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“SUSY is just around the corner.”
— Carlos Wagner



https://giordonstark.com/?utm_source=susy2019&utm_medium=pdf

Overview of today’s talk

x [he Large Hadron Collider, , and you

» A highlight of searches for new physics inspired by SUSY
= Strong,
x 3rd Generation (3G),
= Electroweak (EWK), and
= | ong-Lived Particles (LL or LLP)

® across R-Parity Conserving (RPC) R-Parity Violating (RPV)
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https://indico.cern.ch/event/813884/contributions/3394791/

LI-{C ATLAS
A collider and a detector

The Large Hadron Collider is a massive, 27 ATLAS is a large 7000 ton general
km collider, operational since Sept. 2008 purpose detector (46m x 25m)

Four points along the ring at which the lLocated at collision Point 1
proton-proton beams cross

Stable rock at that depth

you



No data collection

| HC Schedule

Run 2 Run 3+
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Shutdown/Technical stop

Protons physics /_/el'e be O’I’EZQOI’)S s

Commissioning
Ions

Experiments currently shutdown, no new data & expected for 2 years!

= Focus on doing more with what we have
x clever techniques to find new physics (SUSY?) in existing data
@ recursive jigsaw, (variable) jet reclustering, neural networks (DNN, RNN, ...)

= Finalize calibrations on physics objects (electrons, muons, jets, photons) and push
object definitions to lower energies


https://lhc-commissioning.web.cern.ch/lhc-commissioning/schedule/LHC-long-term.htm

The Large Hadron Collider

ATLAS Online Luminosity (3= 13Tev A proton-proton collider at 13 TeV center-of-

LHC Stable Beams

Peak Lumi: 21.0 x 10% cm2 s mass energy

x For 2015-2018 operation:
x Operating peak luminosity; 21.0 x 1083 cm-2
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— Dillions of collisions per second!

S—‘I
28/03 01/05 03/06 (.)5/07 07/08 09/09 12/10 14/11 (s PrOtOﬂ bunCh SDaCIng 33 40 mllllon
Day in 2018 Crossings per second
= x 2808 bunches colliding in ATLAS
L ATLAS Online, 13TeV  [Ldt=146.91o "' : _
8 2015 4> - 34 = 146.9 ifb of data delivered (+ 1.7%)
£ 2rs 5 501 x Up to 70 collisions per bunch crossing
= otal: <u> = 33.7
g

© Why that peak at low <u>? ATLAS does many
special runs. This one was for precision W-physics.

Mean Number of Interactions per Crossing 5


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2

CONNECT THE DoTs 2019

Unconventional lracking

Z large radius tracking and secondary-
/ vertexing algorithms
e, Verex () — reconstruct long-lived particles
/ decaying throughout the inner
detector

ATLAS Simulation Preliminary s = 13 TeV

6)

pp - §3, §—qa %,, ¥, — dqq, c1(x,) = 300 mm

Selection Criteria: Mok 29, M>10 GeV

w/ Track Attachment

w/o Track Attachment

50

0O 5 10 15 20 25 30 35 40 45

Number of selected tracks

Improved vertex resolution Higher signal efficiency


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-013/
https://indico.cern.ch/event/742793/contributions/3274366/
https://arxiv.org/abs/1810.12602

Triggers in SUSY searches
e Feen

ATLAS Preliminary
ATLAS Preliminary ' Data 2015-2018

trigger efficiency
trigger efficiency

miss
ET
o
e}
miss
ET

Data 2015-2018 {s=13 TeV, 139.0 fb

{s=13 TeV, 139.0 fb Z — pp candidate events

Z = uu candidate events pT(Z) > 150 GeV
—a— 2015 —a— 2015

—=:- 2016 _ —=— 2016

—a— 2017 —a— 2017
—¥— 2018 —¥— 2018

250 300
p.(2) [GeV]

n . trigger rate is in order to keep the output rate manageable

= Many searches for new physics (excepting RPV-like searches) rely on the amount of missing transverse
momentum (MET, ErMiss)
= Many use inclusive- MET triggers that require at least 200 GeV to stay past the turn-on region
= \Want to target lower-MET regions? Rely on other triggers such as b-jets, jet, lepton, and photon triggers.

© Why Z-uu? Trigger system does not get information from muons, so is treated as “invisible” until
accounted for in offline reconstruction -


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TriggerPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/MissingEtTriggerPublicResults
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https://indico.cern.ch/event/813884/contributions/3394791/

Favorite Discriminating Variables

Event selection observables sensitive to features of
supersymmetry models are classified as:

. Missing momentum-type: sensitive to the properties of the invisible states
©@ how many neutralinos in the event? (RPC: LSP escapes detection)

" : sensitive to the overall energy scale of the event

© what is the mass of the gluino? (Strong: can reach high mass
scales)

x Energy structure-type: sensitive to the structure of the visible energy

© how is the energy of the decay partitioned across the final state
visible/invisible objects? (e.g. decay angle between LSP and jets)

More details in Christophe Clement talk Wednesday @ 13h40



https://arxiv.org/abs/1605.01416
https://indico.cern.ch/event/746178/contributions/3395928/

Parameterizing the model

&
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QQ‘&* @ compressed region
;;\ less energy per object
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RPC-RPV Spectrum

Ajik ~ ’ ~ L
Wapy = ‘2’ L;L;Ex + A}, L;Q; Dy + U;D;Dy + x;L;H,,

RPV terms in the SUSY superpotential

All simplified models fall somewhere on the RPC-RPV spectrum... either
= set all terms large or ...

= set all terms to O (conserve “SUSYness”, RPC) and require the
lightest SUSY particle (LSP) to be stable — dark matter candidates?

prompt decays of LSPs

long-lived LSPs
displaced decays?

increasing A”

11


https://cds.cern.ch/record/2040684/

O Naturalness motivates light gluinos and stops

Searching for SUSY

n , because of their strong color
coupling, have the highest theoretical cross-
section of the sparticles found at the LHGC

= [he upgrade of LHC from 8 TeV 1o 13
TeV also provides an order of magnitude
iIncrease In the theoretical cross-section

— 8 TeV
13-14 TeV
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» [heoretical cross-sections are shown for:;
= total strong production

» heavy squark

Search for strongly-produced sparticles!

(electroweak states may be first detected if high mass limits on strong production) 12


https://arxiv.org/abs/1206.2892
https://arxiv.org/abs/1407.5066
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3G (t,b)

e
Stop to 1-lepton (3-body) ===

multi-bin

ATLAS Preliminary -e-Data = Total SM
Vs =13 TeV, 139.0 fb™" oL Wi

[ JW+jets []Single top
[ Multi-boson [ tt+V
— - m(y ) (450,300) GeV

Preselection

>
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Data / SM

300 400 500 600 700 800 900 1000
ETS [GeV]

x [VIODEL PARAMETERS: t, 1"

» FINAL STATE: =1 lepton, = 4 jets, = 1 b-jet 10° - ATLAS Simuton Prminay —ToulSH 2L

» [HREE SIGNAL SCENARIOS: "“Output of %_()D)
x 4-body decay: Am(t, X12) = Miop NN+RNN im0 ce

© 3-body decay: miop > Am(t, ¥1°) = mw + mp
x 2-body decay: mw + mp > Am(t, ¥1°)

x DOMINANT BACKGROUNDS: tt—£ ¢ vv

0 0.102 03 0.4 0506 07 08 0.9
x CHALLENGE: large background NNy

More details in John Anders talk today @ 13h40



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-017/
https://indico.cern.ch/event/746178/contributions/3395929/
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3G (t,b)

e
Stop to 1-lepton (3-body) ===

multi-bin

tt, production, f1—>bff'§'(0, TﬁbWio, fﬁt'f(o

ATLAS Preliminary 4 Data =~ Total SM
Vs =13TeV, 139.0fb" ¢ i
[JW+jets
[ Multi-boson

ATLAS Preliminary
700E Vs = 13 TeV, 139.0 fo! === Expected limit (£ 106y

Limit at 95% CL JHEP 06 (2018) 108

--__ .
. .
.
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~
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No excess, set //m/z‘g,«“”
wWith - mult=bin 1t

Sensitivity increased to 700 GeV

(for neutralino masses up to 580 GeV)
More details in John Anders talk today @ 13h40

14



https://indico.cern.ch/event/746178/contributions/3395929/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-017/
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3G (t,b)

eI
Stop to Z-boson

ATLAS Preliminary Vs=13 TeV, 139 fb

tiz e Data
Standard Model
FNP
B Multi-boson
ttZ
B tZ and tWZ
Others

x MODEL PARAMETERS: X2°, X1°, tz

x FINAL STATE: = 3 leptons (= 1 OS-SF), MET
®x [WO SIGNAL SCENARIOS (4 signal regions):

. f1%‘55'(20» Xzoeh/tho

x t,—Zt, t—=bff'};” tf'l'Z Va|ldatIOﬂ
x DOMINANT BACKGROUNDS: tt+Z, V+jets

x CHALLENGE: jets faking leptons, non-
prompt leptons from hadronic decays

Jet multiplicity (pT > 30 GeV)

More details in John Anders talk today @ 13h40 OS=SE: 0,0,00S/fG—S/Qﬂ, Same-Flavor 15



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-016/
https://indico.cern.ch/event/746178/contributions/3395929/

3G (t,b)

1eett
StOp tO Z—bOSOn : cut and count

/S
20

W hew in Bun 2

fz fg production, fg —>Z+ i, ﬁ — bff i? A m(i,io) =40 GeV

ATLAS Preliminary Vs=13 TeV, 139 fb ATLAS Preliminary

SR2A e Data Vs=13 TeV, 139 fb™ .
" Standard Model All limits at 95% CL .-

FNP

B Multi-boson
ttZ

B tZ and tWZ
Others

~

m(t,) = 500, m(%°) =

~
o

- - - Expected Limit (1 csexp)

©))
o

Events / 50 GeV

(o)

60 80 100 120 140 160 180 200 220 240 900 1000
ET [GeV]

~

m(t,) [GeV]

~NY

Am(fl, Xlo) =40 GeV
Sensitivity set at 875 GeV

(no signal region targeting between diagonal/bulk)

More details in John Anders talk today @ 13h40 1 6


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-016/
https://arxiv.org/abs/1708.03247
https://indico.cern.ch/event/746178/contributions/3395929/
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3G (t,b)

sbottom multi-b-jets

2
0
2

~

MODEL PARAMETERS: X2, X1, b
= FINAL STATE; up to 6 b-jets, MET, no leptons

x  [\WO SIGNAL MASS SCENARIOS:
» m(¥;’) =60 GeV
x Am(¥2’, 5{10) =130 GeV

x DOMINANT BACKGROUNDS: tt, Z—VV

x CHALLENGE: reconstructing the Higgs
bosons
More details in John Anders talk today @ 13h40

Events / 200 GeV

ATLAS Preliminary M; lomer
Vs =13 TeV, 139 fb’ Z+jets ISingIe-top
SRA, post-fit

%SM Total + Data

nun m(51,iz,)~(:)) = 1100, 330, 200 GeV

3000
m . [GeV]
Analysis strategy:
= 3 overlapping single-bin
regions targeting (SRA) highly-
boosted b-jets In “bulk” of both
scenarios and (SRB,SRC)
compressed with soft b-jets
from 6 17


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-011
https://indico.cern.ch/event/746178/contributions/3395929/

sbottom multi-b-jets

k~>1 k~>1 production ; 51 —b )ZZ —bh )Z:) ; m(%?) =60 GeV

ATLAS Preliminary
s=13TeV, 139 fb™', 95% CL

- Expected Limit (+1 cexp)

. SusY
Observed Limit (£16, o)

ATLAS 8 TeV, 20.3 fb™ (observed)

- .

800 1000 1200 1400 1600

m(b,) [GeV]

60 GeV

m(¥1")

3G (t,b)

cut and count

51 51 production ; 51 —b )ZZ —bh )Nc:) ;A m ()ZZ, )Z:)) =130 GeV

ATLAS Preliminary
s=13 TeV, 139 fb™', 95% CL

- - - - Expected Limit (+1 6,

SUSY)
theory

800 1000 1200 1400

m(b,) [GeV]
Am()’ZZO, 5{10) =130 GeV

new in Kun 2

Sensitivity increased to 1.45 TeV

More details in John Anders talk today @ 13h40

18


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-011
https://indico.cern.ch/event/746178/contributions/3395929/

b,b, production ATLAS Preliminary

61 —b 72 —bh Z? , A m(i{?, 72) = 130 Ge\/ [ATLAS-SUSY-2018-31]

51 —>ti1i, m(ﬁ) =~? + 100 GeV [1706.03731]

~ 0
b, —b X, [1708.09266, 1711.03301]

Limits 2 95% CL x Update of sbottom
summary plot with
Am(%2°, X1") = 130
GeV from sbottom
multi-b-jets

200 400 600 800 1000 1200 1400
m(b,) [GeV]

More details in John Anders talk today @ 13h40 1 9



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/
https://indico.cern.ch/event/746178/contributions/3395929/

B sbottom multi-b-jets also had many b-jets

Strong multi-b-jets

MODEL PARAMETERS: &, t, X1
FINAL STATE: up to 12 jets, 4 b-jets, MET

THREE SIGNAL SCENARIOS (3 discovery regions):

» g— ti+Y¥;° (off-shell/on-shell t)

x g— bb+j;" (off-shell/on-shell t)

x §— tb+y;" (Via chargino)

DOMINANT BACKGROUNDS: tt, singletop
CHALLENGE: busy (hadronic) final state

Events / 25 GeV

ATLAS Preliminary

Vs=13TeV, 79.8 fb

OL Preselection

= === Gtt: m(g), m(¥;) = 1900, 1 (x50)
Gbb: m(g), m(X;) = 1900, 1400 (x50)

Strong (9)

180
cut and count

multi-bin

¢ Data

Ot

[ Single top
B it + X
[ ]Z+jets
] W+jets
I Diboson
[ 1 Multijet

50 100 150 200 250 300 350 400 450 500
M [GeV]

20


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-041/

Strong (9)

i P80
StrOﬂg mU‘tl-b-Je’[S cut and count

multi-bin

3 production, § — i+, m@) >> m@)

NLO+NLL g prod. + 1o ATLAS Pre“m'_f‘ary - = - Expected Limit (£1 G,)
Vs=13TeV, 79.8 fb

ATLAS Prellmlnary Observed limit All limits at 95% CL

Vs=13 TeV, 79.8 fo™ Expected limit
+ 1o

+ 20

o

~

Gtt, m(g)=2.1 TeV,

-0
m(x1 )=600 GeV Observed off-shell stop

- Expected off-shell stop
All limits at 95% CL

e}
T
(-
O
e
(@)
0b)
(ID
(7))
(7))
o
| -
@)

B LT P T L
-
Ll S

1000 1200 1400 1600 ~1 800 1000 1200 1400 1600 1800 2000 2:200 :- 2400
m(t) [GeV]

m(g) [GeV]

g— tt+¥;° (on-shell t) g— tt+¥," (off-shell t)

Sensitivity increased to 2.25 TeV

21


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-011

Strong (9)

B /ike strong multi-b-jets, also -have many. jets -
Inclusive SS leptons

ATLAS Prehmmary
f5=13 TeV, 139 fb °
I'r, 22, ET™ > 50 GeV

ents / 25 GeV

n

(o))
o
o
o

tt
S WW, ZZ, VH, VWV
— W

B t(W)Z, tTH, VY, 3t 4t

B Charge-flip

Preselectio

{more diagrams -
nOt /”C/Uded) | 100 120 140 160 180 200 220 240

Emiss [G ev]

Data / SM

» MODEL PARAMETERS: &, £, b, %1° el
= FINAL STATE: = 2 SS leptons, = 6 jets LS
» FOUR SIGNAL SCENARIOS (4 discovery regions); .

—#— Data
ATLAS Prellmlnary [ Total uncertainty

fs=13 TeV, 139fb —/ wz

[——1 Fake/ non-prompt
Rpc2L0b before E ** selection B (W)2, t TH, 1TV, 31, 4t

WW, ZZ, VH, VWV

Ieptons =

Events / 25 GeV

B Charge-fii ;
n b]_"9 t WX]_ g;lp(go(jlpg_)qawz/ ;
o g% ttXl m(g)=1.6 TeV, m(},)=0.8 TeV %
5 g% qQqWZy," :

>t WE(WH) %1°
x DOMINANT BACKGROUNDS: WZ+jets, ttV

» CHALLENGE: broad search, uncertainties of fake . S
factors, theory uncertainty of diboson E7"™ [GeV]

More details in Julien Maurer talk today @ 13h00 SN Same—S/gn (G/GCTI’I'C charge) 22
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-015/
https://indico.cern.ch/event/746178/contributions/3395926/

Strong (9)

| et
Inclusive SS leptons

cut and count

g g production, 2-step decay: g g — 9q9'qWZWZ3 %"

§ § production, § — qaWZy,; (%) = (M(@) + m(Z))/2, M(z,) = (M(F,) + m(7,)/2
ATLAS

,?_TLAS Preliminar?/ Expected Limit (+164,)
- s=13TeV, 139 1"
Jra-z0am’ iearev Alliimits at 95% CL — Observed Limit (+1 055"

theory)
- Expected limit (+1 cs )

SS/3L obs. 36 fb
[arXiv:1706.03731]
—— O lepton, 7-10 jets, \s =8 TeV, 20.3 fb"
1 lepton, Jets Vs=7 TeV, 4.7fb"
All limits at 95% CL

&

L

Run 1

500 600 700 800 900

200

y

1000 1100 1200 1300

1000 1200 1400 1600 1800 2000 2200
m, [GeV]

m(g) [GeV]
breadth of signatures done, see detailed talk later today

2 leptons, 0 b-jets (RPC)
Sensitivity increased from [1.1,0.6] to [1.6,1.0] TeV

More details in Julien Maurer talk today @ 13h00

SS: Same-Sign (electric charge) 23


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-015/
https://arxiv.org/abs/1404.2500
https://indico.cern.ch/event/746178/contributions/3395926/

B same analysis as strong, but ramp-up A’

Inclusive SS leptons

7000—ATLAS Preliminary
fs=13 TeV, 139 fb
6000 1", 22;, ET™ > 50 GeV

B t(W)Z, ttH, tTVV, 3t, 4t
B Charge-flip

.- (more diagrams
notinctuded)

Data/SM

» MODEL PARAMETERS: & &, b, %1% 45
= FINAL STATE: = 2 SS leptons, = 6 jets =4S
= THREE SIGNAL SCENARIOS (1 discovery region) 2 leptons o

n g%tfjw(lo, )21093(] _“gg\%rﬁi.,\/&m‘

~ -~ 0 ~ 0 ) m(G)=1.6 TeV, m(t)=1.2 TeV
* §qQXs > X1 99t
n g%tftl*, tl*%qq,

= DOMINANT BACKGROUNDS: WZ+jets, ttV

x CHALLENGE: broad search, uncertainties of fake

factors, theory uncertainty of diboson 7000 1500 2000 zsoo[G .
meff e

More details in Julien Maurer talk today @ 13h00 SS: Same—S/gn (G/GCTI’I'C charge) 24

1 —#— Data
ATLAS Preliminary 222223 Total uncertainty
{s=13 TeV, 139 fb ™ [C—] Fake/ non-prompt
RpvaL before m  selection [ HW)Z, tTH, tTVV, 31, at

Events / 200 GeV
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https://indico.cern.ch/event/746178/contributions/3395926/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-015/

Inclusive SS leptons

p roduction, g— t1 1 t, (RPV)— bs

A TLAS

I L dt=20.3fb" \s=8 TeV

g g production, g > i, T > bd
— ATLAS Preliminary

Vs=13 TeV, 139 fb

Al limits at 95% CL — Observed Limit (+10y..0)
SS/3L obs. 36 fb™
[arXiv:1706.03731]

(o)
— @Z

Expected Limit (1 o)

2 same-charge Ieptons/3 leptons + jets
SUSY) :
theory

---- Expected limit (+1 Gexp) ;
—— 0 lepton, 7-10 jets, \s=8 TeV, 203fb1
All limits at 95% CL :

£ ok e ot e o e P Rt ke i 1

700

600

500

.
e e e T
e

400

-
- -
- -

Run 1

300—1||||||||||1||||||||1|||||||||||||)." B : = ~-'-,||l1|||11||||1;‘: §...11..|,1ll.
200 300 400 500 600 700 800 900 1000 1100 800 1000 1200 1400 1600 1800 2000 2200
m; [GeV] m(g) [GeV]

rrrrryrrrvrrprrrrr 1y 11T 1T 1T 17 1T T T T 17T T T T T T TTTT
| | ! ! | | !

\III’III|III!|II|III|III|III|II

oreadth of signatures done, see detailed talk later today

Sensitivity increased from 0.9 to 1.6 TeV

More details in Julien Maurer talk today @ 13h00



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-015/
https://arxiv.org/abs/1404.2500
https://indico.cern.ch/event/746178/contributions/3395926/

B not as many jets/leptons as SS/3L

Displaced Vertex + Muon e

ATLAS Preliminary - Data Heavy Flavor
s=13 TeV, 136 fb'1 Fakes | |Cosmics

E™® Trigger Selection (m.w)=(1.7 TeV, 0.01 ns)
T

Full Muon Selection (m.7)=(1.7 TeV, 0.1 ns)

Preselected DVs (m.)=(1.7 TeV, 1 ns)

.- (more diagrams

notincluded) Preselection

3 Hleavy: Flavor can have longer aecay chains
MODEL PARAMETERS: A'ijk, t

FINAL STATE: displaced muon, displaced vertex o ATLAS Preiiminary +ods Elreey o
S= eV, Fakes osmics
ONE SIGNAL SCENARIO (2 signal regions): =7 Triger Selecon En;:;a:xez: 0 ,;s)’
| tequ Eirzizlset(:::ssm[/)i/w/ >3 Tracks -

DOMINANT BACKGROUNDS: material interactions,
randomly intersecting (soft) tracks

CHALLENGE: special track and vertex
reconstruction!

More displaced tracks — higher mass vertex 26
More details in Hidetoshi Otono talk Thursday @ 14h50



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-006
https://indico.cern.ch/event/746178/contributions/3395927/

Displaced Vertex + Miuon

Stop R-Hadron, pp St 1 Wj 7 |~

ATLAS Preliminary ATLAS oo ¥

Ys=13 TeV, 136 fb™", All limits at 95% CL EXPERIMENT

=== Expected Excl. Limit (+1,2 5, ) Run 350013, LB 243
susy Event 842252132 e
theory) Recorded 2018/5/10 23:47:17 L.

Muon Stream Event

Selected 1
Displaced ==
Vertices &

200 mm

No excess:observedin
either signal region

Sensitivity increased to 1.75 TeV
(for ~0.1ns lifetime)

First long-lived result with full dataset!
More details in Hidetoshi Otono talk Thursday @ 14h50

Muon-triggered event

27


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-006
https://indico.cern.ch/event/746178/contributions/3395927/

https://arxiv.org/abs/1810.12602
https://cds.cern.ch/record/2668727

Summary of RPV/LL

Stop Squark R-Hadron, Various Decays

2000

1800 A

1600 A

1400 A

1200 A

1000 A

Stop R-Hadron, pp — ﬁ, i Wi

ATLAS Preliminary
{s=13 TeV, 136 fb™!, All limits at 95% CL

#5¢ Expected Excl. Limit (+1,2 o)
> SUSY
=== Observed Limit (16, 70) :

800 A

600 -

>
)
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n
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O
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o
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Prompt 10~% 1072 10° 102 104 1016 Stable
Stop Squark Proper Lifetime T3 [ns]

No ATLAS summary plot yet, but here’s my attempt...

[4" More details in Hidetoshi Otono talk Thursday @ 14h50 28



https://arxiv.org/abs/1810.12602
https://cds.cern.ch/record/2668727
https://indico.cern.ch/event/746178/contributions/3395927/

B regions with different/same flavor electrons/muons

Sleptons: 2 lepton, O jet e

multi-bin

ATLAS Preliminary ¢ Data NSM [@ww
\s=13 TeV, 139 fo' m@wz BZz Bt
SR-DF-0J [Single Top  [JFNP [JOthers
%.)=(400,200) GeV
(300 50) GeV

Events / 20 GeV

direct slepton ¢

MODEL PARAMETERS: 2, ¥, %1%, X1
FINAL STATE: =2 leptons (OS), MET

= 0
P15
< 9
S0.5

S \\\\\\\\\\\;F\\\\\\\\#\\\\\\\\QL\\\\\\\\\L\\\—%&&&&&&é&&

0.
THREE SIGNAL SCENARIOS (9 exclusion regions): 100120 140 160 180 200 220 240 m26([’Ge\2,]80
x £—£%,°, £€[e 1] (direct slepton) 3
x Xt Wy different-flavor, O-jet signal region

n YiE—lv Ve, L)% L)V
DOMINANT BACKGROUNDS: tf, Wt, WVV, WZ, 77

CHALLENGE: theory uncertainties of diboson,
top

More details in Sonia Carra talk on Tuesday @ 13h30 OS: 0,0,00S/tG-S/QI’) ( electric char QG) 29



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-008/
https://indico.cern.ch/event/746178/contributions/3395925/

Sleptons: 2 lepton, O jet ==

multi-bin

ATLAS Preliminary === Expected Limit (+15,,)
\s=13TeV, 139 fb’ o)
All limits at 95% CL

ATLAS —— Observed limit (+105.5")
[Ldt=20310", \s=8TeV Expected limit (+10,,,)
ii,R]z,R N Fﬁ’(?l*_';“(: LEP2 L excluded

All limits at 95% CL

|

350 400
m;. [GeV]

Qptimized for direct sleptons

Sensitivity increased from 350 to 700 GeV

More details in Sonia Carra talk on Tuesday @ 13h30 30



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-008/
https://arxiv.org/abs/1403.5294
https://indico.cern.ch/event/746178/contributions/3395925/

o= in memory of Jihyun Jeong

Sleptons: staus

ATLAS Preliminary tdata  XSMTotal

{s=13TeV, 139 fb™ W-jets Multi-jet
WCR .TOIO quark | Multi-boson
pre-fit Z+jets [ Higgs
---- m(E X)) = (120, 1) GeV
derive e ) - 230, 1y oY
llllllllll ‘

» MODEL PARAMETERS: T, X1 m(Tr)=m(T1)
= FINAL STATE: =2 tau leptons (OS), MET

ATLAS Preliminary $ data NSM Total

s =13 TeV, 139 b W-jets Multi-jet
. Top quark Multi-boson

x ONE SIGNAL SCENARIO (2 discovery regions): e riors MHiogs

-- m(~x) (120, 1) GeV

x P71y, t*—hadrons+v:
= DOMINANT BACKGROUNDS: multi-jet &
W+jets (fake tau), diboson (real tau)

»x CHALLENGE: background estimation and o %o
tau lepton identification mr, [GeV]

--- M, %) = (280, 1) GeV

UORBZIBWIOU UBAIID-BIBP S18l+A/

(8
i

More details in Sonia Carra talk on Tuesday @ 13h30 B O,O,OOSI'ZLG—S/'QH (G/GCZLI’I'C C/’)EZI’QG)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-018/
https://indico.cern.ch/event/746178/contributions/3395925/

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONENOTES/ATEAS-CONE-2019-018/

= in memory of Jihyun Jeong

Sleptons: staus

N
ATLAS Preliminary + data  XXSM Total
Vs =13 TeV, 139 fo' Multi-jet - £¥Mutti-boson
SR-lowMass wajets [ Top quark
post-fit Blzijets  BlHiges
- =~ m(& %) = (120, 1) GeV

ATLAS Preliminary SR-combined

s=13 TeV, 139 fb
- - - - Expected Limit (£1 o,,,)
All limits at 95% CL

SUSY)
theory

Events / 10 GeV

---- m(, %) = (280, 1) GeV

SO0 106 1
1

2 Ry
RN
Q"@%L) \

lOW mass

: :

e 2P ] _]—_‘_|_|__|_T'[_T_Y_I_‘

D
ATLAS Preliming-y $ data - X 'SMTotal
|
E =13 TeV. 139 fb-i ,.Multi-jet ﬁ Multi-boson
) N o
SR-highMass o Wets - [l Top quark
post-fit .Z+jets . Higgs
= <-- m(E %) = (120, 1) GeV

B3
©
©]
o
™
~~
%)
2
c
[}
>
(i}

450 500
m(7) [GeV]

=-== m( X.) = (280, 1) GeV.

N S
MR
\;1‘ '.‘ ).)

AN \:&}
NN 5‘;)\
%@bﬂ Qs N

80

Combined left/right -handed staus

high mass

1 50 180 ~220
my, [GeV]

Sensitivity from 120 to 390 GeV

[4" More details in Sonia Carra talk on Tuesday @ 13h30 32



https://indico.cern.ch/event/746178/contributions/3395925/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-018/

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/

multi-bin

March 2019

-1 .
ATLAS Preliminar 8 TeV, 20.3 fb~' [arXiv:1403.5924]
S Pre ary 2¢ compressed, 36.1 fb~' [arXiv:1712.08119]

Vs=13TeV 200 jets, 139 fb~' [CONF-2019-008]
pp — If gl g, 0 — £X3 LEP jin excluded

7 <8,

All limits at 95% CL

— Observed limits
- == Expected limits

SR NS0 00 4

+ e ~0
; RuRL 2 2 X T,

L

A

ATLAS Internal SR-combined
Vs=13 TeV, 139 b

_ 2 _ . Expected Limit (+10
All limits at 95% CL e ¢ (£1040)
& ) SUSY
== Observed Limit (1o, .7')

[
e

400 500 600 700 800
m((, g) [GeV]

:)I(BVI/]IIlll‘\lllllllllllllllllll

SH

Don’t have staus included, but here’s my attempt...

[4" More details in Sonia Carra talk on Tuesday @ 13h30 33



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/
https://indico.cern.ch/event/746178/contributions/3395925/

EVWKINOS to photons via Higgs =™

ATLAS Preliminary ¢ Data By Ey+ets
Vs=13TeV, 139"  [[JSM Higgs boson  [JVy []Vyy

/) Syst. ® Stat. Unc.

i T %, > W, b, mET/E ) = (200,0.5) GeV

.- (more diagrams : ) ) 150 Gy, ) 1 iy
notincluded) e 1

W? — hGhG, m(’;zf) =150 GeV, m(G) = 1 MeV

» MODEL PARAMETERS: X5 (=X1%), X1~

= FINAL STATE: = 2 photons, MET

x [HREE SIGNAL SCENARIOS (12 categorized regions):
x YaE—=WXi°, X2 —hi.” (optimized)
x ¥1°%:°—>GGZh (GMSB)
x ¥1°%.°—=GGhh (GMSB)

= DOMINANT BACKGROUNDS: h—yy, non-resonant photon 12 Categories binned

processes (yy, Y+jet, Vy, Vyy) N MET significance
= CHALLENGE: non-resonant background modeling

15 20

S iise [VGeV]

(@)
X
m
~
©
(O
Q

More details in David Miller talk Tuesday @ 12h30 34



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-019/
https://indico.cern.ch/event/746178/contributions/3395922/

EVWKINoS to photons via Higgs ™™

¥, %, > %W X.h, BRE —» W) =BR(, > hx;) = 100% Higgsino NLSP, m(t) = m@;) = m(,) + 1GeV
= —e— Observed limit

Expected limit ATLAS Preliminary
Expectedt 1o limit /s 2 13 TeV. 139 15"
[ ] Expected=* 2c limit :23- :

BEEEE Theoretical prediction Limits at 95% CL

Wryy ATLAS Preliminary

1lbb, [arXiv:1812.09432] s =13 TeV. 139 fo !
Olbb, [arXiv:1812.09432] !

I, [arXiv:1812.09432]

1lyy, [arXiv:1812.09432] Limits at 95% CL
Observed

BR(%?—> hG) = 100%, m@G) = 1 MeV

200 400 500 600 700 800

200 300 400 500 600 700 800 %0
m@@) [GeV]

m(¥./%,) [GeV]
diphoton triggers allow
reach close to diagonal

interpretation of GMSB model

Sensitivity up to 315 GeV in m(¥1%,%2°)

More details in David Miller talk Tuesday @ 12h30 35



https://indico.cern.ch/event/746178/contributions/3395922/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-019/

Compressed EWK

Efficiency

ATLAS Simulation Preliminary
s=13 TeV

MODEL PARAMETERS: %22, %1%, X1, 2

50

FINAL STATE: =2 leptons [or 1 lepton+1 track] (OS-SF), Lepton p_ [GeV]
MET, ISR jet T
TWO SIGNAL SCENARIOS (6 multi-bin regions): reconstructing (very) soft leptons

s ):(ZOQZ*)NQO, Xt Wy,

x 0—0%1°, P€[e ]
DOMINANT BACKGROUNDS: tt, singletop, Z(—=TTt)+jets,
diboson, multi-jet fake /nonprompt leptons

CHALLENGE: compressed-mass search, fake/non-prompt
lepton background

More details in Sezen Sekmen talk Thursday @ 12h00  OS-SF: 0,0,oosite—S/gn, Same-Flavor 36



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-014/
https://indico.cern.ch/event/746178/contributions/3395922/

Compressed EWK

ATLAS Preliminary ® Data ~= Total SM
Vs=13TeV, 139 fb™ Diboson Fake/nonprompt
SR-//-ewkino-high-E:"SS i, single top [l Z(—tt)+jets
Others
e Hm(, ;z?) = (130,100) GeV
wee m(zg, z‘:) = (155,150) GeV

= Expected limit (£10exp)

LEP x; excluded
ATLAS 13 TeV excluded

ATLAS Preliminary
Vs=13TeV, 139 fb~!

ee/ uu, my shape fit
All limits at 95% CL

>
7
© -0 ~ )~} o~y o~ . .

2 PP — XoXis Xoxs, X1x; (Higgsino)
- Xo = 20, X7 — W8

m(xy) = [m(x3) + m(x9)]/2

Risr compares MET and 1SR
hemisphere momentum
USING recursive jigsaw
reconstruction

Sensitive to 160 GeV at mass splitting of 10 GeV

(also results for slepton searches not included in this talk)

Shape fit to mll/mT2 distributions

More details in Sezen Sekmen talk Thursday @ 12h00 37



https://indico.cern.ch/event/746178/contributions/3395922/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-014/

3-lepton with (emulated) jigsayy e

ATLAS Preliminary e Data == Total SM

{s=13Tev, 139"  EEWZ . zz
Fake/non-prompt Others

Top-quark like
ME/T, ) = (200,100) GeV

SR-ISR

1
1 £

~

» MODEL PARAMETERS: %22, X122, X1t ¥ 0i 02 03 04 05 06 07 o)
x FINAL STATE: =3 leptons (OS-SF), MET, (and ISR jet)
» TWO SIGNAL SCENARIOS (6 multi-bin regions): emulates Risr Jigsaw variable

0 20 —Z¥:", X1t Wi (with ISR) that was used in compressed

. ¥,0 7%, Xit—= Wi (without ISR)
= DOMINANT BACKGROUNDS: fully-eptonic WZ

= CHALLENGE: normalization of WZ, theory
systematics of WZ

OS-SF.; Opposite-Sign, Same-Flavor

More details in David Miller talk Tuesday @ 12h30 38



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-020/
https://indico.cern.ch/event/746178/contributions/3395922/

3-lepton with (emulateq) jigsayy «edes

ATLAS Observed limit (1 oiif:;)
1

J Ldt=20.31b , ys=8 TeV Expected limit (+1 o,,,)

~+ 0 (") <0 5(*) =0

X: X2 - w X1 Z X1 “

Mm.:=m
X

ATLAS Preliminary
Vs =13 TeV, 139 fb™", All limits at 95% CL
ATLAS 4.7 fb", \s = 7 TeV
2= My Al limits at 95% CL

- - = - Expected Limit (+1c,,,)

SUSY)
theory

\
\
\

7 (GeV]
Sensitive to 350 GeV

(pushes the reach at lower mass-splitting)
More details in David Miller talk Tuesday @ 12h30

39


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-020/
https://arxiv.org/abs/1402.7029
https://indico.cern.ch/event/746178/contributions/3395922/

ummary of (some) EVWIK St

multi-bin

unbinned

March 2019 ATLAS Preliminary 1s=8,13 TeV, 20.3-139 fb' All limits at 95% CL

= =« Expected limits

= Observed limits

%% via

— \WZ

arxX

arX 3

e Wh  |bb+2jbb+ yy+[T*

arxiv:1812.09432

to photons Here’S my attempt

More details in David Miller talk Tuesday @ 12h30 and Sezen Sekmen talk Thursday @ 12h00 40



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/
https://indico.cern.ch/event/746178/contributions/3395922/
https://indico.cern.ch/event/746178/contributions/3395922/

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

March 2019 Vs =13TeV
= -1 . =
Model Signature  [£at[b™ Mass limit Reference
Ll T L] T L] L] L] T I T T L] T L]
4, 4—q% Oep  26jets EP™ 361 1.55 m(E})<100 GeV 1712.02332
0 mono-jet  1-3jets EM™* 361 0.71 m(G)-m(¥})=5 GeV 1711.03301
2 28, 2—qa%) Oe.u 2-6jets EFS  36.1 g 2.0 m(¥})<200 GeV 1712.02332
% 4 Forbidden 0.95-1.6 m(¥})=900 GeV 1712.02332
O . - = N
B 28 5—qa(tOX) 3e.u 4 jets o setr |z 1.85 m(¥1)<800 GeV 1706.03731
0 ee, i 2jets  E7 36.1 4 1.2 m(g)-m(t})=50 GeV 1805.11381
B g7 goqqWzh) Ocu 7-11jets EP™ 361 |2 1.8 m(F2) <400 GeV 1708.02794
S 3e.u 4 jets 361 |z 0.98 m(g)-m(¥})=200 GeV 1706.03731
c .
= g gk 0-1e,u 3b EPS 798 |2 2.25 m(¥!)<200 GeV ATLAS-CONF-2018-041
3e,u 4 jets 36.1 8 1.25 m(g)-m(¥})=300 GeV 1706.03731
biby, by —bi" 0T Multiple 36.1 by Forbidden 0.9 m(¥7)=300 GeV, BR(b¥))=1 1708.09266, 1711.03301
Multiple 36.1 by Forbidden 0.58-0.82 m(¥)=300 GeV, BR(b¥})=BR(:{])=0.5 1708.09266
Multiple 36.1 by Forbidden 0.7 m(¥})=200 GeV, m(¥])=300 GeV, BR(t{'})=1 1706.03731
2§ by, b—b¥y — bt Oepu 6b ERs 139 | B, Forbidden 0.23-1.35 Am(¥3,%7)=130 GeV, m(¥})=100 GeV SUSY-2018-31
§ = by 0.23-0.48 Am(T3,¥3)=130 GeV, m(¥})=0 GeV SUSY-2018-31
S .
&8 fh, Wb or it 02ep 02jets-2bEMs 361 |7 1.0 m(¥0)=1GeV 1506.08616, 1709.04183, 1711.11520
& S i, Well-Tempered LSP Multiple 361 |4 0.48-0.84 m(¥)=150 GeV, m(¥¥)-m(¥})=5GeV, / ~ 7, 1709.04183, 1711.11520
© 3 i, = by, F1 16 Tr+1eur 2jets/1 b EFS 361 b 1.16 m(71)=800 GeV 1803.10178
T = N o - .
B §iiy, el /e, ik Oe,u 2¢ Ems 361 |z 0.85 m(¥%)=0 GeV 1805.01649
A i 0.46 m(f, ,&)-m(¥})=50 GeV 1805.01649
Oe,pu mono-jet EFS  36.1 i 0.43 m(7,,&)-m(¥})=5 GeV 1711.03301
iy, h—ih +h 1-2ep 4b EPs 361 |4 0.32-0.88 m(E})=0 GeV, m(7)-m(¥")= 180 GeV 1706.03986
X3 via wz 2-3e,p EMis  36.1 X/i /,?g 0.6 m(t})=0 1403.5294, 1806.02293
ee, jit >1 ET™ 361 | Xk, 047 m(¥})-m(t})=10 GeV 1712.08119
XiXT viaww 2e,pu EMs 139 | X 0.42 m(¥})=0 ATLAS-CONF-2019-008
P2 via Wh 01 e, 2 E??ss 3.1 | 0.68 m(¥})=0 1812.09432
> 5 XX vial /v 2e,pu EP™ 139 X 1.0 m(Z,7)=0.5(m(¥T)+m(t})) ATLAS-CONF-2019-008
W L BT, X 57 v(ev), o T(v) 27 EPS 361 gz /,g" 0.76 o m(¥})=0, m(%,7) 0.5(m(:z)+m(/?2)) 1708.07875
© Xi1X, 0.22 m(¥7)-m(¥|)=100 GeV, m(%, #)=0.5(m(X} )+m(X})) 1708.07875
ILrlLg, I>00) 2e.p Ojets  EMs 139 |7 0.7 m(°)=0 ATLAS-CONF-2019-008
2eu >1 EPS 361 7 0.18 m(?)-m(¥})=5 GeV 1712.08119
HHA, H—hG|ZG Oe,pu >3b EFS 361 i 0.13-0.23 0.29-0.88 BR(¥) — hG)=1 1806.04030
de,p Ojets  EF™  36.1 H 0.3 BR(Y] — ZG)=1 1804.03602
8 ¢ Direct ¥]¥] prod., long-lived X7 Disapp. trk 1 jet EPis  36.1 )?i 0.46 Pure Wino 1712.02118
é % X; 0.5 Pure Higgsino ATL-PHYS-PUB-2017-019
T .
2 %‘ Stable g R-hadron Multiple 36.1 1902.01636,1808.04095
S 2 Metastable 2 R-hadron, §—qg¥} Multiple 36.1 m(t")=100 GeV 1710.04901,1808.04095
LFV pp—v: + X, Vr—ep/et/ut efL,eT,ut 3.2 A5,=0.11, A132/133/233=0.07 1607.08079
XX 10 - wwyzeeetyy dep Ojets  EMs  36.1 m(%)=100 GeV 1804.03602
23, 8—q901, X = qqq 4-5 large-R jets 36.1 Large A7, 1804.03568
E Multiple 36.1 m(¥!)=200 GeV, bino-like ATLAS-CONF-2018-003
€ 77 st X = tbs Multiple 36.1 m(¥?)=200 GeV, bino-like ATLAS-CONF-2018-003
fif1, 11 —bs 2jets+2b 36.7 1710.07171
fif1, hi—ql 2e,u 2b 36.1 BR(f, —be/bu)>20% 1710.05544
Tu DV 136 BR(f, —q)=100%, cosf,=1 ATLAS-CONF-2019-006
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/

Conclusion

x Vibrant SUSY programme in ATLAS
® Starting to release papers with the full Run 2 dataset

x No SUSY found (yet!)

W=, 7

Higgs

neutrino proton |top
electron l l

|
—

1079 10~ 10~3 100
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https://indico.cern.ch/event/813884/contributions/3394791/

FOr more getails...

e MONDAY
E/|l Julien Maurer @ 13h00 (Strong/Inclusive gluinos)
E/|' John Anders @ 13h40 (38rd generation)

B> [UESDAY
E’.' David Miller @ 12h30 (EWK/Charginos)
E/|. Sonia Carra @ 13h30 (EWK/Sleptons)

B \WEDNESDAY
E/|' Christophe Clement @ 13h40 (Techniques)
(4 Alberto Cervelli @ 14h40 (HL-LHc)

2 [HURSDAY
E/|' Sezen Sekmen @ 12h00 (Compressed)
(7 Giordon Stark @ 12h40 (Likelihood Preservation)
(7 Hidetoshi Otono @ 14h50 (Long-lived)
4 Javier Berlingen @ 15h50 rpv)



https://indico.cern.ch/event/746178/contributions/3395926/
https://indico.cern.ch/event/746178/contributions/3395929/
https://indico.cern.ch/event/746178/contributions/3395922/
https://indico.cern.ch/event/746178/contributions/3395925/
https://indico.cern.ch/event/746178/contributions/3395928/
https://indico.cern.ch/event/746178/contributions/3395932/
https://indico.cern.ch/event/746178/contributions/3394684/
https://indico.cern.ch/event/746178/contributions/3396797/
https://indico.cern.ch/event/746178/contributions/3395927/
https://indico.cern.ch/event/746178/contributions/3395930/
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The ATLAS Detector

Four major subsystems
» [nner Detector
= Muon Spectrometer

x Calorimeters

LAr hadronic end-cap and

n Trl g g er forward calorimeters

LAr electromagnetic calorimeters

Solenoid magnet | Transifion radiation tracker

Muon chambers
Semiconductor tracker

A single complex detector compromised of many subsystems
that total: 100 million electronic channels and 3000km of cables
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Tracking — Inner Detector

R=1082mm

» Contained within a 2T
solenoid magnet

\
i

'W . » Four subsystems:
' ; M&%‘W i = |nsertable B-layer
y “/ %\x . » Pixel Detector
R = 5\"’;_ x Semiconductor Tracker
sm{ : : » Transition Radiation Tracker
" » |dentifies charged particle
tracks
R = 122.5mm ; - .
F’ixe’S{ 5535}8_2{“2“,;“ » Reconstructs primary and

secondary vertices

R=0mm

Coverage for |n| < 2.5 i



Tracking — Muon Spectrometer

Thin-gap chambers (T&C)
Cathode strip chambers (CSC)

= Uses large,
superconducting 4T toroid
magnets

= Four subsystems:;
= Monitored Drift Tulbbes
» Cathode Strip Chambers

x Resistive Plate
Chambers
Barrel toroid

» Thin-Gap Chambers wTw | Resistive-plate
| " chambers (RPC)

End-cap toroid

x Precision measurements of
Monitored drift tubes (MDT)

Muons

Coverage for |n| < 2.7
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Tile extended barrel

———————

————

=

LAr electromagnetic
end-cap (EMEC)

-

LAr eleciromagnetic N
barrel
LAr forward (FCal)

x “hadronic and electromagnetic sampling calorimeters

x Alternating layers of dense “absorber” material (Lcad, Copper, Tungsten,

Steel) to reduce particle energy and “active” material (Liquid-Argon,
Plastic Scintillator) to provide detectable signal
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Will discuss planned upgrades later in this talk

Calorimetry and Trigger

Calorimeter detectors

TileCal| Muon detectors

>
Q
)
()
Q
<
.
[
>
@)
-

High Level Trigger

(HLT)
Processors O(28k) Ilﬂ

Event
Data

40MH2Z

Detector

x [he trigger system uses data
from the calorimeters

e | = Bunches of protons collide every

DataFlow

Read-Out System (ROS)

25 ns (40 MHz rate)

Need to reduce this rate to ~1
KHz for writing to disk

x Goal: retain efficiency of

" Data Colicton Nework processes sought for in ATLAS

n
Data Storage

n
Tier-0

~1.5kHz

Need a lot of smart rejection

Need it fast and performant

Keep rates under control
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Higgs Mass?

= [he process of renormalizing a theory, such as Standard Model, up to some chosen
energy scale incorporates “loop terms” which corrects properties of the theory

= What are the corrections to the Higgs mass mo?

x Standard Model: mass of particle is strength of Higgs field coupling (e.g. Yukawa
interaction)

= [he top quark, with the largest mass, has the largest cotrection to the Higgs mass

x |f the Higgs boson is observed at the electroweak scale, 125 GeV, then the Higgs mass
Mo Needs to be to almost-perfectly cancel out with the (1019)2 correction!

= [his correction is proportional to the square of the cut-off scale — the Planck scale

This IS certainly
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“It was logical to start by looking at Supersymmetry. When you go to Rome
you visit the Vatican or the Colosseum, not some weird corner of the city.”
— M. Mangano #5SMatlLHC2019

Beyond the Standard Model

What /s dark matter? Where did all the antimatter go?
does the standard model look the way it does?

is the weak force so much stronger than gravity? (Hierarchy problem)

Supersymmetry
(SUSY) is a set of
benchmark models
to help
experimentalists
answer these
guestions!

Supersymmetry
(SUSY) is a
framework with
good theoretical
motivations in
which theorists can
study BSM physics

o1


https://twitter.com/rdisipio/status/1120967337128153090

What is supersymmetry?

x A set of theories that predicts new boson (fermionic) partners for the fermions
(bosons) of the Standard Model — each with spin differing by 1/2 unit

= \\Vhen undergoing electroweak symmetry breakmg the higgsinos and electroweak
gauginos mix

= Neutral higgsinos and neutral electroweak gauginos mix to form neutralinos
= charged higgsinos and charged electroweak gauginos mix to form charginos

Gluino Neutralinos and charginos
Leptons Quarks , & _
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“It was logical to start by looking at Supersymmetry. When you go to Rome
you visit the Vatican or the Colosseum, not some weird corner of the city.”
— M. Mangano #5SMatlLHC2019

SUSY and naturalness

= 3rd generation fermions have large Yukawa couplings to the Higgs, treat the 1st
and 2nd generation couplings as negligible in MSSM

= [he stop squarks provide an equal and opposite contribution to the correction
of the Higgs mass

x [0 kKeep this correction small, a search for light stops is well motivated

= Additionally, as gluinos couple to the stop squark, it pulls the mass up — a
light gluino is well:motivated

vl v X\ 2oy 2 - 2y
= 2,3 08 QAF ln(mt-lm.t(z/mt) ; Athreshold}

A If strongly produced sparticles are heavier, EWK could be discovered
first


https://twitter.com/rdisipio/status/1120967337128153090

What’s a boosted jet”?

Particle decay at low
Lorentz boost

Particle decay at high
Lorentz boost

More (accidental)
substructure! 54



How big is a boosted jet” I)

—

Lab Frame

L orentz-boost

e —

Rest Frame

What is the angular separation between the decay products?

1
cosfr~1l—-0%2=1— "=
2 g

2

x [he more massive the parent particle, the larger an area it decays over.

® [he more boost the parent particle has, the smaller an area it decays over.

If the boost is large enough, can a large jet capture the entire decay?
55



How big is a boosted jet? (ll)

ATLAS Simulation
Pythia Z'— tt, t = Wb

80
60
40
20

% 100200300 400500 600700800900 °

P} [GeV]

1306.4945

= [he estimation of a jet size Is modeled nicely in monte-carlo
simulations of non-perturbative QCD for Z’ to top-antitop

If the boost is large enough, can a large jet capture the entire decay?
YES! 56


https://arxiv.org/abs/1306.4945

Forming Large Jets (l)

Larger jets can be formed from calorimeter clusters

R

® Apply same principles for reconstruction of smaller jets, to
form large radius jets, (R=0.8, 1.0, 1.2, ...)

® Formed from topoclusters and often need grooming / pileup
mitigation techniques, and large-R JES/JER calibrations

o7



Forming Large Jets ()

Larger jets can also be formed from smaller jets

// b

This Is known as jet reclustering

x Smaller jets are well-studied and better understood, reclustering from them takes
advantage of this knowledge

= | arge, reclustered jets can be used to calculate global quantities like a total jet
mass, or the number of top quarks In an event
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A fully reconstructed event

energy clusters

ATLAS

EXPERIMENT
= - &3 Run: 308047
LAPP T\ Event: 684427250
3 b-jetS, Iar ge total jet 2(‘)’162-09-08 04:49:33 CEST
: \ SR: Gbb B, Gtt O-lepton B
mass; zero leptons 59
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