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LHCb experiment

~1cm
b

<latexit sha1_base64="AEU0dNGSYD5uqmTCuYz0K+fkMQY=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV8OkVduVFty4bMFeoB1KJs20sZkLSUYoQ5/AjQtF3PoqvoE738ZMK6LWHwIf/38OOed4seBKO86HtbS8srq2ntvIb25t7+wW9vZbKkokZU0aiUh2PKKY4CFraq4F68SSkcATrO2Nr7K8fcek4lF4oycxcwMyDLnPKdHGanj9QtGxS/gUV85RBs4ZriJsOzN9Q/HyrVyuAUC9X3jvDSKaBCzUVBClutiJtZsSqTkVbJrvJYrFhI7JkHUNhiRgyk1ng07RsXEGyI+keaFGM/dnR0oCpSaBZyoDokfqb5aZ/2XdRPtVN+VhnGgW0vlHfiKQjlC2NRpwyagWEwOESm5mRXREJKHa3CZvjrCw8iK0SjZ2bNxwirULmCsHh3AEJ4ChAjW4hjo0gQKDe3iEJ+vWerCerZd56ZL11XMAv2S9fgI5P46t</latexit><latexit sha1_base64="qaBLPSMB1gnDdqF/ba/CKYUl4NE=">AAAB6HicbZDLSgMxFIYz9VbrrerSTbAIroakXtqVFty4bMFeoB1KJs20sZnMkGSEMvQJ3LhQxK2v4hu4823MtCJq/SHw8f/nkHOOHwuuDUIfTm5peWV1Lb9e2Njc2t4p7u61dJQoypo0EpHq+EQzwSVrGm4E68SKkdAXrO2Pr7K8fceU5pG8MZOYeSEZSh5wSoy1Gn6/WEJuGZ/iyjnMAJ3hKsQumukbSpdvJzPV+8X33iCiScikoYJo3cUoNl5KlOFUsGmhl2gWEzomQ9a1KEnItJfOBp3CI+sMYBAp+6SBM/dnR0pCrSehbytDYkb6b5aZ/2XdxARVL+UyTgyTdP5RkAhoIphtDQdcMWrExAKhittZIR0RRaixtynYIyysvAitsouRixuoVLsAc+XBATgExwCDCqiBa1AHTUABA/fgETw5t86D8+y8zEtzzlfPPvgl5/UT9C2POQ==</latexit><latexit sha1_base64="qaBLPSMB1gnDdqF/ba/CKYUl4NE=">AAAB6HicbZDLSgMxFIYz9VbrrerSTbAIroakXtqVFty4bMFeoB1KJs20sZnMkGSEMvQJ3LhQxK2v4hu4823MtCJq/SHw8f/nkHOOHwuuDUIfTm5peWV1Lb9e2Njc2t4p7u61dJQoypo0EpHq+EQzwSVrGm4E68SKkdAXrO2Pr7K8fceU5pG8MZOYeSEZSh5wSoy1Gn6/WEJuGZ/iyjnMAJ3hKsQumukbSpdvJzPV+8X33iCiScikoYJo3cUoNl5KlOFUsGmhl2gWEzomQ9a1KEnItJfOBp3CI+sMYBAp+6SBM/dnR0pCrSehbytDYkb6b5aZ/2XdxARVL+UyTgyTdP5RkAhoIphtDQdcMWrExAKhittZIR0RRaixtynYIyysvAitsouRixuoVLsAc+XBATgExwCDCqiBa1AHTUABA/fgETw5t86D8+y8zEtzzlfPPvgl5/UT9C2POQ==</latexit><latexit sha1_base64="29Xo0fV1dgOVa1xrKdMJJX8GgHs=">AAAB6HicbVBNSwMxEJ2tX7V+VT16CRbB05ItanuSghePLdgPaJeSTbNtbDa7JFmhlP4CLx4U8epP8ua/MdsWUeuDgcd7M8zMCxLBtcH408mtrW9sbuW3Czu7e/sHxcOjlo5TRVmTxiJWnYBoJrhkTcONYJ1EMRIFgrWD8U3mtx+Y0jyWd2aSMD8iQ8lDTomxUiPoF0vYLXsXXuUKZQRfelXkuXiOb1KCJer94kdvENM0YtJQQbTuejgx/pQow6lgs0Iv1SwhdEyGrGupJBHT/nR+6AydWWWAwljZkgbN1Z8TUxJpPYkC2xkRM9J/vUz8z+umJqz6Uy6T1DBJF4vCVCATo+xrNOCKUSMmlhCquL0V0RFRhBqbTcGGsPLyKmmVXQ+7XgOXatfLOPJwAqdwDh5UoAa3UIcmUGDwCM/w4tw7T86r87ZozTnLmWP4Bef9C/t0jQU=</latexit>

hadron

Proton Proton

mass
 quark: heaviest stable quark b
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Rare  decays at LHCb B
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b

Electroweak penguin (EWP) 

: flavour-changing 
neutral current,  
branching fraction in SM

 

b → sℓℓ

𝒪(10−6 − 10−9)

Suppression makes rare 
decays particularly sensitive 
to New Physics 
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EWP in effective field theory 

Rare  decays at LHCb B

EW scale >> , replace loop with effective couplingsmb

 =  vector currentC9 bsℓℓ

 =  axial-vector currentC10 bsℓℓ

 =  (less-relevant)C7 bsγ
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Rare  decays at LHCb B

4-5σ

Long-standing discrepancy- what causes anomalies in rare 
electroweak penguin decays?

Highest experimental precision in 
 decaysb → sμ+μ−

Combine branching fraction and 
angular information for all 
experiments and measured 

 modesb → sμ+μ−

Disagreement with SM at level of 
4-5σ
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b + = deviations  ?

Cause of anomalies? 
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b + = deviations  

Cause of anomalies? 
Option 1 - New Physics 
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b + = deviations  

Cause of anomalies? 
Option 1 - New Physics 

• Many new physics scenarios highly predictive for certain 
observables, e.g. enhancements in  b → sτ+τ−

CP violating? Leptoquark?  ?b → sτ+τ−
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b + = deviations  

Option 2 - misunderstood QCD processes 

Cause of anomalies? 
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b + = deviations  

Option 2 - misunderstood QCD processes 

Cause of anomalies? 

•  (charm-loops) difficult to calculate 
and can mimic deviations in  
b → scc̄[cc̄ → γ* → μ+μ−]

C9

Fit theory models 
to data to 
constrain 
amplitudes 
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Measuring Γ(B0 → K*0[ → K+π−]μ+μ−)

K+

π−

K∗0 θK

µ+

µ−

B0

θ!

(a) θK and θ# definitions for the B0 decay

µ−

µ+

K+

π−

B0

K∗0
φ

K+ π−

n̂Kπ

!p̂Kπ

µ−

µ+

n̂µ+µ−

(b) φ definition for the B0 decay

π+

K−

K∗0

µ−

µ+

B0

φ

K− π+

n̂Kπ

! p̂Kπ

µ−

µ+

n̂µ−µ+

(c) φ definition for the B0 decay

!

4 particles in final-state:  

decay described by 3 angles  

[.                                    ]  and q2

d4�(B0 ! K⇤0µ+µ�)

d⌦̂dq2
=

X

i

Ii(q
2)fi(⌦)

<latexit sha1_base64="DE0QOypxGJxmh4Ek5grJK4hmsEA="></latexit><latexit sha1_base64="DE0QOypxGJxmh4Ek5grJK4hmsEA="></latexit><latexit sha1_base64="DE0QOypxGJxmh4Ek5grJK4hmsEA="></latexit><latexit sha1_base64="DE0QOypxGJxmh4Ek5grJK4hmsEA="></latexit>

angular coefficients - 12 in total 

angular functions 

⌦ = cos ✓l, cos ✓k,�
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cos ✓l
<latexit sha1_base64="JwjfgUis7uuAm/SCAKIQNkyM2n8=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubTbJkb/fYnRPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZxltMS206MbVcCsVbKFDyTmo4TWLJH+Px7cx/fOLGCq0ecJLyKKFDJQaCUXRSGDJtQxxxpD3Zq9b8uj8HWSVBQWpQoNmrfoV9zbKEK2SSWtsN/BSjnBoUTPJpJcwsTykb0yHvOqpowm2Uz2+ekjOn9MlAG1cKyVz9PZHTxNpJErvOhOLILnsz8T+vm+HgOsqFSjPkii0WDTJJUJNZAKQvDGcoJ45QZoS7lbARNZShi6niQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBik8wyu8eZn34r17H4vWklfMHMMfeJ8/QjiR0A==</latexit><latexit sha1_base64="JwjfgUis7uuAm/SCAKIQNkyM2n8=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubTbJkb/fYnRPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZxltMS206MbVcCsVbKFDyTmo4TWLJH+Px7cx/fOLGCq0ecJLyKKFDJQaCUXRSGDJtQxxxpD3Zq9b8uj8HWSVBQWpQoNmrfoV9zbKEK2SSWtsN/BSjnBoUTPJpJcwsTykb0yHvOqpowm2Uz2+ekjOn9MlAG1cKyVz9PZHTxNpJErvOhOLILnsz8T+vm+HgOsqFSjPkii0WDTJJUJNZAKQvDGcoJ45QZoS7lbARNZShi6niQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBik8wyu8eZn34r17H4vWklfMHMMfeJ8/QjiR0A==</latexit><latexit sha1_base64="JwjfgUis7uuAm/SCAKIQNkyM2n8=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubTbJkb/fYnRPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZxltMS206MbVcCsVbKFDyTmo4TWLJH+Px7cx/fOLGCq0ecJLyKKFDJQaCUXRSGDJtQxxxpD3Zq9b8uj8HWSVBQWpQoNmrfoV9zbKEK2SSWtsN/BSjnBoUTPJpJcwsTykb0yHvOqpowm2Uz2+ekjOn9MlAG1cKyVz9PZHTxNpJErvOhOLILnsz8T+vm+HgOsqFSjPkii0WDTJJUJNZAKQvDGcoJ45QZoS7lbARNZShi6niQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBik8wyu8eZn34r17H4vWklfMHMMfeJ8/QjiR0A==</latexit><latexit sha1_base64="JwjfgUis7uuAm/SCAKIQNkyM2n8=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubTbJkb/fYnRPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZxltMS206MbVcCsVbKFDyTmo4TWLJH+Px7cx/fOLGCq0ecJLyKKFDJQaCUXRSGDJtQxxxpD3Zq9b8uj8HWSVBQWpQoNmrfoV9zbKEK2SSWtsN/BSjnBoUTPJpJcwsTykb0yHvOqpowm2Uz2+ekjOn9MlAG1cKyVz9PZHTxNpJErvOhOLILnsz8T+vm+HgOsqFSjPkii0WDTJJUJNZAKQvDGcoJ45QZoS7lbARNZShi6niQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBik8wyu8eZn34r17H4vWklfMHMMfeJ8/QjiR0A==</latexit>

Averaged over : model independent but lose information q2

 = q2 m2(μμ)
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B0 ! K⇤0µ+µ�
<latexit sha1_base64="HTM+eNDtrEzL2vt8KPEzZ5hOKlM=">AAACBnicbVDLSgMxFL1TX7W+Rl2KMFgEUSwzIuiy1I3gpoJ9QDstmTStoUlmSDJCGWblxl9x40IRt36DO//GtJ2Fth4IOZxzL8k5QcSo0q77beUWFpeWV/KrhbX1jc0te3unrsJYYlLDIQtlM0CKMCpITVPNSDOSBPGAkUYwvBr7jQciFQ3FnR5FxOdoIGifYqSN1LX3K53ETds6dG46ybFhPO4kJ9PrNO3aRbfkTuDMEy8jRchQ7dpf7V6IY06Exgwp1fLcSPsJkppiRtJCO1YkQniIBqRlqECcKD+ZxEidQ6P0nH4ozRHamai/NxLElRrxwExypO/VrDcW//Nase5f+gkVUayJwNOH+jFzTOpxJ06PSoI1GxmCsKTmrw6+RxJhbZormBK82cjzpH5W8tySd3teLFeyOvKwBwdwBB5cQBmuoQo1wPAIz/AKb9aT9WK9Wx/T0ZyV7ezCH1ifP2TPmG8=</latexit><latexit sha1_base64="HTM+eNDtrEzL2vt8KPEzZ5hOKlM=">AAACBnicbVDLSgMxFL1TX7W+Rl2KMFgEUSwzIuiy1I3gpoJ9QDstmTStoUlmSDJCGWblxl9x40IRt36DO//GtJ2Fth4IOZxzL8k5QcSo0q77beUWFpeWV/KrhbX1jc0te3unrsJYYlLDIQtlM0CKMCpITVPNSDOSBPGAkUYwvBr7jQciFQ3FnR5FxOdoIGifYqSN1LX3K53ETds6dG46ybFhPO4kJ9PrNO3aRbfkTuDMEy8jRchQ7dpf7V6IY06Exgwp1fLcSPsJkppiRtJCO1YkQniIBqRlqECcKD+ZxEidQ6P0nH4ozRHamai/NxLElRrxwExypO/VrDcW//Nase5f+gkVUayJwNOH+jFzTOpxJ06PSoI1GxmCsKTmrw6+RxJhbZormBK82cjzpH5W8tySd3teLFeyOvKwBwdwBB5cQBmuoQo1wPAIz/AKb9aT9WK9Wx/T0ZyV7ezCH1ifP2TPmG8=</latexit><latexit sha1_base64="HTM+eNDtrEzL2vt8KPEzZ5hOKlM=">AAACBnicbVDLSgMxFL1TX7W+Rl2KMFgEUSwzIuiy1I3gpoJ9QDstmTStoUlmSDJCGWblxl9x40IRt36DO//GtJ2Fth4IOZxzL8k5QcSo0q77beUWFpeWV/KrhbX1jc0te3unrsJYYlLDIQtlM0CKMCpITVPNSDOSBPGAkUYwvBr7jQciFQ3FnR5FxOdoIGifYqSN1LX3K53ETds6dG46ybFhPO4kJ9PrNO3aRbfkTuDMEy8jRchQ7dpf7V6IY06Exgwp1fLcSPsJkppiRtJCO1YkQniIBqRlqECcKD+ZxEidQ6P0nH4ozRHamai/NxLElRrxwExypO/VrDcW//Nase5f+gkVUayJwNOH+jFzTOpxJ06PSoI1GxmCsKTmrw6+RxJhbZormBK82cjzpH5W8tySd3teLFeyOvKwBwdwBB5cQBmuoQo1wPAIz/AKb9aT9WK9Wx/T0ZyV7ezCH1ifP2TPmG8=</latexit><latexit sha1_base64="HTM+eNDtrEzL2vt8KPEzZ5hOKlM=">AAACBnicbVDLSgMxFL1TX7W+Rl2KMFgEUSwzIuiy1I3gpoJ9QDstmTStoUlmSDJCGWblxl9x40IRt36DO//GtJ2Fth4IOZxzL8k5QcSo0q77beUWFpeWV/KrhbX1jc0te3unrsJYYlLDIQtlM0CKMCpITVPNSDOSBPGAkUYwvBr7jQciFQ3FnR5FxOdoIGifYqSN1LX3K53ETds6dG46ybFhPO4kJ9PrNO3aRbfkTuDMEy8jRchQ7dpf7V6IY06Exgwp1fLcSPsJkppiRtJCO1YkQniIBqRlqECcKD+ZxEidQ6P0nH4ozRHamai/NxLElRrxwExypO/VrDcW//Nase5f+gkVUayJwNOH+jFzTOpxJ06PSoI1GxmCsKTmrw6+RxJhbZormBK82cjzpH5W8tySd3teLFeyOvKwBwdwBB5cQBmuoQo1wPAIz/AKb9aT9WK9Wx/T0ZyV7ezCH1ifP2TPmG8=</latexit>

B+ ! K⇤+µ+µ�
<latexit sha1_base64="ylHL/GAs0BVEBDX1kxWkkO6FQIQ=">AAACBnicbVBLSwMxGMzWV62vVY8iBIsgimVXBD2WehG8VLAPaLclm6Y1NMkuSVYoy568+Fe8eFDEq7/Bm//G7HYP2joQMsx8H8mMHzKqtON8W4WFxaXlleJqaW19Y3PL3t5pqiCSmDRwwALZ9pEijArS0FQz0g4lQdxnpOWPr1K/9UCkooG405OQeByNBB1SjLSR+vZ+rRefJF0dwJtefGwYjzIhvU6Tvl12Kk4GOE/cnJRBjnrf/uoOAhxxIjRmSKmO64Tai5HUFDOSlLqRIiHCYzQiHUMF4kR5cRYjgYdGGcBhIM0RGmbq740YcaUm3DeTHOl7Neul4n9eJ9LDSy+mIow0EXj60DBi0KROO4EDKgnWbGIIwpKav0J8jyTC2jRXMiW4s5HnSfOs4joV9/a8XK3ldRTBHjgAR8AFF6AKrkEdNAAGj+AZvII368l6sd6tj+lowcp3dsEfWJ8/VN+YZQ==</latexit><latexit sha1_base64="ylHL/GAs0BVEBDX1kxWkkO6FQIQ=">AAACBnicbVBLSwMxGMzWV62vVY8iBIsgimVXBD2WehG8VLAPaLclm6Y1NMkuSVYoy568+Fe8eFDEq7/Bm//G7HYP2joQMsx8H8mMHzKqtON8W4WFxaXlleJqaW19Y3PL3t5pqiCSmDRwwALZ9pEijArS0FQz0g4lQdxnpOWPr1K/9UCkooG405OQeByNBB1SjLSR+vZ+rRefJF0dwJtefGwYjzIhvU6Tvl12Kk4GOE/cnJRBjnrf/uoOAhxxIjRmSKmO64Tai5HUFDOSlLqRIiHCYzQiHUMF4kR5cRYjgYdGGcBhIM0RGmbq740YcaUm3DeTHOl7Neul4n9eJ9LDSy+mIow0EXj60DBi0KROO4EDKgnWbGIIwpKav0J8jyTC2jRXMiW4s5HnSfOs4joV9/a8XK3ldRTBHjgAR8AFF6AKrkEdNAAGj+AZvII368l6sd6tj+lowcp3dsEfWJ8/VN+YZQ==</latexit><latexit sha1_base64="ylHL/GAs0BVEBDX1kxWkkO6FQIQ=">AAACBnicbVBLSwMxGMzWV62vVY8iBIsgimVXBD2WehG8VLAPaLclm6Y1NMkuSVYoy568+Fe8eFDEq7/Bm//G7HYP2joQMsx8H8mMHzKqtON8W4WFxaXlleJqaW19Y3PL3t5pqiCSmDRwwALZ9pEijArS0FQz0g4lQdxnpOWPr1K/9UCkooG405OQeByNBB1SjLSR+vZ+rRefJF0dwJtefGwYjzIhvU6Tvl12Kk4GOE/cnJRBjnrf/uoOAhxxIjRmSKmO64Tai5HUFDOSlLqRIiHCYzQiHUMF4kR5cRYjgYdGGcBhIM0RGmbq740YcaUm3DeTHOl7Neul4n9eJ9LDSy+mIow0EXj60DBi0KROO4EDKgnWbGIIwpKav0J8jyTC2jRXMiW4s5HnSfOs4joV9/a8XK3ldRTBHjgAR8AFF6AKrkEdNAAGj+AZvII368l6sd6tj+lowcp3dsEfWJ8/VN+YZQ==</latexit><latexit sha1_base64="ylHL/GAs0BVEBDX1kxWkkO6FQIQ=">AAACBnicbVBLSwMxGMzWV62vVY8iBIsgimVXBD2WehG8VLAPaLclm6Y1NMkuSVYoy568+Fe8eFDEq7/Bm//G7HYP2joQMsx8H8mMHzKqtON8W4WFxaXlleJqaW19Y3PL3t5pqiCSmDRwwALZ9pEijArS0FQz0g4lQdxnpOWPr1K/9UCkooG405OQeByNBB1SjLSR+vZ+rRefJF0dwJtefGwYjzIhvU6Tvl12Kk4GOE/cnJRBjnrf/uoOAhxxIjRmSKmO64Tai5HUFDOSlLqRIiHCYzQiHUMF4kR5cRYjgYdGGcBhIM0RGmbq740YcaUm3DeTHOl7Neul4n9eJ9LDSy+mIow0EXj60DBi0KROO4EDKgnWbGIIwpKav0J8jyTC2jRXMiW4s5HnSfOs4joV9/a8XK3ldRTBHjgAR8AFF6AKrkEdNAAGj+AZvII368l6sd6tj+lowcp3dsEfWJ8/VN+YZQ==</latexit>

B0
s ! �µ+µ�

<latexit sha1_base64="PEjY4LWQ/QDHYaoRkRcpP88QVUg=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkUQxJKIoMtSNy4r2Ac0aZhMJ+3QeYSZiVBCdm78FTcuFHHrL7jzb5ymXWj1wOUezrmXmXuihBKlXffLKi0tr6yuldcrG5tb2zv27l5biVQi3EKCCtmNoMKUcNzSRFPcTSSGLKK4E42vp37nHktFBL/TkwQHDA45iQmC2kihfdjoZ24eZir3tfCTEfFZ2s9O86Kd5aFddWtuAecv8eakCuZohvanPxAoZZhrRKFSPc9NdJBBqQmiOK/4qcIJRGM4xD1DOWRYBVlxR+4cG2XgxEKa4top1J8bGWRKTVhkJhnUI7XoTcX/vF6q46sgIzxJNeZo9lCcUkcLZxqKMyASI00nhkAkifmrg0ZQQqRNdBUTgrd48l/SPq95bs27vajWG/M4yuAAHIET4IFLUAc3oAlaAIEH8ARewKv1aD1bb9b7bLRkzXf2wS9YH9+dT5nF</latexit><latexit sha1_base64="PEjY4LWQ/QDHYaoRkRcpP88QVUg=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkUQxJKIoMtSNy4r2Ac0aZhMJ+3QeYSZiVBCdm78FTcuFHHrL7jzb5ymXWj1wOUezrmXmXuihBKlXffLKi0tr6yuldcrG5tb2zv27l5biVQi3EKCCtmNoMKUcNzSRFPcTSSGLKK4E42vp37nHktFBL/TkwQHDA45iQmC2kihfdjoZ24eZir3tfCTEfFZ2s9O86Kd5aFddWtuAecv8eakCuZohvanPxAoZZhrRKFSPc9NdJBBqQmiOK/4qcIJRGM4xD1DOWRYBVlxR+4cG2XgxEKa4top1J8bGWRKTVhkJhnUI7XoTcX/vF6q46sgIzxJNeZo9lCcUkcLZxqKMyASI00nhkAkifmrg0ZQQqRNdBUTgrd48l/SPq95bs27vajWG/M4yuAAHIET4IFLUAc3oAlaAIEH8ARewKv1aD1bb9b7bLRkzXf2wS9YH9+dT5nF</latexit><latexit sha1_base64="PEjY4LWQ/QDHYaoRkRcpP88QVUg=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkUQxJKIoMtSNy4r2Ac0aZhMJ+3QeYSZiVBCdm78FTcuFHHrL7jzb5ymXWj1wOUezrmXmXuihBKlXffLKi0tr6yuldcrG5tb2zv27l5biVQi3EKCCtmNoMKUcNzSRFPcTSSGLKK4E42vp37nHktFBL/TkwQHDA45iQmC2kihfdjoZ24eZir3tfCTEfFZ2s9O86Kd5aFddWtuAecv8eakCuZohvanPxAoZZhrRKFSPc9NdJBBqQmiOK/4qcIJRGM4xD1DOWRYBVlxR+4cG2XgxEKa4top1J8bGWRKTVhkJhnUI7XoTcX/vF6q46sgIzxJNeZo9lCcUkcLZxqKMyASI00nhkAkifmrg0ZQQqRNdBUTgrd48l/SPq95bs27vajWG/M4yuAAHIET4IFLUAc3oAlaAIEH8ARewKv1aD1bb9b7bLRkzXf2wS9YH9+dT5nF</latexit><latexit sha1_base64="PEjY4LWQ/QDHYaoRkRcpP88QVUg=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkUQxJKIoMtSNy4r2Ac0aZhMJ+3QeYSZiVBCdm78FTcuFHHrL7jzb5ymXWj1wOUezrmXmXuihBKlXffLKi0tr6yuldcrG5tb2zv27l5biVQi3EKCCtmNoMKUcNzSRFPcTSSGLKK4E42vp37nHktFBL/TkwQHDA45iQmC2kihfdjoZ24eZir3tfCTEfFZ2s9O86Kd5aFddWtuAecv8eakCuZohvanPxAoZZhrRKFSPc9NdJBBqQmiOK/4qcIJRGM4xD1DOWRYBVlxR+4cG2XgxEKa4top1J8bGWRKTVhkJhnUI7XoTcX/vF6q46sgIzxJNeZo9lCcUkcLZxqKMyASI00nhkAkifmrg0ZQQqRNdBUTgrd48l/SPq95bs27vajWG/M4yuAAHIET4IFLUAc3oAlaAIEH8ARewKv1aD1bb9b7bLRkzXf2wS9YH9+dT5nF</latexit>

PRL 125, 011802

PRL 125, 011802

⇠ 2�
<latexit sha1_base64="RCnLgcMXnQeYjIe4L/n/QaK+1Eg=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmbGoa27ohuXFewDpkPJpJk2NMkMSUYoQz/DjQtF3Po17vwbM20FFT2QcDjnXu69J0oZVdpxPqzS2vrG5lZ5u7Kzu7d/UD086qokk5h0cMIS2Y+QIowK0tFUM9JPJUE8YqQXTa8Lv3dPpKKJuNOzlIQcjQWNKUbaSMFAUe6Zb8zRsFpz7Mtm3fPr0LEdp+F6bkG8hn/hQ9coBWpghfaw+j4YJTjjRGjMkFKB66Q6zJHUFDMyrwwyRVKEp2hMAkMF4kSF+WLlOTwzygjGiTRPaLhQv3fkiCs145Gp5EhP1G+vEP/ygkzHzTCnIs00EXg5KM4Y1Aks7ocjKgnWbGYIwpKaXSGeIImwNilVTAhfl8L/SdezXcd2b/1a62oVRxmcgFNwDlzQAC1wA9qgAzBIwAN4As+Wth6tF+t1WVqyVj3H4Aest0+OUpFu</latexit><latexit sha1_base64="RCnLgcMXnQeYjIe4L/n/QaK+1Eg=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmbGoa27ohuXFewDpkPJpJk2NMkMSUYoQz/DjQtF3Po17vwbM20FFT2QcDjnXu69J0oZVdpxPqzS2vrG5lZ5u7Kzu7d/UD086qokk5h0cMIS2Y+QIowK0tFUM9JPJUE8YqQXTa8Lv3dPpKKJuNOzlIQcjQWNKUbaSMFAUe6Zb8zRsFpz7Mtm3fPr0LEdp+F6bkG8hn/hQ9coBWpghfaw+j4YJTjjRGjMkFKB66Q6zJHUFDMyrwwyRVKEp2hMAkMF4kSF+WLlOTwzygjGiTRPaLhQv3fkiCs145Gp5EhP1G+vEP/ygkzHzTCnIs00EXg5KM4Y1Aks7ocjKgnWbGYIwpKaXSGeIImwNilVTAhfl8L/SdezXcd2b/1a62oVRxmcgFNwDlzQAC1wA9qgAzBIwAN4As+Wth6tF+t1WVqyVj3H4Aest0+OUpFu</latexit><latexit sha1_base64="RCnLgcMXnQeYjIe4L/n/QaK+1Eg=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmbGoa27ohuXFewDpkPJpJk2NMkMSUYoQz/DjQtF3Po17vwbM20FFT2QcDjnXu69J0oZVdpxPqzS2vrG5lZ5u7Kzu7d/UD086qokk5h0cMIS2Y+QIowK0tFUM9JPJUE8YqQXTa8Lv3dPpKKJuNOzlIQcjQWNKUbaSMFAUe6Zb8zRsFpz7Mtm3fPr0LEdp+F6bkG8hn/hQ9coBWpghfaw+j4YJTjjRGjMkFKB66Q6zJHUFDMyrwwyRVKEp2hMAkMF4kSF+WLlOTwzygjGiTRPaLhQv3fkiCs145Gp5EhP1G+vEP/ygkzHzTCnIs00EXg5KM4Y1Aks7ocjKgnWbGYIwpKaXSGeIImwNilVTAhfl8L/SdezXcd2b/1a62oVRxmcgFNwDlzQAC1wA9qgAzBIwAN4As+Wth6tF+t1WVqyVj3H4Aest0+OUpFu</latexit><latexit sha1_base64="RCnLgcMXnQeYjIe4L/n/QaK+1Eg=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmbGoa27ohuXFewDpkPJpJk2NMkMSUYoQz/DjQtF3Po17vwbM20FFT2QcDjnXu69J0oZVdpxPqzS2vrG5lZ5u7Kzu7d/UD086qokk5h0cMIS2Y+QIowK0tFUM9JPJUE8YqQXTa8Lv3dPpKKJuNOzlIQcjQWNKUbaSMFAUe6Zb8zRsFpz7Mtm3fPr0LEdp+F6bkG8hn/hQ9coBWpghfaw+j4YJTjjRGjMkFKB66Q6zJHUFDMyrwwyRVKEp2hMAkMF4kSF+WLlOTwzygjGiTRPaLhQv3fkiCs145Gp5EhP1G+vEP/ygkzHzTCnIs00EXg5KM4Y1Aks7ocjKgnWbGYIwpKaXSGeIImwNilVTAhfl8L/SdezXcd2b/1a62oVRxmcgFNwDlzQAC1wA9qgAzBIwAN4As+Wth6tF+t1WVqyVj3H4Aest0+OUpFu</latexit>
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Summary of angular analysis b → sμ+μ−

JHEP 11 (2021) 043 

Same pattern, negative definitions in effective coupling
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Using amplitude analysis to disentangle long and 
short distance contributions to B0 → K*0μ+μ−
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d4�(B0 ! K⇤0µ+µ�)

d⌦̂dq2
=

X

i

Ii(q
2)fi(⌦)

<latexit sha1_base64="DE0QOypxGJxmh4Ek5grJK4hmsEA="></latexit><latexit sha1_base64="DE0QOypxGJxmh4Ek5grJK4hmsEA="></latexit><latexit sha1_base64="DE0QOypxGJxmh4Ek5grJK4hmsEA="></latexit><latexit sha1_base64="DE0QOypxGJxmh4Ek5grJK4hmsEA="></latexit>

P-wave ( )K*0(892)

S-wave (spin-0  
state) +S-P 
interference

Kπ
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Parameterising amplitudes as a function of q2

Local  
form-factors,   
dependent

B → K*0

q2

Wilson 
Coefficients
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Parameterising non-local form-factors

Ceff
9,λ(q2) = C9 Hλ(q2)+

+Ceff
9,λ(q2) =

λ ∈ 0, | | , ⊥
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Parameterising non-local form-factors

C9 +

+

Two different analyses done, with different models for : 

➤ Z-expansion (LHCb-PAPER-2023-033,032), partial  

➤ Amplitude analysis over full  (LHCb-PAPER-2024-011)

Hλ(q2)
q2

q2

λ ∈ 0, | | , ⊥

Ceff
9,λ(q2) =

Ceff
9,λ(q2) =

Hλ(q2)
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Parameterising non-local form-factors

C9 Hλ(q2)+

+

λ ∈ 0, | | , ⊥

Ceff
9,λ(q2) =

Ceff
9,λ(q2) =

Two different analyses done, with different models for : 

➤ Z-expansion (LHCb-PAPER-2023-033,032), partial  

➤ Amplitude analysis over full  (LHCb-PAPER-2024-011)

Hλ(q2)
q2

q2
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Z-expansion

z = remapping of q2

(Diagram/slide from A. Mauri)

Polynomial-expansion
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Z-expansion

z = remapping of q2

(Diagram/slide from A. Mauri)

Polynomial-expansion

2 models used: 

• With theory info from <    
(n  = 4) 

• With no theory info (n = 2)

q2
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Z-expansion: results
Results for local  form-factors B → K*

 coefficients constrained 
from LCSR + LQCD
αi,k
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Z-expansion: results

Central value for  remains consistent with anomalies, but 
larger uncertainty reduces tension to 1.8

C9
σ
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Parameterising non-local form-factors

C9 Hλ(q2)+

+

λ ∈ 0, | | , ⊥

Ceff
9,λ(q2) =

Ceff
9,λ(q2) =

Two different analyses done, with different models for : 

➤ Z-expansion (LHCb-PAPER-2023-033,032), partial  

➤ Amplitude analysis over full  (LHCb-PAPER-2024-011)

Hλ(q2)
q2

q2
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Amplitude analysis over all  - new!q2
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Amplitude analysis over all  - new!q2

Hλ(q2) = + +

Hλ(q2) = ∑
j=all possible resonances

Aλ,jℒ(q2) = |Aλ,j |eiδj,λℒ(q2)

ℒ = Breit − Wigner  ℒ = Dispersion − relation
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Amplitude analysis over all  : resultsq2

Local form factors
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Amplitude analysis over all  : resultsq2
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Amplitude analysis over all  : resultsq2

A lot of numbers describing non-local effects…easier to see graphically
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Amplitude analysis over all  : resultsq2

Non-local form factors 
(amplitude analysis + 
z-expansion)
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Amplitude analysis over all  : resultsq2

Central value for  remains consistent with anomalies, but 
larger uncertainty reduces tension to 2.1

C9
σ
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Amplitude analysis over all  : resultsq2

First direct 
measurement of C9,τ

b Corresponds to 90% 
CL on  

 of ℬ(B0 → K*0τ+τ−)
∼ 1.7 − 2.2e−3

Best direct measurement of 
 =  90%CLℬ(B0 → K*0τ+τ−) 1e3
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Some thoughts on challenges 
• Scale difference between short and long distance amplitudes  

• Incorporating resolution into fit:  dependent + care about the 
tails 

• Computational time for unbinned ML + res. convolution on ~ 
1.5 million events  

• Incorporating exotica  
• Presenting fit info to theorists - pseudo data? 
• Knowledge of open charm-states/fit stability (mainly affects 

)

q2

C9τ
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Summary 
• First amplitude analysis of   
• Challenging but necessary to leverage data to separate short 

and long-distance  
• Two analyses performed so far, using different models/data 
• Future analyses will include CP-violating affects (strong phase 

variation) 

• Measurements of  from Belle II wanted : ) 

B0 → K*0μ+μ−

B0 → K*0J/ψ
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 amplitude analysesb → sγ

• Bs → ϕγ, B0 → K*0γ, B+ → K+π+π−γ, Λb → pKγ . . .
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 amplitude analysesb → sγ

• Bs → ϕγ, B0 → K*0γ, B+ → K+π+π−γ, Λb → pKγ . . .
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Amplitude analysis of  - new !Λ0
b → pKγ

LHCb-PAPER-2023-036

• Largest contributions to  spectrum from 
 and  states

m(pK)
Λ(1520), Λ(1600), Λ(1800) Λ(1890)
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Amplitude analysis of  - new !Λ0
b → pKγ

LHCb-PAPER-2023-036

• Comparison to  tricky as no 
pentaquark, heavier resonances enhanced in 
radiative case

Λb → pKJ/ψ


