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LHCb performs both direct and indirect searches for NP
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Direct NP searches

� Direct production of BSM particles

� Limited by beam energy (13 TeV)
→ Energy frontier: ATLAS & CMS

� LHCb: unique kinematic coverage
competitive in low mass searches
→ Intensity frontier

Indirect NP searches

� Search for BSM particles in
quantum loops

� Limited by precision

� LHCb leading in NP searches with
heavy flavour

Complementary approaches and LHCb contributes to both!
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The LHCb detector is a forward spectrometer
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� LHCb coverage 2 < η < 5: Complementary to ATLAS&CMS

� Large bb̄ cross-section (σacc.
bb̄

= (135.8± 14.1)µb [LHCb, JHEP 10 (2015) 172])
→ precision flavour measurements

� Data samples: 2011+2012: 3 fb−1, 2015+2016: 2 fb−1, 2017: > 0.2 fb−1
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http://arxiv.org/abs/1509.00771
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The LHCb detector: Tracking and particle identification

Vertex detector

Tracking stations

RICH detectors Calorimetry
Muon chambers

� IP resolution ∼ 20µm: Excellent ability to identify secondary vertices

� ∆p
p ∼ 0.5− 1%: Good mass resolutions [LHCb, JINST 3 (2008) S08005]

[LHCb, IJMP 30 (2015) 1530022]

� Excellent PID capabilities: εµ→µ ∼ 97%, επ→µ ∼ 1− 3%

→ Low amount of combinatorial and misidentified backgrounds
C. Langenbruch (RWTH), July 6, 2017 Low-mass di-muon searches

https://inspirehep.net/record/796248?ln=en
https://arxiv.org/abs/1412.6352
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The LHCb trigger: Flexible design and low pT thresholds

40 MHz bunch crossing rate

450 kHz
h±

400 kHz
µ/µµ

150 kHz
e/γ

L0 Hardware Trigger : 1 MHz 
readout, high ET/PT signatures

Software High Level Trigger

12.5 kHz (0.6 GB/s) to storage

Partial event reconstruction, select 
displaced tracks/vertices and dimuons

Buffer events to disk, perform online 
detector calibration and alignment

Full offline-like event selection, mixture 
of inclusive and exclusive triggers

LHCb 2015 Trigger DiagramLHCb Run 2 Trigger

� Very low pT thresholds: pT(µ) > 1.76 GeV/c in 2012, high µµ efficiencies

� Flexible design: L0 implemented in hardware, HLT fully in software

� Full online detector calibration and alignment in Run 2

� Full software trigger in Run 3
C. Langenbruch (RWTH), July 6, 2017 Low-mass di-muon searches
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The LHCb trigger: Flexible design and low pT thresholds

30 MHz inelastic event rate 
(full rate event building)

Software High Level Trigger

2-5 GB/s to storage

Full event reconstruction, inclusive and 
exclusive kinematic/geometric selections

Add offline precision particle identification 
and track quality information to selections

Output full event information for inclusive 
triggers, trigger candidates and related 
primary vertices for exclusive triggers

LHCb Upgrade Trigger Diagram

Buffer events to disk, perform online 
detector calibration and alignment

LHCb Run 3 Trigger

� Very low pT thresholds: pT(µ) > 1.76 GeV/c in 2012, high µµ efficiencies

� Flexible design: L0 implemented in hardware, HLT fully in software

� Full online detector calibration and alignment in Run 2

� Full software trigger in Run 3
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Higgs Portal

� b→ sµµ penguin decays excellent place to search for hidden sector
particles χ mixing with the Higgs sector

b̄ s̄

d d
B0 K∗0
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H

χ

|H〉phys = − sin θ|χ〉+ cos θ|H〉
|χ〉phys = + cos θ|χ〉+ sin θ|H〉

� LHCb Run 1 analyses with 3 fb−1:
B0→ K∗0χ [LHCb, PRL 115 (2015) 161802], B+→ K+χ [LHCb, PRD 95 (2017) 071101]

� Very low backgrounds after using BDT and B mass as discriminants
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http://arxiv.org/abs/1508.04094
https://arxiv.org/abs/1612.07818
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Search for hidden sector bosons in B0→ K∗0µ+µ−
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� Scan m(µ+µ−) distribution for an excess of χ signal candidates

� Search for prompt and displaced (τ(µ+µ−) > 3στ(µ+µ−)) χ vertices

� Narrow resonances (ω, φ, J/ψ, ψ(2S), ψ(3770)) are vetoed

� No excess → upper limits on B(B0→ K∗0χ(→ µ+µ−)) set at 95% CL

C. Langenbruch (RWTH), July 6, 2017 Low-mass di-muon searches
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Search for hidden sector bosons in B0→ K∗0µ+µ−
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� Scan m(µ+µ−) distribution for an excess of χ signal candidates

� Search for prompt and displaced (τ(µ+µ−) > 3στ(µ+µ−)) χ vertices

� Narrow resonances (ω, φ, J/ψ, ψ(2S), ψ(3770)) are vetoed

� No excess → upper limits on B(B0→ K∗0χ(→ µ+µ−)) set at 95% CL
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Search for hidden sector bosons in B+→ K+µ+µ−
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� Scan m(µ+µ−) distribution for an excess of χ signal candidates

� Search for prompt (τ(µ+µ−) < 1 ps) and displaced χ vertices

� Narrow resonances (φ, J/ψ, ψ(2S), ψ(3770), ψ(4160)) are vetoed

� No excess → upper limits on B(B+→ K+χ(→ µ+µ−)) set at 95% CL
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Search for hidden sector bosons in B+→ K+µ+µ−
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� Scan m(µ+µ−) distribution for an excess of χ signal candidates

� Search for prompt (τ(µ+µ−) < 1 ps) and displaced χ vertices

� Narrow resonances (φ, J/ψ, ψ(2S), ψ(3770), ψ(4160)) are vetoed

� No excess → upper limits on B(B+→ K+χ(→ µ+µ−)) set at 95% CL
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Resulting exclusion limits
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[LHCb, PRD 95 (2017) 071101]

) [MeV]−µ+µ(m
1000 2000 3000 4000

0.5

1

1

2

)=
10 T

eV
h(

m
 [PeV

], 
β 2

)tan
χ(

f

)=
1 

T
eV

h(
m

 [
Pe

V
],

 
β2

)t
an

χ(
f

 hadrons) = 0→χ(B

 hadrons) = 0.99→χ(B

LHCb

[LHCb, PRL 115 (2015) 161802]

Resulting 95% CL exclusion limits for specific models

� Axion model [M. Freytsis et al., PRD 81 (2010) 034001]

Exclusion regions for large tanβ, large m(h)

� Inflaton model [F. Bezrukov et al., PLB 736 (2014) 494]

Constraints on mixing angle θ between Higgs and inflaton fields

C. Langenbruch (RWTH), July 6, 2017 Low-mass di-muon searches

https://arxiv.org/abs/1612.07818
http://arxiv.org/abs/1508.04094
http://arxiv.org/abs/0911.5355
http://arxiv.org/abs/1403.4638
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Dark Photon A′
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[P. Iten et al. PRL 116 (2016) 251803]

� Below dimuon threshold: A′→ e+e−, above: A′→ µ+µ− exp. favoured

� A′ production via Meson decays, Drell-Yan, like prompt γ∗

� Determine A′ rate rel. to SM γ∗→ µ+µ−, purely data driven:
N(A′→µ+µ−)
N(γ∗→µ+µ−) ≈ 3π

8
mA′

σ(mµµ)
ε2

αEM(n(`)+R(µ))
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https://arxiv.org/abs/1603.08926
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Prospects for Dark Photon searches

Inclusive A′→ µ+µ−

[P. Iten et al. PRL 116 (2016) 251803]

� LHCb Run 3 with 15 fb−1 will cover significant part of phase space
� Major improvement: Move to full software trigger in Run 3

C. Langenbruch (RWTH), July 6, 2017 Low-mass di-muon searches
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Prospects for Dark Photon searches

Inclusive A′→ µ+µ−

[P. Iten et al. PRL 116 (2016) 251803]

In D∗0→ D0A′(→ e+e−)
[P. Iten et al. PRD 92 (2015) 115017]

� LHCb Run 3 with 15 fb−1 will cover significant part of phase space
� Major improvement: Move to full software trigger in Run 3

C. Langenbruch (RWTH), July 6, 2017 Low-mass di-muon searches

https://arxiv.org/abs/1603.08926
https://arxiv.org/abs/1509.06765
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Dimuon spectrum from the 2016 trigger
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� New 2016 trigger lines allow prompt and displaced dimuon searches

� Relies on Run 2 trigger online calibration and alignment

� Analysis currently ongoing
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The very rare decay B0
(s)→ µ+µ−

b̄
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s t

W

W

νµ

� Loop and additionally helicity suppressed

� Purely leptonic final state: Theoretically and experimentally very clean

� Very sensitive to NP:
Possible scalar and pseudoscalar enhanced wrt. SM axialvector

B ∝ |VtbVtq|2[(1− 4m2
µ

M2
B

)|CS − C ′S |2 + |(CP − C ′P ) +
2mµ
M2
B

(C10 − C ′10)|2]
� SM prediction [C. Bobeth et al.,

PRL 112, 101801 (2014)]
B(B0

s→ µ+µ−) = (3.65± 0.23)× 10−9

B(B0→ µ+µ−) = (1.06± 0.09)× 10−10
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Determination of the B0
(s)→ µ+µ− branching fraction
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[LHCb, PRL 118 (2017) 191801]

� Analysis of LHCb data 3 fb−1 (2011+2012) and 1.4 fb−1 (2015+2016)

� Observation of B0
s→ µ+µ− with 7.8σ significance

B(B0
s→ µ+µ−) = (3.0± 0.6 +0.3

−0.2)× 10−9

� No excess of B0→ µ+µ− observed (1.6σ)
B(B0→ µ+µ−) = (1.5+1.2

−1.0
+0.2
−0.1)× 10−10

B(B0→ µ+µ−) < 3.4× 10−10 at 95% CL

� Ratio R = B(B0→µ+µ−)
B(B0

s→µ+µ−)

MFV
=

∣∣∣VtdVts
∣∣∣
2

test of MFV: Good agreement with SM
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https://arxiv.org/abs/1703.05747
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The B0
s→ µ+µ− effective lifetime
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[LHCb, PRL 118 (2017) 191801] [De Bruyn et al. PRL 109 (2012) 041801]

� Effective Lifetime complementary probe for New Physics

� τµµ ≈ τBs (1 + ysA∆Γ) with ys = τBs
∆Γs

2 = 0.062± 0.006
In SM: A∆Γ = +1, NP models A∆Γ ∈ [−1,+1]

� τ(B0
s→ τ+τ−) = 2.04± 0.44± 0.05 ps,

Compatible with A∆Γ = +1 (−1) at 1.0σ (1.4σ)
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https://arxiv.org/abs/1703.05747
https://arxiv.org/abs/1204.1737
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Resulting exclusion regions
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[Altmannshofer et al. arxiv:1702.05498]

� In the MSSM: B(B0
s→ µ+µ−) ∝ tan6 β/m4

A

� Complementarity with direct searches

� In the future, B0
s→ µ+µ− effective lifetime will allow to exclude

second solution (with opposite sign of amplitude)

→ Strong constraints, Looking forward to more data!
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Conclusions

� LHCb performs very sensitive searches for BSM physics
both directly and indirectly

� LHCb offers unique kinematic coverage and
very flexible trigger with low thresholds

� Many measurement in good agreement with the SM and
set strong constraints on NP models

� For more direct and indirect BSM searches from LHCb see

“Search for long-lived particles at
LHCb”, A. Luisani

“Highlights from the LHCb
Experiment”, U. Egede

“Rare Decays and Exotic States in
Quark Flavour Physics”, J. Serrano

� Stay tuned for more results from LHCb with Run 2 data!
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Backup

LHCb B0→ K∗0µ+µ− candidate, May 7th 2012, 09:32:37
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The rare strange decay K0
S
→ µ+µ−
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� SM prediction B(K0
S→ µ+µ−) = (5.0± 1.5)× 10−12

[Isidori et al. JHEP 01 (2004) 009]

� Dominated by long-distance effects
� Can be enhanced by NP, e.g. new scalars to up to 10−10

� Previous LHCb limit B(K0
S→ µ+µ−) < 9× 10−9 at 90% CL

[LHCb, JHEP 01 (2013) 090]
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The rare strange decay K0
S
→ µ+µ−
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[LHCb, arxiv:1706.00758]

� Two trigger categories

� Normalisation channel K0
S→ π+π− (also main background)

� ML fit to determine signal yield

� B(K0
S→ µ+µ−) < 1.0× 10−9 at 95% CL [LHCb, arxiv:1706.00758]
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LHCb sensitivity in the Υ region
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[Haisch et al. PRD 93 (2016) 055047]
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The complementarity of NP searches with flavour

Exclusion limits for NP searches

Rare decays (∆F = 1)
HNP ∝ c

Λ2
NP

Direct searches
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� Direct searches limited by beam energy, ΛNP <
√
s

� Reach with flavour up to ΛNP ∼ 100 TeV, depending on coupling c
� Mixing obs.: ∆md(s), CPV phase βd(s) Rare decays: B, angular obs.
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