Physics Beyond Colliders annual workshop
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The CERN PBC Study Group:
short overview of past results and current focus

Gianluigi Arduini, Joerg Jaeckel, Gunar Schnell and Claude Vallée

PBC Phases 1 and 2
Phase 1 outcome
Phase 2 achievements
Current focus: this workshop
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https://indico.cern.ch/event/1369776/

PBC Phase 1 (2016-2020) PBC Phase 2 (since 2020)

Mandate: EPPSU recommendations > mandate enhanced with:
“Explore the opportunities offered by the e Increase synergies with cosmology, astroparticle,
CERN accelerator complex and infrastructure to nuclear and atomic physics
address some of today’s outstanding questions e Strengthen collaboration of CERN with large
in particle physics through experiments National Laboratories
complementary to high-energy colliders e Act as central forum of exchanges between theorists
and other initiatives in the world.” and experimentalists

PBC Coordination, 25-27 March 2024 Introduction to CERN PBC annual workshop 2



PBC Phase 1 (2016-2020)

Mandate:

“Explore the opportunities offered by the
CERN accelerator complex and infrastructure to
address some of today’s outstanding questions

in particle physics through experiments
complementary to high-energy colliders
and other initiatives in the world.”

e
BSM physics QCD physics FASER
working group working group \ Ml

eSPS
study

BDF
working group

Proton production
study

NuSTORM
study

EDM
working group

i
AWAKE++

study

Conventional beam Technology LHC FT

. ) Gamma Factory
working group working group

working group study

PBC Phase 2 (since 2020)

EPPSU recommendations > mandate enhanced with:
e Increase synergies with cosmology, astroparticle,
nuclear and atomic physics
e Strengthen collaboration of CERN with large
National Laboratories
e Act as central forum of exchanges between theorists
and experimentalists

]
\ /
s LHC - Fixed Target
PBC-A&T

Beam Dump Facility
Forward Physics Facility
Accelerator Complex
Capabilities

Charged particle EDM

Committee

Civil Eng., Integration,
Radiation Protection

Technology
Gamma Factory

(cpEDM) measurement

~100 core members in the Working Groups

Organisation and follow-up of activities documented on http://pbc.web.cern.ch/


http://pbc.web.cern.ch/

PBC Phase 1 (2016-2020)

Mandate:

“Explore the opportunities offered by the
CERN accelerator complex and infrastructure to
address some of today’s outstanding questions

in particle physics through experiments
complementary to high-energy colliders
and other initiatives in the world.”

Kick-off workshop: September 2016

Annual workshop: November 2017

Annual workshop: January 2019

PBC Phase 2 (since 2020)

EPPSU recommendations > mandate enhanced with:
e Increase synergies with cosmology, astroparticle,
nuclear and atomic physics
e Strengthen collaboration of CERN with large
National Laboratories
e Act as central forum of exchanges between theorists
and experimentalists

Post-EPPSU relaunch workshop: March 2021

Annual workshop: November 2022

+ FIPs workshops in 2020 and 2022

This annual workshop: March 2024
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PBC Phase 1 (2016-2020) PBC Phase 2 (since 2020)

Mandate: EPPSU recommendations > mandate enhanced with:

“Explore the opportunities offered by the e Increase synergies with cosmology, astroparticle,
CERN accelerator complex and infrastructure to nuclear and atomic physics
address some of today’s outstanding questions e Strengthen collaboration of CERN with large

in particle physics through experiments National Laboratories

complementary to high-energy colliders e Act as central forum of exchanges between theorists

and other initiatives in the world.” and experimentalists
Deliverables to EPPSU: All recent reports available on CERN CDS:
PBC Summary Report: arXiv:1902.00260 http://cds.cern.ch/collection/PBC%20Reports?In=en

PBC BSM Report: arXiv:1901.09966
PBC QCD Report: arXiv:1901.04482
PBC Accelerator Reports:
http://cds.cern.ch/collection/PBC%20Reports?In=en
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PBC Phase 1 (2016-2020)

Mandate:

“Explore the opportunities offered by the
CERN accelerator complex and infrastructure to
address some of today’s outstanding questions

in particle physics through experiments
complementary to high-energy colliders
and other initiatives in the world.”

Deliverables to EPPSU:

PBC Summary Report: arXiv:1902.00260
PBC BSM Report: arXiv:1901.09966
PBC QCD Report: arXiv:1901.04482

PBC Accelerator Reports:

http://cds.cern.ch/collection/PBC%20Reports?In=en

PBC Phase 2 (since 2020)

EPPSU recommendations - mandate enhanced with:

Increase synergies with cosmology, astroparticle,
nuclear and atomic physics

Strengthen collaboration of CERN with large
National Laboratories

Act as central forum of exchanges between theorists
and experimentalists

All recent reports available on CERN CDS:
http://cds.cern.ch/collection/PBC%20Reports?In=en

NB: evolution of projects
+ new EPPSU to come
-> now time to again

update the PBC mandate ?
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PBC Phase 1: CERN PROJECTS LANDSCAPE

LHC-FT: SMOGZ2, LHCSpin, 2-Crystals EHN1: NA61++, NAGA++ (e,h)

LHC-LLP:
e Forward: FASER
e Large angle: MATHUSLA, CODEXb, MilliQan

ECN3: NA62-BD, KLEVER, NA60++, DIRAC++

. EHN2: COMPASS++, NA64(p), MUonE

+ BDF/(SHiP, TauFV)

+ Gamma Factory

wy  AWAKE++

3005 L i}
-
o ﬂREﬂHlE East Area
. T

| IRRAD/CHARM |

Non-accelerator: Low Energy:
IAXO (CAST++) Proton EDM ring
JURA (OSQAR++) REDTOP@PS
VMB@CERN LDMX@eSPS
nuSTORM
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PBC Phase 1: global QCD landscape

Structure Functions QCD Phase Transition
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EDM &
non-accelerator
projects cover
the very low-mass +
domain
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PBC Phase 1: global BSM landscape
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Mass of BSM Céffﬁ‘tEBES”ll‘é?bm

Precision &
rare processes
experiments extend
reach of high-E
colliders



A highlight of PBC Phase 1 for EPPSU:
definition and wide acceptation of hidden sector benchmark models
to compare reach of projects under same assumptions
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PBC Phase 1: PROJECTS FATE AFTER EPPSU

LHC-FT: SMOG2, LHCSpin, 2-Crystals EHNL: NAG1++, NAGA++{e) moved to EHN1

\ study cont’d

LHC-LLP: implemented
e Forward: FASER—

e Large angle: MATHUSLA, CODEXb, MilliQan
study cont’d

X

implemented T

ECN3 NA62-BD, KLEVER, NA60++, DIRAC++
study cont’d given up

..EHN2: COMPASS++, NA64(p), MUonE
under SPSC for run 3

+ Gamma Factory

study cont’d + BDF/(SHiP, TauFV)

moved to ECN3, study cont’d

@™ AWAKE++
Accelerator R&D under SPSC, experiment study on hold

Non-accelerator: Low Energy:
IAXO (CAST++) = babylAXO in preparation at DESY Proton EDM ring - study cont’d under Juelich lead

JURA (OSQAR++) = on hold at CERN, REDTOP@PS - redirected to FNAL
a 2"-generation project (ALPS-2) ongoing at DESY LDMX@eSPS - on hold at CERN, LDMX ongoing at SLAC

VMB@CERN - study cont’d nuSTORM - on hold at CERN
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PBC Phase 2: CERN PROJECTS LANDSCAPE AFTER EPPSU

LHC-FT: LHCSpin, 2-Crystals EHN1: NA61++, NA60++, NA64++ (e,h)

LHC-LLP:

 Forward: Forward Physics Facility
(FASER2, FASERNnu, advSND, FORMOSA, FLARE) _-

e Large angle: MATHUSLA, CODEXb, ANUBIS )

ECN3: HIKE/SHADOWS, BDF/SHiP

. EHN2: AMBER-Phase 2, NA64++()

+ Gamma Factory

(PoP@SPS) ) i Novel neutrino beams (ENUBET/NuTag) for SBL&LBL
Nt
2o ' -
b D;%
Non-accelerator: Low Energy:
AION-100 Proton EDM ring

ALPs cavities
Quantum sensors
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PBC Phase 2: CERN PROJECTS LANDSCAPE AFTER EPPSU

LHC-FT: LHCSpin, 2-Crystals EHN1: NA61++, NA60++, NA64++ (e,h)

ECN3: HIKE/SHADOWS, BDF/SD

»ys

LHC-LLP:

 Forward: Forward Physics Facility
(FASER2, FASERNnu, advSND, FORMOSA, FLARE) _-

e Large angle: MATHUSLA, CODEXb, ANUBIS )

. EHN2: AMBER-Phase 2, NA64++()

+ Gamma Factory

(PoP@SPS) ) b Novel neutrino beams (ENUBET/NuTag) for SBL&LBL
Nt
e -
Non-accelerator: Low Energy:
AION-100 Proton EDM ring

ALPs cavities
Quantum sensors
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PBC Phase 2: ECN3 FUTURE

Two years of intensive PBC studies with BDF/SHiP and HIKE/SHADOWS
to prepare the proposals and inform the CERN Committees and Management decision
Comprehensive summary in PBC report: “Post-LS3 Experimental Options in ECN3” arXiv:2310.17726
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PBC Phase 2: ECN3 FUTURE

Two years of intensive PBC studies with BDF/SHiP and HIKE/SHADOWS
to prepare the proposals and inform the CERN Committees and Management decision
Comprehensive summary in PBC report: “Post-LS3 Experimental Options in ECN3” arXiv:2310.17726
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BDF/SHiP proposal endorsed by Research Board on March 6t
Discussions ongoing for inclusion in Medium-Term Plan to be approved by Council

Project now under SPSC review - no presentation at this workshop -


https://arxiv.org/abs/2310.17726

PBC Phase 2: CERN PROJECTS CURRENT LANDSCAPE

LHC-FT: LHCSpin, 2-Crystals EHN1: NA61++, NA60++, NA64++ (e,h)

LHC-LLP:
 Forward: Forward Physics Facility
(FASER2, FASERNnu, advSND, FORMOSA, FLARE) _-

* Large angle: MATHUSLA, CODEXb, ANUBIS . EHN2: AMBER-Phase 2, NA64++(p)

+ Gamma Factory

(PoP@SPS) Novel neutrino beams (ENUBET/NuTag) for SBL&LBL
E] : .

Non-accelerator: Low Energy:

AION-100 Proton EDM ring

ALPs cavities Novel neutrino beams (ENUBET/NuTag) for SBL&LBL

Quantum sensors
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PBC Phase 2: CERN PROJECTS CURRENT LANDSCAPE

LHC-FT: LHCSpin, 2-Crystals

LHC-LLP:

* Forward: Forward Physigs Facility
(FASER2, FASERNu, advSNDWFORMOSA, FLARE)

e Large angle: MATHUSLA, CODEXb, ANUBIS

CMS

+ Gamma Factory
(PoP@SPS)

LHCh

B 1140 TH1
SPS :
12 EEEETTR
= AWAKE\,
HiRadMat AN ATLAS & L
M
[ AD  ELENA
o] I T ISOLDE
2 BOOSTER | o |
C _J - REX/HIE
n-ToF T _
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1) LEIR

Non-accelerator:
AION-100
ALPs cavities

Quantum sensors
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1215PM | -2 00P%  Lunch break @ 1h 45m TOda i A =
A1 | y 503/1-007 - Couneil Chambe
200PM | —300PM LHC-LLP 9 50371001 - Council Chamber
Canvener: Felix Kahiroefer (Unnemsiy of oders)
| z00PM|  ANUBIS: status and next steps  ®15m
Speaker: Michael Revering (Uriverssy of Cambroge (62)
[ 2 20PM|  MATHUSLA: status and prospects for an optimized design @ 15m
Speaker: Cristianc Alpigiani (Usaesiy of Waskingran Seanle)
| Z40PM |  LHCb as a Lifetime Frontier Til - and @15m
Speaker: Maksym Ovehynnikow (Leides Universiy (NL))
0 =
(GRO0PM | - 400PM  LHC-FT Ly 01 - Councll Chambe
Convener: Massimiliann Ferro-Luzzl oern
of el e dipole of unstable particles at the LHC  ®20m
Speaker: Nicola Meri [Lnwerins segh Swei = INFN Midans 1T
| 3:30 PM TWOCRYST: A proof-of-principie for a double-crystal based FT experiment at the LHC & 20m
Speaker Pascal Hermes (CFRN)
4:00 PM 130 P coffee Break © aor
_A30PM |- S00PM LHC-FT 9 5031001 - Eouncil Chamt
Convener: Massimiliano Ferro-Luzzi (cEan)
' 430 PM| LHC-spin proposal: status ~ ©20m
Speaker: Pasquale Di Mezza (INFN « Lssoraton Naionali o Frascatl {IT))
00PM |- 600PM GF @ 503/1:001 - Council Chambe

11:55 AWM

E
i

SSHAM

Forward Physics Facllity (@ LHC: Status of the collaboration and prospects after PS5 @15m

9:50 AM Forward Physics Facility @ LHC: Standard Model physics case @ 20m 9 503

Speaker: Dr Juan Rojo (VU Arsarardam aed Bkhal)

10:20AM | Coffee Break (0 0m
10:50 AM Forward Physics Facility @ LHC: experiment design and impact on infrastructure  ®25m
Speaker: Jamie Boyd (CEA) Q 563/1-007 - Council Thambe
[11:25aM]  Future SND developments  ®20m @ 563/1-001 - Councll Chamber
Speaker: Giovanni Da Lallis (universts Fedenco ||« INFN Sexione o Nepoli (IT))
9 50371-001 - Council Chamber

—~1215PM LHEC-LLP

Convener. Fefix Kahlhoefer (<adsnse Institute of Technology]

11:55 &AM

CODEX-b: status and next steps  ®15m
Speaker Titus Mombacher (cean)

Convener: Yann Dutheil [CERN)

5:00 P

| 530PM|

Progress with the laser system of the Gamma Factory SPS proof of principle  ®20m
Speaker: Eduarde Granados (CERM)

Laser cooling of the SPS lon beams - the Xenon case (& 20m

Speaker: Jonathan Lee Feng (Untersity of Caitfarnia rvina {US)) 9 50371-007 - Council Chambel
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PBC Phase 2: CERN PROJECTS CURRENT LANDSCAPE

Tomorrow

8:45AM | —1215PM North Area @ 503/1-001 - Council Chamber

Convener Gunar Schnell

EHN1: NA61++, NA60++, NA64++ (e,h)

| B45AM | lon beams in the North Area: NAGO++ (®20m
Speaker: Gianhuca Usai (Unrerstn e IFN. Caglan (IT]

: 915 AM lon beams in the North Area: NAGT++ @ 20m

Speaker; Maja Mackowiak-Pawlowska (Warsaw Univeeamy of Technalagy (PLI ~ ~

Q- EHN2: AMBER-Phase 2, NA64++(p)

| 945AM |  Physics p of the NA ion p @20m
Speaker: Tetyana Galatyuk

: 10'15A£| Coffee Break @ =iy

[ 10045 am Status of the feasibility studies: Pb and light ion beams in the accelerators and experimental srea @ 20m
Speaker Heyes Alemany Fernandez (CERK)

| 1115 AM Menltored and tagged neutrine beam (ENUBET/NuTag) ®20m

Speaker: Francesco Terranova (Univesia & INFN, Misno-Bisosa (IT1)
[ 11:454M ]  Beam fine designs for ENUBET/NuTag @ 20m ‘

Speaker: Marc Andre Jebrameik (CEAN) LHCh

Novel nettrino beams (ENUBET/NuTag) for SBL&LBL

_IZI5PM | - 200FM  Lunch Break @ 1h45m [
Al
Z00PM | - 330PM  North Area % 50371-007 - Council Chamber
Convener. Johannes Bemhard (CEAN)
ZOOPM |  MAG4 programme postLS3  @20m
Speaker. Paclo Crivelli (ETH Zunch (CH))
2:30 PM AMBER t1L53 @20 ~ b
programme pos i
; " lllR&DfCHﬁRM ]
Speaker: Dr Bjorn Seitz (Unversiy of Glesgow (5B [ ] i
F00PM | Beam options st the M2 beam line  ®20m - ®) CLEAR
Speaker: Fabian Metzger (CERM HISHE Uriversity of Sarn (DE]]

3:30PM | 4.00 P

st il Low Energy:

4:00PM | - 500PM AD © 503/1-001 - Council Chamber

Convener: Gianluigi Arcduini (CERH)

5:00PM | 530PM ISOLDE

5.00 PM

PBCI~

| 4:00 PM AD/ELENA facility: status and prospects (& 20m
Speaker: Davide Gamba (CERN)
| 430eM|  Mew physics proposals at the AD @ 20m

Speaker: Prof. Stefan Ulmer {remaote) |l Busselded / RIKEN)

Convener Gianluigi Arduini (CERN)

Beyond Standard Model Experiments at ISOLDE ~ ®20m
Speaker. Magdakena Kowalska (CERN)

Chamber

Proton EDM ring

CERN PBC annual workshop

18



PBC Phase 2: CERN PROJECTS CURRENT LANDSCAPE

LHC-FT: LHCSpin, 2-Crystals EHN1: NA61++, NA60++, NA64++ (e,h)

LHC-LLP:
* Forward: Forward Physics Facility
(FASER2, FASERNu, advSND, FORMOSA, FLARE)

* Large angle: MATHUSLA, CODEXb, ANUBIS . EHN2: AMBER-Phase 2, NA64++(p)

+ Gamma Factory

(PoP@SPS) Novel neutrino beams (ENUBET/NuTag) for SBL&LBL

Wednesday
—-IW:JI}AM ~+1230PM TECH 9 503/1-001 - Council Chamber

Convener: Sergio Calatroni (CERN)

10:30 AM Technology WG activities: status and plans  ®20m
Speaker: Sergio Calatroni (CERN)

11:00AM |  Status of AION-10 and future prospects @ 20m
Speaker: Oliver Buchmuller (lmpenal Coliege (GH))

Non-accelerator: e e e s
A|ON-100 TZO00PM ) Axion seawngs: FU.\SH ®15m . .
ALPs cavities >
@ - Z00FM Lunch Break O
Quantum sensors
_?.Tﬂ—I -~ 230PM TECH 9 503/1-007 - Council Chamber

Convener: Sergio Calatroni (CERN|

[ 200PM|  Axion " yne D ®z20m
Speaker: Raffaele D'Agnolo (CEA IPnT Saciay)

PBC Coordination, 25-27 March 2024 Introduction to CERN Fl




PBC Phase 2: CERN PROJECTS CURRENT LANDSCAPE

LHC-FT: LHCSpin, 2-Cr

LHC-LLP:
e Forward: Forward P

(FASER2, FASERNuU,
e Large angle: MATH

+ Gamma Factory
(PoP@SPS)

Non-accelerator:
AION-100

|

2:30PM |-+ 320 PM

4:50PM | - 5:40 PM

ALPs cavities
Quantum sensors

PBC Coordination, 25-27 Marcl

< 10:00 AM  Future prospects

Wednesday

Q 503/1-001 1
Convener: Yannis Papaphilippou (CERN)
9:00AM |  Performance of the injectors after LIU: status and prospects  ®20m
Speaker: Tirsi Prebibaj (CERN)
_930AM|  The FCC-ee injector scheme  ®20m
Speaker: Hannes Bartosik (CERN)
New Ideas 9 503/1-001
Convener: Joerg Jaeckel (institut fuer theorensche Physik Heidelberg University)
| 230 PM ement of the gravitational field of the LHC beam (®20m
Speaker: Prof. Daniel Braun
3.00PM| FAMU Q@15m
Speaket Maurizio Bonesini (Universita & INFN, Milano-Bicocca (IT))
‘M Coffee Break & 10m
General Overview Q 503/1-001
Convener: Joerg Jaeckel (institut fuer theoretische Physik, Heidelberg University)
3.50 PM Outcome of P5 and implications for PBC projects (®20m
Speaker: Philip Schuster
420PM| PBC BSM physics vision ®20m
Speaker: Felix Kahlhoefer (Karlsrune Institute of Technalogy)
Closing 9 50
Conveners: Gianluigi Arduini (CERN), Joerg Jaeckel (Instiwt fuer theoretische Physik, Heidelberg Unvarsity), Gunar Schnell,
Claude Vallee (Centre de Physigue des Particules de Marseilie)
| 450 PM | Wrap-up and closing remarks  ®20m
Speakers: Claude Vallee (Centre de Physique des Particules de Marsedle), Gianluigi Arduini (CERN), Gunar Schnell, Joerg Jaeckel
(ITP Heidelberg)
| 510PM | Disc ®30m

J (e,h)

R-Phase 2, NA64++(l)

ET/NuTag) for SBL&LBL

20




We meet altogether this evening at 18:00 for a drink!

... and do not forget:

6:00 PM I - 7230 PM Welcome Drink & 1h 30m

PBC Coordination, 25-27 March 2024
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A big thank to all of you

for years of exciting exchanges around so many nice projects!

1L '
HAVE A NICE WORKSHOP!
o W
M

i " I’ ..I'
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