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» Standard model (SM) :

* Advantage: Precisely describes the fundamental elements of the matter and

the interactions between them.

* Problems: hierarchy problem, grand unification of gauge couplings, dark

matter... -> BSM physics is strongly motivated.

e Supersymmetry (SUSY): one of the most appealing BSM theories:

* Introduce new symmetry between bosons and fermions.

* No SUSY particles were discovered so far. -> Limits at LHC.
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* This is the EWK 1L analysis, targeting direct EWK production of chargino pairs and chargino-neutralino pairs,

decaying into LSP via W/Z boson.
* Final state: exactly one isolated lepton (ele or mu), jets and large missing transverse momentum.
* Targeting full Run 2 data of 139 fb'.
* The first time studying C1C1->WW/C1N2->W?Z using exactly one lepton final state.

* Use large-R jet with W/Z boson tagging to improve sensitivity. Existing results
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Variable C1C1-WW model CIN2-WZ model
SRLM SRMM SRHM | SRLM SRMM SRHM
Niep (pr > 25 GeV) 1
Niet (pr > 30 GeV) 1-3
Nla_rge—Rjet (pt > 250 GeV) >1
ET™ [GeV] > 200
Ap(€, ET™) <26
large-R jet type W-tagged Z-tagged
mt [GeV] 120-200 200-300 > 300 | 120-200 200-300 > 300

Exclusion SR

mer [GeV] (excl.)

[600-850, > 850]

[600-850, > 850]

m;;[GeV] (excl.) [70-90, - ] [80-100, - ]
o pmiss (excl.) [> 12, > 15] [> 12, > 12]
Discovery SR
meg [GeV] (disc.) > 600 > 600 > 850 > 600 > 850 > 850
m;i[GeV] (disc.) - - - 80-100 - -
o pmiss (disc.) > 15 > 15 > 15 > 12 > 12 > 12

v" The main difference between C1C1 and C1N2 signal

scenarios is the large-R jet boson tagging type. For each

model, LM, MM, HM SRs are defined using m;

v" Exclusion SRs are designed for setting model-dependent

exclusion limits. Two-dimensional multi-bin SR of m; and
m,; are defined targeting the different mass differences

between C1/N2 and LSP.

v’ Discovery SRs are constructed for model-independent

limits. Meff bins are merged for each SR.
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* Dominant background: W+jets (46-73%),diboson(16-39%) and tt processes(2-17%).
* Define dedicated CRs, validated in VRs.
* WH+jets and DibosonlL (lvvv) are estimated in the same WDB1LCR (similar behavior)
* ttbaris estimated in TCR (similar to WDB1LCR but different Nbjet)

* Diboson 2L (llvv) is estimated in a DB2L CR

* Small background: Z+jets, single-top, multiboson, tt +V, tt + H and VH.

Variable WDBIL and T Variable DB2L
CR | VRl | VR2 CR | VR
Niet (pr > 30 GeV) 1-3 Niee (p1 > 30 GeV) 1-3
Np-jer (p1 > 30 GeV) 0 for WDBI1L; > 0 for Top No—jet (p1 > 30 GeV) 0
Nlarge—Rjet (pT > 250 GeV) >1 [ miss [GeV] > 200
E.;.n 18§ [GQ‘V] > 200 Arlg;ﬁ( ! Erlr_liSS) <290
lafgi(gi%tnf)pe W<ta2g.§ed mee [GeV] 70 -199
- y - y _
megr [GeV ] [600-850,> 850] mveto [GeV N 1275 95> 0
o i <12 | <12| >12 TEP
mr [GeV] 5080 | >80 | 50— 120 mr [GeV] 50 —200 | 200 — 350
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C1C1-WW model

SRLM

SRMM

SRHM

Total background expectation

21.96

9.19

15.65

Total background sytematic

+3.19 [14.54%]

+2.51 [27.29%]

+3.04 [19.40%]

Theoretical systematic uncertainties

1

Single top

Wjets

Diboson

Other backgrounds

+1.07 [4.88%]
+0.31 [1.43%]
+0.38 [1.73%]
+0.29 [1.34%]
+0.10 [0.43%]

+0.25 [2.71%)]
+0.08 [0.92%]
+0.15 [1.59%]
+0.24 [2.66%]
+0.07 [0.77%]

+0.15 [0.96%]
+0.35 [2.21%]
+0.32 [2.04%]
+0.26 [1.63%]
+0.08 [0.53%)]

MC statistical uncertainties

MC statistics

+2.09 [9.54%

+1.61 [17.51%]

+2.07 [13.20%]

CIN2-WZ model SRLM SRMM SRHM
Total background expectation 28.53 12.67 17.03
Total background sytematic +3.68 [12.91%| +2.54 [20.06%| +2.85[16.71%]|

Theoretical systematic uncertainties

1t

Single top

Wijets

Diboson

Other backgrounds

+0.85 [2.97%)]
+1.06 [3.73%)]
+0.56 [1.97%]
+0.48 [1.67%]
+0.15 [0.54%]

+0.29 [2.33%)]
+0.24 [1.90%)]
+0.22 [1.76%]
+0.24 [1.87%]
+0.18 [1.41%]

+0.20 [1.18%)]
+0.52 [3.07%)]
+0.36 [2.10%)]
+0.58 [3.39%]
+0.09 [0.51%]

MC statistical uncertainties

MC statistics

+2.53 [8.88%]

+1.44 [11.39%]

+2.10 [12.32%]

Uncertainties in the background normalisation

+1.48 [6.76%] +0.62 [6.76%]

Uncertainties in the background normalisation

+1.96 [6.86%] +0.83 [6.55%]

Normalisation of dominant backgrounds +1.12[7.19%]

Normalisation of dominant backgrounds +1.16 [6.83%)

Experimental systematic uncertainties Experimental systematic uncertainties

Jet energy resolution
Jet energy scale
E';I].ISS

Lepton uncertainties
Pile-up/IVT

+1.09 [4.99%]
+1.65 [7.51%]
+0.51 [2.34%]
+0.41 [1.88%]
+0.10 [0.48%]

+1.01 [11.03%]
+1.52 [16.54%]
+0.26 [2.80%]
+0.10 [1.04%)]
+0.21 [2.29%)]

+1.38 [8.81%]
+1.12 [7.19%)]
+0.59 [3.76%]
+0.48 [3.08%]
+0.23 [1.49%)]

Jet energy resolution
Jet energy scale
E{-IL'ISS

Lepton uncertainties
Pile-up/IVT

+1.10 [3.85%]
+1.28 [4.47%)]
+0.49 [1.70%]
+0.34 [1.18%]
+0.06 [0.20%]

+1.27 [10.03%]
+0.99 [7.80%]
+0.57 [4.47%)]
+0.23 [1.79%]
+0.79 [6.24%]

+0.79 [4.63%]
+1.25 [7.37%)]
+0.07 [0.39%)]
+0.20 [1.17%]
+0.11 [0.63%]

v" The uncertainties in the Normalization of dominate background contribute 6 - 7% for each SR.

v The largest individual experimental uncertainty amounts to 4 - 16% depending on the SR.

v" The MC statistical uncertainties contribute 8 - 17% depending on the SR.




* Background only fit:

* Only the CRs are used to constrain the fit parameters. Any potential signal contribution is neglected

everywhere. -> To calculate background estimation in SRs and VRs.

* Model-dependent fit:

* Both CRs and SRs are used in the fit. The signal contribution is taken into account as predicted by

the tested model in all the regions. -> To calculate the exclusion limits.



Fit parameter:
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ATLAS Preliminary ¢ Data I Dibosonl
=13 TeV, 1 -1 = Total SM [ ] Diboson2l

5 =13 Tev. 139 . miss I WHijets B Single top

EWK 2nd-wave, 1e/u + jets + ET # W Others

DB2LCR

WDB1LCRbin0

WDB1LCRbin1

ITCRboostedbin0

TCRboostedbin1
DB2LVR
WDB1LVR1bin0
WDB1LVR1bin1
WDB1LVR2bin0
WDB 1LVR2bin1
TVR1bin0
TVR1bin1
TVR2bin0
TVR2bin1

Number of events

(N os Norea) / Oy

—
b

ATLAS Preliminary + Data [ Diboson(|
=13 TeV, 139 fb" = Total SM |l Diboson2I

fs =13 Tev, 139 fo . miss B W+jets I Single top

EWK 2nd-wave, 1e/u +jets + E_ i 4 Others

¢

SRLMWZbin0

SRLMWZbin1

SRMMWZbin0
SRHMWZbin0
SRHMWZbin1
SRLMWWhin0
SRLMWWhbiIn1
SRMMWWhin0
SRMMWWhbin1
SRHMWWhbin0
SRHMWWhin1

SRMMWZbin1

v No significant excess over the SM prediction is observed in SRs targeting the C1C1-WW model.

v" Mild excesses are seen in some SRs targeting the CIN2-WZ model.

v" Combining the low and high meff bins of SRMM for CIN2-WZ model leads to a significance of around 2.1 o.
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v The )’Zf mass of about 260 - 520 GeV is excluded for massless 7" .

v" Limits improve about 100GeV for m()’?f) compared to previous

ATLAS limits.

v" The observed limit is weaker than expected limit.

v’ The )’?i—r/ %9 mass of about 260 - 420 GeV is excluded for

massless ¥\ .
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Presented a search for direct EWK production of C1C1/C1N2, decaying to 1L
via W/Z and LSP.

The search is performed in events with one isolated lepton, jets and ETSS

based on full Run-2 data.

No significant deviation from the expected Standard Model background is

observed.

A chargino/neutralino of mass 260 - 520GeV can be excluded in C1C1_WW
scenario and 260 - 420GeV can be excluded for CIN2_WZ scenario with
massless LSP at 95% CL.

The current search improves on the previous ATLAS limit by around 100GeV in

m()Zli) for a massless )Z(J,—r (C1C1_WW scenario).

More details in CONF-NOTE ( https://cds.cern.ch/record/2826702).

ATLAS-CONF-2022-059
11 September 2022

e

ATLAS CONF Note y

ATLAS-CONF-2022-059 ~Z
1st September 2022

EXPERIMENT

Search for direct production of electroweakinos in

final states with one lepton, jets and missing
transverse momentum and in pp collisions at
Vs = 13 TeV with the ATLAS detector

The ATLAS Collaboration

Two searches for electroweak production of chargino-neutralino, ff,ﬂ,}, and chargino-chargino,
frfl‘, pairs are presented. In both scenarios the chargino decays into a W boson and the
lightest neutralino fj — W*,\T?, and second-to-lightest neutralino decays into a Z boson and
the lightest neutralino 79 — Zf?. The signal signature for both processes is characterized
by asingle isolated lepton, at least two jet, and missing transverse energy. The searches use
139 b~ of y§ = 13 TeV proton—proton collisions data collected by the ATLAS detector
at the Large Hadron Collider between 2015 and 2018. The searches observed no deviation
with respect to the Standard Model expectations, and exclusion limits have been set in the
(m(,\TI*f,\T?), m(,\'?'l))) mass plane. For the )2:,\7; model. chargino masses ranging from 260 to
520 GeV can be excluded for a massless ,\7? at 95% CL, while for the ,ff,\"/g process, degenerate
chargino/neutralino masses ranging from 260 to 420 GeV can be excluded for a massless f? at
95% CL.

@ 2022 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-4.0 license.



https://cds.cern.ch/record/2826702?ln=zh_CN
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* Data: full Run-2 data, corresponding to 139 fb™! data collected between 2015 and 2018.
* Background samples:

Table 1: Simulated background MC samples used in this analysis with the corresponding matrix element and parton
shower generators, underlying-event tune, PDF set, and cross-section order in «;.

Process Generator Parton shower and Cross-section
hadronisation

tr PownEec Box v2 [63-66] PyTHia 8.230 [43] NNPDF2.3L0O [44] NNLO+NNLL [67]

Single top Pownec Box v2 [68-70] PyTHia 8.230 NNPDFE2.3LO NLO+NNLL [71]

W/ Z+jets SHERPA 2.2.11 [72] SHERPA 2.2.11 SHerpA standard  NNPDF3.0NNLO NNLO [73]

Diboson SHERrPA 2.2.1 [72] & 2.2.2 SHERrPA 2.2.1 & 2.2.2 SHEerra standard NNPDF3.0NNLO NLO

Multiboson SHErRPA 2.2.1 & 2.2.2 SHERPA 2.2.1 & 2.2.2 SHEiErpPA standard NNPDF3.0NNLO NLO

tr+V MADGRrAPHS_aMC@NLO v2.3.3 PytHia 8.210 NNPDFE2.3LO NLO [74]

tr+h Pownec Box v2 PyTuia 8.230 AZNLO [75] CTEQG6L1 [76] NLO [77]

Vh Pownec Box v2 Pytuia 8.212 NNPDFE2.3LO NLO [77]

* Signal samples:

e LSP is bino-like; )ZI—L and 73 are wino-like and mass-degenerate

* Generated using aMC@NLO +Pythia 8. Cross sections calculated at NLO+NLL.

. . ~+ .
* The production cross-section of both processes decreases as the mass of the ¥ increases.

* The cross-section is 0.62 fb (1.34fb) for CIN2(1000,0) and C1C1(1000,0).
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| Cut Value/description
Preselected jet
Algorithm anti-k;-4, EMPFlow
Acceptance pr > 20GeV, |n| < 4.5
Signal jet
Acceptance pr > 30GeV, || < 2.8
JetVertexTagger JVT @ tight working point

for ptr < 60GeV and || < 2.4

Signal b-jet

Acceptance

b-tagger Algorithm

DLIr @ 77 % PC working point
pr > 30GeV, |n] < 2.8

Large-R Jet

Anti-k, algorithm (R = 1.0)

Trimmed with fCllt =0.05 and R =0.2

p; > 200 GeV; |n| < 2.0
W/Z-tagging: 3-var, 50% WP

Met

baseline objects + TST.
Tight WP.

| Cut ‘ Value/description
Preselected Electron
Algorithm AuthorElectron
Acceptance | pr > 7GeV, [ < 2.47
Quality LooseAndBLayerLLH
P |Azpsin(6)|<0.5 mm
Signal Electron
Acceptance | pr > 7GeV, |p™| < 2.47
Quality TightLLH
Isolation PLVLoose for pt < 75 GeV
PLVTight for pt > 75 GeV
IP do/o(dy) <5

Cut Value/description
Preselected muon
Acceptance pt > 6GeV, |n| < 2.7
Quality Medium
IP |Azpsin(6)[<0.5 mm
Signal muon
Acceptance pt > 6GeV, | < 2.5
Isolation PLVLoose for pt < 75 GeV
PflowTight_VarRad for pt > 75 GeV
IP do/o(dy) <3

v’ AnalysisOverlap removal procedure applied to baseline objects and

relied on SUSY background forum recommendation.

v’ Dedicated isolation study performed for electron/muon identification.
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* Events are recorded with the ORing of a list of single lepton (electron and muon) triggers.

Trigger Trigger name Year HLT cut [GeV] | Offline cut [GeV]
HLT e24 lhmedium L1EM20VH 2015 24 25
HLT e60_lhmedium 2015 60 61
HLT _el120_lhloose 2015 120 121
single electron trigger | HLT_e26_lhtight_nod0_ivarloose | 2016-2018 26 27
HLT _e60_lhmedium_nod0 2016-2018 60 61
HLT _e140_lhloose_nod0 2016-2018 140 141
HLT_mu20_iloose_L1MU15 2015 20 21
single muon trigger HLT_mu26_ivarmedium 2016-2018 26 27.3
HLT _mu50 2015-2018 50 52.5

* Key variable:

myj = \/ijTl P [cosh (mj, = nj) = cos (6, — ¢, ]

mas a0 L (EPpI)

p

O'E{"niss = 2 ln
4

max oL (EFss|pht

inv )

jets

mr = 2L EX(1 = cos[Ad(ph. pi)])

Meti = P +ZPT + Ep

17



e Step 1: Multi-dimensional cut scan for benchmark signal points is performed to seed the subsequent steps of the

optimization procedure. The significance is calculated using RooStats :: NumberCountingUtils :: BinomialExpZ

considering a combination of 30% systematics and statistical error.
* Step 2: “N-1 plots” are produced to check and refine the requirements defined at “Step 1” in each proposed SRs.

 Step 3: Binned m; and meff SR candidates are tested under HF. A combination of 30% systematics and statistical

error are used.

Zn check for exclusion SR

U 107 T r 10 g T @ E T —— T
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Pre-fit kinematic; stats err only

— W+jels sample_WZboostedSRLow

10°e=ATLAS Internal

DB1L sample_WZboostedSRLow

— W+jets sample_WDB1LboostedCRLow

10° E =13 Tev, 139 fb-’l s DBAL sample_WDBH LboostedCRLow
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The extrapolation from CR to SR is
identical between Wjets and DB1L -->
thus they can share the same CR/VR
strategy




* Theoretical uncertainty:  Experimental uncertainty:

* Signal: * jet energy scale (JES)

» factorization, renormalization, CKKW

jet energy resolution (JER)
e Ttbar & single-top:

EMsS modeling
e Parton Shower, Hard Scattering, ISR, FSR, interference

lepton reconstruction and identification

pile-up/IVT

between single-top Wt and ttbar production.

* Wijets & Zjets:

* Renorm, Factor, RenormFactor, PDF, CKKW, QSF, EWK
correction.

e DibosonllL & Diboson2L & ttV & tth & Vh:

* Renorm, Factor, RenormFactor, PDF

v For major bkgs with dedicated CRs (wijets, ttbar, DibosonlL, Diboson2L): uncertainty calculated based on transfer factor

from CR to SR.

v For small bkgs (zjets, Singletop, ttv, tth): Estimated using yields uncertainty. cross-section uncertainties are considered.
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Table 5: Breakdown of the dominant systematic uncertainties in background estimates in the various exclusion signal
regions for the C1C1-WW model. The individual uncertainties can be correlated, and do not necessarily add up in
quadrature to the total background uncertainty. The percentages show the size of the uncertainty relative to the total

Table 6: Breakdown of the dominant systematic uncertainties in background estimates in the various exclusion signal
regions for the CI1N2-WZ model. The individual uncertainties can be correlated, and do not necessarily add up in
quadrature to the total background uncertainty. The percentages show the size of the uncertainty relative to the total

expected background. expected background.

C1C1-WW model SRLM SRMM SRHM CIN2-WZ model SRLM SRMM SRHM
Total background expectation 21.96 9.19 15.65 Total background expectation 28.53 12.67 17.03
Total background sytematic +3.19 [14.54%] +2.51[27.29%] +3.04 [19.40%)] Total background sytematic +3.68 [12.91%] +2.54 [20.06%] +2.85[16.71%]

Theoretical systematic uncertainties Theoretical systematic uncertainties

1 +1.07 [4.88%] £0.25 [2.71%)] +0.15 [0.96%] 1t +0.85 [2.97%] +0.29 [2.33%] £0.20 [1.18%]
Single top +0.31 [1.43%] £0.08 [0.92%)] +0.35 [2.21%)] Single top +1.06 [3.73%] +0.24 [1.90%] +0.52 [3.07%]
Wjets +0.38 [1.73%] +0.15[1.59%] +0.32 [2.04%] Wjets +0.56 [1.97%] +0.22 [1.76%] +0.36 [2.10%]
Diboson +0.29 [1.34%) +0.24 [2.66%] +0.26 [1.63%)] Diboson +0.48 [1.67%] +0.24 [1.87%] +0.58 [3.39%]
Other backgrounds +0.10 [0.43%]) +0.07 [0.77%)] +0.08 [0.53%] Other backgrounds +0.15 [0.54%] +0.18 [1.41%] +0.09 [0.51%]

MC statistical uncertainties

MC statistics +2.09 [9.54%]

+1.61 [17.51%]

+2.07 [13.20%]

Uncertainties in the background normalisation

Normalisation of dominant backgrounds +1.48 [6.76%]

+0.62 [6.76%]

+1.12[7.19%]

Experimental systematic uncertainties

Jet energy resolution +1.09 [4.99%]
Jet energy scale +1.65 [7.51%]
EpsS +£0.51 [2.34%]
Lepton uncertainties +0.41 [1.88%]
Pile-up/JVT +0.10 [0.48%]

+1.01 [11.03%]
+1.52 [16.54%]
+0.26 [2.80%]
+0.10 [1.04%)]
+0.21 [2.29%)]

+1.38 [8.81%]
+1.12 [7.19%)]
+0.59 [3.76%]
+0.48 [3.08%]
+0.23 [1.49%)]

MC statistical uncertainties

MC statistics +2.53 [8.88%]

+1.44 [11.39%]

+2.10 [12.329%]

Uncertainties in the background normalisation

Normalisation of dominant backgrounds +1.96 [6.86%]

+0.83 [6.55%]

+1.16 [6.83%]

Experimental systematic uncertainties

Jet energy resolution +1.10 [3.85%]
Jet energy scale +1.28 [4.47%]
Eqiss +0.49 [1.70%]
Lepton uncertainties +0.34 [1.18%]
Pile-up/JVT +0.06 [0.20%]

+1.27 [10.03%]
+0.99 [7.80%]
+0.57 [4.47%)]
+0.23 [1.79%]
+0.79 [6.24%]

+0.79 [4.63%]
+1.25 [7.37%]
+0.07 [0.39%]
+0.20 [1.17%]
+0.11 [0.63%]

v The uncertainties in the Normalization of dominate background contribute 6% -7% for each SR.

v" The largest individual experimental uncertainty amounts to 4-16% depending on the SR.

v" The MC statistical uncertainties contribute 8 — 17% depending on the SR.
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Table 9: Left to right: Observed events, total SM background, 95% CL upper limits on the visible cross section
(<6‘T)225) and on the number of signal events (Sggs ). The fifth column (ngp) shows the 95% CL upper limit on
the number of signal events, given the expected number (and =10 excursions on the expectation) of background
events. The last three columns indicate the CLg value and the discovery p-value (p(s = 0)) with the corresponding
gaussian significance (Z). CLp provides a measure of compatibility of the observed data with the 95% CL signal
strength hypothesis relative to fluctuations of the background, and p(s = 0) measures compatibility of the observed
data with the background-only (zero signal strength) hypothesis relative to fluctuations of the background. Larger
values indicate greater relative compatibility. p(s = 0) is not calculated in signal regions with a deficit with respect to
the nominal background prediction.

Signal channel Observed events Total SM background (ec))) [fb] S Soo,  CLs po  Z
C1C1-WW model

SRLM (disc.) 16 11.6+1.6 0.09  13.0 8.8*3 0.84 0.14 1.09
SRMM (disc.) 9 9.8+2.0 0.06 7.9 9.0%% 042 0.50 0.00
SRHM (disc.) 12 10.8 2.5 0.07 104 9.4*3) 060 039 0.29
CIN2-WZ model

SRLM (disc.) 17 18.4+2.9 0.08 115 13.7532 040 0.50 0.00
SRMM (disc.) 9 57£13 0.07 102 6.8%5 087 0.13 1.11
SRHM (disc.) 21 13.7+2.3 0.13  17.5 10.537 0.92 0.06 1.54
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