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Motivations
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• Rare decays 

• Indirect search of New Physics (NP) 

• FCNC process forbidden at tree-level in SM (ℬ~𝒪(10−7))
• 𝑏 → 𝑠 or 𝑏 → 𝑑 transitions

• sensitive to NP contribution

• described with effective field theory (EFT)

• Measurements as function of 𝑞2 = (𝑚 𝑙𝑙 )2, sensitive to different 

operator contributions (Wilson coefficients 𝐶7
(′)
, 𝐶9

(′)
and 𝐶10

(′)
)

• BFs, angular observables, 𝑅𝑋(*)

𝑠/𝑑

(*) X stands for 𝐾+, 𝐾∗0, 𝜙, 𝑝𝐾, 𝑎𝑛𝑑 𝑒𝑡𝑐.

see also Jacco De Vries’s 

talk about 𝐵𝑠
0 → 𝜇+𝜇−

𝑠/𝑑
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https://indico.cern.ch/event/905399/contributions/4282400/attachments/2256259/3835180/jacco_LHCP-bsmumu_080621_v5.pdf
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Differential BF rates

LHCb measurements with muon below SM at low 𝑞2
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[JHEP 09 (2015) 179]

𝑩𝒔
𝟎 → 𝝓𝝁+𝝁−

Run 1
𝑩𝟎 → 𝑲∗𝟎𝝁+𝝁−

Run 1

[JHEP 04 (2017) 142]

[JHEP 06 (2014) 133]

CMS measurements

• Decay rates are consistently low

• Consistent with SM though large 

uncertainties

𝑩𝟎 → 𝑲∗𝟎𝝁+𝝁−

2011

[PLB 727 (2013) 77-100]

Run 1 Run 1
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[JHEP 06 (2014) 133]

https://arxiv.org/pdf/1506.08777.pdf
https://link.springer.com/content/pdf/10.1007/JHEP04(2017)142.pdf
https://link.springer.com/content/pdf/10.1007/JHEP06(2014)133.pdf
https://arxiv.org/pdf/1308.3409.pdf
https://link.springer.com/content/pdf/10.1007/JHEP06(2014)133.pdf


𝑩𝒔
𝟎 → 𝝓𝝁+𝝁− and𝑩𝒔

𝟎 → 𝒇𝟐
′ 𝝁+𝝁− @ LHCb

• Updated with Run 1 + 2 dataset

• In the range of 1.1<𝑞2<6.0 GeV2/𝑐4

• 3.6𝜎 below SM prediction (LCSR+Lattice)

(1.8𝜎 with LCSR alone)

• Branching ratio integrated over 𝑞2
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[arXiv:2105.14007] 

𝑑ℬ 𝐵𝑠
0 → 𝜙𝜇+𝜇−

𝑑𝑞2
=
ℬ 𝐵𝑠

0 → 𝐽/𝜓𝜙 × ℬ 𝐽/𝜓 → 𝜇+𝜇−

𝑞6.0
2 − 𝑞1.1

2 ×
𝑁𝜙𝜇+𝜇−

𝑁𝐽/𝜓𝜙
×

𝜖𝐽/𝜓𝜙

𝜖𝜙𝜇+𝜇−
= 2.88 ± 0.21 × 10−8 GeV2/𝑐4

ℬ 𝐵𝑠
0 → 𝜙𝜇+𝜇−

ℬ 𝐵𝑠
0 → 𝐽/𝜓𝜙

= 8.00 ± 0.21 ± 0.16 ± 0.03 × 10−4

ℬ 𝐵𝑠
0 → 𝜙𝜇+𝜇− = (8.14 ± 0.21 ± 0.16 ± 0.03 ± 0.39) × 10−7

stat. syst. 𝒒𝟐 extrap. norm.

[PoS LATTICE2014 (2015) 372]

[PRL 112 (2014) 212003]
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https://arxiv.org/pdf/2105.14007.pdf
https://arxiv.org/pdf/1501.00367.pdf
https://arxiv.org/pdf/1310.3887.pdf


• First measurement of 𝐵𝑠
0 → 𝑓2

′ 1525 𝜇+𝜇−

• 2-dimentional fit to separate S-wave and P-wave 

contributions of 𝑓2
′ 1525 (distinguish signal)

• Observation with 9𝜎 significance

• Branching Ratio in agreement with SM prediction
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[PRD 103 (2021) 095007]

[EPJC 81 (2021) 2, 141]

ℬ 𝐵𝑠
0 → 𝑓2

′𝜇+𝜇−

ℬ 𝐵𝑠
0 → 𝐽/𝜓𝜙

= (1.55 ± 0.19 ± 0.06 ± 0.06) × 10−4

ℬ 𝐵𝑠
0 → 𝑓2

′𝜇+𝜇− = (1.57 ± 0.19 ± 0.06 ± 0.06 ± 0.08) × 10−7

stat. syst. 𝒒𝟐 extrap. norm.

𝑩𝒔
𝟎 → 𝝓𝝁+𝝁− and𝑩𝒔

𝟎 → 𝒇𝟐
′ 𝝁+𝝁− @ LHCb
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[arXiv:2105.14007] 

https://arxiv.org/abs/2009.06213
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-020-08792-0
https://arxiv.org/pdf/2105.14007.pdf
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𝛯𝑏
− → 𝛯−𝛾 @ LHCb

• 𝑏 → 𝑠𝛾 transition, known as radiative decays

• 𝒪7 (𝒪7
′ ) represents the left (right) operator, 

corresponding to emission of a left (right)-

handed photon

• Only 𝑏𝐿 quark can couple with 𝑊− boson, 

therefore 𝛾𝑅 comes from chirality flips in SM

• provide access to photon polarization

• Normalization mode: 𝛯𝑏
− → 𝛯−𝐽/𝜓
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[LHCb-PAPER-2021-017, in preparation] 

NPSM

ℬ 𝛯𝑏
− → 𝛯−𝐽/𝜓 = (

3

2
± 0.45)

𝜏𝛯𝑏
−

𝜏
𝛬𝑏
0
ℬ 𝛬𝑏

0 → 𝛬𝐽/𝜓 = (5.3 ± 2.4) × 10−4
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𝛯𝑏
− → 𝛯−𝛾 @ LHCb
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[LHCb-PAPER-2021-017, in preparation] 

Preliminary

relation

only stat.

tot. uncertainties
Preliminary

• Run 2 data

• First search for 𝛯𝑏
− → 𝛯−𝛾

• No signal observed, set with upper limit

• Systematic uncertainty mainly from normalization mode

• Reduce total systematics

• Exclude LCSR predictions: 

(3.03 ± 0.10) × 10−4

• Consistent with flavor-symmetry driven predictions:

(1.23 ± 0.64) × 10−5

ℬ 𝛯𝑏
− → 𝛯−𝛾 = ℬ 𝛯𝑏

− → 𝛯−𝐽/𝜓 ℬ 𝐽/𝜓 → 𝜇+𝜇− ×
𝜖 𝛯𝑏

−→𝛯−𝐽/𝜓

𝜖 𝛯𝑏
−→𝛯−𝛾

𝑁 𝛯𝑏
−→𝛯−𝛾

𝑁 𝛯𝑏
−→𝛯−𝐽/𝜓

< 1.3 × 10−4 at 95% CL

ℬ 𝛯𝑏
−→𝛯−𝛾

ℬ 𝛯𝑏
−→𝛯−𝐽/𝜓

< 0.12 at 95% CL

[arXiv:2008.06624]

[PRD 83 (2011) 054007]

https://arxiv.org/abs/2008.06624
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.054007
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Angular analysis

• Fully-described decays by 4 variables 𝑞2, angle Ω = (𝜃𝑙 , 𝜃𝐾 , 𝜙)

𝐼𝑖 𝑞
2 : angular coefficients, relates to amplitude 𝒜0,∥,⊥

𝐿,𝑅

𝑓𝑖(Ω): angular functions

• CP-asymmetry observables: 𝐴𝑖
• CP-averaged observables: 𝐹𝐿, 𝐴𝐹𝐵, 𝑆3−9
• Optimized observables reduce form-factor uncertainties 𝑃𝑖

′

𝑃5
′ = 𝑆5/ 𝐹𝐿(1 − 𝐹𝐿)
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[JHEP 10(2018) 047] 

𝑑Γ[𝐵 → 𝐾∗𝜇𝜇]

𝑑𝑞2𝑑Ω
=

9

32𝜋
෍

𝑖

𝐼𝑖 𝑞
2 𝑓𝑖(Ω)

• Depend on Wilson coefficients and form 

factors
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https://arxiv.org/pdf/1805.04000.pdf


𝑩𝟎 → 𝑲∗𝟎𝝁+𝝁−

Rare decays of b2sd sector | LHCP 2021

[JHEP 10(2018) 047] 

• ATLAS measurements 

with 2012 data

Invariant mass 𝑃5
′

• CMS measurements 

with 2012 data

[PLB 781 (2018) 517]

• LHCb measurements 

with Run 1 + 2016 data

[PRL 125 (2020) 011802] 

possible 

discrepancies 

at low 𝑞2
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https://arxiv.org/pdf/1805.04000.pdf
https://www.sciencedirect.com/science/article/pii/S0370269318303149?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802


• 2012 data

• Angular decay rate integrates out 𝜙

• Observables: 𝐹𝐿, 𝐴𝐹𝐵
• Dominated by statistical uncertainty

• Results consistent with SM

𝑞2 ∈ 1, 8.68 ∪ 10.09, 12.86

∪ [14.18, 19] GeV2/𝑐4

Rare decays of b2sd sector | LHCP 2021

𝑩+ → 𝑲∗+(→ 𝐾𝑠
0𝜋+)𝝁+𝝁− @ CMS

[JHEP 04 (2021) 124] 

Yanting Fan 13

https://link.springer.com/article/10.1007%2FJHEP04%282021%29124
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𝑩+ → 𝑲∗+(→ 𝐾𝑠
0𝜋+)𝝁+𝝁− @ LHCb

• Run 1 + 2 data

• Angular decay rate

• First time for full sets of CP-averaged 

observables

𝑞2 ∈ 0.1,0.98 ∪ 1.1,8.0

∪ [11.0,12.5] ∪ 15.0,19.0 GeV2/𝑐4

• Confirm the global tension with SM of 3.1𝜎

(model dependent) 

[PRL 126 (2021) 161802] 

Yanting Fan 14

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.161802


• Run 1 + 2 data

• Angular decay rate

• Observables: FL, 𝑆3,4,7, 𝐴𝐹𝐵
𝐶𝑃 , 𝐴5,8,9

• CP asymmetries and averages compatible with SM, 

𝐹𝐿 below SM at low 𝑞2

𝑞2 ∈ 0.1,0.98 ∪ 1.1,8.0

∪ [11.0,12.5] ∪ 15.0,18.9 GeV2/𝑐4

• Δℛ𝑒 𝐶9 = −1.3 below SM hypothesis at 1.9𝜎

Rare decays of b2sd sector | LHCP 2021

𝑩𝒔
𝟎 → 𝝓𝝁+𝝁− @ LHCb

[LHCb-PAPER-2021-022, in preparation] 
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Preliminary

Preliminary Preliminary Preliminary

Preliminary
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𝑹𝑲 measurement @ LHCb [arXiv:2103.11769] 

SM NP𝑅𝐾 =
𝑞𝑚𝑖𝑛׬

2
𝑞𝑚𝑎𝑥
2 𝑑ℬ(𝐵+ → 𝐾+𝜇+𝜇−)

𝑑𝑞2
𝑑𝑞2

𝑞𝑚𝑖𝑛׬
2
𝑞𝑚𝑎𝑥
2 𝑑ℬ(𝐵+ → 𝐾+𝑒+𝑒−)

𝑑𝑞2
𝑑𝑞2

= 1 ± 𝒪(1%)
𝑆𝑀

• Test of lepton flavor universality (LFU)

• 𝑞2 ∈ 1.1, 6.0 GeV2/𝑐4

• Updated measurement using a full Run 1 + 2 dataset

• following essentially identical procedure

• previous result in tension with SM prediction at 

level of 𝟐. 𝟓𝝈

• Challenging due to bremsstrahlung radiation

• significant portions of energy loss for electron

• different trigger strategy for muon and electron

• recovery algorithm in calorimeter

[PRL 122 (2019) 191801]
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http://arxiv.org/abs/2103.11769
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.191801
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𝑹𝑲 measurement @ LHCb [arXiv:2103.11769] 

• Measuring 𝑅𝐾 with

• extracted as a parameter of a simultaneous fit of  muon & 

electron modes

𝑅𝐾 =
𝑁𝑟𝑎𝑟𝑒
𝜇+𝜇−

𝑁𝑟𝑎𝑟𝑒
𝑒+𝑒−

⋅
𝜀𝑟𝑎𝑟𝑒
𝑒+𝑒−

𝜀𝑟𝑎𝑟𝑒
𝜇+𝜇−

⋅
𝑁𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝐽/𝜓(𝑒+𝑒−)

𝑁𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝐽/𝜓(𝜇+𝜇−)

⋅
𝜀𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝐽/𝜓(𝜇+𝜇−)

𝜀𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝐽/𝜓(𝑒+𝑒−)

𝑁 𝐾+𝜇+𝜇−

= 3850 ± 70
𝑁 𝐾+𝑒+𝑒−

= 1640 ± 70
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http://arxiv.org/abs/2103.11769
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𝑹𝑲 measurement @ LHCb [arXiv:2103.11769] 

• Measuring 𝑅𝐾 with

• extracted as a parameter of a simultaneous fit of muon & 

electron modes

𝑅𝐾 =
𝑁𝑟𝑎𝑟𝑒
𝜇+𝜇−

𝑁𝑟𝑎𝑟𝑒
𝑒+𝑒−

⋅
𝜀𝑟𝑎𝑟𝑒
𝑒+𝑒−

𝜀𝑟𝑎𝑟𝑒
𝜇+𝜇−

⋅
𝑁𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝐽/𝜓(𝑒+𝑒−)

𝑁𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝐽/𝜓(𝜇+𝜇−)

⋅
𝜀𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝐽/𝜓(𝜇+𝜇−)

𝜀𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝐽/𝜓(𝑒+𝑒−)

𝑟𝐽/𝜓
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http://arxiv.org/abs/2103.11769
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𝑹𝑲 measurement @ LHCb [arXiv:2103.11769] 

• Measuring 𝑅𝐾 with

• extracted as a parameter of a simultaneous fit of muon & 

electron modes

• Supersede the previous LHCb analysis

• Below SM prediction with a tension of 3.1𝜎

• Branching ratio for electron mode measured as well

𝑅𝐾 =
𝑁𝑟𝑎𝑟𝑒
𝜇+𝜇−

𝑁𝑟𝑎𝑟𝑒
𝑒+𝑒−

⋅
𝜀𝑟𝑎𝑟𝑒
𝑒+𝑒−

𝜀𝑟𝑎𝑟𝑒
𝜇+𝜇−

⋅
𝑁𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝐽/𝜓(𝑒+𝑒−)

𝑁𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝐽/𝜓(𝜇+𝜇−)

⋅
𝜀𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝐽/𝜓(𝜇+𝜇−)

𝜀𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝐽/𝜓(𝑒+𝑒−)

[Eur. Phys. J. C76 (2016) 440, 

JHEP 06 (2016) 092]
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http://arxiv.org/abs/2103.11769
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-016-4274-7
https://arxiv.org/abs/1510.04239
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Global fit

• Far away from SM after considering combinations

• Tension with interesting discrepancy for 𝐶9 far from 0

• Many model-independent fits seem to favor 𝐶9
𝑁𝑃 < 0

• NP: vector leptoquarks 𝑍’ ?

[arXiv:2103.13370]

SM SM

[arXiv:2104.08921]

SM
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https://arxiv.org/pdf/2103.13370.pdf
https://arxiv.org/pdf/2104.08921.pdf


• Most of the results are well in agreement with the SM prediction

• Global fit to clean observables over larger significance deviation

• More data needed to confirm the trend, expect nice development in the future

• Run 3 to start next year with 5 times inst. lumi. at LHCb

• HL-LHC will increase current dataset by 100 times

• Interest on rare decays to discover hints of new physics will persist

Rare decays of b2sd sector | LHCP 2021

Summary

Thank you for your attention!
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[Journal of Physics G: Nuclear and Particle Physics, Volume 46, Number 2 (2018)]

LHCb luminosity prospects
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https://arxiv.org/abs/1809.06229
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Most precise measurement of 𝑩𝒔
𝟎 → 𝝓𝝁+𝝁− angular observables to date

Rare decays of b2sd sector | LHCP 2021

𝑩𝒔
𝟎 → 𝝓𝝁+𝝁− @ LHCb

[LHCb-PAPER-2021-022, in preparation] 
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