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We are still searching for SUSY...

Snowmass 2013 | gigquestions
Big k %
Ideas
m The Standard Model (SM) described the fundamental elements
of the matter and the interactions between them precisely.
bl m Despite the huge success of SM, SUSY is strongly motivated by:
T e Hierarchy problem: transfer to little hierarchy problem.
M e Dark matter: if R-parity is conserved, SUSY will provide the LSP, a
compelling candidate for DM particle.

Spinl/2 |, Spin 0 . e .
| e the GUT: predict the SM forces unification at the high scale.

e muon g-2 or W boson mass: the loop corrections from SUSY
particle can explain the excess.

quarks <

leptons % sleptons %

MssMm | ™ The minimal supersymmetric extension of the SM (MSSM)

Spin 1 Spln 1/2 .
. e Assume one partner for each SM particle.
ghnno

o We use Simplified Models signal in the searches to reduce the
o 0 . huge number of degrees of freedom in MSSM.
nggs Charginos { ”

bosons


https://arxiv.org/pdf/1311.0299.pdf

Exclusion limits on ATLAS

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

m ATLAS-SUSY-Exclusion-

March 2022 Vs=13TeV
Model Signature  [Ldr[m™ Mass limit Reference o o
3, G-t Oep 26jets EP™ 139 1.85 mii})<400 GeV 2010.14293 LI m I t s
% mono-jet  1-3jets = 139 § [8x Degen.] 0.9 m(g)-miE))=5GeV 2102.10874 —_—
I 28 Zoqat| 0ep 2-6jets  EP™ 139 | & 23 miF})=0GeV 2010.14293
H Forbidden 1.15-1.95 m(F})=1000 GeV 2010.14293
I d‘; 1eu 2-6 jets 139 Z 2.2 m(E})<600GeV 2101.01629
1 ) ee. iyt 2jets B 139 | & 2.2 mw. )<700GeV CERN-EP-2022-014 °
£ on e Bm b [t i e Squark & Gluino are above
I -E SSepu 6jets 139 | & 115 m(z)-m(i})=200 GeV 1909.08457 I
£ g o) 0lep 3b Eps 798 | & 2.25 m(})<200 GeV ATLAS-CONF-2018-041
\ SSen  6jels 139 |2 125 m{@)-m(¥}1=300 GeV 1909.08457

byby

m(X. <400 GeV

2101.12527

T
l by 0.68 10 GeV<Am(ly 11)<20 GeV 2101,12527 \
wg b By —bES — bR Oe.pu 6h  EMS 139 | Forbidden 23-1.35 Am(F2,£1)=130 GeV, m(F})=100GeV 1908.03122
| B 27 2b w139 | B 0.13-0.85 Am(ES, F)=130 GV, m(¥})=0 GeV 2103.08189
I §- nn, F,a.f,\""]' 0-1ep z1jet  EP™ 139 i 1.25 m(})=1GeV 2004.14060,2012.03799
5 Wi, o Whi 1ep Sjetst b EP™ 139 | i Forbidden = 0.65 m(¥1)=500 GeV 2012.03799
I §- Qi h—=fby, 51 =16 127 2jets b EP™ 139 i Forbidden 14 m(#)=800 GeV 2108.07665
2 8| ittt et Veu 2 e 361 [e 035 miih=ocev rsosoress (0] otiom dre adaoove
l «B Oey  moncijet EF™ 138 | & 055 (i) &)mifl)=5 Gev 210210874
\ fifi, iy e, ¥z i) 12ep 146 EP™ 139 | h 0.067-1.18 mii%)=500 GeV 2006.05880
3 . miss - : . P ’ '
~ !4.“2 ----3“-“-%-1& '------JQWFL--W-----M va)www 20w5&, ev
LY via Wz Multiple ¢/jets ‘ Ep 139 }E;"J 0.96 mi{Ey)=0, wino-bino 2106.01676, 2108.07586
ee, iy =ljet  EF™ 139 Xy 1Xy 0.205 miET)-m(E))=5 GeV, wino-bino 1911.12608
I TV viaww 2ep EMs 439 A"‘,’ 0.42 m{i)=0, wino-bino 1908.08215
l TS via Wh Multiple £ /jets Emss 439 i 2% Forbidden 1.06 m(F)=70 GeV, wino-bino 2004.10894, 2108. 07536
i) miss rrﬁ
L&V Ih-----ﬁ---E “%I-l ----J------J‘“W% ----1%08215
pg-dm *, T_,S('? B T T R e 605 1511 06660
S Giun, iei) 2eu  os £ |7 07 mifio isooomers ectroweakinos can be
ee, it =1jet T"-‘* 139 |# 0.256 m{f)}m(F])=10 GeV 1911.12606
HH, H-hG/ZG Oep >3bh  EM 3641 | @ 0.13-0.23 0.29-0.88 BRI — h)=1 1806.04030
4ep 0 jets E%‘ - 139 H 0.55 BR(F) — ZG)=1 2103.11684
Oepu = 2largejets 5™ 139 H 0.45-0.93 BR(F — ZG)=1 2108.07586 [
Direct ¥1¥] prod., long-lived ¥} Disapp. trk ~ 1jet ~ EF™ 139 g; 0.66 Pure Wino 2201.02472
Xy 0.21 Pure higgsino 2201.02472
@« ; '
E % Stable ¢ R-hadron pixel dE/dx Ep's 139 K4 2.05 CERN-EP-2022-029
é’ S Metastable 7 R-hadron, g—qq¥| pixel dE/dx Eps 139 | & (@ =10ns] 2.2 m(i})=100 GeV CERN-EP-2022-029 . .
S § i, I-tG Displ. lep Emss 139 | &a 0.7 =01 ns 2011.07812
&i " - 034 ) =01ns 201107812 [ | r r |r r u | n
pixel dE/dx Epe 139 |# 0.36 T(f =10ns CERN-EP-2022-029
. .
of Electroweakinos (charginos
AT IR — wwztettvy deq Ojets  EP™ 139 1.55 m(¥?)=200 GeV 2103.11684
78 7oqat), F = gqq 4-5 large jets 36.1 19 Large 1), 1804.03568 . .
=~ =0 =0 g =0, N .
o TR b Multiple 36.1 m(E})=200 GeV, bino-like ATLAS-CONF-2018-003 & e t a | O S t h > 2 t O
& T, i—h¥], X} — bbs > 4b 139 Forbidden mi¥})=500 GeV 2010.01015 n u r I n WI - W
I, fi—bs 2jets+2h 36.7 1710.07171
fify, gt 2ep 2p 36.1 0.4-1.45 BR(F, —sbe/by)>20% 1710.05544 ° °
B adronic taus ftnal state
.
¥ f)(«f)(l. —cn‘; 5, X1 —bbs 1-2e.p =6 jets 139 j‘f 0.2-0.32 Pure higgsino 2106.09609
*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.

* The precise mass

limits are very model dependent

2 TeV



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-013/

Analysis Overview

m Conference Note— ATLAS-COM-CONF-2022-045

Pt W oW e
(higgsino)

1. ¥T¥%1. ¥1 X5 via stau deacy with > 2t + EIss

Large MET is from LSP. not accessible

published work with 2015-2016 data: Eur, Phys, . |~
C 78,154 (2018) . Add C1N2 SS channel.

2. ¥:iX2 via Wh decay with 27 + 1lep + EMss

—_—
(mass in

2 h B . . M
ad-t are from the Higgs decay; 11 is from the the middle)

W boson decay. — first time in the ATLAS.

— %! (Bino)
(N1,LSP)

Analysis Overview 4


https://cds.cern.ch/record/2813005/
https://link.springer.com/article/10.1140/epjc/s10052-018-5583-9
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X

v T
T/vs

e

SR-CICI-LM | SR-CIN20S-LM | SR-CIN2SS-LM

= 2 medium 7 (OS) ‘ > 2 medium 7 (OS) | > 2 medium 7 (SS)
> 1 tight 7 -
asymmetric di-t Trigger
EXSS < 150 GeV
b-jet veto

Z[h veto (m(7y, T2) > 120 GeV)

|A¢(71,12)| > 1.6 |A@(T1, )| > 1.5

- Nje[s < 3
EXSS > 60 GeV MTsum > 200 GeV
mr2 >80GeV | mr2>70GeV mt2 > 80 GeV

SR-CICI-HM | SR-CIN20S-HM | SR-CIN2SS-HM

=2 medium 7 (OS) | > 2 medium 7 (OS) | = 2 medium 7 (SS)
di-t + Ef™ Trigger
ERis > 150 GeV
b-jet veto

Z/h veto (m(ty, 1) > 120 GeV)
MTsum = 400 GeV
mta > 85 GeV

MTsum > 450 GeV
mt > 80 GeV

15 X Jf)(z via stau deacy with > 27 + E’}“SS

m SR definition:

e C1C1, CIN20OS, and CTNZ2SS are
optimized separately with cut & count
method.

e Each channel has one LM and one HM
region, which are separated by EMss
(=150 GeV) for the orthogonality,
targeting at low or high C1/N2 mass
regions.

e The main BKGs components are different
in OS and SS channel. The methods of
BKG estimations are different.




Background estimation
S

[GeV]
m BKG estimation strategy: Multi-jets, W+jets, Z+jet,

Multi-boson, Top. -_'T -
o Multi-jet: mostly fake 7. "R

o Data-driven ABCD method. I o T
o Use "very loose” t-ID to define CR-B, VR-E, CR-A,

orthogonal with SR

d d f CR d VR g 1400 ATLAS Prtminary I’a“:ﬁ‘u I "”i'l"_‘::"" 325000} ATLAS Proliminary "4 o ‘ ﬁf;“'
€ Tr2 ANG Mrsu 10 GENNE LS and Vs R ol VI P A o
o W+jets: One real + at least one fake 7 g e £ B e o oot
w : w o
o WACR for SS/OS separately: normalization factor 10000,
1 : : 5000F
are obtained from CRs, validated in VRs. K
5 2 » T 1 3 %
e Top: Components are different in OS and SS channel. R e St W B S —————

m,, [GeV] My, [GeV]

o SS: > 1 fake t contribution from tt and Wt , using @ ®

TCR for normalization and validate in TVR. 3 ATAS ey |y o s ] 8 10 aras ey | oy e -

B0 Gmhies B Mem 1B Cfmeshan B W

o 0OS: Use MC simulation directly and validate in VRs. |z e Mo S
) Lﬁ == MG 7= (157, 92) GeV (25) g 6:
o Z+jets, Multi-Boson: real t dominates (85-90%). Use h:
MC simulation directly and validate in VRs. 2
0

% ,,,,,,,,,,,,,,,,, st /////2///})/ % ﬁ«/* U % Z .
§ 50 100 150 200 250 300 350 400 450 500 § 00 100 200 300 400 500 600 700
M,is(T47,) [GeV] mis(747,) [GeV]

(a) (b)

(o]



m Post-fit yields in VRs and SRs

SM process SR-CICI-LM | SR-CICI-HM | SR-CIN20S-LM | SR-CIN20S-HM
* — : : | : : : | : : : | : : : Multi-boson 1606 22+16 32+12 24£16
] — . Wjets 0.4+04 0.29+0-35 0.6*22 0.29%0-35
c — P . -0.29 -0.6 -0.29
0 10° = ATLAS  Preliminary ¢ Data  =SMTotal [ Multi-boson Top quark 10£05 | 036+0.13 11412 0.36 +0.14
() = Vs=13TeV, 139 fb™ W+ijets [l Top quark [l Z+jets Z+jets 14413 0.78 :I:OO.?;4 25+ 17 0.9+04
u— — . Higgs 0.27 +0.06 0.01+0.13 0.40 = 0.22 0.73 +0.23
° 10 S : Wl Higgs Multi-jet Multi-jet 15+0.5 037 +0.21 450 097 031+0.17
bt = = = = m(, X,)= (300, 150) GeV = = = m(¥,, %,) = (700, 400) GeV SM total 62+20 40+ 1.8 12248 50£20
E 103 | .0 0 .o 0 Observed 1 4 14 4
S = === m/X, x,) = (157, 92) GeV = = = m( /7, ¥,) = (1100, 0) GeV m(¥E, %)) = (700, 400) GeV 3.0+0.6 78+ 1.6 4.69 +0.99 14.1£238
z m(EF9, V) = (1100,0)GeV | 0.20+0.05 3.1+0.6 0.39+0.11 46+1.0

107 Po 0.5 05 0.4 0.5
Expected o> [fb] 0.04 0.05 0.10 0.05
VIS
10 = Observed 022 [fb] 0.02 0.05 0.10 0.05
_____ SM process | SR-CIN2SS-LM | SR-CIN2SS-HM
1 Multi-boson 0.47 £0.20 0.8+04
= Wets 0.33 +0.25 0.10 £ 0.05
2 1 +0.02

o] Top quark 0.01755; 0.59 + 0.20

-~ 0 Z+ets 020 £0.15 0.6708

3 Higgs 0.00*0-00 0.02 £0.01
g -1 Multi-jet 0.9 = 0.5 0.00 + 0.00
) SM total 20+07 21+1.1
® 05 oS S LS\ L SRS L R ¥\ \ e\ | NS e\ Gy - RN S SN \\ SRS L e\ | NP 6 \ e\ Observed 2 3
2 R S S S S S S S R A A S S S S e
28 WNET NN @05 (0% (R O% (r0 VRS VR RO WV R 1O e NG 2O a0 WIS m(¥i 0, 0)) = (157,92)GeV | 4.6+ 1.3 0.00 +0.00
£ W R s o 0.4 03
Expected 0'31': [fb] 0.03 0.04
Observed o2 [fb] 0.03 0.04

e High purity of BKGs in each respective VRs.
e The signal contamination is low in the above VRs.

e Good agreement between data and the SM prediction. No excess in SRs.




[GeV]

M.,

m (a) C1C1: SR-C1C1-LM and SR-C1C1-HM are statistically combined

m (b,c) C1C1+C1N2: SR-CTN20S and SR-CT1N2SS are combined for the production of ¥ ¥ and

~+ NS —
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¥1 X5 via stau deacy with > 2t + EIsS

zﬁg — TvTT(Vv), v Te(vv) — wi‘:ﬂ:(\rvﬁ? x'_‘:'x_-:—) 2% vT) = 2 % wi‘:
T T T T T T T T T T T T T T T T

l T T I T T T T
ATLAS Preliminary = = = - Expected comb. limit (1 0,,) ]
Vs=13 TeV, 139 o™ ——— Combined observed (+10525") ]

B = SS observed
=m.,
m?: - S5 ex ed
m, = (m_, + m..)/2 pect
2 4
All limits at 95 % CL OS observed
- = OS expected
& v %
Ny .

]
IIIIIIIIIIIIIIIlIII

1 | 1 1 1 I L 1 1 I 1 1 1 | 1 1 1 I L IiE'I ] 1 1 1
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(b)

Xy

A(m_,m_)[GeV]
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T (s=13 TeV, 139 fbo"!
=

m = (m_ +m, )2

All limits at 95 % CL

% — Wit(vv)vttvv) — wi?ﬂ:(vv)‘i‘: fff:—)ib('fv(ﬁ]—)2xwi‘:
||||||I||||I|||||||||I|||||| T rTrT

- ATLAS Preliminary

= = — - Expected comb. limit (+1 o

-
- Combined observed (+105no") ]

5SS observed
SS expected

0OS observed

- - - - OS expected

e The Chargino masses up to 970 GeV are excluded for decays to a massless neutralino

e The Chargino masses up to 1160 GeV are excluded for a massless neutralino.

A T N R T D I I
100 150 200 250 300 350 400 450 500 550

m..,m_, [GeV]
Lo

(c)

~+ ~0
X1 X2

m These limits significantly extend previous results in high C1/N2 mass region. And the SS channel
makes an improvement at compressed and low C1/N2 mass region.



https://arxiv.org/abs/1708.07875

¥i¥) via Wh decay with 27 + 1lep + ETsS

m SR definition:

SR-Wh-LM \ SR-Wh-HM
= 1 signal light lepton
> 2 medium 7 (0OS)
b-jet veto
|A¢(r1,72)] <3
- AR(T], Tg) <22
90 <m(71,72) <130GeV | 80 < m(11, 1) < 160 GeV

mt2 > 100 GeV mt>2 > 80 GeV

- mr = 80 GeV
MTsum > 450 GeV

e Two SRs are defined to cover low and high EWKino mass regions.

e SRs are not orthogonal due to limitations from the available statistics in the
dataset.




Background estimation

m BKG estimation strategy:

e 1lep + 2 real tau : Multi-boson(dominates), Higgs.

(@]

Multi-boson: estimated directly from MC
simulation and a VR for validation.

e 1lep + 1 real 1 fake tau : top (dominates), Z+jets.

o

Top: use a dedicated CR for normalization,
and a VR.

e 1lep + 2 fake tau : W+jets dominates.

(@]

2 fake tau: Fake Factor method.

+ Use CRs to extrapolate from two fake-fail-
medium (anti-tau,A) taus events to two
fake-pass-medium (M) taus events.

Events / 5 GeV

L - 4 Data “SMTotal  _|
10° E
Oaé ATLAS Preliminary B Top quark [ Multi-boson
E Vs=13TeV, 139 fb" Mis-IDt [l Z+ets
1 | TCR-Wh pre-fit W Higgs W+ets
10k

-
TTT

Events / 5 GeV
g,

10

ATLAS Preliminary
Vs =13 TeV, 139 b’
TVR-Wh post-fit

Data / SM

2,

-

o =

=
o

-

10" 107"
B 12 | : 12

T e T . 15 E
=~ 1 By ///Mn ///// s co P -
Sosf e o el oo Sosf
o 20 30 40 50 60 70 80 0O 80

my, [GeV]
(a)

> T T T T T — T > T T T T T T T T
(] - 4 Data 4% SM Total () . + Data %% SM Total
Q ATLAS Preliminary Mis-ID T [ Multi-boson o ATLAS Preliminary Mis-ID T [ Multi-boson
2 10 (s=13TeV, 130 fo B Top quark [l Z+jets e Vs=13TeV, 139 b W Top quark [l Z+jets
= ‘ ) = . )
P FFVR-Wh pre-fit W Higgs Wets @ FFVR-Wh pre-fit I Higgs Wjets
= R, = o
g Wemey e m%,/%y ;) = (225, 75) Ge g 0= e m, /iy %;) = (225, 75) Ge
w w

o'
2 =
51 ..... P Sy S G s P e 15
g ..................... b S R % g_g
20 40 60 80 100 120 140 160 180 O
eV]
(a)

(b)

100 120 140 160 180

my, [GeV]
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—_
o
W

Number of events
—
o
N

-
o

107"

|
N

(nobs - r-]pred) / Ot
|

ATLAS

Vs =13 TeV, 139 fb™’

Preliminary

I
¢ Data = SM Total [ Multi-boson

. Top quark . Z+jets . Higgs
Mis-ID 1

+,~0 ~0

- -m(iq!xz, x1) = (225, 75) GeV

IIII1]1I| IIIIIIIJI IIIIILIJ] |11l

o

SM process | SR-Wh-LM | SR-Wh-HM
Multi-boson 1.85+£0.5 1.1+04
Fake processes 14+0.6 | 0.06+0.03
Top quark 1.9+0.6 0.04fg:gg
Z+jets 0.05 +0.02 | 0.03 +0.01
Higgs 0.13*09% | 0.06 +0.02
SM total 5.3+ 1.4 1.3+04
Observed 4 2
m(XE /X5, X)) = (225,75)GeV | 5.8+1.5 | 3.3+09
Po 0.5 0.3
Expected o2 [fb] 0.05 0.03
Observed o> [fb] 0.04 0.03

m Post-fit distribution:

e The signal contamination is low.
e good agreements in VRs and SRs. No excess in SR

11



~+ ~ ° ° 1
Y175 via Wh decay with 27 + 1lep + EJ''sS
X%, > Wh+2x %
= 2501 — .
8 . ATLAS Preliminary SR-Wh-combined
= | Vs=13 TeV, 139 fb”*
E** 200~ ===t Expected Limit (£1 o)
: mif=mig - SuUSY
- All limits at 95% CL == Observed Limit (£16y, )
150
1001
50 |
O_IIII//lllllllllllllllllll.:E El\‘lllllllll
100 150 200 250 300 350 400 450
m.m_ [GeV]

m The best expected limits for SR-Wh-LM and SR-Wh-HM are used to derive limits.

m Gaugino masses up to 330 GeV are excluded for a massless lightest neutralino.

12



Summary

m Searches for direct Ewkino pair production decaying via stau or Wh with at least two

hadronically decaying taus in the final state have been presented. No excess is found.

m ¥T¥1. ¥i X5 via stau deacy with > 27 + EISS.
o With the full Run-2 dataset, the exclusion limits for high C1/N2 masses could be
improved by 340-400 GeV compared to the previous result.

e And the sensitivity at compressed C1/N2 mass region is also improved by the
addition of the C1N2SS channel.

m ¥1 %) via Wh decay with 27 + 1lep + EJsS:
e The C1/N2 masses up to 330 GeV are excluded for a massless lightest neutralino.
e Corporate with other Wh decay modes for a combined fit.

13
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Standard Model Production Cross Section Measurements

Status: February 2022
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CMS m CMSPublicResultsSUSY

CMS (preliminary) Moriond 2021

Overview of SUSY results: electroweak production
137 fb~' (13 TeV)

PP — X9xi

PP — XOXT — Ll — LwllxOx°

PP — X% — bl — TvlIROR?

pp — igﬁ — TUTT = TUTTXIXS
pp — X3x7 — WHXIX} > 3¢0/mp: SUS-19-012

S 16jets: SUS-20-00

PP — X9x1 — WZXIx?

18-004 AM =5-10 GeV

PP — X9X1 /XX, X1 /X2 = (W*/Z*)X? SUS-18-004 higgsino simplified model, AM = 5-10 GeV

~+ ~+
PP — X1 X1
PP — fli)'zli, )ﬁﬁ - Wiy .E opposite-sign: arXiv:1807.07799 Mg =1 GeV

PP - XETE. X — (fv/15) — v |20 opposiiessigas arXEIBOTOTIO0 I mri) — st = - 05

pp —

pp = fyrlm. £ — 638 —

0 200 200 600 800 1000 1200 1400
mass scale [GeV]

Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities AM and z represent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to AM, respectively, unless indicated otherwise.
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

CMS results

pp — ig iﬁ August 2021
S‘ 600 B T | T T T | T T T | T I T | T T T | T T T ]
8 - CMS Freliminary 137 b1 (13 TeV) 1
= 500l 1801.03957, 1l+bb, 36 fb™ (WH) Expected -]
. - —2106.14246, 2| SS + 231 (WH) —Observed 1
S - —2107.12553, 1l+bb (WH) ]
- =SUS-21-002, 0l (WH) 1
400~ =
300 . .
f= F-'.:_' '..t l.' —
200~ LS -
100 S
D 1/ | .E 1 | L 1 | | 1 L | é | 1 1 | | .: 1 1 ]

200 400 600 800 1000 1200

my, = my, [GeV]
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o -
1<

m

1400

1200

1000

800

600

400

200

marxiv:i2106.14246

e The “7-dominated” scenario with both ;" and X decays mediated by T sleptons
because the other slepton flavors are heavy and decoupled [6]. In this case both X7
and X9 decay exclusively to T leptons.
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Figure 18: Interpretation of the results for Y; X3 production with T-dominated slepton-

mediated decays, and the parameter governing the mass splittings being x = 0.05 (upper left),

x = 0.5 (upper right) and x = 0.95 (lower). The shading in the 1 Versus .o plane indicates
1 2

the 95% CL upper limits on the ¥; X3 production cross sections. The contours delineate the
mass regions excluded at 95% CL when assuming cross sections computed at NLO plus NLL.
The observed, observed +10jeqry (+1 standard deviation of the theoretical cross sections), me-
dian expected, and expected +10periment Pounds are shown in black and red. The median
expected bound obtained with the search region strategy is shown in blue. The observed limits
obtained in the CMS analysis using 2016 data [20] are shown in green, which only included
interpretations in the x = 0.5 case.
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Variables

 the “stransverse mass”, mt2, which has a kinematic endpoint for events where two massive pair
produced particles each decay to two objects, one of which is detected (the lepton in our case) and
the other escapes undetected (the neutralino) [78, 79]. It is defined as:

m2 = min [max (mTl (P11, q1), mT2 (P12, PT* - QT))] :

* MTsqum, the sum of the transverse mass values of the leading and next-to-leading 7-lepton candidates
with the Ef;“ss for X1 X1 and X X 8 with decays to an intermediate stau channels. In the X f:)?{z) with
decays to an intermediate Wh scenario, mrsm also includes me.

“top-tagged”. The contransverse mass variable [81], mcT, 1s used to identify events that are kinematically
compatible with ¢7 pair production. Furthermore, top-tagged events must have at least two jets with
pt > 20 GeV, and the scalar sum of the pt of at least one combination of two jets and the two leptons in
the event must exceed 100 GeV. Events passing the top-tagged selection are vetoed in the WCR-OS and
WVR-OS regions to reduce the top backgrounds in these regions.
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Samples

m Data: full Run-2 data, corresponding to 139 fb~! data collected between 2015 and 2018.

m Background samples:

Process ME Generator Parton Shower PDF Tune
VV,VVV SHERPA 2.2.1/2.2.2  SHERPA CT10 SHERPA default
Z W+ jets SHERPA 2.2.1 SHERPA CT10 SHERPA default
tt+V,tt+ H, 3 top, 4 top MG5_aAMC PyTHIA & NNPDF 2.3 LO Al4
tt PowHEG-BOX PyTHiA 8 CT10/CTEQ6LI1 Perugia2012
s/t-channel and Wt single top PowHEG-BOX PyTHIA 8 CT10/CTEQ6LI1 Perugia2012
Z/W+H PyTHIA 8 PyTHIA 8 NNPDF 2.3 LO Al4
ttH,VBFH,gg+ H PowHEG-BOX PyTHiA 8 NNPDF 3.0/CTEQ6L1 AZN

m Signals:

e Generated with MadGraph5_aMC@NLO 2.2.3 interfaced to Pythia 8.186 with the A14 tune.

e bino-like LSP with wino-like C1/N2

o Assumed m(%) = (m(%3) + m(7{))/2 in the intermediate stau channel.

Samples
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Background estimation (Intermediate Stau channel)

u Multi-jet :
e ABCD-method

o T = N./Ng . TF will be verified in VRs and
applied on CR-A.

NM] = Npata — Nother mc

o Use "very loose” T-lepton identification
criterion to define CR-B, VR-E, CR-A

o Use mp, and myg,,, to define CRs and VRs.

m Systematics

o Statistical uncertainty: stat. uncertainty in CRs
from the limited number of events and the
subtraction.

o Experimental uncertainty: extrapolate from the
total systematic uncertainty in CR-A to SR-D.

e The correlation between the tau ID and the
kinematics: the difference on TF between N./Njg
and Ny /Ng.

Used for nominal
ABCD method
my; o Mgy,
[GeV] Vand sysiomatic
uncertainty estimate
Multi-jet T
CR-A SR-D
Multi-jet T Multi-jet
VR-E = 7 VR-F
Multi-jet Multi-jet
CR-B CR-C
T-id
very loose 1,4 medium or tight 7.4
orthogonal with SR
Channel variable CR-B/CR-C VR-E / VR-F CR-A /SR
Ci1C1-LM mr> € [15, 35] GeV € [35, 80] GeV > 80 GeV
E'TniSS € [10, 150] GeV | €[10, 150] GeV | € [60, 150] GeV
C1C1-HM mr2 € [35, 60] GeV € [60, 85] GeV > 85 GeV
MTsum € [100, 300] GeV | € [200, 400] GeV > 400 GeV
B > 50 GeV > 50 GeV > 150 GeV
CIN20S-LM mra € [15, 35] GeV € [35, 70] GeV > 70 GeV
E%‘iss € [10, 150] GeV | €[10, 150] GeV | € [60, 150] GeV
CIN20S-HM mr2 € [35, 60] GeV € [60, 85] GeV > 85 GeV
MTeum € [150, 300] GeV | € [200, 400] GeV > 400 GeV
B > 50 GeV > 50 GeV > 150 GeV
CIN2SS-LM MTsum < 100 GeV € [100, 200] GeV > 200 GeV
|Ap (71, 12)| < 1:5 <15 B 145
CIN2SS-HM MTsum € [100, 200] GeV | € [200, 450] GeV > 450 GeV
ET" > 50 GeV > 50 GeV > 150 GeV

Background estimation (Intermediate Stau channel)
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m VR-F distribution:

e Good agreement between data and
the estimated SM background i
found in VR-F.

Background estimation (Intermediate Stau channel)



W+jets

m W+jets

o W — uv process is used for WCR
definition.

e Require exactly one muon and one tau.

e Single muon trigger.

m Multi-jet contribution in WCR/VR
e OS-SS method:
NM](OS) — NData(SS) - NotherSM(SS)

m WCR;:

e 73-85% purity in all W control and
validation regions.

e Good data/SM agreement observed in
pre-fit distribution.

e Negligible signal contamination.

Table 3: The definition of the W+jets control (WCR) and validation region (WVR).

WCR-0S | WVR-OS I WCR-SS | WVR-SS

baseline electron veto
b-jet veto
pr+ > 50 GeV, pry > 40 GeV
Exactly one medium 7 and one isolated u (OS) Exactly one medium 7 and one isolated pt (SS)
Top-tagged events veto -
mr,, < 140 GeV 50 < mr , < 150GeV
- mr,y +mr,r > 80 GeV
ED'™ > 60 GeV EM™ > 50 GeV

40 < mpy (7, ) < 70GeV | mr (7, 1) >70GeV || mp (1, u) < 60GeV | mr (7, u) > 60GeV

Background estimation (Intermediate Stau channel)
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Top in SS channel

m Top background estimation for C1N2SS

e one or two fake tau contribution from tt and Wt in SR-CTN2SS-HM.
e Dedicated TCR & TVR for HM (high contribution in SR).

e Top purity is more than 83% in two regions.

e Negligible signal contamination.

Table 4: The definition of the top control (T'CR) and validation region (I"VR) for CIN2SS.

TCR-SS-HM ‘ TVR-SS-HM
T — 7 channel
Di-t + E,‘ll‘i"s trigger
> 2 very loose 7, > 1 loose T
Nmedium-r < 2
> 1 b-jet
EXS > 150 GeV
MTsum < 400 GeV | mTsym = 400 GeV

m Top background estimation for CIN2SS

e one or two fake tau contribution from tt and Wt in SR-CTN2SS-HM.

e Dedicated TCR & TVR for HM (high contribution in SR).

e Top purity is more than 83% in two regions.
e Negligible signal contamination.

Background estimation (Intermediate Stau channel)
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Other Background Estimation

m Irreducible Backgrounds:
e OS channel: Top, Z+jets, Multi-boson.

Top-VRI | TopVR2 | Z-VRI | Z-VR2

M B-VR1 M B-VR2

7 — 7 channel
> 2 medium taus (OS), > 1 tight tau
at least one b-jet
stTl +mT,12 > 150 GeV —
m(7y, 12) > 120 Gev m(ty, ) <70GeV | m(7y, 12) <60 GeV
- AR(71,72) <1
Agp(tl, 72) > 1.0 -
mro > 40 GeV | mq > 30 GeV mr> < 60 GeV

b-jet veto

mT’Tl + i’n”[',—r2 > 180 GeV
m(71,12) <80GeV | m(7y,12) <90 GeV
AR(71,72) <1.2
Agp(Tl,72) < 1.0
mt2 > 60 GeV

asymmetric di-tau trigger | di-tau+Ep"™ trigger | asymmetric di-tau trigger | di-tau+E"™ trigger
20 < Ef™ < 150 GeV E3"™ > 150 GeV 40 < EX™ < 150 GeV ET™ > 150 GeV
lepton pr and ET™* are required at plateau

asymmetric di-tau trigger | di-tau+E7" trigger
70 < EI™ < 150 GeV EIM™ > 150 GeV

o At least TM1T tau selection in all VRs.
o Top-VR: use B-jets to increase purity.

o Z-VR & MB-VR: use angular requirement, visible mass cut, my, for orthogonality & purity...

e SS channel: Z+jets, Multi-boson
o MB-VR definition:
+ Two OS muon, single muon trigger
+ B-jet veto.
+ MET>100 GeV, A¢p(u, MET) < 1.75

Background estimation (Intermediate Stau channel) 25



Background estimation (Intermediate Wh channel)

m Fake t-lepton background:
o Fake Factor method

o Use CRs to extrapolate from two fake-fail-medium (anti-tau,A)
taus events to two fake-pass-medium (M) taus events.

o Workflow: AA->MA->MM

NE‘I truth tan

Ndala,hﬂ ~IYMe.AA - Nz! truth tau

FECR — FRECR Ndata.MA MC,MA N =N FFCR F-FCR
T > au = fakes = , fakes X PP X FF5,
' Naaama— N zﬁ}:ﬂi’ t x " Naaumm — Nﬁéﬁﬂ w T ke R 1 ’
Nfakes = Ngata — Nx1 TruthrMC o FEFCR-Wh FEVR-Wh
o FFCR-Wh: use very loose tau to increase the statistics, two SS "> 72 very loose 7 (SS) > 2 medium 7 (OS)
tau is used for the orthogonality. FFVR-Wh is a superset of SR, (7, 7y) >20 GeV | 40 < m(1y, ) < 160 GeV
o FFs for the leading tau and sub-leading tau, for the 1p and 3p mrz > 20 GeV mrz > 30 GeV
are obtained from FFCR-Wh separately. b-jet veto

|[Ad (T, 12)] < 3
=1 light lepton (e or u)

m Systematic:
e Stat. Uncertainty from the CR and limited stat. in OS AA region.
e Systematic uncertainty: 30% flat syst on the subtracted MC.

e Check the agreement on the quark/gluon contribution between CR
& SR.

Table 6: The definition of the fake factor control and validation regions

Background estimation (Intermediate Wh channel) 26



Top (Intermediate Wh channel)

Table 7: The definition of the top control and validation regions for the intermediate Wh channel.

= Top TCR-Wh | TVR-Wh
e Sub-dominant in LM. Negligible in HM =1 light lepton (e or x)
. . . . — . > 2 medium 7
e The main contribution is tt with one W boson 40 < m(11, ™) < 160 GeV
decay to lep and the other to a tau. The sn > 250 GSV
. b < Np—jets <
second tau is a jet-fake tau. Ap(ry ] < 3
20 GeV < mT; < 80 GeV | mpy > 80 GeV
m TCR & TVR:
e definition:

o 110 2 b-jets requirement and myg,,, cut.

o Loose visible mass to increase the
statistics.

o split by mp,
e The purity in TCR&TVR are 73-81%.

e Good data/SM agreement observed in pre-fit

distribution in TCR, and post-fit distribution in
TVR.

e Negligible signal contamination.

Background estimation (Intermediate Wh channel)
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Multi-boson (Intermediate Wh channel)

Table 8: The definition of the multi-boson validation region (M BVR-Wh).
M BVR-Wh
= | light lepton (e or u)
I- > 2 medium 7 (OS)
m Multi bOSO.I‘I . 40 < m(11,12) < 70 GeV
e WZ dominates: two real tau in both SRs. Pre, > 30 GeV
. . . . . 7 V
e estimated from MC simulation and validated in a mr > 70 Ge
. . ; . mra < 80 GeV
multl—bo.son enriched region (MBVR-Wh) with b-jet veto
61% purity. |A¢(71,72)| <3
o The my, cut makes MBVR to be orthogonal
to SR 2 T T bata | 4SMTotal |
O S. O 50__ ATLAS Preliminary ] Multi-boson [l Top quark ]
= - Vs=13TeV, 139 fb’’ Mis-Dt [ Z+jets .
2 40 MBVR-Wh post-fi I Higgs W+ets
g ]
o r .
30_— -]
e Good agreement in MB-VR. s ]
20— —
10L —
=
(7p]
s
[0
o

Background estimation (Intermediate Wh channel)



Systematic Uncertainties

m Experimental uncertainty following CP recommendations:

e Tau lepton and jet energy scale/calibration and resolution, tau ID, pile-up, MET modelling,
triggers SF uncertainty, and so on.

e Wh channel also includes the lep systematics and single lep triggers SF uncertainty.

m Theoretical uncertainty following CP recommendations:
e the renormalization scale, factorization scale, and PDF+ag uncertainty.
e ISR, FSR, Hard scattering, and hadronization for Top.
e X-sec uncertainty.

m Multi-jet / Fake tau estimation.
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Systematic Uncertainties

m Statistical uncertainty from MC.

m Experimental uncertainty: tau and jet energy calibration and resolution, tau ID, and MET
soft-term resolution.

m Theoretical uncertainty: main reducible background in each regions.

m Multi-jet / Fake estimation
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g 0 7 7 mm==- Statistical uncertainty e Normalization factors
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