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Introduction

Overview

• LHCb and current searches

• dark photon phenomenology

• dark photons at LHCb with D∗0 → D0A′[ee]

• dark photons at LHCb with inclusive A′[µµ]
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LHCb

LHCb
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LHCb

Detector LHCb, ĲMPA 30 (2015)
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• momentum resolution between 0.5% at 5 GeV to 1% at 200 GeV
• mass resolution of ≈ 0.4%
• impact parameter resolution of 13− 20 µm for tracks
• secondary vertex precision of 0.01− 0.05(0.1− 0.3) mm in xy(z)
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http://arxiv.org/abs/1412.6352


LHCb

Trigger LHCb, JINST 8 (2013) P04022
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http://arxiv.org/abs/1211.3055


LHCb

Datasets V. Vagnoni (2015) HL-LHC

• projected luminosity per run

LHC era HL-LHC era

Run 1(a) Run 1(b) Run 2 Run 3 Run 4 Run 5
2011 2012 2015 - 2019 2021 - 2023 2027 - 2029 2031 - ?

1 fb−1 2 fb−1 5 fb−1 15 fb−1 23 fb−1 300 fb−1?

• heavy ion and fixed target data
• LHCb upgrade during LS 2

• LHCb-PUB-2014-040
• replacement of readouts and photo-detectors for the RICHs
• replacement of tracking detectors
• full software trigger, see LHCb-TDR-016

• currently limited by hardware readout at 1 MHz
• upgrade will read out entire detector at 40 MHz
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https://indico.cern.ch/event/315626/session/12/contribution/31/material/slides/0.pdf
https://cds.cern.ch/record/1748643
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LHCb

Indirect Measurements

LHCb-PAPER-2017-013 JHEP 02 (2016)
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http://arxiv.org/abs/1705.05802
http://arxiv.org/abs/1512.04442


LHCb

Supporting Measurements

LHCb-CONF-2017-002

�
posed to the olderdata. The curve labelled ‘fiducial’ assumes

the reference values for the different contributions to the uncertainties: best fit proton and helium
fluxes, central values for the cross sections,propagation and central value for the Fisk potential.

We stress however that the whole uncertainty band can be spanned within the errors.

than primary, �p/p flux. Notice that the shaded yellow area does not coincide with the Min-
Med-Max envelope (see in particular between 50 and 100 GeV): this is not surprising, as it
just reflects the fact that the choices of the parameters which minimize and maximize the p̄/p
secondaries are slightly different from those of the primaries. However, the discrepancy is not
very large. We also notice for completeness that an additional source of uncertainty affects the
energy loss processes. Among these, the most relevant ones are the energy distribution in the
outcome of inelastic but non-annihilating interactions or elastic scatterings to the extent they
do not fully peak in the forward direction, as commonly assumed [55]. Although no detailed
assessment of these uncertainties exists in the literature, they should affect only the sub-GeV
energy range, where however experimental errors are significantly larger, and which lies outside
the main domain of interest of this article.

Finally, p̄’s have to penetrate into the heliosphere, where they are subject to the phenomenon
of Solar modulation (abbreviated with ‘SMod’ when needed in the following figures“). We de-
scribe this process in the usual force field approximation [52], parameterized by the Fisk po-
tential φF , expressed in GV. As already mentioned in the introduction, the value taken by φF
is uncertain, as it depends on several complex parameters of the Solar activity and therefore
ultimately on the epoch of observation. In order to be conservative, we let φF vary in a wide
interval roughly centered around the value of the fixed Fisk potential for protons φpF (analo-
gously to what done in [25], approach ‘B’). Namely, φF = [0.3, 1.0] GV ' φpF ± 50%φpF . In
fig. 1, bottom right panel, we show the computation of the ratio with the uncertainties related
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LHCb

Long Lived Particles
EPJC 75 (2015), LHCb-PAPER-2016-065,

EPJC 76 (2016), EPJC 77 (2017)

M.�Borsato
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http://arxiv.org/abs/1506.09173
http://arxiv.org/abs/1705.07332
https://arxiv.org/abs/1609.03124
http://arxiv.org/abs/1612.00945


LHCb

Light Resonances
PRL 115 (2015)

LHCB-PAPER-2016-052 PRL 112 (2014)
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http://arxiv.org/abs/1508.04094
http://arxiv.org/abs/1612.07818
http://arxiv.org/abs/1401.5361


LHCb

Bottom Line

• don’t judge a fish by its ability to climb a tree

• areas where LHCb cannot compete
• luminosity: 10× less luminosity than ATLAS and CMS
• acceptance: 10% for 100 GeV, 1% for 1 TeV, . . .

• areas where LHCb does well
• flavor: anything that requires PID other than pions/leptons
• displaced: 50 fs lifetime resolution
• narrow: 0.4% mass resolution
• trigger: flexible with real time calibration and full reconstruction
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Dark Photons

Dark Photons
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Dark Photons

Properties

1 production
• electron-positron

annihilation
• hadron decays
• electron scattering

2 lifetime
• prompt or displaced

τ(ε,mA′) = ~
ΓA′(ε,mA′)

3 decay

BRA′→X (mA′) = Γ(ε,mA′)A′→X
ΓA′(ε,mA′)

lifetime

production

SM

SM

decay
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Dark Photons

Production: Electron-Positron Annihilation
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Dark Photons

Production: Electron Scattering
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Dark Photons

Production: Hadron Decays
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Dark Photons

Lifetime
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Dark Photons

Decay
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Future Dark Photon Searches (muon)

Future Dark Photon Searches

inclusive A′[µµ]
PRL 116 (2016): PI, Soreq, Thaler, Williams, Xue
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Future Dark Photon Searches (muon)

Good Backgrounds (prompt)
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Future Dark Photon Searches (muon)

Signal (prompt and displaced)
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Future Dark Photon Searches (muon)

Bad Backgrounds (prompt)
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LHCb mis-ID probability ≈ 1 out of 1000
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Future Dark Photon Searches (muon)

Prompt Production
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Future Dark Photon Searches (muon)

Bad Backgrounds (displaced)
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Future Dark Photon Searches (muon)

Material
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Future Dark Photon Searches (muon)

Reach
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Future Dark Photon Searches (electron)

Future Dark Photon Searches

D∗0 → D0A′[ee]
PRD 92 (2015): PI, Thaler, Williams, Xue
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Future Dark Photon Searches (electron)

Good Background and Signal

p

p γ∗

SM

D0

e+

e−

D∗0

ge ge

p

p A′

SM

D0

µ+

µ−

D∗0

εge εge

background signal

Ilten LHCb and DM July 27, 2017 28 / 34



Future Dark Photon Searches (electron)

Mass Resolution
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Future Dark Photon Searches (electron)

Reach
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Conclusion

Conclusion
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Conclusion

Real Data
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Conclusion

Full Reach
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Conclusion

Outlook

• LHCb has a maturing dark matter program

• inclusive A′[µµ] analysis underway
• prompt data matches predictions
• displaced backgrounds under control

• validation of D∗0 → D0A′[ee] strategy begun

• focus on LHCb strengths for new analyses
• flavor: anything that requires PID other than pions/leptons
• displaced: 50 fs lifetime resolution
• narrow: 0.4% mass resolution
• trigger: flexible with real time calibration and full reconstruction

Thank you!
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