
Experimental status of Asl

1

19/04/2021

Lucia Grillo 

B-“mesogenesis” mini-workshop
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▸ Oscillation and decay description:

▸ Mass eigenstates are superpositions of 
flavour eigenstates:

▸ Mixing observables



Measuring CP violation in mixing
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Flavour specific 
decays

Charge asymmetry

Measurements using semileptonic b-hadron decays
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Ameas =
N(µ+)�N(µ�)

N(µ+) +N(µ�)
Including CP-Violation and experimental effects
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P(B̄ ! B) 6= P(B ! B̄)

▸ Large branching fractions, 
systematics are the real challenge

▸ Theoretical uncertainties 
controllable
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Phys. Rev. Lett. 114, 041601 (2015)

Phys. Rev. Lett. 117, 061803 (2016)

LHCb Run I (3fb-1) measurements

SM Theory predictions, uncertainties x 10 
assl = (2.22± 0.27)⇥ 10�5
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M Artuso, G Borissov, A Lenz, arXiv:1511.09466

adsl = (�0.02± 0.19(stat)± 0.30(syst))%
<latexit sha1_base64="dFjuCHKBpny1ODW+brGB+sGrfho="></latexit><latexit sha1_base64="dFjuCHKBpny1ODW+brGB+sGrfho="></latexit><latexit sha1_base64="dFjuCHKBpny1ODW+brGB+sGrfho="></latexit><latexit sha1_base64="dFjuCHKBpny1ODW+brGB+sGrfho="></latexit>

assl = (0.39± 0.25(stat)± 0.20(syst))%
<latexit sha1_base64="sVczUMp4ty7dD/bbZ+SgxKkrWsQ="></latexit><latexit sha1_base64="sVczUMp4ty7dD/bbZ+SgxKkrWsQ="></latexit><latexit sha1_base64="sVczUMp4ty7dD/bbZ+SgxKkrWsQ="></latexit><latexit sha1_base64="sVczUMp4ty7dD/bbZ+SgxKkrWsQ="></latexit>

B factory average
�0.0019± 0.0027(tot)

<latexit sha1_base64="8YMCMYLzcdoeexDih/YD/khgDTA=">AAACBXicbVDLSgMxFM3UV62vUZe6CBahLiwzRajuim5cVrAP6Awlk2ba0CQzJBmhDN248VfcuFDErf/gzr8x085CWw8EDufcy805Qcyo0o7zbRVWVtfWN4qbpa3tnd09e/+graJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4wvsn8zgORikbiXk9i4nM0FDSkGGkj9e3jc6fqOO4V9GIOM1qrw4onOdSRPuvb5UzKAJeJm5MyyNHs21/eIMIJJ0JjhpTquU6s/RRJTTEj05KXKBIjPEZD0jNUIE6Un85STOGpUQYwjKR5QsOZ+nsjRVypCQ/MJEd6pBa9TPzP6yU6vPRTKuJEE4Hnh8KEmYgwqwQOqCRYs4khCEtq/grxCEmEtSmuZEpwFyMvk3at6jpV9+6i3LjO6yiCI3ACKsAFddAAt6AJWgCDR/AMXsGb9WS9WO/Wx3y0YOU7h+APrM8fpxyU2w==</latexit><latexit sha1_base64="8YMCMYLzcdoeexDih/YD/khgDTA=">AAACBXicbVDLSgMxFM3UV62vUZe6CBahLiwzRajuim5cVrAP6Awlk2ba0CQzJBmhDN248VfcuFDErf/gzr8x085CWw8EDufcy805Qcyo0o7zbRVWVtfWN4qbpa3tnd09e/+graJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4wvsn8zgORikbiXk9i4nM0FDSkGGkj9e3jc6fqOO4V9GIOM1qrw4onOdSRPuvb5UzKAJeJm5MyyNHs21/eIMIJJ0JjhpTquU6s/RRJTTEj05KXKBIjPEZD0jNUIE6Un85STOGpUQYwjKR5QsOZ+nsjRVypCQ/MJEd6pBa9TPzP6yU6vPRTKuJEE4Hnh8KEmYgwqwQOqCRYs4khCEtq/grxCEmEtSmuZEpwFyMvk3at6jpV9+6i3LjO6yiCI3ACKsAFddAAt6AJWgCDR/AMXsGb9WS9WO/Wx3y0YOU7h+APrM8fpxyU2w==</latexit><latexit sha1_base64="8YMCMYLzcdoeexDih/YD/khgDTA=">AAACBXicbVDLSgMxFM3UV62vUZe6CBahLiwzRajuim5cVrAP6Awlk2ba0CQzJBmhDN248VfcuFDErf/gzr8x085CWw8EDufcy805Qcyo0o7zbRVWVtfWN4qbpa3tnd09e/+graJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4wvsn8zgORikbiXk9i4nM0FDSkGGkj9e3jc6fqOO4V9GIOM1qrw4onOdSRPuvb5UzKAJeJm5MyyNHs21/eIMIJJ0JjhpTquU6s/RRJTTEj05KXKBIjPEZD0jNUIE6Un85STOGpUQYwjKR5QsOZ+nsjRVypCQ/MJEd6pBa9TPzP6yU6vPRTKuJEE4Hnh8KEmYgwqwQOqCRYs4khCEtq/grxCEmEtSmuZEpwFyMvk3at6jpV9+6i3LjO6yiCI3ACKsAFddAAt6AJWgCDR/AMXsGb9WS9WO/Wx3y0YOU7h+APrM8fpxyU2w==</latexit><latexit sha1_base64="8YMCMYLzcdoeexDih/YD/khgDTA=">AAACBXicbVDLSgMxFM3UV62vUZe6CBahLiwzRajuim5cVrAP6Awlk2ba0CQzJBmhDN248VfcuFDErf/gzr8x085CWw8EDufcy805Qcyo0o7zbRVWVtfWN4qbpa3tnd09e/+graJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4wvsn8zgORikbiXk9i4nM0FDSkGGkj9e3jc6fqOO4V9GIOM1qrw4onOdSRPuvb5UzKAJeJm5MyyNHs21/eIMIJJ0JjhpTquU6s/RRJTTEj05KXKBIjPEZD0jNUIE6Un85STOGpUQYwjKR5QsOZ+nsjRVypCQ/MJEd6pBa9TPzP6yU6vPRTKuJEE4Hnh8KEmYgwqwQOqCRYs4khCEtq/grxCEmEtSmuZEpwFyMvk3at6jpV9+6i3LjO6yiCI3ACKsAFddAAt6AJWgCDR/AMXsGb9WS9WO/Wx3y0YOU7h+APrM8fpxyU2w==</latexit>

HFLAV arXiv:1612.07233 

arXiv:1305.1575

arXiv:1411.1842
arXiv:hep-ex/0505017

adsl = (�4.7± 0.6)⇥ 10�4
<latexit sha1_base64="hlZCc3RCQhXSCMOskPG9FGuxWqE=">AAACF3icbVDLSsNAFJ34rPVVdelmsAh10ZBIsW6EohuXFewDmjRMJpN26EwSZiZCCfkLN/6KGxeKuNWdf+P0sdDWAxcO59zLvff4CaNSWda3sbK6tr6xWdgqbu/s7u2XDg7bMk4FJi0cs1h0fSQJoxFpKaoY6SaCIO4z0vFHNxO/80CEpHF0r8YJcTkaRDSkGCkteSUTeZkjOJQs72dBDq9gpVoz69BJOLTMizPoKMqJhLbVz6q13CuVLdOaAi4Te07KYI6mV/pyghinnEQKMyRlz7YS5WZIKIoZyYtOKkmC8AgNSE/TCOllbjb9K4enWglgGAtdkYJT9fdEhriUY+7rTo7UUC56E/E/r5eq8NLNaJSkikR4tihMGVQxnIQEAyoIVmysCcKC6lshHiKBsNJRFnUI9uLLy6R9btqWad/Vyo3reRwFcAxOQAXYoA4a4BY0QQtg8AiewSt4M56MF+Pd+Ji1rhjzmSPwB8bnD+uXnJo=</latexit><latexit sha1_base64="hlZCc3RCQhXSCMOskPG9FGuxWqE=">AAACF3icbVDLSsNAFJ34rPVVdelmsAh10ZBIsW6EohuXFewDmjRMJpN26EwSZiZCCfkLN/6KGxeKuNWdf+P0sdDWAxcO59zLvff4CaNSWda3sbK6tr6xWdgqbu/s7u2XDg7bMk4FJi0cs1h0fSQJoxFpKaoY6SaCIO4z0vFHNxO/80CEpHF0r8YJcTkaRDSkGCkteSUTeZkjOJQs72dBDq9gpVoz69BJOLTMizPoKMqJhLbVz6q13CuVLdOaAi4Te07KYI6mV/pyghinnEQKMyRlz7YS5WZIKIoZyYtOKkmC8AgNSE/TCOllbjb9K4enWglgGAtdkYJT9fdEhriUY+7rTo7UUC56E/E/r5eq8NLNaJSkikR4tihMGVQxnIQEAyoIVmysCcKC6lshHiKBsNJRFnUI9uLLy6R9btqWad/Vyo3reRwFcAxOQAXYoA4a4BY0QQtg8AiewSt4M56MF+Pd+Ji1rhjzmSPwB8bnD+uXnJo=</latexit><latexit sha1_base64="hlZCc3RCQhXSCMOskPG9FGuxWqE=">AAACF3icbVDLSsNAFJ34rPVVdelmsAh10ZBIsW6EohuXFewDmjRMJpN26EwSZiZCCfkLN/6KGxeKuNWdf+P0sdDWAxcO59zLvff4CaNSWda3sbK6tr6xWdgqbu/s7u2XDg7bMk4FJi0cs1h0fSQJoxFpKaoY6SaCIO4z0vFHNxO/80CEpHF0r8YJcTkaRDSkGCkteSUTeZkjOJQs72dBDq9gpVoz69BJOLTMizPoKMqJhLbVz6q13CuVLdOaAi4Te07KYI6mV/pyghinnEQKMyRlz7YS5WZIKIoZyYtOKkmC8AgNSE/TCOllbjb9K4enWglgGAtdkYJT9fdEhriUY+7rTo7UUC56E/E/r5eq8NLNaJSkikR4tihMGVQxnIQEAyoIVmysCcKC6lshHiKBsNJRFnUI9uLLy6R9btqWad/Vyo3reRwFcAxOQAXYoA4a4BY0QQtg8AiewSt4M56MF+Pd+Ji1rhjzmSPwB8bnD+uXnJo=</latexit><latexit sha1_base64="hlZCc3RCQhXSCMOskPG9FGuxWqE=">AAACF3icbVDLSsNAFJ34rPVVdelmsAh10ZBIsW6EohuXFewDmjRMJpN26EwSZiZCCfkLN/6KGxeKuNWdf+P0sdDWAxcO59zLvff4CaNSWda3sbK6tr6xWdgqbu/s7u2XDg7bMk4FJi0cs1h0fSQJoxFpKaoY6SaCIO4z0vFHNxO/80CEpHF0r8YJcTkaRDSkGCkteSUTeZkjOJQs72dBDq9gpVoz69BJOLTMizPoKMqJhLbVz6q13CuVLdOaAi4Te07KYI6mV/pyghinnEQKMyRlz7YS5WZIKIoZyYtOKkmC8AgNSE/TCOllbjb9K4enWglgGAtdkYJT9fdEhriUY+7rTo7UUC56E/E/r5eq8NLNaJSkikR4tihMGVQxnIQEAyoIVmysCcKC6lshHiKBsNJRFnUI9uLLy6R9btqWad/Vyo3reRwFcAxOQAXYoA4a4BY0QQtg8AiewSt4M56MF+Pd+Ji1rhjzmSPwB8bnD+uXnJo=</latexit>

T. Jubb, M. Kirk, A. Lenz, G. Tetlalmatzi-Xolocotzi, arXiv:1603.07770

https://arxiv.org/abs/1409.8586
https://arxiv.org/abs/1605.09768
https://arxiv.org/pdf/1511.09466.pdf
https://arxiv.org/pdf/1612.07233.pdf
https://arxiv.org/pdf/1305.1575.pdf
https://arxiv.org/pdf/1411.1842.pdf
https://arxiv.org/pdf/hep-ex/0505017.pdf
https://arxiv.org/pdf/1603.07770.pdf


B-factory measurements
5EXPERIMENTAL STATUS OF ASL -  LUCIA GRILLO                                  19/04/2021 

<latexit sha1_base64="BZl2j+MPKUKoa09s0F1ho77t8kY=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiB4CpMg6jHoxWMEs2BmDD2dmqRJT8/Q3SOEIX/hxYMiXv0bb/6NnUWI24OCx3tVVNULEsG1cd0PJ7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxheTvzWPSrNY3ljRgn6Ee1LHnJGjZVuPRTiLvOSaNwtlipldwri/iJfVgnmqHeL714vZmmE0jBBte5U3MT4GVWGM4HjgpdqTCgb0j52LJU0Qu1n04vH5MgqPRLGypY0ZKouTmQ00noUBbYzomagf3oT8S+vk5rw3M+4TFKDks0WhakgJiaT90mPK2RGjCyhTHF7K2EDqigzNqTCYgj/k2a1XDktV69PSrWLeRx5OIBDOIYKnEENrqAODWAg4QGe4NnRzqPz4rzOWnPOfGYfvsF5+wTfe5EO</latexit>

`±

<latexit sha1_base64="BZl2j+MPKUKoa09s0F1ho77t8kY=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiB4CpMg6jHoxWMEs2BmDD2dmqRJT8/Q3SOEIX/hxYMiXv0bb/6NnUWI24OCx3tVVNULEsG1cd0PJ7e0vLK6ll8vbGxube8Ud/eaOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxheTvzWPSrNY3ljRgn6Ee1LHnJGjZVuPRTiLvOSaNwtlipldwri/iJfVgnmqHeL714vZmmE0jBBte5U3MT4GVWGM4HjgpdqTCgb0j52LJU0Qu1n04vH5MgqPRLGypY0ZKouTmQ00noUBbYzomagf3oT8S+vk5rw3M+4TFKDks0WhakgJiaT90mPK2RGjCyhTHF7K2EDqigzNqTCYgj/k2a1XDktV69PSrWLeRx5OIBDOIYKnEENrqAODWAg4QGe4NnRzqPz4rzOWnPOfGYfvsF5+wTfe5EO</latexit>

`±
▸ Possible to reconstruct the 

semileptonic decays, or measure 
the di-lepton charge asymmetry
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Phys. Rev. Lett. 117, 061803 (2016) (just more recent/precise results)
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▸ Different systematic budget, 
Sample composition large 
contribution in both
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▸ CPV in neutral meson mixing studied by measuring the semileptonic asymmetries

aqsl =
�(B̄q ! Bq ! f)� �(Bq ! B̄q ! f̄)

�(B̄q ! Bq ! f) + �(Bq ! B̄q ! f̄)
= Im(Mq

12/�
q
12)

▸ LHCb measured the untagged charge asymmetry of the final state particles

Aq
meas(t) =

�(f, t)� �(

¯f, t)

�(f, t) + �(

¯f, t)
=

aqsl
2

+AD �
�
Aq

P +

aqsl
2

�
cos(�Mqt)

cosh(��qt/2)

CP-Violation b-hadron production 

Detection
▸ Challenges: disentangle CP 

asymmetry from detector effects, 
control physics backgrounds

Charge asymmetry
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▸ LHCb measured the untagged charge asymmetry of the final state particles
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Decay time integrated charge asymmetry
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Phys. Rev. Lett. 114, 041601 (2015)Phys. Rev. Lett. 117, 061803 (2016)

Decay time dependent charge asymmetry
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<latexit sha1_base64="jPMfj4BrZqAhu+4c7HxjViyvp+c=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ae0aZlMJu3QmSTMTJQS8h9uXCji1n9x5984fQgqeuDC4Zx7ufceL2ZUKsv6MHJr6xubW/ntws7u3v5B8fCoI6NEYNLGEYtEz0OSMBqStqKKkV4sCOIeI11vejX3u3dESBqFt2oWE5ejcUgDipHS0hCN0oHgULJsmPrZqFiyTLtcKTs2tMxqzalVHE3qFxXHakDbtBYogRVao+L7wI9wwkmoMENS9m0rVm6KhKKYkawwSCSJEZ6iMelrGiJOpJsurs7gmVZ8GERCV6jgQv0+kSIu5Yx7upMjNZG/vbn4l9dPVNBwUxrGiSIhXi4KEgZVBOcRQJ8KghWbaYKwoPpWiCdIIKx0UAUdwten8H/SKZt23SzfVEvNy1UceXACTsE5sIEDmuAatEAbYCDAA3gCz8a98Wi8GK/L1pyxmjkGP2C8fQJDFZMJ</latexit>

adsl

relevant for slow 
oscillations

~2.1M~1.6M

https://arxiv.org/abs/1409.8586
https://arxiv.org/abs/1605.09768
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▸ Detection/reconstruction asymmetry of the final state AD =
�(f)� �(f̄)

�(f) + �(f̄)
▸ Sources of asymmetry: 

▸ Different interaction with the detector material 

E.g. : charged 

kaons

B
μ

K

+

PV
π

D

π

νμ
0

+
-

-
-

K+

= ~(1.0 +/- 0.1)%

<latexit sha1_base64="jPMfj4BrZqAhu+4c7HxjViyvp+c=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwFZK+UndFNy4r2Ae0aZlMJu3QmSTMTJQS8h9uXCji1n9x5984fQgqeuDC4Zx7ufceL2ZUKsv6MHJr6xubW/ntws7u3v5B8fCoI6NEYNLGEYtEz0OSMBqStqKKkV4sCOIeI11vejX3u3dESBqFt2oWE5ejcUgDipHS0hCN0oHgULJsmPrZqFiyTLtcKTs2tMxqzalVHE3qFxXHakDbtBYogRVao+L7wI9wwkmoMENS9m0rVm6KhKKYkawwSCSJEZ6iMelrGiJOpJsurs7gmVZ8GERCV6jgQv0+kSIu5Yx7upMjNZG/vbn4l9dPVNBwUxrGiSIhXi4KEgZVBOcRQJ8KghWbaYKwoPpWiCdIIKx0UAUdwten8H/SKZt23SzfVEvNy1UceXACTsE5sIEDmuAatEAbYCDAA3gCz8a98Wi8GK/L1pyxmjkGP2C8fQJDFZMJ</latexit>

adsl

▸ Evaluated by using data-driven techniques on dedicated samples

AK� ⌘ �(K+⇥�)� �(K�⇥+)

�(K+⇥�) + �(K�⇥+)

= A(D ! K⇥⇥)

�A(D ! KS⇥)

�A(KS)



Vertex
Locator

RICH1

RICH2
Magnet
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T1
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T3 M1
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M3

M4
M5

SPD/PS
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z

x
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▸ Detection/reconstruction asymmetry of the final state AD =
�(f)� �(f̄)

�(f) + �(f̄)
▸ Sources of asymmetry: 

▸ Different interaction with the detector material 
▸ Detector inefficiency/mis-alignment/inhomogeneities

▸ Evaluated by using data-driven techniques on dedicated samples

Tracking

PID

Hardware trigger

Source Value Stat. uncert. Syst. uncert.

Araw 0.11 0.09 0.02
� Atrack(K+K�

) 0.01 0.00 0.03
� Atrack(⇡�µ+

) 0.01 0.05 0.04
� APID �0.01 0.02 0.03

� Atrig(hardware) 0.03 0.02 0.02
� Atrig(software) 0.00 0.01 0.02

� fbkg Abkg 0.02 � 0.03 +

(1� fbkg)assl/2 0.16 0.11 0.08

2/(1� fbkg) 2.45 � 0.18 ⇥
assl 0.39 0.26 0.20

<latexit sha1_base64="DN9I2aSTMahZveiWBooCSRPaga0=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwFZL0kborunFZwT6gTctkOmmHziRhZqKUkP9w40IRt/6LO//G6UNQ0QMXDufcy733+DGjUlnWh5FbW9/Y3MpvF3Z29/YPiodHbRklApMWjlgkuj6ShNGQtBRVjHRjQRD3Gen406u537kjQtIovFWzmHgcjUMaUIyUlgZomPYFh5Jlg1Rmw2LJMm2n7Lg2tMxK1a2WXU1qF2XXqkPbtBYogRWaw+J7fxThhJNQYYak7NlWrLwUCUUxI1mhn0gSIzxFY9LTNEScSC9dXJ3BM62MYBAJXaGCC/X7RIq4lDPu606O1ET+9ubiX14vUUHdS2kYJ4qEeLkoSBhUEZxHAEdUEKzYTBOEBdW3QjxBAmGlgyroEL4+hf+TtmPaNdO5qZQal6s48uAEnIJzYAMXNMA1aIIWwECAB/AEno1749F4MV6XrTljNXMMfsB4+wRZ4JMY</latexit>

asslPhys. Rev. Lett. 117, 061803 (2016)

https://arxiv.org/abs/1605.09768
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▸ Uncertainty on the detection asymmetry measurement includes both statistical and 
systematic contribution

▸ New ideas, additional samples [e.g. Ds→φπ and Ds→KsK samples for Kπ detection 
asymmetry], improved methods

▸ Higher trigger efficiency also for charm control samples (e.g. 5x higher efficiency 
for triggering on D→Ksπ)

▸ All this will be needed to control the systematics to the 10^-4 level

Source of uncertainty adsl AP(7TeV) AP(8TeV)

Detection asymmetry 0.26 0.20 0.14

B+
background 0.13 0.06 0.06

⇤

0
b background 0.07 0.03 0.03

B0
s background 0.03 0.01 0.01

Combinatorial D background 0.03 – –

k-factor distribution 0.03 0.01 0.01

Decay-time acceptance 0.03 0.07 0.07

Knowledge of �md 0.02 0.01 0.01

Quadratic sum 0.30 0.22 0.17

Phys. Rev. Lett. 114, 041601 (2015)

Atrg,PID
µ

Atrk residual
µ�

statistical systematic

0.18% 0.13%
0.06% 0.06%

0.07%
0.04%

AK�

Anucl
�

example (for D+ mode)

https://arxiv.org/abs/1409.8586
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▸ Physics backgrounds can dilute/bias the asymmetry measurements (relevant: 
branching fraction, reconstruction/selection efficiency, production asymmetry)

Source of uncertainty adsl AP(7TeV) AP(8TeV)

Detection asymmetry 0.26 0.20 0.14

B+
background 0.13 0.06 0.06

⇤

0
b background 0.07 0.03 0.03

B0
s background 0.03 0.01 0.01

Combinatorial D background 0.03 – –

k-factor distribution 0.03 0.01 0.01

Decay-time acceptance 0.03 0.07 0.07

Knowledge of �md 0.02 0.01 0.01

Quadratic sum 0.30 0.22 0.17

Phys. Rev. Lett. 114, 041601 (2015)
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<latexit sha1_base64="yoxiGmJ/Xnzj/3It9h2Qx4j1ESw=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPJVdEfRY9OKxgm2FdinZdLYNze6GJFuoS3+JFw+KePWnePPfmH4g2vpgmMd7M2TyQim4Np735RTW1jc2t4rbpZ3dvf2ye3DY1GmmGDZYKlL1EFKNgifYMNwIfJAKaRwKbIXDm6nfGqHSPE3uzVhiENN+wiPOqLFS1y13RshyOenmHYnKdrfiVb0ZyA/xl0kFFqh33c9OL2VZjIlhgmrd9j1pgpwqw5nASamTaZSUDWkf25YmNEYd5LPDJ+TUKj0SpcpWYshM/b2R01jrcRzayZiagV72puJ/Xjsz0VWQ80RmBhM2fyjKBDEpmaZAelwhM2JsCWWK21sJG1BFmbFZlWwIK19eJc3zqu9V/buLSu16EUcRjuEEzsCHS6jBLdShAQwyeIIXeHUenWfnzXmfjxacxc4R/IHz8Q2XQZOu</latexit><latexit sha1_base64="yoxiGmJ/Xnzj/3It9h2Qx4j1ESw=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPJVdEfRY9OKxgm2FdinZdLYNze6GJFuoS3+JFw+KePWnePPfmH4g2vpgmMd7M2TyQim4Np735RTW1jc2t4rbpZ3dvf2ye3DY1GmmGDZYKlL1EFKNgifYMNwIfJAKaRwKbIXDm6nfGqHSPE3uzVhiENN+wiPOqLFS1y13RshyOenmHYnKdrfiVb0ZyA/xl0kFFqh33c9OL2VZjIlhgmrd9j1pgpwqw5nASamTaZSUDWkf25YmNEYd5LPDJ+TUKj0SpcpWYshM/b2R01jrcRzayZiagV72puJ/Xjsz0VWQ80RmBhM2fyjKBDEpmaZAelwhM2JsCWWK21sJG1BFmbFZlWwIK19eJc3zqu9V/buLSu16EUcRjuEEzsCHS6jBLdShAQwyeIIXeHUenWfnzXmfjxacxc4R/IHz8Q2XQZOu</latexit><latexit sha1_base64="yoxiGmJ/Xnzj/3It9h2Qx4j1ESw=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPJVdEfRY9OKxgm2FdinZdLYNze6GJFuoS3+JFw+KePWnePPfmH4g2vpgmMd7M2TyQim4Np735RTW1jc2t4rbpZ3dvf2ye3DY1GmmGDZYKlL1EFKNgifYMNwIfJAKaRwKbIXDm6nfGqHSPE3uzVhiENN+wiPOqLFS1y13RshyOenmHYnKdrfiVb0ZyA/xl0kFFqh33c9OL2VZjIlhgmrd9j1pgpwqw5nASamTaZSUDWkf25YmNEYd5LPDJ+TUKj0SpcpWYshM/b2R01jrcRzayZiagV72puJ/Xjsz0VWQ80RmBhM2fyjKBDEpmaZAelwhM2JsCWWK21sJG1BFmbFZlWwIK19eJc3zqu9V/buLSu16EUcRjuEEzsCHS6jBLdShAQwyeIIXeHUenWfnzXmfjxacxc4R/IHz8Q2XQZOu</latexit><latexit sha1_base64="yoxiGmJ/Xnzj/3It9h2Qx4j1ESw=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPJVdEfRY9OKxgm2FdinZdLYNze6GJFuoS3+JFw+KePWnePPfmH4g2vpgmMd7M2TyQim4Np735RTW1jc2t4rbpZ3dvf2ye3DY1GmmGDZYKlL1EFKNgifYMNwIfJAKaRwKbIXDm6nfGqHSPE3uzVhiENN+wiPOqLFS1y13RshyOenmHYnKdrfiVb0ZyA/xl0kFFqh33c9OL2VZjIlhgmrd9j1pgpwqw5nASamTaZSUDWkf25YmNEYd5LPDJ+TUKj0SpcpWYshM/b2R01jrcRzayZiagV72puJ/Xjsz0VWQ80RmBhM2fyjKBDEpmaZAelwhM2JsCWWK21sJG1BFmbFZlWwIK19eJc3zqu9V/buLSu16EUcRjuEEzsCHS6jBLdShAQwyeIIXeHUenWfnzXmfjxacxc4R/IHz8Q2XQZOu</latexit>

▸ Extract simultaneously CP 
asymmetries,  sample composition, 
production asymmetries (or more 
precise knowledge of production 
asymmetries) will reduce systematics

Possible additional handle: corrected B mass 
(SL decays are partially reconstructed)

https://arxiv.org/abs/1409.8586
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Physics Case for an LHCb Upgrade-II

▸ Analyses of LHCb Run 2 (+6/fb) on going (e.g. ~40% improvement in precision 
expected in B0 system)

▸ Prospects for Upgrade II (assuming control of systematics at the 10^-4 level)

(arbitrarily taken 
central values)

SM

Phys. Rev. Lett. 114, 041601 (2015)
Phys. Rev. Lett. 117, 061803 (2016)

DO dimuon 
asymmetry

What can we 
expect with 
Belle-II full 
dataset?

assl = (2.22± 0.27)⇥ 10�5
<latexit sha1_base64="Yb/wqG32zA40h6xkyIq115acXaA=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoC2MSlLoRim5cVrAPaNIymU7boTNJmJkIJeQz3Pgrblwo4rY7/8Zpm4VWD1w4nHMv994TxIxKZdtfRmFldW19o7hZ2tre2d0z9w+aMkoEJg0csUi0AyQJoyFpKKoYaceCIB4w0grGtzO/9UiEpFH4oCYx8TkahnRAMVJa6pnnqJd6gkPJsm4qM3gNK67lutCLObQtt3oKPUU5kdCxu+nZZdYzy7ZlzwH/EicnZZCj3jOnXj/CCSehwgxJ2XHsWPkpEopiRrKSl0gSIzxGQ9LRNER6mZ/OH8vgiVb6cBAJXaGCc/XnRIq4lBMe6E6O1EguezPxP6+TqMGVn9IwThQJ8WLRIGFQRXCWEuxTQbBiE00QFlTfCvEICYSVzrKkQ3CWX/5Lmq7l2JZzf1Gu3eRxFMEROAYV4IAqqIE7UAcNgMETeAFv4N14Nl6ND+Nz0Vow8plD8AvG9BuBq5zl</latexit><latexit sha1_base64="Yb/wqG32zA40h6xkyIq115acXaA=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoC2MSlLoRim5cVrAPaNIymU7boTNJmJkIJeQz3Pgrblwo4rY7/8Zpm4VWD1w4nHMv994TxIxKZdtfRmFldW19o7hZ2tre2d0z9w+aMkoEJg0csUi0AyQJoyFpKKoYaceCIB4w0grGtzO/9UiEpFH4oCYx8TkahnRAMVJa6pnnqJd6gkPJsm4qM3gNK67lutCLObQtt3oKPUU5kdCxu+nZZdYzy7ZlzwH/EicnZZCj3jOnXj/CCSehwgxJ2XHsWPkpEopiRrKSl0gSIzxGQ9LRNER6mZ/OH8vgiVb6cBAJXaGCc/XnRIq4lBMe6E6O1EguezPxP6+TqMGVn9IwThQJ8WLRIGFQRXCWEuxTQbBiE00QFlTfCvEICYSVzrKkQ3CWX/5Lmq7l2JZzf1Gu3eRxFMEROAYV4IAqqIE7UAcNgMETeAFv4N14Nl6ND+Nz0Vow8plD8AvG9BuBq5zl</latexit><latexit sha1_base64="Yb/wqG32zA40h6xkyIq115acXaA=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoC2MSlLoRim5cVrAPaNIymU7boTNJmJkIJeQz3Pgrblwo4rY7/8Zpm4VWD1w4nHMv994TxIxKZdtfRmFldW19o7hZ2tre2d0z9w+aMkoEJg0csUi0AyQJoyFpKKoYaceCIB4w0grGtzO/9UiEpFH4oCYx8TkahnRAMVJa6pnnqJd6gkPJsm4qM3gNK67lutCLObQtt3oKPUU5kdCxu+nZZdYzy7ZlzwH/EicnZZCj3jOnXj/CCSehwgxJ2XHsWPkpEopiRrKSl0gSIzxGQ9LRNER6mZ/OH8vgiVb6cBAJXaGCc/XnRIq4lBMe6E6O1EguezPxP6+TqMGVn9IwThQJ8WLRIGFQRXCWEuxTQbBiE00QFlTfCvEICYSVzrKkQ3CWX/5Lmq7l2JZzf1Gu3eRxFMEROAYV4IAqqIE7UAcNgMETeAFv4N14Nl6ND+Nz0Vow8plD8AvG9BuBq5zl</latexit><latexit sha1_base64="Yb/wqG32zA40h6xkyIq115acXaA=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoC2MSlLoRim5cVrAPaNIymU7boTNJmJkIJeQz3Pgrblwo4rY7/8Zpm4VWD1w4nHMv994TxIxKZdtfRmFldW19o7hZ2tre2d0z9w+aMkoEJg0csUi0AyQJoyFpKKoYaceCIB4w0grGtzO/9UiEpFH4oCYx8TkahnRAMVJa6pnnqJd6gkPJsm4qM3gNK67lutCLObQtt3oKPUU5kdCxu+nZZdYzy7ZlzwH/EicnZZCj3jOnXj/CCSehwgxJ2XHsWPkpEopiRrKSl0gSIzxGQ9LRNER6mZ/OH8vgiVb6cBAJXaGCc/XnRIq4lBMe6E6O1EguezPxP6+TqMGVn9IwThQJ8WLRIGFQRXCWEuxTQbBiE00QFlTfCvEICYSVzrKkQ3CWX/5Lmq7l2JZzf1Gu3eRxFMEROAYV4IAqqIE7UAcNgMETeAFv4N14Nl6ND+Nz0Vow8plD8AvG9BuBq5zl</latexit>

adsl = (�4.7± 0.6)⇥ 10�4
<latexit sha1_base64="hlZCc3RCQhXSCMOskPG9FGuxWqE=">AAACF3icbVDLSsNAFJ34rPVVdelmsAh10ZBIsW6EohuXFewDmjRMJpN26EwSZiZCCfkLN/6KGxeKuNWdf+P0sdDWAxcO59zLvff4CaNSWda3sbK6tr6xWdgqbu/s7u2XDg7bMk4FJi0cs1h0fSQJoxFpKaoY6SaCIO4z0vFHNxO/80CEpHF0r8YJcTkaRDSkGCkteSUTeZkjOJQs72dBDq9gpVoz69BJOLTMizPoKMqJhLbVz6q13CuVLdOaAi4Te07KYI6mV/pyghinnEQKMyRlz7YS5WZIKIoZyYtOKkmC8AgNSE/TCOllbjb9K4enWglgGAtdkYJT9fdEhriUY+7rTo7UUC56E/E/r5eq8NLNaJSkikR4tihMGVQxnIQEAyoIVmysCcKC6lshHiKBsNJRFnUI9uLLy6R9btqWad/Vyo3reRwFcAxOQAXYoA4a4BY0QQtg8AiewSt4M56MF+Pd+Ji1rhjzmSPwB8bnD+uXnJo=</latexit><latexit sha1_base64="hlZCc3RCQhXSCMOskPG9FGuxWqE=">AAACF3icbVDLSsNAFJ34rPVVdelmsAh10ZBIsW6EohuXFewDmjRMJpN26EwSZiZCCfkLN/6KGxeKuNWdf+P0sdDWAxcO59zLvff4CaNSWda3sbK6tr6xWdgqbu/s7u2XDg7bMk4FJi0cs1h0fSQJoxFpKaoY6SaCIO4z0vFHNxO/80CEpHF0r8YJcTkaRDSkGCkteSUTeZkjOJQs72dBDq9gpVoz69BJOLTMizPoKMqJhLbVz6q13CuVLdOaAi4Te07KYI6mV/pyghinnEQKMyRlz7YS5WZIKIoZyYtOKkmC8AgNSE/TCOllbjb9K4enWglgGAtdkYJT9fdEhriUY+7rTo7UUC56E/E/r5eq8NLNaJSkikR4tihMGVQxnIQEAyoIVmysCcKC6lshHiKBsNJRFnUI9uLLy6R9btqWad/Vyo3reRwFcAxOQAXYoA4a4BY0QQtg8AiewSt4M56MF+Pd+Ji1rhjzmSPwB8bnD+uXnJo=</latexit><latexit sha1_base64="hlZCc3RCQhXSCMOskPG9FGuxWqE=">AAACF3icbVDLSsNAFJ34rPVVdelmsAh10ZBIsW6EohuXFewDmjRMJpN26EwSZiZCCfkLN/6KGxeKuNWdf+P0sdDWAxcO59zLvff4CaNSWda3sbK6tr6xWdgqbu/s7u2XDg7bMk4FJi0cs1h0fSQJoxFpKaoY6SaCIO4z0vFHNxO/80CEpHF0r8YJcTkaRDSkGCkteSUTeZkjOJQs72dBDq9gpVoz69BJOLTMizPoKMqJhLbVz6q13CuVLdOaAi4Te07KYI6mV/pyghinnEQKMyRlz7YS5WZIKIoZyYtOKkmC8AgNSE/TCOllbjb9K4enWglgGAtdkYJT9fdEhriUY+7rTo7UUC56E/E/r5eq8NLNaJSkikR4tihMGVQxnIQEAyoIVmysCcKC6lshHiKBsNJRFnUI9uLLy6R9btqWad/Vyo3reRwFcAxOQAXYoA4a4BY0QQtg8AiewSt4M56MF+Pd+Ji1rhjzmSPwB8bnD+uXnJo=</latexit><latexit sha1_base64="hlZCc3RCQhXSCMOskPG9FGuxWqE=">AAACF3icbVDLSsNAFJ34rPVVdelmsAh10ZBIsW6EohuXFewDmjRMJpN26EwSZiZCCfkLN/6KGxeKuNWdf+P0sdDWAxcO59zLvff4CaNSWda3sbK6tr6xWdgqbu/s7u2XDg7bMk4FJi0cs1h0fSQJoxFpKaoY6SaCIO4z0vFHNxO/80CEpHF0r8YJcTkaRDSkGCkteSUTeZkjOJQs72dBDq9gpVoz69BJOLTMizPoKMqJhLbVz6q13CuVLdOaAi4Te07KYI6mV/pyghinnEQKMyRlz7YS5WZIKIoZyYtOKkmC8AgNSE/TCOllbjb9K4enWglgGAtdkYJT9fdEhriUY+7rTo7UUC56E/E/r5eq8NLNaJSkikR4tihMGVQxnIQEAyoIVmysCcKC6lshHiKBsNJRFnUI9uLLy6R9btqWad/Vyo3reRwFcAxOQAXYoA4a4BY0QQtg8AiewSt4M56MF+Pd+Ji1rhjzmSPwB8bnD+uXnJo=</latexit>

Current B-factory 
average

LHCb 300/fb
LHCb 23/fb

LHCb 9/fb

LHCb 3/fb

https://arxiv.org/pdf/1808.08865.pdf
https://arxiv.org/abs/1409.8586
https://arxiv.org/abs/1605.09768
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Physics Case for an LHCb Upgrade-II

▸ Prospects for Upgrade II (assuming control of systematics at the 10^-4 level)

Belle-II physics book 

(arbitrarily taken 
central values)

▸ Analyses of LHCb Run 2 (+6/fb) on going (e.g. ~30-40% improvement in precision 
expected in B0 system)

https://arxiv.org/pdf/1808.08865.pdf
https://arxiv.org/pdf/1808.10567.pdf


)0(BSLA
-0.02 -0.01 0 0.01 0.02

) s0
(B

SL
A

-0.02

-0.01

0

0.01

HFLAV
PDG 2020

B factory
average

LHCb
Xµ(*)

(s) D→ 0
(s)B

0D
Xµ(*)

(s) D→ 0
(s)B

0D
muons

0D
average

 10×Theory 

World average

 = 12χ∆

Decay width difference ΔΓd
15EXPERIMENTAL STATUS OF ASL -  LUCIA GRILLO                                  19/04/2021 

DO dimuon asymmetry ~3σ from SM

ACP= CdA
d
SL + CsA

s
SL + C��d

��d

�d

Most precise determination, by ATLAS 
measurements from BaBar, Belle, LHCb, CMS 
(Eur. Phys. J. C 78 (2018))

��d

�d
= (�0.1± 1.1± 0.9)⇥ 10�2

JHEP 06 (2016) 081 

HFLAV arXiv:1612.07233 
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��d/�d = +0.001± 0.010
PDG average

https://arxiv.org/abs/1710.08949
https://link.springer.com/article/10.1007/JHEP06(2016)081
https://arxiv.org/pdf/1612.07233.pdf
https://pdg.lbl.gov/2020/reviews/rpp2020-rev-b-bar-mixing.pdf
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• ATLAS and LHCb measurements obtain ΔΓd/Γd by comparing by comparing 
measurements of the B0 → J/ψK∗0 and B0 → J/ψKS0 decays
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T. Gershon arXiv:1007.5135

• LHCb lifetime measurements with 
fraction of Run I dataset (1fb-1)

JHEP 04 (2014) 114 

Source ⌧B+!J/ K+ ⌧B0!J/ K⇤0 ⌧B0!J/ K0
S

⌧⇤0
b!J/ ⇤ ⌧B0

s!J/ �

Statistical uncertainty 3.5 6.1 12.8 26.5 11.4
VELO reconstruction 2.0 2.3 0.9 0.5 2.3
Simulation sample size 1.7 2.3 2.9 3.7 2.4
Mass-time correlation 1.4 1.8 2.1 3.0 0.7
Trigger and selection e↵. 1.1 1.2 2.0 2.0 2.5
Background modelling 0.1 0.2 2.2 2.1 0.4
Mass modelling 0.1 0.2 0.4 0.2 0.5
Peaking background – – 0.3 1.1 0.4
E↵ective lifetime bias – – – – 1.6
B0 production asym. – – 1.1 – –
LHCb length scale 0.4 0.3 0.3 0.3 0.3
Total systematic 3.2 3.9 4.9 5.7 4.6

-

in units of 10^-3

• Systematic uncertainty is reducing 
(more precise inputs, better control 
of reconstruction/selection effects)

��d

�d
= �0.044± 0.025± 0.011
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�mHFLAV 2017
d = (506.5± 1.9)ns�1
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∆md (ps-1)

World average
Summer 2017

0.5065 ±0.0019 ps-1

CLEO+ARGUS
(χd measurements)

0.498 ±0.032 ps-1

Average of 32 above 0.5065 ±0.0019 ps-1

LHCb D(*)µ/OST
(3 fb-1)

0.5050 ±0.0021 ±0.0010 ps-1

LHCb Dµ/OST,SST
(1 fb-1)

0.503 ±0.011 ±0.013 ps-1

LHCb B0
d(full)/OST,SST

(1 fb-1)
0.516 ±0.005 ±0.003 ps-1

LHCb B0
d(full)/OST
(0.036 fb-1)

0.499 ±0.032 ±0.003 ps-1

BELLE l/l
(32M BB− )

0.503 ±0.008 ±0.010 ps-1

BELLE D*π(part)/l
(31M BB− )

0.509 ±0.017 ±0.020 ps-1

BELLE B0
d(full)+D*lν/comb

(152M BB− )
0.511 ±0.005 ±0.006 ps-1

BABAR D*lν(part)/l
(88M BB− )

0.511 ±0.007 ±0.007 ps-1

BABAR D*lν/l,K,NN
(23M BB− )

0.492 ±0.018 ±0.013 ps-1

BABAR l/l
(23M BB− )

0.493 ±0.012 ±0.009 ps-1

BABAR B0
d(full)/l,K,NN

(32M BB− )
0.516 ±0.016 ±0.010 ps-1

D0 D(*)µ/OST
(02-05)

0.506 ±0.020 ±0.016 ps-1

CDF1 D*l/l
(92-95)

0.516 ±0.099 +0.029 ps-10.516 ±0.099  -0.035

CDF1 l/l,Qjet
(94-95)

0.500 ±0.052 ±0.043 ps-1

CDF1 µ/µ
(92-95)

0.503 ±0.064 ±0.071 ps-1

CDF1 Dl/SST
(92-95)

0.471 +0.078  ±0.034 ps-10.471  -0.068

OPAL π*l/Qjet
(91-00)

0.497 ±0.024 ±0.025 ps-1

OPAL D*/l
(90-94)

0.567 ±0.089 +0.029 ps-10.567 ±0.089  -0.023

OPAL D*l/Qjet
(90-94)

0.539 ±0.060 ±0.024 ps-1

OPAL l/Qjet
(91-94)

0.444 ±0.029 +0.020 ps-10.444 ±0.029  -0.017

OPAL l/l
(91-94)

0.430 ±0.043 +0.028 ps-10.430 ±0.043  -0.030

L3 l/l(IP)
(94-95)

0.472 ±0.049 ±0.053 ps-1

L3 l/Qjet
(94-95)

0.437 ±0.043 ±0.044 ps-1

L3 l/l
(94-95)

0.458 ±0.046 ±0.032 ps-1

DELPHI vtx
(94-00)

0.531 ±0.025 ±0.007 ps-1

DELPHI D*/Qjet
(91-94)

0.523 ±0.072 ±0.043 ps-1

DELPHI l/l
(91-94)

0.480 ±0.040 ±0.051 ps-1

DELPHI π*l/Qjet
(91-94)

0.499 ±0.053 ±0.015 ps-1

DELPHI l/Qjet
(91-94)

0.493 ±0.042 ±0.027 ps-1

ALEPH l/l
(91-94)

0.452 ±0.039 ±0.044 ps-1

ALEPH l/Qjet
(91-94)

0.404 ±0.045 ±0.027 ps-1

ALEPH D*/l,Qjet
(91-94)

0.482 ±0.044 ±0.024 ps-1

Heavy Flavour
Averaging Group

Bins of increasing flavour mis-tag probability

A(t) =
Nnot osc(t)�Nosc(t)

Nnot osc(t) +Nosc(t)
= cos(�m

d

t)

Oscillation frequency Δmd
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