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Electroweak SUSY production

Searching for charginos, neutralinos, and
Third generation sleptons is challenging!

SM-like signatures.

Can be compatible with dark matter relic
density.

Strong

High rates! Natural solution to control the Higgs mass
Stringent corrections.

mass limits.

No evidence for SUSY particles at LHC so far.
Electroweak

Low rates.
SM-like
signatures.

Low-hanging fruit is ruled out. Plenty of
uncovered parameter space and data to
analyse.




Recent ATLAS results

Late Run2 search strategy aims to
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Slepton and Chargino production
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Focus on the uncovered
/ compressed scenarios for
second wave effort
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Pure-wino charginos, ¢
pure-bino neutralino.
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Slepton and Chargino production 2L arXiv:2209.13935
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Slepton and Chargino production
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Chargino neutralino production
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2L.2J arXiv:2204.13072

Target high mass scenarios using hadronic and leptonic boson decays.
Search for Z—e*e’/u*y, V—qqand E ™

7 signal regions targeting high/low mass scenarios and on/off-shell boson decays
m., m, m, and ETmiSS significance main discriminating variables
On-shell SRs binned in ETmiSS significance (& ARJ.jfor SR-High). Offshell binned in m,

FNP backgrounds from data (MM). Z+jets, Top, VV: MC normalised to data in CRs

MC simulation otherwise
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Chargino neutralino production AllHad  PRD 104 (2021) 112010

q Target very high mass scenarios using all hadronic boson (W,Z,h) decays.
q Large mass splittings Am>400 GeV lead to boosted topologies.

’ Xheavy 5 Use large-R jets (R=1.0, p;>200 GeV) with boson-tagging algorithms.
Xlight 4Q: 2 large-R jets, no b-tagged jets inside
ps Xiiihi 2B2Q: 2 large-R jets, one contains 2 b-tagged jets
Kheovy High E_.™*° > 200 GeV (trigger), m_
& 9 orvia Z—vv background from data, fake boson jets (2 collimated ISR jets faking large-R jet)
q h—bb MC normalised to data in dedicated CR

All other backgrounds from MC simulation.
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Chargino neutralino production
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Traditionally the

cH[=leilely! final state is

the “golden” channel
for this signal.

Using hadronic decays
Sfonele)s
intermediate bosons
extends the reach to
very high masses.



Higgsino GGM yybb  ATLAS-CONF-2023-009

b
p h/Z ,L b

Search using mix of common and rare decays of SM bosons

High ETmiss from invisible gravitinos

G Two high p. photons (trigger) + 2 b-tagged jets
, G MET < 100 GeV MET > 100 GeV
: A <A
p h K\' Y & =
= CR1 £ CR2
Pure-higgsino, mass denegerate 130 130 ~ &
chargino1, neutralino2, neutralino1 VR 1 SR].Z SR]. h VR1 Y SRZ Y
Gravitino LSP = >
120 120
CR1 CR2
» »
60 100 140 m(bb) 35 145 m(bb)

Non-resonant backgrounds determined from a 2x2D sideband method & tested in VRs

- loosen photon isolation & id to “jets”— 16 categories of yy, y-jet, jet-y events

- parametrise category yields using photon efficiencies and fake factors

- fit performed in |mW -m, | >5 GeV CRs to obtain category parameters — applied to loose photon SRs.
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Higgsino GGM yybb  ATLAS-CONF-2023-009
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Higgsino GGM
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RPC & RPV signatures

RPC Wino production decaying via WZ/Wh

SS/3L  ATLAS-CONF-2022-057

¢ RPV Mass degenerate higgsino production
Bilinear RPV  ¢*

(and UDD models)
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RPC & RPV signatures SS/3L  ATLAS-CONF-2022-057

RPC Wino production decaying via WZ/Wh

¢ RPV Mass degenerate higgsino production
Bilinear RPV  ¢*

(and UDD models)
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RPC & RPV signatures

RPC Wino production decaying via WZ/Wh

Significance

SS/3L ATLAS-CONF-2022-057

RPV Mass degenerate higgsino production
Bilinear RPV  ¢*

(and UDD models)
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RPC & RPV signatures SS/3L  ATLAS-CONF-2022-057

RPC  Wino production decaying via WZ/Wh ¢ RPV Mass degenerate higgsino production

Bilinear RPV /£

(and UDD models)
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. . 100
and hadronic final states.
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Backup: 2L0J SR selection

sleptons

Signal region (SR) | SR-0J SR-1J
nb—t‘aggcd jets =0
ET"™ significance >7
Mnon-b-tagged jets I =0 =1
pr't [GeV] > 140 > 100
pr' [GeV] > 20 > 50
my, [GeV] > 11 > 60
pl&‘z,boost [GGV] <5 -
| cos O] <0.2 <0.1
Ay e 5 Do > 28
Aq&p?"“h > 22 -
Binned SRs |

€[100,105)

€[105,110)

€[110,115)

100 €[115,120)

mez [GeV] €[120,125)

€[125,130)

€[130,140)

€[140,00)
Inclusive SRs |

€[100,00)

€[110,00
s [Ge] e{momﬁ

€[130,00)

€[140,00)

charginos

Signal region (SR) | SR-DF SR-SF

nb—tagged jets 0

Mnon-b-tagged jets 0

ET* significance >8

miys [GeV] >50

BDT-other < 0.01

Binned SRs
€(0.81,0.8125] €(0.77,0.775]
€(0.8125,0.815] €(0.775,0.78]
€(0.815,0.8175] €(0.78,0.785]
€(0.8175,0.82] €(0.785,0.79]
€(0.82,0.8225] €(0.79,0.795]
€(0.8225,0.825] €(0.795,0.80]
€(0.825,0.8275) €(0.80,0.81]

.82 X 81,1
BDT-signal €(0.8275,0.83] €(0.81,1]

€(0.83,0.8325]
€(0.8325,0.835]
€(0.835,0.8375]
€(0.8375,0.84]
€(0.84,0.845]
€(0.845,0.85)
€(0.85,0.86]
€(0.86,1]

Inclusive SRs

BDT-signal

€(0.81,1] for DF and €(0.77,1] for SF

€(0.81,1]
€(0.82,1]
€(0.83,1]
€(0.84,1]
€(0.85,1]

€(0.77,1]
€(0.78,1]
€(0.79,1]
€(0.80,1]
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Slepton and Chargino production

’ 4
i 2

e’e’, u'u (SF)

Zero or one jet (0J or 1J)

8 bins in m_,'® (>100 GeV)
(5 for discovery)

Use DF events in data to
estimate Flavour Symmetric
Backgrounds (FSB):

ttbar, single top, WW, Z—T1r.

Common

2 e/u (single lep trigger)
Veto Z & low mass resonances, bjets
Moderate E.™"** significance (>7 or 8)

m., and cos®’, = tanh(An /2) main
discriminating variables

Fake lepton backgrounds from data
using Matrix Method (FNP)

Minor SM backgrounds from MC
simulation.

Backgrounds validated in dedicated
regions (VRs)

2L  arXiv:2209.13935

f

¢

e’e’, u'y, (SF) or e*p*(DF)
Zero jets

Train 2 BDTs for SF and DF.
Gradient Boosted, multiclass classifier
(signal, VV, top, other)

16 (8) bins in DF (SF) BDT score
(reduced for discovery)

CRs used to normalise MC to data for
\YAY (pW =1.38 X 0.08) and
top (ptop =1.09 £ 0.03) 19
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Backup: 2L2J SR selection

high mass

intermediate
mass

low mass

off-shell

Region n jets njbe-::g S (E,'rmss) Mg my mr2 AR X p{rl

[GeV] [GeV] [GeV] [GeV]
SR-High-EWK >2 <1 (1821,0) 71-111 60 < mj; <110 >80 ARj; €(0,0.8 1.6) -
VR-High-Sideband-EWK >2 <1 > 18 71-111 20 < mj; < 60U mj; > 110 > 80 ARj; < 1.6 -
VR-High-R-EWK =2 <1 > 18 71-111 mjj > 20 > 80 AR;; > 1.6 -
SR-1J-High-EWK | <1 =2 71-111 60 < mj, <110 > 80 - -
VR-1J-High-Sideband-EWK I <1 >12 71-111 20 < mj; < 60U mj > 110 > 80 = B
SR-(£bb-EWK >2 =2 > 18 71-111 60 < mpp < 150 > 80 - -
VR-£tbb-EWK >2 =22 12-18 71-111 60 < mpp < 150 > 80 - -
SR-Int-EWK =2 0 (12,15,18) 81-101 60 < mj; <110 > 80 - > 60
VR-Int-EWK >2 0 12-18 81-101 60 < mj; <110 > 80 - < 60
CR-VZ-EWK >2 0 12-18 81-101 20 < mj; < 60U mj; > 110 > 80 - -
CR-tt-EWK >2 21 9-12 81-101 mj; > 20 > 80 - > 60
Region Rjets n;:‘;ag S(E‘T“iss) mee my mr2 ARy A¢(pil’, .,¥,iss)

[GeV] [GeV] [GeV]
SR-Low-EWK 2 0 (6,9,12) 81-101 60 <mj; <110 > 80 ARy < 1 -
VR-Low-EWK 2 0 6-12 81-101 60 < m;; <110 >80 1< AR <14 -
SR-Low-2-EWK 2 0 6-9 81-101 60 < m;; <110 <80 ARgp < 1.6 < 0.6
VR-Low-2-EWK 2 0 6-9 81-101 20 < mjj < 60U mjj > 110 < 80 AR < 1.6 <0.6
CR-Z-EWK 2 0 6-9 81-101 20 < mj;; < 60U m;; > 110 > 80 - -
5 b-tag i j j i
Region Mets MW, SET™) meg mra Pfrl Afﬁ(PJTl )
[GeV] [GeV] [GeV]

SR-OffShell- EWK > 2 0 >9 (12,40,71) > 100 > 100 > 2
VR-OffShell-.EWK > 2 0 >9 12-71 80-100 > 100 >2
CR-DY-EWK >2 0 6-9 12-71 > 100 - -

21



Backup: AllHad SR selection

Boson-tagging categories

n(qu) n(qu) n(qu) n(Zpp) n(hbb)
4Q-WW =2 - =2 =0 =
4Q-WZ = 1 > 1 =3 =0 =
4Q-7Z - =2 =2 =0 =0
4Q-VV - ] =2 =0 =
2B2Q-WZ =1 ] = -1 _
2B2Q-ZZ ; =1 = =1 =0
2B2Q-Wh =1 ; = =0 -
2B2Q-Zh - =1 - =0 =
2B2Q-VZ - ; = =" -
2B2Q-Vh ; ; = =0 -

Kinematics
SR(CROL) VR(CR)IL

4Q 2B2Q 4Q 2B2Q
NLarge-R jets >2 >2
Niepton =0 =1
pr(€1) [GeV] - > 30
Nphoton - -
n(Vyq) =2(=1) =1(=0) =2(=1) =1(=0)
n('Vyq) =0(=1) =0(=1) =0(=1) =0(=1)
n(Jbb) =0 =1 =0 =1
m(Jpp) [GeV] - € [70, 135 (150)] - € [70, 150]
nzlilpgtzitched =0 =0
nb_jet S l - = 0 -
E_rlpiss [GeV] > 300 > 200 > 50
pr(W) [GeV] - > 200
pr(y) [GeV] - -
megr [GeV] > 1300 > 1000 (> 900) > 1000 > 900
min A¢(EF™S, j) > 1.0 > 1:0
mr [GeV] - > 250 - > 250
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Backup: SS3L SR selection

RPC Wh

RPC WZ

wz
SRhigh—mpy

w2z
SRlow—mT2

SRilgh-mrs SRicw—mrs
+ 4+ | + + + + + 4| o+ + |+ *
efet | eFpt | ptp efet | et | pta

Npy(¢) =2
NSig(e) =2
Charge(¢) same-sign
pr(0) > 25GeV
Njets (PT > 25 GeV) >1
Np-jets =0
My > 80 GeV < 80GeV
min - > 100 GeV
S(E’II‘mSS) 1 >6
BT > 75GeV > 50GeV

EXS binning (GeV)*

SRIZ‘{%’},_mn-l: € [75,125)
SRyehmp,-2: € [125,175)

SRivah—mag-3: € [175, +00)

mro

% The Er}“iss binning applies separately to each flavour channel of SRI‘:‘i/g’;fmTz'

NpL(4) =2
NSig(g) =2
Charge(?) same-sign
pr(f) > 25GeV
Njets (DT > 25 GeV) >1
Np-jets =0
my; < 350 GeV
Mo > 100 GeV <100 GeV
mape > 100 GeV > 130 GeV
s > 100 GeV > 140 GeV
Mg - < 600 GeV
AR(£*, 0%) - =5
S(ET™): €]0,10)
Spread(®) > 2.2
Bins S(ET™): € [10,13) -

S(ET™): € [13, +00]
AR((E,6%) > 1
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Backup: SS3L SR selection

bRPV

ubDD

bRPV bRPV
SRa¢—ss SRa¢ SRer: SR3vp SRis
L | M L | M| H L | M| H
Ngy(4) - xBng - ;
s sigt =
pr (£) > 20 GeV for (s;lb)leadmg leptons Charge(?) .
Niets (PT > 25 GeV) >1 po(f) > 25 GeV
Charge() same-sign - Z’jlln'ct(sf ) N 1§0é il =2 =3
Pr 2 e - _
T2 > 60 GeV 2 80GeV foa >100GeV | > 50GeV > 80 GeV > 20 GeV
Er > 100 GeV > 120 GeV T br > B GeV) || <2 | =20r=3| <3 | Bor=4|>bad<6]| <3 | <3 <6
Mgy - > 350 GeV Pt plet >0.7 > 0.45 >09 >0.75 - >08|>08| >05
Np-jets =0 - St > 120GeV | >400GeV | >300GeV | >420GeV | > 420GeV — - > 350GeV
Niets (pr > 40 GeV) >4 , AR(6y, je)min <12 <10 <10 <10 <10 15| - <10
M e, m - ¢ [81,101] GeV AR(E*, %) >20 >25 >25 >25 > 20 20| - >20
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