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Introduction - LHCb at the LHC

One of the big 4 experiments at the LHC (∼ 1300 members)
primarily devoted to b physics covering CKM parameters, CP
violation, rare decays and more → [LHCb public webpage]
The "Run 2" at LHC with

√
s = 13TeV ended in 2018, now upgrade

phase towards Run 3 (starting in 2021)
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http://lhcb-public.web.cern.ch/


Introduction - LHCb detector design
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b-hadrons produced in pairs (bb) in the same forward cone
Excellent vertex finding, momentum resolution, PID



Introduction - LHCb physics programme

Charge-Parity Violation (CPV) in B-meson decays
Rare decays (heavily suppressed in the SM)
Lepton Flavor Universality (LFU). Couplings of (e, µ, τ) should be
identical in SM.
b-anomalies (deviations from SM predictions) in b → s``, b → c`ν

2.5σ below SM 2.1 and 2.5σ below SM 3.1(3.8)σ above SM
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Consistent hints for BSM physics (NP)



Introduction - CPV in b → c`ν decays

Semileptonic decays are interesting probes of NP
(RD − RD∗) anomalies explained by NP in b → cτν

This project: Search for CPV in B → D∗`ν, first analysis of CPV in a
SL decay
In SM, there is no CPV in semileptonic decays → very clean probe of
NP
Start with µ instead of τ channel: more statistics, easier analysis (τ
reconstruction is difficult). Although preferred NP explanation is for
τ , same NP may affect µ channel. Enough for NP constraints.
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Introduction - CP violation

Search for Charge Parity Violation in B → D∗`ν (b → c`ν) analysis

In SM B0 → D∗`ν̄` has only 1 amplitude → no CPV
NP amplitude will have different weak phase but no strong phase
(QCD amplitudes are the same for SM and NP) → not enough for
direct CPV
Four-(or more)-body B decays: Triple product asymmetries
Interference of decay amplitudes with overlapping resonances, i.e.
B → D∗∗µν, with D∗∗ = D∗0 ,D1,D∗2
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Introduction - Effective Hamiltonian
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Effective field theory for b → c`ν decays

HNP
eff = GFVcb√

2
∑
i

giOi+h.c.,

OS = cb `(1− γ5)ν
OP = cγ5b `(1− γ5)ν
OL = cγµ(1− γ5)b `γµ(1− γ5)ν
OR = cγµ(1 + γ5)b `γµ(1− γ5)ν
OT = cσµν(1− γ5)b `σµν(1− γ5)ν

SM: gS = gP = gL = gR = gT = 0; HSM
eff ∝ OL

Couplings gL, gR , gS , gP , gT can be complex.



Helicity angles

B0 → D∗(→ D0π)µν̄µ decay is described by 4 kinematic parameters:
3 helicity angles (θ`, θD, χ) and q2
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Triple products
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Angular distribution derived from most general HNP
eff [D.London et al]

NP amplitudes with different weak (same strong) phases can give rise to
CPV terms in angular distribution.

CPV terms are ∝ sinχ. In SM → exactly zero.
Goal: measure these coefs in data → constrain NP couplings

https://arxiv.org/pdf/1903.02567.pdf


CPV terms. Sensitivity study with simulation
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Inject NP in simulation with HAMMER
(reweighs each event based on NP:
gL, gR , gP , gT 6= 0)
CP-asymmetry up to 1% with expected
stat error ∼ 0.1%

Re(gR )=0, Im(gR )∈[0,1]

Angular term sin 2θ` sin 2θD sinχ

https://hammer.physics.lbl.gov/


Neutrino reconstruction

ν is not visible in the detector
Kinematic reconstruction of B (ν) from decay topology (very precise
vertexing from VELO)
Run full refit of the decay tree including all possible information i.e.
missing ν, vertex constraints, mass constraints.
Improve precision in reconstructing quantities of interest
(θL, θD, χ, q2)
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Angle resolutions after DTF - simulation
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Systematic uncertainties

We would need to control any systematics that could introduce "fake
CP-asymmetry" at the 0.1% level

Non-zero sinχ terms: what does it practically mean?

ν direction is reconstructed from topology of PV and secondary vertices.

Term ∝ sinχ: up-down asymmetry (N↑ − N↓)/Ntot.
ν "up" ⇔ PV "below" D0π+µ− plane
ν "down" ⇔ PV "above" D0π+µ− plane

What experimental effects can introduce non-zero "PV below-above"
asymmetry?

CPV in backgrounds
VELO misalignment
Asymmetry of tracking efficiency
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Systematic uncertainties - VELO misalignment
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Systematic uncertainties - VELO misalignment

Expect Ty and Rx to show largest source of bias
First studies with toys confirm
Need to repeat study with large simulation sample
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Conclusions and outlook

Conclusions:

In semileptonic decays → indirect CPV from angular distribution.
MC study for sensitivity to CPV → up to 1% with stat error ∼ 0.1%
Helicity angle resolution studies (10-20 % improvement)
First peek into systematic uncertainties - detector misalignments

Outlook:

Repeat these studies with new, larger MC sample.
Estimate all systematics: detector misalignments, backgrounds and
non-uniform detector efficiencies
Measure angular coefficients in data

CPV in the interference of D∗∗ states in B → D∗∗µν decays.
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BACK-UP SLIDES
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LHCb detector
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bb acceptance at LHCb
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Fourier transform method

P(θ`, θD, χ) =
∑

n CnFn(θ`, θD, χ), Fn are all orthogonal

Ck =
∫

P(θ`, θD, χ)Fk(θ`, θD, χ)dθ`dθDdχ

P(θ`, θD, χ) = 1
n

∑n
i=1 δ(θ` − θ(i)

` )δ(θD − θ(i)
D )δ(χ− χ(i))

Ck = 1
n

∑n
i=1 Fk(θ(i)

` , θ
(i)
D , χ(i))

Example:
Fk(θ`, θD, χ) = sin 2θ` sin 2θD sinχ
Ck = 1

n
∑n

i=1(sin 2θ(i)
` sin 2θ(i)

D sinχ(i))
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