFUwI7urL66Rdsd0ru3ZfLTVusjjycAbnUAYX6tCAO2hCCwhweIZXeLMerRfr3fpYtuasbOYU/sD6/AF+cI5S</latexit>

0.71(25)
<latexit sha1_base64="wwhTg8PBrrXkuo1MQmMVqPpNQnU=">AAAB73icbVDLTsJAFL3FF+ILdelmIjHBTdMS8LEjunGJiTwSaMh0mMKE6bTOTE1Iw0+4caExbv0dd/6NA3Sh4ElucnLOvbn3Hj/mTGnH+bZya+sbm1v57cLO7t7+QfHwqKWiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf3w789tPVCoWiQc9iakX4qFgASNYG6nj2NXrcqV23i+WHNuZA60SNyMlyNDoF796g4gkIRWacKxU13Vi7aVYakY4nRZ6iaIxJmM8pF1DBQ6p8tL5vVN0ZpQBCiJpSmg0V39PpDhUahL6pjPEeqSWvZn4n9dNdHDlpUzEiaaCLBYFCUc6QrPn0YBJSjSfGIKJZOZWREZYYqJNRAUTgrv88ippVWz3wq7dV0v1myyOPJzAKZTBhUuowx00oAkEODzDK7xZj9aL9W59LFpzVjZzDH9gff4AhhWOVw==</latexit>

0.49(25)
<latexit sha1_base64="0WFgXV4kG51vTe4+IiB9w3B5iXI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahXkIirXosevFYwX5AG8pmu2mXbjZxdyOU0D/hxYMiXv073vw3btoctPXBwOO9GWbm+TFnSjvOt1VYW9/Y3Cpul3Z29/YPyodHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k9vM7zxRqVgkHvQ0pl6IR4IFjGBtpK5j192qWzsflCuO7cyBVombkwrkaA7KX/1hRJKQCk04VqrnOrH2Uiw1I5zOSv1E0RiTCR7RnqECh1R56fzeGTozyhAFkTQlNJqrvydSHCo1DX3TGWI9VsteJv7n9RIdXHspE3GiqSCLRUHCkY5Q9jwaMkmJ5lNDMJHM3IrIGEtMtImoZEJwl19eJe0L27206/e1SuMmj6MIJ3AKVXDhChpwB01oAQEOz/AKb9aj9WK9Wx+L1oKVzxzDH1ifP3hTjk4=</latexit>

0.51(14)

<latexit sha1_base64="cLd0OW4Feurj9MpTyZFvxmkd3yA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgapgRX8uiCC4r2Ae0Q8mkaRuaZMYkUyxDv8ONC0Xc+jHu/Bsz7Sy0eiBwOOde7skJY8608bwvp7C0vLK6VlwvbWxube+Ud/caOkoUoXUS8Ui1QqwpZ5LWDTOctmJFsQg5bYaj68xvjqnSLJL3ZhLTQOCBZH1GsLFS0BHYDJVIbx5jd9otVzzXmwH9JX5OKpCj1i1/dnoRSQSVhnCsddv3YhOkWBlGOJ2WOommMSYjPKBtSyUWVAfpLPQUHVmlh/qRsk8aNFN/bqRYaD0RoZ3MQupFLxP/89qJ6V8GKZNxYqgk80P9hCMToawB1GOKEsMnlmCimM2KyBArTIztqWRL8Be//Jc0Tlz/3D27O61Ur/I6inAAh3AMPlxAFW6hBnUg8ABP8AKvzth5dt6c9/lowcl39uEXnI9v9+6SPg==</latexit>

Exp.



  Angular observables in  decays, example:⇒ B → D(*)τν

11

Inert  (right-handed) -predictions S1

For example: , Bc → τ'inv' Bc → J/ψ τ 'inv'

Particularly interesting:

Change drastically in 
the presence of RHN

Left almost 
unchanged
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Probing the nature of invisible 
particle in semileptonic decays 

The difference?
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Probing the nature of invisible 
particle in semileptonic decays 

The difference?

<latexit sha1_base64="HQKTUV/4SnJBUCYV3iRSMjZJwE8="></latexit>

Quantity SM mNR = 0 GeV

PD
ω 0.325(3) 0.25(2)

AD
fb 0.360(0) 0.360(0)

 - vector mesonD*  - pseudoscalar mesonD
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Probing the nature of invisible 
particle in semileptonic decays 

The difference?

  -  tau polarization asymmetryPD(*)

τ

  -  longitudinal polarization of vector mesonFD*
L

  Encapsulates the information on -helicity⇒ τ

  Sum over the -helicities⇒ τ
          -  forward-backward asymmetry

<latexit sha1_base64="sfVHH2XX9bBjUwDDLF1aBooqOxM=">AAAB+3icbVC7TsMwFHXKq5RXKCOL1QqpU5UwtIzlMTAWiT6kNkSO67RWHSeyHUQV5UuQWBhAiJWPYGVD8DE4bQdoOZKlo3Pu1T0+XsSoVJb1aeRWVtfWN/Kbha3tnd09c7/YlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43Ps/8zi0Rkob8Wk0i4gRoyKlPMVJacs3iqZv0A6RGIkh8L01vLgquWbaq1hRwmdhzUm6UKt9f9ff7pmt+9AchjgPCFWZIyp5tRcpJkFAUM5IW+rEkEcJjNCQ9TTkKiHSSafYUHmllAP1Q6McVnKq/NxIUSDkJPD2ZxZSLXib+5/Vi5Z84CeVRrAjHs0N+zKAKYVYEHFBBsGITTRAWVGeFeIQEwkrXlZVgL355mbSPq3atWrvSbZyBGfLgEJRABdigDhrgEjRBC2BwBx7AE3g2UuPReDFeZ6M5Y75zAP7AePsBBOmYKw==</latexit>

AD
fb

<latexit sha1_base64="HQKTUV/4SnJBUCYV3iRSMjZJwE8="></latexit>

Quantity SM mNR = 0 GeV

PD
ω 0.325(3) 0.25(2)

AD
fb 0.360(0) 0.360(0)
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Probing the nature of invisible 
particle in semileptonic decays 

The difference?

  -  tau polarization asymmetryPD(*)

τ

  -  longitudinal polarization of vector mesonFD*
L

  Encapsulates the information on -helicity⇒ τ

  Sum over the -helicities⇒ τ
          -  forward-backward asymmetry

<latexit sha1_base64="sfVHH2XX9bBjUwDDLF1aBooqOxM=">AAAB+3icbVC7TsMwFHXKq5RXKCOL1QqpU5UwtIzlMTAWiT6kNkSO67RWHSeyHUQV5UuQWBhAiJWPYGVD8DE4bQdoOZKlo3Pu1T0+XsSoVJb1aeRWVtfWN/Kbha3tnd09c7/YlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43Ps/8zi0Rkob8Wk0i4gRoyKlPMVJacs3iqZv0A6RGIkh8L01vLgquWbaq1hRwmdhzUm6UKt9f9ff7pmt+9AchjgPCFWZIyp5tRcpJkFAUM5IW+rEkEcJjNCQ9TTkKiHSSafYUHmllAP1Q6McVnKq/NxIUSDkJPD2ZxZSLXib+5/Vi5Z84CeVRrAjHs0N+zKAKYVYEHFBBsGITTRAWVGeFeIQEwkrXlZVgL355mbSPq3atWrvSbZyBGfLgEJRABdigDhrgEjRBC2BwBx7AE3g2UuPReDFeZ6M5Y75zAP7AePsBBOmYKw==</latexit>

AD
fb

Are there more such observables that are sensitive to chirality of the invisible particle?

<latexit sha1_base64="HQKTUV/4SnJBUCYV3iRSMjZJwE8="></latexit>

Quantity SM mNR = 0 GeV

PD
ω 0.325(3) 0.25(2)

AD
fb 0.360(0) 0.360(0)
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Probing the nature of invisible 
particle in semileptonic decays 

Pseudoscalar case B → Dτ'inv'

<latexit sha1_base64="WnT3NgWJoDh4CF3HFMg+gsO2apQ="></latexit>

d2!±(B → DωN)

dq2d cos εω
= a±(q

2) + b±(q
2) cos εω + c±(q

2) cos2 εω
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Probing the nature of invisible 
particle in semileptonic decays 

Pseudoscalar case B → Dτ'inv'

Helicity of  leptonτ
<latexit sha1_base64="WnT3NgWJoDh4CF3HFMg+gsO2apQ="></latexit>

d2!±(B → DωN)

dq2d cos εω
= a±(q

2) + b±(q
2) cos εω + c±(q

2) cos2 εω

An interesting peculiarity is                         , for  N = νL
<latexit sha1_base64="BOQVbI6YUYblLpmDMqpq7sva0cU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahHixJkepFKHrxWMF+QBvLZrtpl2426e6mUEJ/hxcPinj1x3jz37htc9DWBwOP92aYmedFnClt299WZm19Y3Mru53b2d3bP8gfHjVUGEtC6yTkoWx5WFHOBK1rpjltRZLiwOO06Q3vZn5zTKVioXjUk4i6Ae4L5jOCtZFcr3uBiqOn8jm6QXY3X7BL9hxolTgpKUCKWjf/1emFJA6o0IRjpdqOHWk3wVIzwuk014kVjTAZ4j5tGypwQJWbzI+eojOj9JAfSlNCo7n6eyLBgVKTwDOdAdYDtezNxP+8dqz9azdhIoo1FWSxyI850iGaJYB6TFKi+cQQTCQztyIywBITbXLKmRCc5ZdXSaNcciqlysNloXqbxpGFEziFIjhwBVW4hxrUgcAInuEV3qyx9WK9Wx+L1oyVzhzDH1ifP6PfkBQ=</latexit>

b→(q
2) = 0

 even in the presence of generic NP coupled to !⇒ νL
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Probing the nature of invisible 
particle in semileptonic decays 

Pseudoscalar case B → Dτ'inv'

Helicity of  leptonτ
<latexit sha1_base64="WnT3NgWJoDh4CF3HFMg+gsO2apQ="></latexit>

d2!±(B → DωN)

dq2d cos εω
= a±(q

2) + b±(q
2) cos εω + c±(q

2) cos2 εω

An interesting peculiarity is                         , for  N = νL
<latexit sha1_base64="BOQVbI6YUYblLpmDMqpq7sva0cU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahHixJkepFKHrxWMF+QBvLZrtpl2426e6mUEJ/hxcPinj1x3jz37htc9DWBwOP92aYmedFnClt299WZm19Y3Mru53b2d3bP8gfHjVUGEtC6yTkoWx5WFHOBK1rpjltRZLiwOO06Q3vZn5zTKVioXjUk4i6Ae4L5jOCtZFcr3uBiqOn8jm6QXY3X7BL9hxolTgpKUCKWjf/1emFJA6o0IRjpdqOHWk3wVIzwuk014kVjTAZ4j5tGypwQJWbzI+eojOj9JAfSlNCo7n6eyLBgVKTwDOdAdYDtezNxP+8dqz9azdhIoo1FWSxyI850iGaJYB6TFKi+cQQTCQztyIywBITbXLKmRCc5ZdXSaNcciqlysNloXqbxpGFEziFIjhwBVW4hxrUgcAInuEV3qyx9WK9Wx+L1oyVzhzDH1ifP6PfkBQ=</latexit>

b→(q
2) = 0

 even in the presence of generic NP coupled to !⇒ νL
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Probing the nature of invisible 
particle in semileptonic decays 

Pseudoscalar case B → Dτ'inv'

Helicity of  leptonτ
<latexit sha1_base64="WnT3NgWJoDh4CF3HFMg+gsO2apQ="></latexit>

d2!±(B → DωN)

dq2d cos εω
= a±(q

2) + b±(q
2) cos εω + c±(q

2) cos2 εω

An interesting peculiarity is                         , for  N = νL
<latexit sha1_base64="BOQVbI6YUYblLpmDMqpq7sva0cU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahHixJkepFKHrxWMF+QBvLZrtpl2426e6mUEJ/hxcPinj1x3jz37htc9DWBwOP92aYmedFnClt299WZm19Y3Mru53b2d3bP8gfHjVUGEtC6yTkoWx5WFHOBK1rpjltRZLiwOO06Q3vZn5zTKVioXjUk4i6Ae4L5jOCtZFcr3uBiqOn8jm6QXY3X7BL9hxolTgpKUCKWjf/1emFJA6o0IRjpdqOHWk3wVIzwuk014kVjTAZ4j5tGypwQJWbzI+eojOj9JAfSlNCo7n6eyLBgVKTwDOdAdYDtezNxP+8dqz9azdhIoo1FWSxyI850iGaJYB6TFKi+cQQTCQztyIywBITbXLKmRCc5ZdXSaNcciqlysNloXqbxpGFEziFIjhwBVW4hxrUgcAInuEV3qyx9WK9Wx+L1oyVzhzDH1ifP6PfkBQ=</latexit>

b→(q
2) = 0

 even in the presence of generic NP coupled to !⇒ νL

Therefore, we define the polarized  forward-backward asymmetry:
<latexit sha1_base64="z7rELExCY35/eXPVGRo3SIfQqL8="></latexit>

A→
fb =

1

!

∫
dq2 b→(q

2)
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Probing the nature of invisible 
particle in semileptonic decays 

Pseudoscalar case B → Dτ'inv'

 The observable          presents a null-test for the SM ⇒
<latexit sha1_base64="6Y3ILbd+iLN9wQGtSDyoI+LEDRk=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwY0lEqsuqG5cV7APaGCbTSTt0MgkzN8US8iduXCji1j9x5984fSy09cCFwzn3cu89QSK4Bsf5tgorq2vrG8XN0tb2zu6evX/Q1HGqKGvQWMSqHRDNBJesARwEayeKkSgQrBUMbyd+a8SU5rF8gHHCvIj0JQ85JWAk37av/awL7AmyMMjzxzPs22Wn4kyBl4k7J2U0R923v7q9mKYRk0AF0brjOgl4GVHAqWB5qZtqlhA6JH3WMVSSiGkvm16e4xOj9HAYK1MS8FT9PZGRSOtxFJjOiMBAL3oT8T+vk0J45WVcJikwSWeLwlRgiPEkBtzjilEQY0MIVdzciumAKELBhFUyIbiLLy+T5nnFrVaq9xfl2s08jiI6QsfoFLnoEtXQHaqjBqJohJ7RK3qzMuvFerc+Zq0Faz5ziP7A+vwBVYaTeg==</latexit>

A→
fb

 Measuring                     can mean two things⇒
<latexit sha1_base64="enR28CuUiyRKHH9uXQ8qrhIsF48=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIXiyJSPVY9eKxgq1CW8tmO9HFzSbuTsQSc/CvePGgiFf/hjf/jduag18PBh7vzTAzL0ikMOh5H87Y+MTk1HRppjw7N7+w6C4tt0ycag5NHstYnwXMgBQKmihQwlmigUWBhNPg6nDon96ANiJWJzhIoBuxCyVCwRlaqeeu7veyDsItZmGQ5+dbtKPgmno9t+JVvRHoX+IXpEIKNHrue6cf8zQChVwyY9q+l2A3YxoFl5CXO6mBhPErdgFtSxWLwHSz0f053bBKn4axtqWQjtTvExmLjBlEge2MGF6a395Q/M9rpxjudTOhkhRB8a9FYSopxnQYBu0LDRzlwBLGtbC3Un7JNONoIyvbEPzfL/8lre2qX6vWjncq9YMijhJZI+tkk/hkl9TJEWmQJuHkjjyQJ/Ls3DuPzovz+tU65hQzK+QHnLdPTvOVpg==</latexit>

A→
fb →= 0

an additional left-handed 
invisible particle

<latexit sha1_base64="g0Uhqa4bQRDrzeqcxzIoQYlJ63A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx5EIpoHJEuYnXSSIbOzy8ysEJZ8ghcPinj1i7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqN59QaR7JRzOO0Q/pQPI+Z9RY6eGue9stltyyOwNZJl5GSpCh1i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dnTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+imXcWJQsvmifiKIicj0b9LjCpkRY0soU9zeStiQKsqMTadgQ/AWX14mjbOyVylX7s9L1assjjwcwTGcggcXUIUbqEEdGAzgGV7hzRHOi/PufMxbc042cwh/4Hz+APgjjZw=</latexit>

NL

an additional right-handed 
invisible particle           

<latexit sha1_base64="zLt/ASmFUP12CJU7Uz54kO8al/s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL54kPvKAZAmzk0kyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HrqN5+4NiJSjziOuR/SgRJ9wSha6eG2e98tltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0duqEnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfYv/VSoOEGu2HxRP5EEIzL9m/SE5gzl2BLKtLC3EjakmjK06RRsCN7iy8ukcVb2KuXK3XmpepXFkYcjOIZT8OACqnADNagDgwE8wyu8OdJ5cd6dj3lrzslmDuEPnM8fAUqNog==</latexit>

NR
 only if massive⇒  possibly massless⇒
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Probing the nature of invisible 
particle in semileptonic decays 

Pseudoscalar case B → Dτ'inv'

0.0 0.2 0.4 0.6 0.8 1.0

0.34

0.35

0.36

A
D fb

B ! Dø (SM + NL)

CLL
V = 0.2

CLL
V = 0.5

SM

0.0 0.2 0.4 0.6 0.8 1.0

0.34

0.35

0.36
B ! Dø (SM + NR)

CLR
V = 0.2

CLR
V = 0.5

SM

0.0 0.2 0.4 0.6 0.8 1.0

0.30

0.32

0.34

0.36

A
D

,+
fb

0.0 0.2 0.4 0.6 0.8 1.0

0.30

0.32

0.34

0.36

0.0 0.2 0.4 0.6 0.8 1.0
mNL

0.00

0.02

0.04

0.06

A
D

,°
fb

0.0 0.2 0.4 0.6 0.8 1.0
mNR

0.00

0.02

0.04

0.06

<latexit sha1_base64="qOVfxBbbZJQTUsSMM3a9TRoppHg=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT0WvXgQqWA/oF2WbJptQ5PskmSFsvRHePGgiFd/jzf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUVvHqSK0RWIeq26INeVM0pZhhtNuoigWIaedcHwz8ztPVGkWy0czSagv8FCyiBFsrNQRQXYf3E2DcsWtunOgVeLlpAI5mkH5qz+ISSqoNIRjrXuemxg/w8owwum01E81TTAZ4yHtWSqxoNrP5udO0ZlVBiiKlS1p0Fz9PZFhofVEhLZTYDPSy95M/M/rpSa68jMmk9RQSRaLopQjE6PZ72jAFCWGTyzBRDF7KyIjrDAxNqGSDcFbfnmVtC+qXq1ae7isNK7zOIpwAqdwDh7UoQG30IQWEBjDM7zCm5M4L86787FoLTj5zDH8gfP5A0Bpj4g=</latexit>mNL

<latexit sha1_base64="NVXmN2/JzpmapvfQDZpMbiagcUQ=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT0WvXiSKvYD2mXJptk2NMkuSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJxzczv/NElWaxfDSThPoCDyWLGMHGSh0RZHfBwzQoV9yqOwdaJV5OKpCjGZS/+oOYpIJKQzjWuue5ifEzrAwjnE5L/VTTBJMxHtKepRILqv1sfu4UnVllgKJY2ZIGzdXfExkWWk9EaDsFNiO97M3E/7xeaqIrP2MySQ2VZLEoSjkyMZr9jgZMUWL4xBJMFLO3IjLCChNjEyrZELzll1dJ+6Lq1aq1+8tK4zqPowgncArn4EEdGnALTWgBgTE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/SYePjg==</latexit>mNR
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A
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CLL
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<latexit sha1_base64="sG7Tl3BsWEciiPLwcVvOR0/6DZM=">AAACDnicbVDLSgNBEJz1GeMr6tHLYAhEhLArEj2G6MGDSkTzgGxYZieTZMjsg5leNSz5Ai/+ihcPinj17M2/cZLsQRMLGoqqbrq73FBwBab5bczNLywuLadW0qtr6xubma3tmgoiSVmVBiKQDZcoJrjPqsBBsEYoGfFcwepu/3Tk1++YVDzwb2EQspZHuj7vcEpAS04mV7Yl7/aASBnc4zMbSITzNrAHiG8uh/gAXzkXeN/JZM2COQaeJVZCsihBxcl82e2ARh7zgQqiVNMyQ2jFRAKngg3TdqRYSGifdFlTU594TLXi8TtDnNNKG3cCqcsHPFZ/T8TEU2rgubrTI9BT095I/M9rRtA5acXcDyNgPp0s6kQCQ4BH2eA2l4yCGGhCqOT6Vkx7RBIKOsG0DsGafnmW1A4LVrFQvD7KlspJHCm0i/ZQHlnoGJXQOaqgKqLoET2jV/RmPBkvxrvxMWmdM5KZHfQHxucP+7Kaxw==</latexit>

B → Dω(SM +NL)
<latexit sha1_base64="igwC0YgpXSYXUnTH/qZ8TfeSRSk=">AAACDnicbVDJSgNBEO1xjXGLevTSGAIRIcyIRI8hevCixCULZMLQ0+kkTXoWumvUMOQLvPgrXjwo4tWzN//GTjIHTXxQ8Hiviqp6bii4AtP8NubmFxaXllMr6dW19Y3NzNZ2TQWRpKxKAxHIhksUE9xnVeAgWCOUjHiuYHW3fzry63dMKh74tzAIWcsjXZ93OCWgJSeTK9uSd3tApAzu8ZkNJMJ5G9gDxDcXQ3yAL51rvO9ksmbBHAPPEishWZSg4mS+7HZAI4/5QAVRqmmZIbRiIoFTwYZpO1IsJLRPuqypqU88plrx+J0hzmmljTuB1OUDHqu/J2LiKTXwXN3pEeipaW8k/uc1I+ictGLuhxEwn04WdSKBIcCjbHCbS0ZBDDQhVHJ9K6Y9IgkFnWBah2BNvzxLaocFq1goXh1lS+UkjhTaRXsojyx0jEroHFVQFVH0iJ7RK3oznowX4934mLTOGcnMDvoD4/MHBOWazQ==</latexit>

B → Dω(SM +NR)

22

Probing the nature of invisible 
particle in semileptonic decays 

Pseudoscalar case B → Dτ'inv'
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Probing the nature of invisible 
particle in semileptonic decays 

Vector case B → D*( → Dπ)τ'inv'

<latexit sha1_base64="YcL5uSOINPZcjz5bk+9Xu5HkLXQ="></latexit>

d4!±

dq2 d cos ωω d cos ωD dε
= (I±1s + I±2s cos 2ωω + I±6s cos ωω) sin

2 ωD

+ (I±1c + I±2c cos 2ωω + I±6c cos ωω) cos
2 ωD

+ (I±3 cos 2ε+ I±9 sin 2ε) sin2 ωD sin2 ωω

+ (I±4 cosε+ I±8 sinε) sin 2ωD sin 2ωω

+ (I±5 cosε+ I±7 sinε) sin 2ωD sin ωω
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Probing the nature of invisible 
particle in semileptonic decays 

Vector case B → D*( → Dπ)τ'inv'

<latexit sha1_base64="YcL5uSOINPZcjz5bk+9Xu5HkLXQ="></latexit>

d4!±

dq2 d cos ωω d cos ωD dε
= (I±1s + I±2s cos 2ωω + I±6s cos ωω) sin

2 ωD

+ (I±1c + I±2c cos 2ωω + I±6c cos ωω) cos
2 ωD

+ (I±3 cos 2ε+ I±9 sin 2ε) sin2 ωD sin2 ωω

+ (I±4 cosε+ I±8 sinε) sin 2ωD sin 2ωω

+ (I±5 cosε+ I±7 sinε) sin 2ωD sin ωω

Analogously to pseudoscalar case, we notice:                 and  
<latexit sha1_base64="PZvsiOVcmEuwE6d4wiIOR5l04aM=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBC8GHZFohch6EVvEcwDkjXMTmaTIbOzy0yvEJb8hhcPinj1Z7z5N04eB00saCiquunuChIpDLrut7O0vLK6tp7byG9ube/sFvb26yZONeM1FstYNwNquBSK11Cg5M1EcxoFkjeCwc3YbzxxbUSsHnCYcD+iPSVCwShaqX3Xycps9HhKrojbKRTdkjsBWSTejBRhhmqn8NXuxiyNuEImqTEtz03Qz6hGwSQf5dup4QllA9rjLUsVjbjxs8nNI3JslS4JY21LIZmovycyGhkzjALbGVHsm3lvLP7ntVIML/1MqCRFrth0UZhKgjEZB0C6QnOGcmgJZVrYWwnrU00Z2pjyNgRv/uVFUj8reeVS+f68WLmexZGDQziCE/DgAipwC1WoAYMEnuEV3pzUeXHenY9p65IzmzmAP3A+fwAX1ZBu</latexit>

I→6c = 0
<latexit sha1_base64="myB+hdZ6jXShrNksRl0UMI7ClOQ=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAEIeyKRC9C0IveIpgHJGuYncwmQ2Znl5leISz5DS8eFPHqz3jzb5w8DppY0FBUddPdFSRSGHTdb2dpeWV1bT23kd/c2t7ZLezt102casZrLJaxbgbUcCkUr6FAyZuJ5jQKJG8Eg5ux33ji2ohYPeAw4X5Ee0qEglG0Uvuuk5XN6PGUXBG3Uyi6JXcCski8GSnCDNVO4avdjVkacYVMUmNanpugn1GNgkk+yrdTwxPKBrTHW5YqGnHjZ5ObR+TYKl0SxtqWQjJRf09kNDJmGAW2M6LYN/PeWPzPa6UYXvqZUEmKXLHpojCVBGMyDoB0heYM5dASyrSwtxLWp5oytDHlbQje/MuLpH5W8sql8v15sXI9iyMHh3AEJ+DBBVTgFqpQAwYJPMMrvDmp8+K8Ox/T1iVnNnMAf+B8/gAtdZB8</latexit>

I+6s = 0

 physical meaning?⇒



25

Probing the nature of invisible 
particle in semileptonic decays 

Vector case B → D*( → Dπ)τ'inv'

<latexit sha1_base64="YcL5uSOINPZcjz5bk+9Xu5HkLXQ="></latexit>

d4!±

dq2 d cos ωω d cos ωD dε
= (I±1s + I±2s cos 2ωω + I±6s cos ωω) sin

2 ωD

+ (I±1c + I±2c cos 2ωω + I±6c cos ωω) cos
2 ωD

+ (I±3 cos 2ε+ I±9 sin 2ε) sin2 ωD sin2 ωω

+ (I±4 cosε+ I±8 sinε) sin 2ωD sin 2ωω

+ (I±5 cosε+ I±7 sinε) sin 2ωD sin ωω

 We integrate over ⇒ ϕ
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Probing the nature of invisible 
particle in semileptonic decays 

Vector case B → D*( → Dπ)τ'inv'

<latexit sha1_base64="YcL5uSOINPZcjz5bk+9Xu5HkLXQ="></latexit>

d4!±

dq2 d cos ωω d cos ωD dε
= (I±1s + I±2s cos 2ωω + I±6s cos ωω) sin

2 ωD

+ (I±1c + I±2c cos 2ωω + I±6c cos ωω) cos
2 ωD

+ (I±3 cos 2ε+ I±9 sin 2ε) sin2 ωD sin2 ωω

+ (I±4 cosε+ I±8 sinε) sin 2ωD sin 2ωω

+ (I±5 cosε+ I±7 sinε) sin 2ωD sin ωω

 We integrate over ⇒ ϕ



27

Probing the nature of invisible 
particle in semileptonic decays 

Vector case B → D*( → Dπ)τ'inv'

<latexit sha1_base64="YcL5uSOINPZcjz5bk+9Xu5HkLXQ="></latexit>

d4!±

dq2 d cos ωω d cos ωD dε
= (I±1s + I±2s cos 2ωω + I±6s cos ωω) sin

2 ωD

+ (I±1c + I±2c cos 2ωω + I±6c cos ωω) cos
2 ωD

+ (I±3 cos 2ε+ I±9 sin 2ε) sin2 ωD sin2 ωω

+ (I±4 cosε+ I±8 sinε) sin 2ωD sin 2ωω

+ (I±5 cosε+ I±7 sinε) sin 2ωD sin ωω

 We integrate over ⇒ ϕ
 Then, project longitudinal and transverse  polarization⇒ D*

<latexit sha1_base64="YxVDb+NoKGPkPDeNW95/ElT57bU=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lEqhehqAePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQasPBh7vzTAzL0ylMOi6X05hZXVtfaO4Wdra3tndK+8ftEySaQ5NnshEd0JmQAoFTRQooZNqYHEooR2ObmZ++xG0EYl6wHEKQcwGSkSCM7SS7+MQkPVu6RV1e+WKW3XnoH+Jl5MKydHolT/9fsKzGBRyyYzpem6KwYRpFFzCtORnBlLGR2wAXUsVi8EEk/nNU3pilT6NEm1LIZ2rPycmLDZmHIe2M2Y4NMveTPzP62YYXQYTodIMQfHFoiiTFBM6C4D2hQaOcmwJ41rYWykfMs042phKNgRv+eW/pHVW9WrV2v15pX6dx1EkR+SYnBKPXJA6uSMN0iScpOSJvJBXJ3OenTfnfdFacPKZQ/ILzsc3lTmQvw==</latexit>

ωD = 0
<latexit sha1_base64="uzAju6X1f0rql4Ko1b6CI1IFLOk=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU02KVC9CUQ8eK9gPaELYbLft0s0m7E4KJfSfePGgiFf/iTf/jds2B219MPB4b4aZeWEiuAbH+bYKa+sbm1vF7dLO7t7+gX141NJxqihr0ljEqhMSzQSXrAkcBOskipEoFKwdju5mfnvMlOaxfIJJwvyIDCTvc0rASIFtezBkQIJ7fIO9hF9UA7vsVJw58Cpxc1JGORqB/eX1YppGTAIVROuu6yTgZ0QBp4JNS16qWULoiAxY11BJIqb9bH75FJ8ZpYf7sTIlAc/V3xMZibSeRKHpjAgM9bI3E//zuin0r/2MyyQFJuliUT8VGGI8iwH3uGIUxMQQQhU3t2I6JIpQMGGVTAju8surpFWtuLVK7fGyXL/N4yiiE3SKzpGLrlAdPaAGaiKKxugZvaI3K7NerHfrY9FasPKZY/QH1ucP0c+Sfg==</latexit>

ωD = ε/2
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Probing the nature of invisible 
particle in semileptonic decays 

Vector case B → D*( → Dπ)τ'inv'

<latexit sha1_base64="YcL5uSOINPZcjz5bk+9Xu5HkLXQ="></latexit>

d4!±

dq2 d cos ωω d cos ωD dε
= (I±1s + I±2s cos 2ωω + I±6s cos ωω) sin

2 ωD

+ (I±1c + I±2c cos 2ωω + I±6c cos ωω) cos
2 ωD

+ (I±3 cos 2ε+ I±9 sin 2ε) sin2 ωD sin2 ωω

+ (I±4 cosε+ I±8 sinε) sin 2ωD sin 2ωω

+ (I±5 cosε+ I±7 sinε) sin 2ωD sin ωω

 We integrate over ⇒ ϕ
 Then, project longitudinal and transverse  polarization⇒ D*

<latexit sha1_base64="YxVDb+NoKGPkPDeNW95/ElT57bU=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lEqhehqAePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQasPBh7vzTAzL0ylMOi6X05hZXVtfaO4Wdra3tndK+8ftEySaQ5NnshEd0JmQAoFTRQooZNqYHEooR2ObmZ++xG0EYl6wHEKQcwGSkSCM7SS7+MQkPVu6RV1e+WKW3XnoH+Jl5MKydHolT/9fsKzGBRyyYzpem6KwYRpFFzCtORnBlLGR2wAXUsVi8EEk/nNU3pilT6NEm1LIZ2rPycmLDZmHIe2M2Y4NMveTPzP62YYXQYTodIMQfHFoiiTFBM6C4D2hQaOcmwJ41rYWykfMs042phKNgRv+eW/pHVW9WrV2v15pX6dx1EkR+SYnBKPXJA6uSMN0iScpOSJvJBXJ3OenTfnfdFacPKZQ/ILzsc3lTmQvw==</latexit>

ωD = 0
<latexit sha1_base64="uzAju6X1f0rql4Ko1b6CI1IFLOk=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU02KVC9CUQ8eK9gPaELYbLft0s0m7E4KJfSfePGgiFf/iTf/jds2B219MPB4b4aZeWEiuAbH+bYKa+sbm1vF7dLO7t7+gX141NJxqihr0ljEqhMSzQSXrAkcBOskipEoFKwdju5mfnvMlOaxfIJJwvyIDCTvc0rASIFtezBkQIJ7fIO9hF9UA7vsVJw58Cpxc1JGORqB/eX1YppGTAIVROuu6yTgZ0QBp4JNS16qWULoiAxY11BJIqb9bH75FJ8ZpYf7sTIlAc/V3xMZibSeRKHpjAgM9bI3E//zuin0r/2MyyQFJuliUT8VGGI8iwH3uGIUxMQQQhU3t2I6JIpQMGGVTAju8surpFWtuLVK7fGyXL/N4yiiE3SKzpGLrlAdPaAGaiKKxugZvaI3K7NerHfrY9FasPKZY/QH1ucP0c+Sfg==</latexit>

ωD = ε/2

<latexit sha1_base64="YkCocjTKaQmvaET38KH0OWNUGvU=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4Crsi0WPQgx4j5AXZNcxOJsmQeTEzGwhL/sSLB0W8+ife/BsnyR40saChqOqmuytRjBobBN/e2vrG5tZ2Yae4u7d/cOgfHTeNTDUmDSyZ1O0EGcKoIA1LLSNtpQniCSOtZHQ381tjog2Vom4nisQcDQTtU4ysk7q+HyktlZUwukeco6d61y8F5WAOuErCnJRAjlrX/4p6EqecCIsZMqYTBsrGGdKWYkamxSg1RCE8QgPScVQgTkyczS+fwnOn9GBfalfCwrn6eyJD3JgJT1wnR3Zolr2Z+J/XSW3/Js6oUKklAi8W9VMG3aezGGCPaoItmziCsKbuVoiHSCNsXVhFF0K4/PIqaV6Ww0q58nhVqt7mcRTAKTgDFyAE16AKHkANNAAGY/AMXsGbl3kv3rv3sWhd8/KZE/AH3ucPN1STZw==</latexit>

→ !T

<latexit sha1_base64="8q0GDO0kt87Lg7w261tmwwa6gr8=">AAAB+XicbVC7SgNBFJ2Nrxhfq5Y2g0GwCrsi0TJooYVFBPOA7BpmJ5NkyLyYmQ2EJX9iY6GIrX9i5984SbbQ6IELh3Pu5d57EsWosUHw5RVWVtfWN4qbpa3tnd09f/+gaWSqMWlgyaRuJ8gQRgVpWGoZaStNEE8YaSWj65nfGhNtqBQPdqJIzNFA0D7FyDqp6/uR0lJZCaMbxDl6vOv65aASzAH/kjAnZZCj3vU/o57EKSfCYoaM6YSBsnGGtKWYkWkpSg1RCI/QgHQcFYgTE2fzy6fwxCk92JfalbBwrv6cyBA3ZsIT18mRHZplbyb+53VS27+MMypUaonAi0X9lEH36SwG2KOaYMsmjiCsqbsV4iHSCFsXVsmFEC6//Jc0zyphtVK9Py/XrvI4iuAIHINTEIILUAO3oA4aAIMxeAIv4NXLvGfvzXtftBa8fOYQ/IL38Q0rNJNf</latexit>

→ !L
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Probing the nature of invisible 
particle in semileptonic decays 

Vector case B → D*( → Dπ)τ'inv'

 We can isolate the term next to , and define forward-
backward asymmetries analogously to pseudoscalar case
⇒ cos θℓ

<latexit sha1_base64="15Z2r/09jzJ3VRlwWNoCGZcIHnA="></latexit>

A+
fb,T =

1

!

∫
dq2

8ω

3
I+6s

 Schematically:⇒

<latexit sha1_base64="UedO4+FZY6M1EXxBLpsw+6oB02M="></latexit>

A→
fb,L =

1

!

∫
dq2

8ω

3
I→6c

<latexit sha1_base64="yKJ+L2vA+H9MaLeddGPQGuWlzCk=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdVNy4r2Ae0Q8mkmTY0yYxJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxq6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2M7zK/PaFKs0g+mmlMfYGHkoWMYGMl/6bfE9iMlEjDYNYvV9yqOwdaJV5OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2VeommMSZjPKRdSyUWVPvpPPQMnVllgMJI2ScNmqu/N1IstJ6KwE5mEfWyl4n/ed3EhNd+ymScGCrJ4lCYcGQilDWABkxRYvjUEkwUs1kRGWGFibE9lWwJ3vKXV0nrourVqrWHy0r9Nq+jCCdwCufgwRXU4R4a0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBCgiSTA==</latexit>

Afb

<latexit sha1_base64="VcbWgP6mlDC6gW5HmuBPdCBttCo=">AAACCnicbVDJSgNBEO1xjXEb9eilNQgRJM4EiV6EuBw8RsgGmTD0dHqSJj0L3TVCGHL24q948aCIV7/Am39jZzlo4oOCx3tVVNXzYsEVWNa3sbC4tLyymlnLrm9sbm2bO7t1FSWSshqNRCSbHlFM8JDVgINgzVgyEniCNbz+zchvPDCpeBRWYRCzdkC6Ifc5JaAl1zy4cp2AQE8Gqe+dVId5B3oMiHuLL7ET89PisWvmrII1Bp4n9pTk0BQV1/xyOhFNAhYCFUSplm3F0E6JBE4FG2adRLGY0D7pspamIQmYaqfjV4b4SCsd7EdSVwh4rP6eSEmg1CDwdOfobDXrjcT/vFYC/kU75WGcAAvpZJGfCAwRHuWCO1wyCmKgCaGS61sx7RFJKOj0sjoEe/bleVIvFuxSoXR/litfT+PIoH10iPLIRueojO5QBdUQRY/oGb2iN+PJeDHejY9J64IxndlDf2B8/gAb0Jk+</latexit>

Afb,T(ωD = ε/2)

<latexit sha1_base64="bCKyTcEXktkuP5JvxMwoSaNTojg=">AAACBnicbVDJSgNBEO2JW4zbqEcRGoMQQcKMSPQixOXgwUMEs0AShp5OT9KkZ6G7RghDTl78FS8eFPHqN3jzb+xJ5qDRBwWP96qoqudGgiuwrC8jNze/sLiUXy6srK6tb5ibWw0VxpKyOg1FKFsuUUzwgNWBg2CtSDLiu4I13eFl6jfvmVQ8DO5gFLGuT/oB9zgloCXH3D13Oj6BgfQTzz28GZc6MGBAnCt8hq0DxyxaZWsC/JfYGSmiDDXH/Oz0Qhr7LAAqiFJt24qgmxAJnAo2LnRixSJCh6TP2poGxGeqm0zeGON9rfSwF0pdAeCJ+nMiIb5SI9/VnenJatZLxf+8dgzeaTfhQRQDC+h0kRcLDCFOM8E9LhkFMdKEUMn1rZgOiCQUdHIFHYI9+/Jf0jgq25Vy5fa4WL3I4sijHbSHSshGJ6iKrlEN1RFFD+gJvaBX49F4Nt6M92lrzshmttEvGB/fMFiXqA==</latexit>

Afb,L(ωD = 0)
<latexit sha1_base64="qtA+CsL03GDiwSW2VfcHgyD/YRg=">AAAB+nicbVDLSgMxFM34rPU11aWbYBEEpcyIVJdVNy5cVLAPaMchk2ba0CQzJBmljP0UNy4UceuXuPNvzLSz0NYDgcM593JPThAzqrTjfFsLi0vLK6uFteL6xubWtl3aaaookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDK8yv/VApKKRuNOjmHgc9QUNKUbaSL5duvC7HOmB5GkYHN+M7498u+xUnAngPHFzUgY56r791e1FOOFEaMyQUh3XibWXIqkpZmRc7CaKxAgPUZ90DBWIE+Wlk+hjeGCUHgwjaZ7QcKL+3kgRV2rEAzOZxVSzXib+53USHZ57KRVxoonA00NhwqCOYNYD7FFJsGYjQxCW1GSFeIAkwtq0VTQluLNfnifNk4pbrVRvT8u1y7yOAtgD++AQuOAM1MA1qIMGwOARPINX8GY9WS/Wu/UxHV2w8p1d8AfW5w+xpZOm</latexit>

A+
fb,L

<latexit sha1_base64="RCEe3+1pzjfzlVoQIqGEZ+iqh6g=">AAAB+nicbVC7TsMwFHV4lvJKYWSxqJAYoEoQKowFFgaGItGH1IbIcZ3Wqu1EtgOqQj+FhQGEWPkSNv4Gp80ALUeydHTOvbrHJ4gZVdpxvq2FxaXlldXCWnF9Y3Nr2y7tNFWUSEwaOGKRbAdIEUYFaWiqGWnHkiAeMNIKhleZ33ogUtFI3OlRTDyO+oKGFCNtJN8uXfhdjvRA8jQMjm7G98e+XXYqzgRwnrg5KYMcdd/+6vYinHAiNGZIqY7rxNpLkdQUMzIudhNFYoSHqE86hgrEifLSSfQxPDBKD4aRNE9oOFF/b6SIKzXigZnMYqpZLxP/8zqJDs+9lIo40UTg6aEwYVBHMOsB9qgkWLORIQhLarJCPEASYW3aKpoS3Nkvz5PmScWtVqq3p+XaZV5HAeyBfXAIXHAGauAa1EEDYPAInsEreLOerBfr3fqYji5Y+c4u+APr8we0rZOo</latexit>

A→
fb,L

<latexit sha1_base64="IKaHS3Ti7Tf65sFGH2FPOs2AawM=">AAAB+nicbVC7TsMwFHV4lvJKYWSxqJAYoEoQKowFFsYi9SW1IXJcp7VqO5HtgKrQT2FhACFWvoSNv8FpM0DLkSwdnXOv7vEJYkaVdpxva2l5ZXVtvbBR3Nza3tm1S3stFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPRTea3H4hUNBINPY6Jx9FA0JBipI3k26Urv8eRHkqehsFJY3J/6ttlp+JMAReJm5MyyFH37a9eP8IJJ0JjhpTquk6svRRJTTEjk2IvUSRGeIQGpGuoQJwoL51Gn8Ajo/RhGEnzhIZT9fdGirhSYx6YySymmvcy8T+vm+jw0kupiBNNBJ4dChMGdQSzHmCfSoI1GxuCsKQmK8RDJBHWpq2iKcGd//IiaZ1V3Gqlenderl3ndRTAATgEx8AFF6AGbkEdNAEGj+AZvII368l6sd6tj9nokpXv7IM/sD5/AMDlk7A=</latexit>

A→
fb,T

<latexit sha1_base64="VDeHsz6jWnZKm6mfuNhGY/yZ+kw=">AAAB+nicbVDLSgMxFM34rPU11aWbYBEEpcyIVJdVNy4r9AXtOGTSTBuaZIYko5Sxn+LGhSJu/RJ3/o2ZdhbaeiBwOOde7skJYkaVdpxva2l5ZXVtvbBR3Nza3tm1S3stFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPRTea3H4hUNBINPY6Jx9FA0JBipI3k26Urv8eRHkqehsFpY3J/4ttlp+JMAReJm5MyyFH37a9eP8IJJ0JjhpTquk6svRRJTTEjk2IvUSRGeIQGpGuoQJwoL51Gn8Ajo/RhGEnzhIZT9fdGirhSYx6YySymmvcy8T+vm+jw0kupiBNNBJ4dChMGdQSzHmCfSoI1GxuCsKQmK8RDJBHWpq2iKcGd//IiaZ1V3Gqlenderl3ndRTAATgEx8AFF6AGbkEdNAEGj+AZvII368l6sd6tj9nokpXv7IM/sD5/AL3dk64=</latexit>

A+
fb,T
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Summary and conclusions

Polarized angular observables in  discriminate the nature of inv. particleB → D(*)τν

Separating -polarizations allow the following observables:            ,            ,τ

 Each of them is a null-test for SM, and for LHNs in general⇒

<latexit sha1_base64="cZDrR67WCiU1Ry7t3rQMTUDeQ/4=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwoSURqS7rY+Gygn1AG8NkOmmHzkzCzEQIIf6KGxeKuPVD3Pk3TtostPXAwOGce7lnjh9RIpVtfxulpeWV1bXyemVjc2t7x9zd68gwFgi3UUhD0fOhxJRw3FZEUdyLBIbMp7jrT65zv/uIhSQhv1dJhF0GR5wEBEGlJc+sXnoDBtVYsDTws4f05vgk88yaXbensBaJU5AaKNDyzK/BMEQxw1whCqXsO3ak3BQKRRDFWWUQSxxBNIEj3NeUQ4alm07DZ9ahVoZWEAr9uLKm6u+NFDIpE+bryTyonPdy8T+vH6vgwk0Jj2KFOZodCmJqqdDKm7CGRGCkaKIJRILorBYaQwGR0n1VdAnO/JcXSee07jTqjbuzWvOqqKMM9sEBOAIOOAdNcAtaoA0QSMAzeAVvxpPxYrwbH7PRklHsVMEfGJ8/eXiUrA==</latexit>

AD,→
fb

<latexit sha1_base64="f1JC26XDOUsqLM+TdYgu1eyKYBw=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLIFJLIlJd1sfChYsK9gFtGibTSTt0MgkzE6GEbPwVNy4UcetnuPNvnLZZaOuBC4dz7uXee7yIUaks69vILSwuLa/kVwtr6xubW+b2TkOGscCkjkMWipaHJGGUk7qiipFWJAgKPEaa3vB67DcfiZA05A9qFBEnQH1OfYqR0pJr7l26nQCpgQgS3yvdpd3kpntcOklds2iVrQngPLEzUgQZaq751emFOA4IV5ghKdu2FSknQUJRzEha6MSSRAgPUZ+0NeUoINJJJg+k8FArPeiHQhdXcKL+nkhQIOUo8HTn+Fg5643F/7x2rPwLJ6E8ihXheLrIjxlUIRynAXtUEKzYSBOEBdW3QjxAAmGlMyvoEOzZl+dJ47RsV8qV+7Ni9SqLIw/2wQE4AjY4B1VwC2qgDjBIwTN4BW/Gk/FivBsf09ackc3sgj8wPn8AruyV1A==</latexit>

AD→,→
fb,L

<latexit sha1_base64="ALAzrkcmPOXQGkMUF3zQdw1pZG0=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLIFpKIlJd1sfCZYW+oE3LZDpph04mYWYilJCNv+LGhSJu/Qx3/o2TNgttPXDhcM693HuPGzIqlWV9G7ml5ZXVtfx6YWNza3vH3N1ryiASmDRwwALRdpEkjHLSUFQx0g4FQb7LSMsd36Z+65EISQNeV5OQOD4acupRjJSW+ubBdb/rIzUSfuy5pXrSi+96p6WzpG8WrbI1BVwkdkaKIEOtb351BwGOfMIVZkjKjm2FyomRUBQzkhS6kSQhwmM0JB1NOfKJdOLpAwk81soAeoHQxRWcqr8nYuRLOfFd3ZkeK+e9VPzP60TKu3JiysNIEY5ni7yIQRXANA04oIJgxSaaICyovhXiERIIK51ZQYdgz7+8SJrnZbtSrjxcFKs3WRx5cAiOwAmwwSWogntQAw2AQQKewSt4M56MF+Pd+Ji15oxsZh/8gfH5A7hKldo=</latexit>

AD→,+
fb,T

Measuring any of them means either:
 An additional massive left-handed inv. particle       is present⇒
 An additional, possibly massless, right-handed inv. particle        is present⇒

<latexit sha1_base64="g0Uhqa4bQRDrzeqcxzIoQYlJ63A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx5EIpoHJEuYnXSSIbOzy8ysEJZ8ghcPinj1i7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqN59QaR7JRzOO0Q/pQPI+Z9RY6eGue9stltyyOwNZJl5GSpCh1i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dnTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+imXcWJQsvmifiKIicj0b9LjCpkRY0soU9zeStiQKsqMTadgQ/AWX14mjbOyVylX7s9L1assjjwcwTGcggcXUIUbqEEdGAzgGV7hzRHOi/PufMxbc042cwh/4Hz+APgjjZw=</latexit>

NL
<latexit sha1_base64="zLt/ASmFUP12CJU7Uz54kO8al/s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL54kPvKAZAmzk0kyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HrqN5+4NiJSjziOuR/SgRJ9wSha6eG2e98tltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0duqEnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfYv/VSoOEGu2HxRP5EEIzL9m/SE5gzl2BLKtLC3EjakmjK06RRsCN7iy8ukcVb2KuXK3XmpepXFkYcjOIZT8OACqnADNagDgwE8wyu8OdJ5cd6dj3lrzslmDuEPnM8fAUqNog==</latexit>

NR

All of the discussion can be extended to any                          or                          process  
<latexit sha1_base64="cFniz6SLPU0e0Z0XdMaUA7LPEbM=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCUIFcYKFsYg0YfUVK3jOq1V24lsp6iKurPwKywMIMTKD7DxNzhtBmg50pWOzrlX994TxIwq7TjfVmFtfWNzq7hd2tnd2z+wD4+aKkokJg0csUi2A6QIo4I0NNWMtGNJEA8YaQXjm8xvTYhUNBL3ehqTLkdDQUOKkTZSzy57vqTDkUZSRg/Qgz5hDPoc6ZHkaZ+KSX/WsytO1ZkDrhI3JxWQw+vZX/4gwgknQmOGlOq4Tqy7KZKaYkZmJT9RJEZ4jIakY6hAnKhuOv9lBk+NMoBhJE0JDefq74kUcaWmPDCd2ZVq2cvE/7xOosOrbkpFnGgi8GJRmDCoI5gFAwdUEqzZ1BCEJTW3QjxCEmFt4iuZENzll1dJ87zq1qq1u4tK/TqPowhOQBmcARdcgjq4BR5oAAwewTN4BW/Wk/VivVsfi9aClc8cgz+wPn8AOZSbMg==</latexit>

P → P ω‘inv‘
<latexit sha1_base64="rLfCyNHgxckxYckGqbJDauFCj9o=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCUIFcYKFsYi0YfURK3jOq1Vx45sp6iKurPwKywMIMTKD7DxNzhtBmg50pWOzrlX994TxIwq7TjfVmFtfWNzq7hd2tnd2z+wD49aSiQSkyYWTMhOgBRhlJOmppqRTiwJigJG2sH4JvPbEyIVFfxeT2PiR2jIaUgx0kbq2eWGJ+lwpJGU4gG2oEcYg16E9EhGaZ/ySX/WsytO1ZkDrhI3JxWQo9Gzv7yBwElEuMYMKdV1nVj7KZKaYkZmJS9RJEZ4jIakayhHEVF+Ov9lBk+NMoChkKa4hnP190SKIqWmUWA6syvVspeJ/3ndRIdXfkp5nGjC8WJRmDCoBcyCgQMqCdZsagjCkppbIR4hibA28ZVMCO7yy6ukdV51a9Xa3UWlfp3HUQQnoAzOgAsuQR3cggZoAgwewTN4BW/Wk/VivVsfi9aClc8cgz+wPn8AQySbOA==</latexit>

P → V ω‘inv‘



Thank you for your attention!
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<latexit sha1_base64="PHhnJDfYs4GavDAjfErOj7uPaAw="></latexit>

RD(⇤) =
�(B ! D(⇤)⌧⌫)

�(B ! D(⇤)`⌫)
, ` = e, µ

Two new measurements

0.2 0.3 0.4 0.5
R(D)

0.2

0.25

0.3

0.35

0.4

R
(D

*)

HFLAV SM Prediction

L-QCD FLAG24 (Nf=2+1 for R(D*))

 0.004±R(D) = 0.296 
 0.005±R(D*) = 0.254 

 0.0054±R(D) = 0.2938 
 0.0051±R(D*) = 0.2582 

68% CL contours

total 0.024±R(D) = 0.358 
total 0.011±R(D*) = 0.281 

 = -0.374ρ
) = 27%2χP(

aLHCb
bLHCb

cLHCb

bBelle

cBelle

aBelle BaBar

aBelle II

bBelle II
Average

HFLAV

Prelim. CKM2025

HFLAV
CKM2025

(since the writing)
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<latexit sha1_base64="PHhnJDfYs4GavDAjfErOj7uPaAw="></latexit>

RD(⇤) =
�(B ! D(⇤)⌧⌫)

�(B ! D(⇤)`⌫)
, ` = e, µ

Two new measurements

0.2 0.3 0.4 0.5
R(D)
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0.25

0.3

0.35

0.4

R
(D

*)

HFLAV SM Prediction

L-QCD FLAG24 (Nf=2+1 for R(D*))

 0.004±R(D) = 0.296 
 0.005±R(D*) = 0.254 

 0.0054±R(D) = 0.2938 
 0.0051±R(D*) = 0.2582 

68% CL contours

total 0.024±R(D) = 0.358 
total 0.011±R(D*) = 0.281 

 = -0.374ρ
) = 27%2χP(

aLHCb
bLHCb

cLHCb

bBelle

cBelle

aBelle BaBar

aBelle II

bBelle II
Average

HFLAV

Prelim. CKM2025

HFLAV
CKM2025
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<latexit sha1_base64="PHhnJDfYs4GavDAjfErOj7uPaAw="></latexit>

RD(⇤) =
�(B ! D(⇤)⌧⌫)

�(B ! D(⇤)`⌫)
, ` = e, µ

Two new measurements

0.2 0.3 0.4 0.5
R(D)

0.2

0.25

0.3

0.35

0.4

R
(D

*)

HFLAV SM Prediction

L-QCD FLAG24 (Nf=2+1 for R(D*))

 0.004±R(D) = 0.296 
 0.005±R(D*) = 0.254 

 0.0054±R(D) = 0.2938 
 0.0051±R(D*) = 0.2582 

68% CL contours

total 0.024±R(D) = 0.358 
total 0.011±R(D*) = 0.281 

 = -0.374ρ
) = 27%2χP(
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