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Portals to the dark sector
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4 portals: 4 new particles [arXiv:2209.04671]:

>

>

>

Dark photons
Higgs-portal scalars
Sterile neutrinos

ALPs coupling to photons, fermions & gluons


https://arxiv.org/abs/2209.04671

LHCD: flavor and dark physics

JINST3(2008)S08005

Int ] Mod Phys A30(2015)1530022
CERN-LHCC-2018-014 ; LHCB-TDR-018

> Only LHC experiment fully instrumented in the forward region
» Capacity for sensitivity to dark portals:

- Excellent vertex and momentum resolution

- Capacity for soft triggers (e.g trigger on p; ~ 1 GeV on detached
up) — enhanced flexibility in Run 3 with a fully software trigger

S —— I
mmmammm CVS e

Not to scale

Sketch adapted from Redi, LHCP 21
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https://cds.cern.ch/record/2772897/files/LHCP_DP_CINCO_Redi_2021_v1.0%2008.063.pdf

LHCD: flavor and dark physics

» Advantages wrt ATLAS/CMS:

- Soft trigger & forward acceptance — lighter masses

» Forward boost and (1) ~ 50 fs — low lifetimes (prompt vs displaced
signatures)

Produced in heavy-flavor decays Produced in pp collisions

b . PV -

Sketch by Martino Borsato, LHCb Implications Workshop 20
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https://indico.cern.ch/event/857473/timetable/#30-exotica-experimental

Dark photons at LHCb

PRL 120 (2018) 6, 061801, PRL 124 (2020) 041801

» A’production: anywhere a y* with A’mass: o = 8204EM

» Inclusive search of A’ — ™~ with with Run 2 (5.5 fb~1)

» Updates search with 2016 data:
- 3 X luminosity

- Improved software trigger efficiency

PRL 120 (2018) 6, 061801
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.061801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.061801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.041801

PRL 124 (2020) 041801

Prompt search results
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.041801

PRL 124 (2020) 041801
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First displaced exclusion
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.041801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.041801

The future of dark photons at LHCDb

Craik, Ilten, Johnson, Williams [arXiv:2203.07048v1]
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Non-minimal searches: inclusive X — u u~

JHEP10(2020)156
Probe additional dark-sector particles using u* ™ data, dropping the
assumption of a kinetic mixing with y*:
> Adopt same trigger as A’ searches

» Model-independent search

Inclusive prompt N

.\ Displaced pointing U
- No isolation H /
requirements

- Non-zero width

considered K

Prompt + b jet Displaced non-pointing

- Non-zero width

considered
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https://link.springer.com/article/10.1007/JHEP10(2020)156

Non-minimal searches: inclusive X — //t+//t

JHEP10(2020)156

» Upper limits at 90% CL on ¢(X — p*u~) for the inclusive displaced search
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» Upper limits at 90 % CL on y — Zygy kinetic mixing for Hidden Valley

(HV) model resulting in light hidden hadrons :World-leading constraints
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https://link.springer.com/article/10.1007/JHEP10(2020)156
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Higgs portal at LHCD

PRL 115 161802 (2015), PRD 95, 071101(R) (2017)

» Exploit ability of LHCb of studying b — s penguin decays to search for

hidden-sector bosons, y using Run 1 data (3 fb™!)

> Allow detached uu within VELO — bump hunt for long-lived y candidates
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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

Higgs po

rtal at LHC

PRL 115 161802 (2015), PRD 95, 071101(R) (2017)

» Exploit ability of LHCb of studying b — s penguin decays to search for

hidden-sector bosons, y using Run 1 data (3 fb™!)

> Allow detached uu within VELO — bump hunt for long-lived y candidates
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LHCDb & Belle
B - Kup

LHCb, Run 3 -
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Most stringent constraints 250 < m(y) < 4700 MeV and 0.1 < 7(y) < 1000 ps
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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
https://iopscience.iop.org/article/10.1088/1361-6471/ab4cd2

Future sensitivity to the Higgs portal at LHCb

Craik, Ilten, Johnson, Williams [arXiv:2203.07048v1
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Planned searches for ALPs

Cid Vidal, Mariotti, Redigolo, Sala, Tobioka
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Search for massive LLP decaying
semileptonically at s =4/13 TeV

EPJC 82 (2022) 4, 373

> Target massive long-lived particles (LLP) 7 with a measurable flight
distance and decaying via )?(1) — Uqq;

> LLP lifetime range between 5 ps (above B lifetime) and 200 ps (within
Vertex Locator)
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https://link.springer.com/article/10.1140/epjc/s10052-022-10186-3#citeas

vercoming the LHCb acceptance
limit with CODEX-b ercsour
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https://link.springer.com/article/10.1140/epjc/s10052-022-10186-3#citeas
https://arxiv.org/abs/1911.00481

LHCD is a general-purpose
detector at the LHC

LHCDb Run 3 — significant increase in discovery potential:
a) 5 Xincrease in pp collision rate
b) Fully software trigger
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Dark photons at LHCb

PRL 120 (2018) 6, 061801, PRL 124 (2020) 041801

Analysis strategy:

Normalize to off-shell photon — just need to discriminate against

non-y* background
Phase space
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.061801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.041801

Prompt dark photons at LHCb

PRL 120 (2018) 6, 061801
prompt u* 4~ from data at m(J/y) and m(Z)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.061801

Displaced dark photons at LHCb

PRL 120 (2018) 6, 061801

> Only region m(A’) < 350 MeV is sensitive
» Comparatively looser p;(4) requirements
» Main background from y conversion in the VErtex LOcator

Expected long-lived A" — puu yield
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.061801

VELO Material Map

JINST 13 (2018) 06, P06008

» Beam-gas collisions can be distinguished from hadrons produced in heavy-flavor decays
— map the whole VErtex LOcator geometry

» Can assign p-value to material interaction hypothesis

» Effective veto of y conversions to yu in the material
— veto main background displaced A’ searches at low mass
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https://inspirehep.net/literature/1663389
https://inspirehep.net/literature/1663389

Non-minimal searches: inclusive X — ,u+,u_
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https://link.springer.com/article/10.1007/JHEP10(2020)156

X — pu*u~ :fiducial region

JHEP10(2020)156

pr(p) > 0.5 GeV
10 < p(p) <1000 GeV
All searches 2<n(p)<4.5

Vpr(pt)pr(p=) > 1GeV
5 < Necharged(2<n<4.5,p>5GeV) <100 (from same PV as X )

1 < pr(X) <50GeV
Prompt X decay time < 0.1 ps
X —utp~ decays alpTp~) > 1mrad
20 < pr(b-jet) < 100 GeV, 2.2 < n(b-jet) < 4.2 (X + b only)

2 < pT(X> < 10 GeV
Displaced 2<n(X)<4.5
X —utp~ decays alpTp~) > 3mrad
12 < pT(X) < 30mm
X produced in pp collision (promptly produced X only)

Blaise Delaney (MIT) on behalf of LHCb 24


https://link.springer.com/article/10.1007/JHEP10(2020)156

The LHCDb Trigger

LHCb 2015 Trigger Diagram LHCb Upgrade Trigger Diagram

40 MHz bunch crossing rate

30 MHz inelastic event rate
(full rate event building)

LO Hardware Trigger : 1 MHz :Software High Level Trigger

readout, high Er/Pr signatures

Full event reconstruction, inclusive and

exclusive kinematic/geometric selections

450 kHz 400 kHz 150 kHz
H/pH

Buffer events to disk, perform online
detector calibration and alignment

Buffer events to disk, perform online Add offline precision particle identification
detector calibration and alignment and track quality information to selections

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

2-5 GB/s to storage

Blaise Delaney (MIT) on behalf of LHCb 25

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

12.5 kHz (0.6 GB/s) to storage



