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Who are LHC

A Present other LHC experiments
i ATLAS, CMS, MoEDAL(+)
A New proposals/ideas for LHC experiments

I FASER, MilliQan, MATHUSLA, MAPP, CODEX-b, AL3X,
ANIBUS and recently XSEN, FASER-Nu, SND@LHC

A Fixed target/BDF experiments eg at CERN

I See Physics Beyond Collider-2018 study
A Neutrino experiments present/future

I SBN, NOVA, T2K, and in future DUNE/T2HK, (ESS-Nu)
A Belle Il (50 abtin 2027, but not this talk)




New Physics Hunters @ the LHC.
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LHC: So far no New P
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ATLAS/CMS Searc

Dark photon > 250 MeV

1072

A Generally high mass, high p-
An important issue is the trigger

A Cross section (x BR) limits to ~0.01 fb STR—
o \) 287" (13 TeV)
A A few low mass analyses - often & ool
resonance searches but also eg DM £ [S
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Trigger Improvements for Ru

3

=5c¢m, <By>~30

A Trigger upgrades in hardware trigger
part for run3 for LLPs

I HCalorimeters: delayed jets, energy
depth and timing lifetimes nanasecods to
micro seconds)

I Muons: less constrained from the vertex
A More tailored software triggers in run3

for LLPs, GPUs? tnvgie ;Vb
A LLP trigger updates for the Phase 2

L,

distance travelled

I Tracking trigger at hardware level |/~ o,

I Muon trigger improvements for LLPs L, e L
. . a Psu
I Good timing in barrel and endcaps (30ps) signal arrival - background

time arrival time




Data Set Collection Impro

A Normally the data taking rate is ~1 kHz, for events of about
1.5 Mb in size. This is mostly limited by the data handling
off-line (prompt ReCo). Special data taking:

A Scouting data: reduce event information by a factor ~100,
and collect much higher rate (eg jets evts with low treshold)

A Parked data: collected another 1-2 kHz of data but just
store them. Processing of these data at quiet times (eg
shutdowns). Eg unbiased b-sample -> 1019 events in 2018!

A Minimum bias data: All triggers have the hard scatter event
+ 20-30 minimum bias events. Exploring how we can use
these events for -> potential to access low masses and
couplings for new particl es

A Special runs: (especially in 2021) with lower rates




Long Lived Particles @

Signatures of LLPs

""" neutral displaced M BSM
= charged HEEF dilepton M lepton
~—— any charge B quark
photon
M anything
disappearing displaced
track lepton
( ........ :‘
'.'
:
displaced ; "o,. displaced
dijet %{ photon
displaced 4 displaced Not pictured:

vertex

conversion

out of time decays

Some of the Challenges

Triggers: Tracking detectors
are powerful but difficult
to use in trigger

SM backgrounds often low.
But need special studies
(punch through, secondary
interactions, tails, cosmics )

Special reconstruction is
often needed

Some detector upgrades for
High-Luminosity LHC (>2026)
address these issues.



ATLAS/CMS LLP Sear

A Displaced jets, dijets, vertices

A Disappearing tracks

A Displaced leptons & lepton jets
A Displaced photons

A Dark photon decays

A Heavy Stable Charged Particles
A Stopped particles

A Emerging jets/dark showers

A Monopoles

A Heavy Neutral Lepton searches
A Strongly Interaction Massive Particles

Aé.
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Long Lived Searches: E
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Search for Heavy Neu

Neutrino portal: T MSM (Neutrino Minimal Standard Model)
Minimal extension of the SM fermion sector by Right Handed HNLs: N1, N2, N3.
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-> HNL hunting also focus of the SHIP experiment proposal



Monopole Searches: MOEDA

Runr2 data analysis base on 794 kg
search for them with a SQUID precision magnet (4.0fb 1) arXiv:1903.08491
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Monopoles Stopped in the Bea

ADR et al., Eur. Phys.J. C72 (2012) 2212

Test performed with pieces of material from the LHC from 18 m away from
the interaction region in 2012: set up SQUID procedure

IPS t @ |
% %&:ﬁﬁ F=r—Ff-—1— 1)

! Section view A-A

CERN Courier 18/2/20191!

MONOPOLES

CMS beam pipe to be
mined for monopoles

On 18 February the CMS and MoEDAL
collaborations at CERN signed an agree-
ment that will see a 6 m-long section of
the CMS beam pipe cut into pieces and fed
into a SQUID in the name of fundamental
research. The 4cm diameter beryllium
tube - which was in place (right) from
2008 until its replacement by a new
beampipe for LHC Run 2 in 2013 - is now

A beampipe analysis effort has been put into place in MoOEDAL
-> CMS beampipe being prepared for the ETH SQUID in Alberta right now
Other beampipes under discussion (RHIC,BaBag )



V. Mitsou
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Proposals for New Experime

MilliQan: searches for CODEXb: searches for long lived
millicharged particles weakly interacting neutral particles

MAPP:Similar to MoEDAL
—I : H. e e £ P | 11 R S
P N R S A o it e el Rl e S e
| M| S
- s 4] |
5 ) T Also: AL3X( 6 AL

MATHUSLAsearches for long lived b LB S BREIEES

weakly interacting neutral particles ANUBIS 8\ ./ forlong lived weakly
200m ./ Interacting neutral
. 00m [ {20m Surface Detector | | partlcles

+ Experiment
~___ Proposals for

—] g TeV neutrinos

100m iside view)




FASER Experim

FASER

arXiv:1708.09389

EM
calonmeter

scinétor layer

to veto on scintillator layers
charged particles for triggering

FASER has significant discovery potential for dark photons dark Higgs
bosons, heavy neutral leptons (sterile neutrinos), ALPs, other gauge
bosons, and many other new particles.




- FASER: The Idea

* New physics searches at the LHC focus on high p-. This is
appropriate for heavy, strongly interacting particles
— o ~fbto pb 2 Ngyens ~ 102 — 108, produced ~isotropically

* However, if new particles are light and weakly interacting, this
may be completely misguided
— Light = we can produce them in &, K, D, B decays
— Weakly-interacting = need extremely large SM event rate to see them

« Conclusion: we should go where the pions are: at low p;
along the beamline

— Ginel ~ 100 mb = Ngyents ~ 1017, and 10% of the pions are produced
within 2 mrad of the beamline

J. Feng

- ey



FASER Approv

The FASER experiment (phasel) has
been approved March 5th

Y INTERACTIONS.ORG

PARTICLE PHYSICS NEWS AND RESOURCES

FASER: CERN approves new experiment
to look for long-lived, exotic particles

Date Issued
March 5th, 2019

FASER is the & LHC experiment

THE FASER DETECTOR

The detector consists of:
- Scintillator veto
- 1.5m long decay volume
- 2m long spectrometer
- EM calorimeter

100.00 mm Tracking stations
3 planes of silicon strip
detector per station

Scintillator/Pb Veto
to veto incoming charged
particles and protons

Trigger/preshower
scintillator station

P e /
e )\ Electromagnetic
0.6 Tesla permanent  Triooer/timing calorimeter
dipole magnets scintillator station (Lead/scintillator)
with 20 cm aperture

-

particles from I1P1

EXPECTED SENSITIVITY

« Sensitivity for dark photons
» Assuming no background and 100% signal efficiency
» Curves only slightly effected by O(1) changes in efficiency

1073

_________________

~,

3 LHCb D Fr Even with 10/fb (to be collected by
3 sl ;. end of 2021?) have sensitivity to
B~ TS -<z2__Bele-n | uncharted territory.
104 O A "",'"; | With full Run 3 dataset (150/fb)
3 N R e significant discovery potential.
w
10-5 N NG SHi ; NS

10°®




Dark Photo




