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GENERIC 3G ATLAS SUSY SEARCHES:
o Search for direct production of stop/sbottoms
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3G: StOp 1 LeptOn ATLAS-CONF-2016-007

Mild excess observed in SR1

* Two models considered (with 1L* from a top decay )
gg—tt iix

o Tt > tt L p

t
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t . X1
;o W
p
t

* Main backgrounds come from tt, SingleTop(Wt), tt + Z(- vv),
W-+jets and DiBoson (VV)

* SRs are differ with EF*SS and leading fat jet requirements + more
o See backup for more detail

*lepton == electron or muons, not hadronic taus!
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3G: Stop 1 Lepton

* Limits set on the gluino, stop and neutralino masses
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mt2(PT.1, PT.2s PT°) = min __ {max[ mr(pr.1. qr.1), MT(PT.2, qr.2) 1}
qr. 1 +qT.2= PT

3G: Stop ) LeptOn ATLAS-CONF-2016-009

* This analysis considers the scenario in which direct stop production results

b
in a final state contammg large E7***° and two leptons (OC) D W
o tt - bb Xl 71 where m(t) — m()Zli) > m(b) 7 0
- - -~ ~ Xl

* Main backgrounds come from tt, Diboson(VV—2>Ilvv), Other Multi V, tt + - Xi
V, Others from fakes, higgs, Z+jets 1

~
o e ~
* Control regions for tt and SF leptons E ~ X1 92(1)
« My, (1) variable used to discriminate signal from background P
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3G: Stop ) Lepton ATLAS-CONF-2016-009

Chargino mass = stop mass — 10 GeV Chargino mass =2*neutralino mass
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Long Lived

R=0mm
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o

[¢)

o

R-hadrons composed of gluinos/stops/sbottoms with life time O(ns) (meta-
stable) and life times >50ns (stable — escape detector)

Direct detection from: Pixel lonisation energy loss (dE/dx)
o Analysis improved with new insertable b-layer (IBL)
Interpreted in terms of mass, cross-section, life-time

Existence favoured by split-SUSY
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LLPs: Massive Long Lived Particles Paper submitted to PRD: 1604.04520

* “Mass” can be determined by solving Bethe-Bloch distribution,
MPV of the LLPs’ By Improvement with IBL on

pl p ﬁ C .-
— 5 O e e
(dE/dx)mpv(By) = ——In(1 + [p2By]™) — p4 8 r el ATLAS
ﬁp_z 5107 o~ gl (s=13TeV
. ) . s F | . v Data Pixel w/o IBL
o p; — calibration constants from low momentum pions, kaons, protons § [ o o e Data Pixel
= . A MC Pixel w/o IBL
* Two SRs for stable and metastable LLPs - . S -~ MC Pixel
I I | _.J:'__L““i
> High ionisation requirement 107 :—J o
o Large EF¥S$>130 GeV E ol I
B Lo T
° p > 150 GeV 107" - R
> Muon veto for metastable - el L
10°E Riag 4# -
3TIII|II\IllIII|IIII|\III|IIII|III\llllll—r_
0 0.5 1 1.5 2 25 3 3.5 . 4
 Background estimated in a data-driven way, taking the shape of dE/ax [MeV g cm’]
key variables in two control regions
° |Inverted ionisation requirement
o Inverted EFYSS
09/05/2016 PHENO 2016 9



http://arxiv.org/abs/1604.04520

LLPs: Massive Long Lived Particles papersubmited 1o prO

: 1604.04520

g R-hadron — g/qq 5{? ; mz° =100 GeV

Status: March 2016
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0] ~ 95% CL limits. o305 not included Observed
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Conclusions

* Brief overview of the (so far public) Run-Il searches for 3G SUSY and LLPs

» Third Generation searches for supersymmetry - direct pair production of stop and sbottom
o Searches in 0 lepton final states for sbottoms ATLAS-CONF-2015-066

o Searches in 1 lepton final states for stops ATLAS-CONF-2016-007
o Searches in 2 lepton final states for stops ATLAS-CONF-2016-009

* LLPs — (meta)stable massive particle searches for R-hadrons 1604.04520

 https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

 Lots more 3G and LLP analyses to be published within the next year
o Stay tuned!
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ATLAS SUSY — This Talk

Prompt

R-Parity-Conserving

gen. stop, ?WK'
squarks, | sbottom INos,
gluinos sleptons

Long-
Lived
R-Parity Violation
Various
RPC RPV anges of
prod. prod. ifetime
RPV RPV
decays decays

I’ll be focusing on Run-Il results
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On average we see 14 p-p interactions every 25ns
What we see Not all is recorded, only “interesting”

Transverse slice of the detector

. Emiss
. . T
* Tracking/Measuring > Missing transverse

momentum

Muon
Spectrometer

° Neutrinos or mystery

* Toroid Magnet } particles ?? Dark matter??

* Muons
Neutn?o: ° Jets
. o Cascades of particles in the
* Measuring detector
° Energy deposition - sl v i o Arising from hadronisation of
o Amount of curvature ‘ 3 partons
in magnetic field : s
& Proton I 7 * Electrons
( Netjtron v,;’ ."
s Electromagnetic -: / ."‘
. Calorimeter \ . _-'Eluc!ronv'
* Solenoid Magnet } XPhoton A s * Photons
Solenoid ﬁiﬁ?ﬂiﬁi \ : ,: 2
Transition -
1 Radiation
e TI"aCkIng Tracking Tr:)f'ki(:Ir(

Pixel/SCT
detector o
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Run-| Legacy

* Combined limits * pMSSM scan
ATLAS \s=8TeV,20.3fb"
if, production, > b 17/ T ¢ T /T Wb T/ Tt T = 2000 3
S‘ 450|_| T T | T 11 | L | L | L | LI T T 1] 8 -g
o - ATLAS 1s=8TeV, 206" S 1 & [S)
O, - et {0LML combined 3, ) n
Ses 400 -?,—>ti1 t2L, SC T g 1500 (%)
& C EEioWbILHE  ww E g
30l SHi- Wb, tt el =
e . 0576780 190 200 270 =
300:_ B iobiry te, t1L m; [GeV] 1000 E
— = Observed limits ---- Expected limits All limits at 95% CL ] O
250{— = @
- . 500 i
200{— — I
150:— = O_ Y 1 -
- . g T
100} — Sparticle
50 — . . .
o *Much more interpretation to come in Run-|
0 T R~ e PMSSM, mixed BR simplified models etc.

m; [GeV]
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Sbottom OL

Variable

SRA SRB

Event cleaning
Lepton veto

E%l]SS

Leading jet pt(j1)
2nd jet pr(j2)
Fourth jet pt(j4)
’ﬂ‘-ﬁ{nin .
A1, EF™)
b-tagging

E %‘iss [ megt
MCT

Mpp

Common to all SR
No e/u with pt > 10 GeV after overlap removal

> 250 GeV > 400 GeV
> 130 GeV > 300 GeV
> 50 GeV > 50 GeV
vetoed if = 50 GeV
> 0.4 > 0.4
- > 2.5
J1and ;2 j2and (j3 or jg)
> (0.25 > (.25
> 250, 350, 450 GeV -
> 200 GeV -

Variable CRzA

CRittA CRstA CRwA CRzB CRttB
Number of lep. 2 SFOS 1 1 1 2 SFOS 1
Lead. lep. pr [GeV] > 26 > 26 > 26 > 26 > 26 > 206
2nd lep. pr [GeV] > 20 - - - > 20 -
myp [GeV] [76 — 106] - - - [76 — 106] -
mt [GeV] - - - > 30 - -
Lead. jet pr(j;) [GeV] - > 130 - > 130 50 130
4th jet pr(ja) vetoed if > 50 GeV
b-tagged jets Jrand j»  jrand j» jpand jp Ji J2 and J2 and

, (jaor js)  (j3or ja)

ET"™ [GeV] < 100 > 100 > 100 > 100 <70 > 200
ERSS<Or [GeV ] > 100 - - - > 100 -
mpp|GeV] - < 200 > 200 (mpj) > 200 - -
mct [GeV] > 150 > 150 > 150 > 150 - -
myy" [GeV] - - > 170 - - -
Ad(jr. ET™) - - - - > 2.0 > 2.5




Sbottom OL

CR CRzA CRwA CRutA CRstA CRzB CRttB
Observed events 84 540 255 54 55 181
Fitted bkg events 84 +9 540 + 23 255+ 16 54+7 55+7 181 + 13
Fitted #f events 47+14 123 £ 29 169 + 25 83+38 14+ 4 150 £ 15
Fitted single top events 0404 49 + 25 27 £ 13 22+ 8 04+02 16.8 £2.9
Fitted W+jets events - 350 £ 47 3217 23+6 - 126 +4.9
Fitted Z+jets events 75+9 5.0+1.6 23+05 - 41 £8 03+0.1
Fitted “Other” events 36x13 11.7£2.1 44+09 08+04 - 1.3+0.6
MC exp. SM events 5 491 283 56 49 196
MC exp. it events 5.7 148 204 10 15 166
MC exp. single top events 0.5 62 34 28 04 17
MC exp. W+jets events - 266 40 17 - 12.6
MC exp. Z+jets events 45 3.0 1.4 - 33 0.2
MC exp. “Other” events 3.6 11.7 4.4 0.8 - 1.3

= T T T = = —TT —
3§80 ATLAS Preliminary o Dats E 3 ATLAS Preiimi .
= 70 5=13TeV, 3.2 SRS SM total = s 40 = 13Tm s SM total
___m_ TR [ = hl"'j 35
» goEiiE: B Single top E -
£ B0 e - 2.
2 50 W jets E q
- e E @ 25
40 CRzA = 20
% E 15
20 A R _; 10
10 4 = 5
[yl I .. o Lk L . - 0
E 2: % 2: | +
SR e o S By
§ 1 i § 1 ; 4 | ¥ et i l

F C f 1
PO T TN N TN T T T T N T N O S T O T T W N T N T O O T N N T Y T O N 1 {Jll|||||||||||||||||||||||

t‘?ﬁ{] 200 250 300 350 400 450 500 550_ 600 100 200 300 400 %U-D . g?ﬂ
Mg [GaV] P, leading jet [Ge




Sbottom OL

> 45: T T T | T T T T | T T T T | T T T T | T T T T | T T T :
) 40E ATLAS Preliminary e Dats =
o F 5= 13 Tev, 32 B SM fotal =
s R I g 3
- 35F R B N Single top =
2 F N s [ Others 3
c 30 B S W+ jets =
2 E 7+ jets 3
WoosE T reramge
= SRA250 3
20E =
15f- 3
10f- 3
5F- . 3
E — —
D -
= 2¢
w E |
§ 1_ L Lo, sk S + """ + """""""""""" INNINAR
PR SR [ ST TR SR TR NN T TN T TR [ SO SN TN N [N SO TR TN T N SR S S
DD 100 200 300 400 500 600
M [GeV]
} 35__! T T T | T T T T | T T T T | T T T T | T T T T | T T T I__
& - ATLAS Preliminary . D= 3
Q30g s iaTev.azb T F =
—_ - B Single top —
8 o5 [0 Otners -
= C I W + jets m
g C Z+ jets =
w 20 —— — m(BYTO0, =1 -
E SRA250 =
15 —]
10E SN
5
ok
=
w E
o 1__ _________________________________________________________________
v I L e i I { ]
o F + 1 | 3 1 T T
D L PR [ T TN TR TN NN LN Y TN TR [N SN SN NN NN (N1 SN SN SN SN NN LA S R
0 100 200 300 400 500 600

m,, [GeV]

Signal region channels SRA250 SRA350 SRA450 SRB
Observed events 22 6 1 5
Fitted bkg events 408 05+£26 22+006 13.1+3.2
Fitted #f events 09+04 037+0.16 0.06 £ 0.03 59+24
Fitted single top events 21+13 0.54 £0.37 0.15+0.10 1.2+£08
Fitted W+jets events 63+24 1.3+0.6 0.41 +£0.23 1.2+0.6
Fitted Z+jets events 30+7 T.1+24 1.5+0.5 33+14
(Alt. method Z+jets events) (33+7) (7.2+1.9) (2.7+0.9)
Fitted “Other” events 0.7+0.6 0.1+£0.1 0.02 £0.02 14+£04
MC exp. SM events 27 6.5 1.5 13
MC exp. tf events 1.1 0.45 0.07 6.6
MC exp. single top events 2.9 0.7 0.20 1.2
MC exp. W+jets events 47 1.0 0.31 1.2
MC exp. Z+jets events 18 4.2 0.9 27
MC exp. “Other” events 0.7 0.1 0.02 1.4
= LI L B B N L B L L BB = = F LA L B B B L N L L L L =
3 ATLAS Preiiminary o Du E 8 | ATLAS Preliminary s D ]
2 15=13TeV, 321 wﬂ_ . 3 5:_ 5= 13 TeV, 3.2 ﬁ& —:
— I Single top - —_— L B Single top ]
£ — v . £ ap N e =
Lﬁ 51(:"1;?::9. m(E3)=300 B Lﬁ ; §§: §§§ fn[LJ}i?m m(z)=300 E
= 3 — © | sRB e
_; 12_ il . ‘\'\Q\Y\\‘\\\\\\\: . \_:
s 2F = 2]
2 E i 2 E
5 15 L LU LU UL L] LU CULCU T bl L L. U= 1] """""; """""" O T T T T
E E | + | i | 1 1 | 8 E | 1 1 | | |
950 200 350 400 450 500 E?ngs [Ges?o %0 200 300 400 500 %qua it (G50



Stop 1L

Common event selection

Trigger E%““ trigger

Lepton exactly one signal lepton (e, ), no additional baseline leptons.
Jets at least four signal jets, and Iﬁﬁj(ietf,ﬁ"{”“)l =04 fori e (1,2}
hadronic 7 veto events with a hadronic T and m7.,, < 80 GeV.

Variable SR1 TCR1 /WCR1 STCR1

=4 jets with pr > [GeV] (80 50 40 40) (80 50 40 40) (80 50 40 40)
E]'l‘jss [GeV] > 260 > 200 > 200
H{E'fl; > 14 >3 > 5

my [GeV] > 170 [30,90] [30,120]
amr2 [GeV] = 175 [100,200] /= 100 =200
HOPHESS > 6.3 > 6.3 = 6.5

rr:-t’gp [GeV] < 270 < 270 < 270
AR(b,£) < 3.0 - -
AR(by.by) - - > 1.2
number of b-tags =1 =1/=0 =2

>

)

O,

oy Nb-jets =0
3

© ] Nb-jets = 1
200 . Nb-jets =2
175 N2

/L
05000 12077 micev]
WCR |WVR|  WVR-tail
100 -
A

0 100



Stop 1L

SR2 TCR2 /WCR2 STCR2

>4 jets with pr > [GeV] (120 80 50 25) (120 80 50 25) (120 80 50 25)

ETS [GeV] > 350 > 250 = 200

HP{:; = 20 > 15 =5

mt [GeV] > 200 [30.90] [30.120]

amgy [GeV] = 175 [100,200]/ = 100 = 200

AR(b,£) <25 — —

AR(by.b7) — — > 1.2

number of b-tags =1 =1/ =0 > 2

leading large-R jet py [GeV] = 200 = 200 = 200

leading large-R jet mass [GeV] = 140 = 140 =0

ﬁg.ﬁr(ﬁ"l?i“.ﬂndlm'ge-Rjet} > 1.0 > 1.0 = 1.0

SR3 TCR3 fWCR3 STCR3

=>4 jets with py = [GeV] (120 80 50 25) (120 80 50 25) (120 80 50 25)
E{!‘i"s [GeV] = 480 = 280 > 200
H{PL“;E > 14 > 8 > 3
mt [GeV] = 190 [30,90] [30,120]
ampy [GeV]) > 175 [100,200]/ = 100 = 200
topness [GeV ] > 0.5 >0 > 9.5
AR(b.£) <28 - -
AR(bi,b2) — - > 1.2
number of b-tags =1 =1/ =0 =2
leading large-R jet pr [GeV] = 280 = 200 = 200
leading large-R jet mass [GeV] =70 =70 =70
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Signal region SR1 SR2 SR3
Observed 12 I |

Total bkg 550+0.72 | 1.25+0.26 | 1.03+0.18
i 2.21£0.60 | 0.29£0.10 | 0.20 £ 0.07
Single top 0.46 +0.39 | 0.09 £0.08 | 0.10£0.09
W +jets 0.71 043 | 0.157%1% 1 0.20 £ 0.09
i+ W/Z 1.90+0.42 | 0.61£0.14 | 0.41£0.10
Diboson 0.23+0.15 | 0.11£0.07 | 0.12+0.07
if NF .10+ 0.14| 1.06£0.14| 0.80%0.13
Single top NF 0.62£0.46| 0.65+£0.49| 0.71+0.42
W +jets NF 0.75+0.12| 0.78+0.15| 0.93£0.12
i + W/Z NF 1.42+0.24] 1.45+0.24| 1.46=0.24
Po 0.0123 ) | 0.50 (0.00) | 0.50 (0.0 )
Npmit o pexp. (95% CL)|  6.473% 3.6 3.543
Nlimit obs. (95% CL) 13.3 3.4 34
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* CRT, populated by DF events with 60 GeV < my < 110 GeV, pf{ > 30 GeV, R1 < 0.4. This

> g LA L D LS I AL L L I AL B B

& '07 ATLAS Preliminary . g;tad A Model . . . — ) )

2 0B oy e (i) region is dominated by 77 events with a purity of 87%.

£ 10 Ys=13Tev, 321"  — 4 I other multi-V’

0 4ot [ single top [ Higgs . . . .

i B Reducible [ 1V * CRSF, populated by SF events with a lepton invariant mass in the 71 — 111 GeV range,

mTt> > 110 GeV and R1 > 0.3. This region mostly contains diboson events with two same flavour
leptons in the final state.

@ —— — —
P —————————— — ‘E'Io‘s; o e Data é
g4 | = =
& 10°E ATLAS Preliminary e Data = g = E ATLAS Preliminary .-/~ Standard Model 5
8] o L Standard Model 3 w - ) —
% CRSF I Z+jets Vv (v . 10° = C_R_T . — tZT"JetS V(v
B s V3=13Tev, 321" C—f [ other multi-v__| £ Vs=13TeV, 321 — @ other multi-V: =
10 Sinal B = — [ sSingle top [ Higgs —
0 L_] Single for I Higgs 3 10 - B Reducble [tV =
D% [GeV] I Reducible [T ttV 3 E E E
2 . LA A AL L N B L AL LB LI I = = =
@ 10° =" ATLAS Preliminary e Data = _ 102 S— e
g E < Standard Model -
y C CRSF I 7tets B vV ) 10 =
L [ {s=13Tev, 32" it ] other multi-v | 3 10
g 107 —/3 Single_top I Higgs ] ]
w E I Reducible [T 1tV 3 |
= | 3 1
B N 0 M= T % T 7 o 14r ' ' ' ; .
ol - 212077777 7777 7/ - S 12b T
E = Bl (P77 7 77 77 T 7 777 77 7 77 77777 77 7 a7 77777 77 777 I ] ] | o . > Z LR, I
E 3 O Q8 @ g e Vo - © ‘_ﬁ + 1 ]
- 7 9 o6t v [ 1 - S oeF . . . . . : :
S O W . v = 0 0.1 0.2 03 0.4 0.5 06 =207 0 0.1 0.2 03 0.4 05 06 =07
= R1 R1
U 1.4 I I | z 7 T T _‘_ |
= 12r | / |_l_‘—} .......... =
s 1 AT T, WA
80.8— I_l_*_}l =
06 11 L L L L
20 40 60 80 100 120 140 160 180 = 200

my, [GeV]



LLPs

—
o

. ATLAS

3. Data 2015, Vs = 13 TeV

w
|II_II|IIII|IIII|IIII|IIII|IIII
—
o
E=S

dE/dx [MeV g”' cm?]

4
|II| [ 1 I|I|||-

—
o
(5]

III'-I '=I|'Ir

-1000 -500 0

A S |'| - .JI:H |
1500 2000 2500
q p [MeV]

T AUl ol i

500 1000

0 w|"| "|'|'

-2500 -2000 -1300

(dE/dx)mpy(By) = I

P1

~In(1 + [p2BY1”) = pa




LLPs

Selection region Background exp. | Data
Metastable R-hadron | 11.1 £ 1.7 +0.7 11
Stable R-hadron 172 +26+1.2 16
* Metastable SR
Selection level Exp. signal events | Observed events in 3.2 fb~!
Generated 26.0 £ 0.3
E?f“s trigger & preselection 24.8 + 0.3 (95%)
EF™ > 130 GeV 23.9 £ 0.3 (92%)
Track pt > 30 and cluster requirements 10.7 £ 0.2 (41%) 368324
[solation requirement 0.0+ 0.2 (35%) 108079
Track p > 150 GeV 6.6 £ 0.2 (25%) 47463
mt > 130 GeV 5.8 +0.2(22%) 18746
Electron & hadron veto 5.5+ 0.2 (21%) 3612
Muon veto 5.5+0.2(21%) 1668
lonization requirement 5.0+ 0.1 (19%) 11




LLP Source of uncertainty [90]
S Statistical uncertainty from control region templates 15

Statistical uncertainty from normalization region 3
* Control regions Analytical description of dE/dx 4
° Inverted isolation requirements and met Particle species composition of CR2 3
IBL ionization correction 4
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* 95% CLs low limit on gluino masses
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