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3rd generation SUSY and naturalness
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«  The SUSY solution Top and bottom squarks are
— 2 Xxtop squarks key ingredients for SUSY and
B Eﬂﬁetfr of -1 from Feynman the solution to the SM
— Same coupling, A hierarchy problem.

— Quadratic corrections cancel



3'd generation squarks outlook

A wide search program to cover all possible decay modes and
mass hierarchy scenarios.

ATLAS SUSY results webpage

conference notes with full 2015+2016 dataset

stop B-L (RPV) NEW 5/2017 13 36 ATLAS-CONF-2017-036c7 Linkc?
stop 1L with DM+HF NEW 5/2017 13 36 ATLAS-CONF-2017-037c7  Linkc?
stop 2x2 3/2017 13 36 ATLAS-CONF-2017-025¢7  Linkc?
stop OL 3/2017 13 36 ATLAS-CONF-2017-020c7  Linkcz
papers

Plots+Aux. Material | Journal

2b+MET (sbottom) NEW 8/2017 13 36 1708.092667 Link 7 submitted to JHEP

stop 2L NEW 8/2017 13 36 1708.032477 Link (+data) 7 submitted to EPJC
stop in Z/h 6/2017 13 36 1706.039867 Link (+data) 7 JHEPO08 (2017) 006 7

In this talk | will highlight a personal selection of recent results.
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Four-body decays

Target a single soft isolated lepton
* Perform a shape fit of p;(lep)/E;ms
Major SM backgrounds (tt and W+jets)

lepton pT/ Er

miss

Signal region bffN
Preselection soft-lepton
Number of (jets, b-tags) (>2,>1)
Jet pr [GeV] > (400, 25)
b-tagged jet pr [GeV] > 25
Em5S [GeV] > 300
mr [GeV] < 160
ammo2 [GGV] —
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peT/E%iss < 0.02
A(ﬁ(p{{‘lissve)‘ N
min(A¢(pr™s, b-jet,;)) <15
IAG (1.2, 7)) > 0.4

mT, based T-veto [GeV]
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tt-like decays

Target a single isolated lepton

* Exploit multivariate discriminant

* Reconstruct neutrino p; and lepton’s m-
shift (Am;) for a given signal

 Major SM background (tt) from

CR fit
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Target fully hadronic events
* Reconstruct top candidates with
reclustered jets
Major SM background

Two-body decays

(Z+jets,tt/Wt/WH+jets,ttZ ) from CR fit
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Fully hadronic search

Simple final state with a clear
detector signature.

Selects events with two energetic
b-jets and missing momentum

¢ EMs> 250 GeV
*  mg> 350, 450, 550 GeV

mép(vi, v2) = [Ex(or) + Er()]” = [pr(v1) — pr(v2)]®

M is used to measure the masses
of pair-produced semi-invisibly
decaying heavy particles.
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Fosn =3 More complex decays

The phenomenology changes if more particles are accessible.
* Decays via Z and Higgs bosons can provide additional sensitivity.

1 lepton + 4 b-jets (114b) 3 leptons + 1 b-jets (311b)
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decays (bb) charged leptons
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More complex decays

th * 7x,lisassumed to be massless
p ~ P d
tl/,-éx %0 * Am(xyx4) > m(h)
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More realistic models

What if the top squark - neutralino model is too simple?

e Set of pMSSM-inspired models with a non-minimal ewk-ino
sector
 More complex decay chains than Run 1 benchmarks

A

t1 t1, b1 t1 t1,(b1)

)
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/)]
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= X1 Xs

.;
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8 + ~0 ~o0

n -0 ~+ ~0 X1 X2 X3
-0 -0 X17X17X2
X1 X1 -0

X1

a) pure bino LSP b) wino NLSP  ¢) higgsino LSP d) bino/higgsino mix
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Bino/Higgsino scenario

Bino/Higgsino mix model: tf, + 5151 production, Am(ig, %?) = 20-50 GeV
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0.10< Qh?<0.12
“Well-tempered
neutralino”: satisfy
naturalness and DM
relic density constraints

 Reduced sensitivity
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R-Parity Violating models

R-parity R = (-1)3B*1+25 is a discrete multiplicative symmetry.
e SUSY particles must be produced in pairs

* The Lightest Supersymmetric Particle (LSP) is stable (dark matter)

L-number violating terms

The
MSSM
potential

RPV
couplings
A ; A r, A

No reason to assume conservation of R-parity

e (Can constrain proton decay with lepton or baryon violating
SUSY, but not both

20
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Targets final states with at least four jets
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Look at jet pairs that minimise AR

ATLAS-CONF-2017-025

Fully hadronic RPV stops

ARmin = Z |ARi - ll
i=1,2
min

Major SM backgrounds (QCD multi-jet) from data-driven
ABCD method

Multijets (DD)

s=13 TeV, 36.7 fo”'
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e Data
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) Aiétb arXiv: 1704.08493
>x v, Single-lepton RPV stops

RS ‘21_ )\gz;a S
P Y“%b
b

b
Targets final states with one lepton and N, > 8

/ \"hl

e Sensitive to a wide range of BSM physics (not just stops)
Major SM backgrounds (tt, W/Z+jets) suffers from large
theoretical uncertainties, from data-driven template fit

%) T T T T
C o ATLAS _._ Data ;‘ L T T I T T T I T T T I T T T
2 Wt +jets ] @ - Tt /b7 ATLAS
| . (s=13TeV, 36.1 b g . O L o 2l I obsdimit(r162), fiLsp
201 /+>10jets (p_> 60 GeV) W W+ jets — 1 Ky 109 X, = bbs Exp. limit (+ 1 )w'ﬁ Lsp
+ > > . ST L ’ ====== Exp.limit (x 10,,), |
- 195 1Py , W+ jets 3 500_ s=13TeV, 36,1 fb = obs.timit(s162), Bisp |
T m(g) = 2 TeV, m(%1) =500 Gev [l Multi-jet J £ ===+ Exp.limit (+ 15,,), BLSP
I giners | Al limits at 95% CL
10 - -
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e
D 14 T © i
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N 22
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ATLAS-CONF-2017-036 .

<
>< Di-lepton RPV stops

Events

data/SM

Target events with 2 leptons and 2 jets (at least one b-tag)
* Look at bl pairs that minimise m,, asymmetry
 BR to lepton flavours o< to neutrino mass hierarchy

Region Ny, mY, [GeV] m},(rej)[GeV] Hr [GeV]  my [GeV]

SR&00 >1 > 800 > 150 > 1000 > 300
SR1100 >1 > 1100 > 150 > 1000 > 300
105?'-.'--'.-1l-.r--r.-u--.r--'.-m]r-i.&'--l---ﬁ% Y t,t, production, t; = bl
= ATLAS Preliminary t data — . 4k E ATLAS Preliminary| [l
10* = {s=13 TeV, 36.1 fb —1(900 GeV) -Z+j§ts P N VS =13TeV. 36.1 fb-! 1450
10° E SR80 1(1250 GeV) g giboson z thad 0.8 \\ Observed 95% CL mass limit 1400
= — —71(1600 Gev) [ ttsv = ,E s 1350 S
102 _g_|— -OW-O-]GtS ) = 0.64 1300 8
. - asym _ mbt, - mbg - : 1250 ﬁ
bt  ~ 0 1 1200 £
1 4, Mpe T mbg% 0.4 1150 @
- 1100 ¢
10" = ' y = 0.2 L 1050
3 =; “nnnl nnnl —] .
ol . J | - 1000
(; ¥ ' 1 , 00 T 900

_ 0.0 0.2 0.4 0.6 0.8 1.0
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Summary

* Searches for sbottom and stops based on full 2015+2016 data
(36 fb!) have given results consistent with the SM
expectations.

* Limits on the 3rd generation squark masses close to 1 TeV for
the most favourable scenarios

e Stringent limits obtained in pMSSM inspired models, yet
some part of the parameter space is still uncovered.

The search for SUSY continues!
* Exciting results ahead with the full Run 2 dataset
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Higgsino scenario

ATLAS Preliminary T o byt
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Shottom results
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~Higgsino scenario (sbottom)

Bottom squark pair production, 51 —b 5{? /t %: at 50% BR
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><~ The Recursive Jigsaw

The Recursive Jigsaw Reconstruction
@1 siac provides an approximate way to
solve kinematic ambiguities,
assuming a known decay tree.

* unknown longitudinal momenta
e combinatorial ambiguities

* kinematic ambiguities (from
multiple invisible objects)
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Figures by L.Lee

<=+ The Recursive Jigsaw

* Each decay step is solved by
simultaneously minimizing the
masses of two daughter
systems
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/" ~<=+ The Recursive Jigsaw

LAB FRAMEB,
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Miss
ET
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PP FRAME

3
—100
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Figures by L.Lee

e Boost into the new reference
frame

e Split the invisible momentum
between the two

Kinematic variables are built to
be invariant for longitudinal
boosts

27



<=+ The Recursive Jigsaw
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Figures by L.Lee

e Split the invisible momentum
between the two

Kinematic variables are built to
be invariant for longitudinal
boosts
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ATLAS-CONF-2017-034

Data / SM
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Compressed spectrum
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1ot L #bocy selection — N initial-state radiation (ISR)
= SR B VWV (hvv) [ Others E
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soft leptons
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0 5 Exploit ratios to suppress hard

Ri processes.

e Challenging estimation of fake

and non-prompt leptons ”



ATLAS-CONF-2017-037

f,éqx?
g‘i"i?

Single lepton search

Complex search targeting many different signal scenarios
* Baseline selection requires 1 lepton, 4 jets, b-jets, high m;

SR Signal scenario benchmark Exclusion technique | Table
tN_med Pure bino LSP (7, — XY) m(,, ¥1)=(600,300) shape-fit (EIiss) 6
tN_high Pure bino LSP (7, — X) m(7,, £9)=(1000,1) cut-and-count 6
tN_diag_low Pure bino LSP (7, — £XY) m(7,, ¥)=(190,17) BDT cut-and-count | 7
tN_diag_med Pure bino LSP (7, — XY) m(7,, ¥1)=(250,62) BDT shape-fit 7
tN_diag_high Pure bino LSP (7, — XY) m(7,, ¥1)=(450,277) BDT shape-fit 7
bWN Pure bino LSP (f] — bW)??) m(fl, )2(1)):(350,230) shape-fit (amTy) 8
bEEN Pure bino LSP (7, — bf f'X}) m(#,, ¥1)=(400,350) shape-fit (p&/Emiss) | 8
bC2x_med Wino NLSP (7, — bX7T, 7, — tX3) m(,, X1, ¥1)=(750,300,150) cut-and-count 9
bC2x_diag Wino NLSP (7, — bX7, i - t)?g) m(7,, X3, /\7?):(650,500,250) cut-and-count 9
bCbv Wino NLSP (7, — bX7, 7, — 1X3) m(,, X1, £7)=(700,690,1) cut-and-count 9
bCsoft_diag | Higesino LSP (7, — 1XY, 7, — tX3,7, » bX7) | m(7,, ¥i, ¥)=(400,355,350) | shape-fit (pi/Ems) | 10
bCsoft_med | Higgsino LSP (7, — £X1, 7, — tX3,7, —» bXT) | m(F,, X7, £)=(600,205,200) | shape-fit (p{/EMS) | 10
bCsoft_high | Higgsino LSP (7, — £X1, 7, — tX3,7, —» bXT) | m(7,, X7, ¥)=(800,155,150) | shape-fit (pi/EMs) | 10
DM_low_loose spin-0 mediator (DM+¢7) m(®/a, x)=(20,1) cut-and-count 11
DM_low spin-0 mediator (DM+¢7) m(®/a, x)=(20,1) cut-and-count 11
DM_high spin-0 mediator (DM+¢7) m(®/a, x)=(300,1) cut-and-count 11

Dedicated CRs
for:

W+jets

tt pairs
single top
tt+V
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Results
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sparticle masses

Beyond Simplified Models

~

Bino/Higgsino mix model: Tf, + b/b, production, Am(iz, %?) = 20-50 GeV
T T |

= T T T | T T T T | T T T T T T | T T T T | T T
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Results are also interpreted in more realistic models.
e pMSSM models that include more complex decay chains
* Bino/higgsino -> satisfy naturalness and DM relic density -



