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Long-lived particles are generic

Particle Mass m [MeV]

First pixel layer (first layer of detector)

BSM being actively probed

[1810.12602]
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LLP Theories

Motivation

Top-down Theory

IR LLP Scenario
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LLP - Hidden Valley

Hidden sector feeble couplings to SM via various portals,
suppressed by the smallness of the couplings
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Credit Zhen Liu



Experiment Landscape - current LHC

1011.00481
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Experiment Landscape (focus of this talk)
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New LHC projects are complementary to existing experiments at the
LHC and elsewhere.



Experiment Landscape
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CODEX-b

A Compact Detector for Exotics at LHC-b

Some specs:

* 10m x 10m x 10m fiducial volume

* 6 RPC layers on each surface

+ 5 set of 3 vertical RPC layers in~ peceir - copex bor &

the volume
*1 cm granularit
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+ COCLINE SYSTEMS

........................................................
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shield veto
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From 1708.09395
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MATHUSLA

Massive Timing Hodoscope for Ultra-Stable neutral pArticles

Some specs:

*200 m x 200 m x 25 m epene

(smaller designs considered) 0 Wity

*Constructin9 mx9 mx25m

mOdUIeS intel;:tgion (i): decAai\r{-f\:glelfme (d),

*RPC’s for tracking P°i'“/ . ', '

*Use timing to reject cosmic rays s s ' (b)Scintilator

Decay Volume:
I (racking system MATHUSLAS0: 50m x 50m x 20m

MATHUSLA100: 100m x 100m x 20m
- air-filled LLP decay volume MATHUSLAZ200: 200m x 200m x 20m
: 100m : -
§ —i
: 100m
100m 1.
200m

ATLAS/CMS i

side view aerial view



ANUBIS
AN Underground Belayed In-Shatft

Some specs:

* 8m radius (shaft)

» Each tracking station is 30
tons and 230 m?

* RPC'’s for tracking

» Use timing to reject
cosmic rays

1909.13022




AL3X

A Laboratory for Long-Lived eXotics

ALICE

interaction point moved by
11.25m

Reuse the L3 magnet and (perhaps) the ALICE TPC

. 425m
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F
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> 14 m < Approx.

to scale

Similar strategy as for CODEX-b: use thick shield with
active veto to reduce the backgrounds



AL3X

A Laboratory for Long-Lived eXotics

ALICE

interaction point moved by
11.25m

Reuse the L3 magnet and (perhaps) the ALICE TPC

D1 and D3 scintillators to

veto on incoming charged
D2 and D4 scintillators to tracks

: trigger on outgoing charged
1o tracks
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40-A tungsten shield (approx. A rox
Initially, ALICE TPC for 1 4 m 40 m3 or 750 ton) pp

tracking and dE/dx to scale

Similar strategy as for CODEX-b: use thick shield with
active veto to reduce the backgrounds




Experiment Landscape

1011.00481

See Ellis Kay’'s talk tomorrow

LHC coverage
(ATLAS, CMS, LHCb)

heavier (2 10 GeV

myLp

SCHEMATIC

+ lighter (< 10 MeV)

(near ~ m far—

B CT

!>
gs



Beam dump experiment at the SPS accelerator

Tracker

S H i P Spectrometer
Particle ID

Emulsion
detector

Active

Target and muon shield

hadron absorber

A50M
/'

400 GeV

protons
Some specs:
« 1020 protons on target
. Js =20 GeV

- New beam line needed
» Aiming for 2025 (~ 200 million $)



FASER

ForwArd Search ExpeRiment at the LHC
SPS
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FASER

ForwArd Search ExpeRiment at the LHC

ATLAS
interaction point
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FASER

ForwArd Search ExpeRiment at the LHC

ATLAS
interaction point
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Tracker patch beam collision axis

panels

Some specs:

« 20 cm aperture x 5 meters

« ~ 480 meters from IP

* Need small but good tracker



FASER INTEGRATION




Current Statusv
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FASERv: Neutrino measurements in FASER

1.2 t tungsten-
emulsion

1908.02310

e Huge flux of neutrinos (10'?in Run3)
through FASER could allow for
iInteresting neutrino measurements.

e Extend FASER physics program
* Complementary to existing
experiments
* Measurement at the highest man-
made neutrino energies
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Physics Beyond Colliders at the LHC
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*Beyond
Colliders

SHiP
NAGZ+H+  NAG2++

NAG4++ KLEVER
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KLEVER Tty

FASER
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MilliQan

EDM

Coupling strength = Log,, 9/Mmediator [GEV ]

Planck Scale

-24 -21 -18 -15 -12 -9 -6 =3 0 3 6 9 12 15 18
Mass of BSM state = Log,, myx[eV]

arXiv 1901.09966



Higgs Portal: Minimal Dark Scalar Mixing

Locaiar = Lo + Lps — (S + AS?)HTH

* Minimal scenario A =0
* More general scenario A and u both non-zero
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Vector Portal: Minimal Dark Photon Model
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Lifetime Frontier

FASER
CODEX-b

ANUBIS
AL3X
MATHUSLA

SHIP

Higgs
decay
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Construction

Expression of $
Interest (1911.00481)

Proof of Concept $
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Letter of Intent $%
(1811.00927)
Design Report $955

(CERN-SPSC-2019-
049)



Summary

e Clearly and increased interest in Long-lived particle searches at the

LHC

O
O

O

e New ideas for additional complementary experiments being constructed

LLP BSM White paper [1903.04497]
Physics Beyond Collider Report [1901.09966]

6" LLP workshop [https://indico.cern.ch/event/849129/]

or proposed

O

O O O

FAER — aiming for data-taking starting in Run3 (2021)
MATHUSLA, CODEX-b — expression of interests
ANUBIS, AL3X - concept approved

Future Beam dump experiments (SHIP)


https://indico.cern.ch/event/849129/

