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Precision measurements of the Standard Model (SM)

Impressive set of
measurements. Good
agreement of measurements
with theoretical predictions.

Including Higgs sector.

[ATL-PHYS-PUB-2020-010]

Standard Model Total Production Cross Section Measurements status: May 2020
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Why to search for physics beyond the SM?

No cold dark matter candidate.

~
n

[https://chandra.harvard.edu/
photo/2006/1e0657/more.html]

No unification of
gauge couplings.

+ Mmany more...
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Possible solutions?

SUPERSTRING
M-theory heterotic

& Grond suts)
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Vast amount of theories
and ideas proposed to
address these open
questions.
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One solution: Supersymmetry (SUSY)

i
o Symmetry between fermions and bosons

o Supersymmetric partner particles to every Standard Model particle

Neutralinos

— Roughly doubling the number of
particles wrt Standard Model in the
Minimal Supersymmetric Standard
Model (MSSM).

Squarks
+

sleptons
Extended Higgs sector necessary.

Lightest supersymmetric particle (LSP)
stable in R-parity conserving SUSY theories.

Minimal Supersymmetric Standard Model (MSSM)

Possible dark matter candidates, Higgs
boson mass stabilized, possible unification
of inverse gauge couplings,...
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Natural SUSY

In MSSM stop masses enter at one-loop level
s : i & into Higgs mass matrix, gluino masses at
m : B iz | two-loop level and the higgsino mass
LT Ousviine.dis parameter u at tree level.
'ﬁ' W —ZZIZIZZZIZZIZzZ:Z:I: .
°tf ¢V R — Searches focus on natural SUSY with
g br relatively light stops, gluinos and higgsinos.
8 N : (And left-handed sbottom due to weak iso-
S g 5 spin symmetry.) Other SUSY particles might
= : be decoupled.
Il B i in =8
............ b, T TR B Vi 2-loop
~ MNP . "W Q—— —
H P
: H oY A 1-loop
: R A —— —_—
natural SUSY : decoupled SUSY
' tree-level
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Dark matter candidates

[https://www.nature.com/articles/nphys4049/figures/1 from SUSY can provide a DM candidate, but also
Nature Physics volume 13, pages 224-231 (2017)] other possibilities.

Some dark matter candidate particles

1024

21 | .
oy — Often, searches for SUSY can also help in
10" - constraining other DM theories.

ey . — SUSY searches are an essential ingredient
10 ¥ in searches for DM in general.
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https://www.nature.com/articles/nphys4049/figures/1

Large Hadron Collider (LHC)
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https://www.weltmaschine.de/service__material/mediathek/lhc

Data statistics
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https://www.weltmaschine.de/service__material/mediathek/lhc
https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/PublicPlots/2018/DataSummary/figs/intlumivstimeRun2DQall.png

ATLAS detector

25m

Tile calorimeters

) LAr hadronic end-cap and
forward calorimeters
Pixel detector

Toroid magnets LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker
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What can we measure at the LHC?

proton - (anti)proton cross sections

 Predictions for processes of the Standard Model 10 ey 1
(cross section is measure on how frequent a process 10 | O — 1 1™ H
OCCL”’S) 10" F Tevatron LHC {10 %
10° L f "“4; {10° 2
10 e, ]
10° [ - Jw QJLE) E
: : 10 | e 8 g
» Higgs boson productions: I 3
1 Higgs bosons in about 10 collisions 1 e
(e.g. in 2017: about 3 million collisions per second) ; >< Jw £ <
: ‘ ] o Q
f 1 J1g" @ 9
: : é —3°%5 &
e Need to run complex algorithms during data- ; T {3 3
taking to filter processes we are really interested . { ' 1 =

in.... FT | T R

. 10° | : {10°

g Tr’gger 107 [ wisoiz N o -

0.1 1 10
—p Vs (TeV)

Maybe unknown physics down there? E.g. SUSY
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SUSY searches

N [https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSectio

pp, V3 =13 TeV, NLO+NLL - NNLO,pprox+NNLL
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SUSY searches

N [https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSectio

pp, VS =13 TeV, NLO+NLL - NNLO;pprox+NNLL

104
— 49 —— Xx (higgsino)
— §q —— X{ X1 (wino)
Electroweak SUSY | .| W — FEE wino)
searches S TAR—
g
— Small cross = 10°4
sections. Profit from £
. . L)
full Run-2 statistics g
f § 10
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SUSY searches

pp, vS =13 TeV, NLO+NLL - NNLO,pprox+NNLL

Electroweak SUSY
searches

— Small cross
sections. Profit from
full Run-2 statistics

104
— 49 —— Xx (higgsino)
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[https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSectio

Searches for
gluinos/squarks/
stops/sbottoms

— Profit more from the
CMS energy. Plenty of
statistics allow for the
use of very
sophisticated analysis
techniques.

04.03.2021
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Supersymmetric models

In case of MSSM 124 free
parameters!

We cannot deal with that many free

parameters!*
*but sometimes we at least look at
certain reductions, like the pMSSM
with 19 parameters

(U, d,c,s), q
W:l:
Usually only P ; ”
look at a —— TR * | Simplified
(] L[] ~ ~:|:
specific decay ~ ~. X o model
. v Xf q 1
chain P -
v %? q,
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Many different simplified models

< 2
—Oo O

v/e 9

=> Very different experimental sighaturesto look for!*

* We can get back to complete SUSY model by combining different simplified models/signatures.
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Example signature

E. g. strong production of gluinos:

Possibly leptons

Lightest supersymmetric particle
(LSP): stable in R-parity conserving
> theories
~0 — missing transverse momentum

— Jets + leptons + E ™
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E_™ + E ™ significance
B [ATLAS-CONF-2018-038]

Particles invisible to the detector (like neutrinos or
dark matter particles) result in a momentum

imbalance in the perpendicular plane to the beam muon. .
direction.

[Jet Goodson]

beam
pipe

— missing transverse momentum (E_ ™)

underlying
event

underlying ;Q"“\: =%
event

Object-based E ™ significance \

/Provides measure of how inconsistent E_ ™ is with bear
originating purely from fluctuations and mismeasurement pipe

- High if from Max i g L (E’F}ni35|ﬁ%nv)
non-interacting S*=2Ih - o
parﬁcles maXﬁTi‘lw:O £ (E.?.“Sﬂp,i}“’)

Computed using energy and momentum resolutions of all
objects entering E_™* calculation.
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Distinguish signal from background

Use kinematic variables to discriminate

A > ShE IS R R L R S L B S Bl s
signal from background. S [ arLas o Daazotsand20ts
_ jets leptons miss (% 10° Vs=13TeV, 36.1 fb \?Vl\jjltc:al = —
E-g- meff_ Z p:r +Z p T +ET - E Meff-2jB-2400 [ ] ti(+EW) & single top i §
= E B Z+jsts = N
— Correlated with mass of pair-produced SUSY § 102 Bl Diboson 4=
particles and mass difference between heaviest and - E - ﬁ“""‘ett ===
lightest SUSY particle in decay cascade. gt 4% f(:ngs %E;;“GOO’ 500,60
10 — = o
- 2% 3 o
E - 1 2
Analysis strategy: f_‘_L . ' el ]
1E " = 2
= - ] 04 L
= ald Q.
— Some analyses use simple combination of cuts on Ll | Al B
kinematic variables — 'cut-and-count’, but most S M Teee M Y N % .
analyses perform a shape analysis (multi-bin fit) or = A }V ' Y /////f
use sophisticated techniques, e.g. machine learning. < 0? ..... it S / T ! // ///é
1000 1500 2000 2500 3000 3500 4000
Comparison of methods very interesting! m,4(incl.) [GeV]
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Analysis flow - background estimation

e Reducible backgrounds: backgrounds with
another final state in comparison to the signal.

e Irreducible backgrounds: backgrounds show
the same final state as the signal.

reducible
b
Standard Model D h
Top, multijets ﬂ’} - -0
V, W, VWV, Higgs -3 $!
& combinations of these 1"*(—;
DRPNpY: -0
Combined fit of Reducible backgrounds Irreducible backgrounds b ~ X
Egc:(eggrf:‘: din:n d Determined from data Dominant sources: normalise P h b ¥
incl. systematic Backgrounds and methods MC in data control regions b
exp. and theor. depend on analyses Subdominant sources: MC P ¢ v
uncertainties as f W 0
nuisance : - _ -
parameters Validation - X1
Validation regions used to "‘:- - I,{{l}
cross check SM predictions 1 W
with data P t q

L ——— — .
Signal regions b
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ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

July 2020 Vs =13 TeV
Model Signature  [Ldt [ Mass limit Reference
0e.u 2-6jets  E™ 139 | § [10x Degen: 1.9 mE)<400 GeV J ATLAS-CONF-2019-040
. e - ! i
% 2z goqat) Oeu  26jets EP™ 139 |& 2.35 m(¥)=0 GeV ATLAS-CONF-2018-040
S z Forbidden 1.15-1.95 mE)=1000 GeV ATLAS-CONF-2019-040
M4 3 1e,pu 26 jets 139 |z 2.2 m(¥))<600 GeV ATLAS-CONF-2020-047
Ol I lpre enSIVe Qo CCllL 24dets Emiss 361 Z SL0) (e =50.Ga\. 1805.11381
3 Oep  7-1jets ENS 139 | 1.97 mi) < v | ATLAS-CONF-2020-002
Se a rC h p rog ra m S SSe.n 6jets 139 & 1.15 m(g)-m(X1)=200 GeV 1909.08457
< 0-1eu 3b EE g9 G 225 m(¥})<200 GeV ATLAS-CONF-2018-041
; presen t_"ng On Iy a SSeu 6 jets 139 |& 1.25 m(z)-m(¥})=300 GeV 1909.08457
. . biby, by —b¥] ¥} Multiple 36.1 | b Forbidden 0.9 . m(¥})=300GeV, BR(b})=1 1708.09266, 1711.03301
f e W h ’ h I ’ h t S Multiple 139 | by Forbidden 0.74 m(¥})=200 GeV, m(¥7)=300 GeV, BR(tf})=1 1909.08457
g g byby, by —bXs — i) Oe,u 6b  Ef 139 5 Forbidden 0.23-1.35 Am(E3,79)=130 GeV, m(£})=100 GeV 1908.03122
RS 27 2b 20 < T 0.13-0.85 AmC =1 = ATLAS-CONF-2020-031
§ ‘§ i, ot O-1epn z1ljet EFs 139 ||l 1.25 m(¥)=1GeV ATLAS-CONF-2020-003, 2004.14060
8| i iowat! leq  Bjetsiid EZ= 139 |4 0.44-0.59 m(P?)=400 GeV ATLAS-CONF-2019-017
q:) E. fi, 1=t by, 111G Tr+1eut 2jets/1 b E;"‘" 36.1 A 1.16 m(#,)=800 GeV 1803.10178
S8 A, ook /5, tock) Oe.u 2¢ Emw 361 N 0.85 m(i})=0 GeV 1805.01649
i . S : i 0.46 m(i,&)-m(¥})=50 GeV 1805.01649
A SO e l I I O n St ratl n g . Oe,u mono-jet  EF'* 361 i 0.43 M7, ,&)-m@E0)=5GeV 1711.03301
. 0 i1y, i1ty -7/ he) 12eu  1-4b  EPS 139 |G 0.067-1.18 m(3)=500 GeV SUSY-2018-09
L SO p h | Stl Cated b, hoh +Z Bep 1p  Ef* 139 |& Forbidden 0.86 m(¥))=360 GeV, m(7)-m(¥})= 40 GeV SUSY-2018-09
R S0 A Emis__gag | pep 064 LI ATLAS-CONF-2020-015
ana |yS IS Iiﬁ £e. it >ljet EF™ 139 [BEjS 0.205 m(¥s)-m(E})=5 GeV | 1911.12606
. XiXT via ww 2eu Ems 139 [ 0.42 m()=0 1908.08215
tec h ni q ues G viawn Otey 2b2y EMS 139 |X%/¥} Forbidden 0.74 mE)=70 GeV 2004.10894, 1909.09226
’ = § XX via by /v 2eu Ers 139 | 1.0 m(Z,)=0.5m (¥ )+m(F))) 1908.08215
® A | H C ati ons Of WS 2, 7ot , 27 EPs 139 | * L R IINOMHE0:] 0.12-0.39 ma?‘,z)=o 1911.06660
iyt i - miss 2 7
RILR, > . - 1)=0 -
p p I OLROLR, I-E0) 2en 0 jets EK\ 139 |7 0.7 m(¥})=0 1908.08215
ee, up >ljet EMS 139 |7 0.256 m(®)-m(¥)=10 GeV 1911.12606
resu Its to Ot h er Af, A—hG[2C Oep >3b  EM 361 @ 0.13-0.23 0.29-0.88 BR(Y] — hG)=1 1806.04030
b4ep Ojets EPs 130 |l 0.55 BR(t) — ZG)=1 ATLAS-CONF-2020-040
o
BSM scenarios B gl oo ooeslt Do el e e |n e [ 1w
’ =8 X; 0.15 Gre higgsino ATL-PHYS-PUB-2017-019
OF  stable g Rhadron Multiple 361 |2 2.0 1902.01636,1808.04095
« How to use th 1 - - o
OW O u S e ese S 2 Metastable g R-hadron, g—qqt} Multiple 36.1 — 24 m(¥})=100 GeV 1710.04901,1808.04095
r‘e S u |t S a n d W h e re XTI XEsze—eee Be,u 139 Pure Wino ATLAS-CONF-2020-009
LFV pp—¥r + X, Vr—ep/et/ut epeTuT 3.2 1.9 A4,=0.11, A132/133/233=0.07 1607.08079
t 't h th M | YERT I — wwjzettevy deu Qjets EZ™ 364 m(¥))=100 GeV 1804.03602
(0] gO WiI | S . 32, o000 X > qqq 4-5 large-R jets 36.1 1.9 Large A7), 1804.03568
" " b
r.\>. Multiple 36.1 2.0 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
O 77 ik B o tbs Multiple 36.1 m(¥?)=200 GeV, bino-like ATLAS-CONF-2018-003
Results available at T, ib¥E, X5 — bbs > 4b 139 Forbidden m(E})=500 GeV ATLAS-CONF-2020-016
o e or . 0, f—bs 2jets+2b 36.7 1710.07171
https://twiki.cern.ch/twiki/ i it 2ew 2 3.1 0.4-1.45 BR(,—be/b)>20% 1710.06544
H . B Tu DV 136 1.6 BR(71 —qu)=100%, cosf,=1 2003.11956
bin/view/AtlasPublic/
SupersymmetryPublicResults ) e e ) TNt i

*Only a selection of the available mass limits on new states or 107! 1
phenomena is shown. Many of the limits are based on

simplified models, c.f. refs. for the assumptions made.

Mass scale [TeV]
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------------

natural SUSY

Searches for gluinos




[

Search for squarks and gluinos in final states with jets

Direct (d)

Target cascade decays of squarks

or gluinos into jets + LSPs = E

Squark pair-production, direct = 2 2

Gluino pair-production, direct = 2 4 jets

Squark pair-production, via chargino
- 22-6jets

Gluino pair-production, via chargino
— 24-8jets

miss
T

jets

TN

—

JHEP 02 (2021) 143

p

One-step (0) 7
/ T

~0

X1
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Signal regions
I [JHEP 02 (2021) 143]

Three complementary set of signal regions

2 1°c ATLAS — SM Total E

* Multi-bin: R T o0 et %
— Three sets of SRs, requiring = 2 jets to cover S P . [ W+jets &
wide range of possible cascade decays. 2 3? EE(IEE:ZL &singletop 3

— Binned in jet multiplicity, m__and E_™/vH_ 2 10 B Vit o E
(HT: Z p{rets) 102 m(g, x) = (2400, 400) E

e Boosted decision trees:

— Better use of correlated variables for one-
step gluino decays.

=0
— 8 regions, trained individually. e
. . e , T
— Preselection on jet multiplicity, E.™=/m __and 0 o5
. . 0 H i F i L —
m__before training. 1000 1500 2000 2500 3000 3500 4000

meff [GeV]
e Model-independent — one bin
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Results

No significant deviation
from SM prediction in any
of the SR bins.

E.g. multi-bin SRs for gluino
pair-production with direct
decays

10>
10°

Events

10°

107

10

10~

o =
MNOMNMDO o ;g

Significance Data/SM

[JHEP 02 (2021) 143]

Nir=[4 )
| T T T T T T T T T | T ’ IDataI T | T
ATLAS .-~ SM Total
Vs=13TeV, 139 fb B ﬁj_etf
I W+jets
SR for MB-GGd [ fi(+EW) & single top
[ Diboson &l
° ° B Multi-jet
()
. -— .—L—.__L"mo

- el

7

|

///////////// //*/ LTS +/§/ i /////////// ]
& T 72 ///{/// ////////// /////////// ]

I ||||| |||||
0
NN
N
W
0

- i
a5 i 1
© O 3 © &‘ N 8 N ’§ © ’c\T ’@ 6 c’\r T © aT i
T SR T RO (s e e NS R RO L At T St N el SO R
o © Al o © Al o © [aV] o © Al o © Al o © Al
AR i B v i et € ) i Es £ (il A A e o ] S0 i v s i
— — (o) — — Al — — [oe) —~ —~ < — — © —~ —~
TR R e N o
T e e Sl EReeT i N OIS R R o e e e O
=l A= Le RiTe HE e B S ON BT (ONIERE S =Sl ON IR DN i =R OO tIE CO T ==
miss 1/2
Mg [TeV], c /v H; [GeV ™]
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Exclusion limits

All limits at 95 % CL

2000—" " T T TTTTLO e Exp. limits Model Ind.

OL obs. 36 fb™
[arXiv:1712.02332]

i [JHEP 02 (2021) 143]

gg production, B(g — qq x: —qqW* z‘:)=100%, m(ﬁ):(m(g) + m(x‘:))/z Limits onIy valid for
_I T I LI I i I LI I LI | I LI | I LI I LI I i I i | LI L | I_ Speciﬁc Simpliﬁed
| Exp. limit (£10,,,) - |

2500— A TLAS i = Obs. limit (+1 GSSSY) ] mOdeI |
- {s=13 TeV, 139 fb™ U eyl
= . ==+ Exp. limits MB -
L O-leptons, 2-6 jets . -

== Exp. limits BDT _

Expected limit
BDTs

1500

BDTs outperform 1000
multi-bin SRs for

medium mass :
splittings gluino - 500" ‘
LSP.

[ L8 DS I
P

N T

Expected limit
multi-bin

Observed limit
(best-expected of
the two strategies)

M M O L1 1 I L1 1 I 111 I 11 1 I 11 1 I 11 1 I L1 1 I 1 Ié'l E i 1 1 I L1 1 | L1 1 | L |
Limits up to 2.22 TeV 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
for massless LSPs.

m(g) [GeV]
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Search for gluinos in final states with large jet multiplicities

Virtual
stop

(including b-jets)
JHEP 10 (2020) 062

Search targets long cascade decays of heavy
SUSY particles

— Large jet multiplicity,
— Including b-jets if tops created in decay,
— E_™* from stable LSPs (RPC decays) or

neutrinos (RPV decays).

Model highly
motivated by
naturalness!

tt} b-jety RPC RPV

04.03.2021
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Signal regions

e Select events with > 8,9,10,11,12 jets.
e Veto electrons or muons.
e Event categories in different b-tagging

requirements (0,1 or 2 b-tagged jets) and in

_ R=1.0
= Z m;
7

(sum of mass of large-R=1.0 jets)

/ Powerful sensitivity:

« Use of object-based E_™* significance

e First SUSY analysis to use PFlow jets -
jets using information from the
calorimeters and the inner detector.

-\Multi-bin fit.

~

%

Number of Events / Bin Width

Data/Pred.

10°

10°

10*

10°

10°

1058

—

JIIII IIII

o
4
N
S
(6)]

[JHEP 10 (2020) 062 ]

||||||||||||I|||| |||||||||||||||||l|||||l|||
—e— Data 2015-2018
ATLAS w4444, Total background
Vs =13 TeV, 139 fo"! @ Multijets
C—Jtt—=l,ql
Bl WV v +jets
B Z I, vy +jets
N Single top
i+ X
B VV > qqll gqlv
§ — Tt — tbs (RPV)
—- g—>quT

SR-9ij80-0ib

IIIII|T|] IIIII|'|T| IIIII|TT| IIIII|T|'| IIIII"TE

HIAN IJ‘IIIII_Lll IIIII|_|_|,| IIIIIL|_|,| IIIIIL|,|,| IIIIII_I,I,E

N

IIIII

‘IIII
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ATLAS

EXPERIMENT

\ Run: 311287
Event: 2323168151

2016-10-23 14:56:09 CEST




Limits on natural SUSY

99 production, §—>tii$, m(q)>>m(g)

[JHEP 10 (2020) 062 ]

No significant excess over SM

S expectations seen.
2 - ATLAS
= 1800
153 - Vs=13 TeV, 139 fb™. Limits at 95% CL
E 1600 :— = - = - Expected Limit (£1 0gy,)
—~ - — - - Expected Limit (single-bin)
1400 — === Observed Limit (+1cj.>")
[~ = Observed Limit (single-bin)
1200 :_ ATLAS, 36.1 fb
L= Model motivated by naturalness. Final
800 / = state very rich in b-jets = use case for
- the b-jet rich signal regions.
400 Exclude gluino masses at most up to
C 1.8 TeV.
200— \ :
_IIIIIIIII|IIII|IIII|IIIIIIIII||II| :III
1100 1200 1300 1400 1500 1600 1700 1:3(%()) [Ge1\?]oo Clear improvement due to the multi-
bin fit.
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Searches for
stops

natural SUSY



"y Search for stops in final states with a lepton

arXiv:2012.03799
Search targets stop decaysto % , 4-body 3-body 2-body
final states with an isolated gy b L
electron or a muon. S o o ot
mz < Mmgo oS RO re
§ | i i "' ~> ,';(:7 Q ,/'
Highlights! N - I\ LU
« 2-body with special signal el doceiliien b el
regions for Am = m(top), using '," Y ’9”'," W '/ ¢
specialized variables, e.g. / f \
hadronic jcop tagging. =3 / T I o0 36\ - [Ge\7]
e 3-body with a set of neural . b A

networks. p ‘%\ P L& , , )
b.- -0 ¢ . =0 P v
 4-body with signal region > Xg > d ,’-—ii‘ G
requiring soft objects or signal | ,§' u z"‘?""’—\\v’ v ;‘“W G
\region using soft b-tagging. / : L LN P ’ “
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2-body

[arXiv:2012.03799]

Four signal regions:

, N 40E ATLAS 5=13TeV, 139 "
« High Am(stop,LSP) >> m(top): @ gpf e Data “TotalSM  tN_med =
— Two signal regions relying on multi-bin 30 FLuaL  [IWeets g 99 800, 400 Gev
fit based on E.™ and Ll = EI'(\)"::;?SOSO” W m@, %) = 950,1Gev 3
[ miss =1 —>miss 25 —
m,= \/ZPTET (1_COS([A(p(pT’pT )])) 202_ R =
— Further criteria on e.g. topness - = SEER e
rejection of di-leptonic decaying tt via 15 | =
testing how well an event can be 10E e NN\ ——3
reconstructed under this assumption Y S
using a likelihood method. ot —)—
OEE*S*L?*‘ e :
0 5 10 15
« Am(stop,LSP) ~ m(top): Topness
— Signal similar to tt production. ” R 0w e
Wxs PWys PWzs Pvz) = T 4 7 e
— Two signal regions based on selection o LR
of an ISR jet, boosting the system. il e S0P e O

a;

adem
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3-body

S [arXiv:2012.03799]
Event selection based on two neural
networks:

e Recurrent neural network to handle variable- - ————

length jet inputs. < = ATLAS , * Data ~Total SM 3

. s = 105-_\[§=13TeV,139fb oL T s

« Output of recurrent neural network + high- (E_™, EOWN EWsjcts  WSingle top

m_) and low-level variables (e.g. momentum and i m(tx,) = 500, 380 GeV [ Multiboson [l {t+V .

angles of the lepton) fed into a shallow neural 107 =

network. - . .

103 i =

Multi-bin fit in output of neural networks. 102k . M =

Background estimation via control regions at lower 10 . L

values of the neural network output scores. 0.4 0.6 0.8 1

Z

=
O
=
Z

Sensitivity not only to 3-body region, but also to
neighboring area in 2-body and 4-body regions.
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4-body

I [arXiv:2012.03799]

>40 GeV, <m(W) / Am(stop’LSP)\ < 40 GeV

» Standard b-tagging. e For very soft jets standard b-tagging does not

. Require low-energetic lepton + high-p_ ISR jet to work.
boost final state particles. « Soft b-tagging algorithm using secondary
vertices.

+ Multi-bin fit in p.(lepton)/E,™ + Ad(p,*,p, ™). Multi-bin fit in p_(lepton)/E ™
* ) T T

0 [ e e e e e e~ %) ST s e e e e e EE T
S 03k ATLAS , ¢ Data ~Total SM | i | 6 :E ATLAS e Data == Total SM %
2 Eé_?fl\j 1b3; TeV, 139" iiaL Wi = F(s=13TeV,139f0" oL gL 3
- e j‘g CIWw+ets [single top 1 w44 3 bffN_NsoItb [JW+jets [ Multiboson F
. e = m(t1,x1) =450, 400 GeV - Multiboson [:]Others b R m(t1,)~(1) =450, 430 GeV |:|Z+jetS DOthers 3
10 E_ ! 1 03 E. E
i PR 102 5
10 | L3 3
| ) i 10¢ e xretetee =
1 e S

eS8 AR SmemiPe= | 5 e e S e T
0 0.04 0.06 0.08 0.1 0 1 2

Lepton p / ET*° SV multiplicity
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Advances for 4-body: soft b-tagging

Standard algorithms for identification of jets
from b-hadrons not efficient if jets too soft.

— Case for 4-body regions.

Different soft b-tagging algorithms developed:
o Using b-tagging on track jets with p_> 5 GeV.

 Identification of secondary vertices using tracks
(without dependence on track or calorimeter
jets):
- based on an

incompatibility graph technique + further criteria to
reject vertices unlikely from b-hadron decays.

— Vertex finding algorithm on cluster of tracks.

Acceptance x Tagging efficiency

[ATLAS-CONF-2019-027]

9 T EEENLES e
= 0-35— ATLAS Simulation Prellmlnary =
2 0.3— —Amp, x) 20 GeV =
= - ]
£ 0.25E ° Am( x) 20 GeV e
02F & e 3
0.15F |ty =
0.1F :
0.05f
b-hadron P, [GeV]
sto mt y] 450 430]Ge\f
05—+ 2= —————r

04

0.3

0.2

0.1

L ATLAS Slmulatlon Prellmlnary

Track-jet-based b-tagging
----- Calorimeter-jet-based b-tagging
e T-LVT
o TC-LVT
p?'""”"" € (15, 20) GeV

..........

S B B B B
% 001 002 003 004 005

Number of charm fakes per event
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Results

l?e" 2

la

i)
\ NN ,‘ﬁ‘

_.Q :I ] | 1 ] I 1 ] 1 I ] LI ] | I I — _ﬂ
§ s00E— ATLAS ~40 Validation Regions Signal Regions =p §
m NN ' %eg Ly
o — . ) . ¥ o
> 50— Vs =13 TeV, 139 fb’! e Data = Total SM * N 50 @
= [ Cwajets & =
200 — . .
= Oav [ Muttiboson!
No ?'g.nlﬁcant 150 — [[]single top[ ] Other '
deviation 4 R AN : ;
‘ AN
from SM 100 ==L ] by 4
. — . N
expectation. S0 N
Q
2
©
9
!‘é
o B P £x £ zx £ zx Do Px &x Loc o T < = @ Q9
3] @ @ @ = = = @ E = I = =
EF E2 EF S2 8P 2F ZP 5F 52 8F 82 6% £ £ & 2 3 5 § B
z z z z 8§ g £ € z z z z § g g€ z
T ‘Eil a s 5 35 T "Bl Q B8
zZ z £ z
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Status stop searches

Vs =8,13 TeV, 20.3-139 fb 3 July 2020
I | I I 1 | 1 I I I I 1 1 | 1 1 T T 1 T T
ATLAS Preliminary

ﬂﬂ production

Limits at 95% CL 5 &

T 1 = Observed limits

= = Expected limits

Data 15-18,¥s = 13 TeV, 139 fb '
0L T, - ) /T, bW, /T, 5 bif 7,
[2004.14060]

AL o ) T - BWE /T, - bif 7
[ATLAS-CONF-2020-003,
ATLAS-CONF-2019-017]

— 2L {0 T - bWy /T, b i
[ATLAS-CONF-2020-046]

Data 15-16, Ys = 13 TeV, 36.1 fb '

ot /T, bWE /T, b 7]
[1709.04183, 1711.11520,
1708.03247, 1711.03301]

— o
[1903.07570]

Successful |y / Daia 12,5 - 8TeV, 20.30
Closed the // 1 | 11 1 | | | -:;;);%()?8/(;116]_”\,\,%?”1%bﬁ'%?
gaps! 200 400 600 800 1000 1200

Up to 1.25 TeV

m(t,) [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-020/fig_06.png

Sensitive to dark-matter mediator models

g t
X
-....<
¢/a X
g t

Searches for stops are sensitive to
dark matter mediator models
with scalar or pseudoscalar
mediators and associated
production of top quarks.

— E.g. the search for stops with
decays to final states with a
lepton has a dedicated signal
region.

S 10

—
o

95% CL limit on 6_. /o4, (9=1

—h
<

[arXiv:2012.03799]

—e— Observed 95% CL ATLAS
------- Expected 95% CL Vs =13 TeV, 139 fb™

[ Expected 16
[ ] Expected 2 &

——— Theory unc. on cross-section c,,(g=1.0)

Scalar

tt+o, & — xx
g=1.0, m = 1 GeV

—i
o

10° .
Up to 200 GeV m, [GeV]
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Sensitive to invisible Higgs boson decays

[ATLAS-CONF-2020-052]

1074 — BH Sinv < 0.09
B _All limits at 90% CL

ATLAS Preliminary
Vs=7TeV, 4.7 fb —
Vs =8TeV, 20.3 fb™ a
Vs=13TeV, 139 fb™ —

1074

Cwimp-nucleon [CM?]
|

107% SRR R
Searches for stops can be used L, PRI S LA L
to constrain invisible Higgs N eI P s —
bOSOI’] d.ecaysf prOduced In 47 T -Higgs Portal Other experiments
association with top quarks. 10% = 44sets Scalar WIMP DarkSide-50—]
mam Majorana WIMP i LUX
. . . =m0 PandaX-ll

Recent combination of different - - XerontT
Stop SearCheS + SearCh for 0_49 | 1 1 1 11 11 I 1 1 1 1 1 11 | | 1 1 1 111 I
vector boson fusion + E_™* and
RumA result T 1 10 10° 10°

un-1 results Mywe [GeV]
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natural SUSY

Searches for
electroweakinos/
sleptons




Higgsinos searches
I

Naturalness arguments requires light higgsinos with similar masses.

p .-ll/Z T b
b
hh/hZ/ZZ +MET

soft £+¢- + jet(s) + MET

Scenario 1 Scenario 2: Scenario 3:
GMSB higgsino NLSP higgsino LSP ultra-compressed higgsino LSP
0 A
é W*/Z* = undetected fermions W*Z* = leptons W*/Z* = undetected fermions
Am & Am % o
M few Gev $ Vv ; ~few GeV i AR f ogbm . %
h/Z
G
b J
p h/Z ya P
7 .77 G X1
8l =0
-~ (_r » }-ci{: \\ X1

disappearing track

[B. Hooberman, SUSY17]
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!

=0
X1

=0
X1

Search for higgsinos and wino/binos with very small

mass splittings, or sleptons.

Reconstruction of very low-energetic leptons essential
— Electrons p.>4.5 GeV, muons p,> 3 GeV,

m, > 1 GeV

— Possible due to significant progress in lepton

reconstruction/identification

Search for compressed electroweakinos and sleptons

Phys. Rev. D 101 (2020) 052005

% 0.1 6_I il o I | [ | |  IBEN AN T | | T S R | | [ ) W | I | T T T | | S | S | ]
(O] T ATLAS Simulation [ winobino !
s S AR m(z,) x m,) > 0 !
i 0 -0 _ [ wino/bino, reweighted 7

- ok A it L e m(z,) x m(,) <0 -
2 & [ Higgsino ]
e O | R L -
o B n
S 0.08- =
i 0.06:— E
0.04F i
0.02} =

QIR OB

20 25 30 35

Generated m, [GeV]
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Compressed higgsinos/sleptons

lepton + an isolated track,
e Production of electroweakinos 10

I [Phys. Rev. D 101 (2020) 052005 ]
> 1 1o e e 3 e B B R e
Four searches: o - ATLAS ® Data == TotalSM
. . = 30— Vs=13TeV, 139 b B z)+ets 0 Top
e Direct prOdUCtlon Of - — SR-VBF Diboson Fake/nonprompt
H H = = 25— Others
electroweakinos exploiting the = B AN
. () B == VBF W/B: m(xz, x1)=(60,50) GeV
presence of an ISR jet el e e VBF /3. 7) - 6075 GeV
. : SEmEmEE == VBF H;m(;z:,z:’)=(eo,s7) GeV
— Requiring 2 leptons, or 1 oF

through vector-boson-fusion

. or-0osd 5
with two additional jets. e —g—
e Direct production of sleptons s o=
H — ) STSSIERLEI RS EAE0 ST R TR (R Pt R ERERGE S B S EE d
using m., - ’ % i * é ' "
min [max (mT(p?,qT),mT(p?,p%liSS _QT))] g e fiiiihe { L4 { plikSri
T O . . 5 ; : i
— Key is estimation of fake g 2 L rﬁS : Ge\7]0
backgrounds! ”
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Compressed higgsinos/sleptons

I [Phys. Rev. D 101 (2020) 052005 ]
| e | ~ T | T T T T | T
No significant excess seen. > 50L “== Expected limit (1) i
9 . =52 Observed limit (£10heory)
Exclusion limits e.g. for & | gt ol _
4 - 5 1 i ATLAS 13 TeV 36 fb™ ' excluded i
higgsinos up to 193 GeV o
for a mass splitting of 9.3 € 10l :
GeV. < E ATLAS i
5L vVs=13TeV,139fb~" -
i ee/ i, my shape fit i
Powerful exclusion limits I Al limits at 95% CL
nN; ; - PP — X3X7, XoX3, XXy (Higgsino) -
thrc.)ugh.bmnmg signal 3= 288 X — Wi
regions in m and 1 m(xs) = [M(x9) + m(9)]/2
simultaneous fit of ]
regions 100 150 200 250 300 350

m(xz) [GeV]
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Disappearing tracks
B [JHEP 06 (2018) 022, ATL-PHYS-PUB-2017-019]

Long-lived chargino decaying to invisible + pion
— Disappearing track

Addition of IBL in LS1 allowed reconstruction of smaller minimal track lengths down to 12

J
cm . » 50 May 2020
— Pixel-only tracklets y = T 1 /S mEnE
u o a ATLAS Preliminary
( S ool V5 =13TeV .
~0 —_ S B i G 5 .
o X7 = Tsel_ PP N3Nt XXS, XiXy, XiX§ (Higgsino)
Y - i Y
P N l 10 . All limits at 95% CL -
= C — Observed limits
-ﬁg 5F - Expected limits E
=
d Ll _
1 e Soft 2¢, 139 fo~*, arXiv:1911.12606, m() = m({) + 2Aam(¥E, %9
C Disappearing track, 36.1 fo~', PHYS-PUB-2017-019, m(x3) = m(x$) 1
0.5 L LEP2 7 excluded i)
¥ '+ Theoretical prediction for pure Higgsino
L I i | AR B
100 150 200 250

m(i;) [GeV]




Displaced leptons
arXiv:2011.07812
¢ i
Most searches target prompt particle decays
p ~ : — Not sensitive to particles decaying delayed because of a long lifetime.
I (; — E.g. predicted in models with a next-to-LSP decaying to a LSP gravitino
- — Only couples gravititationally.
~H“*v ~ > LS L L B A BN B L AL AL LR BRI BLLL
E G _E) 1~ ATLAS Simulation - o  standard tracking, standard ID alg. -
I) f:’ [ m(l) =500 GeV, t()) = 1ns, e/fl 1 ° standard tracking, modified ID alg. |
| L {s=13TeV . o extended tracking, standard ID alg.
4{ 0.8 i* _;-- . extended tracking, modified ID alg. |
Standard ool S*.s 1 e, ]
identification/reconstruction SR vt
algorithms not efficient 0.4k *”“% ] ‘*% — i
— Use modified algorithms, in : & " —
particular lifting requirements 0.2F —o- * . e .
on the transverse impact R —o— 3 —o— -
parameter. 00786 Y00 “ 150 ~ 200 250 5000 150 " 00 80

Electron |d, | [mm]

Muon |d,| [mm]




Displaced leptons

I [arXiv:2011.07812]
i NIT—>IC~5I(~3,Ie[e,u,'c]
. . . . '6'10IIIIIIIIIIIIIIIII|IIII|IIII|IIII||III|IIII
« Signal regions with two leptons (either % A i
electron or muon). £ 10 = iaTev {3gfy!  — Observediimis
e Rejection of cosmic muons, other = 1031 Al limits at 95% CL N el

backgrounds from misidentified electrons
or muons.

No events observed in the signal regions

— Exclusion limits placed on different next-
to-LSP types or considering a mixture.

Surpassing previous LEP limits (~60 - 90
GeV) significantly.

—3|||||||||||||||||||||||||||||||l|1|||||l||
107400 200 300 400 500 600 700 800 900

~

m(l) [GeV]
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and summary of p
results 7 G eihoods

Reinterpretation
yﬁuf



How to maximise usefulness of data and analysis?

Analyses typically focus on a small number of benchmark simplified models, but are
typically more general (= other DM searches, leptoquarks, other than the target models)

New tools/material for re-interpretation of the analyses available!

a agb g ab '
) Sometimes
§ simplifications
§ possible and
required

RECAST for ATLAS

alfferentlable
Yikelihoods

Analysis flow
— pseudo-code

SimpIéAnaIysis
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Full likelihood

Release of full analysis
likelihoods possible via a
workspace represented
as json file.

Mathematical model of
HistFactory re-

implemented in pyhf
using only standard
python packages such as

scipy and numpy.

Reproduction of the
analysis possible using

either pyhf or ROOT.

Measurement: :PrintXML()

[ATL-PHYS-PUB-2019-029]

hist2workspace

pyhf xml2json§
CLs

¥ I
pyhf json2xml E
B AT I R

pyhf workspace
JSON HistFactory
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Full likelihood

B [ATL-PHYS-PUB-2019-029]

b, b, production ; b, » b %, = bh ¥, ; m(¥,) = 60 GeV ; arXiv:1908.03122
Proof_of_principle: %' 1 [ |A|7-L|A|S|F)| II_I .| N B L B B B L B NN BB N I
Reimplementation of the O 1 A eao Y E
likelihood of the sbottom T o AllimitsatosewcL = ]
analysis + different tools to - e i e " '
Yy diti - Expected Limit (py) (1 o, //// -
calculate limits. 1200~ Observed Limit (ROGT)" =
Easily possible to replace 1000~ -
original signal in the full - ’
likelihood for reinterpretation 800 ~
— likelihood patch. - ]
600 —
Full likelihood of the sbottom 4001 7
analysis: link C ]
200_ PR N T W T T SN TN W NI e e | L/r'/ [ R R R N R ]

400 600 800 1000 1200 1400 _ 1600

m(b,) [GeV]
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https://www.hepdata.net/record/ins1748602

Different likelihoods available
EE———

Analysis characteristics Double parton scattering BSM search BSM reinterpretation LRV FCNC Particle flow MVA / machine learning EFT interpretation
Differential measurement Displaced vertex Lepton-jets Trigger-level analysis High luminosity upgrade studies Likelihood available

Min luminosity : o = M 1 Filter by minimum integrated luminosity

Date : Min. vy y-MmM-DD  Er Max|yyyy-MM-DD  [Efl+  Filter by date: ArXiv relase Publication

¢ links: Papers Confnotes Pubnotes

Papers and publications (7 shown of 167 tot
CDS) Hide table o

Short Title Journal Reference Date Vs (TeV)

Documents | 2011.10543 | Inspire
AEEREE | SR e

Search for chargino and neutralino pair RPV decays; 3L Submitted to PRD 20-NOV-20 13 139 fb-l

Documents | 2011.07812 | Inspire
HepData | Briefing | Internal

Search for displaced leptons Submitted to PRL 13-NOV-20 13 139 bl

Documents | 1912.08479 | Inspire

Phys. Rev. D 101

Chargine-neutralino pair; 3 leptons, weak-scale mass splittings 18-DEC-19 13 -1
9 : : P ¢ 189w HepData | Intemal
Documents | 1911.06660 | Inspire
Staus; taus 15-NOV-19 13 130 fp-l T
HepData | Briefing | internal
R - e -~ el A R = a Documents | 1909.09226 | Inspire
argino-neutralino pair; Higgs boson in fin e, 2 b-jets an lepton - - -
9 . % : o e HepData | Intemal
. . . _ _ Documents | 1909.08457 | Inspire
Stop pair, sbottom pair, gluino pair; two same-sign leptons or three leptons 18-SEP-19 13 139 b1
HepData | Intemal
. JHEP 12 (2019) Djpuments | 1908.03122 | Inspire
Sbottom; bets o seenanlin ! 08-AUG-19 12 139 -1 :
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Simplified likelihoods

Full likelihoods are sometimes too
complex:

— Too much CPU time needed, or precision of
full likelihood not needed,

— As frequent in reinterpretation efforts
considering many new models.

In certain cases, the full likelihood can be
approximated by a simplified background
model, with a significantly reduced
number of nuisance parameters

— Significant reduction of CPU resources.

[talk at Reinterpretation workshop]

ATLAS-5USY-2019-08
E}(EI’T}DE: DO1 10.17182/hepdata S0607.v3

Full Likelihood:

» 8 channels, 14 bins
» 9 samples

» 115 modifiers

» Fit bkg model to data (pyhf)
» Compute yields and
uncertainties

Simplified Likelihood:
» 8 channels, 14 bins
» 1 sample (total bkg)
» 1 NP (total uncertainty)
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https://indico.cern.ch/event/982553/contributions/4219480/attachments/2190171/3701485/reinterpretation_workshop_210215.pdf

Simplified likelihoods

Full likelihoods are sometimes too
complex

— Too much CPU time needed, or precision of
full likelihood not needed

— As frequent in reinterpretation efforts
considering many new models

In certain cases, the full likelihood can be
approximated by a simplified background
model, with a significantly reduced
number of nuisance parameters

— Significant reduction of CPU resources

m(z,) [GeV]

500

450

400

350

300

250

200

150

100

50

[talk at Reinterpretation workshop]

Do T RS P TYFr
] B (Wing) production ; % h Kotk W T 1lLbb

E . 18 Tal. 130006 ATLAS-SUSY-2019-08

All limits at 95% CL

BN Full LH BExp. (+10,,)
Full LH Obs.

- - - Simplified LH Exp. (£10,)
Simplified LH Obs.

100 200 300 400 500 600 700 800 900 1000
m(z,)/m(z,) [GeV]
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What to do with this? - pMSSM scans

[JHEP 10 (2015) 134]

The phenomenological MSSM is a 19-dimensional reduction of the MSSM, based on theoretical
assumption (e.g. the first two generation sparticles degenerate)
— more ‘realistic’ than simplified models, but still processable.

3
£ _10 =
16° £ =
10°- e
i W-like LSP -
- ATLAS " M Blike LSP
i Before ATLAS Run 1 - M fHikeLSP
10-4 L Py ey 5 - AT R |
102 10°
m(z,) [GeV]

102

108

10

T \\I\HI‘

T J\IIHI[

T TR

ATLAS
After ATLAS Run 1

' *. Il W-like LSP
M B-like LSP

e

| \I\IH\‘

- | f-like LSP

10?

10¢
m(y,) [GeV]

Using the reinterpretation tools, we are checking the coverage of the pMSSM by our analyses -
also confront with results by non-SUSY analyses and other experiments.

04.03.2021
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Where to go from here?

» Very comprehensive set of analyses available, using a wealth of different methods.
» Sensitive to the supersymmetric model originally designed for, but also beyond
— Implications on other Dark Matter searches, leptoquark searches etc.

e We have invested in building up reinterpretation tools, offering now the unique and first
time possibility to reinterpret our searches correctly - big step forward for open science!

 Internally we work on connecting our searches and identifying holes and gaps, by
statistical combinations and large scale scans, using the reinterpretation tools.

ATLAS \s=8TeV,20.3 b

Stay tuned for upcoming
summary results b0
And we look forward to
you using our results! e B R

Sparticle

Fraction of Models Excluded
[JHEP 10 (2015) 134 ]
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Large Hadron Collider (LHC)

S [Link]

26.7 km circumference, about 100 m below surface.

Design center-of-mass energy 14 TeV, reached 13 TeV.

Design instantaneous luminosity: 1 x 103 cm™ st (already surpassed).

Two successful data-taking periods: Run-1 (2010 - 2012) + Run-2 (2015 - 2018).



https://www.weltmaschine.de/service__material/mediathek/lhc

Missing transverse momentum: ETmiSS
B

Invisible particles to the detector
(like neutrinos or dark matter
particles) result in a momentum
imbalance in the perpendicular
plane to the proton-proton collision
=> missing transverse momentum
(ETmiss)

AR\
T |\ I'\I '\\'\,
MR pipe
A I\. A A

- | \. 3'
5 ﬁ\/‘ir underlying
il event

underlying Lt
event
beam

Calculated using the x- and y-components: pipe

Emigg — Emiss,,u + Emiﬂs,e + Emiss,y + Emiss,r + Emiss,jets + Emiss,soft
x(y) x(y) x(y) x(y) x(y) x(y) x(y)

—r
=

The soft term is composed of all tracks or energy deposits not associated to a reconstructed
particle.

E_™* can also arise from mis-measurements — Important to minimize!
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Background estimation in the multi-jet ana

B
Backgrounds:
« Leptonic (tt, W+jets) = control regions.

lysis

[JHEP 10 (2020) 062 ]
Validation region

Ko 0 =S R AR S e N AR B AR RERAE RSB AR GE R
.. S e Pkt K-
e QCD multijet = ABCD-template method based = 0 £ e =
H . . . . . . [ E -76i50-2i — 1, q 5 =
on E_™s significance distributions, obtained from S B i+ jets .
T 0 106? = g—)|”’ vv + jets =
. . o o . = ingle to =
lower jet multiplicity regions. BiiE — i :
o 10° E B VYV > qqll,aglv e
4 = g — Tt — tos (RPV) x100 3
L o = ——-g- quZ)Z1 x100 -
N s 8 -
‘]Qt A 1 1 8 [ =
| | S 1o pulNNERRes A
l i e =
| 5 2w
Vo2 | TRE s SR ]
N+1 | ; shape 1
\ ' E 12 &P g4 Fof 4 7
R O
___________ : : 9 1.1_ s
N T 1om'[ . - TRshape % res e e 8299 4
N g 0.9 e
0 X Y S(E;ﬂiSS) 0.8O ; e
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Results of the multi-jet analysis

I [JHEP 10 (2020) 062 ]
€ ETAMAs | % b
2 F (s=13TeV, 139" = ulies -
10%E Cti—lql —
E Bl W —v+jets =
e - SR, post-fit . 2 I, v + eis 7
No significant excess over SM o — e i
. . . 10 = — RN =
expectations seen in any bin. N LA
1 - =
______ 558555
E.g. one-bin SRs used to calculate - s
model-independent upper limits. =
1
5 1.5_
o 1.25
= 1“4
S 075k
©
o

8//5 9//5 70 70 70 77 72 /
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Characteristics of stop searches

I
?'5 4 4-body 3-body 2-body
- A = mg, — Mgo
1<
E O"Q 0' . O" %
'o 'o )¢ 'o A
- mgl < ’m>~<(1) ,"V ','«@@ 'o'v
ST 4 Q ¢ 7 P
— . ‘, N 'o /Q'\’ 'o
O' /01\, & O' v @* O' / ’\'
. . . . o ('TIU ‘o% Pl 0 Pag X
Different kinematic regions; w A oo A A
particular difficult to obtain T T WL £
sensitivity to Am = m(top) 4 \
and Am < m(b) + m(W) iy A 2t : >
0 100 [ 200 30\ m;, [GeV]
b f b q ¥ t
p éf p ) L;'Ziq p :
t o Lo =0 t %t
- - X1 -
>h“‘-~. \n >‘-:\ ),2(11 >I"--____ 0
t t t X1
S SR ¢ AN
b f b q t
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Search for sbottoms/or Dark Matter + b-jets
arXiv:2101.12527

b

Search for ETmiss in association
W | with two b-tagged jets

— Sighature appears in many BSM bt
X! | scenarios: / \

)\- Pair-production of sbottom g LQj L v, T

quarks, direct decays, _-

t

b e Production of Dark Matter “";-.. o
y particles through decay of a » LQS N\ ’

v (pseudo)scalar mediator
< particle + 2 b-tagged jets, /( b, t/

e Pair-production of leptoquarks.
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Signal regions with specialized techniques

Set of three signal regions targeting 2
sbottom quark pair production + one set 2
dedicated to DM scenarios (BDT used). e
Different methods depending on mass 10
difference Am between sbottom and LSP: .
e Am > 200 GeV

« = 2D-it(inm_andm_) 10

50 < Am < 200 GeV

— increased sensitivity by special-trained BDT.

Am < 50 GeV

— low-energetic sbottom quarks recoiling
against ISR-jet, use soft b-tagging based on
vertex finding algorithm.

Significance

[arXiv:2101.12527]

T PSSR A TS T e A R (= ) ST e TR ISR S VT A T R e A (T V) 7 e (T

SRA SRB SRC SRD

u T
= Z+jets W W+jets =
= ATLAS it w1 Other =
~ V{s=13TeV, 139 fb" [ Single-top %4« SM Total =
= post-fit ¢ Data =

04.03.2021
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Exclusion limits

B [arXiv:2101.12527]
51 51 production ; 51 —b 5{?
;‘ 1600 T T T | T T T I T T T I T T T | T T T T T T
[ ATLAS
O
= 100 (5_13 Tev, 139 b, 95% CL
122 R
E 1200 = = = - Expected Limit (+10,,,) ‘,/"/
Observed Limit (1 65oor) e

splitting

Optimal sensitivity +
exclusion reach by
(best-expected)

1000= ATLAS 13 TeV, 36.1 fo (observed‘),/"/' Medium mass

combination of I;alrigt_hgr?\ass

specialized signal P &

regions.
Small mass C L v 1 s L T Exclusion limits
splitting 00 600 800 1000 1200 1400 1600 reach up to 1.27 TeV
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Exclusion limits on a scalar mediator Dark Matter model

e [arXiv:2101.12527]

8 104 EL 1 ) I I I ) LI I 1 ) I _|:
i - ATLAS .
(@) B y 7
oY -  Vs=13TeV, 139fb -
B 10° —  Scalar ¢, ¢ — xx, m(x)=1 GeV, 95% CL —
— SRD Combined -
10 E
i 36.1 fo™" Limit (4 flav) i
10 = = Observed Limit =
~ B9 Expected Limit + 16
— Expected Limit +t2c 7
P <~<~ Theory unc. on o(g=1) |

/ P
1 = ///‘W/////ff/—/‘y‘/fg
: 1 L 1 1 1 L L 1 I 1 L 1 |:

0

10°

—

m(¢) [GeV]
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RECAST

e [JHEP 1104:038,2011]
RECAST/CERN anaIYSiS Data Archive
reservation efforts
p | Background Estimate @

Event Generation w w Event Selection Signal Estimate

B5M Model

RECAST preserves the full analysis software + background model.
Easy to process any other signal model of interest for reinterpretation.

The presented analyses will be preserved.
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Why we need truth-level analyses

[ ATLAS Simulation

Detector-level simulation is not always available or

. g 500— ol oV, 4 :%
feasible to be used s T
— A truth-level analysis allows to implement an analysis - >
also without the knowledge of the detector. g B 5%
200:— 381 8 0"
Used both inside and outside of experimental - : S5
collaborations: B et 55
e External: s e &0
. . . x1le, produf;norj,xt_)vlva,x?,xzﬁ h.+x'| ELihL .Ld1,=1?9 fl?, Is=,1:?»TeV 5 <
— Reinterpretation of analyses & suggesting new *F a7LaS Smiaton B =L
analyses. 5 1 2 %5
= il J 470 F OS>
e Internal: & W, " LE
. . . . 300~ = =
— Calculation of acceptances and efficiencies. - E ™
— Calculation of some theoretical uncertainties, if full 1005_ E &
simulation too expensive. £ ™
— In reinterpretation efforts like scans of the oo @060 00" 70007200
phenomenological MSSM. s Mea [ GeV]
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Truth code snippets available in HEPData

[https://www.hepdata.net/record/ins1755298]

@About @ Submission Help  #3Sign in

® HEPData  Q

ATLAS SUSY searches release a C++
pSe u d Ocod e fo r e a C h a n a |yS i S Seam;] f;r dire!ct pmdumon o load Al ::ve‘;s:‘r:(zm.;-:zgcdat‘::;‘s;r‘err‘r]‘ol:lw‘i:;::tﬂzz‘y‘Zt::;tgx:u:‘nteﬂrw‘:l;ks\whood tarball for consistency with other ATLAS SUSY analyses. No change in actual

electroweakinos in final states with one lepton, YeElonzx

within HEPData since a while. T —

boson decaying into two b-jets in pp collisions Tabulated data from the publication's auxiliary material Figure 9
at /s = 13 TeV with the ATLAS detector

e gy Signal efficiency in SR-HM for simplified models with X; X3 — Whi. X, W — Iz, h — bb production. i - -
Adam
Haider

e Aad, Georges
Additional Publication Resources Abell

Abbott, Brad , Abbott, Dale Charles , Abed Abs

Eerra s i)

Abhayasi

Deshan Kavishka , Abid

ham, Nicola , Abramowicz, Halina

cmenergies observables phrases reactions

<S> Ej

Common Resources (4] External Link C++File

2 = % 13000 » EFF ®5USY % Supersymmetry % PP ->CHARGINOL

® Eiect

veak

) 2, 2 % Proton-Proton Scattering.

Abstract
View Resource t veakino pair production
({7) decays into a W boson and

Download 18 the heavier neutralino ({3) decays visualize
V Higes boson and a second ¥ are Show All 160 values
requires a pair of b-tagged jets
o2 boson decay, and cither an Tobulated data from Fi Region SR-HM 3 B
boson decay, together with missing Reonth_nomc = e v v
@ e corresponding neutrino and the w07 61 SQRT(S) 137ev - nms owowow
» is based on ata corresponding to 139 The postit mgp dish S el e duie
Text Fila L 137ev pp colifffons provided by the Large Hadron stion region VR-on . M{CHARGINO1/NEUTRALINO2) [GeV] M{NEUTRALINO1) [GeV] EFF [%] s
recorded by the fiLAS detector. No statistically tio m 2 g S
Exar LHA file chive of the Hist y 4 5 of events above the Standard Model n 550.0 300.0 40516 R sEm = 5 ®
set on the direct production of the 5 - e owom o
Download S = : o ¥ imoiifiedinodels. assuming purewino cross- t s 11000 4500 39.085 , i .
T ) %o P = sasmmasann = ow ow
o : : ; v : : ST ELT T LR TR
il 1017122 10000 500 3r2 E T -
MC_SRMM_nombb !
1C_SRMM_nombb o £ ; o o R ter v = pros gy rep v owow

MC_SRLM_nombhb

ed limit 1lbb

limit 1lbb (Up) Downioad

Observed limit 11bb (Dov
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Pseudocode

File Edit View Projects Bookmarks Sessions Tools Settings Help

EwkOneLeptonTwoBjets2018.cxx <

1 Pinclude "SimpleAnalysis/AnalysisClass.h”
2 #include "SimpleAnalysis/NtupleMaker.h"

3 #include leAnalysis/PDFReweight.h"

4 #include ~LFAFDFfLHA’EF h>

5 #include "TMath.h

[¥ Documents
:

Defmennalys15(EkaneLeptunmos]etszam
B // Wh->1l+Db+met analysis (

void EwkOneleptonTwoBjets2018::Init()

12w

1 /7 Define signal/

trol regions

addRegions({"SR_h_L SR h, ng "} b
addReqwns({”SR ow_Incl", » "SR h High_Incl "} )
addRegions({"SR_ ow_binl", SR_h_Low bin3"}

addRegions{({"5R_h Med binl’,
addRegions({"SR_h High binl",
addRegions({"CR_tt Low"
addRegions ({"WCR", "ST(
addRegions({"VR_off Low" "VR off Med", "VR off High"});
addRegions({"VR_on_Low", "VR_on_Med", "VR_ on High"});

bin2’ }
h bin2", "SR h High bin3'});
Med”, "CR Tt Hmh 1N

void EwkOneleptonTwoBjets2018::ProcessEvent (AnalysisEvent *event)

Objects

aute Soft_Elec = event->getElectrons(7,2.47,ELooseBLLH | EZGSmm

auto Soft_Muon = event->getMuons(6,2.70, MuMedium| MuNotCasmic | MuGuad | MuZ65mm) ;
auto Soft Jets = event->getlets(20. ,4‘5) H

auto met Vect event->getMET();

/ erlapRemoval c,Base Jets, sCalclep)
Base Elec nverlapRemoval(Base Elec Soft Jets, radluscachep),
auto Base_lets overlapRemoval (Soft_Jets, Soft Muon, 0.2);

auto Base_Muon = overlapRemoval (Soft_Muon,Base_Jets, radiusCalcLep);

auto Signal Elec - filterObjects(Base Elec,7.,2.47,ETightLH | ED8Signa5 | EZ65mm | EIsoGradientLoese);
auto Signal Muon = filterObjects(Base Muon,6.,2.7,MuMedium | MuDBSigma3 | Muzesmm |MuIsoGradientLoose);
auto Signal Jets = filterObjects(Base Jets,30.,2.80,IVT58Jet);

auto Signal Blet = filterObjects(Signal Jets,30.,2.8,BTag77MV2c10);

float met = met_Vect.Pt();
/7 Base ects
/7 Reject event h bad jet
auto radiusCalc 11 tebnst AnalysisObject& lep,const AnalyslsDb]E[t&) {return (8.04 + 18/lep.Pt()) > 0.4 7 0.4
auto Base Elec - overlapRemoval (Soft Elec,Soft Elec,d
Base Elec - nverlapl\emuval{suft Elec,Soft Muon,0.01};
ts pRemoy %s,Base Elec NOT(BTag77MV2c10)

: 0.04 + 10/lep.Pt();};

//Cou umber of signal objects

unsigned int N Signal Elec = Signal Elec.size();

unsigned int N_Signal Muon = Signal Muon.size();

unsigned int N Signal Lept = N 5ignal Elec + N Signal Muon;
unsigned int N _Signal Jets = Signal Jets.size();

unsigned int N Signal_Blet = Signal Blet.size();
float mt=6, m CT=0, mbb=0, b2jetpt=e, mlbl=0;
if (Signal | Lep size()= & Signal Blet.size()==2 ) {
mt = calcMT(Signal Lep[0], met Vect);
n CT = calcMcT(signal BJet[0],Signal Blet(1]);
5 mbb= (signal BJet[0]+Signal | BIet(1])M();
66 mlbl= (Signal Blet[0]+Signal Lep[0]).M();
7 b2jetpt = Signal Blet[1].Pt();
}

//Define ptupleVar variables for Hamish
71 int SR _h_Low(B), SR h Med{(0), SR h High{0);
7 int SR h 1w Tarl(al SR h Med TnrT(A) SR h Hinh Tnelin).

» Definition and selection of objects

e Precise cut sequence to define signal
regions (and possibly other regions).

BRIt Signal_Jets>3 H N Slgnal Jets < 2) return;
if (nt< 50.) return;

if(met< 220.) return;
nal_regions
if (net>200 6& mbb>100 G& mbbe=146 & m CT>180){
if(mt>100 && mt<160){
a((eptl R_h_Low");
SR h L
if(m_¢ (T 18h & m €T <= 230){
a((ept( SR_h_Low binl");
1 1

Yelse{

accept("SR_h_Low bin3");
SR_h_Low bin3 = 1;

3

}
else if(nt>160 &6 mt<240)(
cent ("SR tied");

if(n s (T > 180 && m (T <= 230){
Med_bin

1
else if(nt>240 & mlbl > 120){

accept ("SR _h_High");

SR_h High = 1;

IF(n_CT > 180 &6 m_CT <= 230){
accept(SRh High binl");

h_High binl = 1;

Jelse if(n CT > 238 6& m CT <= 260){
accept ("SR _h ngh ban“)
SR_h_High bin2 =

Yelse{

accept("SR_h_High bin3");
ﬂ Boligh bin2 ol

04.03.2021
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SimpleAnalysis

SimpleAnalysis — LICENSE Analy5|s codes gnd
I— README . md requwed data files

F— CMakeLists. txt (MVAS, etC.)
s

[— StopOnelLepton2@16_BDT-tN_diag_high.weights1.xml
— StopOnelLepton2@16_BDT-tN_diag_high.weights2.xml
F— StopOnelLepton2@16_BDT-tN_diag_low.weights1.xml
[— StopOnelLepton2@16_BDT-tN_diag_low.weights2.xml
[— StopOnelLepton2@16_BDT-tN_diag_med.weights1.xml
L— StopOneLepton2@16_BDT-tN_diag_med.weights2.xml

SimpleAnalysisCodes

[

I

I

[

I

I

e
L— ANA-SUSY-2016-16.cxx

F— CMakeLists. txt

— LICENSE

F— README .md

[14 entries exceeds filelimit, not opening dir]
[33 entries exceeds filelimit, not opening dir]

I— execBase.h SimpleAnalysis
[— simpleAnalysis.cxx

L— slimMaker.cxx core COde

[— mkdocs. yml
[— requirements.txt

Link! =



https://gitlab.cern.ch/atlas-sa/simple-analysis
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