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New physics in 2019

Our current extensive look at 13 TeV yields impressive agreement with
Standard Model expectations and no unambiguous resonances or excesses

ATLAS N - There are no more guarantees (like a
s =13 TeV, 36.1 fb~ Bl 2

o2z P T, Wy : source of electroweak symmetry breaking

ggF-enriched 4 ;-je'ts. {? o 4 |
S rcotainy ~ just around the corner”) and no ace-in-
I NWA sigga#in =600 Ga\)

Events / 20 GeV

the-hole motivations for some specific

search or experiment; just huge open

questions, because we know the SM is
incomplete.

EPJC (2018) 78: 293
=

Data
Prediction

800 1000 1200
m,, [GeV]

WIMP dark matter in tension, lack of evidence for minimal SUSY, lack of
twenty-jet events filled with strong gravity, etc., compels us to switch from particle-
hunter mindset to cartographer mindset

Where could the new physics be hiding? What are we overloooking or marginalizing?

James Beacham [Duke]


https://link.springer.com/article/10.1140/epjc/s10052-018-5686-3

The lifetime frontier

0(7;2771) CTX Outer edge

of detector
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The lifetime frontier

The overwhelming
majority of the work of

/ LHC experimentalists
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The lifetime frontier

The overwhelming
majority of the work of

/ LHC experimentalists

A discovery could
be hiding here
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The lifetime frontier

The overwhelming

majority of the work of

LHC experimentalists

A discovery could

be hiding here
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CTX

Outer edge
of detector

21qe3S

Large majority of our
searches and analysis
strategies at the LHC and
beyond assume the new
particle decays promptly

Particle lifetimes in the SM

span a very wide range anc

long lifetimes can generically
appear in BSM theories

Obliges us to perform
dedicated searches for
long-lived BSM particles



The lifetime frontier

The \rge majority of our
ajori arches and analysis

LHCe We’'ve been doing LLP searches tegies at the LHC and
since day one of the LHC (and at |y

LEP, & Tevatron), but until ~2016, [SaE decays promptly
they were always considered
fringe, and they still make up less | EEGUENENTRIY
AWEIE (L. 10% of our “exotic” searches a very wide range anc
be at ATLAS/CMS/LHCb. ifetimes can generically
bear in BSM theories
But the paradigm is indeed
shifting, and you are a part of it! sliges us to perform

dicated searches for
BSM particles

Outer edge
of detector
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https://indico.cern.ch/event/517268/timetable/#7-lep-legacy-123
https://indico.cern.ch/event/517268/timetable/#8-tevatron-legacy-123

Shifting paradigms is an uphill battle

Yearning for New Physics at
CERN, in a Post-Higgs Way

Physicists monitaring the [.arge Hadron Collider are seeking
clues to a theory that will answer deeper questions about the
cosmos. Bult the silence [rom the [rontier has been ominous.

By DENNIE OVERBYE JUNE 19, 2017
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Shifting paradigms is an uphill battle
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CEKN hosts thousancs of scientists, representing Z2 member countries, all working to unders:and how the universe was created. CMS is cne of seven detectors on site

Yearning for New Physics at
CERN, in a Post-Higgs Way

Physicists monitaring the [.arge Hadron Collider are seeking
clues to a theory that will answer deeper questions about the
cosmos. Bul the silence [rom the frontier has been ominous.

By DENNIE OVERBYE JUNE 19, 2017

Gordon Kane, a superstring theorist at the University of Michigan who
1s well known in the community for his optimism about
supersymmetry, said his calculations predicted that the lightest
superparticle should show up around about 1.6 trillion electron volts
once enough data was properly analyzed. “Sadly,” he wrote in an email,
“the experimenters have not done realistic searches.”
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Shifting paradigms is an uphill battle
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Yearning for New Physics at
CERN’ in a POSt'HiggS Way Tom———— fihggbﬁgyl—"{\s' CMS, LHCb, and ALICE) and that our job as physicists is not "to find the

Physicists monitaring the I.arge Hadron Collider are seeking , C _ — : :

clues to a theory that will answer deeper questions about the Our job as physicists is to reduce, to negligible, the chance that we'll miss any possible new particles over

cosmos. But the silence from the frontier has been ominous. the duration of the LHC's run. The first look at 13 TeV yielding a whole host of successful validations of
the Standard Model prediction is *not™ a bad thing at all. It's freedom. And for those of us who like to

By DENNIS OVERBYE  JUNE 19, 2017 think in wild new ways, this is exciting.

Gordon Kane, a superstring theorist at the University of Michigan who
1s well known in the community for his optimism about
supersymmetry, said his calculations predicted that the lightest
superparticle should show up around about 1.6 trillion electron volts
once enough data was properly analyzed. “Sadly,” he wrote in an email,

“the experimenters have not done realistic searches.”
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Shifting paradigms is an uphill battle

Yearning for New Physics at
CERN, in a Post-Higgs Way

Physicists monitaring the I.arge Hadron Collider are seeking
clues to a theory that will answer deeper questions about the
cosimos. But the silence [rom the frontier has been ominous.

By DENNIE OVERBYE  JUNE 19, 2017

Gordon Kane, a superstring theorist at the Unive
is well known in the community for his optimis

supersymmetry, said his calculations predicted tl
superparticle should show up around about 1.6 t1
once enough data was properly analyzed. “Sadly,
“the experimenters have not done realistic searcl

James Beacham [Duke]

LHC, ATLAS, CMS, LHCDb, and ALICE) and that our job as physicists is not "to find the
Higgs" or "to find SUSY".

Our job as physicists is to reduce, to negligible, the chance that we'll miss any possible new particles over
the duration of the LHC's run. The first look at 13 TeV yielding a whole host of successful validations of
the Standard Model prediction is *not™ a bad thing at all. It's freedom. And for those of us who like to
think in wild new ways, this is exciting.

Dennis Overbye @« @ & Actons

In response fo the message rrom James seacnam, 21/06/201/
To:

22 June 2017 02:33

Well said
Lots of good ideas there but | have to get off my airplane now

Dennis

Sent from my iPhone




Science Q =

The world is watching

Article in Science News
about our May LLP
workshop at CERN

n a simulated event, the track of a decay particle called a muon (red), displaced slightly from the center of particle

collisions, could be a sign of new physics

22 M ay 2019 Atom smasher could be making new particles that are hiding in plain sight

By Adrian Cho | May. 22,2019, 12:20 PM

Are new particles materializing right under physicists' noses and going unnoticed? The world's great
atom smasher, the Large Hadron Collider (LHC), could be making long-lived particles that slip through
Its detectors, some researchers say. Next week, they will gather at the LHC's home, CERN, the

European particle physics laboratory near Geneva, Switzerland, to discuss how to capture them. They

argue the LHC's next run should emphasize such searches, and some are calling for new detectors
that could sniff out the fugitive particles.
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https://www.sciencemag.org/news/2019/05/atom-smasher-could-be-making-new-particles-are-hiding-plain-sight

Background reading

Long-Lived Particles at the Energy Frontier:

Searching for long-lived particles beyond the Standard Model
The MATHUSLA Physics Case

at the Large Hadron Collider

FUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

. e S
April 23, 2019 CERN-FRC-REPCHT-2018-0007
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Physics Beyond Colliders at CERN
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LHC LLP Community

white paper MATHUSLA physics
arXiv:1903.04497 case document
(provisionally accepted for arXiv:1806.07396

publication in J. Phys. G) (accepted for
publication in Reports
on Progress in Physics)

PBC BSM WG report
arXiv:1901.09966 (to be

submitted for publication
in J. Phys. G)

The LHC LLP white paper was designed to be a comprehensive document — a combination ,

set of , accounting of o record of ,

and for the future — that, combined with the MATHUSLA physics case document and the PB
BSM WG report, serves as the
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The future iIs now

€ MOoEDAL’s 15t Lol to the LHCC in 1999
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Originally, MoEDAL was
proposed to search for Highly
lonizing Particles and new long-
lived particles

X, Scintillater enti-colncidmes MOEDAL downstr
2 -
2, wal decxy detsctor (m be)

‘~._ ,'II llll”l“’"l”l’ll” 7
—

SRR . .
R

r’

> 7 os
ARSI III L LA TTITETA 7S s 875

\ FIRST OFORPQE
N\ _merr

ELSEVIER Nuclcar Physics B (Proc. Suppl.) 78 (1999) 52-57

www.elsevier.nlflocate/npe

Searching for Exotic Particles at the LHC with Dedicated Detectors.
J. L. Pinfold, **

®Centre for Subatomic Research, University of Alberta,
Edmonton, Alberta T6G 2N4,Canada

The LHC will open up a new energy regime where it may be possible to observe physics beyond the Standard
Model. Therefore the search for exotic phenomena, such as: magnetic monopoles, massive stable particles; slowly
decaying exotic particles; highly penetrating particles; and, free quarks and gluons, will be an important part of
the LHC physics program. We propose that the search strategy for exotics planned for the main LHC detectors
be extended with modest dedicated experiments designed to enhance the physics reach of the LHC. We shall use
two examples to illustrate this thesis. First, a passive, plastic track-etch detector "ball” designed to detect highly
ionizing particles and measure their Z/8. Such a detector is currently the subject of a Letter of Intent to the
LHCC from the MOEDAL collaboration. Another (active) small acceptance detector — protected by shielding
and monitoring an extended decay zone - specifically designed to detect massive stable particles and detect slowly
decaying particles, is described. The use of such a detector at the LHC, has recently been proposed.

J. Pinfold talk
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http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/01_morning/06_pinfold.pdf

Leveraging the global community

mnmmmﬂ R

WW’

1-6 July 2019
ICISE Conference Center, Quy Nhon, Vietnam

New Physics with Exotic and Long-Lived Particles:

A Joint ICISE-CBPF Workshop

I'ne successful establishment of a wide range of re-
sults consistent with Stzndard Model (SM) expecta-
Lions al the Large Hadron Collicer {LHC) and teyond
has placed a renewed interest on very exotic parti-
cles and non-standard experimental signatures as
potential channels for the discovery of physics
beyond the SM. This workshop assembles experi-
meantalists and theorists from around the world to
assess the state of current searches lor long-lived
particles at the LHC and beyond; axians; dark
matter candidates, including thase involving alter=
natives to the WIMP paradigm; and to ciscuss po-
tantizl discovery possibilitias with fulure experi-
meants, including lingar and future circular colliders,

Topics:

Long-lived particles (dark scalars; dark photons;
neavy neutral leptons f right-handed neutrinos;
RPV SLISY particles; stable, massive chargec parti-
cles; monenoles; etc.)

Dark matter candidates (WINPS and alternatives)
Axions and axion-like particles

Scientific Program Committee

James Beacham Ronald Shellarg
Kingman Cheung Brian Shuwve

Aloert de Roeck jean Tran Thanh Van
Rohini Gadbole Xabier Cid Vidal
Gaia Lanfranchi Liantao Wang

Pham Quang Hung T.C. Yuan

hetps; Swww. I isequynhon romycenferencesian19,/IC1SE-CEPE-Warkshop/

James Beacham [Duke]

Workshops like this are a vital
component of the global effort toward
ensuring that “exotic” shifts from
meaning “weird” to meaning
‘mapping the unknown,
as is our duty as physicists”

This particular workshop has the
unique function of highlighting the
research programs of southeast Asia

and Latin America, as a joint
workshop of ICISE and CBPF, and
we're fortunate to be able to do so
with many of the pioneers of these
searches here in person

We learned (or were reminded of)
many lessons throughout the last
four days




Lesson #1: LLPs are generic and ubiquitous

%%és THE NEW PARTICLE LANDSCAPE
) Mass

GeV

Already 'S frongly Interacting
Discovered . Heavy Particles

eakly Interacting
Light Particles

Impossible to
Discover

Interaction Strength
=

LLPs feature naturally in ideas
connecting particle physics
and cosmology — and
sometimes our “standard”
assumptions are misguided!

James Beacham [Duke]

]. Feng reminded us that LLPs — BSM
particles with lifetimes longer than what
we’'d consider “prompt” at, e.g., the central
detectors of the LHC — arise very naturally
from basic theoretical considerations...

...especially those with cosmological
signficance

Decays to superWIMPs can impact light element abundances

~ (2002) ©ad “exies ‘spjai
(£002) eweleye] ‘veweleley ‘Bus4

Tyme (S€c)

BBN excludes x > ZG, butl > |G may be ok and may even

fix the longstanding lithium anomaly! It is not true that BEN
categorically excludes LLP lifetimes > 1s.


http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/01_morning/01_feng.pptx

lesson #2: LLP searches at ATLAS/CMS/LHCDb are on fire...

Long-Lived Particle Searches

. .. amo mBsM

Different LLP varieties: —puiar

[V Antoneli] » phaton
M anything

Charges

. disappaaring
Final states

Decay locations

Lifetimes

Some challenges: EXe2 -
Dedicated triggers :

Not pictured:

Unique object reconstruction b ornn  outof time decays

Atypical backgrounds This talk will showcase a few recent

Unusual discriminating example LLP searches to illustrate the

variables variety of signatures and ehallenges
opportunities for innovation

|. Alimena talk

Despite challenges inherent to these
searches, many dedicated, inventive
people and teams continue to make great
progress, including several searches
already using the full Run 2 dataset

James Beacham [Duke]

CMS preiiminary 137 b (13 TeV)

. . / /
90% CL upper limit on nfb [m<A/), 82] / nfx [m(A,)a 52] pp — § G; cty(X,)=2 m Approx. NNLO+NNLL exclusion

1 BR@E—qqx)=21
173

[LHCDH  IMlong-lived excluded == Observed £ 100y BRE—-q,q,7.% = 7)=1

L.

de

===Expected = 10

] - e - .0
experiment BR(g — 9,9, % %= X1) = %

9
8
7
6
5
4
3
2
1
0)

L -
0 Excluded, 95%, CL. (LEP)

1200 1400 1600 1800 2000 2200 2400 2600 2800
my [GeV]

Paula talk H. Rejeb Sfar talk

Stop R-Hadron, pp = 11, T — uj

ATLAS Preliminary
Vs=13 TeV, 136 fb™, All limits at 95% CL

=== Expected Excl. Limit (+1,2 o, )

SUSY)
theory

A. Morris talk

95% CL upper limit on cross section [pb]
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http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/01_morning/02_alimena.pdf
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http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/02_afternoon/07_morris.pdf

L esson

1.4~ ATLAS Simulatior
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#3: ...and they’'re just going to get hotter

+  Surface ~15 m*; ~6M chamnels
4+ Fuence at 4ab': up 0 2x10"nJom

]. Alimena talk

Plans for Run 3 and HL-LHC

upgrades promise to greatly improve

de Paula talk our ability to detect LLPs

CMS — BIL: L(Y)SO bars + SIPM readout:
& el T/ ECAL interface ~ 45 mm
5 < \ +  Inj<1.45and p>0.7 GeV
B - »  Surface 40 m?; 332k channels
L _auu ' »  Fluence at 4ab*: 2x10*nJom?
o
>
—
— o
—
| B B S N - /,"/ 1 ] 1 | I ] 1 1
700 © 800 7100 200 300 400 500 600
ius [mm] Decay Radius 'mm] :
B ® ETL: Si with internal gain (LGAD): I
1 .  Onthe HGCnose ~45mm
16<ni<2 9
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Lesson #4: LLP searches don’t end

10mx=10mx10m

DELPHI CODEX.b box

CODEX-b: C.

100 m
underground

James Beacham [Duke]

at the outer edges of ATLAS/CMS/LHCDb

- One meter between modules - HSE requirement
- Need 1.5m center of column to edge of modules for crane maneuvering - HE requirement

1/ m of rock
shields particles

MilliQan: A. de Roeck talk
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http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/01_morning/03_young.pptx
http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/02_afternoon/07_lubatti.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/01_morning/04_deroeck.pdf

Lesson #4: LLP searches don’t end at the outer edges of ATLAS/CMS/LHCD

FASER: |J. Feng talk

Searches in the Forward Region at the LHC

CMS - PPS AFP

CMS Precision Proton Spectrometer ATLAS Forward Proton detectors

Jd ! =P =2 ¢ (4 15 I B P 5 | JDE AF® A FA
= - = - ™ O ., > - -~ > >
[ D U S— > T™TT r 4 T'TT 1 - - = a -
Twa P L ——
IS o5 4% (L SRS Ala) Jeeas N4 5 Qs Q7

Forward experiments: A. Moraes talk

James Beacham [Duke]

@' d ' _o c‘; -.“' - ‘ .C
Q %;EDA%L: Sivedete

MoOoEDAL/MAPP: ].Phﬁohiuﬂk

We should pursue the search for long-lived particles at the

LHC vigorously and collaboratively!

C. Young talk
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Lesson #5:

Experiments beyond colliders are necessary for a

comprehensive LLP research program

TSics
~*Beyond

“Colliders

SHIP
NAGZ2++
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FASER
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Planck Scale
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Mass of BSM state = Log,, mx|[eV]
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REDTOP, 10' pot N

NA64. 5x10"%eot

I1.DMX. 16 GeV, m“‘n

A. de Roeck talk
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http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/01_morning/04_deroeck.pdf

Lesson #5:

X[m]

NAG62 Detector paper, JINST 12 (2017) P05025

Target KTAG GTK
l==_} ¢--—;l-:l., CHAN
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Experiments beyond colliders are necessary for a
comprehensive LLP research program

MUVO

Beam definition

STRAW

Mdynel2

Magnetl
Q] Vln
2=, 100 GeV __V

100 GeV e beam
produced at the Beam tagged through
CERN SPS scintillators $1,Sz and S;

NA64: L. Molina Bueno talk

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 1077,

SHiP: la. Bezshyiko talk
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http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/02_afternoon/08_molina.pdf

Lesson #6: The quest for dark matter (DM) is leading in a
multiplicity of directions

MET>400 GeV MET>600 GeV

cT(pure wino)

J[1 [EWIDY L,

pTiet - 1 .04 Tev
1000 1500 2000 2500 3000 3500 HesesT o
wino mass |GeV]|

Wino DM: S. Shirai talk l Rani Komaragiri talk
* Heavy neutrinos with masses below the electroweak scale can

simultaneously generate the light neutrinos masses (seesaw
mechanism) and baryon asymmetry of the universe

(leptogenesis)... and possibly even the Dark Matter.

M. Drewes talk
James Beacham [Duke]
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http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/02_afternoon/09_drewes.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/01_morning/02_shirai.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/01_morning/03_komaragiri.pdf

Lesson #6: The quest for dark matter (DM) is leading in a
multiplicity of directions

1)

Q=0, B=2
Spin-0, scalar
m~1.7-2 GeV

Crucial fact: S does not couple to pions

A stable sexaquark as DM: G. Farrar talk

James Beacham [Duke]


http://vietnam.in2p3.fr/2019/longlived/transparencies/03_thursday/01_morning/01_farrar.pdf

Lesson #6: The quest for dark matter (DM) is leading in a
multiplicity of directions

fa. > 2/3, All points SGSC+RD fa, > 2/3 SGSC+RD (ID exc.)
- SGSC+RD+ID

CTA W™W' m SGSC+RD+ID+DD

CTA bb - - \,

o W W< _(ID exc.)
bb (:ID exc. )

y W'W

. bb

Most ID exclusions happens
in regions excluded by DD

Triple DM from a gauged 2HDM: Axion DM search at CAPP:
R. Ramos talk S. Youn talk

James Beacham [Duke]


http://vietnam.in2p3.fr/2019/longlived/transparencies/03_thursday/01_morning/01_farrar.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/03_thursday/01_morning/02_youn.pptx

Lesson #7: Dark photons; axions; ALPs; light, invsible particles
are being pursued with vigor

Preliminary M.Low, A.Mariotti, D.Redigolo, F.Sala, KT

yy—boosted HE-LHC

yy—xsec HL—LHC

LHC: yy—xsec

LEP: Z-ya(jj)
< P: Z—width
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
m, [GeV]

Study monojet(>500GeV)+Boosted Diphoton w/ mod Iso
one w/ mono photon trigger goes below 10GeV (in progress)

Belle Il: I. Jaeglé talk ALPs at the LHC: K. Tobioka talk

James Beacham [Duke] 19


http://vietnam.in2p3.fr/2019/longlived/transparencies/01_tuesday/02_afternoon/08_jaegle.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/03_thursday/01_morning/03_tobioka.pdf

Lesson #7: Dark photons; axions; ALPs; light, invsible particles
are being pursued with vigor

NP-enhanced hyperon rates (m, > O)
I T T TTTT]

Plans to search for
deviations from
expected BRs in hyperon
decay modes at BESIII:
|]. Tandean talk

Electron EDM constraint
. : -39
10-28 d.) < 1.1 x 107" ¢cm

B xqg B xp ,
= — 2 X 1()”"

A A My (MeV)

my = 20 GeV, my, = 200 GeV

CMS MTD, pr; > 0.7 GeV, At > 1ns

CP-violating dark photon tests:
G. Li talk

Time-delayed LLP signals
from dark photos with the
T ¥ planned CMS timing layer:
mz (Gev) V.Q. Tran talk

L=3ab™ !
James Beacham [Duke] 20



http://vietnam.in2p3.fr/2019/longlived/transparencies/03_thursday/01_morning/04_tandean.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/03_thursday/01_morning/06_li.pdf
http://vietnam.in2p3.fr/2019/longlived/transparencies/03_thursday/01_morning/07_tran.pdf

Lesson #8: Nearly-dark mirror stars? Possibly!

SM baryons
(interstellar medium)

|) Photons from
% €2 surface ~ €2

Also straight from core? NO!

2) Thermal emission from
SM nugget: Opticalt

3) Mirror Thomson
Conversion:

¥

D. Curtin talk

James Beacham [Duke]
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http://vietnam.in2p3.fr/2019/longlived/transparencies/02_wednesday/02_afternoon/10_moraes.pdf

L HC Community

()
<
N

EXPERIMENT

...in collaboration with the theory/pheno community and
MoEDAL, MilliQan, MATHUSLA, FASER, CODEX-b, AL3X, etc.

Formed to address one question:
How do we best ensure that we don't miss BSM
signatures for the remainder of the LHC program?

L HC white paper:
Workshops — 11 March 2019 — arXiv:1903.04497
two per year Accepted for publication in J. Phys. G
Join the CERN egroup: lhc-llp cern.ch/longlivedparticles

James Beacham [Duke] 22


https://longlivedparticles.web.cern.ch/node/26
http://cern.ch/simba3/SelfSubscription.aspx?groupName=lhc-llp
http://cern.ch/longlivedparticles
https://arxiv.org/abs/1903.04497

L HC Community

Compact Muon Solenoid

Location of workshop for fall of [ aCIEIuIUITISAERE
2019 to be determined very soon [ CODEX-b, AL3X, etc.

If you're not on the lhc-llp 1e question:

egroup, please join! e don't miss BSM
of the LHC program?

L HC white paper:
1T March 2019 — arXiv:1903.04497
Accepted for publication in J. Phys. G

Workshops —

two per year

Join the CERN egroup: lhc-llp cern.ch/longlivedparticles

James Beacham [Duke] 22


https://longlivedparticles.web.cern.ch/node/26
http://cern.ch/simba3/SelfSubscription.aspx?groupName=lhc-llp
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Conclusions

The future of particle physics is long-lived!

Successful establishment of a wide range of results
consistent with SM expectations requires us to shift
from theory-driven to signature-driven search strategies

Our duty is to explore the unknown; this means
stretching our current detectors at the LHC to the limits
of their discovery potential at 13/14 TeV, with a
renewed focus on LLP signatures, irrespective of theory
model or motivation, as well as fully exploring the
lifetime frontier with dedicated detectors using particles
produced at the main LHC interaction points and
experiments beyond colliders — and keeping a close
connection to astrophysics and cosmology

signatures, previously regarded as

fringe efforts, are taking their place within the central
set of BSM searches at the LHC and beyond
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This was a joint ICISE-CBPF workshop,

intended to both build bridges among the
physics communities of southeast Asia and
Latin American and to provide an interface with
the global community of those interested in
very forward-thinking exotic BSM physics,
particularly involving long-lived particle
signatures at colliders and beyond. The
response and participation at this workshop has
been very positive, so it would be wonderful to

low up with a second version in Brazil.

nen and where?
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2) What

* Very c
paradi

paper)

— COU

\

are we missing?

* A broader discussion of the general c
models that yield dark showers at col
their phenomenology, would be very welcome

(see Ch. 7 of the LHC LLP Community white

asses of
iders, and

Ifferent alternatives to ¢
gms — 1.e., not even pa

|d provide valuable cou

ark matter
‘ticle dark matter
nterpol

nts

e Substantial (but incomplete) work and thought
nas gone toward very exotic and LLP searches at
future colliders (FCC-xx, CEPC, CLIC/ILC);
including this community ensures a coherent
approach toward shifting the attitude of HEP in
general
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https://arxiv.org/abs/1903.04497
https://arxiv.org/abs/1903.04497
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have we raised at this
workshop that need to be followed up on or

ions
focused on for the near future

3) What quest
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4) As we’ve seen repeatedly this week — and as
you know — the connections between HEP and
astrophysics and cosmology are more important
than ever. Would this ICISE-CBPF Exotic/LLP
initiative benefit from the inclusion of people
from, e.g., the dark matter direct detection,
gravitational wave, multi-messenger astronomy,
etc., communities?

27



5) What new project — paper, model, game-
changing LHC upgrade idea, new dedicated LLP
detector using an LHC IP, novel way of probing
BSM physics with existing facilities — will you
have completed or originated by the time of the
next ICISE-CBPF Exotic/LLP conference?
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Join us on the terrace to discuss
these things and more over rice
wine at the round table this
‘afternoon, and thank you for
making this an excellent /NS NS\ — -
workshop! | ¥ N XVOISHENIR: G icige !

“James Beacham [Duke]



