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The three frontiers
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The three four frontiers
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The lifetime frontier
ATLAS, CMS and LHCb mainly

0 optimised for new particles that
3 decay promptly = strongly
S LHC coverage |
N coupled
S (ATLAS, CMS, LHCb)
= Development of new
T . \,e@e N trigger/reconstruction/analysis
j 3“6 *)0‘ . .
S ¢ 000‘6 N’*‘ strategies allow also probing new
o A\o% \i\)s»“‘ long-lived particles
= (% 3 K L .
= ,V:S'S/ﬁ s;d W Variety in signatures and lifetime
Co % ) 3 range require designing and
5 SCHEMATIC building dedicated experiments
t ; ; ; for long-lived BSM particles
<—near ~1m far—
CODEX-b Eol, cr

&~ John Strologas’s & Stelios Angelidakis’s
talks on CMS & ATLAS results


https://doi.org/10.1140/epjc/s10052-020-08711-3
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The lifetime frontier

mrLLp

+

z

S LHC coverage

X! (ATLAS, CMS, LHCb)

g .

= \‘6(6 3

<@ Rt
\(/00 P‘\:b

Z (5, 2, «\’\\)6»%

= ASep ol WP

V2 4/'469 ’ S/\//,O

g e

o SCHEMATIC

\L 1 1 1 1

<near ~m far—

CODEX-b Eol, cT

* Strong interest in highly ionising states, too.
Not the focus of this talk.

LLPs may be neutral and decay to
visible particles = displaced
vertices

/LLPs may induce anomalous \

\_ !

ionisation*, e.g. millicharged
particles (Q ~ 103e)



https://doi.org/10.1140/epjc/s10052-020-08711-3
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LHC dedicated LLP s MATHLSLA

experiments

Point 4

uis2

TZ32

Point 3.2

" MoEDAL-MAPP
CODEX-b

LHC 'B

FORMOSA
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LHC dedicated LLP s MATHLSLA

experiments

Point 4

uis2

TZ32

Point 3.2

Why so many of
them?

" MoEDAL-MAPP
CODEX-b

LHC 'B

FORMOSA



HEP2023 V.A. Mitsou

LHC dedicated LLP s MATHLSLA

experiments

Point 4

uis2

a Different angle w.r.t. beam axis,

detector volume and distance from

IP probe different range of lifetime,
coupling to SM and boost (mass)

J

SPS Point 8

PM85
£

P uL14 13
U4/ priz

2
co MoEDAL-MAPP
CODEX-b

FORMOSA
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Lifetime—mass \ |
Dedicated LLP detectors at the LHC
o . .
= Direct detection
summary e | Decay products
o ...............
4= O Forward
® L FLArE
o <l > FORMOSA
= S > s
S O(100)m |: « > FASER/FASER2 :
N2 “ | » SND/AdVSND
0 1< >
! *-., FASERV/FASERv2 FACET " MATHUSLA
"""" N — >
;IIAPP QP >
-m
= » CODEX-B
milliQan < >
< >
M MAPP/MALL MOEDAL
A AL3X < >
< >
=O(1)m < - —
Plot by Matthew Citron. ! ’aPPi particle
BSM Energy Frontier Snowmass
Report, arXiv:2209.13128 MeV GeV TeV

LLP mass range targeted


https://arxiv.org/abs/2209.13128
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LHC dedicated LLP oz MATHUSLA

milliQan

experiments

Point 4

uis2

Some of these
experiments also
measure
produced in
colliders

Point 3.2

SPS Point 8

PM85
£

2

co MoEDAL-MAPP
CODEX-b
FORMOSA
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LHC dedicated LLP s MATHLSLA

experiments

Point 4
Non-LHC experiments:

* SHIP
i NA48/2 U Point 3.2
* NA62

* NA64

* SHADOWS
* SeaQuest
* LUXE

* Solid AL3X
* GAZELLE ALICE
» HECATE

* SUBMET

uis2

1% Tiziano Camporesi’s talk on SHiP

and SND@LHC on Friday

SPS Point 8

PM85
£

2

co MoEDAL-MAPP
CODEX-b
FORMOSA
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MAPP: MoEDAL Apparatus for Penetrating Particles

- MAPP-mQP: sensitive to low ionisation induced by millicharged particles
MAPP

» MAPP-LLP: sensitive to long-lived neutral particles through visible decay
» Phase-1 approved by CERN Research Board in Dec 2021

* Phase-1 for Run-3:
MAPP-mQP installation

MoEDAL

in UA83 is underway e X (3 MoEDALMAPE
‘ ] fes : : LOCATION
+ Phase-2 for HL-LHC: == T ,
Reinstall Phase-1 in UA83 70 A4 MQIC’:’Q

and add MAPP-LLP in B/ T
UGC1 “ -

MoEDAL contribution to Snowmass
Study, arXiv:2209.03988 [hep-ph]

MoEDAL-MAPP flythrough



http://www.physixel.com/JLP_MAPP/MAPP_FlyOver1.mp4
https://arxiv.org/abs/2209.03988

Electronics
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MAPP-mQP Phase-1 detector concept

Flame Shield

Main scintillator
Bar detector

400 scintillator bars (10x10x75 cm3) in 4 sectlons readout by PMTs
Protected by a hermetic VETO counter system

MADPP

MoEDAL

Prototype mQP in
2018 in UGC1 gallery
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y y
/rﬂstﬂ - Situated along beam collision axis line of sight
= small (20 cm diameter, ~ 7 m long) detector covering
mrad regime (n > 9.1)
o ~480 m from IP1 (ATLAS)

ForwArd Search ExpeRiment at the LHC

Search for new particles produced in
decays of light mesons copiously
present at zero angle

rdsci
\q") Tracker stations

Praaheiar sk Tracker “backbone”
backsplash stopper \

Calorimeter

Veto Emulsion
stations detector

Trigger / timing
station

Magnets

Trigger / pre-shower
station

FASER, PED 99 (2019) 095011



https://doi.org/10.1103/PhysRevD.99.095011
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rﬂS:ﬂ —_ Situated along beam collision axis line of sight
= small (20 cm diameter, ~ 7 m long) detector covering
mrad regime (n >9.1)

_ o ~480 m from IP1 (ATLAS)
ForwArd Search ExpeRiment at the LHC

Search for new particles produced in
decays of light mesons copiously
present at zero angle

rdscrn
*"’/ Tracker stations

Tracker “backbone”
Pre-shower and

backsplash stopper FASERv detects and

FASEA), measures collider neutrinos

Veto Emulsion
stations detector

Trigger / timing
station

Calorimeter

Trigger / pre-shower Magnets FASER

station


https://doi.org/10.1103/PhysRevD.99.095011
https://doi.org/10.1103/PhysRevD.104.L091101
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y y
frﬂstﬂ Situated along beam collision axis line of sight
= small (20 cm diameter, ~ 7 m long) detector covering
mrad regime (n > 9.1)
o ~480 m from IP1 (ATLAS)

ForwArd Search ExpeRiment at the LHC

Search for new particles produced in Upgrade
decays of light mesons copiously FASER2 for HL-LHC with 3

present at zero angle _
larger radius of ~¥1 m at FPF

rAdScr
Pre-shower and
backsplash stopper

Tracker “bac

Veto Emulsion
stations detector

Trigger / timing
station

Calorimeter
Magnets

Trigger / pre-shower
station

FASER, PED 99 (2019) 095011



https://doi.org/10.1103/PhysRevD.99.095011
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FPF — Forwards Physics Facility

» FPF planned to enhance LHC physics
potential in BSM physics searches, neutrino
physics and QCD

» Operational in HL-LHC

FASER2 FASERv2 FORMOSA 620-685 m west of
magnetized spectrometer emulsion-based plastic scintillator array the ATLAS IP

for BSM searches neutrino detector for BSM searches

stases B D L ws FASER\ ¢ FASER\vzlAd\&
"'

\ 7 / \ surp
/< /| i : ,
ax | ‘u 1 ‘;v W S E— =
A . K N_.‘“ 3 o 3 B A
:g E ; Q;L or / /" r— FPF Paper Phys.Hept. 968
) L % Cavern ) 2022) 1
AdvSND e FLArE FPF Snowmass Whitepaper
electronic LAr based J.Phys.G 50 (2023) 030501

neutrino detector neutrino detector


https://doi.org/10.1016/j.physrep.2022.04.004
https://doi.org/10.1016/j.physrep.2022.04.004
https://doi.org/10.1088/1361-6471/ac865e
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FACET - Forward-Aperture CMS ExTension

Multi-particle spectrometer at z~ +100 m
from the IP5 (CMS)

Detector will have a radius of ~50 cm and
coverage 6<n<8

Much closer to the IP and much larger decay
volume than FASER

Aiming for operation in HL-LHC

95 m from IP 126.5 m from IP
83.5 m from IP FACET,


https://doi.org/10.1007/JHEP06(2022)110

H

HEP2023 V.A. Mitsou

Detector & demonstrator

Drainage gallery _ milliqan Proof of concept: ~1% prototype of the full
detector: the milliQan demonstrator

N

cavern " 8
ot X1 L 0
: | & i T Bar T
' ' L] T To detector '
Co = surface X

Two detectors for Run 3:

Bar detector ﬁa

o 0.2 mx 0.2 mx 3 m plastic scintillator bars e

= surrounded by active p veto shield ﬁ Slab

Slab detector x/ detector
o 40 cm x 60 cm x 5 cm scintillator slabs
o increased reach for heavier mCPs milliQan, PRD 104 (2021) 032002 milliQan, PRD 102 (2020) 032002



https://doi.org/10.1103/PhysRevD.102.032002
https://doi.org/10.1103/PhysRevD.104.032002
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C O DEX-b A COmpact Detector for EXotics at LHCb

M 10m CODEX-b Eol Eur.Phys.J.C 80 (2020) 1177

10m DELPHI CODEX-b
Transverse detector at the LHC 88— §
10m R
RPCs: fast, precise, cheap for
= 1 U\Ll Ll u (L L gL L L L L L L L L L L L J“v‘m.\"","v L L VA
large area % >me<| — M s=== e
. . . ' s N |I me—c—= i :
Behind 3.2 m thick concrete ST | s SN e i
. . | SM DLt Covernaxs
=N T
shielding  ER FED
AN (|
= very low SM background i | S~
H G —'ZH ‘ \NI'WF‘II
° effectively zero background | M=l onol N | ]
with passive Pb shield 5 DSTRRLTON F0 } o
|
CODEX-B demonstrator |
itvorl Y

(2x2x2 m3) planned for Run-3

shield veto
UXA wall Pb shield IP8


https://doi.org/10.1140/epjc/s10052-020-08711-3
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B Bews - S
r#\'r__ ~ 0 MAsive Timing Hodoscop.e for
I Roome. - Ultra Stable neutral pArticles

Large footprint (area 100x100 m?) &
large decay volume (height 25 m)

Decay volume filled with air with
several detector layers for tracking

MATHUSLA, Lol

¢4m

Multi-layer tracker
I 5m

Surface

Double layer tracker

~20m

-, ~ 60 m

I o — | e e e e e e I S (P P == o |

CMS ~68 m 100 m



https://arxiv.org/abs/1901.04040
https://arxiv.org/abs/2009.01693
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-

0 MAsive Timing Hodoscope for
- Ultra Stable neutral pArticles

Large footprint (area 100x100 m?) & 2.5x2.5x6.5 m3 test stand with Uppeinoss
large decay volume (height 25 m) eight layers of trackers confirms !
Decay volume filled with air with background assumptions and

gives confidence in projected
physics reach

MATH USLA, Lol , Over:ag.sspicing

several detector layers for tracking

RPC spacing
=1.74m

Multi-layer tracker }4m I

Surface {5m ATLAS surface : :
Double layer tracker S = =
2018 data ~
~20m i j
Floor detector .
v 2 Z =
7 Lowermost s
,/, scintillator
td
td
’
Ve e
Pa ’
Rt ~ 60 m
P MATHUSLA,
7’ ”’
4,:’,’
&1 LHC beam line
e gl | e s A
CMS ~68 m 100 m



https://doi.org/10.1016/j.nima.2020.164661
https://doi.org/10.1016/j.nima.2020.164661
https://arxiv.org/abs/1901.04040
https://arxiv.org/abs/2009.01693
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MAsive Timing Hodoscope for
Ultra Stable neutralL pArticles

Large footprint (area 100x100 m?) &

large decay volume (height 25 m) 9x9 units, each with
a 9mx9m footprint,

Decay volume filled with air with 30m tall

several detector layers for tracking

MATHUSLA, Lol

Multi-layer tracker
Surface

Double layer tracker

. Inprogress:
* Construction of prototype detector
* Detailed tracking and vertex
reconstruction studies

(i -,
e -7 )
Wt el ~60m * Development of trigger and data
b acquisition
‘, ” . .
s ol LHC beam line MATHUSLA Snowmass contribution,

I o — | e e e e e e I S (P P == o |

CMS ~68 m 100 m



https://arxiv.org/abs/1901.04040
https://arxiv.org/abs/2009.01693
https://arxiv.org/abs/2203.08126
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search

)
ANUBIS !m AN Underground Belayed In-Shaft experiment

dcking Station 3|

» Four evenly spaced tracking
stations with a cross-
sectional area of 230 m2 each

» Tracking stations same RPC
technology as ATLAS layers

* 180 cm x 100 cm x 100 cm
BIS78 RPC triplet dubbed
proANUBIS being
commissioned to measure
background rates

18.5m

: =11 .
T +\"80m
| \\

N

16 m

X000

Bauer, Brandt, Lee, Ohm, arXiv:1909.13022



https://arxiv.org/abs/1909.13022
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AL3X — A Laboratory for Long-Lived eXotics

In the unlikely event that ALICE finishes its physics program before the end of HL-LHC
reuse the L3 magnet and (perhaps) the ALICE TPC for LLP searches
use thick shield with active veto to reduce background

ALICE interaction
point moved by
11.25 m outside
magnet to allow
LLPs to travel
before decaying

4.25m

Beamline

wg's
——
ehesannnnrunn

Detector

< > Gligorov, Knapen, Nachman,
14m Approx. Papucci, Robinson,
to scale PRD 99 (2019) 015023

K’

pIOUs|oS £7
WEEEEEE»



https://doi.org/10.1103/PhysRevD.99.015023

R RRERBBBRERBRDRDDIIIIIY

HEP2023 V.A. Mitsou

Sensitivity to portal medels

ral Electric

Credit: Gene
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Hidden sector — Feebly Interacting Particles (FIPs)

\

Dark vectors (“Dark Photons”) Axion-like particles

! [
* adding U(1) gauge group to A 7/73 f (“ALPs”)
SM, kinetic mixing with y/Z * solution of the
* light neutral meson decays, = strong CP problem ‘

mi”iCharged partiCIQS f ° genera“saﬁon Of
the axion model
in MeV-GeV mass Standard

Dark scalars (“Dark Higgs”) X
* neutral singlet scalers that $ h f IS Model I Po'ftal
couple to the SM Higgs field ~ " * I
* produced in penguin decays 56 A Hidden
of K, D, B mesons _
o
' Heavy neutral leptons (“sterile neutrinos”) A ?
* explain SM v masses (seesaw), DM, BAU i
* weak semi-leptonic N v

d f hadrons, W, Z ANIVAPRA
\ ecays or haarons F \\\ 2 -
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Millicharged particles and dark photons

10" E
Y5z W,y
X
2 Colliders
mCP generated by massless dark ' '
photon, kinetically mixed with SM, . D
that couples to x and induces S [ meens
millicharge of x ) E
. —-—--milliQan-s = fb1
Production through meson decays also Qe ((LLZZ%% fb*l))
. —— MAPP-mCP Bar (L =30 b 1)
pOS| ble ; MAPP-mCP Outrigger (L = 30 fb~!)
. 107 E o --—-SUBMET (Npor = 10%) E
o only Drell-Yan production shown here : , L iBooNE (Npos — 132 x 10%)
r 1 -----SBND (Npor = 6.6 x 10%)
S/ LDMX (Ngor = 10'6) .
£ 1 NA64M (NMOT =5x ].01 )
Moreover, MAPP sensitive to heavy sl b b NeMEPMINGA yr nominal)
neutrino with large electric dipole 1= 0! g o 10’
X
moment, experimentally similar to mCP o
[Frank et al, Phys.Lett.B 802 (2020) 135204] MOoEDAL contribution to Snowmass,

arXiv:2209.03988



https://doi.org/10.1016/j.physletb.2020.135204
https://arxiv.org/abs/2209.03988
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Millicharged strongly interacting DM (mSIDM)

. 10° 5 .
mCPs can account for a fraction of dark ; | | ep  |cwms

matter abundance  MicroBooNE
mSIDM characterised by a large

H
I

—_
(@}
L
—
3
a'e,ref [sz]

=
“reference cross section” % 10721 10-19 5
Particle flux attenuated through ii - E
interactions in the Earth’s atmosphere g 10—3-; _____ 10! §
and crust L :
Can escape detection by conventional = 107 Oas oy 107 E
underground direct-detection detectors f1 # Vinimal O D ot zssie :
FORMOSA can help close the mSIDM TR e
window mCP mass m, [GeV]
FPF Paper Phys.Rept. 968 (2022) 1
Emken, Essig, Kouvaris, Sholapurkar, JCAP 09 (2019) 070 FORMOSA: Scintillator-based detector

Foroughi-Abari, Kling, Tsai, PRD 104 (2021) 035014

to be hosted in FPF



https://doi.org/10.1088/1475-7516/2019/09/070
https://doi.org/10.1103/PhysRevD.104.035014
https://doi.org/10.1016/j.physrep.2022.04.004

HEP2023

Minimal dark photon model

Adding a new hidden

V.A. Mitsou

_2 T T T ekt lngd 1 L8 L) LU L) T L] P | -

U(1) with massive v 10 [ UW
gauge field A}, the B REDTOP, 10''pot, n| — A’ y WM v,
dark photon 10 R A AN =
DM assumed to be . \\\\ s REDTOP, 107pat, 1 > A'y ]
either heavy or 10 "\ﬁ" o E
contained in a & ) 0 a
different sector 107° g = i,

SLDMX, 16 GeV, 10 P Fask ﬂ*
Dark photon decays E L —=="5T5, ‘
to SM states (visible 107 = FASER2, 3 ,, SHiP, 10”pot
decays) - —
m, : dark photon 107 = . ol ¥
mass — Hu,r»'.s*:‘,\;,,u 3 al NA62, 10"*pot

L h!
E : Coupling Of dark 10_8 1 | 1 D III 1 1 1 1 1 1 1 1 L 1 1 1 Ll 1 1l

1 10 10?

photon with the
standard photon

10° 0*
m,, (Me\/])

PBC-BSM Report, J.Phys.G 47 (2020) 010501



https://doi.org/10.1088/1361-6471/ab4cd2
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Scalar portal — dark Higgs

1
L = Lsm+ Zps + ;LZSZ — Z)\SS4 — 6H82|H|2

® 10_3 3 T 1 LI I T T T T | B I 1 T T T T
N o - 17 elle H . . . .
g 10 BEdTED 105 BY} BoKp A Dark Higgs ¢ mixing with SM
10-5 A T H® through 6 « 1, leading to
107 THChi HiE exotic B > X.d decays with
1077 fo- K2Rl s, o b > -
_8 B
10 B N, T BR(h > SS) = 102 assumed
0 N “i5y, for complementarity to
10°10 SN1987a D
&y, i
» o b H = inv. LHC searches
10 P A bt
o
10712 MATHUSLA @ CMS, 3 ab \ 17, -
107" — 4z,
(t>1sec) 9,
10_]4 i T | i 1 ! g g ,,‘.l/'/ll A 1 1 L1
107! 1 10
mg (GeV) MATHUSLA Snowmass contribution,

arXiv:2203.08126



https://arxiv.org/abs/2203.08126
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Heavy neutral leptons

U(1)s_; HNL scenario

| MAPP-2 3006 CODEX-b= 300 fb*
| FASER-2 2 3Ab" MATHUSLA 3 Abt

No background

Pair production of RH neutrinos from decay of
additional neutral Z' boson in gauged B-L model

MoEDAL Snowmass paper,
See also, Deppisch et al,

V.A. Mitsou

minimal HNL scenario

—414
10_5'; D
« 10_6- 4/’469 | ‘
31077 B ‘ \)
- o] f N | J
10 8'; § »-!
9 : \ Zh i NQ
10 3 47 !vS/\//, (/\54 ’ >
1010 ~
10—11 : !
1071 10"
my [GeV]

10!

Hirsch & Wang,

» Production and decay mediated by active-sterile
neutrino mixing
» For simplicity, only one species of HNL considered

* Mainly produced from on-shell decays of

D-mesons, B-mesons, W, Z, Higgs, t


https://arxiv.org/abs/2209.03988
https://doi.org/10.1103/PhysRevD.100.035005
https://doi.org/10.1103/PhysRevD.101.055034

RSB

R-parity violating supersymmetry

If RPV coupling, A, X', \”” small enough, the (N)LSP may be long lived

o
_ N
107° B’i/BO/OB’O = X1+ 7/ Dr —
L3R v 7 o A I, oy
. "\ ~0 PO Xi =Y+ v/ Tr ™
2 v\ — charged,» a
2 Yl . X Al
2 1077 5 \\ \\\' ///I’, /'/ g ‘cg \({I
T 1084 \\, Rl . < O 10-6 N
10 7 0
Ay e . = N —_— o
™= A Yole 7 "
= 1079 4 : 7,7 . .0 i 5
= \ \\ 7, V4 | 5 I
& A\ Rl A o X 1 T
10~10 4 \ 277 A < N N : =
= ~N.z% Z = g}ﬂ% ! -
+ 10~ 4 : MAPP1, 30 b, mgo = 1000 MeV 35 O g i CCD
TS 1n-12 IS MAPPL, 30 b, mo = 3000 MeV O] (4] 107" ! ©
T 10 3 _ MAPP2, 300 b, mge = 1000 MV GL)“ 9 \g}mg \‘ ,' ;
- 107134 — o MAPP2, 300 1, me = 3000 MeV £ N g A H Qﬂ
9_3/ 14 ANUBIS, 3 ab™ !, mgy = 1000 MeV 9 s u\\ /II 8.’
A 10 3 ANUBIS, 3 ab™", m g = 3000 MeV (el —— FASER \“~\_~ "1’, CZU
10715 e B —8f === FASER2 | TTmmseaamsmmeere-oT
1072107 10° 10* 10 10® 10* 10° 10% 10" 10® 10 , , , , , 5
(c7) [m] 1000 2000 3000 4000 5000 -
myo [MeV] o
/ N !
n . s
,lf, for productio }.Im RPV couplings =
Ap for decay 12 ~ 0 . £
Produced meson(s) BO. B * Sub-GeV ;" produced via meson M 2
Visible final state(s) K* +eF, K** + 7 decays: M > §,° + /v
Invisible final state(s) via Ap None

Invisible final state(s) via A},

(K2, K5, K*) + (ve, 7)

» Single photon highly boosted


https://doi.org/10.1103/PhysRevD.103.075013
https://doi.org/10.1007/JHEP02(2023)120
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Summary & outlook

» Ever increasing interest in long-lived particle
searches at the LHC (and not only...)

» FIPs serve as a “bridge” between our
observable world and possible hidden sectors

» Dedicated complementary LHC experiments
proposed, under construction or running

» MoEDAL, a detector optimised for highly

ionising particles, entered the FIPs arena with
MAPP

> New results expected in LHC Run 3
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Further reading & workshops

LHC-LLP Community whitepaper — J.Phys.G 47 (2020) 090501

Physics Beyond Collider at CERN — BSM Report, J.Phys.G 47 (2020) 010501
FIPs 2020 Workshop Report, Eur.Phys.).C 81 (2021) 1015
VAM, Review on LLP experiments, MG16 proc. arXiv:2111.03036

12" workshop of the LHC LLP Community, Oct-Nov 2022 19-23 LLP13

F1Ps 2022 Workshop, Oct 2022 o~

&

<+ dzhirteenth
» workShop
of the
Long-Lived Particle Community



https://longlivedparticles.web.cern.ch/
https://doi.org/10.1088/1361-6471/ab4574
https://doi.org/10.1088/1361-6471/ab4cd2
https://doi.org/10.1140/epjc/s10052-021-09703-7
https://arxiv.org/abs/2111.03036
https://indico.cern.ch/e/LLP_Oct_2022
https://indico.cern.ch/event/1119695/

Spares
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LHC & High Luminosity LHC (HL-LHC

)

&

Hitm

.\ LARGE HADRON COLLIDER

LHC HH‘ Future HI;-LHC

90 LHC / HL-LHC Plan

1310y AR 15.6Tev BB
e

13.6-14TeV
energy
Diodes Consolidation
splice consolidation cryolimit LIU Installation o
7 TeV 8 TeV button collimators interaction . . inner triplet . . bl
—— R2E project regions Civil Eng. P1-P5 pilot bean) radiation limit installation

2011 2012 2014 2016 2018 2020 2022 I 2024 2025 2026 2027 2028 2029 III“II

5 to 7.5 x nominal Lumi

ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS
beam pipes

nominal Lumi 2 x nominal Lumil ALICE - LHCb | 2 x riominal Lumi HL upgrade

|
75% nominal Lumi upgrade

HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY PROTOTYPES / CONSTRUCTION ‘ INSTALLATION & COMM. ||” PHYSICS

luminosity JELIR{ 8

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION BUILDINGS
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MAPP locations

MoEDAL

 mQP location UAS3
e 100 m from IP8 at ~7° to the beam

» Easily accessible gallery, already fitted out
» Access independent from LHCb

e ————
-

* mQP 2017 prototype location

* Extensive engineering required

* To be ready for MAPP LLP
during HL-LHC
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MAPP-mQP Phase-1 installation
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Phase—Z: MAPP-2 FOI‘ HL-LHC <>

Detector volume
(16.5\3\;\1\.00,—35.45)
V\

|\
| \
\
\

A

|

(16.53,-2100,35.45) \

33.63 /@.o ,-29.63)
’ \ 7\ |
\ - \ |

00,-28.63) J

\

\

\
N
\ |

Al

(19.00,-2.00,-29.63)

» The UGC1 gallery will be prepared during Long
Shutdown 3 prior to HL-LHC

» MAPP-2 detector extends to the full length of (14:57,2.00,26.63)
the UGC1 gallery

MoEDAL contribution to Snowmass Study,
arXiv:2209.03988 [hep-ph]


https://arxiv.org/abs/2209.03988
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Monopole & Exotics Detector At LHC

V.A. Mitsou

~70 physicists from 21 institutions
UNIVERSITY OF ALABAMA
UNIVERSITY OF ALBERTA

INFN & UNIVERSITY OF BOLOGNA %
UNIVERSITY OF BRITISH COLUMBIA

HELSINKI INSTITUTE OF PHYSICS

UNIVERSITY OF MONTREAL MOEDAL
CERN

CONCORDIA UNIVERSITY

IMPERIAL COLLEGE LONDON

KING'S COLLEGE LONDON

NATIONAL INSTITUTE OF TECHNOLOGY, KURUKSETRA
TECHNICAL UNIVERSITY IN PRAGUE

QUEEN MARY UNIVERSITY OF LONDON

INSTITUTE OF SPACE SCIENCE, ROMANIA

INSTITUTE FOR RESEARCH IN SCHOOLS, CANTERBURY
CENTER FOR QUANTUM SPACETIME, SEOUL

TRACK ANALYSIS SYSTEMS Ltd, BRISTOL

TUFT'S UNIVERSITY

VAASA UNIVERSITIES

IFIC VALENCIA

UNIVERSITY OF VIRGINIA

LHC’s first dedicat
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Baseline MoEDAL detector

THREE DETECTOR TECHNOLOGIES

\ s\ -side , — :: ] H‘, :: L
NTDs 1A k = IR B (D Nuclear Track Detectors
‘; e — Low-threshold NTD array

VELO-LHCb

z/B > ~5-10

- High Charge Catcher NTD
(HCC-NTD) array
z/B > ~50

@ Monopole Trapping detector
(MMT) — aluminum bars

Mostly passive detectors; no trigger; no readout €) TimePix radiation background
Permanent physical record of new physics monitor
No Standard Model physics backgrounds



