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Thanks to 6reg Landsberg for his lectures and healthy approach to BSM searches
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How to find a black cat in a dark room
Especially when there is no cat

Quest for new physics is not for wimps
* A lot of searches performed by ATLAS so far, and all came empty-handed

A likelihood for any given search to find something interesting seems to be very
small...

 ..yet, the only way to find something is to keep looking!
And we are quite well motivated

The SM is our best tool o understand nature but it's not the ultimate onel
« Hierarchy problem? Dark matter? Neutrino masses? Matter/anti-matter
asymmeftry....
« Tention from SM predictions in B-physics measurements, muon g-2 anomaly etc.
Shift of paradigm: from searches of the highest masses, and low background to
searches experimentally challenging, with low couplings, low masses etc.

This talk will present a few of the most recent ATLAS results from the full Run-IT
data
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ATLAS detector - Run 2 and Run 3

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
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' Run 2 2015 - 2018
« completed very successfully

» delivered total 156 fb! of proton-proton collisions at /s=13 TeV
* 'good for physics' data set 139 fb-!

» peak luminosity: 2.1x103% cm2s!, average number of interactions per bunch crossing: 33.7

Run 3 2022 - 2025

« ~40 fb! already delivered in 2022
+ expect to double Run 2 dataset until 2025

Extensive Run 2 analysis program in both ATLAS & CMS advancing well
« more than 400 papers submitted each and O(300) in progress
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ATLAS SUSY Searches” - 95% CL Lower Limits
2

ATLAS Preliminary

phenomena is shown. Many of the mis are based on
simplified models, C.1. refs. for the assumptions made.
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ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits
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Small-radivs (large-radius) jets are denoted by the letter j (J).
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Twith € = jr.e

“smaltradius (large-radius) jots are used in resolved (boosted) events

Status: June 2021 £=(36.1-139) b V5=13TeV
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Extended scalar sector

8 TE

* So far Higgs boson (125) looks like from SM, but consistent with SM # incompatible with BSM

SM Higgs

doublet %= Additional Field ==

* Extended scalar sector é Additional Higgs Bosons

appears in many extensions :

of the SM (e.g. SUSY) | EWS: Additional EW Singlet Model s

* They allow for SM-like light  © 5\ = one scaler EW singlet
Higgs phenomenology and ~

Neutral CP Even

bring additional Higgs

boSons ] Neutral Charged
| 2HDM: Two Higgs Doublet Model _ G tven Sl
* Searches often interpreted | SM = another Higgs doublet = @ { A ) \@
in the contest of 2HDM ‘ MSSM Pt L b Pt
(MSSM) ( )
Neutral
* Rich phenomenology and | 2HDM + Singlet (complex) Model ~ _ CPEven cpodd .-\,
final states -> also exotic ' sM 4 doublet & singlet = 9/\ ‘Q Higgses
Higgs decays (NMSSM) L h
Wide range of masses to be Double Charged
tested Higgs Triplet Model N +2HDM
SM = triplet @ Higgses
S W courtesy of N. Ilic
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decays via ZH production

Dark photons from Higgs boson

| ATLAS- CONF 2022 064

* Dark photon: predicted in hidden-sector models
with an unbroken dark U(1)4 gauge symmetry

* Model independent analysis

'+ Massless and light dark-photon (up to 40 GeV)
K Clean final state: [*I- (Tr'lgger') Y Vdark (MET)

10— ATLAS Preliminary — Observed
[ Vs=13TeV,L=139fb" --- Expected
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« No excess observed, limit set on BR(H.=_y¥ dark)

* For massless Y dark - BR(H—> yydark) of at 95% CL

BDT classifier response

Improvement by factor 2
wrt previous (CMS) result

The BDT classifier output is
' used as discriminant for the
flnal STGTISTICG' analysis

| E I’_IYZISS_'_F'_}‘_ | _p%_l

UE;WSSv mT(PT, E?'Ss)y Mee, Meey, PT o

Anna Kaczmarska, IFJ PAN

6 /23

Biatasowka, 13.01.2023



Heavy scalars with FV decays in final states with
multiple leptons and b-jets

. ATLAS-CONF-2022-039

q
« Search for heavy scalar H from general 2HDM
without Z, symmetry
« The first search targeting 3 fop BSM production and
first with 2HDM with flavour violation
« only couplings involving top quarks considered:
Pst, Piu. Prc - parameters of the model
! * my=[200 GeV, 1 TeV]
+ Final state with multiple leptons (e,mu) and b-jets
| - 2ISS, 31, 4l fmal states conS|dered

+ 17 Signal Regions (DNN trained to classify the
different signal channels) + 10 Control Regions => 27
analysis regions

* DNN trained over each SR region to separate signal

' and background

*  Main backgrounds: ttW, t+Z, VV - from MC with
normalisation dur'mg The f|1'
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Heavy resonances into Z/W and Higgs boson in

final states with leptons and b-jets arXiv:2207.00230

A7 7 AN
2% N as

« Search for heavy pseudoscalar A or new vector A 535  bods
boson decaying to Z/W boson and SM Higgs o, - {"

* Heavy Vector Triplet W'/Z' W >~ E

- 2HDM N
* Resonance mass tested l 1

c A 220 GeV -2 TeV

«W'.Z': 220 GeV - 5 TeV resolved merged

« Signal regions according to OL/1L/2L and b-jet multiplicity
«  MET/lepton trigger
«  Two event categories depending on pt resolved and merged
 dedicated jet reconstruction in merged case (large-R jets)
« Discrimination variable Vh resonance mass (OL->mt'h)
« Dominant backgrounds (depending on number of leptons): ttbar, Z/W+jets
* Backgrounds from MC with normalisation from fit to data, small QCD background data-
driven

Anna Kaczmarska, IFJ PAN 8/ 23 Biataséwka, 13.01.2023



Heavy resonances into Z/W and Higgs boson in
final states with leptons and b-jets

arXiv:2207.00230

31 ¥ Y

* No significant excess observed
* Largest deviation from the SM expectation found at 500 GeV in ggA and Z', corresponding to significance of ~20

* Similar excess in bbA - 1.60
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SUSY searches strategy

e pp, VS =13 TeV, NLO4NLL - NNLOgppres+ NNLL S‘I’r‘ong pr‘oducﬁon
— 5§ —— % (higgsino) « Copious production
™ — g4 — X2 (wino) * Large MET in final state
102 - N aq” Xix2 (wino)

2 o0 Third-generation sparticles
g * Naturalness -> mass of ~O(TeV)
g oy — |+ Lighter than other squarks

107 1 Electroweak production

[ + Coloured spartners too heavy

ey | | | | | | | « Direct gaugino/higgsino/slepton production
250 500 750 1000 1250 1500 1750 2000

particle mass [GeV]

' Long lived/metastable sparticles
 Supressed (effective) coupling

R-parity conservation vs R-parity violation (RPV) * Lack of phase space, e.g.mass

* RPC - large MET from weakly interacting LSPs ~ degeneraces (compressed searches)

- RPV - more leptons/jets and less or no MET *  May induce non-trivial signals in detectors
 RPV - prompt or delayed LSP decay | * displaced vertices

 disappearing tracks eftc.

Anna Kaczmarska, IFJ PAN 10/ 23 Biataséwka, 13.01.2023



Same-sign 2L/3L from direct production of
winos and higgsinos | ATLAS-CONF-2022-057

 Direct production of winos and higgsinos
Models with and without R-parity
conservation, and with different RPV origin
(L or B violating terms)

'+ Final states considered: 2L SS (e/p) or 3L

Wino

|+ Backgrounds mainly data-driven (fake

. leptons, charge misID, WZ/WW)

'+ The observed data are compatible with
| The SM pr'educ’rlon (mild defucu’r)

(b) Higgsino Y075 bRPV (c) Higgsino Yo%y UDD RPV

%)
c P N ) — T T T T T T
l%103 ATLAS Preliminary ¢ Data ﬁwﬁw £ £ ATLAS Preliminary ¢ Data 32 Total SM bRPV
-1 ‘ _ El e
{s=13 TeV, 139 fb Fake/Non-Prompt  Charge Flip o10° Vs=13TeV, 139 fb \'ivi Nonp -thW .
BtV Other = _a e/Non-Prompt arge Flip
102 Wh - WZ B iy Other
’ 10 ==
’ INEN \\\‘\\ \\\\\\\\\\\\\\\ =
10 = -
= =
1 _]
[E— = =
_ I —I I ! ! I — ) o =
[0} T T T T T T o e
8 Ol Do .___._. ......... — %
£ - :
_(%'J O :...»--------.-----4....--.------------u....--------------4....»-A-------------u....--------:-------....»:------------;4 PEPPPP p— U_)

S,qwh S,qw;, SRwy N SR wy SRwy SRwy SR wy SRwy SRw, N M/,, Srw, SRWZ SRWZ -1 SRWZ -2 SRWZ -3 SRWZ SRbRPV SRbRPV
,,m Ih"m 25;7 ”m 39’ m ee% "m 7%"’" 221’“” se;{"’ ehli’ /,," 77/,,,, QZ’lhm ‘?ﬂ;,m y | hlgh-mTz hlgh-mTz h\gh-mT2 hlgh-mTz low-m., 2l-SS 3l
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Same-sign 2L/3L from direct production of

winos and higgsinos

- ATLAS-CONF-2022-057

« The number of observed events and the background expectation in each SR are used to set
an upper limit on the number of events from any BSM physics scenario.
« For infermediate states including Wh (WZ), wino masses up to 525 GeV (260 GeV) are

excluded, for a bino of vanishing mass

m@7’) [GeV]

o [pb]

107"

102

N
o
o
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400

300
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paca "WhX/( (FF)

Vs=13 TeV, 139 fb™'
All limits at 95% CL

— - Expected Limit (=10,,;)

~— Observed Limit (+1opaoy)

ATLAS 13 TeV, 36.1fb™
PhysRevD.100.012006
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Higgsino masses smaller than 440 GeV are excluded

The first experimental constraint on bRPV models
with degenerate higgsino masses
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Displaced vertices + jets

ATLAS-CONF-2022-054

q
* General search for heavy LLPs decaying in hadrons .
«  B-number violating RPV, gaugino->qqq, A" small coupling i
« Lifetime O(10) ns - decaying in the ID creating \
displaced verices (DV) with high mass and large track A\
multiplicity | %
« DV reconstruction possible up fo 300 mm thanks to dedicted | p
track reconstruction - Large Radius Tracking q
« Uses left-over hits after standard tracking with looser L _ ~
impact parameters constrains
« Computationally expensive, run only on events passing R e B B ]
high-pT jets and “trackless jets” filters g T QT’-AFfP%ﬂ"“'%)“Oﬂgggmj/”ago ocevee i
. . . = | Stron :m@) = eV, m = eVrt=1ns i
 Dedicated secondary-vertex reconstruction algorithm R e Sandara Tacking .
« 2 SRs: high-pT jet and trackless jet e “‘“‘“ by s LT ]
- 8 e -
* Nearly background-free search B[ e, W * *u 1
*  Small backgrounds from hadronic interactions and § oo e ﬂ# 4 -
instrumental effects g oab “¢‘¢¢ ++ " E
 Data-driven inclusive estimation - W e o
i 0.2 * ¢¢*+¢+ ++ +++++ +H 3
- A t ]
- e ¢ ,
/ o0 50 1 OO 1 50 200 250 300
§ ) R [mm]
[ ] /d/ O'/ N
" Hadronic Merged Vertices Accidental
SM Decays Interactions (HI!) (MV) Crossings (AX)
e SM LLP just decays * SMLLP hits and interacts  « Two DVs close together « Random track crossing
naturally in flight with detector material get reconstructed as a DV makes it appear

higher N, higher m DV higher N and higher m

Anna Kaczmarska, IFT PAN 13/ 23
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Displaced vertices + jets
ATLAS-CONF-2022-054

'+ No events are observed in the Trackless jet SR, while a
~ single event is observed in the High-pT jet SR

Signal Region Observed Expected ) i )

s s P « The observed event yields are in good agreement with
High-pT jet SR 1 0.46%0-37 the background-only expectations
Trackless jet SR 0 0.83+0:31 | The single event observed in the High-pT jet SR contains 7

selected jets with pr above 90.8 GeV, and 1 selected DVs. The
DV has 5 tracks, my, = 32.6 GeV, and net electric charge of -le.

' The predicted backgrounds and observed yields in the two signal regions are used
simultaneously to set exclusion limits on the BSM signal models of interest

'S: C T EE: 250 maa T
(0] C | "© C 1
S 1600 Ty, ' & L ATLAS Internal i
o C o B \s=13 TeV, L = 139 fb™ o
N C . 3¢ 2000 18 TeV, i
= 1400__ | £ - m;=2.4TeV :

1200

1000

800

All limits at 95% CL

Ewk RPV 7° (LF), %’ (> gaa)
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p

|l|l|||||||l|||l||

_IllllllllllllllllhsllIllIlIllI_

1500

All limits at 95% CL
T T

Strong RPV X" (LF), § —> qgX” (—> qqaq)
T T Tk T 1T T T T T

) ST T
. ~.o

1000fF

500}

llIIlIIIIlIIIIllIIIlIIII

s00— ATLAS Internal ¢ Obs. limit (+1c.0")
s=13TeV, L=1391b™ - -~ Exp. limit (1 04xp)
400
Ll | L 102 10
102 107" 1 10
T [ns
1 [ns] — . [ ﬂ]

Observed limit above 1.5 TeV for lifetimes between 0.03 ns and 1 ns

Stronger limits in strong production model
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Leptons, Z',
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? Scalar leptoquarks in btT final state

- ATLAS-CONF-2022-037

\//\\//

« Single scalar leptoquark (LQ)
production model (+4/3¢, F=38+L=-2) |
« observed LFU deviations can be
explained by LQs
« Decays into 34 generation: b7
* Final state:T1b
|« First ATLAS result for such a search
K Par'ame’rers - Miq O 4 2.4 TeV, A O 5 2 5

Two channels Tj¢,Thag (smgle lep’ron trigger) and T,,gThaa (Single Tpoq trigger )
 + Discriminant variable: St-scalar pr sum of the two T's and the leading-pr b-jet

E : T | T T T { T T T { T T T | T : g 104 TTTT ‘ 1T ‘ T 1T ‘ T 1T ‘ 1T ‘ 1T ‘ 1T \? BaCkgr‘oundS
D oL ATLAS Preliminary ~ ® Data  womes ] ~ ATLAS Preliminary ® Data W et fake i * ttbar, single top - MC with
L 7 E (s=13TeV, 139 10" - e . @ {5=13 TeV, 139 fb" d tomes o
§ 5 - g;St Fit BB Jet—7 fake e . § 103 Post-Fit = EI\"\\fllo Jet—7 fake :\-\- SSS?;EIEZO_EI 1 Correc.'won (SF .f(ST)) .
LI 107 =% T e E It SR Tradias Zip-sre 3 |+ Fake t - MC with correction
e, . 107 = | * Multi-jet events: data-driven
10° £ -, - 1 |
= N = " method
10 ] * Z+jets - MC with normalization

correction
* W+jets and Diboson - MC

Data/Pred.
'cn 'oo - i\: '4> -

oY) —_

%‘%\W\\»\\\‘\\\\\\\\\\\\%\\\\\ \ g&\\\\\\\\%\\\\\\\\\\\\\\\\\\\\\ NN ] ° IL\'O sigr&ificgn:rr excess
L — | observed in darta

400 500 800 1000 300 400 500 600 700 800 900 1000 |
S; [GeV] S [Gev] —

o

Data/Pred.
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ATLAS-CONF-2022-037

oYL A B B S B L
2 - ATLAS Preliminary —— Obs. limit 3
o - Vs=13TeV,139fb" - Exp. limit -
S 10 95% CL Exp.x+ 16 3
EF - Exp. + 20 .
\% 1*’ ----- o(pp—>1LQ) ]
o) A=2.5

T IIIJI |

102 =
107 = I I | | 3
500 1000 1500 2000 2500
m q [GeV]
No excess:

m(LQ) < 1.26 TeV, 1.30 TeV and 1.41 TeV are
excluded for Yukawa coupling to bt of 1.0, 1.7 and
2.5, respectively

For the chosen LQ model, masses below 1.25 TeV
are excluded for all A above 0.5.

Yukawa coupling A

4_| — 1 T | Tt T T | T T T ]

T T T I T T T I T T ]
- ATLAS Preliminary — rll:gs E(E)bs.)) .
35 - _ 4 = LQg (Exp.) .
- 6013 Iev’ 139 b 1LQ+LQLQ, (Obs) 1
af- 8%CcL L. 1LQ+LQLQ, (Exp)
2.5 -
2 =
1.5F —
1= =
0.5 -
0 : I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 :
600 800 1000 1200 1400 1600 1800
m, 4 [GeV]

CMS has excess in similar anélysis CMS-PAS-EXO-
19-016 => 3.40 for LQ mass of 2 TeV and A =2.5
but including t-channel
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« Sensitive to strongly coupled dark sector

« Scalar mediator (®) acts as portal
« Focus on t-channel (hon-resonant)
 first for both experiments

 The ratio of the rate of stable dark hadrons over
the total number of hadrons in the event => R,

(free parameter of the model)

« Reconstructed jets geometrically encompassing the

dark hadrons => semi-visible jets (SVJ)

]

« MET trigger

« Key variables: MET, Scalar jet py sum (Hy),
DeltaPhi (closest jet, MET) , p; balance
(between closest and farthest jet from
MET), difference in azimuthal angle
between those two jets

+ Signal region MET and HT >600 GeV

. . . Yields in 9 bins in
. SR used for
° statistical analysis
4 5 6
% 1 2 3

0 2.0 2.7 3.2 max-minphi

| ATLAS Simulation ~ sinaim, meviR,,
E  Preliminary === 1,06
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[ _ .
I H; =600 GeV, EM™ >600GeV ,, 206

_
o
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E animi 3,0.4

—_
TTT
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o
2

102 dnii
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Pr

qdark
couples to a SM quark and a
dark quark
Jdark flnal.s‘r.a’re
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& LT SM hadrons
[
'HV and dark
S hadrons,
governed by
the Ry,
fraction
| ATLAS Simulation  signalm [TeVLR, |
10§ Preliminary “== 1,06
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Semi-visible jets, t-channel

| ATLAS-CONF-2022-038

7]
e imi e Data Signal M, [TeV], R
% . ATLAS Prel|m|na:y o Mt mmeibl
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Y
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« The first limits on the SVJ t-channel production for mediator masses ranging from

1-5 TeV, and for R;,, of 0.2-0.8.

« The observed limits increase from 2.4 TeV for R, = 0.2 to 2.7 TeV for R;,, = 0.8
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ionisation energy loss

P WAy v—

Heavy, long-lived, charged particles with large

arXiv:2205.06013

Long lived particle particles (LLPs) are predicted by e.g. certain
SUSY models:

* Gluinos: form R-Hadrons when R-parity conserved and squark
mass scale very high (split-SUSY)

« Charginos: the mass splitting between the neutralino counterpart
is highly degenerate

- Sleptons : the quasi-massless gravitino is assumed to be LSP and

,R.:I:
p 2
~4 7
X1 (LLP) )2(1)
~0
~F X1
X1 (LLP
P 1( ) \\
N
71':‘:

the coupling between the slepton and gravitino is very week

* Charged particles crossing the detectors => ionisation losses
(dE/dx) along their paths
* Charged heavy (slow) particles => significantly higher ionisation
* The pixel detector can measure dE/dx for R<13 cm
« identify LLPs with lifetime of O(1) ns P

* Using dE/dx => extraction of By of the particle in the range

[0.3-0.9] => derive the mass of the particle

* This method does not depend on the way the LLP interacts in
the calorimeters or on the LLP decay mode

* no dependence on the specific models

*  MET trigger
« TIsolated tracks with high pt and large ionisation
« only central tracks (|#| < 1.8) are used to reduce

background events

Unique opportunity
to observe a SUSY
particle directly!

Anna Kaczmarska, IFT PAN 20/ 23
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Heavy, long-lived, charged particles with large
ionisation energy loss

ar'Xiv:2205.0601737

« Two SRs depending on presence of IBL overflow (signal outside IBL dynamic range)
« Background estimated using data-driven method
« generate bkg tracks from measured events (1/pT and dE/dx) in CRs inverting cuts (where
each CR accurately reproduces pT or dE/dx of the SR)

« Normalize obtained mass distribution to data in low mass CR

 validate in dedicated regions: low track pT ([50, 100] 6eV) and high n ([1.8, 2.5])
« Identify mass windows containing 70% of the expected signal and set limits or find excesses

in those windows

UL L L |
ATLAS

SR-Inclusive_Low

- i—-m(i;) =1.3TeV,7(%)=10ns
----m(T) = 400 GeV, 1(7) = 10 ns

Entries / 100 GeV
>

T T T
{s=13TeV, 139fb™
pi* > 120 GeV, | < 1.8
m() = 2.2 TeV, m(i;) = 100 GeV, (g) = 10 ns

P

LI I N B
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— Expected
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>
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8 —
_IA Py O

T T T T | T T T T I T T T T I
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----m(T) = 400 GeV, 1(7) = 10 ns

T T T
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LI L B B
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— Expected

Overflow

'1'|11|1l'111'111'11'11['11'1E
1000 2000 3000 4000 5000 !

m [GeV]

| Observed excess in the SR-
' Inclusive-High for m>1 TeV
« observed 7 events where
| 0.7+0.4 were expected
'« local significance 3.60, global
significance of 3.30

- Cross-check with timing
variables show that candidate

tracks have p*1, which does not
support a heavy LLP signal-like
interpretation of the excess

Follow up analysis under way

including additional detector

information
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Long-lived highly ionizing heavy muon-like particles

. . l 8
with high electric charges ATLAS-CONF-2022-034

*"Blue-sky" search, but some models in fact predict new particles with charges > 1: q vCP
* almost commutative geometry model (AC-leptons), walking technicolor model I
(techni-leptons), left-right symmetric model (doubly charged H) M

« Signature is a muon-like object with high ionisation losses in both ID and MS
« dE/dx measured in Pixel, TRT and MS - dE/dx ~ z? i icP

* High mass — low 8 — muon-trigger-timing window can be too short for these

particles ! MeP

* dedicated late-muon trigger in addition o standard muon and MET triggers
* Background: detector occupancy and noise

« estimated using an ABCD method
* Results consistent with the expectations within +2¢

<
z‘
@
el

Selection \ Ncﬁt(:lbserved NdBat(Z)lbserved ]\]dCa t(;bserved N(];tzxpected N(Etzbserved

z=2 24294 4039 9 1.5 £ 0.5 (stat.) = 0.5 (syst.) 4

z>2 192036934 15004 441 0.034 + 0.002 (stat.) £ 0.004 (syst.) 0
= T 1 T T T —
8 1800~ ATLAS Preliminary .
« MCP analysis sees 2 from 7 excess events from pixel dE/dx 2 [ {s=13TeV, 139" i
Y P a - B
analysis £ 1600¢ //°—‘\— ]
* they are compatible with those satisfying the z= 2 tight- S 1400F- .
selection requirement in MCP analysis, but not ending up in § T i
the corresponding signal region E 1200 4 B
* these events have good enough dE/dx in pixel, but g 1000 ° e~ Expected 95% CL limit (median)
. . . o - Expected 95% CL limit (x10) B

suffucnem‘ dE/dX in TRT or MDT = N Expected 95% CL limit (+20)
8005 —e— Observed 95% CL limit ]
> 5 4 5 8 7
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ST L VRN, A RS | |
S mmary

Several hughllgh’rs pr'esen’red from a broad ATLAS program sear'chmg for' Physucs
Beyond the Standard Model:

« So far we haven't discovered any Beyond the SM Physics yet
« ATLAS (and CMS) analyses showed a couple of small excesses being followed up
* need more statistics - but for small excesses Run3 data set only brings small

improvement to signhificance .
» already started to work on 7
\ « more sophisticated reconstruction and analysis techniques &

| * characterizing searches by final state instead of specific BSM model
* new ideas being explored

d - Stay tuned for reinterpretations, combinations, less model dependent scans - many
Run2 analyses still going to be publlshed and furs’r Run3 data at 13.6 TeV is coming in
. “s > ‘rﬁ . = .m —— !4’
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HDBSPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
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ATLAS-CONF-2022-064

Table 3: Optimised kinematic selections defining the signal region for €+5‘7+E¥‘iss.

Two same flavour, opposite sign, medium ID and loose isolated leptons, 4y 4% 6% 1%
with leading pr > 27 GeV, sub-leading pt > 20 GeV 4% 5% © Fake ETiss
5% e
Veto events with additional lepton(s) with loose ID and pt > 10 GeV \ .V\; r
76 GeV < myr < 116 GeV :‘\:;7“7’ single top
@ Higgs

Only one tight ID, tight isolated photon with E% > 25 GeV

EMSS > 60 GeV with AG(EMS, 57 > 2.4 rad
83%
mee, > 100 GeV o
ot up channel ee channel
Njet < 2, with pif' > 30 GeV, ] < 4.5
Veto events with b-jet(s)
o ABCD method, based on E™** and A¢(?mi55 ?wy) variables: £
1 T T 9 T . TQ_
. A
2 B
MC pMC E (VR)
[ fokeMET _ RNB Nc _ NaxaNp .
A - ’ - yMC  pgMC I
Np NcyerNg <
D C’ Cc
e R takes into account possible correlation between the 2 variables

o Nx is number observed data in region X, after subtraction of the contribution 30 20 60 Emiss
m

from non fake ET™** backgrounds

Biataséwka, 13.01.2023
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Heavy scalars with FV decays in final
states with multiple leptons and b-jets

ATLAS-CONF-2022-039

(a) (b) (©

Figure 2: Signal diagrams for the RPV SUSY signals used as additional interpretation in the analysis. The subsequent

decay can lead to a final state with high multiplicity of leptons and b-jets which is targeted by the search.

Table 5: Input variables to the training of the DNN4 and DNN>B discriminants.

Variable

DN Ncat

Number of jets (Njers)

Sum of pseudo-continuous b-tagging scores of jets

Pseudo-continuous b-tagging score of 1st, 2nd, 3rd leading jet in pt

Sum of pr of the jets and leptons (Hrjers, Hr 1ep)

Angular distance of leptons (sum in the case of 3¢ and 4¢)

Missing transverse energy

Leading transverse momentum of jet

Invariant mass of leading lepton and missing transverse energy

Di/tri/quad-lepton type variable (associated to the number of electrons/muons in event)

SNSANSNKS

S
N NN NN
z
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Heavy scalars with FV decays in final
states with multiple leptons and b-jets

ATLAS-CONF-2022-039

Table 3: Event selection summary in the signal regions. Leptons are ordered by pr in the 2£SS and 4¢ regions. In the
3¢ regions the lepton with opposite-sign charge is taken first, followed by the two same-sign leptons in pt order. In
the lepton selection, 7, M, L stand for Tight, Medium and Loose lepton definitions. In the region naming, the “CAT
ttX” denotes the category based on the DN N output enriched in the signal process “ttX”. Each of these regions is

split according to the lepton charge of the same-sign lepton pair (“++” or “- -”).
Lepton category 2(SS 3¢ 4¢
N (T,T) with > 1 p59% || (L, T, M) with > 1 p%9% ||
Lepton definition (L,L,L,L)

(T, M) with > 2 b77%

(L, M, M) with > 2 p77%

Lepton py [GeV] (20, 20) (10, 20, 20) (10, 10, 10, 10)
mP575F [GeV] - >12
Im25=5F — mz| [GeV] - >10
Njers > 2
Npjets 21 0% || 2277
Region split (sstt, ttq, ttt, tttq, tttt) X (Q*F,077) (ttt, tttq, tttt) X (Q*, 07) -
Region naming 2¢SS ++ CAT sstt 3¢ ++ CAT ttt 4¢
2{SS ++ CAT ttq 3¢ ++ CAT tttq
2¢SS ++ CAT ttt 3¢ ++ CAT tttt
2SS ++ CAT tttq 3¢ —— CAT ttt
2SS ++ CAT tttt 3¢ —— CAT tttq
2(SS —— CAT sstt 3¢ —— CAT tttt
2(SS —— CAT ttq
2(SS —— CAT ttt
2(SS —— CAT tttq
2¢SS —— CAT tttt
Anna Kaczmarska, IFJ PAN 27 / 23 Biataséwka, 13.01.2023



Heavy scalars with FV decays in final

~ states wi’rrh‘mulTiple lep’ron&iﬂbﬁ‘rs | ATLAS-CONF-2022-039

(—

Background contributions )

N\Yad
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Heavy resonances into Z/W and Higgs boson in
final states with leptons and b-jets

arXiv:2207.00230

Table 2: Topological and kinematic selections for each channel and category as described in the text. '™ Applies in
the case of only two central jets. ) Applied only for the W’ search. A higher threshold (80 GeV) is used for the
single-electron channel. U Applied only for my,;, > 320 GeV. 2 Only the two leading VR track-jets matched by
ghost-association to the large-R jet are considered when classifying events into b-tag categories. Events are further

classified according to the number of b-tagged jets in the events.

Variable

Resolved

Merged

Common selection

Number of jets

>2 small-R jets (0, 2-lep.)

>1 large-R jet

2 or 3 small-R jets (1-lep.) > 1 VR track-jets (matched to leading large-R jet)ﬂ
Leading jet pr [GeV] > 45 > 250
my, [GeV] 110-140 (0,1-lep.), 100-145 (2-lep.) 75-145
0O-lepton selection

EMSS [GeV] > 150 > 200
St [GeV] > 150 (120%) -
Ag;; <7Tn/9 -
PSS [GeV] > 60
AG(EF™, pT™) <n/2
AG(EXSS, p) >2n/3
min [A¢(EX*, small-R jet) > /9 (2 or 3 jets), > /6 (> 4 jets)

Thad 0(<1™)

>9 if my,, < 240GeV,

ET" significance S

>6.6+0.01-my,

if 240 GeV < my,;, < 700 GeV,

> 13.6 if my,, > 700 GeV,
1-lepton selection
Leading lepton p [GeV] > 27 > 27
ENSS [GeV] > 40 (80") > 100

prw [GeV]
my y [GeV]
AR(L, )

> max [150, 710 = (3.3 - 10° GeV)/th]

> max [150, 394 - log(my /(1 GeV)) — 2350]

<300
>2.0

2-lepton selection

Leading lepton pt [GeV]
Subleading lepton pt [GeV]

EPS | \JHy [VGeV]
pr.ee [GeV]
mye [GeV]

> 27
> 20

> 27
> 25

< 1.15 +8x 107 - my, /(1 GeV)

>20+9 -y /(1GeV) =320 '

c [max [40, 87 = 0.030 - my,,/(1 GeV)],97 +0.013 - my,, /(1 GeV)]

Anna Kaczmarska, IFJ PAN

29/ 23

Biataséwka, 13.01.2023



Two Higgs Doublet Model (2HDM)

* Generic class with second Higgs doublet. Four variants to couple
SM fermions to the 2HDs (no FCNCs):

* Type I: all quarks and leptons couple o only one doublet

* Type IT: one doublet couples to up-type quarks, the other to
down-type quarks and leptons: ,MSSM-like"

* Lepton-specific: couplings to quarks as in the Type I model
and to leptons as in Type IT

* Flipped: couplings to quarks as in the Type IT model and to
leptons as in Type I

Q

« B Higgs bosons: h, H, A, H*, H ‘9
* Free parameters: tanp (ratio between the vevs of the doublets), |
a (mixing angle between h and H) and m, \
Minimal Supersymmetric SM (MSSM) is a special case of 2HDM: |
+ “type II" with fixed o |
« numerous benchmark models: hMSSM, m,mod* etc. )

« SM Higgs results give big constraints on 2HDM. Data prefers

alignment limit: cos(p- a)=0 - h recovers properties of the SM |
Higgs |

|
- Standard Model
Prediction

Higgs
Boson

@@%

MSSM Higgs Boson Predictions

Taken from the web H- ‘

Phys. Rev. D 101 (2020) 012002

ATLAS [ Obs. 95% CL
Vs=13TeV,245-79.8 fb" x  Best Fit Obs.
my=12509GeV,ly, [<25 e Exp. 95% CL
2HDM Type-Il —— SM
10} \
X
3 E
1 —1 L1 L1 l L1 1 1 l 11
R Y 0.5 1
cos(f-a)
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Same-sign 2L/3L from direct production of
winos and higgsinos

—————

1 ATLAS-CONF-2022-057

)

Analysis strategy: SRs definitions

uS

UNIVERSITY
s»I!‘usw DFISUSSEI
Wino/Bino WZ on-shell | - - e For Exclusion fit-
| Wino/Bino Wh-SS on-shell |
| SR-WZonshelll SR-WZonshell2 -
Neoms(l) =2 | Wh-SS pre-selection SR1 SR2 WZ: orthogona! SRS _“"th SR- g
:ul.:_ll') té et | et | ptut etex | etp® | utut | exet | etpt | uEu WZonshelll Spllt n SIg(MET) bins
(.hnrgsut(l) Sam: Sign Necan (€) [ =2 Yfi” [ < 3wc‘ev B Simu'taneous ﬁt
priD) 225 GeV Np(6) =2 mrz > 80 GeV < 80 GeV
Njens(pr > 25 GeV) 2 Nsi () =2 ' mp" 3 > 100 GeV Wh: 12 orthogonal SRs: SR1 and
Nb-jets =0 Charge(£) same-sign Sig(EP'™=) >7 >6 Dk .
my, <350 GeV PriO) > 25 GeV . B > 75 GeV > 50 GeV SR2 split in flavour bins (ee, ep,
2 2100 Gev <100 GeV A -0 " SRia € [75,15) pp), SR1 further split in three
mird =100 Gev 2130 GeV Emes > 50 GeV ET binning  SR1b: € [125,175) MET bins - simultaneous fit
8 et praeid e 21 SR1c: € [175, +0)
ett : i o (CIDS 97% W R i ; .
AR(E*, €4) <3 Ll : : 2 The ET"S binning applies separately to each flavour b_RPV. 2 Orthogonal SRs -
Sig(EP™): (0-10], channel of SR1. simultaneous fit
| Spread(d) 222 | . -
s oLy Higgsino RPV UDD RPV UDD: 1b, 2b, 3b SRs
- T ' - ™ - - -
AR(E*.£%) 31 N S 35 60 | Mo PG | N S G | £ 1OV defined in low, medium, high
1= 2) -1 >lmi<e | >% mass region - simple OR
Higgsino bRPV SRame | My [25GV) | Zpp 7 /Epy | Lprlet) [GeV] | AR(GJet) | En= (GeV) | E pr (Wpe) | AR(C &2}
Rpw2L0h6L 2 >0 = 120 <12 > 100 = 100 =20
Variables Two leptons final state | Three leptons final state RpucdihM ) =lored L L L) =100 xd3
Nsis(¢) =2 | =3 el T T CNET * For Discovery fit:
isSameSign Yes - — 1 - TR
leading lepton py 20 GeV 20 GeV SR name || N [25GeV] | Xy “/Lpr | 2 prGey) [GeV] | AR(E,.jet) | AR(E, ) « WZ: use SR-WZonshelll
subleading lepton pr 20 GeV 20 GeV Rpv2L2bL <3 >0.90 > 300 <10 >25 | with merged Sig(MET)
third lepton pr - 10 GeV Rpv2L2bM | =3or=4 > 075 > 420 <10 >25 bins
E]lr_nm > 100 GeV > 120 GeV Rpv2L2bH | >5 - > 420 < 1.0 > 2.0
M - = 350 GeV .s‘,;‘.ny;..,., » 25 QN | Nyop [0V | Moo 25GV] | EP™ [GV) . Wh: merged MET an_d
mra > 60 GeV > 80 GeV =3i=3) 2iwiss : flavour bins = SR1_Disc
Np-jeis(pr > 20GeV ) =0 - SRnume | Ni [25GeV] | 5 p07%/E 7 | 5 pr(ien) (GeV] | AR(G, &) | AR(Gjet) | & SR2 Disc
r | &Py 7 P J | 22
Nies(pr > 25 GeV) 21 21 [ Rpv2L3bL || <3 I >o08 | o [ >20 | <15
Nias(pr > 40 GeV) 24 - Rpv21.36M <3 >0.8 - - - « DbRPV & RPV UDD: use
M../M,, SFOS pairs . < 81 or > 101 GeV Rpv2L3bH || <6 | >0s > 330 >20 <10 | the same regions

Marco Aparo - University of Sussex 6/46

SS/3L: SUSY approval
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Same-sign 2L/3L from direct production of

winos and higgsinos

ATLAS-CONF-2022-057

mry = I{llin [max (mT,é’l (PT.0,- 4T ) MmT,0,(PT, 05, P
T

mr(pr.qr ) = V2(prgr —Pr " qr ).

T

P )

Background Wino Wh non-Wh
Type
1. CR/VR defined for WZ! and WFW= | 1. CR/VR defined for WZ! and VR for ttV

Irreducible 2. Other small backgrounds are estimated using full Monte-Carlo samples

3. Charge flip rates are estimated in MC and corrected using the Egamma SFs
Reducible

S 4. Fakes: using Matrix Method and
4. Fakes: using Fake Factor Method MCTemplate method as a cross-check

L Note that the WZ would be normalised in the respective CR in Wh and non-Wh.

Table 7: Model-independent statistical analysis for SRs optimised for the Wh, WZ and bRPV models: 95% CL upper
limits on the visible cross section, (ea’)ggs, and on the number of signal events Sggs. The Seg,fp is the expected 95%

CL upper limit on the number of signal events, given the the expectation (and +10 variations) of background events.

The last two columns report the CLy, value for the background-only hypothesis, the one-sided py-value and the local
significance Z (the number of equivalent Gaussian standard deviations).

Signal channel (ec)?> [fb]  S% Sy CLy  po(2)

SRy b s 0.28 39.3 339743 0.66 0.34 (0.41)
SR 0.24 33.0 29.5*K7 0.63  0.33(0.43)
SRy s 0.13 18.7 24.4*% 0.12  0.50 (0.00)
SRYZ . 0.04 59  444% 081 0.22(0.76)
SRORPY 0.16 22.6 25.8*7% 0.29 0.50 (0.00)
SRURPV 0.44 61.4 93.075% 0.02 0.50 (0.00)

Anna Kaczmarska, IFJ PAN
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Displaced vertices + jets
ATLAS-CONF-2022-054

Table 2: Summary of the signal region selections. The x in the n?

et/trackless jet notation refers to the jet pt threshold in

GeV. All jets are required to have || < 2.5.

Signal Region High-pr jet SR Trackless jet SR
njzesto >4 or n195 > 5or Fail high-pT jet selection,
Jet selection nJl 1t6 > 6 or nJ90 >7 nJ13t7 > 4 or nj101 > 5or
J83t > 6 or n55 > 7,
70 50
Mrackless Jet > lor M rackless jet > 2

DV pre-selection

RDV < 300 mm, |ZDV| < 300 mm,
min(|Fpy — Fpy|) > 4 mm, x?/npor < 5,

IS)e\llected tracks > 2, pass material map veto
DV
Prracks >5
mpyv >10 GeV
Anna Kaczmarska, IFJ PAN 33/ 23 Biataséwka, 13.01.2023



Displaced vertices + jets

1 ATLAS-CONF-2022-054

Inclusive Estimate Procedure (1)

1. Measure jet-DV correlations in low n-jet control region of data (single photon
trigger, fail jet requirements of SR)

In control region of data, match

each DV to closest track jet:

AR = |/(A¢)* + (An)?

Jet axis

x DV-PV vector

z (beamline)

-,
.
Y
Y
Y
.
.
s

Calculate Prob( DV | track jet ) as a function of track jet properties

Prob (DV | jet)

20
18
16
14
12
10

8

%

Number of tracks in jet

III|III&IIlllllllllllé‘lllllllll
'U)‘ o
b

I
=

6
4
2

Illél

20 40 60 80 100 120 140 160 180 200

Ny > 3, mpy > 5 GeV Trackjetp_[GeV]

%1 0°
1.8
1.6
1.4
1.2

’

0.8
0.6
0.4
0.2

0

Prob( DV | jet )

Number of jets
matched to a DV

N;
P — DV

N
Ve

Number of jets

12
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Displaced vertices + jets
- - | ATLAS-CONF-2022-054

Inclusive Estimate Procedure (2)

1. Measure jet-DV correlations in low n-jet control region of data (single photon trigger, fail jet
requirements of SR)

2. Use track jets in events passing SR jet requirements to estimate expected background:

Prob (DV | jet) Events passing SR jet selection
~ 20 10°_ 5 20m @
Q9 E % = k=3
£ 18F 2 £
o > 2 3
§ Ohm a 8 =
= = g Z ° SR _ j
5 M4 ° 5 3 Npy =f - z P(DVUGt) : Njets,bin
3 128 B 5 bins
E 105 £ 10 Z
Z E 5\0»1 p=4 )
8o f NI;_ycnt(," > 1() GCV.NU-ML > 4) n CR
— = - — 1 .
=
20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200
Track jet P, [GeV] Track jet p, [GeV]
Niyie > 3, mpy > 5 GeV Ny > 4, mpy > 10 GeV 12

(Trackless SR shown)
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Displaced Leptons and New Triggers

long-lived
¢ ¢

o 4
i 2

~
~

14 <
small
coupling
L

»  New triggers deployed in Run 3 to target a variety of
unconventional tracking (twiki)

Displaced leptons, displaced taus, emerging jets, displaced jets,
displaced vertex, disappearing tracks, isolated high-pt tracks, large dE/dx

(T

»  New opportunities for LLP searches

»  Several expression of interests at LLP Forum focussed on early-
Run3 searches

»  Publications with these new triggers expected soon as proof of
principle of the reach of the new analyses and as documentation
of the performance of such triggers

- (100 GeV 1 ns) o 1.4 ‘I:‘C (100 GeV 1 ns)
; P . - R R R
2 4o *ATLAS Slmulatlon Internal — 2 + ATLAS Slmulatlon Internal .
18 L Vs=13.6 Tev V  Standard p_>26 GeV 1 :g 1.2 |- (s=13.6TeV V. Standardp>24GeV |
i C A LRTp>30GeV,idj>3mm | 5 - Rol Muons:p >20 GeV A LRTp.>20 GeV, Id,/>2 mm]
= 1 - o Combined ° S (Sta;;ard HLT tracking: Id| <10 mm;* ]
T R @ 1 I A MMW v A7
0.8 a — MM
r 2aan a ] 0.8 + + ¢ w ﬁx%? M +++
06 [ a8 ] - .
L hRddg ¢: 0.6 - j
0.4 } Rol Electrons: p_ > 30 GeV, Id | >3 mnT: 04 [ .
r (Standard HLT tracking: IdOI <5mm) - L ]
02 ¥ - 02 F 3
L v ] C ]
L ] v "
[o J - Vg gyl vy gl g gy y 0 S smmAmp Vel 0L A Vi iVt
0 50 100 150 200 250 300 20 -15 -10 -5 0 5 10 15 20
D_ Zanz Electron Transverse Production Radius [mm] Muon d, [mm]

EIBURG

EXPERIMENST D
Yumeng Cao
CMS Prehmmary 113-118 fb"!' (13TeV)10

B 106 o '/—~rG(coNLSP) E 'E

‘9; 105F Run 2 95% CL upper limits 4 10* :é

e :
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104k Search _Observedp 1 102
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e —— F-NLSP ]
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10%k T =-fALSP 3
L T — N N\ E 1
10 )) H
i = 110
16 1107
. 410°
,3 3
107406200 300 400500 600 700 800 900
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. T=1G1G lefe,n 1
= 10° P e
E, -
@ 4g|- ATLAS Intemal MR
'5 E=1 3 TeV, 139 fb-I —— Observed limits
2 10°k Alllimits at 95% CL D;:”Ls"w 1
1
o = -
i, , this analysis
=
107555300 300 zTo %00606-700 800 900
) . m() [GeV]
Micro-displaced leptons 7
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The Standard Model Supersymmetry

Bosors T Swosoms | stermons

Force carriers

@ 2
S S
Q. Q.
b @
wn
SM: W%, WP, B 2 w= 7 .
SUSY : A°, AS, WO, B° M, 0 3 %3, % neutralinos
A, Ay, W, W 5 % [ charginos

*  New quantum number => R-parity

" e -r) s S: Spin

* SMparticles R=+1
«  SUSY particles R=-1
*  Multiplicative number
«  Two important consequences if R-parity is preserved:

« Superpartners are pair-produced

« Lightest superpartner is stable (LSP)

« Proton is stable (in general SUSY allows for non conservation of
L and B)

Anna Kaczmarska, IFJ PAN 37/ 23 Biataséwka, 13.01.2023



ATLAS-CONF-2022-037

Event selections

* Single lepton trigger * Single 7 trigger (80, 125, 160 GeV)
* [solated and trigger-matched lepton + * Leading T: trigger-matched, pT >
T passing medium RNN 7 ID (trigger threshold + 5 GeV), pass
« pr(D)>30GeV, pr(t) >50 GeV medium RNN 7 ID
« Opposite-sign charge between [ and 7 * Sub-leading 7: pT > 65 GeV, pass loose
* At least one b-jet, 70% b-tagging WP of RNN 71D
DL1r To avoid contribution from non-resonant L& Opposite-sign charge between 7 and 7

production at lower b-jeff pt which has . |
. pT(bjet) > 200 GeV interference with SM diagrams such as those Veto electrons or muons

from Z+jets . K o/ . .
o Myis(1,T) >100 GeV pgginst Z-stautau bg g‘:_lle;ast one b-jet, 70% b-tagging WP of

o AQ(L EMSS) < 1.5 Against top, ttba bkg
#(LEF™) « pr(bjet) >200 GeV

« Sr>300GeV tiepThad
* mys(T,T) > 100 GeV
« S7>300GeV ThadThad

bjet
T

The discriminant variable: Sy = p7 +pr +p

Other discriminant variables were tested. See backups.
2022/7/01 CONF Note Approval Meeting 3
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Scalar leptoquarks in btT final state

| ATLAS-CONF-2022-037

Table 3: Definition of signal, control and fakes regions used in the 7iep Thag channel. The symbol £ represents the
selected electron or muon candidate and 7 represents the leading 7h,4.vis candidate.

Selection

Signal Region

¢ (trigger, isolated), Thaq (medium), g(£) X g(7) < 0, Ag(£, Ef™) < 1.5,
Myis(€, Thag) > 100 GeV, St > 300 GeV, at least one b-jet, lead b-jet pr > 200 GeV

Control/Validation Region  Selection Notes
Multijet-CR ¢ (trigger, pass or fail offline isolation), mr({, E%‘iss) < 30GeV, Measure lepton
one b-jet, RNN 7 ID score < 0.01, ET™ < 50 GeV fake factor
Top-CR Pass SR except: remove St and lead b-jet pr cuts, A¢(¢, Ef™) > 2.5  Derive top correction
SS-CR Pass SR except: remove A¢(, E]'E“SS) and St cut, g(€) X g(t) > 0 Correct fake modeling
VR Pass SR except: 1.5 < A¢(¢, ET™) < 2.5, 300 GeV < St < 600 GeV  Background modeling
b-tag Z-CR Pass SR except: remove St and 45 GeV < myis < 80 GeV Z+HF normalisation
and pr(€)/pr(b-jet) > 0.8 and |A¢({, 7)| > 2.4 factor

Anna Kaczma

Table 4: Definition of signal, control and fakes regions used in the 7,,qThaq channel. The symbol 71 (12) represents
the leading (sub-leading) 1,9 candidate.

Selection

Signal Region Thad,1 (trigger, med.), Thad2 (1008€), G(Thad,1) X §(Thad.2) < 0, Myis(Thad,15 Thad.2) > 100 GeV,
St > 300 GeV, at least one b-jet, lead b-jet pt > 200 GeV
Control/Validation Region  Selection Notes
DJ-FR Jet trigger, 7+7, (very loose ID), g(1) X g(13) < 0 Measure Tj,,4 fake factor
CR-1 Pass SR except: 7 (fail loose) Apply Thag fake factor
SS-VR Pass SR except: g(11) X g(m2) == 1 Multijet modeling check
Z+LF VR Pass SR except: 0 b-jets, Ad(Thad, Thad) > 0.25, Z+light jets
myis < 100 GeV, EX™ > 60 GeV modeling E

2023



Leptoquark in b7 in s— and t—channels

b

@ LQ— b7 in events w/ 7 and > 1 b-jets

@ Range of coupling strengths and masses tested

CMS Prellm/nary 137 o (13 TeV)
““““““ T

108 ; Vector LQ 2000 GeV,r=25 4 Observed =
E Total signal fit [@Bkg. in =1b E

| E [MBkg. in 0b ]
5| [0j |
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@ Significant 3.40 excess for a LQ mass of 2 TeV and A = 2.5

9/27
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Semi-visible jets, t-channel
ATLAS-CONF-2022-038

Analysis preselections

1. No electrons / muons ( p; > 7 GeV)

2. Looking at events with MET trigger (trigger is fully efficient, tests in backup slide), MET > 200 GeV

w

At least 2 jets with leading jet p. > 250 GeV, other jet p, > 30 GeV and |eta| < 2.8, jet cleaning LooseBad (also
TightBad selection applied on data leading jet, for NCB treatment)

4. Dead-tile correction, LAr, SCT error veto
5. DeltaPhi(closest jet, MET) < 2.0
6. B-tagged jets <2
7. Taujets (p; > 20 GeV) <1
Key variables for this analysis:

e MET

e Scalarjet pT sum, HT

e DeltaPhi (closest jet, MET)

e p, balance (between closest and farthest jet from MET)

|Pra) + Pr()] o
IPETT(jil)l e T;Té?Z)I The resultant MET direction is

aligned along one of the jets.

Areipr(1,j2) =
e Maxminphi |Ad(farthest jet, MET) - Ad(closest jet, MET)|
Deepak Kar, Xifeng Ruan, Sukanya Sinha

The region with MET>600 GeV and HT> 600 GeV after the pre-selection is defined as the SR.
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Semi-visible jets, t-channel

1 ATLAS-CONF-2022-038

Key kinematic variables

c
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Other signal mass
show similar trend.

points

Table 2: Scale factors for each background processes obtained from simultaneous fit using SR, 1L CR, 1L1B CR and
2L CR. Top processes denotes merged contributions from 7 and single top processes.

Process kiSF

Z+jets 1.18 £ 0.05
W+jets 1.09 + 0.04
Top processes  0.64 + 0.04
Multijet 1.10 £ 0.04
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dE/dx Measurement

® When charged particles pass through the inner detector layer multiple pixel hits across a
pixel layer are recorded.

e The charge deposited on a cluster of hits is calculated by summing the charges over all
pixels in a cluster.

e In the IBL layer, If the deposited charge exceeds the dynamic range of a pixel (~2MIPs),
an overflow bit is set. The tracks that use these energy deposits with overflows are
referred in this paper as IBL overflow tracks (OFigL). All other pixel layers have much
larger dynamic range (~10 MIPs), but no overflow bits

e The dE/dx measurement of an individual track is calculated by averaging the individual
clusters that are associated with the tracks.

e [t’s expected that the energy deposited by an individual track on a cluster should follow a
Landau distribution.

e To estimate the most probable dE/dx value for a track from the limited number of the dE/
dx measurements associated to it a truncated mean method is used. The most probable
dE/dx value is represented by < dE/dx >trync

Ismet Siral, University Of Oregon

SR name Discovery —Limit setting Track category IBL overflow dE/dx [MeV g~ 'cm?]
SR-Inclusive_Low v . . [1.8,2.4]
inclusive yes or no

SR-Inclusive_High v >2.4
SR-Trk-IBLO_Low v no [1.8,2.4]
SR-Trk-IBLO_High v track no >2.4
SR-Trk-IBL1 v yes > 1.8
SR-Mu-IBLO_Low v no [1.8,2.4]
SR-Mu-IBLO_High v muon tracks no >2.4
SR-Mu-IBL1 v yes > 1.8
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dE/dx Corrections

€ BT T T T T

e The measured < dE/dx >{yync changes with data- g L paamon o gesmars
period due to detector conditions as well as radiation = :Z e 1
damage. E ] i
g 1 =
® |7 |dependence can be observed in the plots. zz | ]

Cla b b b b L L
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of
oF
o

Delivered Integrated Luminosity [fb7

® To correct for these effects each run

ATLAS Internal -
p,> 100 MeV Reco. -
21 pb™'

»

® Each run is corrected to a reference run as a function
of [n], OFBL

w

e After run dependent corrections, |#| corrections are
done separately for tracks with/with IBL overflow.

—

o

o

dE/dx, ., MPV [MeV g’ cm?]
N
; W
41 C‘DO\-I‘\

® The resulting corrected dE/dx value is referred to as
< dEldx >.qr
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Mass Calibrations
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e The < dE/dx >;y to fy mapping is done using the low pile-up runs taken in 2017 with a
luminosity of 21 pb-! with low momentum reconstructed tracks.

e Similar to dE/dx energy calibration, IBL overflow is treated separately.
® In the low pile-up runs, tracks as low as 100 MeV are used to measure the Bethe-Bloch curve.
e This is done by plotting the dE/dx curves in eta and momentum slices.
e Template fitting these slices to separate the pion, Kaon and proton contributions.

e This way the most probable dE/dx value for a given momentum for each of these particle
types is obtained, which can be converted in to the seen fy function.
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Definition of Control and Validation Regions

Table 3: Definitions of the control and validation regions.

Region pr [GeV]  |nl E}rnlss [GeV] dE/dx [MeV g—l sz] *Figure from outside of the paper.
SR > 170 > 1.8 . ;
CR-kin >120 <18 > 170 <18 ) 7
CR-dEdx < 170 >0 n | Signal Region
VR-LowPt > 170 > 1.8 o dE/dx flinded)
CR-LowPt-kin | [50,110] < 1.8 > 170 <138 < ol conmol L%
CR-LowPt-dEdx < 170 >0 = I rratic
VR-HiEta > 170 > 1.6 Z ol
CR-HiEta-kin | > 50 [1.8,2.5] > 170 <16 3 Region
CR-HiEta-dEdx <170 >0 ;

170 .

EL™ [GeV]

e In order to validate the generation background two separate VR has been designed:
e High-n VR:
e SR:|7|<1.8 - VR:18<|n|<2.5
e SR:p,> 120 — VR: p;> 50
e SR:dE/dx > 1.8 — VR:dE/dx > 1.6
e Shares a similar momentum spectrum with the SR but has a differentiated dE/dx spectrum due to eta differences.
e Low-pT VR:
e SR:p;>120 — VR:50 < p;, < 110

e Shares identical dE/dx range and performance with SR but has a limited momentum range.

e In addition two control regions have been defined for every signal and validation region for background generation
e Kinematic CR : dE/dx cut of >1.8 is reverted to <1.8 (1.6 for Hi-Eta VR)
e dE/dx CR: MET cut of >170 GeV is reverted to <170 GeV and dE/dx cut is removed

Ismet Siral, University Of Oregon
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Background Estimation

Table 3: Definitions of the control and validation regions.

Region pr [GeV] Il

ENS [GeV]  dE/dx [MeV g~Tem?]

SR

VR-LowPt

VR-HiEta

> 170 > 1.8

e The principle idea is to generate random toy tracks following the procedure

below:

Select a (1/pt, 1)

ﬂ;r;;

=13TeV L=

139 fb” Trk-IBLO

"'@%ﬂ.. .

0.01

0.015 0.02
1hp, [GeV

7

(1) Sample (1/pr, n) values from kinematic CR

\
-

7~

(2) Sample dE/dx value from corresponding dE/dx CR (binned in n)

~

&3) Calculate mass of toy track from selected values (m = p/By)

e This method is repeated 10 M (40 M times for dE/dx>2.4) for each category

generating a mass distribution.

e The mass distribution is normalized to match the data on the low mass region.

(M<160) where the signal contamination is negligible.

e Then a dE/dx cut is applied to the generated distribution and a new mass
distribution is obtained that satisfies the new dE/dx cut.

Select a dE/dx value

according to M

The analysis employs a fully data-driven background estimation that uses toys.

Entries / 30 GeV

Data / Pred.

nal Vs=13Tev L=139fb" Trk-IBLO
L T T T
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3

CR-HiEta-dEdx 10
10?

CR-dEdx 10
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4 5 6
dE/dx [MeV cm?g]

— T T T
30— ATLAS Internal  fs=13TeV, L=139 " ]
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25~ . m@= 100 GeV, @) =3 ns -
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20; --+--m(@) = 100 GeV, ©(¥) =30 ns .
F — Expected ]
150 EE
= . Sl
F Calculate Mass
10 b
5 =
Ok I\ AN T N R ) ]
10E T [T T T
1 i 4 -t + 'i' +
1 0—1 i w oo b e Y Y i
0 100 200 300 400
m [GeV]
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Event selection and bkg. estimation

ABCD parameters g S g
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