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Motivation:

podai dnoub Bupjiom soisAyd mau ssewmoug

> Despite the huge success of the SM theory, physics Big Questions .
. . 3 (I % oS,
beyond SM is strongly motivated: Big\ %, G %, %, b G
Ideas % % & % e e ® K%
> hierarchy problem, dark matter, quantum e
Compqsitene_;ss,
description of gravity, the GUT e.t.c... Exta dmensions
Hilz);fgde?:?or
> Supersymmetry (SUSY) extend the SM and connect parinr
SM Fermions & Bosons with their super partnerintoa ..,
set of super-multiplets R
Sector
Multiverse
> Solving hierarchy problem if only soft breaking of
supersymmetry (mass constraint within TeV scale, a
could be produced in the LHC) arXiv:1309.0528

> Provide stable DM candidate (Lightest-SUSY-
Particle) if R-parity is conserved (RPC)

PR — (_ 1)3B+L+2S

> Including graviton & gravitino needed for the
GUT...
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https://arxiv.org/pdf/1309.0528.pdf

Status of SUSY search in ATLAS:

>

"~ Four main strong production mechanisms at LHC:

~40 analysis teams covering all aspects of SUSY scenarios and models including Strongly
produced SUSY, EWK produced SUSY, RPC, RPV and LLP...

" This talk will only cover the latest searches of strong production of gluino or squark®? in
RPC or RPV scenarios

* SUSY searches in EWK productions will be covered by Takuya's talk
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" Strong production of SUSY has relatively large production
cross-sections which could probe higher mass regions but

comes with more bkg contamination

> Only simplified models are used considering a few particles
and decoupling the other to higher scale
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Status of Strong SUSY search in ATLAS:

»

With R-parity conserved, the LSP is stable and only interacting weakly with other SM particles, providing a suitable
candidate of DM (WIMP) and large E?’“ as signature

»

lJ

1 1
W = WMSSM + Wi Wi = —, kLLEk+/1 kLQDk + A,]kUD Dk+1<LH2

In this talk will cover:

" Searches for new phenomena in events with two leptons, jets, and
missing transverse momentum in 139 fb~! of \/E = 13 TeV pp
collision in the ATLAS detector [2L2J]

With R-parity violated, the LSP could decay to SM particles via RPV sector leading to a final state with only SM particles:

Search for heavy, Iong I|ved charged partlcles W|th large P

garp)

ionization energy loss in pp collision at \/E = 13 TeV using the .
ATLAS experlment and the fuII Run 2 dataset [P|xe| dE/dX] P

Constralnts on spin-0 dark matter medlators and |nV|5|b|e Higgs
decays using ATLAS 13 TeV pp collision data with two top quarks

and missing energy in the final state [DM tt comblnatlon]

[-] Search for R parlty V|o|at|ng supersymmetry ina f|na|
state containing leptons and many jets with the ATLAS experiment
using 1/s = 13 TeV proton-proton collision data [Rpv1L]
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https://arxiv.org/abs/2204.13072
https://arxiv.org/abs/2205.06013
https://cds.cern.ch/record/2805211/files/ATLAS-CONF-2022-007.pdf
https://arxiv.org/abs/2106.09609

General strategy on Strong SUSY searches:

" SUSY is an exceeding signature

" Find SUSY at the tail of the sensitive observables
" Search with simplified SUSY models:

" Relevant parameters are varied only

" Decoupled with all the other SUSY particles

o
a i N Q
SUSY Theory phase space =, ;‘:Lmdbmf} SKs: 2
% c
o Q
< a Transfer | factors
) o S
g
Py
(0]
2
g Application of|transfer factors 4
H C
8 .
= Control region
sLmFLifiad pMSSM model

Mass of primary particle (e.g. 3, X;%)

observable 1 g /« 7

SjsEemaEE,cs esktimatbion:

T. Rizzo (SLAC Swmmer Institate, 07-Aug-12)

Resulks Lm&e_rpreﬁa&kms:

Resulks Re-inkerpretations:

VALUE + ???
What else is not sure?

Whalt does the data means?
Do we see new thjsi,t::s?

What happens for more
tomptex scenarios?
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Signal regions:

q
*) ‘ 7z . . . . . ~ ~
Z b . : . " 4 inclusive SRs defined targeting different g —)((1) mass
=S 2(1) - -0 \l . .
g v splitting
~ % ;o 1 .
70 P 7 " SRs are then further binned with m,. .- due to the
( . o o .
! kinematic endpoint of the target signal
arXiv: 2204.13072 (sub to JHEP)
Process Z/y* +jets and Drell-Yan Top Diboson FNP VVV Other Top Higgs BKG estimation:
Strong CR DD MC/DD DD MC MC MC N . . . . . .
Z/y*+jets: normalized in CRs defined by inverting the
EZ} 105 T T T T T T T T T T T T T T T T T T T . ml'ss
§ ATLAS ¢ Data 44 Standard Model A¢(] ety », E )
2 ) T
T} 10* Vs=13 TeV, 139.0 fb™ e wzizz Other
* . . — + — . .
108 B Z/y*+jets Il Flavour Symmetric " Flavour-Symmetric process (11, W=W™): Using ey data in
102 CRs and corrected by the divergence between ey and
10 €€/,Ll,l/£
8 " FNP: estimated via MxM
g - T ————— ————
5
n
= 2500§_§:§*q’i;@°——”|’|x;?—.r' %3 mE)=IM(@) + mEV2; m{)=Imz) + mEz;)V2 < 220013“;5"‘ﬁi;i*Z‘"i;m(i)ﬂ'"@*'"@ﬂm _ 16005.5;5_..; 27 20 5 mED)=m@ + m 2 g NO Significa nt excess Observed
g : 2_1’;4:" 130 1, All limhts at 85% CL & 20005_(41?;:8\/ 139 fb, Al limits at 95% CL E 1400E aTLae
r L Vs= ) , e = C (s=13TeV, ", All limits at 95% = [ Vs=13 TeV, 139 fb", All limits at 95% CL > jad =
2000 . ~ 1800F S 13910
: — z:pemezt.m '.i(::u::v) E 1600 7 Expected Limit (1 0ur) R Expected Limit (=1 ,y,) Wl(g )/ m(Q) up to 2250/1550
- served Limit (100 E = Observed Limit (=1 0poo) [ == 0Ob d Limit (x1 ;‘;ﬁ*
1500[— ATLAS 19TeV, 36.1 1" (observed) 14005_ ATLAS 13 TeV, 36.1 b (observed) 1000 sorved LMt (=1 Oecn) GeV gOt eXC| Uded
B = BO0E o - il
3 " Got 400/300 GeV
5005 - s00f- improvement compared to
ST - i 2001 :
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https://arxiv.org/abs/2204.13072

Pixel dE/dX:

arXiv: 2205.06013 (sub to JHEP)

{g‘ 15:l_‘ T | T | L ! I__
L - ATLAS —— 0.0<hl<1.0 ]
'® 1.4 p>10GeV, OF0 e -
> F 14<hl<1.6 ]
g 130 e 18<hi<20 -
> F ]
8 12f. dE/dX run-dependent
g .
& 1.1 =
2 .
s E
0.9 =
080 v | I | =
0 20 40 60 80 1 00 1 20 1 40 160

Delivered Integrated Luminosity [fb™

>

Signal model: Long-lived g formed into a charged R-hardon

<dE/dX >

General approach:

trunc

0.15+

Bethe-Bloch relation:

" Connected the dE/dX with Sy of one particle

With 7" known, mass can be derived from th
measurement of the dE/dX

Pixel Cluster dE/dx

L e o e e o
21 pb™ Low-p_Reco.
nl <0.4

Extracting the dE/dX: < dE/dX >,,,,...,
dE/dX along the tracks with the highest one excluded

averaging of the

107

Tracks / Bin

6 ev<p< e
E/dX calibration: < dE/dX >, ‘°5 302 MeV <p <331 MeV
10 K | pataoFo | DataOF1
y — Fit OF0 - - Fit OF1
calibrate tracks at different | 7| and times to the ‘°: o
10 o
reference run due to the detector geometry and the o S
radiation damage o ,], *
4

JH‘t dE/dX spectrum '

)

04030 02 04 08 08 1 12 14
log, [ dE/dx __/(MeV g”'cm?) ]

" dE/dX-py calibration:

>

performed in the range 0.3 < ffy < 5, special low-pile- 4&

up dataset ::E T T T ATLJAS T LI lE

'Tt>37 14§ E/dX ﬂ}/ }2,]1| pb Low- -P, Reco. é

" in a narrow low momentum slice, dE/dX spectrum g 2 oW oro  momt
A iporo  ipoM -

be resolved : o & AR

g e ey, E

> oy e . . o o o o R _:
use template fitting to known particles in individual p/ N e et S E e

: , & T T

eta slices to get a function that translates dE/dX to fy & o iaeeeeea
DR S et eescsmnssERGER s 4+ T
2_><2‘I()‘1 ‘[I 2 3 4 5 678910

By

ATLAS

EXPERIMENT


https://arxiv.org/abs/2205.06013

Pixel dE/dX:

Signal regions: split by dE/dX

~

SR For Exclusion

~

S [ ' ]
" Exclusion SRs: binned by Mu/track (track identified as a mu 5[ ATLAS )
or no) and IBLO/IBL1 (overflow bit of the IBL) ( SR-Mu-IBLO_Low ) ( SR-Trk-IBLO_Low ) § g ForShortLifetimes // ]
> oy . £ 2r
SR-Mu: sensitive to stable signal events ( SR-Mu-IBLO_High ) ( SR-Trk-IBLO_High ) g 1 FH
G Camno | )
" SR-IBL1: lower bkg Q J g-:i H
Mass Window: (S 5 ™ o2l /r
. : : : : R For Discove ' /[
defined for signals with short and long life to Y . 1._J/_/__/___ N ———
. cie e - ~\ 151 ) i ) o]
optimized the sensitivity SR-Inclusive_Low 01 0203 05 1 2 3
" BKG estimation: - Target Mass [TeV]
" fully data-driven method applied SR-Inclusive_High
N y
" Sample (pT, ) value from the kinematic template \_ J
Sample dE/dX value from the corresponding dE/dX * m(8) < 2.27 TeV got excluded with ¢ = 20 ns and
template s
m(7)) = 100 GeV
Calculate mass of “toy” track m=p/fy
Vahdated in Corresponding VRs - WL(g) < 2.06 TeV gOt eXCIUded Wlth T = 30 ns and
R s essstannstERONR ~ -~
| N Am(g,)((l)) =30 GeV
— i LI I =
Ty an 8 AT o e 3 — T ——
O : o E Owi nclusive_Hi T 'y ’ R E S. 3000:‘,,,,,| T T T T T —T 7 S‘ 3000:,,,,,,| T T TR T TReT=TEnTT] ,:
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é) 18 - CONtIOIEEEN. ) 15F g —; 2200; g ey é 2200~ —i
: . Region i i 1% 3 20001 = 20000 =
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= Reglon g 10__ T I + l - wo- 4/ (E)bsent/e::: Oy Q_E 14003_ (E)bsent/e:=11 (e 2_3

: ~ & 1§ ¢ 4 ¢ o i 1200F- xpected = 10,,, §—_ 12005_ xpected = 10y, g__

¥ [} 1L oo | TR 2N 2N 2 . .
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DM tt combination:

Signal models:

t/1t+DM

>

WIMPs, Dirac fermion DM candidate (y), scalar (¢)/pseudoscalar (a) mediator

Free parameter m,, m,, benchmark g, = g, = 1 (couplings between ¢/a with quark is Yukawa-like

and with multiplicative factors g )

el I T T T T T
. . . . g F Expected ATLAS Preliminary
Special case = SM 125 GeV Higgs is the mediator ¢ —— Observed Al limits at 95% CL . _
© 4000k — bb+¢ OL, 139 fb™! HEP 05 (2021) 093) Scalar ¢, ¢p—>xx Dominant production tj+DM

Final states:

#2L: JHEP 04 (2021) 165

tt1L: JHEP 04 (2021) 174

0L -> tt0L-high MET: EPJC 80 (2020) 737

Vs=13 TeV, 36.1-139 b

——— tt+¢ OL, 36.1 fb™" [EPuC 78 (2018) 18]
— tt+¢ 1L, 139 ™ HEP 04 (2021) 174]
— tt+¢ 2L, 139 ™ HEP 04 (2021) 165]

100

January 2022

9=9,= 1
Dirac DM, m, = 1 GeV

IlII| 1 IllHII‘ | IIIIIII| L LIl

I

RN

mode

N o o e o o o o o o o o o o e

Contribution at high
mediator masses

ttH—inv

ttOL_IOW MET (nery deSig ned): 10 20 30 40 5060 100 200 300 400 ATLAS-CONF-2022-007
m, [GeV]
" ttOL extended and improved: 210:,...|,...,.,..|....,....[...., ........ ARARARARES
T 9 ATLAS Internal , =
e, e o . - - — -1 .
sensitivity for low mediator models < gf Vs=13TeV, 1391 .
o -F Expected ’ E
" Improvements up to ~15%(5%) for scalar(pseudo scalar) mediator masses o ﬁg::':“gh g E
Eo--- -low ’ ]
5 it —
. . - --- ttOL combination E
Low improvement at the Higgs mass o A 20
—_— —————————————m——— g 3
o [ T T T L e e 3 e —
§ gl ¢ Dae S Suandadhoce ATLAS Internal 4z —— —3 o —— g - E
@ E [ ti(othen Ftib Vs=13TeV, 139 fb" 3 FoL ) 4 8 ‘ 2F P 3
£ EESingle-top M Wijts HOLow + HOL-high analyses A 3 S5 toLehigh ATLAS Internal 4 ,£40F ~— ttoL-high ATLAS Internal g e g
[ mmDiboson ='§he, - m(ox) = (10,1) GeV ] [ = ttoL-low ) % 30F === tioL-low L | S Pl =
2 E —-m@ag=(601)GeV s N E 22 tOL combination @:1 3 TeV, 139 fb.1 - ZZ=Z #OL combination E=13 TeV, 139 fb1 E Le® T - E
----- LER Al limits at 95% CL Allimits at 95% CL SUNPEE S et N FUUTR FUTEN FUUTE I P T
00 01 02 03 04 05 06 0.7 08 09 1
---- expected limits ~ Scalar ¢, ¢—xx F ---- expected mits  Pseudoscalar a, a->xx .
—— observed limits ~ 9=9,=1 A —— observed limits ~ 9,=9,= 1 H— inv

DMt and DM+t Dirac DM, m = 1GeV

RSN S|
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o T T. T
& N N P LA L NPT
& _——— e .. N _._‘ ------------------------------------------------------------- - sae -
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https://link.springer.com/article/10.1007/JHEP04(2021)165
https://link.springer.com/article/10.1007/JHEP04(2021)174
https://link.springer.com/article/10.1140/epjc/s10052-020-8102-8
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-007/

DM tt combination:

>

Results on mediator masses:

For scalar(pseudoscalar) dark matter models,

excluded mass range extended by 100(30) GeV wrt the best of the individual channels (= tt2L)

v

>

Results on B(H—inv):

" Combined best fit value consistent with the SM prediction (=0.12%)

T T T | T T

>
830 __._._. m
o‘;‘ 20+ . E?t ATLAS Internal -
S~ —
© ol === tteL Vs=13 TeV, 139 fb’’ N
- I==== combination All limits at 95% CL 3
afF ----- expected limits Scalar ¢, 9—>xx ]
3+ observed limits 9,=9= 1
2 DMt and DM+t Dirac DM, m = 1 GeV
1 [ e e
- —
3x107'F  emmemmemmeemmmmmmaee
2107 ——
10—1 1 l- T 1
8 910 20

3x10™"
2x10™"

T T I T T T T T T T T I T
B — ' : : tt?:: ATLAS Internal -
= it

| —ttos owoL Vs=13 TeV, 139 fb B
- ===-- ombination All limits at 95% CL ]
[ amm-- expected limits Pseudoscalar a, a—yx /
o observed limits 9, =9~ 1
" DM+t and DM+t Dirac DM, m, =1 GeV

1 l 1 L 1 1 1 I 1
8 910 20 30 40 50 102 2x102

m(a) [GeV]

-2 AIn(A)

excluding mediator masses up to 370 GeV for unitary couplings assumptions

———_

—_
o

[T T T I L I L I L | I T ld T I T III'I LI I L II) I I:
o ATLAS Internal K =
— ’ ’ -
gb Vs=13TeV, 13917 / K E
— 1 ’ 4 =
7 §_ ExpeCted '1' /:' ! _;
- ----combination / ;
6 --- tt2L /I ‘ =
so--tiL E
Foo.ttoL o
- ’ ’ . o
4= - T T Siakiii =
E 4 /, -7 E
K] / e -
- J Pl =
2E R E
12— B ‘,r::‘f’;’/_";’:‘—'*'//‘ - B T ]O—z
:I_l‘I;l: %%:I‘I—l—l 11 l 111 | I 111 l 1111 ] 111 l 1111 I L1 11 l 111 :
00 01 02 03 04 05 06 0.7 08 09 1
BH —inv
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Conclusion:

Strong SUSY searches in ATLAS have covered wide range of scenarios
including both RPC and RPV and also long-lived gluino and squarks

Lots of results coming out recently from searching for squark and gluino

for direct decay or cascade decay in multiple channels

Unfortunately, no significant excess observed yet

search and interpretations on pMSSM efforts

{s=8,13TeV, 20.3-139 b

March 2021

= 900 T~ e :
8 soo;. 7148 Peimien
?5,_7002_ Limits at 95% CL sz\\rfa ;5\\\
= 600k
500 _
400F _
300F _
200 _
100 _

400 600 800

1000 1200

m(1,) [GeV]

= Observed limits
= = Expected limits

Data 15-18,Vs = 13 TeV, 139 fb
= monojelﬁ‘ — bff' i:’
[2102.10874]
0L, T, > ] 1T, - bWE, /T, > by
[2004.14060]

1L T o T - WS /T, bt i

[2012.03799)]

— 2L T/ T, - bR, /T, - bif

[2102.01444]

Data 15-16, ¥s = 13 TeV, 36.1 fo '
—1 —nif 1> bWi? /3, - bif 1‘3
[1709.04183, 1711.11520,
1708.03247, 1711.03301]
— - ti“’
[1903.07570]

Data 12,Ys =8 TeV, 20.3 fb '
BT 2/, - oW /T, s o
[1506.08616]

Greatly extends the sensitivity to gluino and squarks under many different
decay modes and assumptions

Some “warp-up Run-2 results” activities are ongoing like the combination

800
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3000
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[ A", §-qaqx?, X3 - qqq., RPV Multijet, SUSY-2016-22
[ A", tt72, 12 - ths, RPV 1L+Jets, CONF-2021-007 ATLAS Preliminary
2 — A", G- tt9, X2 - uds, SS/3L, arXiv:1706.03731

z>:' 2400 [ A", §-qqid, 2~ 1qq, RPV 1L+jets, CONF-2021-007 All limits at 95% CL -
s A, d-qqx3. X3 - laq, SS/3L, arXiv:1706.03731

| == Observed Limit
Expected Limit

March 2021

Vs =13TeV, 36 - 139 fb™!

/s =13 TeV, 139 fb™ March 2021

T | T T T | T T T | T T T | T T T | T T | T T T | T
b, production ATLAS Preliminary]
b, b7 > bhi  Am(% %) =130 GeV [1908.03122, 2103.08189] |

b, —>tx Am(i 20)

b, —>b¥x x (b-jets + E""SS)

100 GeV [1909.08457]
[2101.12527]
b, b %, (monojet) [2102.10874]

Limits at 95% CL
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[ G- @, 0lep. [2010.14293] ATLAS Prellmlnary—

G- bbio > 3 b-jets [CONF-2018-041]

L G 1) >3b-jets + >2lep. SS [CONF-2018-041, 1706.03731]

AN quz" 0 lep. + 1 lep. [2010.14293, 2101.01629]

C g qawzz? >7-12jets + 1 lep. + =2 lep. SS

B [2008.06032, 1708.08232, 1909.08457]

G Al via IV 2 lep. OS SF + = 3 lep. [1805.11381, 1706.03731
> 11 [1808.06358]

> 1y [1802.03158]

Colours indicate different models
Observed limits at 95% CL

%
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THE END
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Rpv1L:

> No fundamental theoretical reason for strict R-parity conservation

arXiv: 2106.09609 (sub to EPJC)

> Signal model:

* B(f — t)?(l),z) and B(g — tf)??) are varied according to LSP’s
type (pure wino, bino or higgsino)

> RPV couplings: Strong enough to decay promptly, weak
enough to disentangled with RPC mixture

> 1/

1r3: dominant under the minimal flavor violation
hypothesis

~ A": to be complementar

y for light-quark case

- = e

* Events are splitinto 2LSS case (21°¢) and other

Table 3: Summary of regions considered in the jet counting analysis. The notation Nb is used to indicate a requirement
on the b-jet multiplicity. The highest jet multiplicity considered (NVja5t) depends on the jet pt threshold and the lepton .
category. In the 1¢ category it corresponds to 15, 12, 11, 10, and 8 jets for the different jet pr thresholds in increasing case ( 1 Lﬂ d ominate d )
order. In the 2¢%¢category it corresponds to 10, 8, 7, 7, and 6 jets respectively.

Lepton category | Jet multiplicity Analysis regions > SRs are defined according to the jet pT threshold
16 category 4...Tjets | 0b £, 0b L, 0bmee, 1b, 2b, 3b, > 4b (20,40,60,80 GeV) and 2/°¢ /1¢ separately
8...> N jets Ob, 1b, 2b, 3b, > 4b
2¢category | 4...> N2 jets 0b 3¢, 0b, 1b, 2b, 3b, > 4b .

Binned with N, and N, formed as N, , slices

A ————e ——————

13 ATLAS
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https://arxiv.org/abs/2106.09609

Rpv1L:

|

BKG estimation:

VV dominant for bVeto and 7 X°¢ for b-jet required regions for 2

W/Z + jets dominant for bVeto and ¢7 for b-jet required regions for 1/ category

[°C category

> Large uncertainties for high jet multiplicity, N?7°¢¢** estimated from low-jet case which is corrected by data
g gh ] plicity, N7} j y

" FNP: Matrix Method for 1/ category, covered by 17X°C in 2/°C category

v

Other minor bkg estimated via MC simulation directly

e et S ——
7 F | | | | :
£ 180 L. -
S ..[ ATLAS Preliminary -Data <
- (40 V5=13TeV, 139 1o W it +jets 8
1205_ 12 + > 15 jets (pr > 20 GeV) B wejets | —
- . o
100F g LQD, m(g, z:’) = (2.0, 1.0) TeV Wz jets ENCS — T T T %S
~ Other . L~ —.0 — — .. |
O e t, m@ ") = (975, 600) GeV E 8 3000~ §-qax%, —qaqalv ATLAS Preliminary
60 E o: I s=13TeV, 139 f5" —— Obs. limit (= 10y0") |
u IO ST ] x
40 C ] LE’ - eeeess Exp. limit (= 10,,,) ]
20 . i 4
| — - All limits at 95% CL
0 0 1 2 3 >4 2000 S ‘
2 60F | | | | T Nyprace 1
g [ ATLAS Preliminary -*-Data ’ i
HS0F 513 Tev, 139 b Bttty ] ]
402_ 25+ > 10 jets (pr> 20 GeV) | N42% .
[ e §LaD, m(@@, %, = (2.0, 1.0) TeV W citt 1000 7
30[ ~ 0 Other ~ 7
o t m@ %)) = (975, 600) GeV ] |
i 1 1 ] 1 | | Y L 1 1 ] ] |
1000 1500 2000 2500
N m(Q) [GeV]

b-taas

1000

{s=13TeV, 139 5"

== ATLAST— bbbs
All limits at 95% CL
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W/Z/VV +jets estimation

ttbar estimation

+ The ttbar Njet distribution is parameterized in a similar way as V+jets

The V(V)+jets Njet distribution is parameterized making use of known jet scaling

regimes + b-jets are pair produced, therefore some correlation is expected. Add a factor p11
: WEp > 2t SRR s to all terms with x1*x4
* 1(j) = Nj+1/N; Z+ o « The production of extra jets lead to, on average, higher-pr events, and b-jets that
* r(i) = co for verv hiah iet multiplicities (staircase L 40n0Q RRTR Poisson: =870 | were below pr threshold can enter acceptance. Add a term with x2
(]) . _ ynhig J ] p - ( _ ) : : 1208.3676 staircase: R = 0.908 fiv1p = fip-®o+ fip—1-T1 + fip—2 -T2
* 1(j) = c1/(j+1) for low jet multiplicities (Poisson) . R 0016 - Can fit to data the initial fractions fs,5, and x1, and predict the b-tag fractions for
£ 1 ; any jet multiplicity
4 * E
: : 3k ]
We use r(j) = co + c1/(j+1) to cover the whole range e ; tt+X SS channel
Fit one normalization (N4) and tw rameter 13 s :
L 908 ROHIEYIZAto ( 4) and two be oters (CO’ C1) ol L e + The leading backgrounds in the b-tagged regions of 2LSS are t#tW (2/3) and ttbar

This fully determines the prediction in all Njet bins: - = "
* N5 =Nz *r(4)
* Ng=Ns*r(4)*r(5) *r(6) *r(7)

i'=j—1

Fit separate normalizations for W/Z, but common scaling parameters
All parameters are independent for VV

The V(V)+jets Nbjet distribution is taken from MC with large uncertainties

i'=j—1
e [ o
j'=4
NN

f,oMC is the fraction of events that contain b b-tags in the jjet-slice, as predicted by
MC

No impact on the sensitivity from assigning large uncertainties to the fraction

13/12 17/16 21/20 + fake lepton (1/3)

+ Both are merged and estimated simultaneously with the same method as ttbar
in the 1-lepton channel

+ Njet prediction via jet scaling, using independent fit parameters
* Nbjet prediction via additional heavy-flavour model, using same fit

parameters
e T T T T ; ’ : —— [ o , ! : , : ! : : \ v
[ ATLAS —letp,>20Gev  ® Dac‘av’fle‘s E I ATLAS —jetp,>20Gev ® Datattbar(2L) ]
- - . A MC W+ets -1 15— . B —
06— Vs=13TeV, 139fb" ~—letp,>408eV o yco s — [ Vs=13TeV, 139 f" ~— letp,>40Gev = MCtibar(2l) ~
r —letp,>80GeV o MCWZ+jets . L —jetp,>80Gev O MCttbar(1L) 7
L. e Parameterized fit | 1". """ Parameterized fit
30‘4%.“ B AT ] I F'm i
£ L T et ] g ]
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Figure 3: The ratio of the number of events with (j + 1) jets to the number with j jets in various event samples
(details in the legend), used to validate the jet-scaling parameterization. In the MC samples of W/Z/W Z+jets the
vector bosons are forced to decay to leptons. Each panel shows the ratio for data or MC simulation with the fitted
parameterization overlaid as a dashed line. The uncertainties shown are statistical.

ATLAS

EXPERIMENT



21L.2J:

Region Njeis  Hr EmMiss mp;  S(EFS)  pl¥ A¢(j12,PF) SFIDF  my
e SRC-STR: 12, 31, 46, 61, 71, 81, 101, 201; [GeV] [GeV] [GeV] [GeV] [GeV]
Signal regions
* SRLow-STR: 12, 41, 61, 81, 101, 141, 201, 301, 501; SRC-STR >2 >250 >250 >90  >10  40-100 > 0.4 SE > 12
SRLow-STR >2 >250 >250 > 100 ~ 40-500 > 0.4 SE > 12
e SRMed-STR: 12, 81, 101, 201, 301, 601; < >SRZLow-STR >4 >250 >250 > 100 — 40-500 > 0.4 SF 81-101
SRMed-STR >2 >500 >300 >75 ~ 40-800 > 0.4 SF >12
) < >SRZMed-STR >4 >500 >300 >75 ~ 40-800 > 0.4 SF  81-101
* SRHigh-STR: 12, 101, 301, 1001. SRHigh-STR >2 >80 >300 >75 - > 40 > 0.4 SE >12
< »SRZHigh-STR >4 >80 >300 >75 - > 40 > 0.4 SF 81-101
| e ko(pro) = \/Ng;eas(pT,n) Control regions
est _ i, i, i,e _ie i,01 il 4 ? - ?
Vo= 3| 20 e + i) - a4 Ny (pT:m)" CRC-FS-STR >2 >250 >250 >90  >10 40-100 > 0.4 DF  >12
e N (o) CRLow-FS-STR >2 >250 >250 > 100 ~ 40-500 > 0.4 DF > 12
S e e\ i ku(prom) = A| 2 P21 CRZLow-FS-STR >4 >250 >250 > 100 — 40-500 > 0.4 DF  61-121
—Z(k (77> m"H) + ku(pz®.m ))‘a(p n") H meas
\fetpr uiPr T Nee®(Pom) CRMed-FS-STR >2 >500 >300 >75 —  40-800 > 0.4 DF  >12
\/Etrig () x B0 oy OCRZMedFS-STR 24 >500  >300  >75 ~ 40-800 > 0.4 DF  61-121
a(pr,g) = 4—— 1 KT 7 CRHigh-FS-STR >2 >80 >300 >75 - > 40 > 0.4 DF  >12
e (ph,nt) <>CRZHigh-FS-STR >4 >800 >300 >75 - > 40 > 0.4 DF  61-121
T
CRC-Z-STR >2 »250 >250 >90  >10  40-100 <04 SF  81-101
CRLow-Z-STR >2 >250 >250 > 100 ~ 40500 <04 SF  81-101
<5CRZLow-Z-STR >4 >250 >250 > 100 ~ 40500 <04 SF  81-101
CRMed-Z-STR >2 >500 >300 >75 ~ 40-800 <0.4 SF  81-101
e Nt — (1/€8 = 1) X Npgss <5CRZMed-Z-STR >4 >500 >300 >75 ~ 40-800 < 0.4 SF 81-101
Npass = 5 — , CRHigh-Z-STR >2 >80 >300 >75 - > 40 <0.4 SF 81101
1/e™ —1/€ <5CRZHigh-Z-STR >4 >800 >300 >75 - > 40 <0.4 SF  81-101
Validation regions
VRC-STR >2 >250 150-250 >90  >10  40-100 > 0.4 SF >12
VRLow-STR >2 >250 150-250 > 100 ~ 40-500 > 0.4 S >12
VRMed-STR >2 >500 150-250 > 75 — 40-800 > 0.4 SF >12
VRHigh-STR >2 >800 150-250 > 75 - > 40 > 0.4 SF >12
VR3L-STR >2 >250  >200 > 100 - > 40 > 0.4 3L >12
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P

ixel dE/dX:

Time over threshold measurements

As charged particles traverse the detector, they deposit energy Input charge
throughout the inner detector. This is converted into a 8-bit number signal
proportional to the Time over Threshold (ToT) of the input charge signal.
The ToT is proportional to the charge induced in each pixel. Threshold——fF——N————Ff—————
'[ i : i time
Pixel !-I | ﬂ : Counting mode

e [BL has different FE electronics w.r.t the other pixel layers - smaller
t
dynamic range with an overflow bit that triggers when the range counter I UL I |1|1 TOT mode
is maxed out. We call tracks that have triggered the overflow bit as
IBL Overflow track (IBL1).

Extracting the dE/dx value

17

®  As particles pass through the inner detector, they leave multiple energy deposits
through out the inner detector.

e The amount of deposited energy follows a Landau probability distribution.

e An example track could leave multiple dE/dx measurements (energy clusters along a
0101 track is marked in red).
e To estiamte the most probable dE/dx value for a track from the limited number
of the dE/dx measurements associated to it we have used a truncated mean
method.

0.05}

000f e In this example we drop the highest energy measurment (circled in red) and take

. the average of the rest.
Pixel Cluster dE/dx &
e Further details can be found in backups.

inspired by the original Bethe-Bloch formula

1+ (By)*
(By)?

where c, c1, and c¢; are free parameters of the fit. Inversion of the above function provides an estimate
of the charged-particle By from the measured dE/dx. Combined with the momentum measurement, the
mass of the particle associated with the track can be calculated as mgg /dx = Preco/BY({(dE /dX)corr). This
reconstructed mass is hereafter simply denoted by ‘m’.

MPV 4 /ax(By) = (CO + c1logo(By) + 2 [10810(,37’)]2) (1)
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Pixel dE/dX:

( SR For Exclusion

(' sR-Mu-iBLO_Low ) (_ SR-Trk-IBLO_Low )

(' SR-Mu-1BLO_High ) ( SR-Trk-IBLO_High )

( sR-Mu-IBL1

) C

SR-Trk-IBL1

~

J

e When we going for exclusion limits the events are
categorized according to the selected track properties:

Low-pT Signal Region

Matched to a Muon (Mu) or Not (Trk)

dE/dx in (1.8, 2.4] (Low) or (2.4,e] (High)

Has a hit with an IBL Overflow (IBL1) {dE/dx > 1.8}

(SR For Discovery\

[ SR-Inclusive_Low J

( SR-Inclusive_High )

- J

Mass Window [TeV]

¢ Instead categorize tracks
by

e dE/dxin (1.8, 2.4] or
(2.4,0]

+ 2 exclusive signal
regions

e Also easier for re-
interpretation

Validation Regions

7[[ T T T T 1 17T TI T T ] ;‘ 7Tl T T T L TI T T ]
5¢ ATLAS ] & 5[ ATLAS 1
3l For Short Lifetimes //_ g 3l For Long Lifetimes )l /]
2} e @ E > it
Ve ; "
A 8 Al
2 1 . = 1 E
0.7} [} : 0.7} I
0.5/ H : 0.5 wm
L // 4 L // ]
03 B // ] 03 i //
0.2 A . 0.2 y A
s s
4 1 [ ] A
- m<120 GeV _| = m<120 GeV _|
0.1/ o s 0.1/ e e
01 0203 05 1 2 3 01 0203 05 1 2 3

Target Mass [TeV]

VR (blinded)
| | T 10°
S| s ATLAS E
50 110 120 P E 10 EoL SReInclusive_Low
g 104; v s Long lifetime n
- - c F
SR VR-LowPt VR-HiEta - new in rel21 5 10°)
[ pr > 120 GeV, n] < 1.5] 50 GeV < pr < 110 GeV, || < 1.8 ] pr > 50 GeV, [n] > 1.8 § 102k ]
% B a g
g g AL S
T Signal Region o Low-pT T High-n «n .
2 (blinded) =0 VR =0 VR 1
=z dE/dx Z s > —_— :
=1 = l = igh- -1 -
Z 18 f‘:;:;‘: 21 18| GE/dxCR = dE/dx CR 10
L Kinematic = Low-pT 16 fiighon 02 |
1_:" Con?rol E\ Kinematic _E R =natic 4x10? 10° 2x10°
= " = S < @R Taraat Mass [GaVl
—_— 6 T T
170 170 170 = 10 E T
B [Gev] B (GeV] B [GeV] P ATLAS E
% E . ‘:Z:::" SR-Inclusive_High
e In order to validate the generation background two separate VR has been designed: E10*F v sm Long lfetime -
o F dE/dx scal
. . S 1031 ! 4
e High-n VR: 210 e
e SR:|n7|<1.8 - VR:18<|n| <25 g 107 3
] .
e SR:p;>120 - VR: p;> 50 & 10? .
1 =
e SR:dE/dx >18 — VR:dE/dx > 1.6 E
.. . . . . 107" E
e Shares a similar momentum spectrum with the SR but has a differentiated dE/dx spectrum due to eta differences. E
10" : — :
e Low-pT VR: 4x10? 10° 2x10°

e SR:p;>120 — VR:50 < p; <110

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

Target Mass [GeV]

e Individual dE/dx CR and Kinematic CR are generated for each region to extract the kinematic templates.

18

BG Svstematic Uncertainties

Uncertainties are calculated per each mass

L]
window and the leading uncertainties are:

Template Corr: Leading uncertainty. It
evaluates the assumption that the kinematic
and dE/dx templates can be drawn
separately in the toy procedure

dE/dx Scale: This uncertainty is introduced
to cover the disagreement observed in the
Low-pT VR - IBLO-Trk-Low.

» The size of this additional systematic
uncertainty is evaluated using VR-LowPt
and VR-HiEta by making likelihood fit
without other uncertainties.

dE/dx tail: dE/dx tail statistical uncertainty
estimated by using a fitted Crystal ball
function instead of the raw template

n slicing estimates the effect of the choice
of n binning of the dE/dx templates

Signal systematic uncertanties are computed
for model dependent limits.

e The dominant signal uncertainty depends
on the signal model but overall the
dominating uncertainties are:

e Scale/ISR Uncertainties (py3c)

e IBLSyst: IBL overflow fraction year
dependence.

e Track momentum and sagitta uncertainty
o The remaining uncertainties are smaller and

are grouped togethers (treating them as
uncorrelated) to reduce the number of

Target Mass [TeV]

Signal Systematic Uncertainties
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DM tt combination:

19

- EPJC 80 (2020) 737

ttOL-low MET - this analysis

MET trigger

MET trigger b-jet trigger

MET>250 GeV, MET significance S>14, large-radius jet
(R=1.2) — highly energetic top quark

SRs based on mass of subleading large-radius jet
(R=1.2) — presence of m, m,, or neither

T
¥ \_SOX sk sAm j SRATO  SRATW  SRATT  SRBTO  SABTW  SRBIT
Analysis Best fit Observed  Expected
By iy Upper limit  upper limit
ttOL-low | 0.88704% 180 1.09+9-9
ttOL-high | 02792 0.80 0.59*933
ttOL comb. | 0.48:027  0.95 0.5219-3

MET>250 GeV but S<14

OR no large-radius (R=1.2)
jets — highly energetic top
quark

MET €[160,250] GeV

Discriminating variables

cosh _ to reduce bkg with top quark + missing lepton

xztt_had to identify events with fully hadronic top quark pairs

SRs based on mass of the highest large-radius
(R=1) jet — presence of m, m,, or none

Events /0.2

Data/SM

LR O S S T (RS CRRCEE: SRR S B N N | L BORCRCR S TSSO R A L
alz. == Standard Modsl - ATL AS Pre"minary als. == Standard Medel — ATL AS Preliminar
fothy L ¥z = 13 Tav, 139 " i b ¥5 = 13 Ta¥, 139 "
-juls Ldew anAlysis, SROX

y

Events / 0.3

Data/SM

cosh, .,

Analysis Best fit Observed  Expected
By v  Upper limit upper limit
08 g 0 00
1L 00l 0 gR)le
i el R T
tfH comb. | 0.0810-12 0.38 0.30*0 5
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