Dark sector—LHCDb

@ Dark sector = light masses, small couplings,
displaced vertices, invisible signatures

@ Why searching at LHCb?
* Huge production rates in forward LHC region
- Precise low-py trigger for soft signatures

- Real-time identification of displaced vertices
(at first trigger level in the upgrade!)

» Huge boost in forward region
— increased flight distance
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® Heavy neutral leptons (GeV)
® Light scalars (GeV)

® Visible dark photons
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Heavy neutral leptons
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HNL 1n B decays
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https://inspirehep.net/literature/1674321
https://inspirehep.net/literature/1674321

HNL searches in GeV range

—— NA3 pion beam dump

—— Belle B-»XuN displaced N-umn
—— DELPHI Z-vN prompt + displ.
—— ATLAS W-IN displaced N-uuv
-==- CMS W-uN displaced N-ulv
—— LHCbRUn1B*>u*Nu*n~)

All previous limits

1085,,,,.,,,,.,,,,.,,,,.,,,,5 Mainly limited by

1 2 3 4 5 6

my [GeV] HNL lifetime
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@ Future LHCD strategy:
- Include B, » £N and B, - XU'N

Include partially reconstructed /N decays

Include N decays downstream of the Vertex Locator
(10x longer decay time)

Search in all lepton flavours (also 7?)
Search both LNC and LNV decays
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Light scalars



Light scalar from b—s

Phys Rev Lett 115 161802 (2015)
Phys Rev D 95, 071101(R) (2017)
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@ Use peaks in reconstructed my and m(uu) to reduce background

@ Upper limits down to 10-10 on BR(B+—=K*y) X BR(x—=uu)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.161802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.071101

Light scalar from b—s

2022 Snowmass Summer Study
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Dark photons



Visible A — LHCb

Dimuon spectrum from trigger output

prompt-like sample

pr(p) > 1GeV,p(p) > 20 GeV
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@ Started inclusive A’ = u*u~ searches in Run 2

* Leveraging the online-analysis capabilities
introduced in 2015

— no pre-scale down to threshold 2m,

* Great prospects for upcoming upgrade
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Visible A’ — LHCDb

PRL 120 (2018) no.6, 061801
and PRL 124 (2020) 041801

Analysis strategy:

@ inherits production mode of off-shell photon
— Can normalise to y* — uu continuum
— just need to separate non y* background

» No need for efficiencies from simulation

only if displaced vertex
( Y p ) meson decays ~ SM Drell-Yan pwt

nA’ [m(A’), 82] _ 52 Ton

eX

off-shell photon A’ [v* eff ratio,
phase-space

e=1 for prompt
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Prompt-like A’ — pu"u~

PRL 120 (2018) no.6, 061801
and PRL 124 (2020) 041801
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® 0(107 — 10! x €2 dark photons expected
* Peak hunt on top of large background

* Remove regions with QCD resonances

@ Also displaced search at low mass (low background)
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Visible A’ limits

PRL 124 (2020) 041801
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~prompt in LHCb

LHCb

from beam dump experiments
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Easy to recast to other vector models JHEP 06 (2018) 004
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https://inspirehep.net/record/1648160

Visible A’ prospects
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Cover my, < 2m, using A" — ee:

» D* - DA’ (lower bkg)  PRD92no.11, 115017 (2015)

» 71°/n — A’y (higher rate) 2022 Snowmass Summer Study
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https://inspirehep.net/literature/1436487
https://inspirehep.net/literature/2051164
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Inclusive X — u™u~ search

LHCb JHEP10(2020)156

@ Probe additional dark sectors in uu
» Drop assumption of kinetic mixing with y*
* Minimise assumptions on production mechanism
(tight fiducial regions and results in kinematic bins)

Inclusive prompt Displaced pointing "

U

* No isolation requirements
* Non-zero width considered

Prompt + b-jet Displaced non-pointing
+

U

U

b-jet
e Non-zero width considered
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https://inspirehep.net/literature/1805777

Inclusive X — /,ﬁ,u_ search
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