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Introduction

* This talk will summarize the status LA E e e e e e e e e e e A
of ATLAS searches for electroweak - ATLAS

, )  Preliminary (s=13Tev
SUSY production in run II. B

B . Delivered: 122 fb™
100— . LHC Delivered Recorded: 114 fb’!
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* Increasing data-set sizes in run |l 80F
have opened up sensitivity to: 60"
* New previously unexplored signal 40
processes/decay channels. 20l :
« Challenging areas of phase space. o L
sa“‘\a3\5\\\533“‘\6.\0\‘\63a“‘\1 3\5\‘\133“‘\%\\0\‘\%

Month in Year

In the interest of time, this talk will focus on a few new results and the
innovations/ improvements that have enhanced our run-Il sensitivity
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Motivation for (electroweak) supersymmetry

* Supersymmetry provides a well-motivated NLO + NLL, pp, Vs = 13 TeV

candidate for BSM physics: %104 ______________________________ ________ —;i,ﬁg(h@gsmo"ke) ___________________________
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. 3 : L 9 :
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« Electroweak processes refer to the 109 N NG ~ N O ~

prOdUCtion Of sleptons and 10—4 .............................. ......................... ...................... .........

electroweakinos. 10— 5o fooo 1500 2000 2500

SUSY particle mass [GeV]

https://arxiv.org/abs/1407.5066

» Electroweakinos are superpositions of
bino, wino and higgsino fields:

EWK SUSY processes have lower
: production cross-sections but
— (i=1,2 g : )
promising discovery channel if

« Neutralinos 7! (i=1,2,3,4) squarks/gluinos heavy...



https://arxiv.org/abs/1407.5066

Electroweak SUSY scenarios

Assuming that LSP is a weakly interacting neutral particle => two options
commonly feature in LHC simplified models for EWK SUSY :

Often assumed in QUSSR
(p)MSSM -
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Electroweak SUSY scenarios (1)

/

Assuming that LSP is a weakly interacting neutral particle => two options
commonly feature in LHC simplified models for EWK SUSY :

Often assumed in QUSSR
(p)MSSM -

Stable (RPC) LSP

« Assuming pure states, LSP can be
bino-like, wino-like or higgsino-like.

» Pair production of electroweakinos/
sleptons can give a wide range of
topologies

ﬁino-like LSP with wino-like )Z;—’ 7y
that decay via gauge bosons or
sleptons (“wino-bino” scenario).

2. Wino-like LSP with nearly
degenerate 7{ => “disappearing
track” signature.

3. Higgsino-like nearly-
degenerate ¥ 79 triplet =>
“‘compressed” searches or

disappearing track.

wirect slepton production

Dr Sarah Williams- Rencontres de Vietnam 2018- 07/08/18




Electroweak SUSY scenarios

Assuming that LSP is a weakly interacting neutral particle => two options
commonly feature in LHC simplified models for EWK SUSY :

Often assumed in QUSSR
(p)MSSM -

Stable (RPC) LSP

« Assuming pure states, LSP can be
bino-like, wino-like or higgsino-like.

» Pair production of electroweakinos/
sleptons can give a wide range of
topologies

ﬁino-like LSP with wino-like )Z;—’ 7y
that decay via gauge bosons or
sleptons (“wino-bino” scenario).

2. Wino-like LSP with nearly
degenerate 7{ => “disappearing
track” signature.

3. Higgsino-like nearly-
degenerate ¥ 79 triplet =>
“‘compressed” searches or

disappearing track.

wirect slepton production

Dr Sarah Williams- Rencontres de Vietnam 2018- 07/08/18




Electroweak SUSY scenarios

Assuming that LSP is a weakly interacting neutral particle => two options

commonly feature in LHC simplified models for EWK SUSY :

Often assumed in QUSSR
(p)MSSM -

Stable (RPC) LSP

« Assuming pure states, LSP can be
bino-like, wino-like or higgsino-like.

» Pair production of electroweakinos/
sleptons can give a wide range of
topologies

ﬁino-like LSP with wino-like )Z;—’ 7y
that decay via gauge bosons or
sleptons (“wino-bino” scenario).

2. Wino-like LSP with nearly
degenerate 7{ => “disappearing
track” signature.

3. Higgsino-like nearly-
degenerate ¥ 79 triplet =>
“‘compressed” searches or

disappearing track.

wirect slepton production

Dr Sarah Williams- Rencontres de Vietnam 2018- 07/08/18




Electroweak SUSY scenarios

Assuming that LSP is a weakly interacting neutral particle => two options
commonly feature in LHC simplified models for EWK SUSY :

Often assumed in QUSSR
(p)MSSM -

Stable (RPC) LSP

« Assuming pure states, LSP can be
bino-like, wino-like or higgsino-like.

» Pair production of electroweakinos/
sleptons can give a wide range of
topologies

ﬁino-like LSP with wino-like )Z;—’ 7y
that decay via gauge bosons or
sleptons (“wino-bino” scenario).

2. Wino-like LSP with nearly
degenerate 7{ => “disappearing
track” signature.

3. Higgsino-like nearly-
degenerate ¥ 79 triplet =>
“‘compressed” searches or

disappearing track.

wirect slepton production

Dr Sarah Williams- Rencontres de Vietnam 2018- 07/08/18




Electroweak SUSY scenarios

Assuming that LSP is a weakly interacting neutral particle => two options
commonly feature in LHC simplified models for EWK SUSY :

Often assumed in QUSSR
(p)MSSM -

Stable (RPC) LSP

« Assuming pure states, LSP can be
bino-like, wino-like or higgsino-like.

» Pair production of electroweakinos/
sleptons can give a wide range of
topologies

ﬁino-like LSP with wino-like )Z;—’ 7y
that decay via gauge bosons or
sleptons (“wino-bino” scenario).

2. Wino-like LSP with nearly
degenerate 7{ => “disappearing
track” signature.

3. Higgsino-like nearly-
degenerate ¥ 79 triplet =>
“‘compressed” searches or

disappearing track.

wirect slepton production

Dr Sarah Williams- Rencontres de Vietnam 2018- 07/08/18




Electroweak SUSY scenarios

Assuming that LSP is a weakly interacting neutral particle => two options
commonly feature in LHC simplified models for EWK SUSY :

Often assumed in QUSSR
(p)MSSM -

Stable (RPC) LSP

« Assuming pure states, LSP can be
bino-like, wino-like or higgsino-like.

» Pair production of electroweakinos/
sleptons can give a wide range of
topologies

ﬁino-like LSP with wino-like )Z;—’ 7y
that decay via gauge bosons or
sleptons (“wino-bino” scenario).

2. Wino-like LSP with nearly
degenerate 7{ => “disappearing
track” signature.

3. Higgsino-like nearly-
degenerate ¥ 79 triplet =>
“‘compressed” searches or

disappearing track.

wirect slepton production

Dr Sarah Williams- Rencontres de Vietnam 2018- 07/08/18




Electroweak SUSY scenarios

Assuming that LSP is a weakly interacting neutral particle => two options
commonly feature in LHC simplified models for EWK SUSY :

Often assumed in QUSSR
(p)MSSM -

Stable (RPC) LSP

« Assuming pure states, LSP can be
bino-like, wino-like or higgsino-like.

» Pair production of electroweakinos/
sleptons can give a wide range of
topologies

ﬁino-like LSP with wino-like )Z;—’ 7y
that decay via gauge bosons or
sleptons (“wino-bino” scenario).

2. Wino-like LSP with nearly
degenerate 7{ => “disappearing
track” signature.

3. Higgsino-like nearly-
degenerate ¥ 79 triplet =>
“‘compressed” searches or

disappearing track.

wirect slepton production

Dr Sarah Williams- Rencontres de Vietnam 2018- 07/08/18




Electroweak SUSY scenarios

Assuming that LSP is a weakly interacting neutral particle => two options
commonly feature in LHC simplified models for EWK SUSY :

Often assumed in QUSSR
(p)MSSM -

Stable (RPC) LSP

« Assuming pure states, LSP can be
bino-like, wino-like or higgsino-like.

» Pair production of electroweakinos/
sleptons can give a wide range of
topologies

ﬁino-like LSP with wino-like )Z;—’ 7y
that decay via gauge bosons or
sleptons (“wino-bino” scenario).

2. Wino-like LSP with nearly
degenerate 7{ => “disappearing
track” signature.

3. Higgsino-like nearly-
degenerate ¥ 79 triplet =>
“‘compressed” searches or

disappearing track.

wirect slepton production

Dr Sarah Williams- Rencontres de Vietnam 2018- 07/08/18




Electroweak SUSY scenarios

Assuming that LSP is a weakly interacting neutral particle => two options
commonly feature in LHC simplified models for EWK SUSY :

Often assumed in QUSSR
(p)MSSM -

Stable (RPC) LSP

« Assuming pure states, LSP can be
bino-like, wino-like or higgsino-like.

» Pair production of electroweakinos/
sleptons can give a wide range of
topologies

Dr Sarah Williams- Rencontres de Vietnam 2018- 07/08/18




Electroweak SUSY scenarios

Assuming that LSP is a weakly interacting neutral particle => two options
commonly feature in LHC simplified models for EWK SUSY :

tv ¢

Often assumed in (1)7%is LSP
(p)MSSM '

p -

/.,/'ﬂée
{1, /v
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M
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Unstable (RPV) LSP

 Assuming pure states, LSP can be « [SP can decay via
bino-like, wino-like or higgsino-like. RPV A coupling to

leptonic final states

Stable (RPC) LSP

» Pair production of electroweakinos/
sleptons can give a wide range of
topologies
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Electroweak SUSY scenarios

Assuming that LSP is a weakly interacting neutral particle => two options
commonly feature in LHC simplified models for EWK SUSY :

v _
(2) G is LSP
>;L/V 9 A

v NLSPs can be higgsino-
E like EWKinos

Often assumed in (1)7%is LSP
(p)MSSM !

[L/U

E p ) h/Z L b
Stable (RPC) LSP Unstable (RPV) LSP G
P N G
 Assuming pure states, LSP can be « [SP can decay via p h/Z ‘T b

bino-like, wino-like or higgsino-like. RPV A coupling to
leptonic final states P
» Pair production of electroweakinos/
sleptons can give a wide range of
topologies p




*General SUSY apalysis :
Typical electroweak SUSY search  Jyaieoyaiready nuoduced in

» Target signal scenario in decay channel with X leptons + Y jets + Z b-tagged jets
(£p7T*%%) (where X,Y,Z may be 0 or unconstrained), then define:

b
p  h/Z ,Lb
H g ~

%160_ G
% i 1 h Z\\\ ¢ ~"CR
cN L P / Y_ b
1401 A
I Not allowed
1201~ g
i /SR | VR
100 | '
801 . S
. _CR VR . CR
60 < |
"'| [0 { 1

I coeo b e I
60 80 100 120 140 160 180
m(h) GeVf

Image credit: 1806.04030

1. (Binned-) signal regions (SRs) to search for
an excess of data over predictions.

2. Control regions (CRs) to extract
normalization of dominant MC backgrounds.

3. Validation regions (VRs) to check
background modelling.

...plus additional data-driven background
estimates...

* Results interpreted using simplified models
for the signature of interest.
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https://arxiv.org/abs/1806.04030

*Table only includes searches for
prompt EWK SUSY decays-> for

ATLAS Run Il electroweak searches long-lived searches seo talk by

Karri Dipetrillo*

¥ixi  WW (RPC) 2|+pmiss ATLAS-CONF-2018-042
WW (RPV ¥? decay) 4 36 arXiv:1804.03602
¥ixs  WZ(RPC) 2| +ISR +pmiss 36 Phys. Rev. D 97 (2018) 052010 (*)
2l+jets/3l+ P —*mlss 36 arXiv:1803.02762
ol+jets/3l+ B —mss 36 arXiv:1806.02293 (RJR) Y
WZ (RPV %) decay) 4| 36 arXiv:1804.03602
X Sleptons 21/31+ s 36 arXiv:1803.02762
Voewel 21 36 Eur. Phys. J. C 78 (2018) 154
HH ZZ/hh + GG 4b 36 arXiv:1806.04030
(GGM/GMSB) 4] 36 arXiv:1804.03602
Zh h-> neutralinos 2l+photon(s) 80 ATLAS-CONF-2018-019 ) ¢
[I1(I=¢éj) RPC 2| (+ISR) +pmiss 36 arXiv:1803.02762 + (*)
I[(I=¢[) RPV 4] arXiv:1804.03602

=> Already achieved rich search programme in terms of signal topology, RPC+RPV and
different (N)LSP compositions (i.e. wino-bino, higgsino). The rest of this talk will discuss
the three most recent results in more detail...
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¥ #d » WZ using recursive jigsaw reconstruction (RJR)

* Use measured event properties to approximate rest 832:;:6%
frames of intermediate particles in a "decay tree”. :Visiblestates
Invisible States

* RJR gives a new basis of observables based on
energies and momenta of objects in these frames.

500
450F

>3 400F

M_o [GeV]

350F

Recent result considers 779 — WZ in
« 2 decay channels: 21+2j (W - jj,Z — Il) and 3l
(W - lv,Z - ll) each of which have:
* 4 SRs targeting different mass splittings
(Am) between the 77,72 and the LSP.



https://arxiv.org/abs/1806.02293

*New techniques, and statistical

combination of channels*

o
l
I+

oW IVIga) T Z(-> IR,
T 1T 7 IIII|IIII 1T T 7T

500

450 ATLAS — RJR analysis
“400F- Vs =13 TeV, 36.1 b —— arXiv:1803.02762

TTTT] 31
ELV)

m_, [GeV]

100

350F _._ Expected limits Al limits at 95% CL
300 — Observed limits

250 B

200F

150 o=s

IIII|IIII|HII|IIII|IIII|IIII|IIII|IIH|IIII|IIII

1 1 1 1 | [] 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
900 200 300 400 500
M. - [GeV]

172

Excesses seen in SRs targeting low and

compressed mass splittings.
Need to follow up with more data.

'l 1 1 1 1
600 700

Number of events

MNored) / Ot

Number of events

(nobs - npved) / Oy

104
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16° Vs=13TeV, 36.1 fb 3' COw [Cother
| W <3 Bkg. Unc.
102 i
10
1
107"
4
2
0
-2
-4
10T —T T T T T T T T T T T
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1
107"

CRzy ;. VRzs , CR2s | VR | VR, , VR2,  SRo, SRz, | SRz,  CRz,  VRa,  CRz,  VRo, | Vi
Top “““Top <l Wy \/‘ligh?/g’low_zjé\’:/fgh ~Int '~Loy, \ISR‘TO}/SR‘TOE/SH‘VVJS 3
s
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Chargino pair production ¥+ %7 - WWx{%"

*New variables and binned SRs* « Define SRs at high missing

transverse momentum

S 40 aTLAS Preliminay | : @ @z mz significance (§) using new
3 V5= 13TeV, 805 . §>10 @t [JSingle Top CIFNP . . mgm

5 E sguifegors | EJSS > 110 GeV ¢ DOters Sandard Model ¢ Data object-based definition

E 30 : ' :

(ATLAS-CONF-2018-038)

" ~0 -0
XX, — WW Y X,

|

= 2001 e
[0} 180 ATLAS Preliminary =-- Expected Limit (+15,,,)
o, Vs = 13 TeV, 80.5 fo™! = Observed Limit (+10y.5)
?’;1— 160 All limits at 95% CL ATLAS 8 TeV, arXiv:1403.5294
3 € 140
= 120

ooooooo

[
ooooooooooooooo

SR-DF-0Jm,[GeV] :  SR-DF-1Jm,[GeV] : SR-SF-0Jm,[GeV] : SR-SF-1Jm,,[GeV] 60

Different-flavour (etu*)  Same-flavour (ete™, u*u™)

—

o

o
III|III|III|III|III|III|III|III|III|III

- Exploiting shape fits in ”stransverse mass” (m,) R m(;g)o [Gef,fo
and jet multiplicity greatly improves sensitivity =~ ATLAS-CONF-2018-042

=
oL
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https://cds.cern.ch/record/2632578

New variables: object-based p'*s significance

. — ——
. . 5 N
* Indicates the degree to which the § 08 Siiton pretminay \\\—
: . . . o T Vs=13TeV,36fb" ]
reconstructed E7**° is consistent with § oo pectamel \\\
momentum resolution and particle § oa STosoc \_;
identification efficiencies. Ol %
E’}niss E%niss . - 7
. g S= ord= P DUOUR FOUOE OOV FOUUN DOUOE NV UL FOOOE v
+ Event-based significance: VHT VIET g 1o _—
) 0.5(); 01 02 03 04 05 06 07 08 09E
* Object-based definition determines § from Signal Efiency e
the log-likelihood ratio that the reconstructed £ sf 77~ RASRRENANLARE-
[ . . . . i s=13TeV, 805 fb” Ll single Too M .
E™SS is consistent with the hypothesis of 0 real * wf * ™" A L

Bww A Standard Model

~ 0 fake- EJ''ss  +ow

ET™SS, based on the full event composition. “backgrounds - ez ) Gov

..... M o)=(250,1) GeV
..... m(lf'l:’)=(3°0-1) GeV

i]lllllllllll

New definition greatly improved background
suppression in the 1-jet bins (particularly for

= 2F - ; = ; ; p—

H H H — (2] - . . . —

ee,up events where Z+jets s problematic)=> RH : ;E W\WW
plot shows same-flavour 1-jet SRs... e e e e mbn

my, [GeV]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-038/

Searches with photons: Zh with h - neutralinos

*Search for EWK SUSY through « Search for exotics Higgs decays in

exotic Higgs decays* GMSB where 125 GeV Higgs decays
my, ., to nggtralinos that then decay to
0 <mypsp <—~ o y ETSS gravitinos+photon(s) (GMSB) or
p S G/xt system singlino+photon(s) (nMSSM)

"""" G/X} ..
M * Improved limits on 9/4,, x BR for h —
. Y Z (o 1) y+ E7" and h —» yy + E7**°
ﬁ
& 2Nt = O O R B
¢t System T 0.16F- ATLAS Preliminary —e— Observed limit

..... Observed limit (+ 1 Giheory)

=~ E(s-13Tev. 7987 Ll Expected limit E

T 014 . Expected limit iir1 (5)) =

s 5 12: h-v+ E:'ss Expected limit (+ 2 ¢ .

L . — —1

~ ,~0 m - .
G/Xi X 01 *\_j
- b(/J :_ | “_:

SR exploits s 0.08¢ "

5 0.06 —

balance between :z Soul ]
miss R o =

- Z and yET > 0.02F =
systems- 0: I T v e I A .

mNLSF [GeV] 65 70 80 90100 110 120 65 70 80 90 100 110 65 70 80 90 100 65 70 80 90 65 70 80 65 70
mg [GeV] o0 0 0 0 0 00 10 10 10 10 10 10 20 20 20 20 20 30 30 30 30 40 40 40 50 50
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https://cds.cern.ch/record/2621481

Background estimates for 2I+ p¥'S+ y(y)

Background Estimation method

Electron faking a photon (WZ — evll) Data-driven (see below) => data-driven
methods used for

SM Zy Data-driven (CR) all dominant
Jet faking a photon (Z+jets) Data-driven "photon-factor” backgrounds!
Other SM processes with 2|+y MC (negligible)
3 45 arasprimnay 3 | anaspeimeay
8 40; ﬁ:a‘;;v 79.8 b D wz \:I Other g 1:— E:STeV, 79.8 b Sz Somer —
WZ baCkground B 355_ &Total SM —e— Data % 0 8* —— Data Driven & MC Closure_*
. . + 30 kn L Eg s A Tota
in SR estimated P | 5 . R
. = . miss ]
scaling Il + e O a0r | 2l+e+ Ep™? i 2l+y+ E7 :
_ 158 e—-y 0.4\ .
ev_ents by data. o €qata
driven e — y mis- 55 - "N . 028 \
identification rate! - - ———— " S ——
% 1 ?1 | 4 N 8 LED 1 5\ I 3 ' RN &\ N V\\
g 0.5 i l % 0;%&%“\
0160 120 140 160 180 200 220 240 260 280 T 0 N\ =2

. . LN ‘ , s
i 180 200 220 240 260 2
™SS [GeV] 100 120 140 160 180 200 220 OErTngSO[GSeOV]




Summary: where could (EWK) SUSY be hiding?

Run Il results extended the exclusion limits in a number of EWK SUSY scenarios.
But there are still lots of interesting areas of phase space to explore...

. SUSY 2018 ATLAS Preliminary  s=8,13 TeV, 20.3-80.0 ' All limits at 95% CL 1 Cha”enging decay modes
> - Tt I..v"v‘ C ' ",:"h ot I__ = = Expected limits ) . .
8 0 S 1 coemesimin (i.e. decays through Higgs)
W peob - and new final states.
Er . 1 %7 via
- -T 71 —ww 2
2001 T uscowamae 2. Compressed and moderately
150~ E compressed regions of
- 1 —wz o phase space.
100 s
50 I e 3. Mixed LS.P scenarios (not
, 1 e currently included in
foo "~ Z00 " 300 400 500 600 simplified models)

m(%, %, ) [GeV]

Above: lot f ok Important message: do not confuse
FIove. summary plot 1or WIno-ike limits in simplified models with real

X1,X> and bino-like ¥? limits on SUSY masses!
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Summary: where could (EWK) SUSY be hiding?

Run Il results extended the exclusion limits in a number of EWK SUSY scenarios.

But there are still lots of interesting areas of phase space to explore...

SUSY 2018 ATLAS Preliminary  Vs=8,13 TeV, 20.3-80.0 f&'

_____

500 '0'600
m(%, %) (GeV]

Above: summary plot for wino-like

X1, X5 and bino-like ¥?

Al lmits at 95% OL 1. Challenging decay modes
= = Expected limits . H
oo (i.e. decays through Higgs)
i and new final states.
X;%; via
— WW 2|

/a\rTL‘:SrCONF—2018—O42 2_ Compressed and mOderater
o compressed regions of
X4 X
vz e phase space.

i 3. Mixed LSP scenarios (not
— Hyy+FF+3I . .

arXiv:1501.07110 Currently InCIUded In

simplified models)

Important message: do not confuse
limits in simplified models with real
limits on SUSY masses!
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Conclusions

36 fb-1in 2015-2016 enabled:

* New limits on higgsinos and

compressed scenarios

Extension of run | limits in many
scenarios.

80 fb-1in 2015-2017 enabled:

First ATLAS run |l results for several
challenging signatures.

The success of our electroweak SUSY
programme in run Il owes a lot to those
who have worked hard in operations,
computing and combined performance
areas throughout run Il -> a team effort!

uF : s N — -
v e
- =

\*'c?\,




Backup: ATLAS SUSY summary plot

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

July 2018 Vs5=7,813TeV
'miss _ .
Model &M Ty Jets ET [raim] Mass limit V5=7,8TeV  V5=13TeV Reference
0 2-6jets  Yes  36.1 1.55 m(¥})<100GeV 1712.02332
@ mono-jet  1-3jets  Yes  36.1 m(g)-m(¥})=5GeV 1711.03301
E 0 2-6jets  Yes 36.1 z 2.0 m(F})<200 GeV 1712.02332
% z Forbidden 0.95-1.6 m(¥})=900 GeV 1712.02332
3 Seu 4jets - 361 |z 1.85 mﬁ?hfaoo GeV 1706.03731
Q ee, pjt 2jets Yes 36.1 4 1.2 m(g)-m(¥})=50 GeV 1805.11381
g 0 7-11jets  Yes 36.1 & 1.8 mp?‘,’g <400 GeV 1708.02794
= Bep 4 jets - 36.1 g 0.98 m(g)-m(¥})=200 GeV 1706.03731
= 0-1ep 3b Yes 36.1 z 2.0 m(F})<200 GeV 1711.01901
Be.p 4 jets - 36.1 z 1.25 m(z)-m(¥})=300 GeV 1706.03731
byby, by—b¥ /e¥E Multiple 36.1 I Forbidden 0.9 m(¥})=300 GeV, BR( 1708.09266, 1711.03301
Multiple 36.1 by Forbidden 0.58-0.82 m(¥7)=300 GeV, BR(b¥})=BR(:¥ 1708.09266
Multiple 36.1 b Forbidden 0.7 m(¥})=200 GeV, m(¥{)=300 GeV, BR(t¥ 1706.03731
R byby, i, My =2 x My Multiple 36.1 I 0.7 1709.04183, 1711.11520, 1708.03247
£ Multiple 361 |4 Forbidden 0.9 1709.04183,1711.11520, 170803247
5=
%% 7y, 7> Wbt or 1) 0-2e,u 0-2jets/1-2b Yes 36.1 7 1.0 1506.08616, 1709.04183, 1711.11520
.S A, HLSP Multiple 361 |74 0.4-0.9 150 GeV, m(¥})-m(¥). 1709.04183,1711.11520
E’:S Multiple 36.1 i Forbidden 0.6-0.8 m(E})=300GeV, m(¥})-m 1709.04183, 1711.11520
2 =§ fif1, Well-Tempered LSP Multiple 36.1 A 0.48-0.84 m(E?)=150 GeV, m(¥})-m(¥’ 1709.04183, 1711.11520
« 0 2c Yes 361 |@ 0.85 1805.01649
7 0.46 1805.01649
0 mono-jet  Yes 36.1 A 0.43 1711.03301
bb, h-h +h 12en 4b Yes  36.1 A 0.32-0.88 m(¥1)=0 GeV, m(7,)-m(¥})= 180 GeV 1706.03986
TS viawz 23eu - Yes 361 [F /)’(g 0.6 m(F)=0 1403.5294, 1806.02293
ee, it >1 Yes 36.1 )?}/iz 017 m(¥)-m(¥})=10 GeV 1712.08119
RS via Wh Clityyltbb - Yes 203 | F/% 0.26 m(E)=0 1501.07110
g U X sven, -t 27 - Yes 361 |HA 0.76 m(E)=0, m(F. 7)=0.5(m(EL)+m(E) 1708.07875
E § X1 0.22 m(ET)-m(¥7)=100 GeV, m(z,»)=0.5(m(¥T)+m(¥ ) 1708.07875
© TrlLR, T8, 2epu 0 Yes  36.1 7 0.5 m(E))=0 1803.02762
2e.pu >1 Yes  36.1 13 0.18 m(?)-m(¥})=5 GeV 1712.08119
HH, A—hG(7G 0 >3b Yes  36.1 ):4 0.13-0.23 0.29-0.88 BR(Y} — hG; 1806.04030
4epu 0 Yes  36.1 " 0.3 BR(! - Z 1804.03602
Direct ¥ ¥; prod., long-lived ¥} Disapp. trk 1 jet Yes  36.1 X 0.46 Pure Wino 1712.02118
E @ ¥ 015 Pure Higgsino ATL-PHYS-PUB-2017-019
o
= E Stable g R-hadron SMP - - 3.2 g 1.6 1606.05129
DT Vetastable § Rhacron, g Muitple s [& E@=oms0zng s 24 ()-100 Gov 171004901, 1604.04620
S 2 GMSB, #}—G, long-lived 7} 2y - Yes 203 044 1<1(¥%)<3 ns, SPS8 model 1409.5542
BN displ. eefep/up - - 203 1.3 6 <ct(¥Y)< 1000 mm, m(¥%)=1 TeV' 1504.05162
LRV pp—¥r + X.Vr—>epfet/pt epeT T - - 32 |¥ 1.9 41,2011, i32/133/23:=0.07 1607.08079
XL 108 — wwyzeettvy 4ep 0 Yes  36.1 m(E9)=100 GeV 1804.03602
23, 8—aq¥1, ¥\ — qqq 0 4-5large-Rjets - 36.1 Large 17, 1804.03568
E Multiple 36.1 m(¥?)=200 GeV, binoike ATLAS-CONF-2018-003
& 33,2 - tbs/ gl K} > s Multiple 36.1 m(F})=200 GeV, binoike ATLAS-CONF-2018-003
7, ol X — ths Multiple 36.1 m(E?)=200 GeV, bino-like ATLAS-CONF-2018-003
f1—bs 0 2jets+2b - 36.7 1710.07171
Aif, fi—bl 2ep 2b - 36.1 BRI(f, —be/bu)>20% 1710.05544
" L L L PR S | " L L L L
“Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.




Backup: ATLAS summary plots for slepton vs boson mediated decays
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Backup: ATLAS summary plot for direct slepton production

July 2018
500 i | T T T T | T T T T | T T T T | T T T T | T T T |
. . 1 .o ~ -~
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Backup: ATLAS summary plot for higgsinos

March 2018
r— . T T T T T T | T T T | T T T | T T T | T T T ]
% 50 B 2¢ compressed, arXiv:1712.08119, m(3) = m({9) + 2Am(3%, 79)
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o Tt~
l S T~
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Backup: RJR analysis decay trees

2|+jets channel 3l channel ISR tree (2l+jets and 3l)
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https://arxiv.org/abs/1806.02293

Backup: RJR SR/CR/VRs for 2l+jets

‘standard’ decay tree

Region Neptons  Mjets  Mb-tag pfrl’£2 [GeV]  pll72 [GeV] myee [GeV] m;; [GeV] mY [GeV]
CR20-VV €3,4] Sz = > 25 =30 € (80, 100) > 20 € (70, 100)
if Nleptons = 3
CR2¢-Top —2  >2 = > 25 >30 € (80,100) € (40, 250) _
VR20-VV —2 >3 =0 >25 >30 € (30, 100) € (40, 70) -
or € (90, 500) —
VR2(-Top —2  >2 =1 > 25 >30 € (20,80) € (40, 250) _
or > 100 —
VR2¢_High-Zjets —2  >2 =0 > 25 >30 € (80,100) € (0, 60) -
or € (100, 180) _
VR2¢_Low-Zjets —2 =2 =0 > 25 >30 € (80,100) € (0, 60) -
or € (100, 180) -
SR2¢_High - > 2 =0 > 25 >30 € (80,100) € (60, 100) -
SR2¢_Int —2  >2 =0 > 25 >30 € (80,100) € (60, 100) -
SR2¢_Low —2 =2 =0 > 25 > 30 € (80,100) € (70,90) -
, lat min(HT§,Hy §) HFPh : e mies
Region HY [GeV]  H{Y [GeV] p’II;%pr:_,r_l;i%P‘l T o (H%%Hgé : H%ri» AGy  minA¢(ji/jz, PE)
CR2¢-VV > 200 — < 0.05 > 0.2 — € (0.3,2.8) —
CR2¢-Top > 400 — < 0.05 > 0.5 — € (0.3,2.8) —
VR2E-VV > 400 > 250 <0.05 €(04,08) — €(03,238) -
VR2¢-Top > 400 < 0.05 > 0.5 - € (0.3,2.8) —
VR2¢_High-Zjets > 600 _ < 0.05 > 0.4 —  €(03,28 -
VR2/¢_Low-Zjets > 400 — < 0.05 — (0.35, 0.60) — —
SR2¢_High > 800 — < 0.05 > 0.8 - S (0.3, 2.8) —
SR2¢_Int > 600 — < 0.05 > 0.8 — € (0.6,2.6) —
SR2¢_Low > 400 — < 0.05 — (0.35,0.60) - > 24

=> SRs use RJR variables relating to energy/mass scale, angular variables and
object momenta in several rest frames.
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Backup: RJR analysis SR distributions for 3| channel

> 30— e -
& [ATLAS ® Data .
S 255 =13TeV, 361107 [y [ Jotner .
% 20: SR3c_ISR -VVV @Bkg Uncert. E
2 covesie [ J=(200,100] GeV]
LL %,/

15 —

IIIIIIIII|IIII|

Data / Bkg

40 60 80

100 120 140 160 180 200
m¥ [GeV]

Events / 25 GeV

10: T | T T T I T T T T | L I T T T T | L I:
:_A LAS e Data E
gg ls=13TeV,36.1fb" [Jvv [ ]Others e
8E"SR3/¢_Low Bl VVV EXIBkg. Uncert. =
e soses ., m. ] [200,100]GeV=
61 “ E
S5E E
4 @ =
3k ° -
2F ® ® | o =
1E <
QSO 300 350 400 450 500 550 600 650

HZ" [GeV]

H%% =sum of the magnitudes of the
V|S|ble and invisible momenta in the
rest frame of the pair produced

system-> scale variable that behaves

like mes

Dr Sarah Williams- Rencontres de Vietnam 2018- 07/08/18




Backup: RJR analysis SR distributions in 2|+jets channel

> 18_ I T T T I T T T | T T T | T T T | T T T I T T T | 1_- 18_ T T T T él T T T | T T T T | T T T T | T T T T |
$ 16:—ATLAS , @ Dau E o n: ATLA , @ Data E
o PEVs=13TeV, 36117 mziers EWeT ] 2 O Vs =13TeV,36.1f0" gz iers MWt ]
P 14:_SR2{}—ISR [Jvv  []Others 3 I_T>j 14:_SR2[—LOW [Jvv [ ]Others B
§ 12F KX Bkg. Uncert. — 12F KX Bkg. Uncert. —
I =w=we M m_]=[200,100]GeV, - =w=e [, ,m_]=[200,100]GeV
10 X, . 10— T, -
8- E 8f- =

6 E 6 E

4 4 - 4k =

2:_ XX D 2 ‘ DEIIEPEIIEN X X X X X _:
Gggqmg}qxg@( ................ TN — ,, 77777 .
180 200 220 240 260 23/'0 300 0. . 07 O ;0.9

P, [GeVl min(H *,H.")/min(H *,H ")

1,17 1,1 21 21

M _ . Pa Pp\ =
pi'isg= transverse momentum of ~ min(H,4, H,4) =>Compares scale due to one

the ISR system in the centre of min(H*, H? object + Ef**** in respective
mass frame. 2,1’7°2,17 production frames to two. Good
discrimination against Z+jets
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Backup: 21+ p'*S analysis background estimation

10— g
Region | CR-VZ | CR-WW | CR-top § © ATLASPrelminary 4 Dan oM
© 10*| Vs=13TeV, 805" @mww @mwz
Lepton flavour SF DF DF < E mzz m 3
L. [1Single Top [ Others
Mp_tagged jets =0 =0 =1 5 10 CIFNP 5
— — _ |_|>J - 7
Mnon-b-tagged jets - - — 102
My [GeV] | >120 | € [60,65] | > 100 > E

ER [GeV] | >110 | >60 | >110
E significance | > 10 > 5 > 5

|mgg — my| [GeV] < 30 — — 5 2
© 1
\ 8 C 1 I ! I 1 \

90 120 140 160 180 200 220 240 260
> 10— (B B 10° Mr, [GeV]
o ATLAS Preliminar S 3
0] Y ¢ Data Nsm & ATLASPrellmlnary + Data
Q 10% (s=13TeV, 805" mww mwz 10 10* - 1513 TeV, 80.5 0" mww "

Ny . 7z
P Bzz it ~ mZ .
i) le T h
5 10° [others  [FNP 2 10 %‘;’;\Tge op  EOthers Data-driven
LlJ > - -
0 @ normalization for
0 " all major
1 1 backgrounds!
% 2 E | % 2 F N NS
% 1 ; ° P o r'Y \¢\\\\\\\\\1\\\\\\\m‘“\f % 1 E oy 3 \\$\ N\
a q C I I I I I ! | a 0 E ) # . N
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my, [GeV] ET™ [GeV]



https://cds.cern.ch/record/2632578

Backup: 2I+ pmss

analysis background estimation

Region | VR-WW-0J | VR-WW-1J VR-VZ VR-top-low | VR-top-high
Lepton flavour DF DF SE DF DF
nb-tagged jets - — - =1 —
N hon-b-tagged jets =0 =1 =0 =0 =1
mpy [GeV] € [65,100] €[65,100] €[100,120] €[80,100] > 100
ER [GeV] > 60 > 60 > 110 > 110 > 110
E™ significance > 5 >5 > 10 > 5 > 5
Imgg — mz| [GGV] - - < 30 - -

* VRs defined for all dominant background processes, with additional VR-top-
low at low m+, to ensure contamination in the WW CRs/VRs is well-

modelled.

» To validate modelling of WW background at high my,, used a 31 WZ

selection with E7*>° =
when one of the leptons is added to the

miss __

[40,120] GeV and examined the m, distribution

pmiss yector to mimic a neutrino.
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Backup: Zh-> neutralinos search analysis regions

Cut

| CR WZ | CRZy VRZy | VRjets | SR
Pass triggers and vetos v’ v’ v’ v’ v’
2 signal leptons v’ v’ v’ v’ v’
At least 1 signal photon | > 25 GeV(electron) | > 25 GeV > 25 GeV > 25 GeV > 25 GeV
m?’;" 81-101 GeV 81-101 GeV | 81-101 GeV | 85-120 GeV | 81-101 GeV
E%“iss > 95 GeV 20-35 GeV | 35-70 GeV > 35 GeV > 95 GeV
Bal,, <0.2 <0.2 <0.2 - <0.2
A¢£[,'}’E¥liss >2.8 - <22 >2.8
Ap(L, €) <14 <20 <20 - <14
L IR L B B BN B NI NN B 5
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=> Asymmetry of the //
and yESS systems.

Final results in
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expected vs 3
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Backup: Zh-> neutralinos search

Background from jets faking photons:

*Apply photon "fake-factor” to events containing
“pseudo-photons” (satisfying a loose criteria but
failing the tight criteria required by the analysis).

*Reduce statistical uncertainty by removing isolation
requirement on pseudo-photons and applying an
additional factor (0.17) to account for the difference.

)
o
w

mi
T

Results for h — yy + EM'SS region:

Over all BR ranges from 5-18%
depending on LSP and NLSP masses!
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Backup: Compressed EW searches

> 0-3"‘I"'l“'T“' LS RARE REEE LEAS BEAE B
é E ATLAS Simulation H (MG5_aMC@NLO + MadSpin) ]
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o 0.2 wesneens M) x MBS0 (EPIC 52, 743) u u
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S o.1sf .
"g 0.1: g . .
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0.05 . . . . . . . .
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https://doi.org/10.1103/PhysRevD.97.052010

Backup: Statistical analysis in SUSY searches

For most SUSY searches construct likelihood for hypothesis testing
based on data and predicted SM background in all SRs/CRs:

Signal strength parameter, and normalisation Systematic uncertainties
parameters for dominant backgrounds modelled by (unit) gaussian

L(n, 90|,us, Up, 0) = 1_[ P(nil/li(.uvsr Hp, 6)) X 1_[ P(njllj(:uSi Hp, 9)) X Psyst(eoy 0)

‘ ieCR . jeSR /
Data yields in \

SRs/CRs Poisson probabilities for the CRs and SRs. For binned
SRs/CRs include each bin as a separate region.
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Backup: Statistical analysis in SUSY searches

Perform three different simultaneous fits using this likelihood function

1. Background-only fit: set u,=0 and fit nuisance parameters to the
observed data in the control regions.

2. Exclusion fit: simultaneous fit to data in all SRs and CRs, including
signal contribution. Perform hypothesis test and reject u;=1 hypothesis if
“CLs” value (approximate p-value) <0.05.

3. Discovery fit: inject signal contribution into SR only (no contribution in
CRs). Calculate upper limit on signal contribution in SR, and p-value for
background-only hypothesis.

=> All of this is handled effectively using the
HistFitter package (arXiv:1410.1280)
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https://arxiv.org/abs/1410.1280
https://arxiv.org/abs/1410.1280

