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A simple model of dark sector
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= “Effective” charge of the “dark sector” particle 2as Q =e X &
(if momentum scale g > my, ). At q < my one can say that

particle %has a non-vanishing EM charge radius? & 6#m,,”

* Dark photon can “communicate” interaction between SM and
dark matter. Very light %acan be possible.
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= Scalar dark matter talking to the SM via a “dark photon”
(variants: L, -Liy, €tc gauge bosons). With 2mpy; < Myegiator

1 1 $
L = |Du#|°# m?|#|* # zVuz" + Qm\Z/VuZ# A

* Fermionic dark matter talking to the SM via a “dark scalar” that
mixes with the Higgs. With mpy; > mpegiator

. 1 1
L = #(i%& # m )# + ' ##S+ é(0/98)2# émgszafqt AS(H H)

After EW symmetry breaking S (“dark Higgs”) mixes with
physical h, and can be light and weakly coupled provided that

coupling A 1s small.

Take away point: with lots of investment in searching for DM with
masses > GeV, models with sGleVV DM can be a blind spot. 7



Physics Beyond Colliders and its mission

» an exploratory study aimed at exploiting the full scientific
potential of CERN's accelerator complex and its scientific
infrastructure through projects complementary to the LHC,
HL-LHC and other possible future colliders. These projects
would target fundamental physics questions that are
similar in spirit to those addressed by high-energy
colliders, but that require different types of beams and
experiments’
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Benchmark Cases (PBC, 2016-2020) Experimental proposals, mostly CERN
1. Dark photon ™ | SHiP Beam Dump

2. Dark photon + light dark matter § I NA62+ Flavour, possible BD
3. Millicharged particles = I FASER LHC add-on
4. Singlet scalar mixed with Higgs a I MATHUSLA large LHC add-on
5. Quartic-dominated singlet scalar iQ ' Codex-B LHC add-on
6. HNL, e-flavour dominance 4_!-ﬁ/lilliQan LHC add-on
7. HNL, u-flavour dominance 0 I NA64 missing momentum
8. HNL, !-flavour dominance ' ' KLEVER flavour

9. ALPs, coupling to photons ' REDTOP fixed target
10. ALPs, coupling to fermion 2'::\ I IAXO axion exp

11. ALPs, coupling to gluons O ALPs-II axion exp
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N Physics . .
“Beyond FIP Theory motivations

Colliders

Strong CP problem DM with thermal
ultra-light DM origin (MeV-GeV)
(axions/ALPs) "H#$%&'()*)+,-&"#$% &.[HO#S,-&
123,4

Origin of neutrino
EW symmetry
masses and oscillations
breaking

" (HNLs)
(dark scalars) I #$

Matter-antimatter

Asymmetry Hierarchy
(HNLs, dark scalars, of scales
dark photon) (Dark scalars)
Flavor puzzle Inflation
1123,4 ISH$%&, HO#S,4
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Elastic Scalar Dark Matter
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Worldwide landscape:

If the DM is Elastic Scalar - Accelerator-based:

the annihilation via vector

LDMX,...

mediator is in p-wave and SuperCDMS

\ Z . .
i L .\/.T - Direct Detection:

the CMB bound is evaded 10515

1 10 107 1
m, [MeV] Major Labs involved7

CERN, KEK, JLAB,
FNAL, SLAC,
SNOLAB, Gran Sasso,...

Belle-11, BDX, SBND, MiniBooNE,

CRESST-II, SuperCDMS, SENSEI..
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Connection to experiments
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.. And many more to come...
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FPC steering group

- Martin Bauer (Durham U., UK) theorist, main interest: axions/ultra light bosons

- James Beacham (Duke U., US) experimentalist, ATLAS, convener LLP@LHC WG, connection to the LHC

- Albert De Roeck (CERN) experimentalist, CMS, convener LLP@LHC WG, connection to LHC &US neutrino community

- Marco Drewes (Louvain U., B) theorist, main interest: HNLs

- Maurizio Giannotti (Barry U., US) theorist, main interest: FIPs in stellar evolution.

- Gian Francesco Giudice (CERN) head of CERN Theory department and CERN representative for EuCAPT;

- Stefania Gori: (California U.) theorist, Convener of the RF6 (Dark sector at high intensity) Snowmass WG;

- Pilar Hernandez (Valencia, ES): theorist, main field: heavy neutral leptons, but she is very broad;

- Igor Irastorza (Zaragoza, ES) experimentalist, [AXO spokesperson, connection to axion experiments

- Joerg Jaeckel (Heidelberg, D) theorist, main interest: axions. Convener of CF2 in Snowmass (wavelike DM)

- Felix Kahlhoefer (Aachen U., D) theorist, main interest: axions/ALPs

- Gordan Krnjaic (FNAL & Chicago U., US): theorist, FNAL: main interest: light DM and related models.

- Gaia Lanfranchi (INFN, IT): experimentalist, FIPs (@ extracted beam lines

- Jacobo Lopez-Pavon (Valencia U., ES) theorist, main interest: HNLs

- Jocelyn Monroe (Royal Halloway U, London, UK) experimentalist, connection to DM direct detection community.

- Silvia Pascoli (Bologna U., IT) theorist, main interest: neutrinos & HNLs. APPEC deputy chair and EuCAPT.

- Maxim Pospelov (Minneapolis U. & Perimeter 1.): theorist: wide range of FIPs

- Joshua Ruderman (NYU, US) theorist, main interest: astroparticle

- Philip Schuster (SLAC, US) theorist. Main interest: light DM and related mediators, connection to US extracted beams

- Mikhail Shaposhnikov (EPFL, CH) theorist: worldwide reference for HNLs.

- Jessie Shelton (Urbana U., US): theorist, main interest: astroparticle. I"#$%#$&S () (*+$&",-"./0"$1%$H*2$' (&

- Yevgeni Stadnik (Tokyo U., JP) theorist, main interest: ultra-light FIPs #$3)($4"(,"56."%78&*9& |
Stefan Ulmer (Riken, JP), experimentalist (AD), connection to ultra-low FIPs )

Y151/":607+">(7 J412(.-& (T+'3+ . L'/ .PI-+9S %, #%3/*>/1))




FPC activities

" #$%&()*  +,-./01/%(2/3)45
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I -#,$)1<'6#'&234&69)'6-)$4+'#6=*+"*.64+-464+'>6-#'6%#$?2*'?62&1) @64+'6&-,'6-
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- develop/propose/improve benchmarks starting from (as much as possible) complete models;
- define, within a given benchmark, connections with ( and bounds from) neighboring fields:
I "#$5%&'()' )+ 1, *+'-*/"&.'0&'011*"*-0&2-'3.'4#-*1&'4*&* 1 &BZ5B'
| 0.8&-202.:2 :2/54.8
| ["&-0"#$%&'<=>.8
' 01&#3*'5*/&-#52'7%"? #1.
8" 9+5+%14-
- Follow closely experimental and theory advances. Report at the meetings.
- Organize seminars on “hot topics” related to FIPs physics.
- Keep connections with neighboring communities/efforts (eg: EuCAPT).
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“Non-particle” experiments become a
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.. And many more to come... S
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