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Introduction to long lived exotic
particles: why do we care?
d «Challenges at the LHC

‘New experiments for the LHC?
*Other opportunities for LLPs
*Summary/Outlook




New Physics Hunters @ the LHC.
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LHC: So far no new ph

B
ATLAS SUSY Searches* - 95% CL Lower Li

ATLAS Preliminary

July 2018 V5=7,8,13TeV
Model ety Jets EP™ [Lann) Vi=7,8TeV  yF=13Tev Reference
- — 5 - ——
Py 0 2Bjels  Yes 361 155 miF?)<100GeV 71202382
9 mono-jet  1-3jets  Yes  36.1 on iG] =5 Gev 1711.03301
o Brgiy ] 28jets  Yes 361 | 20 mii})<200GeV 1712.023%2
] Forbidde 09516 m(F})=900 GeV' 171202352 =
ol = assical Searches
e pp 2jets Yes 361 & 1.2 w,umn.: 50GeV 1805.11381
B BgqWZR] ] Tiljets Yes 361 | 18 mi}) <400GeV 1708.02794
Jep 4jets 31 |k 0.98 mig-m(E})=200GeV 1706.03731
P Glen 3k w1 |& 20 mif})<200GaV 1711.01801 -
Jep 4jets %1 |& 125 migh-mi{i’ =300 GaV 1706.03731
BBy, by - ik} Multiple 36.1 I Forbidden [T] mi(¥])=300 GeV, BR 1 1708.09266, 1711.03301
Multiple 381 |k 0.58-0.82 miF]}=300 GeV, BR(!)=BA(l 5 1708.00266 -
Muttiple 36.1 b o7 miF})=200 GeV, miF ] )=300 GeV, BR( 1 1706.03731
-
Bubyiify, My = 2% My Multiple 31 |& 07 miif}=60GoV 1709.04183, 1711.11520, 1708,03247 XO I Ca
Multiple: 36.1 A Forbidden 0.9 (T )=200 GeV 1709.04183, 1711.11520, 1708.03247
s Whi! or i) 02ep 02jels1-2b Yes 361 I 10 M )=1GeV 1506.08618, 1709.04183, 1711.11520 = =
" B A ALSP Multiple 31 @ 0.4-08 miE})=150GaV, miF{mif =5 GeV. i = i 1709.04183, 1711.11520
i’ Multiple 3,1 |@ Fortidden 0608 T, )=300GeV, mii; mii )=5GeV, f =, 1709.04183, 1711.11520 - avo r I I Ive rsa I
Eg iy, Well-Tempered LSP Multiple %1 |& 0.48-0.84 miT)=150GeV, miF{ hmiif)=5GeV, §, =, 1709.04183, 1711.11520
fify, iy—sel] 1 22, 2rel] [ 2 Yes 361 |& 085 m(E)-0GeV 1805.01649
A 0.46 2 180501649
o mono-et  Yes 361 |@ 043 171103301
-
120 4b Yes 361 & 0.32:0.88 1706.03965 000
23ep . Yes  36.1 06 14035294, 180602292
e g 21 Yes 361 047 1712.08119
Lty yitbh - Yes 203 026 1501.07110
2r - Yes 361 0.76 m{E})=0, mi 1708.07875
Eg o2 mUETmiE =100 GoV, my 1708.07875
Bnlig, I=eF} 2ep (] Yes 361 05 1803.02762
2eq =1 Yes 361 018 1712.08118
AR, f—hGi2G 0 23 Yes 361 0.13-0.23 0.29-0.88 o
dep 0 Yos  36.1 0.3 BR(EY — 70}t - 13 TeV E 8 TeV
Direct 1] prod.. long-lived i} Disapp.trk 1ot ves 361 [ 0.46 Pure Wina
& oas Pure Higgsino Qlfe) x2  [—
o Stable § R-hadron SMP - - az |& 16 LQ1(en‘LQ1M) B=0.5 "
. ’ coloron(jj) x2
g Metastable ¢ R-hadron, 391} Muliple: 32¢ |k FWB=100m0Zes 18 24 miE)=100 Gev Q2(yj) x2  — ) —
GMSB, /G, long-dived {1 2y Yes 203 i} 044 1<rif)<3 s, SPS8 model Lm(unu_mtvn B=05 |m— coloronié) x2 [ Multiiet
5 —eev ey displ. ecleplpp - - 203 |# 13 6 <cr(i< 1000 mm, miE%) o1 ToV Lmé‘b) . (— Le p10 qUClrkS I
x .
NV pmoies Kremier e a2 e = gluino(@) x2 [ Resonances
BT 168 — wwyzetttve dep 0 Yes 361 Lasw x2 =3 luino(jjb) x2 |
& E—raa¥1, ¥ — g9q 0 4slageRjets - 301 Large 4, Single LQ1 (A=1) 00— gluina(ib)
-~ Multiple 36.1 miE)=200 GV, bino-ike Single LQ2 (A=1) =3 0 1 2 3 4
I P T Mutiple 3.1 00 G, ino-ke 0 1 4 Tev
i, F—stF}, B} — ths Muliiple: 3.1 =200 GeV, bino e
Ay, Ty —obs o 2s+2b - 367 ADD (y+MET), nED=4, MD
pnn - - . o o _
RS1(), k=0.1 RS Gravitons ADD (), nED=4, WS
N PN | . PN RS1(yy), k=0.1 QBH, NED=5, MD=4 TeV
mass limits on new states or 107! 1 Mass scale [TeV] RS1(ee,pp), k=0.1 NR BH, nED=6, MD=4 TeV'

of the
f. refs. for the a:

No signal of new physics so far!
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MS Exotica Physics Group Summary — ICHEF, 2016



Are we leaving no stone un

« The LHC BSM searches are indispensable and should be
continued in the new energy regime and with increasing
statistics (higher mass, lower couplings)

« But if we still do not see more than a 2 sigma at the end of
run 3, the HL-LHC will be likely mostly a precision physics
machine, searching for subtle deviations

« Are we looking at the right place? Time for more effort in
thinking of complementary searches?

Are we looking at the right place?




Long Lived Particles‘

Long lifetimes arise from a hierarchy of scales or a small coupling

RP Violating SUSY

« ASMB SUSY
 Gauge Mediated SUSY
« Split SUSY

« Hidden Valleys Models
« Dark QED/Dark Photons
« Monopoles

* Quirk Models

« Dark Matter Models...

« Stable Sexaquarks

« Axion-Like Particles




Long Lived Particles

Signatures
""" neutral displaced W BSM
—— charged HSCP dilepton M lepton
-~ any charge B quark
" photon
W anything
disappearing displaced
track 3 lepton
Aondsnl s _ Ty
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1 : ’/ . \ \
l‘ \ ..;‘_,'. = i)‘l ,"~4"
TR PPN L
. SR e i
. N e
| ;7 Sy
displaced - "... displaced
dijet T < photon
L 4
displaced \ 4 displaced Not ?ictured:
vertex T et out of time decays

Some of the Challenges

Triggers: Tracking detectors
are powerful but difficult
to use in trigger

Backgrounds often low.

But need special studies
(punch throughs, secondary
interactions, cosmics...)

Special reconstruction is
often needed




Long Lived Searches Ov

« Displaced jets, dijets, vertices

» Disappearing tracks

« Displaced leptons & lepton jets
« Displaced photons

« Dark photon decays

 Heavy Stable Charged Particles
« Stopped particles

« Emerging jets

« Monopoles stuck in material
 Heavy Neutral Lepton searches
« Strongly Interaction Massive Particles
e ....(others...new ideas... )




Long Lived Searches: E

displaced jets

displaced leptons

disappearing tracks
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Long Lived Particl

ATLAS Long-lived Particle Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: July 2018 [Ldt=(32-36.1)fb" V5=8,13TeV
Model Signature  [Ldt[b7] Lifetime limit Reference

RPV 0 — eev/euv/puv  displaced lepton pair 203 [ 9 Ille;Imel ' m - ———— ) o m(g]:13 TeV, m(,;r‘l’]:IL(;TeIVI 1504.05162

GGM 2 — ZG displaced vix + Jels 203 [« lfetime m(3)= 1.1 TeV, m(32)= 1.0 TeV 1504.05162

GGM ,yf]' - ZG displaced dimuon 329 ,r'lj lifetime 0.029-18.0 m m(g)=1.1TeV, m(y])=10TeV | CERN-EP-2018-173
GMSB non-pointing or delayed y 203 | x| lifetime . oms4m SPS8 with A= 200 TeV 14095542

AMSB pp —» xfxl.x[x]  disappearingtrack 208 |} lfetime ~ ozaom m{xi)= 450 GeV 13103675

AMSB pp = xx).xx]  disappearing track 361 |y lifetime 0.057-1.53 m m(y;)= 450 GeV 1712.02118

AMSB pp — xix% xix;  large pixel dE/dx 18.4 | af lifetime ~ 13tsom mix;)= 450 GeV 1506.05332
Stealth SUSY 2IDMSvertices 195 | § lifetime [ ve0e M m(s)-so0cev 1504.03634

split sSusY large pixel dE/dx 361 | & lifetime >09m m(&)=1.8TeV, m(yJ)= 100GeV | CERN-EP-2018-198
Split SUSY displaced vix + E;"'“ 328 g lifetime 0.03-13.2m m(&)=1.8TeV, m(y})= 100 GeV 1710.04901

split sSUSY 04,2-6jets +EP™ 361 | @lifetime 0.0-21m m(&)=1.8TeV, m(yJ)= 100 GeV | ATLAS-GONF-2018-003
Hoss 2 low-EMF trackless jets 203 | s lifetime . o#7stm m(s)=25GeV 1501.04020
Hoss 2 ID/MS vertices 195 | slifetime oniesam  m(s)=25Gev 1504.03634

FRVZ H - 2y4 + X 2 e u-jets 203 |Flietime o-3 mm m(ya)= 400 MeV 1511.05542

FRVZ H — 2ys + X 2 o= -, a—jets 3.4 | yqlifetime 0.022-1.113 m m(yq)= 400 MeV ATLAS-CONF-2016-042
FRVZH — 4y, + X 2 e p— n—jets 3.4 ¥4 lifetime 0.038-1.63m m(yq)= 400 MeV ATLAS-CONF-2016-042
H— 2424 displaced dimuon 329 | Zg4lifetime 0.009-24.0 m m(Z,)= 40 GeV CERN-EP-2018-173
VHwith H — ss — bbbb 1 -2( + multi-b-jets 2361 |slifetime 0-3mm B(H — s5)=1, m(5)= 60 GeV 1806.07355

®(300 GeV) - s5 2low-EMF frackless jets  20.3 | s lifetime & % B=1pb, m(s)= 50 GeV 1501,04020

$(300 GeV) — s 2 ID/IMS vertices 19.5 s lifetime o x B=1 pb, m(s)= 50 GeV 1504.03634

$(600 GeV) - s5 2 low-EMF trackless jets 32 | s lifetime o x B=1pb, m(s)= 50 GeV ATLAS-CONF-2016-103
®(900 GeV) — s 2 low-EMF trackless jets 203 s lifetime o x B=1 pb, m(s)= 50 GeV 1501.04020

(900 GeV) — s 5 2 ID/MS vertices 195 | slifetime o x B=1pb, m(s)= 50 GeV 1504.03634
B(1TeV) = ss 2 low-EMF trackless jets 3.2 | s lifetime o xB=1pb, m(s)=400GeV | ATLAS-CONF-2016-103
HV Z'(1 TeV) — qyqy 2 IDIMS vertices 203 | slifetime o % B=1pb, m(s)= 50 GeV 1504.03634

HV Z’'(2 TeV) — qugy 2 ID/MS vertices 203 | slifetime ) oxB=1 Plb m(s)= 50 GeV 1504.03634

0.01 100 cT [m]

*Only a selection of the available lifetime limits on new states is shown.

(v8=1)




Heavy Neutral Le

Neutrino portal: vMSM (Neutrino Minimal Standard Model)
Minimal extension of the SM fermion sector by Right Handed HNLs: N1, N2, N3.
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' First LHC results on prompt studies
Majorana/Dirac? Now studies with displaced jets/lepton analyses. L~ 1m?




Search for Heavy Neu

Neutrino portal: vMSM (Neutrino Minimal Standard Model)
Minimal extension of the SM fermion sector by Right Handed HNLs: N1, N2, N3.

Three Generations
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Search for Heavy Neutra_

Neutrino portal: vMSM (Neutrino Minimal Standard Model)
Minimal extension of the SM fermion sector by Right Handed HNLs: N1, N2, N3.

Sensitivity plot for the LLP white paper/ Philippe Mermod
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Search for Heavy Neutr

Neutrino portal: vMSM (Neutrino Minimal Standard Model)
Minimal extension of the SM fermion sector by Right Handed HNLs: N1, N2, N3.

Sensitivity plot fo.r HI\_ILs_/Ma_ch Drewes et al.
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0.5 1 5 10 _ 5
u pdatvd phmt from MabD et al 1609.09069

M[GeV] of. also Chun et al 1711.02865
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SHIP Beam Dump Experiment

SHIP is a proposed intensity-frontier experiment aiming to search for neutral hidden particles

with mass up to O(10) GeV and weak couplings, down to 10710 .
arXiv:1504.04956

New beam line in the north area at SPS
Proton beam SPS@400GeV

Possible to deliver 2x10%° PoT in ~5
years

Operation in parallel with LHC and other
beam lines at SPS

(MR H

Vacuum




Monopol

Magnetic Monopoles to explain the quantization of electric charge (Dirac ‘31)

eg = nhe/2 =ngp = n 68.5e

V.E = 47p,
o D(m) = (—) X (> 2m) x (1 — 4—)
—V xE =128 _ dxj € S
c ot cJm
VxB=18 & Symmetrizes Maxwell equations
cor e Searched for at all colliders
F=¢ (E+%xB)+gn(B-%xE) Tevatron direct limits ~ 400-800 GeV
N :llg:l! _ PRI T | TR ! | TR i | ’ """':
-%1&50 - 3
% 10 ECDF J[s=1.96 TeV :
S Ee ey
- o ;
10 JstaTavsxtotenist @i0shr=5%") \ __ _ \ __ 3
e r b
1042 = -
C L i
1

10—41 —_— —_— — —_—
10 102 10% 10*

Monopole mass GeV/c?

Sensitivity of LHC experiments to exotic highly ionising particles

CarXiv: 1112.2999

A. De Roe, A. Katrég, P. Mermo,
D. Milstead®, T. Sloar”




Monopole Searches: MOEDAL

2016 data analysis base on 222 kg Aluminium to “stop” the monopoles and
search for them with a SQUID precision magnet (2 11fb 1) arXiv:1712.09849

10°g

G [fb]

104;

103‘_w

102k, \

|

{s=13TeV, 2.11 fb’

LT

G [fb]

10°g

104

LT

L1 HIAl.l

|

L L LI

-01g
N 3 29 -
-~ 4g =
»SgD 1

1000 2000 3000 4000 5000 6000

L, : I
-
....... :.~=- § 0 E
.............. . - .o ] C
______ gy M e R 10° 3
LO DY spin 1/2b 95% CL Limits — r
—1 9, ~o- 1 g,
D -2 Q = 10 =
g : ggg ] : i
1000 2000 3000 4000 5000 6000 0
Mass [GeV] M-~
Mass limits [GeV]| 1gp | 2g9p | 39p | 49D | 59D
MoEDAL 13 TeV
(2016 exposure)
DY spin-0 600 |1000{1080| 950 | 690
DY spin- 1110 (1540|1600 [ 1400
DY spin-1 1110{1640{1790 (1710|1570
DY spin-O B-dep. | 490 | 880 | 960 | 890 | 690
DY spin-4 3-dep. | 850 [1300[1380|1250(1070 |
MoEDAL DY spln -1 ﬁ-dep 930 |1450|1620(1600 [ 1460

Mass [GeV]

Limits for different
monopole charges

*First monopole search
result @LHC at 13 TeV
No signal yet..

B



Monopoles Stopped in the Be

ADR et al., Eur. Phys .J. C72 (2012) 2212

Test performed with pieces of material from the LHC from 18 m away from
the interaction region

1p5 ¢ 6 [
i % F=r—Ff-—1— 1)

Section view A-A

9] =49,

Faulty connecting “fingers” were removed
and scanned in @ SQUID in Zurich

Want to use the 2012 CMS beampipe! We can have it in 2018 ?2?7?
Continuing discussion CMS management...
A beampipe analysis effort is put into place (across experiments)
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LHC Detector Upgrade!

A new opportunity for a more LLP tailored detector!!

HL-LHC Upgrade: Fast Timing

e Calorimeter upgrades (ECAL electronics + HGCAL)
will provide precise (a few 10s of ps) timing for high
energy photons in barrel and high energy
hadrons/photons in endcap

* Additional timing layer (outside tracker volume)
can provide precision timing for charged hadrons &
converted photons down to a few GeV.

* Traditional 3D vertex fit upgraded to a 4D fit

10/20/2017 Yangyang Cheng | CMS Upgrade@LLP

Example CMS

Barrel: LYSO crystal / oy

crystal .~

\
\ optical
\photons

_-—

SiPM

Endcap: silicon sensor

Also: making

use of the

RPC-timing

in phase II

trigger..!?!

Track trigger
* for LLPs!?!

4



New Detect

surface

milliQan MATHUSLA




Possible New Experime

MilliQan: searches for
millicharged particles

Existing LHC Detector

¥

MATHUSLA: searches for long lived
weakly interacting neutral particles

}20m Surface Detector |

iside view)

F SO [ iy

CODEX-b: searches for long lived
weakly interacting neutral particles

! H
1 s 066
SHIELOING P iy =
[FLUE
=
p

i
r ! F

shield veto
UXA shield Pb shield IP8

FASER: searches for long lived
Dark photons-like particles



Possible New Experiments

*September 2017:
Installation of a 1%
demonstrator.

*Collected ~ 27 fb'l
mostly for technical

p tests in 2017
: : eContinuing in 2018 to
Existing LHC Detectozrom record datal

¥

< Two scintillator layers

<Three layers of 4 RPCs each, two in x-coordinate and
two in y-coordinate

<5 m tall, 2.5 m by 2.8 m surface area

<~1.5 ns resolution for scintillators, ~1 ns resolution for
RPCs

+TDC and ADC information for each scintillator

+RPCs have readout system from ARGO which includes
TN infAarmat inn

T 1-week data taken in November 2017
- — Continuing in 2018




“New” idea -> Hunting for particles with charges ~ 0.3-0.001e
Baseline paper: arXiv:1410.6816

Proposal for a new experiment/CMS subdetector ->

A Letter of Intent to Install a Milli-charged Particle Detector at

arXiv:1607.04669 LHC P5

Austin Ball,! Jim Brooke,? Claudio Campagnari,® Albert De Roeck,! Brian Francis,*

Martin Gastal,! Frank Golf,® Joel Goldstein,? Andy Haas,® Christopher S. Hill,* Eder

Existing LHC Detector

Izaguirre,® Benjamin Kaplan,® Gabriel Magill,”% Bennett Marsh,® David Miller,® Theo v

Prins,! Harry Shakeshaft,! David Stuart,® Max Swiatlowski,® and Itay Yavin”6

P MilliQan Experiment
0.500F ]
(S fTTTT T T I ) \/g: 14 TeV |
0.100F
£o000f |\ 7 4 1 0
? - Spo0s
w g .
= !
[]_[]1[1'E %L i
0.005 [ SLAC MilliQ o |
A5 =14 TeV
0001 T o Tm | 01 05 10 50 100 500 100.0
Mmcr(GeV) 14

M mCP(Gev)



MAPP at IP8 (LHCb/MoEDA

' MAPP: MoEDAL apparatus for penetrating particles

¥

S UGCa Gall

AR
’ ] 'Tv'
A ."‘
o
. » Lol
«WRL S f
o
LL R - L -

¢

Another scintillator experiment installed at the LHC, in the LHCb area
to search for low charged particles and possibly long lived neutrals
that decay close by




MATHUSLA

A Letter of Intent for MATHUSLA: a dedicated
displaced vertex detector above ATLAS or CMS

Cristiano Alpigiani,” Austin Ball,” Liron Barak,” James Beacham,”" Yan Benhammo,*
Tingting Cao, Paolo Camarri,”9 Roberto Cardarelli,/ Mario Rodriguez-Cahuantzi,"
John Paul Chou,? David Curtin," Miriam Diamond,* Giuseppe Di Sciascio,” Marco
Drewes,” Sarah C. Eno," Erez Etzion,” Rouven Essig,? Jared Evans,’ Oliver Fischer,”
Stefano Giagu,” Brandon Gomes,? Andy Haas,' Yuekun Heng,* Giuseppe laselli,”
Ken Johns,” Muge Karagoz,” Luke Kasper,” Audrey Kvam,” Dragoslav Lazic,” Liang
Li,*/ Barbara Liberti,/ Zhen Liu,” Henry Lubatti,” Giovanni Marsella,” Matthew
McCullough,” David McKeen,” Patrick Meade,’ Gilad Mizrachi,” David Morrissey,”
Meny Raviv Moshe,” Karen Salomé Caballero-Mora,’ Piter A. Paye Mamani,”® Antonio
Policicchio,” Mason Proffitt,” Marina Reggiani-Guzzo,* Joe Rothberg,” Rinaldo
Santonico,”¢ Marco Schioppa,”’ Jessie Shelton,’ Brian Shuve,® Martin A. Subieta
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A proposal for a large area
surface array to detect ultra
long lived particles coming
from the pp collisions

Aim to cover the range
cr <107 —10% m,
~ BBN constrained inspired

Physic case arXiv:1806.07396

Possible detector
surface array eg
above ATLAS or
CMS: ~ (200m)?2




CODEX-b Proy

1708.09395: V. Gligorov, SK, M. Papucci, D. Robinson
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CODEX-b Physics Re

Exotic Higgs decays Y

h _____
Reach g
m,, = 10 GeV
i/
I T | O S .
= s A
=
=, ;
I:E L e
1074 | !,o.,+// wn ATLAS IOV =~ -l ATLAS 1DV
F i — CODEX-b : | | ATLAS 20V
—— CODEX-b & pSh f , | == CODEX-b
§ e LabY, 205105 10m [ : i —— CODEX-b & pSh
T MATHUSLA I . . === 1ab, 20x10x10m

10 10t 10* 108 10-1 101 103 105

et [m] et [m]
For low masses, ATLAS/CMS are background limited, CODEX-b and MATHUSLA have an edge

ATLAS reach: A. Coccaro, et al» 160502742




Re-using ALICE (

A Laboratory for Long-Lived eXotics (AL3X)

Reuse the L3 magnet and (perhaps) the ALICE TPC

Similar strategy as for CODEX-b: use thick shield with active veto to
reduce the backgrounds

V. Gligorov, SK, B. Nachman, M. Papucci, D. Robinson: 18x000(x




ER Propos

pty decay EM
calorimeter
scinétor layer

to veto on scintillator layers

iqgeri outer radius e
charged particles for triggering Runm _ JI:; Cm:\_/l_,f-f’

« FASER has significant discovery potential for dark photons dark Higgs
bosons, heavy neutral leptons (sterile neutrinos), ALPs, other gauge
bosons, and many other new particles.

» Currently have in mind an initial veto layer, followed by ~5
tracking layers and EM calorimeter, with volume largely
empty and a magnetic field.



Beam Dump Experiments

High intensity frontier for low mass particles with very weak couplings
->upcoming neutrino experiments (SBL, LBL) foresee very high intensity beams

protons T e Ne@T detector:
e T e fEW 100m away
T LguDakMater  frOom the dump
> 102! POT/Year ’
0.100¢ § E //aﬁ ) m”“Qan;’ . These experiments can
2 I & perform searches for low
i S . mass New Physics particles eg
' ’ -HNL/sterile neutrinos
v | -dark photons
————— - -ALPs

0t 10° _ <- Example for millicharges




Exp
CMS

ATLAS

LHCBH

Search

Current Neutral LLP Searches

run  signal

EXQ-12-035-pas 8 TeV GMSB newraling ~y+ G
EX0-14-017-pas 8 TeV GMSB neutraline —+y+ G

1211.2472
1411.6530v2
1411.6877
1409 4789

1504.03634
1501 04020
1409 0746

1504.05162

1412.3021

T TeV H->XX

8TaV H-=XX, RPV SUSY
8TeV H->XX, RPV 5USY

8 TeV RPV SUSY

B TeV HaXX, HV Z', Siealth SUSY

8TeV H>XX

BTeV H— HV .. XX
8 TeV SUSY (split, rpv, gmsb)

Thew
0.62/b H->XX

not yet

’

AL

Mass gaps in current searches:
- X— leptons: 2 - 20 GeV
X— hadrons: < 10 GeV

LLP e Parent
Daughters  Scale Scale
+« MET 100-300 GeV x2+~50
¥ + MET 200-300 GeV x2+-50
2 leptons 20+ GaV 100+ GaV
2} 50+ GeV 200+ GaV/
2 lepton 20+ GeV 100+ GaV
& and mu 05-1TeV x2
2x - anything 10+ GeV 100+ GaV
2x ~ anything 10+ GeV 100+ GaV
2 leplons 04-2GeV =100 GeV
2 leplons or
5+ charges 10+ GeV 600+ GaV
2 quarks 25 - 50 GeV 100 GeV
Need a more

systematic approach

Assoclated #LLP decay decay

Objects Decays Location Detactor L1 trigger

jets, MET 1 tracker ECAL (timing) one photon

MET 2 tracker fracker | haton

none 2 fracker same dilepton

none or jets 1 trackar SEME HT > 300 GeV

none 1 tracker same dilepton

none 2 tracker fracker, MS ONe muon

none 2 Muon Sysiem  same Muon Rol

none 2 HCAL Samg CalRatio

none 2 Iracker ST standard kepton(s)

HARD MET,

Various Iracker SAME Jat, lepton
0,4-4 Benim single rack >

none 1 From besm  racker 1.5-35 GeV

more like

Shorter lifetimes: identify DV

for < ~ mm displacements

Ae from D. Curtin

/



LHC White Paper in Preparation

Searches. fer ?ong‘méi'f'
Secomne workshes

Searches for long-lived particles at the LHC: Second workshop of the LHC (2
LLP Community

[E 170ct2017,16:00 =+ 20 Oct 2017, 18:00 Europe/Zurich
@ Giambiagi Lecture Hall (ICTP, Trieste, Italy)

i Albert De Roeck (cerN) , Bobby Samir Acharya (abdus Salam Int. Cent. Theor Phys. (IT)) , Brian Shuve (SLAC National Accelerator Laboratory)
James Beacham (Ohio State University (US)) , Xabier Cid Vidal (Universidade de Santiago de Compostela)

White paper — chapter statuses and roundtable '@:Jm":m’z?m;m
[ draft here (18 Oct)]

*Simplifed models — First draft done! White Paper being finalized
*Experimental coverage — First draft essentially done! Input from ATLAS. CMS

*Triggers, upgrades, HL- / HE-LHC opportunities LHCb, proposed specialized
_ experiments and theory

Complete by fall 2018

(~ 200 pages)

—> discussion today [ live doc! ]

* Re-interpretations / recommendations

e Backgrounds —

Also meetings with
LHC Dark Matter group

*Dark showers




Workshops May & Octok

Searching for long-lived particles at the LHC: Third
workshop of the LHC LLP Community

Albert De Roeck
Jensnoe https://indico.cern.ch/event/714087/
James Beacham

José Francisco Zurita
et Almena 152 registered participants

Michelangelo Mangano
Nishita Desai

Will Buttinger

Xabier Cid Vidal

The fourth workshop will be
in October this year

23-25 October 2018

2 Amsterdam Science Park
Europe/Zurich timezone

Amsterdam Science Park

Europe/Zurich timezone

https://indico.cern.ch/event/744951




CERN High Beam Intensity |

Many studies on
long lived particles

Status and Prospects of

PHYSICS BEYOND COLLIDERS Summary plots of the
t CERN .
: reach are being completed
Study G dated by the CERN M t
to prep:rg thzo::xln;:r.oap:a? IYlEPestrategy uapndaag'czr?zeng—ZO) for the European Strategy
(coordination: J. Jackel, M. Lamont, C.V.) Docu ment (Novem ber)

Excerpt from the mandate:

“Explore the opportunities offered by the CERN accelerator complex

to address some of today’s outstanding questions in particle physics N eXt WO I’kShO p (J a n U a rY)
through experiments complementary to high-energy colliders httpS //| nd iCO cern Ch/event/755856/

and other initiatives in the world.”
Time scale: next 2 decades

Physics Beyond Colliders at CERN 1

Previous workshop (June)
https://indico.cern.ch/event/706741/

*Beyond

Penliteaey  NA62, NA64, SHIP, LHC new experiments...



Status of the Vari

| ifetime frontier Simon Knapen FNAL seminar

Supplementary detectors

dessy  docay Gpheion  Progress Cost
FASER v v Collaboration formed $
CODEX-b = v sub-collaboration formed $
SeaQuest v experiment exists $
AL3X v v v Proof of concept $$
MATHUSLA = (v) Letter of intent %%
SHiP v v Technical design report $5%

MOEDAL: monopoles, already running

MiliQan: milicharged particles, phase 1 detector in place

Run2 LS2 Run3 LS3 HL-LHC

2018 2020 2023 2007 Similar timelines for

Initial o BG mea- MATHUSLA, M|"|Qan
BG study Mini install surements install i

CODEX-b, FASER



Summary

Clearly and increased interest in LLP searches at the LHC in
CMS, ATLAS, LHCb, MoEDAL. Many analyses done or in
are progress. No signal observed yet, but only top of the
iIceberg covered so far.

Aim for a more complete coverage of the channels than
what has been done so far: -> White Paper coming. Many
opportunities for new analyses/ideas.

New ideas for additional small experiments at the LHC to
Increase the coverage: MilliQan, MATHUSLA, CODEX-D,
FASER, AL3X. Future beam dump experiments (SHIP)

Phase-2 LHC upgrade will allow some additional phase
space coverage (timing, new special triggers, other?): --
-> |n progress!!

White paper is timely eg for the new groups that join and for
defining common ATLAS/CMS/LHCb/TH++ strategy



