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EWK precision (CKM) Flavour AnomaliesNew Physics (beyond TeV)

103 TeV➡

QCD & new hadron states

1808.03684

Bs mixing



��&�%$�(�%	�,�(���(%��))�)	�&���%($���)����� 13

mixing decay

B μμ

(1st ) Tevatron’s Run2 
flagship discovery

(2nd) LHC’s Run1 
flagship discovery

Nature 522 (2015) 68PRL 97 (2006) 242003, NL thesis
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B→µµ  |  branching fractions 
• partial Run2 (2016) + Run1datasets

‣ Bs→μμ:  5.6σ observation (CMS alone) 
‣ B0→μμ:  improved upper limit
‣ compatible with SM 

• fragmentation fraction ratio
‣ a dominant systematics
‣ studied in Brunos’ thesis  

B.Alves, NL

LHCb’2019 
extrapolation

CMS 

arXiv:1910.12127, subm. JHEP 
CERN-THESIS-2019-25
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B→µµ  |  effective lifetime
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Bs→μμ

Bs→J/ψɸ Bs→J/ψππ

arXiv:1910.12127 (JHEP)

Competitive precision b-hadron 
lifetime measurements:
B+→J/ψK+, B0→J/ψK*0, B0→J/ψKs,
Bs→J/ψɸ, Bs→J/ψππ, Λb→J/ψΛ0 

EPJC 78 (2018) 457

Benchmark for Bs→μμ 

• effective Bs→μμ lifetime provides complementary sensitivity for NP
‣  in SM only heavy eigenstate decays to lepton pair ➡ not so in NP scenarios

• first measurement of τ(Bs→μμ) by CMS
‣ methods established in more abundant channels

τμ+μ- − = 1.615 ± 0.009 ps 

[CMS]

[SM]
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B→µµ  |  HL-LHC projections
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CYRM-2019-007.687

CYRM-2019-007

O.Ozcelik, M.Faria, NL

• LIP delivered the CMS B→μμ                   
HL-LHC sensitivity studies

• LIP’s contribution to Flavour Physics WG
• Submitted as input to the Update on the  

European Strategy for Particle Physics
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Taken together, the flavor anomalies 
are most significant deviation from SM, 

and the strongest indication of NP in 
current collider data !

Leptoquarks?

New gauge bosons?
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Heavy ion collisions 
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Particles melt in QGP 
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arXiv:1805.09215

proton-proton

heavy ions

bb

J.Lourenço, NL

• Flagship observation of 'C�("%$!� sequential suppression in Run1
• João’s summer project confirmation exploring Run2 PbPb vs pp data

Run1 observation Run2 confirmation

PRL109 (2012) 222301

Further illustrates the need for reference pp  
data taken at same collision energy as PbPb
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Particles loose energy in QGP 

π  <   D   <   B

partons loose energy as they traverse the QGP medium … but heavier quarks loose less! 

➡ explore fully reconstructed �� ��(%$) in heavy ion collisions as $%,�#�&(%2�)�%���
�



��&�%$�(�%	�,�(���(%��))�)	�&���%($���)�����

B mesons observed in nuclear collisions
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G.Crupi (2019), NLJ.Silva (2017), NL

Bs     bsB+     bu

B0     bd

PLB 796 (2019) 168PRL 119 (2017) 152301

• B(→μμX) decays reconstructed 
for first time in ion collisions !

• latest is B0 meson observed 
(5.2σ) in Giuseppe’s internship

• more future PbPb runs / data                
➡ probe rarer processes
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Bs in QGP: suppressed & enhanced
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J.Silva, A.Pardal, J.Gonçalves, NL

Bs  / B+  

• investigate mass / flavor 
dependence 

• competing effects:

• energy loss mechanism

• recombination 

• preliminary conclusions

• Bs and B+ are suppressed by QGP 
➡ expected from energy loss

• Bs production enhanced wrt B+  
in PbPb wrt pp collisions.          
➡ expected from strangeness 
enhancement in the QGP 

• more PbPb data neededfrom Júlia’s thesis, CERN-THESIS-2018-274 

https://cds.cern.ch/record/2649927
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H coupling to beauty & charm?

Currently @CMS
μ(H→cc) < 70  |  μ(H→J/ψɣ) < 220

E.Melo, M.Afonso, NL

μμɣ
 arXiv:1810.10056

• H couplings to light generations challenging at LHC
• inclusive H→qq

‣ drawn in overwhelming QCD background 
‣ requires sophisticated flavour tagging 

• exclusive H→Qɣ 
‣ clean signature, but rare
‣ requires dedicated triggers 
‣ can probe several quarks, H→Υ/ψ/ɸ/⍴+ɣ

• pursuing H→Qɣ and Z→Qɣ
‣ 2016 analysis complete
‣ targeting full Run2


