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Introduction p)

SUsSY

* Motivation Iy

[ Vs=13TeV, 139"

SR-combined

-~~~ Expected Limit (+1a,,,)
£ 200 Al limits at 95% CL pac o
o ——— Observed Limit (1 cﬁ,‘;:;)

» 2" round Full Run 2 Analysis targeting Electroweak SUSY production

* Light Staus could play a role in Dark Matter co-annihilation in the early universe

100

* Strategy
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* Goal is to improve sensitivity using Machine Learning First round for L+R Paper link

* Boosted Decision Trees (BDTs) used to define SR

* Bkg: Multi-jet (fake taus), W+jets (1 real tau, 1 fake tau), Top, Z+ jets, Multi-Boson and Higgs

* Signal model in this talk: Direct Stau production '

p :
Require Taus to decay : F 0
- Al

hadronically, final State
is two Taus plus £}
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https://cds.cern.ch/record/2701699

Asymmetric Di-tau Trigger used
(with Tau pt efficiency plateau cuts)

4 binary BDT classifiers trained on
different target 7 and ,?(1) masses,
using LightGBM link

High level kinematics used as input
miss

feaftures (tau pzs, E;7°, angular

variables, transverse masses)

Input features pre-binned to
improve reliability
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Event Selection & SR optimization

BDT Training Preselection

> 2 “medium” 7 (OS)
asymmetric di-tau Trigger
e, i, b-jet veto
EDiss > 20 GeV

mt2 > 30GeV
m(ty,72) > 120GeV
AR(T[, Tz) <4
SR-BDT2 | SR-BDT3 | SR-BDT4

Target Mid mz Mid mz High m ¢
scenario Small Am(7, %) Large Am(, %) Small Am (7, £Y)

=2 *medium” 7
Bin 1 BDT]1 score € (0.73,0.78) | BDT2 score € (0.78,0.82) | BDT3 score € (0.79,0.86) | BDT4 score > 0.64
Bin 2 BDTI score > 0.78 BDT2 score > 0.82 BDT3 score > 0.86 -



https://lightgbm.readthedocs.io/en/v3.3.2/

Background Estimation Overview

Data-driven
ABCD
method,

dedicated VR

Kinematics
from MC,
normalised in
dedicated
CRs,
dedicated
VRs
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Multi-jet:

Largest background at BDT
preselection level

Data-driven ABCD method (seen
next slide)

Main contribution from one fake T,
onereal 7

Largest background (~50%) in low
mass SR_BDT_1

Top:

Contributes between 7-30% in the
different SRs

Z — 77 poses an irreducible

Z+jets:

background

Largest background in low mass SR
_BDT_3

Kinematics from MC,

Multi-boson:

Irreducible WW and ZZ
backgrounds

Dominant background in SR_BDT_2
and SR_BDT 4

Also small contribution from
Higgs backgrounds, taken
from MC

Kinematics
from MC,
normalised in
CR,
dedicated
VR

Kinematics
and
normalisation
from MC,
modelling
validated in
dedicated
VR



Multi-jet estimate

Used for nominal

« ABCD method using Iovy mp and Loose/ M3 or Mygym orthogonal U:T mT:
Same-Sign (SS) Tau regions [GeV] el
) uncertainty estimate
* Multi-jet prediction in pre ‘SR-D’ is from Multi-jet T SR-D
Data-MC in CR A multiplied by Transfer CR-A :
Factor (7) which is determined from CR B I
and CR C | transfer factor T = N¢/ NB| Multi-jet T Multi-jet
VR-E =7 VR-F
* Fit of T is done simultaneously with :
normalisation factors on Z+jets, W+jets and Multi-jet Multi-jet
Top backgrounds CR-B CR-C
-id
* Disagreement in VR E and VR F is taken as a very loose .4 medium or tight fpy
systematic uncertainty on MJ estimate as is orthogonal with SR
StatiSticaI uncertainty from flnl’[e data/MC CR-A [ VR-E [ CR-B [ pre-SR-D VR-F CR-C
statistics in regions CR-B and CR-C s e

light lepton veto
2 loose (not medium) taus OR 2 SS taus 2 at least medium taus
mr2 > 30GeV | 20 < mr2 < 30GeV ‘ 10 < mt2 < 20GeV mr2 > 30GeV ‘ 20 < mr2 < 30GeV ‘ 10 < m2 < 20GeV
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Multi-jet validation region(VR)

OS, ==2 medium T, veto b-jet; asymm. Ditau trigger, MET<50GeV, BDT1. BDT4 < 0.60
MT2>30GeV; m(t1,12)>120GeV; AR(t1,12)>3 BDT2, BDT3 < 0.70

////1////

- F T T T T 0 T T T T T T T w T T w T T T
S _ F  ATLAS Preliminary # oaa 7 & 10°E ATLAS Preliminary fom  Zouw 3 S 10'E ATLAS Preliminary =S ZsuTon S 10’ ATLAS Preliminary poas Hsutow
2 T0E G-13Tev, 1391 woiijer [zt S E=13Tev, 1301 s Wzes = E=13TeV, 130 "' wire Wz 3 S (5= 13 TeV, 130 fi" s [z
E =t ] - f+jets. ‘of = - -]
S 60F- MJVR F’;ﬂ Fit 45 MJVR Post-Fit Wejet | 3 § MJVR Post-Fit é . MJVR Post-Fit [
g 7 & n & £
50F /
E
1004 % 10
7.7
30F2
ZO:— 7 %
10
B

B ,”’r”lv L Jd L L 1 L d

o WW/%% s L, 3 //M/////////////% gEW s

8 7oy 3 . 655 02 025 03 035 04 045 05 055 06 065 ° 0 5 ° O 55% 037 om 07 04T 042
BDT 1 score BDT 2 score BDT 3 score BDT 4 score

* Good agreement between data and the total SM background

* Combined statistical and systematic uncertainties of the total SM background
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* CR and VR have 1 tau and
1 Muon, no b-jets

* CR at low BDT score, VR
at high BDT score

* Top:

* CRalsohas 1 Tau and 1
Muon, plus at least 1 b-jet

* VR same as SR but

requiring a B-jet (and no
BDT score cuts)

2023/11/17

Process | Wets \ Top
Region | WCR | WVR | TCR | TVR
0S/SS | 0s
N “medium” 7 =1 =1 =2
Nelu =1lpu =lpu =0
N b-jets =0 >1 >1
Trigger single u single p asymm. di-tau
pr(n1) [GeV] - - > 95
pr(72) [GeV] - - > 65
max [pr(7), pr(p)] [GeV] > 95 > 95 -
min[pr(7), pr(p)] [GeV] > 60 > 60 -
Es [GeV] > 20 > 20 -
mt,, [GeV] € [50,150] € [50, 150] -
mr2 [GeV] > 30 > 30
m(ty,72) [GeV] > 120 > 120
BDT score | All<0.5 | Any > 0.5 | -

fx Progress =
Ldt=139 fo -,:ﬂ

# Events

Tln Progress = =
Ldt=139 fb = =

# Events

2 ATLAS Woyk in Progress

s 10F =
2 B=13TeV | Lat=139 70" &Bw=
w s
3




/+jets and Multi-boson Control and Validation Regions

o Z+jets:

* CR/VR has same
selection as SRs, but with

m(t,, 7,) cut reversed

» CR/VR split by BDT1score
(VR at higher score)

* Multi-boson:

* VR like high mass SRs
(high BDT4 score) but with

m(t,, 7,) cut reversed

2023/11/17

Process | Z+jets | Multi-boson
Region | ZCR | ZVR MBVR
OS/SS | oS
N “medium” 7 =2 =2
Nelu =0 =0
N b-jets =0 =0
Trigger asymm. di-tau asymm. di-tau
ET"™ [GeV] - >20
mt2 [GeV] > 30 > 30
m(1y, 72) [GeV] < 120 < 120
AR(T], Tg) <4 <4
BDT score BDT4 < 0.6 BDT4 > 0.61

BDT1 < 0.1 | BDTI > 0.1

# Events

Data/BG

# Events

Zese

1
= —
Ldt=139 fb ] Ew
® Oms

ATLAS WT( in Progress

{5=13 TeV

100
z -
A [prmbrommsscsguasrrrmmmam s 5
: 4
0 0 50 100 150 200 250 300
E'Tmss [GeV]
F ATLAS Work in Progress —— J——
102 |- =13 TeV rLdt=139 Lo o
10 ;
1k
0'E
-
0 0 50 100 150 200 250 300
E?‘Ss [GeV]
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Systematic Uncertainties

* Experimental: following CP recommendations

« Jet Energy calibration & resolution, Tau identification, Ej’f”"“ modelling, pile up, luminosity
etc.

* Theoretical: following PMG guildlines:

« Renormalisation scale, factorisation, Merging/Matching scale PDF+a, uncertainties
» Xsection uncertainties for backgrounds without dedicated CRs (Multi-boson & Higgs)
» For Signal, xsection, scale and radiation uncertainties evaluated

e Multi-jet Estimate:

» As discussed previously, take difference in transfer factor using VR-E and VR-F as
systematic uncertainty, also propagate statistical errors from finite data & MC yields in
CRs used to compute transfer factor

2023/11/17 9



Systematic Uncertainties breakdown

 Uncertainties in SRs
dominated by MC
statistical uncertainties

« Jet energy scale and
Multi-boson theoretical
uncertainties also
important
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Relative uncertainty

|— . . Total i
J_ATLAS Preliminary L] rouunceraimy
----- MC Statistical uncertainty *++ Normalisation
- o= 1 3 TeV, 1 39 fb'1 """ Tau identification and energy scale = == MET soft-term resolution
— =+ = Multi-jet background = = = Multi-boson theory uncertainty
0 8 __ Fake Tau estimation = == Jet energy scale and resolution
0 6 B Direct stau channel Intermediate stau channel ;Imermediale Wh channel
C Not dis¢us
04— _l—l_l_ ..... —~
— : ...... : ......
B T°°° " Doooood o S e TR
02F—=--~-= it T 1 '
= ey fTTTTTes S ; prees 1 ka.... P
-— - e = mm et hre s mr o m (] ]
ST forlt ---- S ekt R T RS el VPN
R e LR Meiwise S et s ETPrity S | P ey g
0-5/? R. R. —7? R R SR, R *-é:?t -‘5‘1‘; -EE’-‘ R
8oy “BDr 8Dy 8py. Cy Cy ~Cy, ~C7 ~Cy ~Cy ~Wy Wy
3 Cy c1. N2, N2 N2 N2, e he,
Hiy 03, » OS'HM Ssy y SSupy, M M

Direct Stau SRs

Intermediate Stau SRs



Results

(7)) — T T T T T T T T T =

» Post-fit results: S 105 .- ATLAS Preliminary ¢ Data < SM Total [l Multi-boson = = = m(x, %) = (80, 1) GeV E—
> = -1 ; ; =

© E (s=13TeV, 1391 W+jets [llTop [l Z+ets S 7% = (400, 1) GeV

* Good agreement © 4q¢ L Direct Stau Channel Higgs |~ Multi-jet M. %,) = (400, 1) Ge —
in all VR ©10* = 99 ) , =
seenin a S é = VRs | SRs =

* Small deficit seen 2 ' E
in each of the SRs E_
(max 1.30) =

* Note that there is
significant overlap

between the SRs D:é ST TS T o s s SO AU U U TR TR USROS AU
(particularly =
SR_BDT_2 and R
SR_BDT_B) ‘.I: H H H H H H N H .

2023/11/17 11



Exclusion Limits
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e stau masses up to 480 GeV are excluded
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Ssummary

e Conclusion

2" round target Direct Stau scenario using ML
* First look into right-handed Staus and get contour

* Larger improvement compare with previous result

e OQutlook

e Compressed DiTau Analysis for Run3 & HL-LHC

2023/11/17

SUSY

Conf Note

ATLAS CONF Note y

ATLAS-CONF-2023-029 g
22nd May 2023

EXPERIMENT

Search for electroweak SUSY production in final

states with two 7-leptons in s = 13TeV pp
collisions with the ATLAS detector

The ATLAS Collaboration

Three searches for the direct of staus or g and in final states
with at least two hadronically decaying 7-leptons are presented. For chargino and neutralino
production, decays via intermediate staus or W/ bosons are considered. The analysis uses a
dataset of pp collisions cor ing to an i i of 139 b, recorded with
the ATLAS detector at the Large Hadron Collider at a centre-of-mass energy of 13 TeV. No
significant deviation from the expected Standard Model background is observed and SUSY
particle mass limits at 95 % confidence level are obtained in simplified models. For direct
production of ¥1 ¥; , chargino masses are excluded up to 970 GeV, while ¥} and ¥3 masses
up to 1160 GeV (330 GeV) are excluded for ¥; ¥3/¥7 ¥] production decaying via staus (Wi
bosons). Stau masses up to 480 GeV are excluded for mass degenerate 71 g scenarios and up
to 410 GeV for 77-only scenarios. The first sensitivity to Tg-only scenarios is presented here,
with 7 masses excluded up to 330 GeV.



https://cds.cern.ch/record/2861058/files/ATLAS-CONF-2023-029.pdf?version=1




backup

https://indico.cern.ch/event/1199102/contributions/5423601/attachments/2687303/4662928/ICNFP EWK.pdf
https://cds.cern.ch/record/2688062/files/ATL-PHYS-PUB-2019-033.pdf
https://cds.cern.ch/record/2702267/files/PoS(ICHEP2018)914.pdf CMS
https://cds.cern.ch/record/2647985/files/FTR-18-010-pas.pdf CMS

https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-21-001/index.htm| CMS
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Figure 2: Direct stau signal grid True t,_, ;. efficiency
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https://cds.cern.ch/record/2688062/files/ATL-PHYS-PUB-2019-033.pdf
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Outline

Conf Note

|ntrOdUCtIOn @ ATLAS CONF Note y

TL ATLAS-CONF-2023-029 7

EXPERIMENT
22nd May 2023

Event Selection & SR optimization

Search for electroweak SUSY production in final

Background Estimation & Validation i Sl o O

The ATLAS Collaboration

Fit and limit Results

Three searches for the direct production of staus or charginos and neutralinos in final states
with at least two hadronically decaying 7-leptons are presented. For chargino and neutralino
production, decays via intermediate staus or Wh bosons are considered. The analysis uses a
dataset of pp collisions corresponding to an integrated luminosity of 139 fb™!, recorded with
S u l I l I I l a ry the ATLAS detector at the Large Hadron Collider at a centre-of-mass energy of 13 TeV. No
significant deviation from the expected Standard Model background is observed and SUSY
particle mass limits at 95 % confid

ce level are obtai in models. For direct
production of X1 X7, chargino masses are excluded up to 970 GeV, while ¥} and X3 masses
up to 1160 GeV (330 GeV) are excluded for ¥; ¥5/¥{ ¥] production decaying via staus (Wh
bosons). Stau masses up to 480 GeV are excluded for mass degenerate 7, g scenarios and up
t0 410 GeV for 7-only scenarios. The first sensitivity to Tg-only scenarios is presented here,
with Tg masses excluded up to 330 GeV.

2023/11/17 16
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CMS results

o5 C(:MS 138 fb™ (13 TeV) - 25C(:Ms 138 fb™ (13 TeV) -
. - ;‘ —~ _— —~ ~ .

> PP — T%, % = tX, NLO+NLL exclusion 8 PP =% T T, —TX NLO+NLL exclusion

S, = Observed + 1 s.d. (theory) = = Observed + 1 s.d. (theory)

—_

o
—_
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z2: Expected + 1 s.d. (experiment) Ec“200 :2: Expected + 1 s.d. (experiment)
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SR Yields table breakdown

| SR-BDTI | SR-BDT2 | SR-BDT3 | SR-BDT4
Target Low m3 Mid m ¢ Mid m ¢ High m ¢
scenario Small Am(f,)?{l)) Large Am{f.f’?} Small Am(f,f?)

=2 “medium” 1
Bin 1 BDT1 score € (0.73,0.78) | BDT?2 score € (0.78,0.82) ‘ BDT3 score € (0.79,0.86) | BDT4 score > 0.64

Bin 2 BDT1 score > 0.78 BDT?2 score > 0.82 BDT3 score > 0.86 -
SM process || SR-BDTI | SR-BDTI_bin0 | SR-BDTI_binl || SR-BDT2 | SR-BDT2_bin0 | SR-BDT2_binl | SR-BDT3 | SR-BDT3_bin0 | SR-BDT3 binl || SR-BDT4
Multi-boson 6.6+2.9 33£17 | 33%17 | 41+19 I 1L7£10 | 23x1.l 45121 2011 2513 ||_L8£0.9
Wjets 126 | 11x4 e Lste 1 oarg) Pl 18432 05£05 | o.m_
Top quark 78+25 33+16 | 4519 2.06 + 1.23 1010 | 10£07 37+1.5 2713 1.0+ 0.9 0.16*9:
Zajets 7+6 4x4 | 28223 196£1.07 | 16209 | 04£02 19427 41222 | 0.15:%’—%{
Higgs 0.01 £0.01 0.0%9% 0.0*5% 0.02*G1% 0.0} 0.0£0.0 0.12 £ 0.09 0.1£0.1 0.049,9 0.01 £ 0.00
Multi-jet 4612 22408 24+0.7 002£0.00 | 00200 | 00200 0.02 £ 0.01 0.0£0.0 00£00 || 0202007
SM total | 49215 | 25+10 | 24%£8 || 104 | 59231 | 39x15 | 17x6 | 95 | 82233 | 24z14
Observed Il 36 | 2 | 14 I 4 | 3 j 1 | 7 | 6 | 1 | 1
m(F, %)) =(80,1)GevV || 40314 136+08 | 267=1.1 42104 34204 | 075+0.19 10.8+0.7 8.6+07 2192030 || 0.1320.07
m(7, %) = (400, 1) GeV || 459008 | 1.21+0.04 3.38+0.07 || 9464012 | 208+005 | 7.38+0.10 | 939£012 | 3.69+0.07 570£0.09 || 7.310.10
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* LightGBMAHXS T2 R I E IR TR R HE

F"P"P.‘”!"!—‘

SR LightGBMXE %T%?Eﬁl%&%ﬁﬁ%
’Eﬁﬁ e nghtGBMf ifij{%ﬂ%éﬂ&ﬁ

i%kﬂﬁﬁ%IQMQM%%%ﬂkﬂ@ﬁ%ﬁ,

I\

RNEFLARIE LightGBMAE T X TR KEFIEHHH

oY R

(R AEERAL ],
LightGBM3Z 3 B TE XK Bk B AN TG TE#R,

Rank LowMassBDT Variable HighMassBDT Variable

1 mrz(T1, T2) [Minvisivie = 0 GeV] my(T, T2)

2 mr (71, 72) m12(71, 72) [Minvisible = 0 GeV]

3 Ag(r, EF™) AR(11,12)

4 Ap(11,72) mr2(71, 72) [Minvisie = 40 GeV]

5 Eps prijet)

6 mra(71, T2) [Migisivle = 40 GeV] Migy(T1,T2)

7 AR(Ty,72) Ap(T1,12)

8 Ad(Ty, EPS) N(b-tags)

9 pr(T2) prim2)

10 An(t1, ) E.'IF“’

11 miny (T1,72) Ani(n1.12)

12 prijet;) pr(71)

13 ety Ad(T2, EF™)

14 prit) Ag(ri, EF™)

15 prijety) prijety)

16 Njets) Nijets)

17 N(b-tags) Meff
2023/11/17

BEIS B S R AR IR K AR B SR M = 4451,
FEF MR BIRNEHE, Re TREERMEMZ L8

ET#HT

é/\,

T DU R A FE ORI 45

W&k &

R, AfFA AR,

ERTABERS, BAERGTORATTERE EERERS.
BEOP S AP AR TR A ST HE SR AR Y B .

Parameter LowMassBDT Setting HighMassBDT Setting
Model GradientBoost GradientBoost

N (trees) 500 500
Maximum Depth 3 3

Shrinkage 0.1 0.01

Loss function deviance deviance

80 = my = 160GeV

360 < my < 440 GeV

Signal 1= meo < 100 GeV 1= meo < 40GeV
1 1
TpTr and T T TR TR and 7T
Background Z+Jets, W +Jets, Diboson, QCD Z+jets. W +jets, Multiboson, Top, QCD

Selection (pre-training)

asymmetric ditau trigger (without plateau cuts)
at least two medium taus
0s
AR <4
mr2 = 30GeV
Myis (T, T2) = B0 GeV

asymmetric ditau trigger (without plateau cuts)
at least two medium taus
os
(T, T2) = 80 GeV




First round for Direct Stau

TABLE 1. Summary of selection requirements for the signal

regions.

SR-lowMass SR-highMass

2 ught 7 (OS) 2 medium r [DIS}, =1 nght r
asymmetric di-z trigger di-r + E7™ trigger

75 < E7™ < 150 GeV ET™ = 150 GeV

Tpr cut described in Sec. V
light lepton veto and 3rd medium 7 veto
b-jet veto
Z[/H veto (m(1y,15) = 120 GeV)
|Agp(zy.72)| = 0.8
AR(1y,12) < 3.2
myy = 70 GeV

2023/11/17 20



The model-dependent fits

SM process || SR-BDT1 | SR-BDTI_bin0 | SR-BDTI_ binl || SR-BDT2 | SR-BDT2_bin0 | SR-BDT2_ binl
Multi-boson 6.6+2.9 33+17 33£17 4119 1L7£1.0 23:1.1
Weets 239 12£6 x4 L6t 7 15%16 0.17%1
Top quark 78+25 33+1.6 45+19 21+1.2 1.0+£1.0 1.0+0.7
Zi+jets 7+6 4+4 28+23 2011 1.6+0.9 0.4+0.2
Higgs 0.01 £ 0.01 0.0400 0.0700 0.02:912 0.0401 0.00.0
Multi-jet 4612 22108 24£0.7 0.02 = 0.00 0.0+0.0 0.0+0.0
SM total || 4915 | 25%10 | 248 | 10x4 | 59x31 3.9+15
Observed [ 36 | 22 \ 14 \ 4 \ 3 1
m(F0) =80, )GV || 403+14 13.6£0.8 26.7+1.1 42404 34+04 0.75+0.19
m(F, £7) = (400, 1) GeV || 450+ 0.08 | 1.21+0.04 338+007 || 946£0.12 | 208005 7.38+0.10
Po 0.5 - - 0.5 - -
Expected o2 [fb] 0.21 - - 0.06 - -
Observed rr:’{i [fb] 0.17 - - 0.04 - -

SM process

|| SR-BDT3 | SR-BDT3_bin0 | SR-BDT3_binl || SR-BDT4

Multi-boson 4521 2.0 1.1 25+1.3 1.8+0.9
Wjets 23433 1853 0.5+0.5 o.otg]vfi*f;
Top quark 37%15 2713 1.0+0.9 0.16%]35’
Z+jets 6.1 +£3.5 19427 414+22 0.25*09%
Higgs 0.12+0.09 0.1+0.1 00790 0.01 +0.00
Multi-jet 0.02+0.01 0.0+ 0.0 0.0 0.0 0.20 +0.07
SM total || 17+6 9+5 82433 || 24x14
Observed I 7 6 1 I 1
m(7.%)) = (80, 1) GeV 10.8+0.7 8.6+0.7 219+030 || 0.13+£0.07
m(7,8)) =(400,1)GeV || 9.3920.12 | 3.69+0.07 570009 || 7.31£0.10
Po 0.5 - - 0.5
Expected o [fb] 0.08 - - 0.03
Observed o [fb] 0.05 . - 0.03

2023/11/17

Channel | Direct stau
Normalisation factor | FF
KW +ets | 0.93+0.11
HZ +iets | 0.91+0.07
HTop | 0.85+0.05
MMulti-jet | .
21
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