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Motivations

Theory intro in Susanne’s talk today

LLPs in current LHC experiments in Daniele’s talk on Wednesday

Very LLP @ IPA


https://indico.cern.ch/event/837621/contributions/4988999/
https://indico.cern.ch/event/837621/contributions/4988845/

Long-Lived Particles Lifetime

The particle lifetime is a free parameter in the model Need to adapt the
® |tis sampled from an exponential search strategyl

e Detector signature strongly depend on boost/mass of the LLP
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Most of the decays happen inside Most of the decays happen
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LLP Lifetime: Any Limit? arXiv:1706.01920

The lifetime of a metastable particle can be limited by cosmology, in particular by the Big Bang
Nucleosynthesis (BBN)

e BBN very well understood within the SM physics and well constrained

o Happened between ~10 s - 15 mins after the Big Bang

e LLP lifetime should be smaller or n/p ratio should have been increased by
mesonic and nucleonic LLP decays spoiling the final light nuclei abundances

e Possible constraint studied on a scalar model coupled s

5 [sec] |. ' ' ' ' ' ' '
through Higgs portal (h—ss) , [ peat — |

e Br = 0.001

o Form <2m — lifetime cangoupto1s .N
o For2m <m_<m /2 — lifetime<0.1s o\
{5 S 01 | -

e Conclusions do not depend strongly on BR(h — ss)

D-E:K-mediated
np conversion "

0.03

Very LLP @ IPA


https://arxiv.org/abs/1706.01920

LLP Geometrical Acceptance

What shapes the sensitivity
versus lifetime?

1 £
P=— d) f dL —e
4 Jpq i

L, - L, = detector length

d = average LLP decay
length

B(H—ss)

107

ATLAS Prellémary(March 2022) 13TeV 36 139,fb

T TTTTI

WTOMPL s

d

diaauias adwiod
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e Good solid angle coverage — lifetime independent

Culorlmeters und
muon system

L1iiing s

r A [ =

ct[m]

e Sensitivity to smaller lifetimes — need high efficiency close to the IP

e Sensitivity to larger lifetimes — need longer detector

Very LLP @ IPA

LLP Summary Plots

Hidden Sector, m, = 125 GeV
Selected ATLAS results
95% CL observed limits

Contributing searches:

Muon System (2 Vix Only), 139 fb™
arXiv:2203.00587
Muon System (1 Vix + 2 Vix), 36 fb™
Phys. Rev. D 99 (2019) 052005
Calorimeter, 139 fb™"
arXiv:2203.01009
Tracker+Muon System, 36 fb ™!
Phys. Rev. D 101 (2020) 052013
Tracker (LRT), 139 fb™
JHEP 11 (2021) 229

e Tracker (b-tag), 36 fb™
JHEP 10 (2018) 031,
Monojet, 139 fb™"
ATL-PHYS-PUB-2021-020

m H- inv, 7-8-13 TeV combination
ATLAS-CONF-2020-052

LLP masses:
Psscev [ i520Gev 12535 Gev

40Gev [Jessocev JJany


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/

LLP Challenges @ Colliders

LHC detectors are optimised to detect prompt SM particles

ATLAS Simulation

e BSM particles can produce final states that E e i NE B e
might be very difficult to study due to O aaliestadie Li s
complicated backgrounds : : b -

o Instrumental backgrounds
o Large QCD jet production =
400
o Material interaction . arXiv. 1707.02826
o  Pile-up problems o— : st. PR I L

o Beam induced background oo

e Needto develop

o Dedicated triggers

& CUStom reconStrUCtlon ObjeCts at z=22.6 m [arXiv:1810.04450]

o Very robust background modelling and rejection

it 10 n ber
K Hadronic Taraid >
AL T Calorimet Magnet Coll
o e i Endcap Muon
b=y B AT Chambers
e TR AR T 10° \ InAGK
-1 0 1 2 3 4 . Detector
muons (E>20 GeV) entering ATLAS
Toroid Electromagnetic
Magnet Calorimeters
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https://arxiv.org/abs/1810.04450
https://doi.org/10.48550/arXiv.1707.02826

The Proposed LLP Detectors @ LHC

Big variety of complementary detectors

\ gpgne

> (ATIAS,CMS LHCL)
D
O
=
[\L 7
?\ 7
o O R
CERN /W\P‘Q - W o
— i ALICE = ot
MATHUsLA  LHCb = g (C \»\\i\\)
CMS ildal¥ >
V¢
-
LIFEMME 5

Allow to cover a big range of lifetimes up

to BBN limit, couplings, masses, decay
modes
Very LLP @ IPA


http://antimattermatters.s3-website-eu-west-1.amazonaws.com/lhc.html
http://antimattermatters.s3-website-eu-west-1.amazonaws.com/lhc.html

Transverse
Neutral LLP detectors

Very LLP @ IPA



MATHUSLA MARSA

arXiv:2005.02018 (Test stand)
arXiv:2009.01693 (update Lol)
arXiv:2203.08126 (Snowmass22)

Dedicated detector sensitive to neutral LLP with lifetime up to BBN

e Proposed a large area surface detector located above CMS

o Robust tracking + excellent background rejection

o  Floor detectors to reject interactions occurring near the surface

o Extruded scintillators + SiPMs (good time/space resolution)

e Cosmicy rate of about 1.7 MHz and 10 Hz LHC y rejected with timing
e LHC neutrinos: expected 0.1 events from high-E neutrinos (W, Z, top, b),
~1 events from low-E neutrinos (z/K) over the entire HL-LHC run

e Upward atmospheric neutrinos (70 evts/y above 300 MeV)
“decaying” to low momentum proton

> Bottom plane

x;:;m)

e Advantages: sensitive to very long lifetimes, almost fully
shielded from IP background, can do interesting cosmic ray studies

e Drawback: big detector, need to excavate 20 m (which increases the cost)
Very LLP @ IPA 10


https://arxiv.org/abs/2005.02018
https://arxiv.org/abs/2009.01693
https://arxiv.org/abs/2203.08126

MATHUSLA - Status

Extruded scintillator bars with wavelength shifting fibers coupled

to SiPM (tested extrusion facilities - Fermilab and Uniplast)
e Critical features of the detector design

o Separates downwards from upwards going tracks

o Reject low beta particles from neutrino QIS

— Need ~1 ns with >15 photoelectrons

2.00

—— BCFfit: 22 e o

- BCFO2/BCF9929A Timing measurement for a 5 m long fiber through a
YS-4M] fit: 22 Q .

. Ysam 1 x 4 cm? extrusion located at the center of the fiber

— Y-11fit: 3%

* Y11

1.75

—-
Ul
(=)

—
N
w

4
9
3

< e Timing resolution of ~0.54 ns (i.e. 9 cm RMS position resolution) well
.7 2 within MATHUSLA requirement. Worst case light-yield was 29 PE

Timing Resolution (ns)
'O —
w =)
=) IS)

0.25

0'000 10 20 30 40 50

min PE e Finalising first design of detector layout, DAQ
and trigger

e Conceptual Design Report to be published soon
Very LLP @ IPA 11



arXiv:1909.13022 (proposal)

ANUBIS J“\ Conceptually similar to MATHUSLA

AN Underground Belayed In-Shaft: i.e. instrumenting the
ATLAS shaft with tracking detector for HL-LHC

4 stations of RPCs for tracking (2 triplet each)
Timing to reject cosmic rays

Can be combined with ATLAS information as veto and
background estimation

Assuming background similar to the LLP searches in ATLAS
muon system (need 4-50 events for evidence)

Advantages

o  Solid angle comparable to MATHUSLA

o Upto 103 better sensitivity wrt current/approved future experiments
for neutral LLPs with c1 2 102 m

0  Moderate costs: O(10) MCHF

Tracking Station 2

18 m

Drawbacks s s
o Basically no shielding: need a very good understanding and modelling of background from the IP

Very LLP @ IPA 12


https://doi.org/10.48550/arXiv.1909.13022

More details in h dh
e o

Currently building a 1.8 x 1 x 1 m? prototype to measure the flux and correlated to ATLAS during Run 3

e 2022 target o—

o Commissioning, study tracking
performance, synchronisation
with ATLAS

o Rate of secondaries from hadrons
interacting with concrete,
probability to see hadrons from

punch-through jets e
e 2023 target F

o Continue 2022 studies + measure
rate of K, n in events with jets
pointing towards proANUBIS

proANUBIS

o Validation of Geant4 simulation

e Some sensitivity to NP? l.e. charged massive particles with = 1 (not small enough to be seen by ATLAS)
Very LLP @ IPA 13


https://indico.cern.ch/event/1128662/timetable/#59-physics-case-for-the-proanu
https://indico.cern.ch/event/1128662/timetable/#60-simulation-studies-into-the

arXiv:1911.00481 (proposal)

CODEX o b ¢ OD EX-b arXiv:2203.07316 (Snowmass22)
—

Conceptually similar to MATHUSLA
COmpact Detector for EXotics at LHCb (theoretically well-motivated <O(10 GeV) LLP)

e |HCb DAQ system moved N — | LHC beam line
to the surface during LS2 '

e Free space behinda3 m
thick concrete radiation e

shield in UXA cavern o ,HW 2 l” | —
(~25m from IP) W PSR mE NS ==
The “box : ==.—°C :sul : Ly
‘W e o G .
RPC/scintillators 0\ 2l ey I.”i_l ], q P =
o AdVaNtages cisy e —————— S L/ o/, fo, - [
interface with LHCb Extended decay volume (muon i MR LG
> shadow) for pp final state s i |
e Disadvantages: ~1/100 T i - I
|
MATHUSLA sensitivity shield veto I
UXA shield

P8 |

Very LLP @ IPA 14



https://arxiv.org/abs/1911.00481
https://arxiv.org/abs/2203.07316

CODEX-b - Status

A small demonstrator detector 2 x 2 x 2 m*> made or RPC triplets
will be installed in the old LHCb HLT server room

e Main goals
o Test tracking technology and integration with LHCb

o Demonstrate the ability to reconstruct SM background
inside the detector

o  Prove the mechanical structure and its scalability to the main
detector

o  Optimise the detector shape and tracking layout

m Considering also possible different
geometry/orientation/position

e The tracking layer surface area is the main driver of
costs and installation time

e Module production should start by the end of this year

150 panels: rel. eff. ~ 40 — 80% 250 panels: rel. eff. ~ 50 —90%

Very LLP @ IPA R RIS el 5



https://indico.cern.ch/event/1128662/contributions/4891785/

arXiv:1810.03636 (proposal)
AL3X Conceptually similar to MATHUSLA

A Laboratory for Long-Lived eXotics

® Reconfigure ALICE detector and its collision point at HL-LHC for dedicated LLP search
® 1/10 MATHUSLA sensitivity at long lifetimes, MUCH BETTER at short lifetimes

® Requires s (Eiffel Tower) D1 and D3 scintillators to veto .
worth of shielding charged particles from IP 404 tun3gSten shield
significant upgrqd:as to D2 and D4 scintillators to trigger (~40 m*or 750 tons)

. tgoing ch d track
beam optics on outgoing charged tracks 4.95m
. ?I!!IIIIII.III_._!_I__I_
\ | .'7S o ! - : a . ;
- Beamline

plousjos £
n'-—- L

ALICE IP moved of 11.2 m

Approx.
ALICE TPC for to scale

tracking and dE/dx

Very LLP @ IPA


https://arxiv.org/abs/1810.03636

e, e, 0 @ ANUBIS ANUBIS
(Some) Sensitivities
sensitivity for masses T s ATLAS ~-=-- CODEX-b
>5 GeV and long LT 366" g)gwxw :3’300&71
| e MATHUSLA ===~ DEX-
Codex-b complementary to — i 1 B 20x10x10 m*, 1ab~!
. . ™ s & | E 9 g
AL3X complementary MATHUSLA at shorter lifetimes, B -t : | ‘ 1
. H | 10‘ L L
for smaller masses but not quite same BR / y n 1
{ 1072}
3 10-! ISRy ./ SRSy e L T
; =y 3 | = 107
| = 1072 ¢ ‘ | @ 10t
| < : 10
B \rd |
“} :_% 10_3 ‘ ’ | : | 1
« ATLAS 2DV ATLAS 1DV| | =
\ ‘ A" — CODEX-h TR O SRy ATLAS 2DV | | L@ 107 ;
AL3X (100 1) \ — CODEX-b T 00 :
MATHUSLA (200) | & ., 3
S 1 ' ﬁE 107+ |
103 10! 107 105 | BT {
| |
i '1 ‘ f
T ——— ‘ : E / / < |
‘j o 107 T T T R | ’ L
‘i ‘E 1074 RedTop, 10" |po »z k‘:clb(:“ Belle { |
| g |
f 1076 Z LHCb |
| 3 |
i 1 0_7 If).’:e’d‘ ;n E949 data) Vi ‘l
; 108 —— f
| 107° = KLEVER, 5x10” pot ‘
| 10710 SN1987a
- 107104 10 5
; arXiv:2001.04750 ! | 1o i
I (s - | : R ] :_ ANUBIS close to MATHUSLA
| 10—1 100 | 10713 — MATHUSLA @ CMS . )
i G & N D = - in BR, shifted toward smaller
| my [GeV] = SM4S 107! 1 " V;() ;‘ LT (closer to IP)
| mg (Ge i
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https://arxiv.org/abs/2001.04750

Very LLP @ IPA

Transverse
Charged LLP detectors
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Moedal

MoEDAL

Moedal (PhysRevlLett.126.071801, PhysRevlLett.123.021802)

Experiment located in the LHCb cavern looking for highly ionizing particles,
magnetic monopoles, pseudo-stable charged particles

e It uses magnetic monopole traps and nuclear track detectors

e Future plans

o  MAPP (in Run 3) to detect millicharged particle (0.001 e)

o  MALL to detect charged very LLP

| LA W W T A U |

| MoEDAL

MoEDAL

102

o [fb]

~ \ 95%CL, 19,
\ -@- 1e,spin0

- 10 e, spin 0 —_

-~ 1 e, spin 1/2 .

~¥- 10 e, spin 1/2

== 1e, spin1

- FO e, spin 1

e
Vs=13TeV, 6.46 b

[ PR ST T O W AN SN WO 1 VU1 L
0 1000 2000 3000
Mass [GeV]

VR VI S e e e ) E (e
4000 5000

o [fb]

10

10°

102

T 17T

E MoEDAL

WTTHHW T TTT1T

T TIHH]

T

Vs=13TeV, 6.46 fb”
MoEDAL

95% CL, 1 9, Looy
-®- 150 e,spin0 —
< 175e,8pin0 —

~¥- 150 e, spin 1/2 -

~¥= 175 e, spin 12 ----

-4~ 150 e, spin 1 .

-+ 175, lplr:1 e
L

PSS TSy [ ) [ Gy Lo | \ T\ W B L P B T
1000 2000 3000 4000 5000 6000
Mass [GeV]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.071801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.021802

THE

Milligan LLIQAN >

Milligan (Lol, arXiv:1607.04669, Run 3 updates arXiv:2104.07151) ° a e
Experiment to detect “milli-charged” particles (0.3-0.001e) with O(GeV) masses produced | S I”"‘
by pp collisions at CMS 4

e 17 mrock shielding, 1x1x3 m? plastic scintillator array + high-gain PMTs with long axis pointing to CMS IP

e Small prototype (~1% size) took data in 2018 (and confirmed background expectation)
e Two Run 3 detectors - | milliQan

Demonstrator upgrade: |
more bkg studies - 107

demonstrator
(37.5/fb)

Qle

R

1072

40x60x5 cm scintillator slabs

!~~~ #7 = Run 3 slab (200/fb)
/

\"‘ ‘ | — s == = HL-LHC slab (3000/fb)
\ ; B —— Run 3 bar (200/fb)
‘; | SLAC Mi||iQ == = HL-LHC bar (3000/fb)
- - 2016 milliQan LOI (3000/fb)
5 Scintillator

l ’ slab ‘ 1073 4 o 160 — 1(')1 1(')2
Very LLP @ IPA |27 i mass [GeV]

R S B S e R

— help improving sensitivity for
bigger and to further reject bkg



https://arxiv.org/abs/1607.04669
https://arxiv.org/abs/2104.07151

FASER: see Monicad's talk

Very LLP @ IPA

Forward LLP
detectors
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https://indico.cern.ch/event/837621/contributions/4989054/

arXiv:2201.00019 (proposal)

FACET

4 Forward Aperture CMS ExTension: FACET
% | s SCHEMATIC (provisional dimensions — Scale 20:1)
Forward- Aperture CMS ExTension - oresoom -tsem ¢ s
=50cm el =12.5cm
3 ) : R=10.6CM picvind Thin window : Fe TOROID |
e Replace 18 m long section of the LHC beam pipe on one side . WP inindow_| R
: ; : - ! 3 y Additiona & g2 = |£ 2 =
of the interaction region with a circular pipe of 50 cm radius Shielding : // LHC VACUUM N SHEH || E 4
= DECAY VOLUME o & s &
1. Additional shielding placed upstream of the first detector BEAMS -
hodoscope (made of radiation-hard quartz pads) aaavors we_ + *gg g ’i"lllx §g
Shielding 8 - = 5e = E E =
.. . v . 2 NEG LINER 5 =
2. Silicon trackers + timing and calorimeters (as CMS I 18 m ' 3m  2m o052m 05
Phase-2 upgrade) to measure the LLP decay products yedotm .. e B
3. Irontoroid (1.75 T) with additional silicon trackings
Dark Photons ALPs (W dominance) 10-2 Dark Higgs

-3
10 1073

"""""""""""""""""""""" 1073 LHCb B°
1074 10-*
W P~ WM O BRFAa
o =
g o
£ 105 1 ®
X 2 10-5
s ] 107 ez YR Tl N g
o = s
.5 10-6 S MATHUSLA ™%~

._.
2
&

—— FASER-2

1077 —— FACET, B(H-¢$)=2.5%
--—- FASER-2, B(H-¢$)=2.5%

1077

-8
10 1071 10° 10+ 100 10° 10!
Dark Photon Mass mu [GeV] ALP m, [GeV] Dark Higgs Mass mj [GeV]

SRR GOSN SRR WSS R IR R R eI P e S SRR BRI SO
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https://arxiv.org/abs/2201.00019

Some Other New

Ideas

23
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JHEPO? (2022) 069

LHC Detector Array for LLP

Use the ATLAS detector (biggest muon system) to detect di-u LLP decays from other detectors

CMS

® Main backgrounds from

o  Cosmic muons [ bkg from collisions (removed using directional
information)

o Radioactive environment (removed: muon pt > 1 GeV)

o High energy muons from LHCb/ALICE, neutrino conversion (expected to Q Nl

LHCb

be negligible) Pre
+ -—
—~ Wy — ATLAS/CMS (300/fb) vs LHCb (15/fb), 95% CL
3 s T i | s=14TeV g 10 (89075) Jo LHED (75100, 92
Qo ; : m,=5GeV <N, >~8 1 = \2 Tri-muon trigdgr, \\ 2 [ o
3 : | —— m,=0.3GeV <N, >~20| 500fb o 2 DLJ, rescaled 2
- L do— 200GeV
T : - me03ceV N >-40] Mz = 00Ge i
c g $ v — 3 T T
§ i i\ T) 1000\ Tri-muon trigger, \\“ //’
E g f 3 3 DLJ, bg free \5’/
X g “ 5’
] : = p
N 1 100
i N 10
1 : =
% - m o <va) = 30
0 g : x (Nu,)/(Ny,) =3
Z s o 1
: I i %] ’ mz, =200GeV Mu,y, = 0.3GeV
1'0 i i = L 0.001 0.010 0.100 1 10 100
ct(m) Proper Decay Length of wy [cm]

Very LLP @ IPA D'ﬁere”t B [E0EE From Phus Rev D 97 095033

24


https://link.springer.com/article/10.1007/JHEP02(2022)069
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.095033

Very LLP @ IPA

LLP in Cosmic Rays

LLP with masses ~GeV can be produced in hadron decays

Many theoretical discussions
arXiv:1906.09064
arXiv:1910.12839
arXiv:1806.03063

Possibly produced in a cosmic ray showers even without
Tev_ SCca l_e me d |Ot0 r Observation of an Unusual Upward-going Cosmic-ray-like Event in the Third Flight of ANITA

P. W. Gorham,' B. Rotter,' P. Allison,? O. Banerjee,” L. Batten,’ J. J. Beatty,? K. Bechtol,* K. Belov,’
11 D. Z. Besson,®” W. R. Binns,® V. Bugaev,® P. Cao,’ C. C. Chen,'? C. H. Chen,'? P. Chen,'® J. M. Clem,’
LLP flux n eed to b e q u a ntlfl ed -FO r eve rU m Od el' A. Ccvnnolly,2 L. Cremonesi,? B. Dailey,2 C. Deaconu,* P. F. Dowkontt,® B. D. Fox,! J. W. H. Gordon,?
C. Hast,!! B. Hill,! K. Hughes,? J. J. Huang,'” R. Hupe,2 M. H. Israel,® A. Javaid, J. Lam,'2 K. M. Liewer,
1 1 1 1 S. Y. Lin,'® T.C. Liu,'® A. Ludwig,* L. Macchiarulo,' S. Matsuno,' C. Miki,' K. Mulrey,” J. Nam,'° C. J. Naudet,’
COS mic ra U ﬁ'O ma u d ire Ctl ons can co nt” b Ute R. J. Nichol,? A. Novikov,% E. Oberla,* M. Olmedo,' R. Prechelt,! S. Prohira,® B. F. Rauch,® J. M. Roberts,!
A. Romero-Wolf,? J. W. Russell,! D. Saltzberg,'? D. Seckel,’ H. Schoorlemmer,' J. Shiao,'® S. Stafford,?
J. Stockham,® M. Stockham,® B. Strutt,'> G. S. Varner,' A. G. Vieregg,* S. H. Wang,'? and S. A. Wissel'?

'Dept. of Physics and Astronomy, Univ. of Hawaii, Manoa, HI 96822.
zDept. of Physics, Center for Cosmology and AstroParticle Physics, Ohio State Univ., Columbus, OH 43210.

In principle no detector
. A 3Dept. of Physics and Astronomy, University College London, London, United Kingdom.
n e C e s S O r g a n d d e d I C G te d ‘ m——— / “4Dept. of Physics, Enrico Fermi Institute, Kavli Institute for Cosmological Physics, Univ. of Chicago , Chicago IL 60637.
S ; 2 SJet Propulsion Laboratory, Pasadena, CA 91109.
h l d b \ SDept. of Physics and Astronomy, Univ. of Kansas, Lawrence, KS 66045.
sedarcnes can already oe

7 National Research Nuclear Univ., Moscow Engineering Physics Inst., Moscow, Russia.
sensitive (?)

8Dept of Physics & McDonnell Center for the Space Sciences, Washington Univ in St Louis, MO
9Dept. of Physics, Univ. of Delaware, Newark, DE 19716.
Dept. of Physics, Grad. Inst. of Astrophys.,& Leung Center for Cosmology
and Particle Astrophysics, National Taiwan University, Taipei, Taiwan.
UISIAC National Accelerator Laboratory, Menlo Park, CA, 94025.
2Dept. of Physics and Astronomy, Univ. of California, Los Angeles, Los Angeles, CA 90095.
13 physics Dept., California Polytechnic State Univ., San Luis Obispo, CA 93407.

‘We report on an upward traveling, radio-detected ic-ray-like impulsive event with ch istics closely
matching an extensive air shower. This event, observed in the third flight of the Antarctic Impulsive Transient
Antenna (ANITA), a NASA-sponsored long-duration balloon payload, is consistent with a similar event reported
ina preyg - = = =

Maybe can explain ANITA excess?

=== Adding a layer of RPC/scintillator on top

of ATLAS roof and use to create a decay
volume between surface-ATLAS?


https://arxiv.org/abs/1906.09064
https://arxiv.org/abs/1910.12839
https://arxiv.org/abs/1806.03063

\_/

\
\ Conclusions

e Impressive number of complementary

detectors
e Can make the LHC LLP search program CERN
more comprehensive - = ATLAS ALICE
b S MATHUSLA LHCb -
e Can have the potential to significantly CMS pidai?

enhance and extend the new physics reach
and capabilities of the current LHC
detectors

e Moreideas may come soon..

Very LLP @ IPA 26



Backup

Very LLP @ IPA
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Comparison of Detector Design - Neutral LLP

25m x 100m x Scintillators
CMS 90 m 100m Under study NO YES (+ 1 RPC)
RPC
ATLAS ~25m ~56m x (9m)?2 YES Partial NO (scintillators to
be explored)
LHCb ~35m 10'“1’:):“0”‘ X" Under study YES YES RPC
ALICE ~4.25m ~12m x (2.5m)2 NO YES YES Gas TPC

 For a given decay volume,
* More solid angle if closer to the IP
* Number of decays higher if closer to the IP
* LHC collision backgrounds more important if closer to the IP (depending on shielding)

Very LLP @ IPA

Credits: Emma Torré
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LLP @ FCC-hh and FCC-ee

HErmetic CAvern TrackER
® [FCC-hh /FCC-ee main detectors will be relatively smaller than the
cavern

® Cover detector cavern walls with scintillator plates or RPCs
O Use FCC detector as active veto

o >=2 layers of 1 m? separated by a sizeable distance

o >=4layers for good tracking 10~ T
\DUNE\ | FAST ‘; ;vj
10-5 \CODEXb \\ e e
\ 0:1:0
1070 \
WFCC-ee
FCC-ce \
10-7 AR v\ %, muon \CEPC
\\‘\ \ NG HEOlATE \ \ chamber \\\
REETE e :}:ﬁ:j‘@/GEPC N\ \\
3 \
107° \
\
3
THUNDERDOME = Totally 1010 | win P,
Hyper-UNrealistic DEtectoR THUNDERDOME -~
[ i seesaw
in a huge DOME 10 EBBN,
1 2 5 10 20 50

M [GeV]

Very LLP @ IPA

35000

arXiv:2011.01005 (proposal)

Cavern size:r~15 m and z-=50 m
Main detector size = 10m

29


https://arxiv.org/abs/2011.01005

Formosa

FOrward MicrOcharge SeArch

e Looking for millicharge particles in the 10 MeV -100 GeV region
in a large and unexplored parameter space and study strongly

interacting DM

e Scintillator based experiment (similar to Milligan)

arXiv:2010.07941 (proposal)

World's most sensitive location
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https://arxiv.org/abs/2010.07941

North Area Experiments - SHiP

Search for Hidden Particles

e Vs=238GeV fixed target facility proposed — = s
for SPS, specifically for low-mass hidden S ‘
sectors via LLP <= (

Very good sensitivity for <10 GeV masses
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https://iopscience.iop.org/article/10.1088/1361-6471/ab4cd2

North Area Experiments - SHADOW . csionofinteress

https://cds.cern.ch/record/2799412

Search for Hidden Particles

e Proposal for a beam dump experiment to complement NA62 beam dump facility
e ‘“Low cost” detector installed slightly off axis of the TAX shield zone
o Less affected by u/v bkg from beam interaction with dump
o Series of decay volumes + muon spectrometers
e ~10°protons/year on target to study a large variety of FIPs in the mass range
MeV-GeV
o  Strongest bounds exist up to K mass; above bounds weaken significantly
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https://cds.cern.ch/record/2799412

Some Rough Timeline

Timescale of the PBC BSM projects accelerator-based

PBC-BSM projects LS2 LS3 LS4
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HL-LHC Forward Facility
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Proposal to build dedicated forward physics facility for HL-LHC O o e i
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