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Outline

• Flavour Anomalies and BSM explanations 

• B-mixing: Anomalie vs. Bound on BSM explanations 

• Status of theory predictions for B-mixing 
Fresh from the press!!!!



FLAVOUR ANOMALIES

➤ Message 3: First deviations start to show up and they stay

• 3-6: Semi-leptonic loop-level decays (small BSM) 

• 3.9: Semi-leptonic tree-level decays (large BSM) 

• 3.6: B-mixing phase (dimuon asymmetry) 

• 3.5: Muon g-2 

• 2.8: K-mixing/ epsilon’ (huge lattice progress) 

• 2.6: Zbb coupling (LEP FB asym) 

• 2.x: K-pi puzzle 

• 2.x: tau to mu nu nu/tau to e nu nu 

• 2.x: Vus: K vs. tau 

• 2.0: B-mixing modulus (mass difference)

4    in neutron lifetime? Proton radius seems to be solved by Hänsch et al�
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SEMI-LEPTONIC LOOP LEVEL
  

 “relatively” simple hadronic structure  

                   :  decay constant 

                     : form factor 

                       Can be determined with lattice, sum rules,…                                                                               

Observables: 

 Branching ratios 

Angular observables, e.g.         hadronic uncertainties cancel partially 

Ratios                                       hadronic uncertainties cancel completelyRK =
Br(B+ ! K+µ�µ+)

Br(B+ ! K+e�e+)

b ! sµµ

Bd,s ! µµ

Hb ! Hqµµ

P 0
5

Br(Bs ! �µµ), Br(B ! K⇤µµ),



BSM physics is on the Horizon?
A popular BSM model for solving the 
anomalies related to loop-level (semi) 
leptonic decays are Z’ models:
                                                                              

Such a new tree-level transition will also 
affect many other observables, most 
notably B-mixing at tree-level, but also 
many loop processes.

Make sure all relevant bounds are 
included, e.g. electro-weak precision 
bounds  
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NP IN TREE-LEVEL DECAYS

  

Do a systematic study of tree-level observables that 
are both well known in experiment and theory



NP IN TREE-LEVEL DECAYS

Result: 

What does this mean? 

Is this an important effect?   



NP IN TREE-LEVEL DECAYS

➤ Decay rate difference of neutral Bd mesons,         , can be 
enhanced by several 100%                                                                  
work triggered by D0 di-muon asymmetry     - Borissov                                                                  
work triggered ATLAS measurement of          - Borissov 

➤  Extraction of CKM angle   can be modified by several degrees  
SM precision: 1 ppm                                                                                                                            

Experimental precision: now   6deg, future 1 deg   

➤ More profound analysis in progress            AL,Tetlalmatzi-Xolocotzi    

till now only SM Dirac structures                                                                       
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NP effects in tree-level decay and the precision of  
Brod, Lenz, Tetlamatzi-Xolocotzi Alexander Lenz  
Rev.Mod.Phys. 88 (2016) no.4,045002

On new physics in  
Bobeth, Haisch, Lenz, Pecjak, Tetlalmatzi-Xolocotzi  
JHEP 1406 (2014) 040
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Is there a connection between mixing and rare decays? 

Consider NP in tree-level b -> ccs traditions with general Dirac structures 

This affects rare decays and mixing/lifetimes:

Charming new physics in rare B-decays and mixing  
Jaeger, Kirk, Lenz, Leslie  
arXiv: 1701.09183 

New paper 1901.xxxxx

BSM PHYSICS IS ON THE HORIZON?
*Look for non-standard BSM models

q^2 dependent BSM contributions possible
This was considered to be a smoking gun for a hadronic origin of the anomalies 
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Experiment.: HFLAV 2019 

 

Non-perturbative theory input:  
1) Lattice: ETM, FNAL-MILC, RBC-UKQCD 
2) Sum rules: Siegen, Durham 

Theory CKM
Inami-Lim

Buras 
Jamin 
Weisz

In the SM one operator:



Mass difference 
Why is this interesting? 

1. Interesting SM test per se 
2. Many BSM models predict large effects in 
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King, AL, Rauh 2019                      

2 sigma away from experiment 
Independent confirmation desirable

*In agreement with SM 
*uses most recent 2+1+1 lattice 
results for decay constants
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 Many times the BSM contribution to           is positive 

Using the large FNAL-MILC value: 

One constraint to kill them all! Di Luzio, Kirk, AL  

Flavour anomalies could e.g.  
be explained by Z’ models

Such a models also modifies the 
mass difference of neutral mesons
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Independent determination of Bs mixing inputs desirable
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Using the new HQET sum rule results from 2019  
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The party can go on

Plot from  
Matthew Kirk 



Outline

• Flavour Anomalies and BSM explanations 

• B-mixing: Anomalie vs. Bound on BSM explanations 

• Status of theory predictions for B-mixing 
Fresh from the press!!!!
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Mixing 
Operators 
Delta B = 2

Parameterisation 
in terms of 

decay constants 
and 

Bag parameter



Non-perturbative input for 
B_d-mixing 

1. Lattice 
      * ETM 1308.1851 
      * FNAL-MILC 1602.03560 
            

2. HQET-sum rules: 3-loop +  NNLO matching:  
*Siegen: Grozin, Klein, Mannel, Pivovarov  1606.06054, 1706.05910, 1806.00253 
*Durham: Kirk (Rome), AL, Rauh (Bern) 1711.02100 
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Bs
<latexit sha1_base64="0xWOer0pVnFHvvvQP+sHQujlhEo=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0iqpc2t1IvHivYD2lA22227dLMJuxuhhP4ELx4U8eov8ua/cdNWUNEHA4/3ZpiZF8ScKe04H1ZubX1jcyu/XdjZ3ds/KB4etVWUSEJbJOKR7AZYUc4EbWmmOe3GkuIw4LQTTK8yv3NPpWKRuNOzmPohHgs2YgRrI902BmpQLDm2V6tULmrIsR3HK3tVQzzPc6suco2SoQQrNAfF9/4wIklIhSYcK9VznVj7KZaaEU7nhX6iaIzJFI9pz1CBQ6r8dHHqHJ0ZZYhGkTQlNFqo3ydSHCo1CwPTGWI9Ub+9TPzL6yV6VPNTJuJEU0GWi0YJRzpC2d9oyCQlms8MwUQycysiEywx0Sadggnh61P0P2mXbdex3ZvLUr2xiiMPJ3AK5+BCFepwDU1oAYExPMATPFvcerRerNdla85azRzDD1hvn6+8jhE=</latexit><latexit sha1_base64="0xWOer0pVnFHvvvQP+sHQujlhEo=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0iqpc2t1IvHivYD2lA22227dLMJuxuhhP4ELx4U8eov8ua/cdNWUNEHA4/3ZpiZF8ScKe04H1ZubX1jcyu/XdjZ3ds/KB4etVWUSEJbJOKR7AZYUc4EbWmmOe3GkuIw4LQTTK8yv3NPpWKRuNOzmPohHgs2YgRrI902BmpQLDm2V6tULmrIsR3HK3tVQzzPc6suco2SoQQrNAfF9/4wIklIhSYcK9VznVj7KZaaEU7nhX6iaIzJFI9pz1CBQ6r8dHHqHJ0ZZYhGkTQlNFqo3ydSHCo1CwPTGWI9Ub+9TPzL6yV6VPNTJuJEU0GWi0YJRzpC2d9oyCQlms8MwUQycysiEywx0Sadggnh61P0P2mXbdex3ZvLUr2xiiMPJ3AK5+BCFepwDU1oAYExPMATPFvcerRerNdla85azRzDD1hvn6+8jhE=</latexit><latexit sha1_base64="0xWOer0pVnFHvvvQP+sHQujlhEo=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0iqpc2t1IvHivYD2lA22227dLMJuxuhhP4ELx4U8eov8ua/cdNWUNEHA4/3ZpiZF8ScKe04H1ZubX1jcyu/XdjZ3ds/KB4etVWUSEJbJOKR7AZYUc4EbWmmOe3GkuIw4LQTTK8yv3NPpWKRuNOzmPohHgs2YgRrI902BmpQLDm2V6tULmrIsR3HK3tVQzzPc6suco2SoQQrNAfF9/4wIklIhSYcK9VznVj7KZaaEU7nhX6iaIzJFI9pz1CBQ6r8dHHqHJ0ZZYhGkTQlNFqo3ydSHCo1CwPTGWI9Ub+9TPzL6yV6VPNTJuJEU0GWi0YJRzpC2d9oyCQlms8MwUQycysiEywx0Sadggnh61P0P2mXbdex3ZvLUr2xiiMPJ3AK5+BCFepwDU1oAYExPMATPFvcerRerNdla85azRzDD1hvn6+8jhE=</latexit><latexit sha1_base64="0xWOer0pVnFHvvvQP+sHQujlhEo=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0iqpc2t1IvHivYD2lA22227dLMJuxuhhP4ELx4U8eov8ua/cdNWUNEHA4/3ZpiZF8ScKe04H1ZubX1jcyu/XdjZ3ds/KB4etVWUSEJbJOKR7AZYUc4EbWmmOe3GkuIw4LQTTK8yv3NPpWKRuNOzmPohHgs2YgRrI902BmpQLDm2V6tULmrIsR3HK3tVQzzPc6suco2SoQQrNAfF9/4wIklIhSYcK9VznVj7KZaaEU7nhX6iaIzJFI9pz1CBQ6r8dHHqHJ0ZZYhGkTQlNFqo3ydSHCo1CwPTGWI9Ub+9TPzL6yV6VPNTJuJEU0GWi0YJRzpC2d9oyCQlms8MwUQycysiEywx0Sadggnh61P0P2mXbdex3ZvLUr2xiiMPJ3AK5+BCFepwDU1oAYExPMATPFvcerRerNdla85azRzDD1hvn6+8jhE=</latexit>B_s-mixing 

1. Lattice 
      * ETM 1308.1851 
      * FNAL-MILC 1602.03560 
            

2. HQET-sum rules: 3-loop +  NNLO matching:  
*Durham: King, AL, Rauh (Bern) 1904.00940 



Non-perturbative input for �Mq
<latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit>

Comparison with experiment

Assuming validity of the SM: Extraction of CKM parameter

Good agreement with experiment - lattice 1.5 sigma above experiment 
Experiment is 21/64 times more precise than theory

Good agreement with CKMfits - competitive precision - “deviation” from tree level fit

4 per mille 1 per mille



Non-perturbative input for �Mq
<latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit>

Uncertainties cancel in B_s/B_d 

1. Lattice 
      * RBC/UKQCD 1812.09791 
      * FNAL-MILC 1602.03560 
      * ETM 1308.1851 

            

2. HQET-sum rules: 3-loop +  NNLO matching:  
*Durham: King, AL, Rauh (Bern) 1904.00940 

Take decay constants from most recent  
2+1+1 lattice evaluation =>



Non-perturbative input for �Mq
<latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit>

Very precise prediction of the ratios of mass differences

 1.3 sigma above experiment 
Experiment is 7-8 times more precise than theory

Assuming validity of the SM: Extraction of CKM parameter

Slightly below CKMfits - slightly higher precision - 2.3 sigma below tree-level fits

Assuming validity of the SM: Independent determination of m_top

Very good agreement - almost comparable precision

vs.

vs. (PDG)

vs.



Non-perturbative input for �Mq
<latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit>

Very precise prediction of the ratios of mass differences

Consequences for BSM??

Further cancellations (no CKM, no decay constant - See AJ Buras) in

Assuming validity of the SM: precise prediction of rare branching ratios



Non-perturbative input for �Mq
<latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit>

• Most recent lattice values give large values for 
• HQET sum rules give smaller values  
• Are sum rules competitive at all with lattice???

�Mq
<latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit>



Non-perturbative input for �Mq
<latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit>

• Most recent lattice values give large values for 
• HQET sum rules give smaller values  
• Are sum rules competitive at all with lattice???

�Mq
<latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit>

Yesterday: 
HPQCD 1907.01025



Non-perturbative input for �Mq
<latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit><latexit sha1_base64="kEga3KFvCK0GKja9cUMd3rF7EvA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeizqwYtQwX5gG8pmO2mXbjZxdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk385hMqzWN5b0YJ+hHtSx5yRo2VHjrXKAwlt93HbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTiMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPAzLpPUoGSzRWEqiInJ5H3S4wqZESNLKFPc3krYgCrKjA2paEPw5l9eJI3TiudWvLuzcvUyj6MAh3AEJ+DBOVThBmpQBwYSnuEV3hztvDjvzsesdcnJZw7gD5zPH99TkGE=</latexit>

• Theory prediction for mass differences agree with experiment 

• Weaker bounds on BSM models 

• For some quantities sum rules are highly competitive to lattice,             
e.g. bag parameter for mixing 

• For some quantities sum rules are not competitive to lattice,  
e.g. decay constants 

• For some quantities sum rules are the only available, reliable 
method, e.g. bag parameter for lifetime predictions



Decay rate difference ��s
<latexit sha1_base64="rOckzdc0MVG75FTaOixlNfg0x8c=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE0GNRQY8V7Ac0IUy2m3bp7ibsboRa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8OONMG8/7dlZW19Y3Nktb5e2d3b2Ku3/Q0mmuCG2SlKeqE4OmnEnaNMxw2skUBRFz2o6H11O//UiVZql8MKOMhgL6kiWMgLFS5FaCG8oN4OAWhIBIR27Vq3kz4GXiF6SKCjQi9yvopSQXVBrCQeuu72UmHIMyjHA6KQe5phmQIfRp11IJgupwPDt8gk+s0sNJqmxJg2fq74kxCK1HIradAsxAL3pT8T+vm5vkMhwzmeWGSjJflOQcmxRPU8A9pigxfGQJEMXsrZgMQAExNquyDcFffHmZtM5qvlfz78+r9asijhI6QsfoFPnoAtXRHWqgJiIoR8/oFb05T86L8+58zFtXnGLmEP2B8/kDGzmSuA==</latexit><latexit sha1_base64="rOckzdc0MVG75FTaOixlNfg0x8c=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE0GNRQY8V7Ac0IUy2m3bp7ibsboRa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8OONMG8/7dlZW19Y3Nktb5e2d3b2Ku3/Q0mmuCG2SlKeqE4OmnEnaNMxw2skUBRFz2o6H11O//UiVZql8MKOMhgL6kiWMgLFS5FaCG8oN4OAWhIBIR27Vq3kz4GXiF6SKCjQi9yvopSQXVBrCQeuu72UmHIMyjHA6KQe5phmQIfRp11IJgupwPDt8gk+s0sNJqmxJg2fq74kxCK1HIradAsxAL3pT8T+vm5vkMhwzmeWGSjJflOQcmxRPU8A9pigxfGQJEMXsrZgMQAExNquyDcFffHmZtM5qvlfz78+r9asijhI6QsfoFPnoAtXRHWqgJiIoR8/oFb05T86L8+58zFtXnGLmEP2B8/kDGzmSuA==</latexit><latexit sha1_base64="rOckzdc0MVG75FTaOixlNfg0x8c=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE0GNRQY8V7Ac0IUy2m3bp7ibsboRa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8OONMG8/7dlZW19Y3Nktb5e2d3b2Ku3/Q0mmuCG2SlKeqE4OmnEnaNMxw2skUBRFz2o6H11O//UiVZql8MKOMhgL6kiWMgLFS5FaCG8oN4OAWhIBIR27Vq3kz4GXiF6SKCjQi9yvopSQXVBrCQeuu72UmHIMyjHA6KQe5phmQIfRp11IJgupwPDt8gk+s0sNJqmxJg2fq74kxCK1HIradAsxAL3pT8T+vm5vkMhwzmeWGSjJflOQcmxRPU8A9pigxfGQJEMXsrZgMQAExNquyDcFffHmZtM5qvlfz78+r9asijhI6QsfoFPnoAtXRHWqgJiIoR8/oFb05T86L8+58zFtXnGLmEP2B8/kDGzmSuA==</latexit><latexit sha1_base64="rOckzdc0MVG75FTaOixlNfg0x8c=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE0GNRQY8V7Ac0IUy2m3bp7ibsboRa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8OONMG8/7dlZW19Y3Nktb5e2d3b2Ku3/Q0mmuCG2SlKeqE4OmnEnaNMxw2skUBRFz2o6H11O//UiVZql8MKOMhgL6kiWMgLFS5FaCG8oN4OAWhIBIR27Vq3kz4GXiF6SKCjQi9yvopSQXVBrCQeuu72UmHIMyjHA6KQe5phmQIfRp11IJgupwPDt8gk+s0sNJqmxJg2fq74kxCK1HIradAsxAL3pT8T+vm5vkMhwzmeWGSjJflOQcmxRPU8A9pigxfGQJEMXsrZgMQAExNquyDcFffHmZtM5qvlfz78+r9asijhI6QsfoFPnoAtXRHWqgJiIoR8/oFb05T86L8+58zFtXnGLmEP2B8/kDGzmSuA==</latexit>

Calculation is more difficult than mass difference - use Heavy Quark Expansion

Q1, Q2, Q3
<latexit sha1_base64="Zvgee3NoqU7P4m2D3MyNw9jXYtA=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwISFJLW12RTcuW7Ct0IYwmU7aoZNJnJkUSuh3uHGhiFs/xp1/46StoKIH7uVwzr3MnRMkjEplWR9GYW19Y3OruF3a2d3bPygfHnVlnApMOjhmsbgLkCSMctJRVDFylwiCooCRXjC5zv3elAhJY36rZgnxIjTiNKQYKS15bd++gG3fyVvVL1cs023UatUGtEzLch23ronrunbdhrZWclTACi2//D4YxjiNCFeYISn7tpUoL0NCUczIvDRIJUkQnqAR6WvKUUSkly2OnsMzrQxhGAtdXMGF+n0jQ5GUsyjQkxFSY/nby8W/vH6qwoaXUZ6kinC8fChMGVQxzBOAQyoIVmymCcKC6lshHiOBsNI5lXQIXz+F/5OuY9pV02lfVppXqziK4AScgnNggzpoghvQAh2AwT14AE/g2Zgaj8aL8bocLRirnWPwA8bbJ31XkKM=</latexit>

Each term can be split up into a perturbative part and non-perturbative matrix elements

Status of theory predictions

Q4, Q5, R2, R3
<latexit sha1_base64="kJQyqbe33U3S5jM+3AKw2bCWVu8=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgooSkD9rsim5ctmIf0IYwmU7aoZMHMxOxhP6KGxeKuPVH3Pk3TtoKKnrgXg7n3MvcOV7MqJCm+aHlNja3tnfyu4W9/YPDI/242BNRwjHp4ohFfOAhQRgNSVdSycgg5gQFHiN9b3aV+f07wgWNwls5j4kToElIfYqRVJKrFzturQw7br0Mb9xK1qquXjINu1mvV5vQNEzTrtgNRWzbthoWtJSSoQTWaLv6+2gc4SQgocQMCTG0zFg6KeKSYkYWhVEiSIzwDE3IUNEQBUQ46fL2BTxXyhj6EVcVSrhUv2+kKBBiHnhqMkByKn57mfiXN0yk33RSGsaJJCFePeQnDMoIZkHAMeUESzZXBGFO1a0QTxFHWKq4CiqEr5/C/0mvYlhVo9KplVqX6zjy4BScgQtggQZogWvQBl2AwT14AE/gWVtoj9qL9roazWnrnRPwA9rbJ5cEkjw=</latexit>

unknownknown

+



Decay rate difference ��s
<latexit sha1_base64="rOckzdc0MVG75FTaOixlNfg0x8c=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE0GNRQY8V7Ac0IUy2m3bp7ibsboRa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8OONMG8/7dlZW19Y3Nktb5e2d3b2Ku3/Q0mmuCG2SlKeqE4OmnEnaNMxw2skUBRFz2o6H11O//UiVZql8MKOMhgL6kiWMgLFS5FaCG8oN4OAWhIBIR27Vq3kz4GXiF6SKCjQi9yvopSQXVBrCQeuu72UmHIMyjHA6KQe5phmQIfRp11IJgupwPDt8gk+s0sNJqmxJg2fq74kxCK1HIradAsxAL3pT8T+vm5vkMhwzmeWGSjJflOQcmxRPU8A9pigxfGQJEMXsrZgMQAExNquyDcFffHmZtM5qvlfz78+r9asijhI6QsfoFPnoAtXRHWqgJiIoR8/oFb05T86L8+58zFtXnGLmEP2B8/kDGzmSuA==</latexit><latexit sha1_base64="rOckzdc0MVG75FTaOixlNfg0x8c=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE0GNRQY8V7Ac0IUy2m3bp7ibsboRa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8OONMG8/7dlZW19Y3Nktb5e2d3b2Ku3/Q0mmuCG2SlKeqE4OmnEnaNMxw2skUBRFz2o6H11O//UiVZql8MKOMhgL6kiWMgLFS5FaCG8oN4OAWhIBIR27Vq3kz4GXiF6SKCjQi9yvopSQXVBrCQeuu72UmHIMyjHA6KQe5phmQIfRp11IJgupwPDt8gk+s0sNJqmxJg2fq74kxCK1HIradAsxAL3pT8T+vm5vkMhwzmeWGSjJflOQcmxRPU8A9pigxfGQJEMXsrZgMQAExNquyDcFffHmZtM5qvlfz78+r9asijhI6QsfoFPnoAtXRHWqgJiIoR8/oFb05T86L8+58zFtXnGLmEP2B8/kDGzmSuA==</latexit><latexit sha1_base64="rOckzdc0MVG75FTaOixlNfg0x8c=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE0GNRQY8V7Ac0IUy2m3bp7ibsboRa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8OONMG8/7dlZW19Y3Nktb5e2d3b2Ku3/Q0mmuCG2SlKeqE4OmnEnaNMxw2skUBRFz2o6H11O//UiVZql8MKOMhgL6kiWMgLFS5FaCG8oN4OAWhIBIR27Vq3kz4GXiF6SKCjQi9yvopSQXVBrCQeuu72UmHIMyjHA6KQe5phmQIfRp11IJgupwPDt8gk+s0sNJqmxJg2fq74kxCK1HIradAsxAL3pT8T+vm5vkMhwzmeWGSjJflOQcmxRPU8A9pigxfGQJEMXsrZgMQAExNquyDcFffHmZtM5qvlfz78+r9asijhI6QsfoFPnoAtXRHWqgJiIoR8/oFb05T86L8+58zFtXnGLmEP2B8/kDGzmSuA==</latexit><latexit sha1_base64="rOckzdc0MVG75FTaOixlNfg0x8c=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE0GNRQY8V7Ac0IUy2m3bp7ibsboRa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8OONMG8/7dlZW19Y3Nktb5e2d3b2Ku3/Q0mmuCG2SlKeqE4OmnEnaNMxw2skUBRFz2o6H11O//UiVZql8MKOMhgL6kiWMgLFS5FaCG8oN4OAWhIBIR27Vq3kz4GXiF6SKCjQi9yvopSQXVBrCQeuu72UmHIMyjHA6KQe5phmQIfRp11IJgupwPDt8gk+s0sNJqmxJg2fq74kxCK1HIradAsxAL3pT8T+vm5vkMhwzmeWGSjJflOQcmxRPU8A9pigxfGQJEMXsrZgMQAExNquyDcFffHmZtM5qvlfz78+r9asijhI6QsfoFPnoAtXRHWqgJiIoR8/oFb05T86L8+58zFtXnGLmEP2B8/kDGzmSuA==</latexit>

Calculation is more difficult than mass difference - use Heavy Quark Expansion

Q1, Q2, Q3
<latexit sha1_base64="Zvgee3NoqU7P4m2D3MyNw9jXYtA=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwISFJLW12RTcuW7Ct0IYwmU7aoZNJnJkUSuh3uHGhiFs/xp1/46StoKIH7uVwzr3MnRMkjEplWR9GYW19Y3OruF3a2d3bPygfHnVlnApMOjhmsbgLkCSMctJRVDFylwiCooCRXjC5zv3elAhJY36rZgnxIjTiNKQYKS15bd++gG3fyVvVL1cs023UatUGtEzLch23ronrunbdhrZWclTACi2//D4YxjiNCFeYISn7tpUoL0NCUczIvDRIJUkQnqAR6WvKUUSkly2OnsMzrQxhGAtdXMGF+n0jQ5GUsyjQkxFSY/nby8W/vH6qwoaXUZ6kinC8fChMGVQxzBOAQyoIVmymCcKC6lshHiOBsNI5lXQIXz+F/5OuY9pV02lfVppXqziK4AScgnNggzpoghvQAh2AwT14AE/g2Zgaj8aL8bocLRirnWPwA8bbJ31XkKM=</latexit>

Each term can be split up into a perturbative part and non-perturbative matrix elements

Status of theory predictions

Q4, Q5, R2, R3
<latexit sha1_base64="kJQyqbe33U3S5jM+3AKw2bCWVu8=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgooSkD9rsim5ctmIf0IYwmU7aoZMHMxOxhP6KGxeKuPVH3Pk3TtoKKnrgXg7n3MvcOV7MqJCm+aHlNja3tnfyu4W9/YPDI/242BNRwjHp4ohFfOAhQRgNSVdSycgg5gQFHiN9b3aV+f07wgWNwls5j4kToElIfYqRVJKrFzturQw7br0Mb9xK1qquXjINu1mvV5vQNEzTrtgNRWzbthoWtJSSoQTWaLv6+2gc4SQgocQMCTG0zFg6KeKSYkYWhVEiSIzwDE3IUNEQBUQ46fL2BTxXyhj6EVcVSrhUv2+kKBBiHnhqMkByKn57mfiXN0yk33RSGsaJJCFePeQnDMoIZkHAMeUESzZXBGFO1a0QTxFHWKq4CiqEr5/C/0mvYlhVo9KplVqX6zjy4BScgQtggQZogWvQBl2AwT14AE/gWVtoj9qL9roazWnrnRPwA9rbJ5cEkjw=</latexit>

unknownknown

Uli Nierste CKM 2018 



Decay rate difference ��s
<latexit sha1_base64="rOckzdc0MVG75FTaOixlNfg0x8c=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE0GNRQY8V7Ac0IUy2m3bp7ibsboRa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8OONMG8/7dlZW19Y3Nktb5e2d3b2Ku3/Q0mmuCG2SlKeqE4OmnEnaNMxw2skUBRFz2o6H11O//UiVZql8MKOMhgL6kiWMgLFS5FaCG8oN4OAWhIBIR27Vq3kz4GXiF6SKCjQi9yvopSQXVBrCQeuu72UmHIMyjHA6KQe5phmQIfRp11IJgupwPDt8gk+s0sNJqmxJg2fq74kxCK1HIradAsxAL3pT8T+vm5vkMhwzmeWGSjJflOQcmxRPU8A9pigxfGQJEMXsrZgMQAExNquyDcFffHmZtM5qvlfz78+r9asijhI6QsfoFPnoAtXRHWqgJiIoR8/oFb05T86L8+58zFtXnGLmEP2B8/kDGzmSuA==</latexit><latexit sha1_base64="rOckzdc0MVG75FTaOixlNfg0x8c=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE0GNRQY8V7Ac0IUy2m3bp7ibsboRa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8OONMG8/7dlZW19Y3Nktb5e2d3b2Ku3/Q0mmuCG2SlKeqE4OmnEnaNMxw2skUBRFz2o6H11O//UiVZql8MKOMhgL6kiWMgLFS5FaCG8oN4OAWhIBIR27Vq3kz4GXiF6SKCjQi9yvopSQXVBrCQeuu72UmHIMyjHA6KQe5phmQIfRp11IJgupwPDt8gk+s0sNJqmxJg2fq74kxCK1HIradAsxAL3pT8T+vm5vkMhwzmeWGSjJflOQcmxRPU8A9pigxfGQJEMXsrZgMQAExNquyDcFffHmZtM5qvlfz78+r9asijhI6QsfoFPnoAtXRHWqgJiIoR8/oFb05T86L8+58zFtXnGLmEP2B8/kDGzmSuA==</latexit><latexit sha1_base64="rOckzdc0MVG75FTaOixlNfg0x8c=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE0GNRQY8V7Ac0IUy2m3bp7ibsboRa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8OONMG8/7dlZW19Y3Nktb5e2d3b2Ku3/Q0mmuCG2SlKeqE4OmnEnaNMxw2skUBRFz2o6H11O//UiVZql8MKOMhgL6kiWMgLFS5FaCG8oN4OAWhIBIR27Vq3kz4GXiF6SKCjQi9yvopSQXVBrCQeuu72UmHIMyjHA6KQe5phmQIfRp11IJgupwPDt8gk+s0sNJqmxJg2fq74kxCK1HIradAsxAL3pT8T+vm5vkMhwzmeWGSjJflOQcmxRPU8A9pigxfGQJEMXsrZgMQAExNquyDcFffHmZtM5qvlfz78+r9asijhI6QsfoFPnoAtXRHWqgJiIoR8/oFb05T86L8+58zFtXnGLmEP2B8/kDGzmSuA==</latexit><latexit sha1_base64="rOckzdc0MVG75FTaOixlNfg0x8c=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE0GNRQY8V7Ac0IUy2m3bp7ibsboRa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8OONMG8/7dlZW19Y3Nktb5e2d3b2Ku3/Q0mmuCG2SlKeqE4OmnEnaNMxw2skUBRFz2o6H11O//UiVZql8MKOMhgL6kiWMgLFS5FaCG8oN4OAWhIBIR27Vq3kz4GXiF6SKCjQi9yvopSQXVBrCQeuu72UmHIMyjHA6KQe5phmQIfRp11IJgupwPDt8gk+s0sNJqmxJg2fq74kxCK1HIradAsxAL3pT8T+vm5vkMhwzmeWGSjJflOQcmxRPU8A9pigxfGQJEMXsrZgMQAExNquyDcFffHmZtM5qvlfz78+r9asijhI6QsfoFPnoAtXRHWqgJiIoR8/oFb05T86L8+58zFtXnGLmEP2B8/kDGzmSuA==</latexit>

Relation to experiment
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<latexit sha1_base64="pn9PrOhhaC1MRnblFrl8I4CK+Aw="></latexit>

SM predictions

• Strong test of HQE 
• Violation of Quark hadron duality must be small 
• Dim 7 operator have to be determined 
• NNLO-QCD corrections have to be determined

• Good agreement 
• Experiment about 4 times more precise

• Might be a solution to the D0 di-muon asymmetry 
• Experimental number needed 

• Decay constants cancel 
completely 

• Bag parameter cancel 
largely



Decay rate difference ��s
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SM predictions

• Strong test of HQE 
• Violation of Quark hadron duality must be small 
• Dim 7 operator have to be determined 
• NNLO-QCD corrections have to be determined

• Good agreement 
• Experiment about 4 times more precise

• Might be a solution to the D0 di-muon asymmetry 
• Experimental number needed 

• Decay constants cancel 
completely 

• Bag parameter cancel 
largely
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SM predictions

• Very sensitive to BSM effects! 
• Experimental number needed 

• Decay constants cancel 
completely 

• Bag parameter cancel 
largely



Conclusion
1) Severe theoretical progress in mixing and lifetime 

predictions in recent years 
2) Theory prediction for mass differences agree with 

experiment - weaker bounds on BSM models 
3) For some quantities sum rules are highly competitive to 

lattice, e.g. Bag parameter for mixing                                 
4) Theory uncertainties can still be reduced significantly  
     with current technology 
    - BSM effects in box diagrams 
    - b -> s mu mu anomalies 
    - Convergence of the HQE in charm -> Delta A_CP  
4) A lot of work has still to be done - but it can be done! 


