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Why compressed

and from S. Heinemeyer talk yesterday

Where we will find SUSY

1.) pMSSM11 fit to all existing data

= predictions of fit to all data: light EW particles
= mass hierarchy: My ~ Mo < u

— problem for the LHC: compressed spectra

2.) “natural SUSY"” with low fine-tuing

— prediction: light EW particles (possible)

— mass hierarchy: pu < My, M»

— problem for the LHC: compressed spectra
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Compressed searches

Will focus on searches for EWK production of SUSY particles
check out J. Long, Y. Nakahama and B. Petersen's talks for strong production
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Compressed searches

Will focus on searches for EWK production of SUSY particles
check out J. Long, Y. Nakahama and B. Petersen's talks for strong production

disappearing track
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exploit distinct features from decay products

soft lepton mass edges and
enhances MET from soft LSPs
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compressed EWKinos | compressed sleptons |

soft @
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ATLAS: A Toroidal LHC ApparatuS

major upgrades for Run 2
detectors (e.g. IBL), trigger,
DAQ, reconstruction

e €XCelleNt performance under

Muon chambers Solenoid magnet Transition radiation tracker

- ——2017pp Vs=13TeV
| w2018 pp Vs=13TeV

e challenging LHC conditions
B e S E peak lumi 2.14 x 1034 cm-=2 s-1

- = 2012pp (s=8TeV ] . . .

- s fe-Tey 50.2 fb-1 - over 64 Interactions per crossing

Delivered Luminosity [fb™]
(@)
o

30

analyses use 36 fb-7 of 13 TeV

i: E & pp LHC data collected by ATLAS
N - e 2015 + 2016
Jatt A AW oct

Month in Year
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2 soft leptons (ete/u*y’)

Phys. Rev. D 97, 052010 (2018)

compressed EWKinos
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Soft leptons

reco+ID+isolation signal efficiency
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small Am means very soft decay products (pt ~ Am/2)
ATLAS is pushing lepton reconstruction to very low pr

analysis uses 4 GeV muons and 4.5 GeV electrons!
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Events /5 GeV
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Distinct sign

> T I T T T T T T T T I T T T T T T T T I T T T T :
8 10° ATLAS ¢ Data tt, single top

V4 +ets
P Vs=13TeV, 36.1fb~' == Total SM B 2= =
Diboson —
0 5 Fake/nonprompt Others -
£ 10 . E
GCJ - === F:m@, %,) = (105, 100) GeV e
L|>J = = == H:m(x,, %,) = (110, 100) GeV ]
10 B3 e _
1 = : . \\\\\ iQﬁ\\i\l o 0. =
= ; N NN
i - NN

— . N\

| AN\
101 & : : NN
S ! . . ! Lo | | NN
S o L L N A L D I
0 N { _______________________________________________________ ¢ & L ol
=~ NN O . oAt ayinm
3 T AR T I i M
[oy] R * ...................................... SOt s AN AN
(M) bbbbb

I 1 1 1 1 I 1 1 1 1 I 1 1

O||||I||||I||||
0 10 20 30 40 50 60

m, [GeV]
kKinematic endpoint at

Mee = Am from
N2 — N1 decay

atures

Events / 5 GeV

ATLAS ¢ Data

Vs=13TeV, 36.1fb™ == Total SM

SRl-m!%

Fake/nonprompt

TR |\|::I\|\

B Z(—r)+jets

) = (105, 100) GeV
%)) = (110, 100) GeV

Jemey L

tt, single top

Diboson
Others

AN
RN

Data / SM

N\
--------------------------- SN - —

AN NN

ANNNNGANNNN

. Ay
'N\'YN\\NY\\“"“'\\\\\\\\\\\\\\\\\\“""‘

AR NRRRRRRRN ALERRRRNR RN RRRRRRRR
AL
NN NN E NN NN
A A A NN

NUNARRNNRES \\\\\\\\\\\\\ NN
TR INNNNN NARNRRRRR S

IIII|IIII|IIII|IIIIIIIIIIIIIIIIIIIlIIIID\I\klll\\I\\II

\\\\\\\\\§

M2 =

0
100 110 120 130 140 150 160 170 180 190 200

Mm% [GeV]

kinematic endpoint at
100 + Am from
slepton — N1 decay
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Results
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first direct limits on Higgsino since LEP! (also from CMS)
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disappearing track

arxiv:1712.02118 [hep-ex]
ATL-PHYS-PUB-2017-019

J
P
X3
~0
~+ X1
p M .
\
e

long-lived EWKIinos
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Long-lived EWKinos

ALAS Si Iation lost (too soft)

g

SCT

ultra compressed EWKinos can be long-lived
e.g. ct ~ 1.5 cm (0.05 ns) for Higgsinos with Am ~ 300 MeV

look for "tracklets" in ATLAS pixel layers
veto hits in the silicon strips - track disappears once C1 decays

new IBL in Run 2 allows for shorter tracks
increased sensitivity to shorter lifetimes compared to Run 1
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Tracklet backgrounds

SCT
SCT

[ [T — [Z ) A}
X o P X LA
o o A o A
pixel tracklet / /
hadron undergoes hard scattering or nearby particles
lepton emits a photon - pixel and SCT generate random
hits not associated to the same track combinations of hits

bkgs reduced with isolation & track quality requirements
estimated from data templates constrained at low MET
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Results and interpretation
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no excess seen over the background prediction
pure higgsino LSPs with Am ~ 275 MeV excluded up to 152 GeV
pure with Am ~ 160 MeV excluded up to 460 GeV
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Summary and Conclusions
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Summary of EWK searches

many more here...
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ATLAS limits on compressed SUSY particles filling in the
sensitivity gaps and extending to regions not probed since LEP!

no signs of SUSY yet but ATLAS continues to take data so stay tuned
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Back-up
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bino/winos/higgsinos mix: .—NO(?SP
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mass eigenstates ~+
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 Fundamental symmetry between fermions and bosons that
presents solutions to some problems of the SM:

e« SUSY particles provide
, canceling out quadratic divergencies

e [f R-parity = (-

1)3(B-L+2s conserved, Lightest SUSY particle

(LSP) is stable and natural Dark Matter candidate
* Achieve unification of gauge couplings at Mgut = 1016 GeV

Joana Machado Miguéns (UPenn)
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10°

How to search for SUSY

Cross-section [pb]

https/twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections

T |Pb]: pp—SUSY

Vs =13 TeV
NLO +NLL

3rd gerjeration
squjarks

Nimportant for

Naturplness

0-3
( O

lowest cross-
sections for
EWK production
of charginos,
neutralinos and
sleptons

Joana Machado Miguéns (UPenn)

1000 - 15IOO
Mass [GeV]

VR,

Unblind when BG model Unblind when BG model

established validated

Observable 1

Unblind when BG model
established

Observable 2

 Make assumptions on mass spectra

and use simplified models to define

signatures and guide searches

* R-parity conservation - RPC: pair-
produced SUSY particles decaying
to LSP

* R-parity violation - RPV: LSP
decays to SM particles

e Signal regions built with high S/B
using discriminating variables

» Backgrounds:
* [rreducible predicted from MC or
normalized in control regions
* Reducible estimated from data-
driven methods
e Checked in validation regions
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Dark matter interpretation of

ATLAS Run 1 searches

- o ' ' ' ' T

T | ATLAS Simulation )
O, Samples from the initial likelihood scan_«:-
&= 103 | EWKH model o
5 .

S

Joana Machado Miguéns (UPenn)

m(%3) [GeV]

10°

Compressed SUSY searches in ATLAS

— - —
- ATLAS

Samples from the initial likelihood scan
Excl. by Run-1 2¢ + 3¢ + 4¢

- EWKH model

e P T
|

102 10°

LHCP 2018 - Bologna
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2 soft leptons MC samples

Process Matrix element Parton shower PDEF set Cross-section

Z™) Jy* 4 jets SHERPA 2.2.1 NNPDF 3.0 NNLO [86] NNLO [87]

Diboson SHERPA 2.1.1 / 2.2.1 / 2.2.2 NNPDF 3.0 NNLO Generator NLO
Triboson SHERPA 2.2.1 NNPDF 3.0 NNLO Generator LO, NLO
tt POWHEG-BoOX v2 PyTHIA 6.428 NLO CT10 [88] NNLO+NNLL [89,90,91,92]
t (s-channel) = POWHEG-BoX vl PyTHiA 6.428 NLO CT10 NNLO+NNLL [93]

t (t-channel) PowHEG-Box vl PyTHIA 6.428 NLO CT10f4 NNLO-+NNLL [94,95]
t+ W POWHEG-Box vl PyTHIA 6.428 NLO CT10 NNLO+NNLL [96]
h(— £, WW) POWHEG-BOX v2 PyTHiA 8.186 NLO CTEQG6L1 [97] NLO [98]

h+W/Z MG5_aMC@NLO 2.2.2 PvyTHIA 8.186 NNPDF 2.3 LO NLO [98]
tt+W/Z/~* MG5_aMC@NLO 2.3.3 PyTHIA 8.186 NNPDF 3.0 LO NLO [64]

tt + WW/tt MG5_aMC@NLO 2.2.2 PvyTHIA 8.186 NNPDF 2.3 LO NLO [64]

t+ 2 MG5_aMC@NLO 2.2.1 PvyTHIA 6.428 NNPDF 2.3 LO LO [64]

t+ W2 MG5_aMC@NLO 2.3.2 PyTHIA 8.186 NNPDF 2.3 LO NLO [64]

t+tt MG5_aMC@NLO 2.2.2 PvyTHIA 8.186 NNPDF 2.3 LO LO [64]

* Signal samples generated at LO using MG5_aMC@NLO with up to two extra partons and
showered with Pythia8

« Resummino at NLL+NLO used to compute the cross-sections
 Madspin used for the decays of the EWK samples
e Lepton BRs computed using SUSY-HIT

Joana Machado Miguéns (UPenn) Compressed SUSY searches in ATLAS LHCP 2018 - Bologna
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2 soft leptons EWKIino mee

% O _3 B L | LI | LI | LI LI LI | LI | LI | LI | LI | LI ]
(D — ATLAS Simulation Higgsino (MG5_aMC@NLO + MadSpin) —
[Q\| - _
~ 0.25yVs=13TevV = =======- m(%,) x M(.)<0 (EPJC 52, 743) _
%) - |
[ - 0 ~0,_ Wino-bino (MG5_aMC@NLO + MadSpin) ]
5 - m&z’ X1)—(100, 80) GeV ino-bino ( _a + MadSpin) -
o 0.2 M) x M )>0 (EPJC 52, 743) —
 — - —]
@) | _
- - - -
S 0.15- e, -
3 — ,o" AN | —
S : ' : -
- 0.1 . —
- | T ]

0.05— R g -

O 77 1 | | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |m

o

2 4 6 8 10 12 14 16 18 20 22
m, [GeV]

WIno cross-sections = 4 x Higgsino cross-sections
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2 soft leptons event selection

Variable Common requirement
Number of leptons =2
Lepton charge and flavor ete™ or u™pu~
Leading lepton pi > 5 (5) GeV for electron (muon)
Subleading lepton p? > 4.5 (4) GeV for electron (muon)
ARy > 0.05
mee € [1,60] GeV excluding [3.0,3.2] GeV
E7s > 200 GeV
Number of jets >1
Leading jet pr > 100 GeV
Ad(j1, PR™) > 2.0
min(Ag¢(any jet, pt'™°)) > 0.4
Number of b-tagged jets =10
Morr < 0 or > 160 GeV
Electroweakino SRs Slepton SRs

ARy < 2 —
mi < 70 GeV —

. 100
pmiss / pler > max (5,15 — 277%44) > max (3,15 — 2 ({22, — 100) )
Binned in My mrlpo20

m'llq:LZX (p?a p?a p$iSS) = II(}FIFII (max [mT (p”{}la qT, mX) >, M (p’?’ p$iss —qT; m/\/) ])
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2 soft leptons event selection
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2 soft leptons event selection
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2 soft leptons MET/HT!ep
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2 soft leptons CRs and VRs

Region Leptons s | aep Additional requirements

CR-top etet, utuT, et uT, uFet >5 > 1 b-tagged jet(s)

CR-tau eTeT, ptuT, eFuT, pFeF € 4,8] m,r € [60,120] GeV

VR-VV eteT, ptuF, et ] e]F <3

VR-SS e* i, ,ui,ui ei,ui pFet  >5

VRDF-myy et wr, op o > max (5 15 — 25 V) ARy < 2, mng < 70 GeV
100

VRDF-mx% ei,uT“, pteT > max (3, 15— 2 (1 Al — 100))

Mrr = SigIl (m%T) \/|m%7"
mz. = 2pe, - pe,(1+ &)1 + &)

& obtained by solving meSS §1p? n fzp?

mzz negative when one of the leptons points in the
opposite direction of pTmiss
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2 soft leptons uncertainties
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2 soft leptons VRs
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2 soft leptons VR-VV
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2 soft leptons NUHM2 limits

NUHM2: m =5 TeV, AO=-1 .6m,, tanf=15, u=150 GeV, mA=1 TeV
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disappearing track higgsino
lifetimes

ctlmm] ~ 7 X (

Example lifetimes:
u=100 GeV —= Am =257 MeV, so cTt = 19.3 mm

u=1TeV — Am =355 MeV, soct=6.7mm
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disappearing track tracklet
reconstruction efficiency

x107
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disappearing track event
selection

Selection requirement Electroweak channel For Wino signal point:
Observed Expected signal (mg=, Tg=) = (400 GeV, 0.2 ns)

igger e e Egigi MET and jet requirements:

et cleanin :

Lepton et 275243946 1178 (0.19) |° MVET>140GeV:

E™ and jet requirements 2697917  579.1 (0.092) |* atleastone jet with
“Isolation and pr requirement | ¢ 464534 " 1042 (0.0i7) | Pr> 140 GeV

Geometrical |n| acceptance 339602 83.6 (0.013)  Ad > 1.0 between MET

Quality requirement 6134 29.6 (0.0047) and up to four leading

Disappearance condition 154 24.1 (0.0038) jets with pt > 50 GeV

Isolation and pT requirements:

* AR > 0.4 between tracklet and any
jet with pt > 50 GeV or MS track

o pS"Ypr < 0.04

* Candidate tracklet must be highest
ot track or tracklet in event, and
have pr > 50 GeV

Quality requirement:

* Hits on all four pixel layers; zero holes
e Zero “low quality” hits

o |do|/o(do) <2 |zosin(@)] < 0.5 mm

+ Fitx” probability > 10%

Geometrical Inl acceptance: 0.1 < |n

<1.9

Disappearance condition: zero
SCT hits associated to tracklet
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disappearing track

track to tracklet smearlng valldatlon

backgrounds

fake tracklet control reglon

—IAIIIIIl T T T TTT]

_A TLAS

—h
o
oo

_EW production

Tracklets

—
o
I\)

%J O Sl : A Standard tracks 3

O 10 o[ & ¢ Pixel tracklets N

?) " . * Smeared tracks

—~~ B A

E 10F - y Z — nu candidates _ [ wee, o
I ; A . ]

@) m

S 1t .,

— ! v

102 LATLAS
~(s=13TeV, 2.0 o’

—@-
1 I-?Hllll L1 IILli 1L LIILil L1 IILli L1111

2 IIIIIII| I IIIIIII|

%

- s=13TeV, 36.1 fb™ —e— Data

- Fake control region

105 s,

ll-l! —
I-;-
| | IIIII| | | | IIIII| J | | IIIII|

SR Fit

* ______ - ++H

Data / Fit
— O
5=
b

(Smeared tracks) /
(Pixel tracklets)
o
o o

Joana Machado Miguéns (UPenn)

100 1000 10000 ob -

”¥i};¥zé;;ifiii?;?;;ﬁ

+*T ______________ 7 ‘

Compressed SUSY searches in ATLAS

1000 10000
Tracklet p._ [GeV]

LHCP 2018 - Bologna

50



disappearing track fitted
regions
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disappearing track
uncertainties

Parameter Electroweak channel [%] Strong channel [%]
Expected signal events 11 13

« in signal pt resolution function 0.8 1.5

o in signal pt resolution function 5.3 7.2

log "ABCD 15 <0.1

« in background pt resolution function 5.0 1.2

o in background prt resolution function 2.2 5.0

po parameter of the fake-BG pr function 2.5 <0.1

p1 parameter of the fake-BG pr function 8.5 0.1
Expected number of muon events 0.5 0.9
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disappearing track pure
higgsino limits
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disappearing track yields

Number of observed events

9
Number of expected events
Hadron+electron background 6.1 + 0.6
Muon background 0.15 =£0.09
Fake background 5.5 + 3.3
Total background 11.8 + 3.1

Number of expected signal events
for the higgsino LSP model with (mxli, Txf) = (160 GeV, 0.05 ns)

10.3 + 2.1

Number of expected signal events
for the wino LSP model with (m)zli, T)a:) = (400 GeV, 0.2 ns)

13.5 + 2.1
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