E'PS Coﬁference on High -Energy Physics
Venice, 5-12 July 2017

Searches for direct pair production of third
ogeneration squarks in final states with no

leptons with the AT'LLAS detector

257
INEN Malano
On behalf of the ATLAS collaboration




-

What we are looking for
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There is a theory that says
that, for each one of you,
there is a partner for you
somewhere out there.

©

Your partner simply

hasn't been found yet.
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The Standard Model

Supersymmetry

Force carriers
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natural SUSY

= [

decoupled SUSY

Light SUSY partners of top and bottom
needed to address SM hierarchy problem
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ATLAS 3vd generation squarks results

<= Covered in this talk :
<= Stop search in hadronic final state, ATL-CONF-SUSY-2017-020
< Sbottom search, ATL-CONF-SUSY-2017-038

< QOther relevant third generation SUSY results from ATLAS in :
< J. Maurier, compressed SUSY searches (earlier this session)

> P. Pani, third generation squarks in leptonic final state (next talk)

< S. Melhase, R-parity violating searches (tomorrow)

< ']. Yamazaki, stop with one lepton, poster session

<= M. Reale, stop searches for 4 body and stealth scenarios, poster session

< L. Longo, stop with two leptons, poster session

= . D. Jones, stop in compressed scenarios, poster session
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neutralino mass

stop search targets
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All signatures have 6 jets (2 from b) and missing momentum

<= SRA and SRB : t ¥"1 decay with large AM. Large

<= SRC : t %Y1 decay with small AM. Top squarks

recoil against ISR, boost enhanced MET

<= SRE : targets gluino decays, large AM
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<= SRD : decays via chargino, no top quark in final
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stop search selections I |
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Preselection : MET > 250 GeV (trigger), at least four jets, MET aligned with |
track ME'T and not aligned with any jet |

| l
f % T T AITL A S‘ T ] g Signal Region TT TW TO s
r > 0 :
| S Simulation Preliminary | > Moy ket.2 2 120Gy |
| - B (5 <13 TeV B o0.04 S i e > 120 GeV | [60,120] GeV | < 60 GeV ;
| ¢ 600 - o b, min 200 GeV
| 3 (tX) = (1000,1) ] < - e
: E B ] Nb—jet =2 !
] — —
l 400 | T-veto yes
! :

L TT _ A¢ jeto’ 1,2’ pmlss > 04
| } 1 o02 Er e |
; i A mJOe P > 60 GeV ;
i 200— - — A AR (b, b) > 1 i

- — 2

B 3 — . m, > 400GeV | >400GeV | > 500 GeV [

= 5 - o s >400GeV | >500GeV | > 550 GeV :

T T L 200 GeV |
200 400 600 800 B o it %
0
My g1 [GEV] AR (b, b) 25012

Event categories with large-radius jet masses |

Selections on MET, M1(b,MET), top reconstructed with small-R jets, AR(bb)
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stop search selections Il |
Small AM selections Chargino selections E
|
Variable | SRCI SRC2 SRC3 SRC4 SRC5 Variable SRD-low | SRD-high §
Nosie: > |A¢ (jet® 12, ps) > 0.4 |
e et Nb—jet 22 |
b—jet ~5 |
NS, = AR (b, b) > 0.8 |
0,6, 1,b ,
Prpl: 300 GeV | > 400 GeV |
p%?? > 40 GeV e o € 2535 = |
. T-veto yes !
ms > 300 GeV 1 |
ph > 150 GeV |
Adisw Zenl P > 100 GeV | > 80 GeV |
4,5 =

2 > 50 GeV s > 250 GeV | > 350 GeV |
Risr 0.30-0.40 | 0.40-0.50 | 0.50-0.60 | 0.60-0.70 | 0.70-0.80 mb-mx > 300 GeV | > 450 GeV |

Recursive Jigsaw reconstruction®, event split in Chargino selections on jet

ISR and stop (S) hemispheres pr, m1(b,MET), AR(bb)
miss m)?O ;
e movigral g . |
Risr peak for signal : Risg = —g ~ — Optimized for two signal |
o
Pt {
benchmarks
* see the talk of PD. Jackson earlier in this session 6

e ————— — e ——————— e |



= = e e i s S s """"—i
i
. |
|
stop search background estimate |
3 ' V,gLL'équeV' gée1|i'rfgipar'y - '/. Data | 3 103'? ' vgiLéqu;ev fgeﬁ;ﬁ‘?afy' ~ enbm 2 40 | | | | | | | | - —
s CRST o gl Top 5 L cArtcamma Z ] é - ATLAS  Preliminary i S,\a/}a}rotm .
5 ! 5 10 = L ~  {s=13TeV, 36.1 fo .
2 & F [ - : + =t ]
C - ] — 7 z =
(@ Diboson 10 . ET\?'e Top — 300— % |
E . E — = . n
o 2 3 L @ Single Top | |
I ) = , % Dib -
1 200 - + %; ) 5 Mlu I(t)ifecitrs] ] !
_ e ————— - 1 |
% e {b,} SN /’/’; R PO S S W 5 N N :
L — ST S R . S —— et |
0 200 400 p1 [Ge\?]OO 200 400 600 p:— [Ge\?i)o i ‘ ;
< Control regions (CR) used to normalize main D Qe reeeeet e _
= E =
O T N @ o SogTT Tt —
backgrounfis i : R 77
< Z,(vv)tjets normalized in Z(ll)+bb+jets e =
A LoF—
selection YRTA LRTAF T4 e 8T8 (3T T YATp VRTe VAW YRzegRep VRze ||
<= Single top, ttbar, W+jets in single lepton
selection (1 or 2 b-jets) < Validation regions (VR) with kinematics |
< ttV normalized using tty selection (one lepton, between those of CGR and SR find good
one photon, 2 b-jets) agreement between data and estimated
background
7
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Good agreement between data and SM |
S, . . Risr for SRC events
expectation 1n all signal regions
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stop search limits
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: : T (") 50 s > ; - A
Top squark pair production, t, -t ) Statistical combination of categories within
N R I ] SRA. SRB. SRC
- C ——— Observed limit (1o, " ) ) ) :
- ATLAS Preliminary |« eer Best expected of the three SR taken for each

Expected limit (+1 ) point.

ATLAS 20 fb™, Vs=8 TeV
&N

s=13 TeV, 36.1 fb™

Beware : limits are typically weaker in

All limits at 95% CL . :
less simplified models

O
annrtay,
"

~~

P m(t) > 950 GeV for light neutralino

400 600 800 1000 1200
m. [GeV]




e TR AR e T e e S e
| |
| |
sbottom search targets |

o1 b '
| # | stable sbottom p = 4 5 ;

; i ~ sbottom-neutralino (bino) simplified model |

g o i i“’ X4 |
l ,.g "' p |
| :;)' 3 Q.b—jets, no lepton, signal regions targeting !
| 8| . bOL-SRC  bOL-SRB different AM |
| ¥ |
| ' |
| bOL-SRA |
| > |
! . . .
| " wino or higgsino LSP, nearly mass-degenerate
| e >)f /i 4 . chargino and neutralino |
| n %QJ g e ~0
l & | sbottom NS b/i ﬁ" X1 . [
| g Q\Q,' y chargino decay products too soft to be reconstructed |
' q )\; 'l

E //4 sbottom to b neutralino adressed by 0L SRs

; Q l'

3 &,  DblIL-SRB ~ ~
| Ft '%Qéj" bb=>tx"1bx" :onelepton, 2b, MET. One lepton |

b1L-SR Ax selection target this final state
> tt=>Dby* tx% has same signature !
sbottom mass 10
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sbottom selections
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Lepton veto, 2b, MET (trigger)
Large AM : large Mcr
Intermediate AM : large m™"(jets, MET)

Low AM : large METT, hard ISR jet, two
softer b-jets with large m(bb)
11
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bOL-SRAX bOL-SRB bOL-SRC b1L-SRAX b1L-SRA300-2j b1L-SRB ‘

Lepton veto No e/u with pt >10 GeV after overlap removal Number of leptons (e, i) 1 1 1 '

Njets(pr > 35 GeV) 2-4 2-4 - Nieis(pr > 35 GeV) 27 =2 59 ;

! Niets(pr > 20 GeV) . - =5 b-jets any 2 j1 and j» any 2 f

pr (1) [GeV] > 130 > 50 > 500 EX [GeV] > 200 > 200 > 200 !

pT (]2) [GCV] > 50 > 50 > 20 E{FniSS/ ‘/H_T [ (GCV%)] > 8 > 8 > 8 .

] prGa)[GeV] <l : - mn [GeV] <170 <170 <170 l

il (Ge] = 3 _ SaA AN S T (Et R E )] > 0.4 - > 0.4 i

I b_ifstss j1 and jp any 2 J2 and (j3 or j4 or js) min[A¢>Get1_2, E’ITnlSS)] e > 0.4 >3 l

, Lol V] >250 >250 > 500 amr[GeV] > 250 > 250 > 200 |

: Ex™/mes 43 >0.25 ; 3 mr [GeV] > 140 > 140 > 120 :

| el B ] G L - mps[GeV] > 200 > 200 <200 ;

| zlml[ngﬁé—z’ il : % 22 meg[GeVl > 600,750 > 300 > 300 |

: Pl < - miin (bjet,_y, EMS) [GeV] 2 = > 200 :

| S ) <25 ; AG(by, EMsS) ~ = > 2.0 |
i Ad(j1, ET™) - - > 2.5

| myp[GeV] > 200 > 200 |

: mer [GeV] >350, 450, 550 2 a 3 :

| oot £7% (Gev) : . 250 : One lepton, 2b, MET (trigger)

! meg[TeV] 2 > 1.3
| A > 0.8

One bl pair consistent with top decay (mp <

mtop>

—

Large m1(I, MET) suppresses W+jets,
semileptonic tthar

Large AM : large m(bb) and amt»

Low AM : small m(bb), large amry

b




Number of Events

10°
10*
10°
102

10

107"

control region composition and normalization factors

sbottom background estimate

<= Each SR has its own set of CRs to normalize main backgrounds

< 7/(nn) normalized from Z(ll) selections

< tthar, single top, W+jets normalized in 1-lepton selections. b-jet multiplicity (1
or 2), mph, mp™" separate the three processes.

< VRs check modeling of variables used to extrapolate from CR to SR

| | | | | | | | | | | | | | n
i y . £ 10° . .
ATLAS PreI|m1|nary « Data #<SM Total [ Z+jets 0 ATLAS Preliminary o Data ~<SM Total [ Z+jets
Vs =13 TeV, 36.1 fb’ Bl W-ets i Others Mt +V w10t Vs =13 TeV, 36.1 b I W-+ijets Wi Others  MNtE+V
[ SingleTop [t o [ SingleTop mmtt
o 10° ,
o]
e
=)
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bo“cﬁs;,: OL‘CI?W:OL’CRH:OL'Cl?z,quL ‘C/?w; % ‘C/?neboL ‘C’?zsboL ‘Cﬁwcb % ‘C’?trcbOL ‘C’?zcb IL"CHftAbOLC’?S; u.c/?ffsb IL"C’?SI; "o W 8
6
CRA CRB CRC " CRA CRB 3
| c
pz 1.33+0.20 hz 1.520.07 uz 117 +0.149 v
[] Q
1 o
e 1.03 £0.21 He 1.33 £0.21 My 0.66+0.18 ' pe 1.07+0.04 pu 0.97 +0.05 =
; bOL'VFfm boLVRmb boL"/HftB boL‘VHZB bOL‘VHttc bu‘l//:,-a bILVRmb b“"”*% blL‘VHa
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sbottom results
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= ATLAS Preliminary « Data ~SMTotal [ Z+jets 3
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background estimate

Agreement between observation and
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sbottom limits
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Bottom squark pair production, 61 —b 5’(?

RIS (i (4 (SUSY
TLAS Pre"minary ------------ Observed limit (1 o, )

theory

Expected limit (1 o)

A
Vs=13 TeV, 36.1 fb”!
B ATLASET™ + 2 bets, 20.1 b, V5=8 TeV ]

ATLAS ET° + 2 b-jets, 3.2 fb™, Vs=13 TeV.

Best bOL SR

. )
&
i |“! IR N N
200 400 600 800 1000 1200
m. [GeV]

Bottom squark pair production, 51 —b 5‘(? /1 5‘(: at 50% BR

o —— e e o e o = o  ——— o-.--g.——“‘.~__]

. — - ——

P—

;‘ 800 _| T 1 | T T T | I T 11 | T T | T T T | I T 11 | T T T 1 | T T 1 |_
() L o _— susy,
(2, : ATLAS Preliminary vv— Observed limit (11 Otheory) :
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600 - N C LR Best bOL limits (exp) ]
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400 |- —
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200 —
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conclusions
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<> Searches for sbottom and stop tt, production, t,— b f f i?/i—) c i? /t—> Wb )’Z? It i? Status: May 2017
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1n hadronic final states have > - i

: 3 : 8 700— ATLAS Preliminary 1s=13 TeV —

grven results consistent with ~, T Bt Wby 0L 36.1 b [CONF-2017-020] .

SM expectations. Ec‘)“"— ~ =ity /to Wb /isbify) 1L 36.1 fb"' [CONF-2017-037] .

e . 600— Bl i-t% /i->WbY /T-bIt% 2L 36.1 o' [CONF-2017-034] —

< Limits on the 3rd generation - oA LT R -

ts on the 3rd generatio L ooy Monojet 3.2 fb™! [1604.07773] i

squark masses close to 1000 T S yse8TeV, 201" Run 1 [1506.08616] .

: : 500 }— —
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500 GeV for compressed mass - S Kar' o .
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< The search for SUSY ; -

continues. .. 300— ]

200}— -

;,Btr ‘ i

;w L\

According to this theory, there is Unfortv.:lr:lately,‘(tjhere i? no So SUSY is probably wrong and 0 —l 1 ‘ 1 I L1 11 I L1 11 I L1 11 I 1 (1 l L1 11 I 1 |I | T
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