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Outline

1. “Low-hanging fruit for DM @ LHC has been picked”
 From MET+X searches to di-X searches
2. Searches for (visible) light DM mediators
at the trigger level
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The road to discovery in Run 2

| Where to look for new physics?
=== Everywhere, starting with high masses
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Example: production rate of excited quarks (q*)
with mass of 4 TeV would increase
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Where de did we go from here the LHC Run-1?

(Some) outstanding questions of the Standard Model:

- HOW do p a rﬁCleS get mass? httDs://twiki.cern.ch/twiki/bin/vieW{CM.SPublic/LumiPublicResults
. h . \/ CMS Integrated Luminosity, pp
- Higgs mechanism

Data included from 2010-03-30 11:22 to 2017-11-10 14:09 UTC
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LHC operating beyond its design luminosity!
We have the chance to answer
these questions with LHC Run-2 data

@ Ordinary Matter

@ Dark Matter '//»
@ Dark Energy )
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults

WIMP DM in different production modes

Dark Ordinary
Matter particles
SM DM
DM SM SM SM M
DM
DM SM DM DM SM SM
Many resident experts here!
Indirect Detection Direct Detection Particle Colliders

Complementary experimental strategies
All looking for small signals
over large, complex backgrounds
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Looking for Dark Matter at the LHC

LUNDS
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WIMPs are invisible to detectors

SM DM

Med.
9q ax

SM DM

izon 2020

rc Euro Hon
RS pean ur n Uni undi: . . .
fx\.[,L.ﬁ,,s. i n Commission | o e vuen fundeg C. Doglioni - 09/04/2018 - Dark Matter Workshop Heidelberg UNIVERSITY



Looking for invisible particles at the LHC

Signature of invisible particles
(like Dark Matter):
missing transverse momentum

SM 999995 DM

A
. MET

Y Plane transverse to
the beam direction

XD-
A. Korn
A
SM DM
Invisible WIMPs:
Initial state radiation =
. v . T |
makes them visible Excess of missing transverse momentum, L.,
OIC e curopenn Mortoon 2020
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A sample “monojet” result

Can also use other associated objects:
photon, W, Z, Higgsg

SM 99999)

DM

SM DM

Simplest signature
of Dark Matter:
missing transverse

4 momentum
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How to interpret
the absence of excesses?
LUND

UNIVERSITY



https://link.springer.com/article/10.1007/JHEP01(2018)126
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Search or Article-id {Help | Advanced search) fc;
arXiv.org > hep-ex > arXiv:1507.00966 )
X
High Energy Physics - Experiment Download:

Dark Matter Benchmark Models for Early LHC s - — o d
Run 2 Searches Report of the ATLAS/CMS Dark (icense) 0@99'8;
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/ , S, P i |
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(building new theories, reinterpreting searches) AN g © %8 ® X
and as common framework for reinterpretation 3 L ’ )
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] $a).2) ’

Caveat: very (t0oo?) simple!

(Submitted on 3 Jul 2015)

This document is the final report of the ATLAS CMS Dark Matter Forum a forum
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Dark Matter mediators at the LHC

If there’s a force there’s a mediator:

SM DM DM
SM
M SM
S >ﬂ_d<
N\ DM
DM
\A SM SM SM

Particle Colliders

Can look for both invisible and visible decays of the mediator

(this talk: case in which the mediator is a new particle, but it can also be a known particle)

. . . o o |;:\, J:’Z
Look for an inevitable LHC physics process: di-jet resonances & 7
:9 rC uuuuuu Horizon 2020
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Anatomy of a bump-hunt

Data-driven background fit
f@@)=pi1(1 - Z)p2z1’3+l’4 log z
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.052004

Visible/invisible DM LHC searches

How to display interpretation of collider search using simplified models

Wa gratefully acknowledge support from

Cornell University .
Library e e Dark Matter Working Group
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Visible/invisible DM LHC searches

DM Simplified Model Exclusions ATLAS Preliminary July 2017

1.2 — Dijet
Dijet 8 TeV ¥s =8 TeV, 20.3 fb™!
Phys. Rev. D. 91 052007 (2015)
Dijet ¥s = 13 TeV, 37.0 fb’'
arXiv:1703.09127 [hep-ex]

n Dijet TLAYS = 13 TeV, 3.4 ib"’

- ATLAS-CONF-2016-030

2 Dijet + ISR ¥§ = 13 TeV, 155 fb"

—] ATLAS-CONF-2016-070

Ve T — i
, £ X

s ET**+y¥s=13TeV, 36.1 fo”
7 Eur. Phys. J. C 77 (2017) 393
7 . EM*4jet ¥5 = 13 TeV, 36.1 fb "
ATLAS-CONF-2017-060
miss

. Er-*+Z¥s=13TeV,36.1b"
— ATLAS-CONF-2017-040
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Visible/invisible DM LHC searches

Illustrative example

I I
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Visible/invisible DM LHC searches

Illustrative example
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Visible/invisible DM LHC searches

Illustrative example

v 1, B Axial Vector mediator, Dlrag DM A
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Dijet searches for DM mediators

Collider strength: searches for visible mediator decays
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Visible/invisible DM LHC searches

Illustrative example

O 1, B Axial Vector mediator, Dlrag PM A
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Dijet searches for DM mediators
———— Low-mass dijet searches for DM mediators

Motivating new searches for visible mediator decays
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Visible low mass DM mediators: interesting!

SM DM

Med.
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https://arxiv.org/abs/1503.05916

Dijet Resonances: Gonstraints on Goupling Values vs. Mass, 2013 A. Boveia, LBL workshop

lower rate of events

Coupling of new particle to quarks

Dobrescu, Yu Phys Rev D 88 035021 (2013)
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the LHC was not probing for di-jet resonances at the EW scale
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https://indico.cern.ch/event/606421/contributions/2558028/attachments/1445860/2227281/20170418_boveia_lbl.pdf

Data taking in ATLAS

e - Object
ardensam } reconstruction } Data analysis
(trigger) and calibration

Computing resources are essential for the full data taking chain

Trigger and data acquisition: select interesting events ‘

C. Fitzpatrick’s talks on LHCb trigger

LHC delivers data at 40 MHz (events/second
First step: fast hardware selection (Level 1)
data taking rate: 100 kHz
Second step: computer farm (High-Level Trigger)
data taking rate: 1000 Hz

ATL AS ‘e rc n European zzéé-uoenai%zn?on funding .. .
EXPERIMENT ERtl Commission for Research & Innovation C. Dogllonl - 09/04/201 8 - Dark Matter Workshop Heldelberg UNIVERSITY 20



Why do LHC experiments trigger?

e LHC: if everything was recorded...

e up to 40 million collisions/second (MHz) S;)gnkding balloon () |
e 1-1.5 MB/data per collision B0km) —= 1} ) yggrsfffckd”;g;
e JO0MHz*1MB = 40TB/s (~ 20 Km)

e 40 TB/s * 10e+6 s/year (day & night) = 0.05 ZB/year

Concorde
e Facebook: (15 km)
e 600 TB/day ~ 200 PB/year [Facebook 2014] \\
e “There'’s always a bigger fish” —
[C. Tull's talk @ siRTDM 18]
Mont-Blanc
LHC experiments need to: (4.8 km)
1. frequently process all data, fast ¢
(this includes calibrating ‘
and aligning the detectors!)
2. select only interesting events
(problem: we don’t yet know what
| interesting Mnea ns) (after selecting interesting events) “9’
R e | Ee i A8 S et e i LUND



What is interesting?

J. Stirling / C. Fitzpatrick

Number of expected events
= luminosity * cross-section

Problem (to be discussed later):
what if we aim to discover
a new rare process
that looks like one of those
high-rate backgrounds?

o LHC  Vs=14TeV L=10**cm?s™ rate
barn l
«—————— g inelastic Ay
Intergsting to LHCb ollision rate
I"" < }!!!
bb
IMHz
Readout rate
ub e
Storage
kHz
nb
Hz
pb
mHz
fb
uHz

jet E; or particle mass (GeV)

e

Horizon 2020
Europe'an' | European Union funding
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Research & Innovation C. Doglioni - 02/28/2018 - Simons Institute “Real-time decision making” program UNIVERSITY



Signals vs backgrounds

Main challenge for resonance searches: large backgrounds
and signal that looks very much like background

Number of events
produced by the LHC (log scale)

Impossible to record

Signal

all events in full
—statistical error

harms sensitivity!

Actual

recorded e
events "
Background Mass of two-object system
~ (~new particle mass) NS
_::érc uropean Horizon 202Q » Lu N D
i Rl S | st C. Doglioni - 09/04/2018 - Dark Matter Workshop Heidelberg UnIvERSITY23



Trigger Level Analysis technique (TLA)

(LHCb: Turbo Stream, CMS: Data Scouting)

Record only necessary information for jet search: jets
Use information already available to make the decision: trigger jets

Event size reduced to <<5% Reduced size -> increase number
of fully recorded event of events that can be recorded
— 9000 — - . :
. . I, i ATLAS Trigger Operation -- HLT Output Rate == Exr.Jress .
(T o 2ol peration g P00 7 Siream Rates (with 0verlaps) . sy o b LS

pp Data June 2017, Vs=13Te g 7000f pp DataJune 2017, vs=13 TeV mmm Other Physics  EEE Trigger Level Analysis

Main Physics (full EB)
@ B-physics and LS (full EB)
@ Express (full EB)
® Other Physics (full EB)
@ Trigger Level Analysis (partial EE
74.7% Detector Calibration (partial EB)

008:25 09:15 10:05 10:55 11:45 12:35 13:25

Time [h:m]
(573 g@wﬁ?\’é
[ERISBX )3
FRANNN ) A V)

Other ways to get to low masses (beyond +ISR, +VBF):
commisson | EE5m prescaled triggers/data parking/delayed stream

24



Statistics increase from Trigger-Level Analysis technique: dijet invariant mass

Upcoming EXOT-2016-20 update from A. Boveia, LBL workshop
C I I | I | | I
@ 10 E
T ~ P ATLAS Preliminary 3
Statistics | @ | Y]
: < 10" \s=13 TeV,29.3fb" =
INCrease Lﬁ = ly*l < 0.6 -
10°E E
10°E E
10" E
- e Trigger-level jets a
103 L Offline jets, single-jet triggers _
E —— Offline jets, single-jet triggers, prescale-corrected 3
B | | | | | | | | B
600 1000 2000 3000 4000
m, [GeV]
' s 10— ——r
Ei 1.008 1 ATLAS  Preliminary
E 1.006F (s=13TeV,29.3fo"
Performance  frot yi<os -
£ 1.002F £
comparison: .- .
trigger/fully reconstructed response Do E
~= unity 0.9925 E
0.99F e
5x10? 10° 2x10°
m, [GeV]
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https://indico.cern.ch/event/606421/contributions/2558028/attachments/1445860/2227281/20170418_boveia_lbl.pdf

Search results: no excess over background

Upcoming EXOT-2016-20

C — ) ) . . ) 1 | | I I I I I I I I I :
& £ ATLAS Preliminary _e— Data, 29.3 10", Iy*| <0.6 1
~10% & —— Background fit —
i) = R —— BumpHunter interval S
QC) [ A-"‘.A... —G—Z’,OXSOO -
u>.|107 _ o m, =750 GeV,g =0.1 g
— ke Vg ) BH p-value = 0.44
6 — ke 2 p-value = 0.13
10 = BH p-value =0.6 P
5 — %2 p-value = 0.42
10" E™ _a Data, 36" Iy <03
— —— Background fit
104 BumpHunter interval !
= —=— 2, 0x500 |
— m.,, = 550 GeV, g,=0.1 | | |
— : : 5
o 2E =
Y=
g 2F
g 5
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. . . . . | .
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m..
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The full picture for hadronic resonances

Upcoming ATLAS Summary Plots

DO' O_4_I I I I I I I I I L IIIII'IIIIIIIII'IIIIIIIIIL
— ATLAS Preliminary March 2018 Large-R jet + ISR, 36.1 fb™"
0.35 - TeV fb_1 arXiv: 1801.08769 —
.00~ Vs =13 TeV, 3.6-37.0 Dijet + ISR (y), 155 o~
— . ATLAS-CONF-2016-070
| 95% CL upper limits N . 4 -
03 [ Observed Dijet + ISR (jet), 15.5fb™ —]
- - .- Expected g ATLAS-CONF-2016-070 ]
~ ’ Dijet TLA, 3.6-29.7 fo\~  _
0.25— EXOT-2016-20 r
- Dijet, 37.0 fb™ ST
— e Phys. Rev. D 96, N —
0.2 - 052004 (2017) .
0.15 —
0.1 lyi,l <0.3 »
— Axial vector mediator = /5= 9 7 M
— Dirac Dark Matter N\ 'Q ]
_I 1 1 1 1 1 1 1 1 I | I I | llllllllllllllllllllllllll_
100 200 300 1000 2000
m,, [GeV] ey
rc uropean Horizon 202(? _ Lu N D
ﬁtkﬁrﬁ m Eom::ﬂssion Curopean Union funding | C. Doglioni - 09/04/2018 - Dark Matter Workshop Heidelberg UNIVERSITY




LHCD turbo stream: dark boson search

lower rate of events

£

Dark bosons decaying to dimuons: same principle as dijets
very large background but good mass resolution online

— use trigger objects to discover new resonances with large SM backgrounds

i

Candidates /a[m(p*p™)]/2

107 ! ' ! LT ' ' ' ! ! L | ! ! ! ! ! L
106 LHCb E: isolapion prompt-like sample
Vs=13TeV | ;’EE applied pr(pn) > 1GeV, p(u) > 20 GeV
5 R Lon
10 A\ prompt ptp~
10° e
107 B b+ g i
i
/
10° . A
U
PR |
10} 10* 10°
m(ptu) [MeV] .
; 90% CL exclusion regions on [m(A’), %] arXiv:1710.02867
10~
107 -
107 .
107 - LHCb prompt-like 3
I BaBar .
B KLOE
10 : 3

1 10

m(A’) [GeV] UNIVERSITY 28


https://arxiv.org/abs/1710.02867

LHCD in the future

(Run-3)

“Triggerless” readout

LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate
(full rate event building)

- Software High Level Trigger

Full event reconstruction, inclusive and
exclusive kinematic/geometric selections

OOOOOHD

Run-by-run detector
calibration

Add offline precision particle identification
and track quality information to selections

2-5 GB/s rate to storage

FDOOOO.

E“mp?ar‘_ European Union fundin
Commission for Research & Innovation
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http://arxiv.org/abs/1509.06765

A paradigm change

- Xoutput: large (all detector information)

- Kcurrent “interesting” thresholds not sustainable
at high luminosities

- fallows for offline analysis as refined as possibl

Asynchronous data analysis
(all raw data recorded, then analyzed)

“keep only the science content”
LCLS-IT data flow, talk by A. Perazzo

“Real-time” data analysis - @output: small (only high-level objects)
(data is reconstructed/analyzed right - @ collects more data using less storage
after being recorded, so that only - Xrequires more “online” computing power
final-state objects can be stored, - XKcan't go back and re-reconstruct (no info)
if needed)

’O/ &)
Horizon 2020 L u N D

European Union funding
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Parameter space for light DM/mediators g

UNIVERSITET

. http:/en.wikipedia.org/wiki/Streetlight effect
Searches for Dark Sector particles (example) D-7en-WEIpecia.org/ WK/ SiTeeTIgt eTTec

T T ™T T T ™ T T T T T

]0 L e ) ]
10.1007/JHEPQ2(2016)062 r o= Sl ]
10_2E T T T T TT7T T T T T TTIT] SL 7]
2 G s (RS *;_LOE https://arxiv.org/abs/1407.0017
v 107°8 o SN oF -
5 1074 :E s neutrino v ADM 1
2 S _ IMP
- _o
= 1 0_5 L & -0 neutralino %
o - E : E
8 10°F % 19 L
o E & E E ]
_71 B - o0 k » .
E 10 :E - L3N5137CHARM 5 20 axion a axino I »
€ 108k : 90%CL ] 25 ‘.-1 i E
O 1 O :E Fgg 3ng E: Beelﬂr?no N }
g 10‘9;5 =N Won 3; -30 " -_ g
S = , s [ gravitino g4,
10710 - ATLAS - el :
1 0_11E ] Ll L1111 ||203 ftl) ‘/FT? |T|e|\|/| ] -40 ; pev sl l\?v L G?V bl M(‘“”{ . :
_ _ _ -18-15-12 -9 -6 -3 0 3 6 9 12 15 18
107 107 10~ 1 v
m, [GeV] log)o(mpy / GeV)
d

. . . . LLP community effort: benchmark
Many other interesting and compelling DM candidates | odels and experimental signatures

need innovation to record these events LHC DMWG effort: connecting LHC

1 . ) dark boson benchmarks to cosmology
(e.g. long-lifetime) - not covered here and other LHC searches

ATLAS LUND

rc Euro Horizon 2020
pean i i .. .
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http://en.wikipedia.org/wiki/Streetlight_effect
https://arxiv.org/abs/1407.0017
https://indico.cern.ch/event/714087/
http://lpcc.web.cern.ch/content/lhc-dm-wg-wg-dark-matter-searches-lhc
https://arxiv.org/ct?url=http://dx.doi.org/10%252E1007/JHEP02%25282016%2529062&v=28dc27ed

Conclusions & outlook

Many different theories can explain DM, none favored by data yet
Very different detector signatures

- signals can be buried in high-rate backgrounds or rare but unusual
Look everywhere effect: we need to make sure we record the events first
See backup slides for present/upcoming hardware innovations

Making the most of LHC data: enabling discoveries
by ensuring events are selected and recorded in the most efficient way

Crucial at HL-LHC: full exploitation of dataset will require innovation

S.Bertolucci, LHC status, LHCP 2015 St Petersburg

Computing&SW public results ~ caveat: includes simulation
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. LHC is highest-E, highest-L operational collider > full exploitation (/s ~ 14 TeV, 3000 fb-)
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https://indico.cern.ch/event/389531/session/3/contribution/0/attachments/1147525/1645751/LHCP2015_SB.pdf
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ComputingandSoftwarePublicResults

Discussion points



For further discussion (related)

1. How far should we go in terms of couplings for
visible resonance (mediator) searches

Trade-off between work needed and scientific output

Could DM models have arbitrarily low couplings?

2. Are there any other DD/ID experiments with the

same issue (excess of data)?
Example of LSST, see backup slides
Inter-experiment connections are always interesting
See HEP Software Foundation whitepaper (roadmap to 2020),
trigger chapter, executive summary 34


https://arxiv.org/abs/1712.06982
https://arxiv.org/abs/1802.08638
https://arxiv.org/abs/1802.08640

For further discussion (unrelated)

1. Where do we go from here?
Are we missing something?
Pro domo mea: LHC Dark Matter Working Group
Long-Lived Particle Working Group
2. What makes the interpretation of a search “DM”?

How seriously should we take relic density (many ramifications)?

3. Connections with astrophysics

See next slide
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Further complementarity: astro/cosmo?

- Is the relic density a "guide for the eye” in the
WIMP paradigm, or more? How should its (precise)

Relic density .
measurement influence DM searches?

Is it possible to introduce different models and
assumptions in simulations, or are those too fine-

Galaxy formation grained to make a difference?

Could astrophysics help shedding light on the nature
of DM? Growing interest (also in the direction of black

Nature of DM holes) -> anything colliders can do?

We discovered a new particle: what is the role it
Role of the Higgs  played in the early universe?
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http://lpcc.web.cern.ch/lpcc/index.php?page=dm_wg

Backup slides





https://videos.cern.ch/api/files/483e8626-ee1d-48a7-96e1-95ebb9ac2711/CERN-MOVIE-2013-041-001-2672-kbps-1280x720-audio-128-kbps-stereo.mp4?versionId=fd4a2800-b5ec-44c9-9e8c-284992808ac7

Parallels with astrophysics

P

E. Bellm - LSST talk at siRTDM18
C. Fitzpatrick e

The trigger Are we building @
firehose?

Flavour - —

: . C. Fitzpatrick
...or how to drink from a firehose v 8 B

AP\
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FEDERALE DE LAUSANNE
2839

The LHC is also a data firehose!
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https://simons.berkeley.edu/talks/eric-bellm-2-26-18

Parallels with astrophysics observations

LSST [data broker] spots interesting event
Triggers a follow-up with other instruments
Limited resource: follow-up instrument time
Cost of not following up: missing information for
interesting transient

LHC experiment: spots interesting event
Triggers the recording of the event for further analysis

Limited resource: data-taking bandwidth
(among many others, e.g. computing resources...)

Cost of not recording: event (or category of events)
is lost and costs $$$9% to recreate
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Detail #1: ATLAS Fast TracKer A. Boveia

Many collisions happen simultaneously (pile-up)

Precisely measure each particle trajectory (track) - associate a
particle with a particular collision amongst noise of many collisions

- Pattern recognition problem (connect the right dots amongst
~105) and helix fitting (particle momentum, vertex)

- On analysis farms, this is done by brute-forcing many possible
combinations in series (tracking); can take 10’s of sec.

Tracking is very useful to make real-time decisions about which
events to keep

- Must reduce event rate from 100 kHz to 1 kHz by real-time
analysis

- <1 ms to make decision

ATLAS FTK (coming online this year) solves the tracking problem
in custom-built hardware See 1. Shapoval's talk yesterday

- Content-addressable “Associative Memory” chips to match data
to >10° pre-computed hit patterns, massively parallel

- Linearized helix fits in Altera Arria V FPGAs at 1 fit/ns

C. Doglioni - 02/28/2018 - Simons Institute “Real-time decision making” program
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Fraction of stable beam time per week [%]

Detail #2: LHCb buffering

A. Phan, Quantum Diaries

l , LHC does not operate 100% of the time
- Duty cycle in Run-1: 30% of the time
— Use the rest of the time to process more data

1 MHz
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Beams
e
P ro
In Between
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Detail #3: LHCDb software-only upgraded trigger

arXiv:1410.5012 . .
LHCb Upgrade Trigger Diagram
Rates for Run-1 pg . 99 g
30 MHz inelastic event rate
b-hadrons c-hadrons light, long-lived hadrons (fu" rate event building)
Output rate 17.3 kHz 66.9 kHz 22.8 kHz

Rates for Run-3, 2021

b-hadrons c-hadrons  light, long-lived hadrons

Output rate 270 kHz 800 kHz 264 kHz Full event reconstruction, inclusive and
exclusive kinematic/geometric selections

. Software High Level Trigger

Every event is signal!

Run-by-run detector

calibration
- move analysis to trigger :
- 1ncrease Capablllty Of HLT farm Add offline precision particle identification
- expecting: and track quality information to selections

- 27 GB/s for b-hadrons > >

- 80 GB/s for c-hadrons
- 26 GB/s for long-lived hadrons

If every event is interesting,

move towards trigger-less readout
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Detail #4: CMS upgrade track trigger

Full particle tracking information too expensive to be available at L1
At HL-LHC, tracks necessary to reject rate due to pile-up

ATLAS / CMS plan to provide tracks to L1 (CMS example: @ 40 MHz)
with a latency of 5 us

On-detector data reduction: |mp|ementati0n Of real'time pattern
decide what “stubs” to pass on to pattern recognition in hardware
recognition based on track expectations for (FPGA and/or ASICs)
particles above thresholds
“stub” ass fail y y y —_—
— pass al A \\\\\ 1 \\\\\ 4 N
Ll L R \\\\\\ '\\\\ ~ \\\\\\ ~\\\\ B \\\\\ \\\\
. N 3 N "N
y zI : 4mm[ OB % \\ \\\ \\ ~ N\ \\ \\ Y NN \\
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CMS upgrade TDR
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“Real-time analysis” at LHC experiments?

A rather personal (debatable?) definition

First-pass data analysis
done on short timescales
and/or with limited information
that influences further data-taking

Data analysis: done within the trigger system
Decision taken: whether to record the data
Timescales involved: microseconds
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Turbo/Data scouting/TLA path

- > Trigger event
reconstruction

LHCb/ATLAS/CMS:
~same reconstruction
software and inputs
online and offline
(ALICE: planned upgrade)

LHCDb: buffering data on
disk allows for precise
detector alignment

and calibration

“iere Horizon 2020
':-': H Europe_an_ European Union funding
Commission for Researc h & Innova tion

only if trigger passed

|> Full event
reconstruction

D Main stream

V

v In any case

Standard data
analysis

Partial (HLT-only)
event reconstruction

\

Special trigger
analysis stream

\

Analysis with trigger objects

C. Doglioni - 02/28/2018 - Simons Institute “Real-time decision making” program
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Better-than-real-time data interpretation?

Events / 20 GeV
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Di-photon, December 2015:
(small) overall excess over background,
not confirmed with more data

The key to many LHC

analysis is to collect
sufficient data to
make “significant”

statements
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December 2015: the Gold Rush

0 [ATLAS and CMS scminar [15 Dec 2015 14-16

1 ‘K Harigaya, Y. Nomura, 7 pages 1512.04850 :; }g gsz %8}2 éggﬁ
2 [Y.Mambrini, G. Arcadi, A. Djouadi, 9 pages [1512.04913  [15 Dec 2015 20:05:04
—|M Backovic, A. Mariotti, D. Redigolo, 17 pages 1512.04917 \15 Dec 2015 20:26:16
4 [A. Angelescu, A. Djouadi, G. Moreau, 15 pages 1512.04921 (15 Dec 2015 20:32:58
5—|Y Nakai, R. Sato, K. Tobioka, 6 pages 1512.04924 |15 Dec 2015 20:39:32
6_‘9 Knapen, T. Mclia, M. Papucci, K. Zurek, 20 pages 1512.04928 ‘l 5 Dec 2015 20:44:08
7—|D Buttazzo, A. Greljo, D. Marzocca, 16 pages 1512.04929 ‘15 Dec 2015 20:49:36
8 [A. Pilaftsis, 6 pages 1512.04931 |15 Dec 2015 20:50:27
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B. Francis’ TeVPA talk, Original drawing by Jamie Antonelli
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https://indico.cern.ch/event/615891/contributions/2666360/attachments/1505801/2346442/LongLivedParticlesCMS_TeVPA_v2.pdf
mailto:lhc-llp@cern.ch
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DM Simplified Model Exclusions ATLAS Preliminary July 2017
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