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Introduction

Electroweakinos
O Higgsino, Bino and Wino are mixed and form electroweakinos
4 neutralinos ¥;_, , 3 4, and 2 charginos Fiqs

“Naturalness” criterion suggests that the Higgsino mass parameter (u) is
near the weak scale (arxiv:1110.6926)_

O Naturalness in MSSM (tree level): _ "z _ |j“|'-’ 4+ ”*‘?'f

2

O In naturalness scenario, ¥}, ¥+ and ¥ are dominated by Higgsino
Those lightest electroweakinos are separated by O(0.1) - O(10) GeV

Higgsino search is well motivated, but it is challenging
O Low production cross section
O Soft decay products (next page)


https://arxiv.org/abs/1110.6926
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Overview of Higgsino search

Depending on Am(¥3, ) , different signal characteristics are expected
J q

Am(E3, 71) =~ few GeV: Soft lepton arxiv:1712.08119

O NLSPs decay via off shell W/Z
O Due to small mass gap, very soft leptons are expected

14
ATL-PHYS-PUB-2017-019
arxiv:1712.02118

Am (L, 79) =~ few hundred MeV: disappearing track

O i{ decay via soft t* with long lifetime J
O Non-standard “disappearing” chargino track is expected P
X1
(arxiv: 1806.04030, arxiv: 1804.03602) N N
X . !
All results are with 36.1 fb-' data collected in 2015+2016” : N


https://arxiv.org/abs/1806.04030
https://arxiv.org/abs/1804.03602
https://arxiv.org/abs/1712.08119
https://arxiv.org/abs/1712.02118
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-019/
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Soft lepton
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Soft lepton: Overview

High p; (> 100 GeV) ISR jet boosts 7971 system @ q

O E;™ss is enhanced and used as trigger D
(>200 GeV is requested)

79— #97 "= 7000 is essential
Om,, has kinematic endpoint at Am(¥?, 1)
Odm,, is used as a final discriminant

Final state:
O Same flavor exactly two leptons

> 03— e e
O At least one jet 3 I i
O Large E,Miss R
Backgrounds: : T E
O Irreducible: Diboson+jets, tt, tW, and Z—-1t + jets 0::
O Reducible: Fake/non-prompt leptons e

B 2 F e e 10 12 14 16 18 20 22

my [GeV]



2018/10/23 Kazuki Todome 6

Soft lepton: Suppress diboson

o —— —
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1
H.P = pf' + p#? is smaller in compressed-scenario signal than in diboson+jets

3
m_
—h
o
—h
o

Especially for small mass splitting, large E;™ss/H,P is expected
O Tight requirement is applied for smaller mass splitting
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Soft lepton: Other backgrounds

Events / 20 GeV

Data/SM

Z—-TT control region Top control region
T T T T T 0 1 05 T T T T T
10* ATLAS $ Data . single‘top z ATLAS $ Data if, single‘ top
Vs=13TeV,36.1 o §§f Total SM I Ztom)jots g 10* [ Ve-13Tev,26.1 ™" §§ Total Sm Iz iets
CR4au Diboson I CR-op Diboson
1 03 Fake/nonprompt Others Fake/nonprompt Others
107
10
1
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, s
2 | D]
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1 R T T P e L S a
..... o
N S SRR R -
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m.: [GeV]

Z-TT + jets, ttand tW
O m__ selection and b-jet veto
O MC normalized using data in control regions

Fake/non-prompt leptons
O estimated using data-driven Fake Factor method
O Validated using data in same-sign dilepton region

Events / 4 GeV

Data / SM

Validation region

ATLAS ¢ Data B z(—10)4jets

Vs=13TeV, 381 ™" §§ Towal SM Diboson
VR-5S eetup+ep+pe

10t

10°

Fake/nonprompt Others
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a3ababhd
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Soft lepton: Results

E ATLAS S Total M
E ¥5=13TeV, 36.1 fb™

+ Cata

ee

Fake/nonpmo mpd =11 tjels 2ihers

1T, single iop Diosan

SResm2? [GeV]

Higgsino regions

SRuu-m!® [GeV]

m,, distribution of
observed data are
compared with
SM expectation

No significant excess

Based on m,, shape,
some signal mass
are excluded

(next page)
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Soft lepton: Interpretation

;' 50 I T T | T T T T T T T T | T T T T |
O - === Expected limit {+10eyp)
Q) - LEP = Ohserved imit (+10peey)
: 40 - 5 ¢c =+ -
?‘_ : ||m|t LEP x7 excluded i
oa | ATLAS .
& 30+ Vs=13TeV,36.1fb"
E - e/, Mg shape fit
< i All limits at 95% CL i
20 - pp — X8xF, %338, %47 (Higgsino)
L fg — Z*x“?,jf — W*ﬂ
- m(E) = [m(x3) + m(x]/2
1 O — ""-..-"._ : —
I excluded?: ] Down to
- . =0 =0
O . 1 | | | | | | | | | | | | 1 | | 1 | —l Am(XZ,Xl)NZ.S Gev
100 150 200 250

Up to m(¥9)~145 GeV
New limits beyond LEP result!
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Disappearing track
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Disappearing track: Overview

In compressed scenario, ;i has long lifetime

Am (/’;’T /%7(1],2) J i
ctfmm] ~ 7 X ' | -
340 MeV

Am (Xuf /%71,3)

O Expected ct range: 8 mm to 20 mm

Pion from i decay has too low momentum
to reconstruct track

O Therefore, track is “disappearing”
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Disappearing track: Track reconstruction

%10
Inner Detector consists of: g Pl "' T fser 0T TwC fs—;
[(h] 1.
. . ) B 3 =
O Pixels: r = [30,120] mm « installed IBL! £ [ J16 —
© 08 =R
O SCT: r = [300,520] mm § T 108
S qal = !
O TRT: r = [560,17080] mm 5 06 4 5
§ B ATLAS Simulation =, ¢ %‘:
~+ . & 0.4_— == Fraction of chargino decays_fo.e ©
X1 may decay between Pixels and SCT R EWprod. mg =40 GV, 7020100 ¢
. 02 * Pixel tracklets —:0_4 E
O After standard track reconstruction, N " o2 i
. . — ‘I —
Qh 0
hits not associated to standard track are A 00 e e e—0

used for “tracklet” reconstruction Decay radius [mm]
Reconstruction efficiency is improved
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Disappearing track: Background

Hadron scattering Photon emission Fake tracklet

SCT
SCT

Pixel
Pixel

[ |
L |
ﬁ_
_._
[}

Suppression: isolation, impact parameter of tracklet requirement

Estimation: templates for background components are estimated from data
O Templates are fitted to control samples
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Disappearing track: Results

Expected events: 11.8 %+ 3.1 — Signal region
O Hadron+electron: 6.1+ 0.6 10° ATLAS | '1 e oaa
x Vs=13TeV]36.1 fb ===+ Fake tracklet
O Muon: 0.15 £ 0.09 % 103 EW produdtion mrane ﬂ:grr;nElectron
O Fake tracklet; 5.5 £ 3.3 = 102 region Total Background
10
185
Observed events: 9 107
107
107k
O Based on profile-likelihood fits, 3 15 R T' IR
some signal mass and R o ! T o L
lifetime are excluded E 0.5 . #' l
D I 1 1 1111 1 IIIIIII| ] IIIIIII|

(next page) 100 1000 10000
Tracklet P [GeV]
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Disappearing track: Interpretation

. . . . ~+ M M ~i ~0
Limit on lifetime of ¥ Limit on Am(¥y, ¥1
—+ 0 —+ 0 = . —+ 0 —+ _0 —+F )

%, X, X, s XX, production \ Lo X, % %X, production
'ﬁ' I:I3 r 1 I I I I I I I I I I I I I I 1 I 1 I S‘ L I I LI I I LI I I LN LI I LI I I LI LI
= ATLAS Preliminary © *E  ATLAS Preliminary E
I—-\"‘ 02k fe=13TeV, 36.1 fo™ i E- 34pE 15=13TeV, 36.1 fiy’’ 7
- . n u

] et
———= Observed 95% CL limit (+1 o ] N ]
}1 excluded |E 320 -
------ Expected 95% CL limit (<1 0, ) w .
ok | Thearetical line for pure higgsino | E E'DD:_ _:
: LEF2 Xy excluded : EE!-D:— _:
e — 260 =
oSk R S— . 240F PRSP m—" } -
i B ——— Observe: imit (=1 @, ]
0oar ..-_'.'--'-:"'.':E- o Timianan] e, || i, excluded =
___5._:::.'.'-'-"'"' C | = Expected 35% CL fimit (1 o, ) u
0031 J_.-::'—'-“'_ T E'DD:— ------- Theoretical line fof pure higgsino —:
d - LEP2 j, excluded -
DDEIIIIIIIIIIIIIIIIIIIIII 0= vy vy sy T
. 100 120 140 160 180 200 100 120 140 160 180 200

m.. [GeV] m. [GeV]

m(¥E)=152 GeV

)ZI—’ mass up to 152 GeV are excluded for pure higgsino model
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Combined result
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March 2018
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5 Byt indl 417 % 50 L 2/ compressed, arXiv:1712.08119, m(y3) = m(y%) + 2Am({;, 19)
== Ohserve i [+10yr) L Disappearing track, PHYS-PUB-2017-019, m(y3) = m(x9) i
LEP 3 excuded g 5 0 LEP2 Y7 excluded
p— B  Theoretical prediction for pure Higgsino N
ATLAS Su -
=TI 4 ST~
ee/uu, My shape fit - 1 O £ R - =
Alimis & %% CL H - C Tl ]
oo B paem 1S 5L - B
XQAZXY:':XW AW% -
0l - s o -~ Soft lepton e 1
<] PYON " ATLAS Preliminary |
‘ | | | i Vs=13TeV, 36.1 fo! |
100 150 200 250 1B PP —+ X8X1s X9X9s XXy X7 X7 (Higgsino) —
m(ng) [GGV] C All limits at 95% CL ]
/ 05E —— Observed limits N
] L --- Expected limits J
: | E 0-2 P T T L dllsalppearllng ..track 1 | Lo T

200
m(xy) [GeV]

Soft lepton search and disappearing track search are complementary
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Summary

Higgsino search is motivated by “naturalness”

Depending on Am(¥5, i) scenario, two types of search were performed
With 36.1 fb-" data collected in 2015+2016

O Am (7, 7Y) =~ few GeV: Soft lepton
O Am (7], #°) ~ few hundred MeV: disappearing track

March 2018

2¢ compressed, arXiv:1712.08119, m(x3) = m(x3) + 2Am({7, X9) ]
Disappearing track, PHYS-PUB-2017-019, m(x3) = m(x$)
LEP2 ¥; excluded

= Theoretical prediction for pure Higgsino

50:_"'|"'|"'|"'|"'|

New limits beyond LEP result!

Am(Y7, X3) [GeV]
3

" ATLAS Preliminary

v/s=13TeV, 36.1 b~
1 - PP — X397, X9X3: Xi Xy, Xi 17 (Higgsino) -
r All limits at 95% CL ]
0 5 C —— Observed limits N

- = Expected limits

L PR N I T S N T T SO NN S SO T SN S S
80 100 120 140 160 180 200
m(xy) [GeV]
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Soft lepton: Assumptions

Cross-section calculation:
O Assuming pure Higgsino

Mass splitting:

O m(r7)=1/2[m()) +m(x3)]
0 O(100) MeV splittings are generated by radiative correction
O >0O(100) MeV splittings are requiring mixing with Wino or Bino

Branching ratio
OBRFY - 7°Z ") = BR(FE = #9W 7) = 100%
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Soft lepton: Signal region

Variable

Common requ irement

Number of leptons

Lepton charge dl]d flavor

Leading lepton pT
Subleading lepton pT
ARy

Mgy

EFII'_I'HSS

Number of jets
Leading jet pr
Ad(jr. PT™)
nun{é.r,b{dm jet, py
Number of b- tdgged jets
Mot

miss }]

=2
eTe” or utu”
> 5(5) GeV for electron (muon)
> 4.5 (4) GeV for
> 0.05
€ [1,60] GeV excluding [3.0
> 200 GeV
= |
100 GeV
> 2.0
> 0.4
=0
< Dor > 160 GeV

electron (muon)

.3.2] Gev <suppress J/Y, Z

Electroweakino SRs Slepton SRs

éa:ft’rf
1
mT
miss e
ESSIHEP

Binned in

< 2 —
< 70 GeV _

av | o _Mer
> max (5,15 - 2v5)

> max (3. 15—

Mg m#{:],'“

f miJ 100

T - mu)_]

2
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Soft lepton: CR and VR

Region Leptons E}“"‘“‘S /HITep Additional requirements
CR-top eeT, Fut, et T, utet > 5 > | b-tagged jet(s)
CR-tau exeT T, et ut, ute™ € [4,8] m.- € [60, 120] GeV
VR-VV ee, Fut, et T, utet <3
VR-SS ee*, 1 uE, et uE, uFet > 5
VRDF-mer  e*u™, u*e™ > max (5,15 - 2725 ) ARpp < 2, m;' < 70 GeV
100
100 +,,F ,,+,F . N Bl v
VRDF-mlY et p®, e > max (3,15 - 2 (1 — 100) )
> T L L L T T T 5 T L I L L
8 104 ATLAS ¢4 Data tf, single top j 42 10 ATLAS ¢ Data i, singlertop
pt {5=13TeV, 36.1 10! == Total SM -ég;og:ms E 2 10% &= V5=13TeV, 361" ==Total SM -é(i:ot:o):ets
Q 1 03 CR-tau Fake/nonprompt Others B w CR-top Fake/nonprompt Others
£ i 10°
2 -
E 102 EJ 07
10 10
1 1 ;Z = . )
| e = sign (mz,) \f|mz],
10_1 - L 1045‘.. H..\.‘..\.‘.‘\-.‘.-‘\...% o . .
= 2f T A I +“ ,,,,,,,,, R R mz, = 2pg, - pe,(1 + &)1 + &)
~ o ol . R -~ e N N )
% 1re ] [ g i I % pljl_u.ss — é‘lp]—] +EHPY
D | hs I.l | L \I D
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Soft lepton: Systematics
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e eeeennd : =
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Soft lepton: m,, shape

- = L e I A B A BN R
QO - ATLAS $ Data it, single top
G 3 i =
0 10 E Vs=13TeV, 361"  §§§ Total SM Bl Zmets 73
g C  SRi-m, Diboson -
n 5 — Fake/nonprompt Others -
E 10 ""ﬁ‘m[_n_n—‘l iE
< H X+ %,) = (105, 100) GeV 3
u:j === H:m(z.. ) = (110, 100) GeV N
10 B2 3 e 14 el =
1E e EEEAIRE —=
— L o 122 o s
i CL YT B B
L] L
e v
107" E y ;
= -3 N R L L. L SRR UL N N DA —
w
I o o e e S CerRrreS M o
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§ | PR S
O 0 L1 L1 A A %
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Disappearing track: Fake tracklet template

2l
—-—
Q
"
)
©
| -
|_

_ATLAS ]
- (s=13TeV, 36.1 fb”’ —e— Data  ;
" EW production === Fit

= Fake control region

Fit function:

—
o
w

107

£ (pr) = exp (=po - log(pr) = p1 - (l0g(pr)’

2E Lol | Lol l:l.'::.:j_'-.:-[" I".I:l"l: '|:|:E

3 H*HH*{'MH-J
D | I I | | | | | L I | I|||||I1|||

100 1000 10000
Tracklet P [GeV]
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Disappearing track: Systematics

Relative uncertainties [ %] Electroweak channel Strong channel
MC statistical uncertainty 6.6 6.5
ISR/ESR 7.6 0.2

Jet energy scale and resolution 2.0 0.7
Trigger efficiency 0.2 <0.1
Pile-up modelling 11

Tracklet efficiency 6.9

Luminosity 3.2

Sub-total 17 15
Cross-section 6.4 28

Total 18 32
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GGM result

ATLAS Preliminary \s=13 TeV, 36.1 fo'!
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