N ks | Physics.. " |
Beyond: . .- W@
: : " Colliders- . = ..

Update from CERN PBC

Gianluigi Arduini, Joerg Jaeckel, Claude Vallée

6t Forward Physics Facility Meeting - 8" June 2023



=oPP & PBC ) o

.....A diverse programme that is complementary to the
energy frontier is an essential part of the European
particle physics Strategy. Experiments in such diverse
areas that offer potential high-impact particle physics
programmes at laboratories in Europe should be
supported, as well as participation in such 2020 UPDATE OF TiE EUROPEAN STRATEGY

FOR PARTICLE PHYSICS

experiments in other regions of the world..... by the European srategy Group
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Very active community studying feebly

interacting/long-lived particles to provide 2022 Snowmass Energy Frontier Summary
possible answers to some of the presently Our highest immediate priority accelerator and project is the
Open q uestlons In partlcle phySICS HL-LHC, the successful completion of the detector

upgrades, operations of the detectors at the HL-LHC, data
taking and analysis, including the construction of auxiliary
experiments that extend the reach of HL-LHC in kinematic
regions uncovered by the detector upgrades.

World-wide interest Resource needs and plan for the 5-year period starting
2025:

1. Prioritize HL-LHC physics program, including auxiliary
experiments.

Extremely valuable input to assess physics [ERREREVA (P
reach in the international context Workshop on

Feebly-Interacting Particles

17-21 October 2022
CERN

08/06/2023 G. Arduini - 6th Forward Physics Facility Meeting 3



A number of complementary @ | T e
proposals

Beyond -
Colliders-.

Credit NASA/JPL*C.a|tech/ESA/CXC/STScI

Beam Dump Facility Conventional Beams

Forward Physics Facility LHC — Fixed Target
PBC-A&T
—_— Committee

Accelerator Complex
P Technology

Capabilities
W I
(cpEDM) measurement _ Gamma Factory

Civil Eng., Integration,

Radiation Protection
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Phase 1: 2019 - 2028 => priority to TT20 & NA transfer tunnels
Phase 2: 2029 - 2034 => H2, H4, H6, H8, M2 and K12 beam lines

SPS North Area is at the very heart of
many present and proposed explorations
for BSM Physics R&D ALICE, LHCb Rap “PBC"

NA64NA61
GIF ++ Neutrino
J Platform

Consolidation programme ongoing

A number of proposals requiring higher y /
Intensities in the ECN3 underground —
cavern post-LS3. ' IS

Beam loss/radiation control, beam quality
(reproducibility, spill structure etc.) are
challenging future requirements

Important to identify synergies and implications of a future ECN3 High Intensity programme
on North Area Consolidation
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ECN3 High Intensity Beams e ?Jh

A number of proposals requiring higher intensities (factor 6
to 12 in p/spill — factor 6 to >20 in p.o.t./year) in the ECN3
underground cavern post-LS3:

« High intensity Kaon Experiment (HIKE) with a programme to study
Ultra Rare Kaon decays (e.g. K—mvv™ - BR~10-%) complemented
by the search for visible decays of Feebly-Interacting Particles (FIP)
in Beam Dump mode on-axis

- SHADOWS (Search for Hidden And Dark Objects With the SPS) to
search for FIP visible decays in Beam Dump (BD) mode off-axis.
Running in parallel to HIKE when operated in BD mode

« SHIP (Search for Hidden Particle) proposing a comprehensive
investigation of the Hidden Sector in the O(GeV) domain

« A programme going beyond HL-LHC (~15 years of operation)
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Nov. 2022: Letters of intent submitted to SPSC

Feb. 2023: PBC ECN3 Beam Delivery Task Force delivered document on ‘physics agnostic’
feasibility for high intensity facility in ECN3. Estimated cost: ~65 MCHF from 2023 to 2031

14 MCHF for beam delivery
~50 MCHF for TCC8/ECN3

Feb. 2023: Strong support from SPSC for the High Intensity Upgrade of ECN3.....The SPSC
recognizes that the intensity upgrade of ECN3 opens up unique opportunities for potential high-impact particle physics
programs at CERN. Therefore, the SPSC strongly recommends, in an experiment-agnostic way, the intensity upgrade of

ECNS3....

Mar. 2023: Research Board endorsed launch of preparatory studies for beam delivery upgrade

Mar-May 2023: ECN3 HI well received by SPC
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Draft MTP23 (May 2023):.

* Includes funding for 2023-24 to allow the continuation of the engineering preparation
studies in view of possible upgrade starting in LS3

« Additional allocation for NA-CONS phase 1, and allocation for phase 2 =» commitment
to North Area exploitation in the longer term

CERN-PBC Report-2022-xxxx
author.email@cern.ch

PBC document on ECN3 options post-LS3 to SPSC and Management
In preparation of SPSC Sep 2023. FPF representatives involved to assess
complementarity ECN3/FPF on FIPs and neutrino physics. TR I

Final recommendation/decision on which experiment to host (SPSC &
RB November/December 2023)

Possible start of the TDR phase in 2024
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Credit NASA/JPL*C.a|tech/ESA/CXC/STScI

|

PBC-A&T /
Committee \

Civil Eng., Integration,

Accelerator Complex —
Capabilities /

Charged particle EDM
(cpEDM) measurement
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The precursors.....

CERNCOURIER.COM

NEWS ANALYSIS

NEUTRINOS

First collider neutrinos detected

Since their discovery 67 years ago, neu-
trinos from a range of sources - solar,
atmospheric, reactor, geological, accel-
erator and astrophysical - have provided
ever more powerful probes of nature.
Although neutrinos are also produced
abundantlyin colliders, untilnownoneu-
trinos produced in such a way had been
detected, their presence inferred instead
via missing energy and momentum.

Anew LHC experiment called FASER,
which entered operations at the start
of Run 3 last year, has changed this
picture with the first observation of
cellider neutrinos. Announcing the result
on 19 March at the Rencontres de Mori-
ond, andin a paper submitted to Physical
Review Letters on 24 March, the FASER
collaboration reconstructed 153 candi-
date muon neutrino and antineutrino
interactions in its spectrometer with a
significance of 16 standard deviations
above the background-only hypothesis.
Being consistent with the characteristics
expected from neutrino interactions in
terms of secondary-particle production
and spatial distribution, the results imply
the observation of both neutrinos and
antineutrinos with an incident neutrino
energy significantly above 200 GeV. In
addition, an ongoing analysis of data
from an emulsion/tungsten subdetec-
tor called FASERv revealed a first elec—
tron-neutrino interaction candidate
(see image above).

“FASER has directly observed the
interactions of neutrinos produced at

New source Acandidate high-energyelectron neutrinocharged-
current interactionrecorded by FASERv, with the electron shower
(leftof the image) balanced by several charged particle tracks (right).

a collider for the first time,” explains
co-spokesperson Jamie Boyd of CERN.
“This result shows the detector worked
perfectly in 2022 and opens the door
for many important future studies with
high-energy neutrinos at the LHC.”
The extreme luminosity of proton-pro-
ton collisions at the LHC produces alarge
neutrino flux in the forward direction,
with energies leading to cross-sections
high enough for neutrinos to be detected
using a compact apparatus. FASER is one
of two new forward experiments situated
ateitherside of LHCPoint1to detectneu-
trinos produced in proton-proton colli-
sions in ATLAS. The other, SND@LHC,
alsoreported its firstresults at Moriond.
The team found eight muon-neutrino
candidate events against an expected

W

background of 0.2, with an evaluation
of systematic uncertainties ongoing.

Covering energies between a few
hundred GeV and several TeV, FASER
and SND@LHC narrow the gapbetween
fixed-target and astrophysical neutrinos.
One of the unexplored physics topics to
which they will contribute is the study of
high-energy neutrinos from astrophysi-
cal sources. Since the production mecha-
nism and energy of neutrinos at the LHC
is similar to that of very-high-energy
neutrinos from cosmic-ray collisions
with the atmosphere, FASER and SND@
LHC can be used to precisely estimate this
background. Another application is to
measure and compare the production rate
of all three types of neutrinos, providing
an important test of the Standard Model.

Beyond neutrinos, the two exper-
iments open new searches for feebly
interacting particles and other new
physics. In a separate analysis, FASER
presented first results from a search
for dark photons decaying to an elec-
tron-positron pair. No events were seen
in an almostbackground-free analysis,
yielding new constraints on dark pho-
tons with couplings of 107 to 107 and
masses of between 10 and 100 MeV, in a
region of parameter space motivated by
dark matter.

Further reading

FASER Collab. 2023 arXiv:2303.14185.
FASER Collab. 2023 CERN-FASER-CONF-
2023-001.
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We report the first direct obscrvation of neutrino interactions at a particle eollider experiment
Neutrino candidate events are identified in a 13.6 TeV center-of-mass energy pp collision da

of 35.4fb 'using the active electronic components of the FA: detector at the Large Hadron
Collider. The candidates are required to have a track propagating through the entire length of
the R detector and be consistent with a muon ne
153" 13 neutrino interactions with a significance of 16 standard deviations above the by
hypothesis. These events are consistent with the characteristics expected from neutrino interactions
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Observation of collider muon neutrinos with the SND@LHC experiment
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Quite some progress in the Conceptua| Fluence estimation in FPF cavern
design of the infrastructure: -

1 < -

* No more connection gallery with LHC o

FPF Ventilation System

« Study of vibrations due to civil engineering =
encouraging. Need to evaluate long term
movement of SPS and LHC tunnels

|
|
!
!
|
f

b

 Estimates of muon fluence m AT
: ” s Wik
 RP assessment showing that access should be Py AN
possible during HL-LHC Operation for radiation FoF experimentsmeeting M. Sabate.Gilre _ 30° May2022 < s el 7
workers /,/ S 7
Vi v
=>» construction decoupled from LHC schedule 7 S gt ,V.,;/-;a.,-,m
=> optimization led to estimated cost reduction /4—\\»-/ Ll
4 v 77
it L 8 M7
' "‘ .'.Z e ’/
) 4 T
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Updated technical report = J. Boyd

» Technical system requirements and costs refined

CERN-PBC-NOTE 2023-002

7 March 2023
Jamie.BoydOcern.ch

Update on the FPF Facility technical studies

FPF PBC Working Group:
M. Andreini, G. Arduini, K. Balazs, J. Boyd, R. Bozzi, F. Cerutti, F.

Corsanego, J-P. Corso, L. Elie, A. Infantino, A. Navascues Cornago, J.
Osborne, G. Peon, M. Sabaté Gilarte

CERN, CH-1211 Geneva, Switzerland
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Credit NASA/JPL*C.a|tech/ESA/CXC/STScI

Beam Dump Facility
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Forward Physics Facility \ ST / LHC — Fixed Target
Accelerator Complex
- Technology

Capabilities
icle ED
Charged particle EDM Gan A Aoy

(cpEDM) measurement
Civil Eng., Integration,

Radiation Protection
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L O n g - B a,S el I n e At O m Terrestrial Very-Long-Baseline

Atom Interferometry
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CERN-PBC Report-2023-002

Interferometer @CERN

For mid-frequency gravitational waves and ultra
light Dark Matter detection

» Proof-of-Principle (10m) being built in UK

« Siting of a 100m setup in an LHC shaft (PX46)
investigated in PBC (Integration, RP & general safety,
evaluation of EM interference -RF zone- and seismic
noise /vibrations).

A Long-Baseline Atom Interferometer at CERN:
Conceptual Feasibility Study

G. Arduini*, L. Badurina®, K. Balazs', C. Baynham®, O. Buchmueller’**,
M. Buzio', S. Calatroni*, J.-P. Corso', J. Ellis">*, Ch. Gaignant',
M. Guinchard', T. Hakulinen', R. Hobson’, A. Infantino', D. Lafarge',
R Langlms C. Marcel', J. Mitchell®’, M. Parodi', M. Pentella', D. Valuch',
H. Vincke"

! CERN, ? King’s College London, * Imperial College London, * University of Oxford,
$ University of Cambridge
* Editors

Abstract

We present results from exploratory studies, supported by the Physics Beyond Col-
liders (PBC) Study Group, of the suitability of a CERN site and its infrastructure
for hosting a vertical atom interferometer (AI) with a baseline of about 100 m. We
first review the scientific motivations for such an experiment to search for ultralight
dark matter and measure gravitational waves, and then outline the general technical
requirements for such an atom interferometer. using the AION-100 project as an ex-
ample. We present a possible CERN site in the PX46 access shaft to the Large Hadron
Collider (LHC). including the motivations for this choice and a description of its in-
frastructure. We then assess its compliance with the technical requirements of such
an experiment and what upgrades may be needed. We analyse issues related to the
proximity of the LHC machine and its ancillary hardware and present a preliminary
safety analysis and the required mitigation measures and infrastructure modifications.
In conclusion, we identify primary cost drivers and describe constraints on the exper-
imental installation and operation schedules arising from LHC operation. We find no
technical obstacles: the CERN site is a very promising location for an Al experiment
with a vertical baseline of about 100 m.

* Timeline;

* Feasibility study for CERN implementation completed

h
arXiv:2304.00614v1 [physics.atom-ph] 2 Apr 2023

* Proto-collaboration being set-up

* Possible Lol submission to CERN by beginning 2024 if CERN is
retained as preferred site

Geneva, Switzerland
April 4, 2023
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* Preparations (access, shielding, safety...) could occur during LS3
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« PBC is supporting projects, benefitting from CERN
competence and expertise, in view of the
submission of proposals to the relevant CERN e e e e
Scientific Committees - T

eeeeeeee

yyyyyyyyyyyy

* Those with a potential implementation at CERN
and related to Long Lived Particles and Dark
Matter searches have been presented and their
progress outlined

 The Forward Physics Facility would allow to
further extend the LHC physics reach
enhancing and expanding the potential of its
precursors: FASER and SND@LHC
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