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Naturalness and Higgsinos

Compressed spectra motivated in many SUSY scenarios

s the tree level higgs mass, must
be light for naturalness

»n 4—— * Pure Higgsinos could have very
small mass splitting: © (100 MeV)

* Moderate mixing could get to

\ . - O(1-10 GeV)
:Av ~5 = 50 GOV e Iz'l—" 4"”""“"‘ P Sof-t decay product from hlggSanS
decay

» challenging to detect!
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Current Limits

SUSY-2016-25 analysis targeting very compressed spectra

How can we improve our results?
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https://cds.cern.ch/record/2290081/files/SUSY-2016-25-001.pdf?

Higgsino signal

ATLAS-CONF-2019-014 analysis targeting very compressed spectra :

Boost to MET from ISR jet
pT>100 GeV

Very soft leptons

pr>3(4.5) GeV for
muons (electrons)

1 lepton + 1 track

pr>1 GeV for
tracks

Fraction of Events / 2 GeV
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Targeting low my region
» Kinematic edge at Am(y2, x1)

> shape fit in mg>1 GeV &
mMx<60 GeV
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https://cds.cern.ch/record/2673601?

Signal Region

Preselection common to all SR:

Preselection requirements

Variable 2¢ 1£1T
Number of leptons (tracks) = 2 leptons = 1 lepton and > 1 track
Lepton pt [GeV] pg} > 5 pt <10
ARy AR, > 0.30, AR,,,, > 0.05, AR., > 0.2 0.05 < ARpirack < 1.5
Lepton (track) charge and flavor e*e™ or u*u* e*e™ or utut
Lepton (track) invariant mass [GeV] 3 < m,, < 60, 1 < my,, < 60 0.5 < Mpgrack < 5
J /¢ invariant mass [GeV] veto 3 < mypp < 3.2 veto 3 < Mpack < 3.2
| m.r [GeV] <Qor> 160 no requirement
E%’iss [GeV] > 100 > 100
I Number of jets > 1 > 1
Number of b-tagged jets = no requirement
Leading jet pt [GeV] > 100 > 100
min(A¢(any jet, pT'**)) > 0.4 > 0.4
Ag(j1, PT) > 2.0 > 2.0
> Select soft leptons from the N2 decay > Remove top contribution
» Remove resonance and Z 21t > Select ISR topology
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Signal Region

Different Signal Regions (SR) targetting different scenarios

Electroweakmo SR Requlrements - _ |

Variable {Low-EX™, low-Am  Low-E™, high- Am}{ High- ET>
Ef™ [GeV] ! [120,200] [120,200] 1
Ennss / Hlep

> 10 <10

A¢(lep PT™) .
Lepton or track pt [GeV]

p? > 5+ mgg/4

Mf [GeV] { _
my [GeV] = [10, 60] it

> Low Ermiss Use 2 OS leptons. SRs targets events on the turn-on of the Ermiss trigger. Scale
factors are applied to the MC to properly model the trigger efficiency observed in data

>  High Ermiss Uses 2 OS leptons. SR to target middle-to-high Am regions

> 14T Uses 1 lepton and 1 track (OS). SR target scenario with especially low Am.

Background estimate is completely data driven
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Background estimation: 2/

Different strategies to estimate backgrounds

Background process Origin in signal region Estimation strategy % S e
— H - / —
tt, tW b-jet fails identification CR inverting b-tagging Q) 35— gtﬁ?fj rg;r?bl_rj ary i Ei:son 7 l::i /:z]prompt —
Diboson Irreducible leptonic decays CR inverting Rysg j — SRj”_ ewkin c;-hi gh-E™® W0 i single top [ Z(—o)jets -
(Z - 17) + jets Irreducible fully leptonic taus CR inverting m, %) 30 = T C;thers =
(W — {v) + jets Jet fakes second lepton Fake factor, same sign VR GCJ o5 = cee P mG 7) = (130,100) GeV =
(Z — ee, uu) + jets Instrumental EMSS Monte Carlo = - S oo -
T, LUl — === H:m(x_,%.) = (155,150) GeV —
Low mass Drell-Yan Instrumental ET" Monte Carlo i 2 —
Other rare processes Irreducible leptonic decays Monte Carlo - -
z z
Control Region to constraint MC to observed data

=

Validation Region to compare estimate to data ~

, ©

Fake factor uses Data Driven method O

Main backgrounds comes from non prompt leptons (fakes),
top, and dibosons.
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Background estimation: 11T

For very compressed higgsinos most of the signal has prler < 5 GeV.
Replace second (softer) lepton with a track with a match to a
reconstructed electron/muon candidate without identification.

Use Same Sign data as a proxy for background.

> m = = . =
3 - - 3 45" ATLAS Preliminary e Daa =
- 09__ 7777777777777 = — 40— \/§=13TeV,139fb‘1 o Total S =
o0 - L2222 = ~ — SR electroweakino 11T 7 0 =
O 08= _ 1~ AN £ B B oatass E
e = i R — — = 0 30— =re Fi:m(z), %) = (83,80) GeV =
LLJ AE ‘ - L - e B, 30 = (102,100) GeV -
0.65 NNy NRRRNNY = o5 e % ! —
0 55 H &x . 20 —=
= ATLAS Simulation Preliminary3 15 —
- [\ — — 9% / _]
0'45 Vs=13 TeV . 10 % 7 N —=
0-3 ;_ _; 5 f_ ,,,,,,, _f
- N - - % = A -

0.2 E ~_/ Muon = 0
- - 77
0.1 — | Electron = g w2 }/}}}Ziiiilfff; i '/}}%}}77%?% """" /A
- 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 H E 1 z?f?,////,/_ IR _/_/_/_/_/_/_/_/_/_ l_ l_ l_ l_ l_ l_ l_ /_/_l_f?_/_/_/_/_/_ _/_/_/_/f.é.é/??? ________ :,é??éé..//? _______

% 10 20 30 20 50 8 o . 7

0 1 2 3 4 5 6 7 8 9 10
Leptonp_[GeV] m,,.., [GeV]

Tracks Electrons 3 GeV< pr< 4 GeV: 20 %
Tracks Muons 2 GeV< pr< 3 GeV: 35 %

Lorenzo Rossini - INFN and Universita di Milano - ILHC-ICTP2019




Background estimation

Background under control
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Events

Data/SM

ATLAS Preliminary ® Data < Total SM

Vs=13TeV, 139 fb™ - Z(—1r)+ets Fake/nonprompt
VR-tau-low-ET**-low-Am | Diboson [, single top
Others

/
N
74
D
7 -
7 o
0000 00
___________________ ‘ e 71777777777 I /A
// ISR
,,,,,,,,, * F//V////// 000 L
o ///*// /////5//15// N,
------------------------------------------- /5////-;5/5/%’;’;’;’;’;%5*- Y
. Qi
0 5 1 O 1 5 20 25

Emiss /Hleptons
T

Z— 1t VR (inverted m« cut):
Ermiss/Hrlep correctly modeled
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Results: Signal Region Yields

ATLAS Preliminary %Total SM Fake/nonprompt .Z(—n‘c)+jets Others
\s=13TeV, 139 fo™ B Data SS

¢ Data f, single top " Diboson

|
N

Significance

SRup-m [GeV] |SRee-m,[GeV]| SRuw-m [GeV] | SRee-m,[GeV] SRuu-m [GeVv]! STl SRm,., [GeV]

high-E"*® low-ET"™*, high-Am  low-ET"®, low-Am 11T

No significant excess observed!
Set limits on supersymmetric particles mass
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Interpretation: setting limits

Higgsino limits Wino-Bino limits

50 -

% -- Expected limit (+10ep)  — % 50 :_ === Expected limit (£10ep) ]
O, 222 Observed limit (+101eory) G, 222 Observed limit (+10iheory)
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TS ATLAS 13 TeV excluded | T
oq oq
T 1<
£ 10 . & 10 -
. ATLAS Preliminary _ < ATLAS Preliminary |
5L J/S=13TeV, 139 b - 50 J/5=13TeV,139fo~ ' -
I ee/puyt, My shape fit | I ee/ i, my; shape fit |
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PP — X5X7, XX, Xi Xy (Higgsino) pp — {95 (Wino)
8= 20X - Wi Q= 250, 5 - Wil
’ m(Xy) = [m(x3) + m(x9)]/2 1 m(x9) x m(x9) < 0
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Set limits on supersymmetric particles masses.
Also reinterpret results as Wino-Bino scenario

> Higgsino: Am(y2, x1)=3 GeV and my> = 150 GeV
> Wino-Bino: Am(y2, x1)=2 GeV and my2 = 200 GeV
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Conclusions

* Higgsinos searches are well motivated by naturalness
» Compressed scenarios with very soft leptons
* No excess observed. Set limits
» Higgsinos excluded up to 150 GeV and 3 GeV mass splitting

> Wino-Bino excluded up to 200 GeV and 2 GeV mass splitting
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RJR Variables

Using thrust-based ISR identification via RJR

Thrust , CM Frame
Axis

..... -
= INV frame " L CM s CM
MET Pron = Py " Pisr.,T
IR 4 ‘pISR,T
Sparticle == ]
Hemisphere . i
............... . _ _daughter| (for very small
Accepted ..................... . e v m Mass SpllttlngS)
Jets ISR parent
Hemisphere
= ISR frame

mts = transverse mass of the sparticle
system
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Systematic uncertainties

Statistical uncertainties dominates in the very first bin. In higher bins
uncertainty due to non-prompt leptons estimation is dominant
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CR and VR definitions

Region SR orthogonality Lepton Flavor Additional requirements
CR-top-ewkino-high- Emiss Risg € [0.7,1.0],  removed
P S5 NggjetZI ee+ uu+ ey + pe [ Js my

CR-top-ewkino-low- EXS-high-Am

Emiss/ H,i,ep and mg;l removed

CR-tau-ewkino-high-Es
CR-tau-ewkino-low- EX*S-high-Am
VR-tau-ewkino-low- EXS-low-Am

mer € [60,120] GeV

ee+ uu+eu+ pe

Risr € [0.7,1.0], mf} removed
Risr € [0.6,1.0], m.? removed

CR-VV-ewkino-high- E7"s*
CR-V V-ewkino-low- E"*-high-Am

Risr € [07, 085]
RISR € [0.6, 08]

ee+ uu+eu+ pe

m,? removed
mg > 30 GeV, Niets = 1, EZ%5 /H P removed

VR-SS-ewkino-high- s
VR-SS-ewkino-low- Ef*-high-Am
VR-SS-ewkino-low- EZ*S-low-Am

Same sign £*£*

ee+ ue, uu+eu

Risr € [0.7,1.0], m,? and p,tl’? removed

i lep ¢ %
miss 1 2
E7 / H.", my and p;* removed

VR-DF-ewkino-high- EXs*

VR-DF-ewkino-low-EX*S-high-Am ey + pe ey + pe -
VR-DF-ewkino-low-EX*S-low-Am -
Normalization Parameters
Control Region electroweakino slepton
s o _ miss
CR-top high ET. 1.07 £ 0.04 1.03 £ 0.05
low-E"* 1.01 £ 0.02 1.00 = 0.02
: o _ miss
CR-tau high ET. 0.95+0.09 0.80+0.13
low-E"* 0.99 + 0.05 1.02 + 0.06
high-E™ss  0.88+0.19  0.83+0.23
R-VV T
¢ low-E"* 0.75+0.14  0.72+0.15
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Yields in VR
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