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b → sl 
+l 

- outline
The prospects for  measurements is quite rich and includes several 
processes 

b → s
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FCNC processes
• Two types of FCNC process:  

➡ ∆F = 2, meson anti-meson mixing. 

➡ ∆F = 1, e.g. Bs → !+!- . Commonly 
described as rare decays.  

• In the SM these processes are 
suppressed:  

➡ Loop processes which are CKM 
suppressed and can be highly GIM 
suppressed. 
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In order to concentrate in some key measurements we will discuss mainly 
angular and amplitude analyses in b → sl +l - (l  = µ, e) in transitions 


We will hear updates soon about the GPDs, Belle 2 and LHCb Run3, so we’ll 
concentrate on the near future at LHCb 

[Lots of BF results are also foreseen, e.g. with b-baryon and searches with tau’s]
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Looking to the future
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Higher statistics 
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• Perform unbinned measurements  

• Search for CP violation

• Measure differences between 

electrons and muons 

• Use larger datasets 

• Add new decay modes 

Today 

Future

- Future measurements will allow us to add more data to existing 
measurements and add new information by using different techniques
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“Binned” angular analyses

4

0 5 10 15
]4c/2 [GeV2q

1−

0.5−

0

0.5

15'P

(1
S)

ψ/J

(2
S)

ψ

LHCb
)+LHCb (B

Belle
ATLAS

CMS

0 5 10 15
]4c/2 [GeV2q

1−
0.8−

0.6−

0.4−

0.2−

0
0.2
0.4
0.6
0.8

14S LHCb

φ ψ/J (2S)ψ

1−LHCb 8.4fb
1−LHCb 3fb

SM (LCSR+Lattice)

i
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

i
Γ

1−

0.5−

0

0.5

1

LHCb

iK
0 5 10

V
al

ue

0.4−

0.2−

0

0.2

0.4
LHCb

SM prediction

[B ! K⇤µ+µ�]
<latexit sha1_base64="RZq5cXf0ACnYfrTWqCimXd3eXww=">AAACAHicdVBLSwMxGMz6rPW16sGDl2ARRHHZXVdsb0UvgpcK9gHbbcmmaRuafZBkhbLsxb/ixYMiXv0Z3vw3ZtsKKjqQMMx8H8mMHzMqpGl+aHPzC4tLy4WV4ura+samvrXdEFHCManjiEW85SNBGA1JXVLJSCvmBAU+I01/dJn7zTvCBY3CWzmOiRegQUj7FCOppK6+6160ZQSvO+lRBttB0jnOrxOvq5dMo+KUHasMTcO0Hcs5mxDTqtjQMswJSmCGWld/b/cinAQklJghIVzLjKWXIi4pZiQrthNBYoRHaEBcRUMUEOGlkwAZPFBKD/Yjrk4o4UT9vpGiQIhx4KvJAMmh+O3l4l+em8h+2UtpGCeShHj6UD9hUEXO24A9ygmWbKwIwpyqv0I8RBxhqTorqhK+ksL/ScM2rFPDvnFKVXtWRwHsgX1wCCxwDqrgCtRAHWCQgQfwBJ61e+1Re9Fep6Nz2mxnB/yA9vYJZBqVmQ==</latexit>

[B0 ! (K⇡)0[1330,1530]µ
+µ�]
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[LHCb, PRL 125 (2020) 011802, PRL 126 (2021) 161802, arXiv:2107.13428, JHEP 12 (2016) 065,  JHEP 09 (2018) 146]



Tom HadavizadehRafael Silva Coutinho

B0 → K*0µ+µ- binned analyses
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[LHCb, PRL 125 (2020) 011802]

Increase in statistics More information

[How to extract the most of the LHCb available data?]

Strategy of previous analysis (Run1+2016): 

Perform angular analysis (θK, θl, φ) in 
bins of q2 to extract P-wave angular obs 

Simultaneously fit mKπ spectrum 
(4D+1D PDF) to better constrain S-
wave contribution 

CP-asymmetries were not measured
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B0 → K*0µ+µ- binned analyses
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[How to extract the most of the LHCb available data?]

Increase in statistics More information

Additional 2017/2018 data 

Improved selection 

Wider mKπ window  

Improved per-event sensitivity in 

fitter (4D+1D → 5D PDF) 
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[LHCb, PRL 125 (2020) 011802]
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[possible due to better peaking bkg selection]

[mKπ dependence now directly included into PDF]
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[How to extract the most of the LHCb available data?]

Increase in statistics More information

Include both CP-averages and CP-asymmetries in the fit 

Drop assumption of massless leptons in the [0.1, 0.98] GeV q2 bin 

6 (2) more P(S)-wave terms: S2s, S1c, S6c, A2s, A1c, A6c (S12, A12) 
4 more P/S-wave interference terms: S13, A13, S13, A13 

Finer q2 granularity (e.g. half-width)?

Angular Analysis | 5D PDF 23 / 53

Angular description of the decay

⌅ Aim to also publish observables from P/S-Wave interference terms

⌅ 5D PDF leads to splitting of interference terms into real/imaginary
parts, o↵ering new information (JHEP 12 (2021) 085)

⌅ Angular asymmetries (symmetries) Ai marked in red (blue)
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1
<latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit>

6
<latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit>

15
<latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit>

q2 [GeV2]
<latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit>

d�

dq2
<latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit>

* see more details about electrons in Marie-Hélène’s talk
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7

<latexit sha1_base64="6E/g0E1u607IfKbpkcnP/sYKfII=">AAACA3icbVBNS8NAEN3Ur1q/ot70sliEeimJFOqx0IvHCrYVmhg22227dHcTdjdCCQEv/hUvHhTx6p/w5r9x0+agrQ8GHu/NMDMvjBlV2nG+rdLa+sbmVnm7srO7t39gHx71VJRITLo4YpG8C5EijArS1VQzchdLgnjISD+ctnO//0CkopG41bOY+ByNBR1RjLSRAvvE40hPMGJpO7tPa14sKScXWZA2s8CuOnVnDrhK3IJUQYFOYH95wwgnnAiNGVJq4Dqx9lMkNcWMZBUvUSRGeIrGZGCoQJwoP53/kMFzowzhKJKmhIZz9fdEirhSMx6azvxitezl4n/eINGjKz+lIk40EXixaJQwqCOYBwKHVBKs2cwQhCU1t0I8QRJhbWKrmBDc5ZdXSe+y7jp196ZRbTWKOMrgFJyBGnBBE7TANeiALsDgETyDV/BmPVkv1rv1sWgtWcXMMfgD6/MHGdaXwA==</latexit><latexit sha1_base64="6E/g0E1u607IfKbpkcnP/sYKfII=">AAACA3icbVBNS8NAEN3Ur1q/ot70sliEeimJFOqx0IvHCrYVmhg22227dHcTdjdCCQEv/hUvHhTx6p/w5r9x0+agrQ8GHu/NMDMvjBlV2nG+rdLa+sbmVnm7srO7t39gHx71VJRITLo4YpG8C5EijArS1VQzchdLgnjISD+ctnO//0CkopG41bOY+ByNBR1RjLSRAvvE40hPMGJpO7tPa14sKScXWZA2s8CuOnVnDrhK3IJUQYFOYH95wwgnnAiNGVJq4Dqx9lMkNcWMZBUvUSRGeIrGZGCoQJwoP53/kMFzowzhKJKmhIZz9fdEirhSMx6azvxitezl4n/eINGjKz+lIk40EXixaJQwqCOYBwKHVBKs2cwQhCU1t0I8QRJhbWKrmBDc5ZdXSe+y7jp196ZRbTWKOMrgFJyBGnBBE7TANeiALsDgETyDV/BmPVkv1rv1sWgtWcXMMfgD6/MHGdaXwA==</latexit><latexit sha1_base64="6E/g0E1u607IfKbpkcnP/sYKfII=">AAACA3icbVBNS8NAEN3Ur1q/ot70sliEeimJFOqx0IvHCrYVmhg22227dHcTdjdCCQEv/hUvHhTx6p/w5r9x0+agrQ8GHu/NMDMvjBlV2nG+rdLa+sbmVnm7srO7t39gHx71VJRITLo4YpG8C5EijArS1VQzchdLgnjISD+ctnO//0CkopG41bOY+ByNBR1RjLSRAvvE40hPMGJpO7tPa14sKScXWZA2s8CuOnVnDrhK3IJUQYFOYH95wwgnnAiNGVJq4Dqx9lMkNcWMZBUvUSRGeIrGZGCoQJwoP53/kMFzowzhKJKmhIZz9fdEirhSMx6azvxitezl4n/eINGjKz+lIk40EXixaJQwqCOYBwKHVBKs2cwQhCU1t0I8QRJhbWKrmBDc5ZdXSe+y7jp196ZRbTWKOMrgFJyBGnBBE7TANeiALsDgETyDV/BmPVkv1rv1sWgtWcXMMfgD6/MHGdaXwA==</latexit><latexit sha1_base64="6E/g0E1u607IfKbpkcnP/sYKfII=">AAACA3icbVBNS8NAEN3Ur1q/ot70sliEeimJFOqx0IvHCrYVmhg22227dHcTdjdCCQEv/hUvHhTx6p/w5r9x0+agrQ8GHu/NMDMvjBlV2nG+rdLa+sbmVnm7srO7t39gHx71VJRITLo4YpG8C5EijArS1VQzchdLgnjISD+ctnO//0CkopG41bOY+ByNBR1RjLSRAvvE40hPMGJpO7tPa14sKScXWZA2s8CuOnVnDrhK3IJUQYFOYH95wwgnnAiNGVJq4Dqx9lMkNcWMZBUvUSRGeIrGZGCoQJwoP53/kMFzowzhKJKmhIZz9fdEirhSMx6azvxitezl4n/eINGjKz+lIk40EXixaJQwqCOYBwKHVBKs2cwQhCU1t0I8QRJhbWKrmBDc5ZdXSe+y7jp196ZRbTWKOMrgFJyBGnBBE7TANeiALsDgETyDV/BmPVkv1rv1sWgtWcXMMfgD6/MHGdaXwA==</latexit>

[0.0008, 0.257]
<latexit sha1_base64="1dtYumoXmYWAgqqoqeNKas6fRog=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAguJEyi0i4LblxWsA9IQ5lMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcuHM65l3vvCVPOlEbo29rY3Nre2a3sVfcPDo+O7ZPTjkoySWibJDyRvRArypmgbc00p71UUhyHnHbDyX3hd6dUKpaIJz1LaRDjkWARI1gbaWDbPnIQQo1riBzvrh5UB3ZtoRjAdeKWpAZKtAb2V3+YkCymQhOOlfJdlOogx1Izwum82s8UTTGZ4BH1DRU4pirIF5fP4aVRhjBKpCmh4UL9PZHjWKlZHJrOGOuxWvUK8T/Pz3TUCHIm0kxTQZaLooxDncAiBjhkkhLNZ4ZgIpm5FZIxlphoE1YRgrv68jrpeI5743iPt7WmV8ZRAefgAlwBF9RBEzyAFmgDAqbgGbyCNyu3Xqx362PZumGVM2fgD6zPH7ztkG8=</latexit>
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[LHCb, JHEP 12 (2020) 081]Guinea pig: B0 → K*0e+e- 
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What about analyses with electrons?
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<latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit><latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit><latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit><latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit>

1
<latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit>

6
<latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit>

15
<latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit>

q2 [GeV2]
<latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit>
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<latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit>
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<latexit sha1_base64="rR8z+Oo3Ieonu7NXjQH/TL7YlQc=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFcSEhqRZcFNy4r2AekoUymk3boZBJnJoUS+h1uXCji1o9x5984abPQ1gMXzpxzL3PvCRLOlHacb2ttfWNza7u0U97d2z84rBwdt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjO9yvzOhUrFYPOppQv0IDwULGcHaSL7n2E79+hK5tuuX+5Wqec6BVolbkCoUaPYrX71BTNKICk04VspznUT7GZaaEU5n5V6qaILJGA+pZ6jAEVV+Nl96hs6NMkBhLE0Jjebq74kMR0pNo8B0RliP1LKXi/95XqrDWz9jIkk1FWTxUZhypGOUJ4AGTFKi+dQQTCQzuyIywhITbXLKQ3CXT14l7ZrtXtm1h3q1USviKMEpnMEFuHADDbiHJrSAwBM8wyu8WRPrxXq3Phata1YxcwJ/YH3+AOLCj4U=</latexit>

[1.1, 6.0]
<latexit sha1_base64="CjsLRO3lfzgCsJX3Wp5shra+Xmk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg4SkinosePFYwX5AGspmu2mXbnbD7kYopT/DiwdFvPprvPlv3LQ5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fVA+P2lpmitAWkVyqboQ15UzQlmGG026qKE4iTjvR+C73O09UaSbFo5mkNEzwULCYEWysFAS+61+ga9cLK/1qzXO9OdAq8QtSgwLNfvWrN5AkS6gwhGOtA99LTTjFyjDC6azSyzRNMRnjIQ0sFTihOpzOT56hM6sMUCyVLWHQXP09McWJ1pMksp0JNiO97OXif16Qmfg2nDKRZoYKslgUZxwZifL/0YApSgyfWIKJYvZWREZYYWJsSnkI/vLLq6Rdd/1Lt/5wVWvUizjKcAKncA4+3EAD7qEJLSAg4Rle4c0xzovz7nwsWktOMXMMf+B8/gD98o8O</latexit>
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[1.1, 6.0]
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What about analyses with electrons?
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<latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit><latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit><latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit><latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit>
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<latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit>

6
<latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit>

15
<latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit>

q2 [GeV2]
<latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit>

d�

dq2
<latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit>

[LHCb, ongoing]Guinea pig: B0 → K*0e+e- 

[1.1, 6.0]
<latexit sha1_base64="CjsLRO3lfzgCsJX3Wp5shra+Xmk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg4SkinosePFYwX5AGspmu2mXbnbD7kYopT/DiwdFvPprvPlv3LQ5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fVA+P2lpmitAWkVyqboQ15UzQlmGG026qKE4iTjvR+C73O09UaSbFo5mkNEzwULCYEWysFAS+61+ga9cLK/1qzXO9OdAq8QtSgwLNfvWrN5AkS6gwhGOtA99LTTjFyjDC6azSyzRNMRnjIQ0sFTihOpzOT56hM6sMUCyVLWHQXP09McWJ1pMksp0JNiO97OXif16Qmfg2nDKRZoYKslgUZxwZifL/0YApSgyfWIKJYvZWREZYYWJsSnkI/vLLq6Rdd/1Lt/5wVWvUizjKcAKncA4+3EAD7qEJLSAg4Rle4c0xzovz7nwsWktOMXMMf+B8/gD98o8O</latexit>
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Good control over q2 and Ω(cosθl, cosθK, φ):
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What about analyses with electrons?
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<latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit><latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit><latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit><latexit sha1_base64="WnrpEDMBx84heQd19GXRgfvtGjs=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtLJvtpF26m8TdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzaqzk1+RjVp31sx4KMeuXym7FXYCsEy8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAmfFXqoxoWxMh9i1NKIStZ8tjp6RS6sMSBgrW5EhC/X3REal1lMZ2E5JzUivenPxP6+bmvDGz3iUpAYjtlwUpoKYmMwTIAOukBkxtYQyxe2thI2ooszYnIo2BG/15XXSqlY8t+Ld18p1N4+jAOdwAVfgwTXU4Q4a0AQGT/AMr/DmTJwX5935WLZuOPnMGfyB8/kDvSuSAw==</latexit>

1
<latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit><latexit sha1_base64="HLTzDD3N/lVeEDmey1oqj9Ssz04=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqeYNqza27C5B14hWkBgWag+pXf5iwLEZpmKBa9zw3NUFOleFM4KzSzzSmlE3oCHuWShqjDvLFoTNyYZUhiRJlSxqyUH9P5DTWehqHtjOmZqxXvbn4n9fLTHQb5FymmUHJlouiTBCTkPnXZMgVMiOmllCmuL2VsDFVlBmbTcWG4K2+vE7aV3XPrXut61rDLeIowxmcwyV4cAMNuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+APn8wd1M4yj</latexit>

6
<latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit>

15
<latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit>

q2 [GeV2]
<latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit>

d�

dq2
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Figure 6.13: Distribution of the B0 !K⇤0 `+`� and B0 !K⇤0J/ (! `+`�) data candidates as a function
of PV-constrained B0 invariant mass m(K+⇡�`+`�)PV and q2, as obtained for the muon mode (left) and
the electron mode (right).
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Figure 6.14: Distribution of the B0 !K⇤0 `+`� and B0 !K⇤0J/ (! `+`�) data candidates as a function
of PV-constrained B0 invariant mass m(K+⇡�`+`�)PV and constrained q2, as obtained for the muon mode
(left) and the electron mode (right).

the best compromise between signal efficiency and background rejection.

Signal and background samples

Two different classifiers are used to select signal decays to electrons and muons. Training and testing
are performed on combined samples of 2011 and 2012 and, for electrons, jointly for the three trigger
categories. This choice is driven by the observation that the statistics available is the limiting factor
in the classifier performance. An increase in the statistics is hence more beneficial than the use
of samples recorded under the same conditions (mainly the energy of the pp collisions) and with
the same kinematic properties. On the other hand, the optimisation of the classifiers is performed
separately for each trigger category. The low and central q

2 bins are combined for the training but
considered separately in the optimisation.

The signal is obtained from B
0 ! K

⇤0
e
+
e
� and B

0 ! K
⇤0

µ
+
µ

� simulation samples that are
corrected to account for differences between simulation and data, while the B

0 candidates populating
the upper sideband of the B

0 invariant mass distribution in data are used as background sample.
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Figure 6.14: Distribution of the B0 !K⇤0 `+`� and B0 !K⇤0J/ (! `+`�) data candidates as a function
of PV-constrained B0 invariant mass m(K+⇡�`+`�)PV and constrained q2, as obtained for the muon mode
(left) and the electron mode (right).

the best compromise between signal efficiency and background rejection.

Signal and background samples

Two different classifiers are used to select signal decays to electrons and muons. Training and testing
are performed on combined samples of 2011 and 2012 and, for electrons, jointly for the three trigger
categories. This choice is driven by the observation that the statistics available is the limiting factor
in the classifier performance. An increase in the statistics is hence more beneficial than the use
of samples recorded under the same conditions (mainly the energy of the pp collisions) and with
the same kinematic properties. On the other hand, the optimisation of the classifiers is performed
separately for each trigger category. The low and central q

2 bins are combined for the training but
considered separately in the optimisation.

The signal is obtained from B
0 ! K

⇤0
e
+
e
� and B

0 ! K
⇤0

µ
+
µ

� simulation samples that are
corrected to account for differences between simulation and data, while the B

0 candidates populating
the upper sideband of the B

0 invariant mass distribution in data are used as background sample.
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“constraint” q2

Significantly improve resolution (reduce bin migration) 
and increase statistics ~ 15-20%
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Figure 28: Distribution of the PV–constrained B0 invariant mass of the background due to B0

!K⇤0J/ (!e+e�) candidates leaking in the central q2 bin for the L0E (left) and L0TIS (right)
trigger categories, as obtained from simulation. When the cut on the constrained q2 is applied,
the contribution from this background becomes insignificant above 4900 MeV/c2.

up to 7.0 GeV2/c4 instead of 6.0 GeV2/c4, with a smaller background contamination than866

when considering a maximum q2 of 6.0 GeV2/c4. 10 This background is further reduced by867

moving up the lower limit of the B0 invariant mass window from 4500 MeV/c2 to 4900868

MeV/c2. The combined e↵ect of the q2c and adjusted B0 mass window allows for the safe869

omission of this background component from the final mass and angular fit model. The870

remaining leakage events from J/ are expected to be around 5 ± 1 events for Run1,871

8 ± 1 for Run2p1, and 16 ± 2 for Run2p2, and is treated as a source of systematic872

uncertainty. As the cut on the q2c is used for the rare mode, the constrained q2 cut of 7 to873

11 GeV2/c4 is also adopted for the resonant mode to keep the two samples independent.874

Note that the contamination from the J/ leakage for the upper limit 6.0 GeV2/c4 is even875

more suppressed.876

The distribution of the B0
!K⇤0e+e� and B0

!K⇤0J/ (!e+e�) data candidates877

as a function of PV–constrained B0 invariant mass m(K+⇡�e+e�)PV and q2 is shown in878

Fig. 29. The analogous distribution as a function of the q2c is also shown in Fig. 30. The879

two horizontal bands in Fig. 29 correspond to the J/ and  (2S) resonances, while the880

diagonal bands correspond to the radiative tail generated by bremsstrahlung emission. Due881

to the constraint on q2, the B0
!K⇤0e+e� and B0

!K⇤0J/ (!e+e�) data candidates882

appear rotated in Fig. 30.883

The usage of the constrained q2 results in some distortion of the combinatorial back-884

ground distribution. This e↵ect, while slightly more pronounced for the resonant mode, is885

generally mild when the PV constrained B0 invariant mass is used. It should be noted886

that the imposition of the constraint forces some pathological events, most noticably887

combinatorial events that contain real J/ , to enter the signal q2 region at high B0 mass.888

10Note that the estimated upper bound from Ref. [52] is of 0.1–0.5% of B0
! K⇤0J/ (e+e�) events to

leak into the q2 interval (depending on the trigger category).
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6
<latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit><latexit sha1_base64="BRpnSm6etesJFbfrajfL3eNtAhE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AfMeMqA==</latexit>

15
<latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit><latexit sha1_base64="B6N2c30an3ldkP/JOTfqvC+zxxk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ68K4G1Zpbd3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz/NIZObPKkISxsiUNydXfExmNtJ5Gge2MqBnrZW8u/uf1UhPe+BmXSWpQssWiMBXExGT+NhlyhcyIqSWUKW5vJWxMFWXGhlOxIXjLL6+S9kXdc+ve/WWt4RZxlOEETuEcPLiGBtxBE1rAIIRneIU3Z+K8OO/Ox6K15BQzx/AHzucP6pyM4g==</latexit>

q2 [GeV2]
<latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit><latexit sha1_base64="2YxTla55kqFjoJwWtoSxZZ4yJzo=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBg5SkCHoseNBjBfsBSSyb7bRduvlwdyKWULz4V7x4UMSrv8Kb/8ZN24O2Phh4vDfDzLwgEVyhbX8bC4tLyyurhbXi+sbm1ra5s9tQcSoZ1FksYtkKqALBI6gjRwGtRAINAwHNYHCR+817kIrH0Q0OE/BD2ot4lzOKWmqb+3e3WWXknbgewgPKMLuExiiX/LZZssv2GNY8caakRKaotc0vrxOzNIQImaBKuY6doJ9RiZwJGBW9VEFC2YD2wNU0oiEoPxu/MLKOtNKxurHUFaE1Vn9PZDRUahgGujOk2FezXi7+57kpds/9jEdJihCxyaJuKiyMrTwPq8MlMBRDTSiTXN9qsT6VlKFOrahDcGZfnieNStmxy871aalqT+MokANySI6JQ85IlVyRGqkTRh7JM3klb8aT8WK8Gx+T1gVjOrNH/sD4/AFPq5dO</latexit>

d�

dq2
<latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit><latexit sha1_base64="8G65taFNdB29EB3VAgoK6zvnEIU=">AAACEXicbVBNS8NAEN34WetX1KOXYBF6KkkR9FjwoMcK9gOaWDabTbt0N4m7E7GE/AUv/hUvHhTx6s2b/8Ztm0NtfTDweG+GmXl+wpkC2/4xVlbX1jc2S1vl7Z3dvX3z4LCt4lQS2iIxj2XXx4pyFtEWMOC0m0iKhc9pxx9dTvzOA5WKxdEtjBPqCTyIWMgIBi31zaobSkwyF+gjSJEFuXuFhcD5nHJ/l9XzvG9W7Jo9hbVMnIJUUIFm3/x2g5ikgkZAOFaq59gJeBmWwAinedlNFU0wGeEB7WkaYUGVl00/yq1TrQRWGEtdEVhTdX4iw0KpsfB1p8AwVIveRPzP66UQXngZi5IUaERmi8KUWxBbk3isgElKgI81wUQyfatFhlhHBDrEsg7BWXx5mbTrNceuOTdnlYZdxFFCx+gEVZGDzlEDXaMmaiGCntALekPvxrPxanwYn7PWFaOYOUJ/YHz9AhlhnwE=</latexit>

[LHCb, ongoing]Guinea pig: B0 → K*0e+e- 

What about analyses with electrons?

[0.1, 1.1]
<latexit sha1_base64="MDaUISchp/ilWJcyzBaNqdZbujA=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4kJCtgh4LXjxWsB+QhrLZbtqlm03YnQgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSqFAc/7dtbWNza3tis71d29/YPD2tFxxySZZrzNEpnoXkgNl0LxNgiQvJdqTuNQ8m44uSv87hPXRiTqEaYpD2I6UiISjIKVfN9zySUmLgmqg1rdc7058CohJamjEq1B7as/TFgWcwVMUmN84qUQ5FSDYJLPqv3M8JSyCR1x31JFY26CfH7yDJ9bZYijRNtSgOfq74mcxsZM49B2xhTGZtkrxP88P4PoNsiFSjPgii0WRZnEkODifzwUmjOQU0so08LeitmYasrAplSEQJZfXiWdhkuu3MbDdb3ZKOOooFN0hi4QQTeoie5RC7URQwl6Rq/ozQHnxXl3Phata045c4L+wPn8AfZDjwk=</latexit>

 (2S)

[> 15?]
<latexit sha1_base64="hN/b0r/Y3ym2DnYNO5KP4R2IgCM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KklV9KQFLx4r2A9IQ9lsN+3SzSbsToRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3k391hPXRiTqEUcpD2LaVyISjKKVWv6Nd0lug26p7FbcGcgy8XJShhz1bumr00tYFnOFTFJjfM9NMRhTjYJJPil2MsNTyoa0z31LFY25Ccazcyfk1Co9EiXalkIyU39PjGlszCgObWdMcWAWvan4n+dnGF0HY6HSDLli80VRJgkmZPo76QnNGcqRJZRpYW8lbEA1ZWgTKtoQvMWXl0mzWvHOK9WHi3KtmsdRgGM4gTPw4ApqcA91aACDITzDK7w5qfPivDsf89YVJ585gj9wPn8AryCObw==</latexit>

While the low-q2 region has similar features as 
the central-q2, high-q2 is a challenge regime:

Different ideas under study, e.g. q2no Brem or 
MVA based on q2no Brem, q2PV and Brem info
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Going unbinned
- Current amplitude analyses show tension with the SM 
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R. Silva Coutinho (UZH) 4

LHCb Run-I + 2016 B0 → K*0µ+µ- update
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SM from DHMV

LHCb

The song remains the same (?) …

[LHCb-PAPER-2020-002, arXiv: 2003.04831] 

Overall tension with SM remains at the same level

- Updates with higher statistics will help 
identify if this is a genuine effect or a 
fluctuation

LHCb Run1+2016  update B0 → K*0μ+μ−

- However, performing measurements that are unbinned in  can help to 
untangle New Physics and SM hadronic effects 


- e.g. shifts resulting from  loops may vary as a function of  

q2

cc̄ q2

LHCb-PAPER-2020-002 [PhysRevLett.125.011802]

https://doi.org/10.1103/PhysRevLett.125.011802
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Decay rates

14

d4Γ(B0 → K*0μ+μ−)

dq2d ⃗Ω
=

9
32π ∑

i

Ji(q2)fi(cos θℓ, cos θK, ϕ)

AL,R
λ (q2) AL,R

00 (q2)
P-wave S-wave

Atime(q2)
Time-likePenguin decay rate is written in terms of 

6 P-wave and 2 S-wave amplitudes 

AL,R
λ (q2) = Nλ (([Ceff,λ

9 (q2) ± C′ 9] ∓ [C10 ± C′ 10]) Fλ
V(q2)+

2mb

q2
Ceff,λ

7 (q2)Fλ
T(q2))

- These are written in terms of effective Wilson coefficients and Form factors, e.g.

Ceff,λ
9 (q2) = Cμ

9 + Gλ(q2)

- Non-local effects can be included by adding addition terms to the amplitudes 
or modifying the Wilson coefficients to have additional -dependent terms   q2

AL,R
λ = AL,R,Local

λ + Hλ(q2)



Tom HadavizadehRafael Silva Coutinho

z-expansion

15

Method 1

!"#$%&$%$"'$(

J/�(1S)

�(2S)C(�)
7

C(�)
7 C(�)

9
C(�)

9 C (�)
10

4 [m(µ)]2 q2

d�
dq2

)"*(

+,"-(*!.#)"'$(

',"#%!/01,".(&%,2(

)/,3$(,4$"('5)%2(

#5%$.5,6*((

cc̄

1
<latexit sha1_base64="UWW1l0c9YBbgdn9m09FAFdrzXfc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1c9t+o1a5X6RR5HEc7gHK7Agxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AcZeMlw==</latexit><latexit sha1_base64="UWW1l0c9YBbgdn9m09FAFdrzXfc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1c9t+o1a5X6RR5HEc7gHK7Agxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AcZeMlw==</latexit><latexit sha1_base64="UWW1l0c9YBbgdn9m09FAFdrzXfc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1c9t+o1a5X6RR5HEc7gHK7Agxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AcZeMlw==</latexit><latexit sha1_base64="UWW1l0c9YBbgdn9m09FAFdrzXfc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1c9t+o1a5X6RR5HEc7gHK7Agxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AcZeMlw==</latexit>

6
<latexit sha1_base64="ah6UfJCyJdS0r/JMygaY8N3vQm4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE1GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO6XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52Sc6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqx6btVrXFVqZ3kcRTiBU7gAD26gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBeSuMnA==</latexit><latexit sha1_base64="ah6UfJCyJdS0r/JMygaY8N3vQm4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE1GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO6XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52Sc6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqx6btVrXFVqZ3kcRTiBU7gAD26gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBeSuMnA==</latexit><latexit sha1_base64="ah6UfJCyJdS0r/JMygaY8N3vQm4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE1GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO6XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52Sc6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqx6btVrXFVqZ3kcRTiBU7gAD26gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBeSuMnA==</latexit><latexit sha1_base64="ah6UfJCyJdS0r/JMygaY8N3vQm4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE1GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO6XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52Sc6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqx6btVrXFVqZ3kcRTiBU7gAD26gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBeSuMnA==</latexit>

15
<latexit sha1_base64="YeR0z88bmpVpcF7lqgeTsszmBoI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoseCF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB++qX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTm3yoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimGN34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9bM8jiKcwClcgAfXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AecAjNY=</latexit><latexit sha1_base64="YeR0z88bmpVpcF7lqgeTsszmBoI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoseCF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB++qX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTm3yoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimGN34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9bM8jiKcwClcgAfXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AecAjNY=</latexit><latexit sha1_base64="YeR0z88bmpVpcF7lqgeTsszmBoI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoseCF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB++qX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTm3yoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimGN34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9bM8jiKcwClcgAfXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AecAjNY=</latexit><latexit sha1_base64="YeR0z88bmpVpcF7lqgeTsszmBoI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoseCF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB++qX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTm3yoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimGN34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9bM8jiKcwClcgAfXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AecAjNY=</latexit> q2 [GeV]

<latexit sha1_base64="LbqMNi0Ya+kdjXynwjUlYMlYwD0=">AAAB/nicbVBNS8NAEN34WetXVDx5CRbBQylJEfRY8KDHCvYD0lg220m7dPPh7kQsoeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz8/xEcIW2/W0sLa+srq0XNoqbW9s7u+beflPFqWTQYLGIZdunCgSPoIEcBbQTCTT0BbT84eXEbz2AVDyObnGUgBfSfsQDzihqqWse3t9l1XGn7HYQHlGG2RU0x17XLNkVewprkTg5KZEc9a751enFLA0hQiaoUq5jJ+hlVCJnAsbFTqogoWxI++BqGtEQlJdNzx9bJ1rpWUEsdUVoTdXfExkNlRqFvu4MKQ7UvDcR//PcFIMLL+NRkiJEbLYoSIWFsTXJwupxCQzFSBPKJNe3WmxAJWWoEyvqEJz5lxdJs1px7Ipzc1aqlfM4CuSIHJNT4pBzUiPXpE4ahJGMPJNX8mY8GS/Gu/Exa10y8pkD8gfG5w9EUJWa</latexit><latexit sha1_base64="LbqMNi0Ya+kdjXynwjUlYMlYwD0=">AAAB/nicbVBNS8NAEN34WetXVDx5CRbBQylJEfRY8KDHCvYD0lg220m7dPPh7kQsoeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz8/xEcIW2/W0sLa+srq0XNoqbW9s7u+beflPFqWTQYLGIZdunCgSPoIEcBbQTCTT0BbT84eXEbz2AVDyObnGUgBfSfsQDzihqqWse3t9l1XGn7HYQHlGG2RU0x17XLNkVewprkTg5KZEc9a751enFLA0hQiaoUq5jJ+hlVCJnAsbFTqogoWxI++BqGtEQlJdNzx9bJ1rpWUEsdUVoTdXfExkNlRqFvu4MKQ7UvDcR//PcFIMLL+NRkiJEbLYoSIWFsTXJwupxCQzFSBPKJNe3WmxAJWWoEyvqEJz5lxdJs1px7Ipzc1aqlfM4CuSIHJNT4pBzUiPXpE4ahJGMPJNX8mY8GS/Gu/Exa10y8pkD8gfG5w9EUJWa</latexit><latexit sha1_base64="LbqMNi0Ya+kdjXynwjUlYMlYwD0=">AAAB/nicbVBNS8NAEN34WetXVDx5CRbBQylJEfRY8KDHCvYD0lg220m7dPPh7kQsoeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz8/xEcIW2/W0sLa+srq0XNoqbW9s7u+beflPFqWTQYLGIZdunCgSPoIEcBbQTCTT0BbT84eXEbz2AVDyObnGUgBfSfsQDzihqqWse3t9l1XGn7HYQHlGG2RU0x17XLNkVewprkTg5KZEc9a751enFLA0hQiaoUq5jJ+hlVCJnAsbFTqogoWxI++BqGtEQlJdNzx9bJ1rpWUEsdUVoTdXfExkNlRqFvu4MKQ7UvDcR//PcFIMLL+NRkiJEbLYoSIWFsTXJwupxCQzFSBPKJNe3WmxAJWWoEyvqEJz5lxdJs1px7Ipzc1aqlfM4CuSIHJNT4pBzUiPXpE4ahJGMPJNX8mY8GS/Gu/Exa10y8pkD8gfG5w9EUJWa</latexit><latexit sha1_base64="LbqMNi0Ya+kdjXynwjUlYMlYwD0=">AAAB/nicbVBNS8NAEN34WetXVDx5CRbBQylJEfRY8KDHCvYD0lg220m7dPPh7kQsoeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz8/xEcIW2/W0sLa+srq0XNoqbW9s7u+beflPFqWTQYLGIZdunCgSPoIEcBbQTCTT0BbT84eXEbz2AVDyObnGUgBfSfsQDzihqqWse3t9l1XGn7HYQHlGG2RU0x17XLNkVewprkTg5KZEc9a751enFLA0hQiaoUq5jJ+hlVCJnAsbFTqogoWxI++BqGtEQlJdNzx9bJ1rpWUEsdUVoTdXfExkNlRqFvu4MKQ7UvDcR//PcFIMLL+NRkiJEbLYoSIWFsTXJwupxCQzFSBPKJNe3WmxAJWWoEyvqEJz5lxdJs1px7Ipzc1aqlfM4CuSIHJNT4pBzUiPXpE4ahJGMPJNX8mY8GS/Gu/Exa10y8pkD8gfG5w9EUJWa</latexit>

d�

dq2
<latexit sha1_base64="+qfYEVSJGh2GdnskeFuFiO7fmrM=">AAACEXicbVBNS8NAEN3Ur1q/oh69BIvQg5SkCHoseNBjBfsBTS2bzaZdupvE3YlYQv6CF/+KFw+KePXmzX/jts2htj4YeLw3w8w8L+ZMgW3/GIWV1bX1jeJmaWt7Z3fP3D9oqSiRhDZJxCPZ8bCinIW0CQw47cSSYuFx2vZGlxO//UClYlF4C+OY9gQehCxgBIOW+mbFDSQmqQv0EaRI/cy9wkLgbE65v0trWdY3y3bVnsJaJk5OyihHo29+u35EEkFDIBwr1XXsGHoplsAIp1nJTRSNMRnhAe1qGmJBVS+dfpRZJ1rxrSCSukKwpur8RIqFUmPh6U6BYagWvYn4n9dNILjopSyME6AhmS0KEm5BZE3isXwmKQE+1gQTyfStFhliHRHoEEs6BGfx5WXSqlUdu+rcnJXrp3kcRXSEjlEFOegc1dE1aqAmIugJvaA39G48G6/Gh/E5ay0Y+cwh+gPj6xcYLZ79</latexit><latexit sha1_base64="+qfYEVSJGh2GdnskeFuFiO7fmrM=">AAACEXicbVBNS8NAEN3Ur1q/oh69BIvQg5SkCHoseNBjBfsBTS2bzaZdupvE3YlYQv6CF/+KFw+KePXmzX/jts2htj4YeLw3w8w8L+ZMgW3/GIWV1bX1jeJmaWt7Z3fP3D9oqSiRhDZJxCPZ8bCinIW0CQw47cSSYuFx2vZGlxO//UClYlF4C+OY9gQehCxgBIOW+mbFDSQmqQv0EaRI/cy9wkLgbE65v0trWdY3y3bVnsJaJk5OyihHo29+u35EEkFDIBwr1XXsGHoplsAIp1nJTRSNMRnhAe1qGmJBVS+dfpRZJ1rxrSCSukKwpur8RIqFUmPh6U6BYagWvYn4n9dNILjopSyME6AhmS0KEm5BZE3isXwmKQE+1gQTyfStFhliHRHoEEs6BGfx5WXSqlUdu+rcnJXrp3kcRXSEjlEFOegc1dE1aqAmIugJvaA39G48G6/Gh/E5ay0Y+cwh+gPj6xcYLZ79</latexit><latexit sha1_base64="+qfYEVSJGh2GdnskeFuFiO7fmrM=">AAACEXicbVBNS8NAEN3Ur1q/oh69BIvQg5SkCHoseNBjBfsBTS2bzaZdupvE3YlYQv6CF/+KFw+KePXmzX/jts2htj4YeLw3w8w8L+ZMgW3/GIWV1bX1jeJmaWt7Z3fP3D9oqSiRhDZJxCPZ8bCinIW0CQw47cSSYuFx2vZGlxO//UClYlF4C+OY9gQehCxgBIOW+mbFDSQmqQv0EaRI/cy9wkLgbE65v0trWdY3y3bVnsJaJk5OyihHo29+u35EEkFDIBwr1XXsGHoplsAIp1nJTRSNMRnhAe1qGmJBVS+dfpRZJ1rxrSCSukKwpur8RIqFUmPh6U6BYagWvYn4n9dNILjopSyME6AhmS0KEm5BZE3isXwmKQE+1gQTyfStFhliHRHoEEs6BGfx5WXSqlUdu+rcnJXrp3kcRXSEjlEFOegc1dE1aqAmIugJvaA39G48G6/Gh/E5ay0Y+cwh+gPj6xcYLZ79</latexit><latexit sha1_base64="+qfYEVSJGh2GdnskeFuFiO7fmrM=">AAACEXicbVBNS8NAEN3Ur1q/oh69BIvQg5SkCHoseNBjBfsBTS2bzaZdupvE3YlYQv6CF/+KFw+KePXmzX/jts2htj4YeLw3w8w8L+ZMgW3/GIWV1bX1jeJmaWt7Z3fP3D9oqSiRhDZJxCPZ8bCinIW0CQw47cSSYuFx2vZGlxO//UClYlF4C+OY9gQehCxgBIOW+mbFDSQmqQv0EaRI/cy9wkLgbE65v0trWdY3y3bVnsJaJk5OyihHo29+u35EEkFDIBwr1XXsGHoplsAIp1nJTRSNMRnhAe1qGmJBVS+dfpRZJ1rxrSCSukKwpur8RIqFUmPh6U6BYagWvYn4n9dNILjopSyME6AhmS0KEm5BZE3isXwmKQE+1gQTyfStFhliHRHoEEs6BGfx5WXSqlUdu+rcnJXrp3kcRXSEjlEFOegc1dE1aqAmIugJvaA39G48G6/Gh/E5ay0Y+cwh+gPj6xcYLZ79</latexit>

4m2
µ
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Hybrid theory-experimental approach to perform direct fits to WCs
[EPJC 78 (2018) 6, 451, JHEP 02 (2021) 088, JHEP 10 (2019) 236]

H�(z) =
1� zz⇤J/ (1S)

z � zJ/ (1S)

1� zz⇤ (2S)

z � z (2S)
⇥ Ĥ�(z)

<latexit sha1_base64="yfI/w/yT08BVn83u1hSzGmivpyE="></latexit>
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<latexit sha1_base64="lM58VlgiHSw0gdiG/QotqWJeJMw="></latexit>

Constrain from theory (q2 < 0) with* 

Constraints from B0 → ψ(n)K*0

* see more details about the non-local parameterisation in M. Rebound’s talk
Resq2!m 

H� =
m f⇤

 A
 
�

m2
B

<latexit sha1_base64="UyL2zcBHjJ/y2YJa3PTbzDOzfto="></latexit>

What is the compatibility when removing theory point?
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Binned VS unbinned sensitivity
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Compare direct fits to WCs to the sensitivity obtained from global fits to 
binned observables   
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Improved sensitivity wrt standard binned analysis (including BR info in both):

Outputs: Analysis aims to provide WCs likelihoods fit results (e.g.):
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FIG. 2. Results of the fits for the ratios Ĥ?(z)/F?(z) obtained with and without the theoretical points calculated at negative
q2. Fits correspond to the BMP scenario, the expected statistics at LHCb Upgrade [50 fb�1] and to z4 truncation in the series
expansion. The vertical bands correspond to the J/ and  (2S) regions; the points to the theoretical inputs at negative q2.
The top right box of each plot zooms in the q2 range between 1.1 and 9.0 GeV2.

consequence, in the following we focus on the impact of the  (2S) pseudo-observables on the combined fit and we
test whether it would be beneficial to have a measurement of the absolute phase of the  (2S) and/or assuming
future improvement in the measurement of the pseudo-observables of the  (2S) (currently the two relative phases are
weakly constrained [10]). We proceed with a hypothetical constraint on the absolute phase of the  (2S) and repeat
the analysis with two configurations: first, we assume the relative uncertainty of the absolute phase of the  (2S)
to be similar to the relative phases’ uncertainties. Second, we reduce the uncertainties of all phases of the  (2S) to
reflect the uncertainties of the J/ . In both cases the central value of the absolute phase of the  (2S) is set to the

prediction obtained from the default set of parameters {↵(k)
� } used for the production of the ensembles.

We find that, even assuming the best case, the improvements on the determination of the WC CNP

9
are negligible.

Fig. 3 shows the comparison of the results obtained for the hadronic correlator for the analysis carried out with all the
currently available information and the analysis that assumes the future improvements on the  (2S) described above.
Both analyses are performed with datasets corresponding to the LHCb Upgrade [50 fb�1] expected statistics and
assume the z

4 truncation in the series expansion. We find that the benefits produced by the assumed improvements
on the  (2S) pseudo-observables are limited to the region of the  (2S).

C. On the truncation of the series at zK

All the studies presented so far assumed a fixed set of initial values for the parameters {↵(k)
� } in the production

of the ensembles (obtained from [10]), in this section we investigate the e↵ect on the fit results of a di↵erent choice
for the initial values of the hadronic parameters. We investigate two options. First, we produce ensembles with

non-zero coe�cients for order of the expansion up to z
3 (i.e. ↵(�)

i�4
= 0). Second, we produce ensembles with non-zero

coe�cients for order of the expansion up to z
4 (i.e. ↵(�)

i�5
= 0).

The choice of the above-mentioned non-zero coe�cients is based on the following criteria: they must be realistic (i.e.
compatible the theory predictions at negative q

2 and the pseudo-observables from the hadronic decays) and reduce
the tension with the P

0
5
anomaly (i.e. hadronic e↵ects mimic the behaviour of NP). The resulting set of parameters

is shown in Fig. 4 together with the value of the P
0
5
angular observable obtained in the di↵erent cases.

For each of the two generated configurations we perform the analysis as described in section IVA, repeating the fit
by varying the truncation of the expansion from z

2 to z
5. Results are shown in Tables III and IV, respectively.

Our conclusion can be summarised as follows:

• fitting with the expansion truncated at z2 (i.e. lower order than what is used for the production of the ensembles)
introduces a strong bias in the estimator for CNP

9
;

• when the order of the truncation in the fitting procedure catches up the one used for the production of the

Plan to provide the “anatomy” of the impact of the theory constraints 

Compatibility w vs w/o theory inputs

Also in terms of e.g. ∆C9 

[A. Mauri et al, JHEP 10 (2019) 236]
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Non-local models
- Another method involves using explicit models for the vector resonates


- The full  range can be modelled accounting for ,  etc. 


- Non-local models could be isobar or dispersion relation models  

q2 J/ψ ψ(2S)

18
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Previous measurements of  used an isobar model B+ → K+μ+μ−

3 fb−1

Ceff,λ
9 (q2) = Cμ

9 + ∑
j

ηλ
j eiδλ

j Ares
j (q2)

Magnitude and phase of Relativistic Breit-Wigners 
free to vary relative to C9

Ceff,λ
7 (q2) = Cμ

7 +ζλeiωλ

Method 2

T. Blake, U. Egede, P. Owen,  K. A. Petridis & G. 
Pomery [Eur. Phys. J. C 78, 453 (2018)]

LHCb-PAPER-2016-045 [Eur.Phys.J.C 77 (2017) 3, 161]

https://doi.org/10.1140/epjc/s10052-018-5937-3
https://doi.org/10.1140/epjc/s10052-017-4703-2
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- In the dispersion relation model these effective Wilson coefficients are written 
in terms of local and non-local contributions

Dispersion model

19

Moving forward: ⇠⇠⇠⇠Isobar Dispersion model
Adopt alternative (more physical) model for non-local effects [Inspired by Cornella
et al]

⌘ Also useful to compare with our more naive model

PO, KP, UE, TH, MH Unbinned B0 ! K+⇡�µ+µ� Weekly meeting 15 / 19

1-particle 
contributions 

2-particle 
contributions 

Tau loop 
contribution 

Constant offset 

Includes: 
, 

, 
, 

ρ(770)
ϕ(1020)
J/ψ
ψ (2S)

, 
, 
 

ψ (3770)
ψ (4040)
ψ (4160)

Includes: 
, 

, 
DD
D*D
D*D*

This is determined 
theoretically at  
negative  valuesq2

Moving forward: ⇠⇠⇠⇠Isobar Dispersion model
Adopt alternative (more physical) model for non-local effects [Inspired by Cornella
et al]

⌘ Also useful to compare with our more naive model

PO, KP, UE, TH, MH Unbinned B0 ! K+⇡�µ+µ� Weekly meeting 15 / 19
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Moving forward: ⇠⇠⇠⇠Isobar Dispersion model
Adopt alternative (more physical) model for non-local effects [Inspired by Cornella
et al]

⌘ Also useful to compare with our more naive model

PO, KP, UE, TH, MH Unbinned B0 ! K+⇡�µ+µ� Weekly meeting 15 / 19

B0
K*0

B0
K*0

Asatrian, Greub, Virto 
[JHEP 04 (2020) 012]

Local Non-local contributions 

Ceff,λ
9 (q2) = Cμ

9 + Y (0),λ
cc̄ + Y1P,λ

cc̄ (q2) + Y1P,λ
light (q

2) + Y2P,λ
cc̄ (q2) + Yττ̄(q2)

Ceff,λ
7 (q2) = Cμ

7 + ϵλeiω0

C. Cornella, G. Isidori, M. König, S. Liechti, P. 
Owen, N. Serra [Eur.Phys.J.C 80 (2020) 12, 1095]

Method 2

https://doi.org/10.1007/JHEP04(2020)012
https://doi.org/10.1140/epjc/s10052-020-08674-5
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Dispersion model

20

- In the dispersion relation model these effective Wilson coefficients are written 
in terms of local and non-local contributions

Ceff,λ
9 (q2) = Cμ

9 + Y (0),λ
cc̄ + Y1P,λ

cc̄ (q2) + Y1P,λ
light (q

2) + Y2P,λ
cc̄ (q2) + Yττ̄(q2)

Ceff,λ
7 (q2) = Cμ

7 + ϵλeiω0

Local Non-local contributions 

x

Outputs:
- , ,  and 


- Magnitude and phase of 1P resonances 
for each helicity 


- 


-  amplitudes per helicity  


- Non-local  contribution per helicity 

|Cμ
9 | |Cμ

10 | C′ 9 C′ 10

λ
ℜ(Cτ

9)

D(*)D(*) λ
ΔC7 λ

Expected statistical sensitivity: 

Precision of 
only non-local 
contributions

|Cμ
9 | , |Cμ

10 | ∼ 0.2

Method 2
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Amplitude Ansatz 
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Method 3

- Rather than determining observables, the amplitudes can be 
extracted directly


- Use a parametric  ansatz to avoid model dependence q2

    decays

38
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cc̄

b ! cc̄s
tree levelphoton  

penguin

b ! s`+`�

- Can be performed in regions of  where the ansatz is a 
good approximation 


- i.e. low  or between  and  resonances


- Parametric distributions determined for P-wave and S-wave 
and/or  and  separately

q2

q2 J/ψ ψ(2S)

B0 B0

e.g. Legendre polynominal 

AL,R
λ (q2) = ∑

i

aλ,i fi(q2)

U. Egede, M. Patel, K. Petridis 
[JHEP06(2015)084] 

https://doi.org/10.1007/JHEP06(2015)084
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Amplitude Ansatz 
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- Information is gained by exploiting the shape in  of 
amplitudes


- Doesn’t introduce specific model independence, but choice 
of ansatz is necessary   
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Figure 5. Distributions of the B0 amplitudes as a function of q2 resulting from 104 fits to generated
signal and background simulated data under Scenario-II. The green and yellow bands correspond
to the 68% and 95% confidence intervals respectively. The dotted line denotes the SM prediction as
given by the EOS program [3]. The magenta solid line denotes the most likely value resulting from
the ensemble of fits. A discrete symmetry of reflections about zero is observed due to the fact that
the Ji terms are bilinear coefficients of the amplitudes.

The pull means and widths are largely consistent with zero and unity, respectively,

indicating that the likelihood is a good estimator of the uncertainty of the amplitudes.

The residual bias in AR
‖ arises from the additional approximate symmetry between AR

‖ and

AR
⊥ discussed in section 3.3. Figure 5 shows that there is no point in q2 where the bias

from the approximate symmetry can be removed for all the amplitudes simultaneously. A

subset of two dimensional profile-likelihood distributions is shown in figure 8. The profile

likelihood is obtained by scanning over the two parameters in question, and minimising the

likelihood over the rest of the parameters at each point. These profile likelihoods can be

used to determine the confidence regions of the amplitude coefficients and therefore of the

observables. The error matrix of the fit is a good approximation to the likelihood surface

at the level of around 15%.
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Figure 6. Subset of observables constructed out of the helicity-amplitudes, resulting from fits to
ensembles of simulated data, under Scenario-II. The meaning of the various bands and curves is
given in figure 5.

)4/c2 (GeV2q
2 4 6

FBA

0.5−

0

0.5

)4/c2 (GeV2q
2 4 6

' 5P

1−

0

1)4/c2 (GeV2q2 4 6

4S

0.5−

0

0.5

)4/c2 (GeV2q2 4 6

3S

0.5−

0

0.5)4/c2 (GeV2q2 4 6
0.5−

)4/c2 (GeV2q2 4 6
0.5−

Figure 7. Subset of observables constructed out of the helicity-amplitudes, resulting from fits to
ensembles of simulated data, under Scenario-I. The meaning of the various bands and curves is
given in figure 5.
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- Results can be used to determine  and  and 
observables with improved precision

C9 C10

U. Egede, M. Patel, K. Petridis 
[JHEP06(2015)084] 

x

Outputs:

- Parametric form of the P-
wave and S-wave 
amplitudes within the  
windows for each helicity 

q2

Method 3

https://doi.org/10.1007/JHEP06(2015)084
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Complications

23

- With each unbinned model approach comes additional complications 

Exotic contributions 

 line shape m(Kπ)

Z- expansion Isobar/dispersion Amplitude ansatz 

Integrated over 

 e.g. B0 → Z(4430)K
Ignored (systematic)

 form factors B → K N/A

Parameterised 

External inputs + 
constrained

External inputs + 
constrained

Parameterised 

N/AIgnored (systematic)
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Combining unbinned measurements 

- These future unbinned measurements will provide valuable insights to the 
impact of non-local effects 


- Analyses performed on the same dataset, however there will be some 
necessary differences


- e.g. the dispersion relation model uses the whole , where as other are 
restricted to regions 


- Care must be taken when interpreting the results 


- Obviously they cannot be combined 


- They also shouldn’t be combined with the binned measurements 


- The observables can be compared to determine the consistency between the 
methods 


- Inconsistencies between models may give hints  

q2
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Extracting likelihoods
- Portable likelihood functions


- Large unbinned measurements could have complex high-dimensional 
likelihood functions with many nuisance parameters  


- ML algorithms can be used to provide portable approximations of the 
surfaces for combinations or inference 

25

- Future  measurements could 
provide such information 


- Measurements that use external 
form factors could then provide 
correlations with these inputs  

b → s

(a) �2 log⇤(D) (b) Signal weight MLEs. (c) Bkg. weight MLEs.

Figure 3: (3a) shows the values of �2 log⇤(D) given the signal and one of the bkg. weights.

(3b) and (3c) show histograms for maximum likelihood estimated values for the signal and

background weights respectively.

4. Conclusions
We have shown the power of using discriminative classifiers in order to approximate the likelihood

ratio. In the case of mixture models we have proved that the decomposed version of the ratio

can greatly improve the quality of the results. Using the same method we demonstrated how

to estimate the unknown parameters of the model. Initial experiments have been conducted on

simulated data from di↵erent Higgs production mechanisms, obtaining encouraging results. An

open source Python package was created to facilitate the usage of this method [12].
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CP violation measurements 
- CP violation requires different strong and weak phases 


- Unbinned measurements of  are a system in which the 
resonances provide the varying strong phases

B → K*0μ+μ−
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- Direct CP asymmetry  and 
CP-odd observables  are 
sensitive to NP with a different 
weak phases 


- This gives sensitivity to phase of 

ACP
Ai

C9

CNP
9 = (−1.0 − 1.0i) CNP

9 = − 1.0 CNP
7 = − 0.03i

T. Blake, U. Egede, P. Owen,  K. A. Petridis & G. 
Pomery [Eur. Phys. J. C 78, 453 (2018)]

https://doi.org/10.1140/epjc/s10052-018-5937-3
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Unbinned LFU WCs fits 
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Unbinned LFU WCs fits 
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Unbinned LFU WCs fits 
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Figure 185: Two-dimensional fit parameter distributions for (C9 e, C10 e), (C9 µ, C10 µ) and (�C9,
�C10) for pseudoexperiments generated from the (blind) fit results on the top, middle and bottom
row respectively. All the distributions are centered at the values used for the generation of the
toy ensemble.

14.3 From the amplitude fit to the binned observables3736

As discussed in Sec. 6.5, starting from the description of the di↵erential decay rate of3737

Eq. 39, it is possible to derive the angular observables and the branching ratios for P-3738

and S-wave and their interference as a function of q2. Additionally, it is possible to3739

integrate these observables over q2 and m(K⇡) and compare directly with the results of3740

the binned analysis. An example of such comparison is shown in Fig. 186, where the3741

measured values of binned angular observables FL, P 0
5 [49] and the di↵erential branching3742

ratio [70] for B0 ! K⇤0µ+µ� are shown in black. The last plot, on the bottom right,3743

corresponds to RK⇤0 . The green, blue and red curves represent the dependence on q23744

of the same observables as obtained from Eq. 39 under the scenarios of: SM, NPC9 and3745
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NPC9mC10 contributions used in the signal-only toys discussed in Sec. 14.1. When available,3746

the theoretical predictions ABSZ [125,127] and BSZ [125] are overlaid. As it can be seen,3747

the predictions for SM are in general in good agreement with the theoretical predictions3748

reported. The predictions produced in the NPC9 and NPC9mC10 are instead closer to the3749

experimental data points than to the theoretical predictions. This is coherent with recent3750

results of global fits [128–130] that suggest that a NP scenario with �C9 = -1 or �C9 =3751

-�C10 = -0.7 is preferred w.r.t. the SM by the current measurements. It is important3752

to point out that a rigorous comparison between the estimations presented here and the3753

theoretical predictions is not carried out due to the fact that they both rely on the same3754

form factor parametrisation and the uncertainties are therefore partially correlated.3755

Figure 186: Comparison between the values of the measured binned observables FL, P 0
5 [49] and

the di↵erential branching ratio [70] for B0! K⇤0µ+µ� (black) and the values obtained from the
parametrisation in Eq. 39 under the scenarios of SM, NPC9 and NPC9mC10 contributions used in
the signal-only toys discussed in Sec. 14.1. The same toys are used to computed the error bands
shown. The bottom right plots corresponds to the RK⇤0 observable. Additionally the theoretical
predictions ABSZ [125,127] and BSZ [125] are overlaid.
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Looking further ahead 
- To make the most of the available data we want to update existing 

measurements with higher statistics and perform new measurements that 
provide complementary information  


- What further information could be extracted from binned measurements?


- Is there anything beyond moments analysis that could be useful?


- Where else could benefit from unbinned measurements?


- Unbinned measurements in baryonic systems e.g. : 
would we expect hadronic effects to differ between baryons vs. mesons? 
If so these measurements could be very useful crosschecks 


- Higher Lorentz structures: what about Wilson coefficients for tensor 
Lorentz structures? Spin-2 K* states could provide insight  

Λb → Λμ+μ−
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Back up 
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x

Dispersion model
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- In the dispersion relation model these effective Wilson coefficients are written 
in terms of local and non-local contributions

Ceff,λ
9 (q2) = Cμ

9 + Y (0),λ
cc̄ + Y1P,λ

cc̄ (q2) + Y1P,λ
light (q

2) + Y2P,λ
cc̄ (q2) + Yττ̄(q2)

Ceff,λ
7 (q2) = Cμ

7 + ϵλeiω0

Local Non-local contributions 

- P-wave form factors available from Light Cone Sum Rules and Lattice 
QCD


- The S-wave form factors not well known, so it is possible to decouple 
the S-wave and P-wave ,  and  valuesC7 C9 C10

Bharucha, Straub, Zwicky [JHEP 08 (2016) 098]

Doring, Meißner, Wang [JHEP 10 (2013) 011]

Inputs:

Method 2

https://doi.org/10.1007/JHEP08(2016)098
https://doi.org/10.1007/JHEP10(2013)011

