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ATLAS CONF Note
ATLAS-CONF-2022-059
19th December 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 hargis
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FP R pairs are presented. In both scenarios the chargino d::cayﬁ o a W boson and the
lightest neutralino F# — W* 7, and secondsto-lightest neutralino decays into a Z boson and
the lightest neutralino 7§ — Z 7?. The signal signature for both processes is characterized
by a single isolated lepion, at last two jet, and rissing transverse energy. The searches use
139 fb=" of 45 = 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 1o the Standard Model expectations, and exclusion limits have been set in the
(m(F /). m(F%) mass plane. For the ;7 model, chargino masses ranging from 260
520GeV can bemmlndnd fora massless ¢ at95% CL. while for the 7 ¢f process, degcm&rart
chargino/meutralino masses ranging from 260 10 420 Ge\ can be excluded for a massless P

95% CL.

© 2022 CERN for the benefit of the ATLAS Collsboration.

Reproduction of this article or parts of it s allowed as specified in the CC-BY-4.0 license.

o N s =

(N s Morea) / Ot
|
N

ATLAS Preliminary

Vs=13TeV, 139"

EWK 2nd-wave, Te/u + jets + EI"*

'@ Diboson1l

Il Diboson2|
I Single top
[ Others

m(z,) [GeV]

SRLMWZbin0
SRLMWZbin1
SRMMWZbin0
SRMMWZbin1
SRHMWZbin0

SRHMWZbin1
SRLMWWbiIn0
SRLMWWhbin1

| SRMMWWhin0

SRMMWWhin1
SRHMWWhin0

400

350

300

250

200

150

100

50

£

—)W’Wx‘x‘ WS h,W —qq

K

Frr o[ T [T T[T T[T [T [T [ ToTT) 5

ATLAS Preliminary

(s=13 TeV, 139 ’fb", All limits at 95% CL

------ Expemed Limit (£10,.p)

- Observed Limit (+1 a;"f")

ATLAS 13 TeV, arXiv:1908.08215, 2108.07586

/¢,
i
v
'

m(¥,) [GeV]

ol
=]

wk
Sl
=]

OF---o____--

.. P L
400 500 60

T IR AR
700 800

Ty W2 10y W — W, Z - a3

400
F ATLAS Preliminary
350

300
250

200

150

100

50

Ly

AN AR R AR RN AR RRRR]

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

...... Expected Limit (£10,)

Observed Limit (+10yer)

gf

Pl BRI 1
300 400 500 600 700

SRHMWWhin1




® HEPData

Repository for publication-related High-Energy Physics data
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Table 4: Front-end electronics power supply requirement
Min. | Typ. Max.
Voltage range 115V | 1.2V 1.25V
Analog current per ASIC - 0.42A
Digital current per ASIC 0.58A
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All values are calculated from the cells in the selected R-Z region,
assuming an integrated luminosity of 4000.00 fb~" and minbias cross
section of 79.31 mb. N.B.: the uncertainty on the average value is
computed from the sample-to-sample variations of the contributing
bins, assuming the bins are uncorrelated. In contrast the standard
deviation is the spread of the contributing bins without taking their
individual sample-to-sample variations into account.
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> XE/SWRE:
» 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, ATLAS-CONF-2022-059 (link)

» Search for direct production of electroweakinos in final states with one lepton, jets and missing transverse momentum, Nov 23 - 27,
2022 , Nanjing/Online, CLHCP2022 (link)

> A, RAZEIBET ATLAS SUSY hepdatafIfasm A, iZZEH RHIZ3 M2 HrIhepdata.

> T—3%: #EHULRD, BRFONITSEL¥FERAR—BIHTIXZE. Compressed Tt AE AR —BXE.
> HGTD fff5%.

> XtPEB BPOL12VEYSUK M R H TR . IR RIITEATLAS HGTD Week (link)C#g.

> XMPEBXEMVERBEFHITHR.

> T—% #ES5PEBIIAR TIE,

11


https://cds.cern.ch/record/2826702
https://indico.ihep.ac.cn/event/16608/sessions/3525/#20221125
https://indico.cern.ch/event/1127943/contributions/5136172/attachments/2547551/4387463/ripple%20and%20efficiency%20study%20for%20BPOL12V.pdf
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SUSY particles

R X | (1534
3 :c; : » \ 1oy dy )
2 a Neutralinos
~
J Xl'z
Charginos
Gl @ Lestons @ Force particies Squarks ) Sieptons ) SUSY force particies
Bino LSP Higgsino LSP Wino LSP
higgsing s bino bino ~
———] - M1
= 05 W 1 1:
i - ' N higgsino
wino e~ wino  ___ - —_—
W, = 4g M = A * = Bix
bino higgsino wino -
- _— . o~ M2 == 0.t
M; 0 b = inx = fin
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Compared to Sh2.2.1, NLO EWK correction has to be applied to
Sh2.2.11.

There are three correction weights stored as LHE_weight in ntuple, the
smallest should be applied. While the difference between the smallest

and largest should be treated as EWK correction theory uncertainty
later.

o additive approach: (B + VI_QCD + VI_EW) * PS = B * (1 + delta_QCD + delta_EW) * PS
o multiplicative approach: (B + VI_QCD) * (1 + delta_EW) * PS =B * (1 + delta_QCD) * (1 + delta_EW) * PS
o exponentiated approach: (B + VI_QCD) * exp(delta_EW) * PS = B * (l+delta_QCD) * exp(delta_EW) * PS

Currently | picked the smallest weight based on nominal ntuple by
hand. Considering the future usage (i.e. HF will directly compare
nominal vs systematic tree, in that case, all systematic trees need to
apply weight correctly), it would be better to store ordered weight in
ntuple (i.e. keep smallest and largest weights)
Pre-selection used for this check:

> nlep_signal =0
2<=nAjets<=4
nBlet ==
Passes MET trigger
MET > 250 GeV (because of trigger efficiency)
Valid VBF tag
M_jj > 500 GeV

YV V.V V V VY

Table 1: Summary of the SHERPA 2.2.1 and 2.2.11 configurations.

Configuration ‘ SHERPA2.2.1 SHERPA 2.2.11
Generator version SHERPA 2.2.1 SHERPA 2.2.11

PDF set NNPDF3.0nNLO NNPDF3.0nNLO

EW input scheme Effective sin’ O

QCD accuracy 0-2j@NLO+3,4j@L0O 0-2j@NLO+3,4,5j@LO
NLO EW;,, corrections No Yes

Subtraction scheme Default Modified Catani—Seymour
Unordered histories allowed Yes No

Scale for H-events STRICT_METS Hy

Gluon colour/spin exact matching | Yes No

Core process for K-factor 24 22

Phase-space strategy

Sliced in max(Hr, p¥ ) Analytic enhancement

Without EWK correction With EWK correction

VVV + jets
SingleTop
ttbar
VV+jets
EW_Wijets
EW_Zjets
Strong_Wijets
Strong_Zjets

1.28 + 0.06
840 £ 10
2130 £+ 22
4880 + 51
6870 + 21
8496 + 21
99494 + 314
131877 £ 228

1.28 + 0.06
840 £ 10
2130 £ 22
4880 + 51
6870 + 21
8496 + 21
87587 £ 295
122668 + 221

QCD 46041 + 4252 46041 + 4252
Total background 300630 + 4271 279514 + 4269
data 268919 268919
data/MC 0.895 0.962
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* HF setup:

* vDbfjjM, vbfTagletl_Pt, vbfTaglet2_Pt, vbfjDEta, nBJet20,
Njets cut: The same as SR

e Samples: Strong and EWK V+]ets, ttbar, singletop,
Vvjets, VWV

*  Met, minDPhiAllJetsMet, BDT score cut: The same as SR,
but use XXX_Leplnvis.

. L , . nleo sanal -
* EWK correction for V+jets is not applied. n-ep_sigha

SMET>4

* JET syst uncertainties are applied to the fit. . trigMatch_singleElectronTrig == 1]

trigMatch_singleMuonTrig == 1

* VvbfjjM, vbfTagletl_Pt, vbfTaglet2_Pt, vbfjjDEta, nBJet20, Njets

cut: The same as SR

* Bkg_only fit (CR_only).

* Fit parameter, kinematic plots, yields table and

syst table. (Only for new CC SR)

*  Met, minDPhiAllJetsMet, BDT_score cut; The same as SR, but
use XXX_Leplnvis.

* Model-dependent fit (SR+CR).

* nlLep_signal ==

* Limits and contour plots. (Compare different SRs) * 812<MII<1012

\
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

. . \ * trigMatch_diElectronTrig == 1||trigMatch_diMuonTrig == 1 /
* More fit results in backup. - 15
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. Stepl Fit 1,,, related parameters under fixed T and Vin condition --> derive fitted |, ,, parameters (p,~
and d ~ )
- Eff=f (Iout) . (fix T=0°C and V,, = 1
o Eff =yl + Dl 40,13 (0A< |ou) Move to 0.8 to make function continuous at 1A

* Eff =q0t+ qidow + qzlout +CI313ut(0-8A< lour <4A)

* Step2: Fit T under fixed V,, conditions, the |, parameters are obtained from Stepl --> derive fitted T
parameters (a,~ a, and b, ~ b;)
* Eff =9 UpT): (fixV,=10V)
e Eff = (14 agT) * Pyl + (1 + a,T) * pyl2y + (1 + a,T) = Pyl (0A< T <08A) Different linear function fit parameters

ay/a,/a, are used for I/F/P, instead of the
© Eff =@ +bT)*qy+ (1+byT) * quloye + (1 + byT) * qul3ye +(1 + b3T) * q3l3, (0.8A< lout <4A)  same a. Similarly for other parameters.

* Stepd: Fit V,, under fixed T conditions, the |, parameters are obtained from Stepl --> derive fitted V,,
parameters (c,~ ¢, and d, ~ d;)
* Eff =9 Uy Vin) : (fixT=0C)
* Eff =@ +co (Viy —10)) * Poloye + (1 + ¢ (Vi = 10) ) * plgue + (1 + ¢;(Viy = 10)) * pyl5ur (0A< o, <0.8A)
© Eff =@ +dy(Vi—10)) % qo+ (1 +dy (Vi — 10)) * quloye + (1 + dy(Vi, — 10)) * @50 +(1 + d3 (Vi — 10)) * q3150 (0.8A< 1o, <4A)

* Step4: Construct the full function using parameters obtained above. Then, perform validation
 Eff =h({outV,,T)
Eff =1+ aeT)* (1 +co(Viy — 10)) * poloye + (1 + a;T) * (1 + ¢; (Vi — 10)) * pyldye + (1 + a,T) * (1 + ¢,(Vy,, — 10)) * pol3ye (0A< 1, <0.8A)
Eff = (1 +bT)* (1 +do(Vip—10)) % qo+ (1 + b;T) * (1 + dy (Vi — 10)) * qiloye + (1 + byT) * (1 + dy(Vy,, — 10)) * 150 +
(1 + bsT) * (1 + dy(V,, — 10)) * q313, (0.8A< I, <4A) 17



Fit results: Stepl

Calculate Eff,, Eff (Eff,, + RMS) using data from B42, B43, B44 and B45.

Perform fit for Eff

(Eff
Eff

min ave RMS) and Effmax

+win @and Eff__ respectively.

ave’

l,,« parameters (p,~ p, and q, ~ qs) are obatined

Eff = Polow + Dolous 02000 Eff = qo+ Qulout + Glou: + asl5

(0A<I<0.8A) (0.8A<I<4A)

mn Minimizer is Minuit / Migrad Minimizer is Minuit / Migrad
I i = 3.6518le-05 i = 5.04025e-05
=z e = 2 = 13
5 = = 1.77484e-23 = 4.37053e-17
5 0.9 = 66 = 86
T = = 1.88097 - 0.0434357 = 0.371471 - .00704625
0.8 = -2.29841 - 0.156658 = 0.361619 - .0106099
= = 1.06307 - 0.133319 = -0.141946 - .00477618
07E = 0.0167928 - .000658668
06— T
= = 4.92997e-05
0.5 ave = 4.19847e-05 = 13
E = 2 = 1.74912e-16
0.4 = 1.03736e-22 - 36
= = = 0.378258 - .00696874
03F- = 0.0465734 = 0.354078 - .0104932
= = 0.167974 = -0.137486 - .00472364
02F = 0.14295 = 0.0161732 - .000651423
0.1
O | T | ‘ 11 1 1 I 11 1 1 | 11 1 | | 11 1 | I 1 1 1 I 11 1 1 ‘ 11 1 1 ‘ 1 Minimizer is Minuit / Migr—ad Minimlzer 15 Mlnuit / Migrad
0 05 1 1.5 ? 25 3 35 4 Max - 4.8562e-05 Chi2 4.87168e-05

Current [A] 3 NDf

7.8305e-21

13
5.84615e-17
86
0.385045 - .00692743
0.346537 - .0104309
-0.133026 - .00469564
0.0155535 - .60064756

0.0500888
0.180653
0.15374

The chi2 for each parameters is
~10-5



Fit results: Step2 & Step3

Eff .ih (Eff,. - RMS) and Eff ., (Eff,,. + RMS) using data from B42, B43, B44 and B45.
Eff

Calculate Eff

ave’

Perform fit for Eff and Eff, . respectively.

ave! min

Eff = g (I, Vin)
V,, parameters (c,~ ¢, and d, ~ d;) are obatinec

Eff =g (Iout,T)
T parameters (a,~ a, and b, ~ b;) are obatined

Eff = (1 + aOT) & pOIout +

(1+aT) = P1Igut + (1 +a,T) =
p, I3, (0A<I<0.8A)

I I ll r1 Minimizer is Minuit / Migrad

ave Minimizer is Minuit / Migrad
Chi2 =

0.000171862
0.000501261

' I laX Minimizer is Minuit / Migrad
0.

Chi2

0.000179069
0.000516371
0.000924296

Eff =@ +b,T)*qy+ (1+b,T)*
qiloue + (1 + b,T) * qzlgut +(1+
b,T) * q313ut (0.8A<I<4A)

Minimizer is Minuit / ¥
Chi2

Minimizer is Minuit / Migr
Chi2 0.000535011

166
2.74279e-18

90
0.000363404
0.000135934

a

0.00142807 / 0.00034.

0.00213587 / - 0.000

Minimizer is Minuit / Migra
Chi2

Eff =@ +cy (Vi —10)) * poloye +

Eff =@ +dy(Vy, —10)) *q,+

0.000196651
0. 04

(A +c; (Vi —10)) * pyldye +

(1 + (Vi — 10)) * polye
(0A<I<0.8A)

Minimizer is Minuit / Migrad
Chi2 = 0.000157407

= 17
2.751e-20
53

53

-0.106515
-0.13504

0.000169294
17
1.26987e-20
53
-0.0696867
-0.108918
-0.138047

Minimizer is Minuit / Migrad
Chi2 = 0.000184419

3.64775e-22
53
-0.0707217
11214

084

0.08672056

0.00689254
0.0201033
0.0364651

0.00711507
0.0205176
0.0367262

1+ d,(Vy, — 10)) * qyloye +

(1+d,(V;,, — 10)) * CIZIgut +(1+
d3(Vi, — 10)) * q305,, (0.8A<I<4A)

Minimizer is Minuit / Migrad
Chi2 0.000238281
64
1.70394e-20
82

Minimizer is Minuit / Migrad
Chi2 = 0.00022986
= 64
= 4.0080le-21
= 82
= -0.0712708
= 0.0279068
= 0.0135724
= 0.00810716

Minimizer is Minuit / Migrad
Chi2
NDT
Edm
NCalls

0.000223913
64
2.56714e-20
82
-0.0696528
0.08277695
0.012649
0.00675217

The chi2 for each parameters is ~10-4, improved much compared to old results. (~10-3)

0.00761568
0.01178
0.01351
0.0157631

0.00734569
0.0118206
0.0137085
0.0160752

0.08712225




Effawe = (1—0.000362702T) * (1 — 0.0696867(V,, — 10)) * 1.902031,,,; — (1 — 0.000428837T) * (1 — 0.108918(V,, — 10)) * 2.351651Z,; +
(1 —0.000524723T) * (1 — 0.138047(V,, — 10)) * 1.1031213,, (0A<I,<0.8A)

Effae = (1—0.000363404T) * (1 — 0.0712708(V,, — 10)) * 0.378258 + (1 + 0.000135934T) * (1 + 0.0279068(V, — 10)) * 0.3540781,,,,; —

(1 +0.00142807T) * (1 + 0.0135724(V,, — 10)) * 0.13748612%,, +(1 + 0.00213587T) * (1 + 0.00810716(V,, — 10)) * 0.0161732I3,, (0.8A< |_ . <4A)

out

Effnn = (1 —0.000339204T) * (1 — 0.0686285(V,, — 10)) * 1.88097I,,; — (1 — 0.000423783T) * (1 — 0.106515(V,, — 10)) * 2.298411%,, +
(1 —0.000546777T) * (1 — 0.13504(V,, — 10)) * 1.0630713,, (OA< I, <0.8A)

Effnn = (1 —0.00020136T) * (1 — 0.0729479(V,, — 10)) * 0.371471 + (1 — 0.0000280726T) * (1 + 0.0280383(V;, — 10)) * 0.3616191,,; —
(1+ 0.001291697T) * (1 + 0.0144376(V,, — 10)) * 0.1419461%,, +(1 + 0.00202347T) * (1 + 0.00936406(V,, — 10)) * 0.016792813,, (0.8A< |
<4A)

out

Effma = (1 —0.000385686T) * (1 — 0.0707217(V,, — 10)) * 1923091, — (1 — 0.000433692T) * (1 — 0.111214(V,, — 10)) * 2.404912,, +
(1 —0.000504172T) * (1 — 0.14084(V,, — 10)) * 1.1431613,, (0A< I, <0.8A)

Effmee = (1 —0.000519736T) * (1 — 0.0696528(V,, — 10)) * 0.385045 + (1 + 0.000307077T) * (1 + 0.0277695(V,, — 10)) * 0.346537 I, —
(1 + 0.00157358T) * (1 + 0.012649(V,, — 10)) * 0.13302612,, +(1 + 0.00225727T) * (1 + 0.00675217(V,, — 10)) * 0.015553513,,, (0.8A< I, <4A)

out
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