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Theorethical motivation

What are higgsinos?

* Fermionic supersymmetric partners of the
Higgs boson.

- The lightest neutral (¥3, #5) and the
lightest charged ()‘(’f) mass eigenstates
form a nearly mass-degenerate triplet of
Higgsino-like mass eigenstates if
| < |Myl, [My].

Which higgsinos?

In the pure Higgsino limit (bino and wino
decoupled in mass), radiative corrections
induce a small mass splitting
Am(iL, 79) = 250-400 MeV.
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Why higgsinos?

The natural solution of the hierarchy

problem requires the higgsinos to be
around the electroweak scale.




° ° Search proposed by [1]
Experlmenlul s|g||(||'ure Phys. Rev. Lett. 124. 101801 (2020)

jet Initial state radiation jet to boost the system forward.

Missing transverse energy EXSS to account for invisible
particles and the boosted jet recoliling.

Decay length:
| ¢t ~0(0.1-1)mm,

M well within the first
L N | K ) ";{ ATLAS pixel layer
. n Primary vertex but still measurable.
A displaced track (o % INE

associated to a charged
pion T arising from the  Large significance of the transverse impact parameter

¥i decay into a 7?2, S(dy) to account for the track displacement.
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Signal tracks i

X1

Signal tracks associated to low p; displaced 7 arising from i
decaying into 77.

All events are required to satisfy a Mono-jet signature, g
all tracks a soft displaced track selection. _
Mono-jet signature e Soft:2GeV < pr<5GeV, |n| <15

* Displaced: S(dy) > 8, |dg| < 10 mm and
|zo sin 8] < 3 mm.
* |solated by any other track with pp > 1 GeV
within AR = 0.4.

* Leadingjetwith pt > 250 GeV
and |n| < 2.5

- min [A¢(any jet, m‘SS)] > 0.4

* No leptons or photons . mISS alignment: Acp(track Emlss) < 04,

° . < .
Njets = 4 . Qual/ty TightPrimary working point,

o [IMiss
Er™ > 600 GeV Nibs > 0, not matched to A?, K decay vertex.
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7 track background

T tracks associated to pions or leptons from decays of low-pr

T leptons in W+jets events.

Estimation via Monte Carlo simulation

normalisation to data. Note: t tracks tend to

have a harder pt spectrum than signal ones.
« Control Regions (CRs) defined by

requiring 8 < track pr [GeV] < 20.

* CR-1; and CR-t, for hadronic tj, or leptonic t,
decays, defined by requiring 0 or 1 leptons,
respectively.

 Validation Regions (VRs) d_efined In a
lower piell = |pp(#) + piPisS| phase

space to increase the background purity.
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QCD track background

QCD tracks from decays of heavy particles (A°, KJ, etc.) in pileup
or underlying events in W/Z+jets.

Data-driven ABCD background
estimation: S
* S(dy) distribution extracted from
data events in CR-1u, mostly

populated by W(— uv)+jets . 20 1= SR ~rm----- - VR == VR=m - VR-- - VA -
- Background normalized in CR-0¢ -

to obtain the estimate in the Signal : | ' .

Region (SR), where the main 1 A -1

physics process is Z(— vv)+jets. ch - e o o

 VRsin 1e, 2¢ and 1y for the

validation in other processes. o0 1x OLLowE™  te 26 1y



Time to unblind!

Two different SRs:
« SR-Low (8 < S(dy) < 20)
* SR-High (S(dg) > 20)

SR-Low SR-High

Observed data 35 15
SM prediction 37+4 14.8+2.0
QCD track 14.0+1.7 10.0+1.6
W(— 1ev)+jets 9.6+1.6 2.0+0.6
W(— mv)+jets 106 +2.0 1.9+0.8
Others 32+0.7 08+04

No significant deviations of the
observed data from the standard

model predictions.
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Results

Good agreement between data i
and MC simulation
— Exclusion limits set at 95% ol

confidence level for the
simplified higgsino model.

AmM(TE, X9) [GeV]

Higgsinos excluded in the range | -
of mass splittings Am(75, #7)
between 0.3 GeV and 0.9 GeV.

ATLAS
Vs=13TeV, 136-140 fb~!

PP — X9XT, X9x%, XiX7 X1 X7 (Higgsino)

m(xg) = m(X9) +2Am(x7, X3)

3/ + Soft 2¢
Disappearing track, m(y3) = m(x9)
LEP2 X7 excluded

=+ Theoretical prediction for pure Higgsino A

All limits at 95% CL

22 Observed Limit (+103USY

---- Expected Limit (41 Uexp)

)

For Am(%i, 79) = 0.6 GeV,

the 7{ is excluded with a mass up to 170 GeV.




Conclusions

New ATLAS search for compressed
higgsinos

— Higgsinos with mass splittings
between 0.3 GeV and 0.9 GeV have
been excluded at 95% confidence
level for the first time since LEP.

« Just the beginning »
— other compressed searches are
being prepared!

« Where is SUSY hiding? »

Extensive dataset collected in Run 3
will shed light into it.

Am(iE, 19) [GeV]

0.2

ATLAS paper of this search [2]
Phys. Rev. Lett. 132, 221801(2024)

ATLAS
V/s=13TeV, 136-140 b~

~0-+ 0.0

PP — XoX71 5 X2X71s )’(‘T)’(T, )at)zg (Higgsino)

m(x) = m(x3) +2Am(7, X9)
3¢ + Soft 2¢

Disappearing track, m(x3) = m(x?)
LEP2 {5 excluded

All limits at 95% CL

SUSY

---+ Expected Limit (1 O'exp)

=+ Theoretical prediction for pure Higgsino 1

== Observed Limit (F1opooy) -



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.221801

Backup
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Signal models

Six higgsino signal processes considered: 7977, ¥iiY, i iT, i5i2.
J J
p X1 p
X
X
)'zj: - 0 Xi jz(i)
p ‘T D 1 \\\
7T:|: 7T:|:

#i supposed to have a mass halfway between the #5 and #¥ masses as from Phys.
Lett. B 372 (1996) 253-258 [3],

. 1 gsin2f 1
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https://www.sciencedirect.com/science/article/abs/pii/0370269396000603?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0370269396000603?via%3Dihub

Mass splittings

The mass splitting Am()(”li,)('”f) for higgsinos is given by the tree-level mixing with other
heavier particles (wino and bino) and by electroweak radiative corrections [1],

Am(7i, 77) = dmee(FE, 77) + Am (g, 77
where:

cos? Oy, . sin® 8y,
M, M,

MZ
tree()ﬁ’ {))z 2Z

cos? 0y, sin® 8y,
+ sin 23 M4 ( — )
“\ M, M,

]
AmTA(7f, #9) ~ azusm HWf dt (1+t)In [1+MZ(1 t)] = azéwz sin” 8y, ~ 354 MeV.
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1.0

BR for 7 —» ntj)

H—>ymx
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0.0 0.5 1.0 15 2.0

om, GeV

BR(7{ - ntg?) ~ 80% for Am (i, #7) = 0.5 GeV

0.8
0.6 -

0.4

0.2

Int. J. Mod. Phys. A 24, 6051 (2009) [4]

0.0 ‘

BR for 7 - n%%?

0.0

BR(%Y - n°%?) ~ 70% for Am(F3, 7)) = 0.5 GeV
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Int.%20J.%20Mod.%20Phys.%20A%2024,%206051%20(2009)

S(do)

Selection of the analysis regions

=
O -
: - E 8 “ Variable SR CR-1, CR-1, VR(CR2)-1;, VR(CR2)-74
eoo----------i—---------i---qFl'T-‘:.-."-' Ny =0 =0 =1 =0 =1
mt [GeV] - - <50 — <50
w0l L S pl [GeV] > 600 > 600 [300,400]
R Track pr [GeV] [2,5] [8,20] [5.81 (18,201)
B <‘—~— VR | Track S(dp) > 8 >3 >3
: ’ ’ Track pTQE)GeV]
Variable SR(CR-06) CR-1u  VR(CR)-0(—lowERs  VR(CR)-le VR(CR)-2¢ VR(CR)-1y
‘ Trigger Emiss Emiss Emiss Single-e ESS or Single-e Single Photon
N(e) =0 = = =1 - =0
I N () =0 =1 =0 =0 - =0
1-sR VRVRVRVR N(e or u) =0 =1 =0 =1 =2 =0
. N, =0 = = = =0 =
____________________________________ pr(1) [GeV] - > 10 - > 30 pr(p) > 10 (pr(e) > 30) -
p1(62) [GeV] - - - - > 10 -
o O CRLCRL OB my; [GeV] — — - - [66.2, 116.2] -
———————————— m1 [GeV] - [56, 106] - [56, 106] - -
' preell [GeV] > 600 > 300 [300, 400] > 300 > 300 > 600
Track S(dp) > 8 (< 8) - > 8 (< 8)




7 track background

 The W(— uv)+jets MC sample is normalized to the data

in CR-t;, and CR-7, to obtain the estimate in the SR in
recoil

pr " > 600 GeV phase space.

« The MC normalization factor for the t track background is 1.1 +
0.1, derived from a fit under the background-only hypothesis.

 The extrapolation over the track p is validated in VRs- 7,

and VRs-7,, where the intermediate 5 < track pt [GeV]
< 8 range is selected.

- To avoid signal contamination in the VRs, the ptec®l! selection is
shifted to 300 < precell [GeV] < 400.

« To validate the track pt extrapolation in an isolated way, the
estimates in the VRs are obtained by normalizing the MC in CRs

denoted as (CR2-7;, and CR2-t,) with the same shifted p4ec°"
requirement.

» To acquire larger data statistics, the S(d,) selection is
loosened to S(dy) > 3.

S
(O]
O
= CR-
3
& SR - KA
CR-
600 ===-===- -k --mmm 4o --Cooo-C
400 ===----=-- e
VR-0¢-LowE™= 1., VR CR2
:E - 4:— ﬁ%ABf
VR CR2 .
300 . . >
2 5 8 20
Track pt [GeV]
Purity of t track

background > 90%.
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QCD track background

« The breakdown of the hadron components in the
pileup jets or underlying events do not strongly
depend on the details of the hard collision process.

— It is possible to use CR-1u, mostly populated by W(-

uv)+jets and CR-0¢, mostly populated by Z(— vv)+jets, to
estimate the QCD track background via the ABCD method.

* W(- ev)+jets validated in VRs with 1e,
Z(— ¢f)+jets validated in VRs with 24,

y + jets and multijet QCD validated in VRs with 1y.

» The ptecll is used as a proxy for the py of the

W/Z/y boson, and it assumes the definitions:
precoll — pIniss jn 0 regions,

recoil __
Pt =
recoil __
Pt =
recoil __

%y =

pr(£ = e/u) + pS| in 1e/1u regions,
pr(£1) + pr(£2) + pF'*| in 2 regions,
pr(y) + psS| in 1y regions.

o
©
77
20 4- SR --------+- VR -4--VR VR VR
CR
I L e TP S
1 1 1 1 1
CR : : CR : CR : CR : CR
0 . . — . .
0¢ 1 0¢-LowET*™* 1e 24 1y
Purity of QCD track

background > 90%.
Exception: regions with 1y,
~30% multijet QCD.

16




Hybrid 7 track and QCD track validation

* VR-0¢-LowEsS: simultaneous validation of the t
track and QCD track backgrounds, for which the
contributions are almost equal.

* VR-0¢- LowE%mlSS defined in the 0¢ phase space
with a lower EXIsS = precoll raquirement, 300 <
precoll [GeV] < 400, as for the VR-t;, and VR-7, .
T track background in VR-0¢-LowEmiss
estimated by normalizing the MC in CR2-7;, and
CR2-7,, which are defined in the higher 8 < track

pt [GeV] < 20 phase space.

« QCD track background in VR-0¢-LowE7">®
estimated by the ABCD method, where the S(d,)
shape is extracted from CR-1u and normalized to
CR-0¢-LowE"3.

20 1-
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O
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1 ]
1 ]
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| '.. 1 ‘..
1 !
- = <T K7.B
| VR=m "1  CR2m -
300 . r >
. 2 5 8 20
Track pr [GeV]
1 1 1 1
1 1
SR -~-----f+- VR -4} VR----VR--+- VR -1
: : 1 1 1
CR
-----------------------------------------
CR CR CR CR CR
0¢ 1p | OLLowET™ ) 1te 20 1



Validation regions

Events

Significance
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SR-Low selection
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Systematic uncertainties

Relative Uncertainty
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Observed and expected Cls

PP—Z A %, (Higgsino, m(Z ;) = (%) + 24m(%", 7 7)) pp—7%", 727" (Higgsino, m(7%) = m(%°) + 24m(7", 7°)
> o S’
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— Vs=13 TeV, 140 fb™, All limits at 95% CL 3 — Ys=13 TeV, 140 fb™", All limits at 95% CL
o T ~—~
1 - o U L
R ) i i ) - - — Expected Limit (+10,,,) 2 S - - - Expected Limit (+10,,,)
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Observed and expected upper limits on the
cross section

X, Xy) [GeV]
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