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Shortcomings of the Standard Model

= Unification of gauge couplings
= Dark Matter candidate
= Hierarchy problem

= Neutrino masses
= Quantum Gravity (10d string theory)
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— Supersymmetry can explain all those questions
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Why searching for top squarks at the LHC?

The Higgs is unnaturally light!

my = 125 GeV
with mEI = (mzl)bare + 5ml%
!
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— Fermionic and scalar contributions
cancel exactly if SUSY is unbroken

07/20/2017

Remaining contribution after SUSY
breaking:

2 2, 2 A
omg, ~ —y; Mop 1N ( )

Mstop
(one-loop-level)

where A is the energy scale up to
which the theory is renormalizable

— Mstop should be in the TeV range

Nicolas Kohler - Search for top squarks with ATLAS 3/13


mailto:koehler@mpp.mpg.de

Introduction T— 0ot analysis Top reconstruction Results Summary
000800 oo 0o oo o
(2

Simulated SUSY processes

= The MSSM has 105 free

parameters
— Use simplified models where m;, E A
mfc(f and mili are in the TeV : W
range, but the other sparticles
are decoupled with higher :
masses 9
= Stops described by these i Tn
models are accessibleto 77T by T
searches at the LHC __H
= Assume R-parity conservation natural SUSY decoupled SUSY
" Assume my, > my, JHEP 1209 (2012) 035
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Top squark (t;) decays

Assume only 2 decays are possible:

¢ b
+
P : P ) : :W
i 70 t <o X1
TS - Tl .
- iﬁv XY 7 X4
p P —
t b

~ S ~ -+
BR(t—H—i—X(l]) =1-BR(t—b+X1)
— Search for signatures with either 0, 1 or 2 Leptons
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production,f,— b %0 /T,— ¢} 1T~ Wb /Tt
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 CombinedSummaryPlots/SUSY/index.html
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The full-hadronic decay channel (t — bggX1)

= | epton veto leads to good background

V =
T
\
ﬁ
> =
—O

S~a X0 suppression
p ! t ;:W \j q = Remaining backgrounds:
b q - t+Z (Z — vv)
-- Z+jets (Z — vv)
bq -- ft — bbgqlv (missing the £)
p q = Full reconstruction of top quark due to
f/ e 0 full-hadronic W-decay
& Q — Bothf— t+ X{ andf — b+ X1 are
P q accessible
q
b
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Select events of interest b q
D oy q
t W 0
= Veto against leptons - (1)
- X
PN !
D q
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Select events of interest b g
p q
_ 1
b W 0
= Veto against leptons o ~(1)
= Large missing transverse energy t \t W X1
(ET'S® > 250 GeV) p q
b q
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Select events of interest b q

= Veto against leptons

~S - "0
= | arge missing transverse energy t " w a
(ET'S® > 250 GeV) p q

= At least 4 jets (R = 0.4) with b q
pr > (80, 80,40,40) GeV
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Select events of interest b q

= Veto against leptons

- =0
= | arge missing transverse energy t " w a
(ET'S® > 250 GeV) p q

= At least 4 jets (R = 0.4) with b q
pr > (80, 80,40,40) GeV

= At least 2 b-jets
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Select events of interest

p
t
= \leto against leptons z
= Large missing transverse energy t
(ETs® > 250 GeV) p

= At least 4 jets (R = 0.4) with
pr > (80, 80,40,40) GeV
= At least 2 b-jets

— Reconstruct top quark
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Select events of interest

= Veto against leptons
= Large missing transverse energy

(ET"® > 250 GeV) P
= At least 4 jets (R = 0.4) with

pr > (80,80, 40, 40) GeV

= At least 2 b-jets

— Reconstruct top quark

-+ More discriminating variables
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Select events of interest b q
p oy q
Lol @
= Veto against leptons - i
= Large missing transverse energy t h W X
(ET*s > 250 GeV) P t q
= At least 4 jets (R = 0.4) with N ‘ ‘ b q
pr > (80,80,40, 40) GeV R L
3 2 & oo
= At least 2 b-jets & soool = ]
S |
— Reconstruct top quark C ]
-+ More discriminating variables , L

ATLAS-CONF-2017-020
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Reconstruct top quarks: Jet reclustering

= Higher centre-of-mass energy can lead
to strongly boosted final state objects

b q
P ¢ q = Full-hadronic top quark decay products
f’ - 1 0 can be collimated
T~ = W — Use large-R(adius) jets (R = 1.2)
t <
p t q
< 800 1)
b4 3 ¢ ATLAS £
Low t % L Simulation Preliminary 2
ow top pr 7 600 5 =13 Tev 004 £
N (%) = (1000, <
eI
w 400(—
[ i B 0.02
200— —
b - |4 l
L W y
htto: . 0 e R L 0.00
ttp://www.quantumdiaries.org/author/ 200 400 600 800
emily-thompson/ mjoe(, rer [GEV]

ATLAS-CONF-2017-020
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Reconstruct top quarks: Jet reclustering

= Higher centre-of-mass energy can lead
to strongly boosted final state objects

= Full-hadronic top quark decay products
can be collimated

> Y >
‘{~W W — Use large-R(adius) jets (R = 1.2)
t

p q
< 800, a
b4 3 r ATLAS £
Low to % L Simulation Preliminary g
PPT 7 600/— s=13Tev 0.04 =
@ 2 2
5 (%) = (1000,1) z
£ L
w boost 4001—
F TT
L 4 —0.02
200(— -
b E 4 ]
L W J
0 w10 . 0.00
http://www.quantumdiaries.org/author/ 200 400 600 800
emily-thompson/ mj’el r12 [GEV]

ATLAS-CONF-2017-020
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Reconstruct top quarks: XQ—method

mj—my,+
1%
— Define W* candidates

‘ mbwj: —mt

= Minimize for all jet pairs jj

= Minimize for all b-jet W™ pairs

— Define top quark candidates b
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Reconstruct top quarks: XQ—method

= Minimize n% for all jet pairs jj
wt
— Define W* candidates W
= Minimize ”%jm‘ for all b-jet WF pairs
b

— Define top quark candidates

Reconstruct top squarks:

b q
= Both X} of  — ¢+ X decays contribute to E7'® » . q
i - AU
=mi,= min {max {m%(ql,t),m%(qg,t)}} o 0
q1+g2=EP i 0
splits EMSinto 2 X} , P
q
— Top squark candidates are build b q
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After applying all cuts to supress SM backgrounds

ATLAS-CONF-2017-020

s s : ‘ Out of >6 billion recorded events:
R Rt 2 oo 1
g [T =: 1 Observed data events 18
T =7 | TotalsM 18.7+ 5.40
13 — - Graon e ] Z+jets 9.8+ 3.90
r ] Single top 2.94 3.10
£ e i W /z 2,61+ 0.64
% 1o W+ijets 2.0+ 0.96
/ it 1.314 0.71
® e’ Multiets 0.12+ 0.07

— No excess over SM expectation found

g t
q > Z .
(VVVV — Use data-driven
) b - methods to estimate
e o000 - SM backgrounds
q / b b w- g
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Set exclusion limits

Top squark pair production,?l -9 ;’:

90 T i T T
ATLAS-CONF-2017-020 e e Observed limit (+165°"
& EATLAS Preliminary served it 1.0,y
2 R S g0k )
g ATLAS  Preliminary o Jna é5<“800: Expected limit (+10y,)
@ \5=13 TeV, 36.1 fbo! E Vs=13TeV, 36.1fb™" 3
700 — —
[ Alllimits at 95% CL ATLAS 20 fi”, f5=8 Tev ]
600 - E
500 }SRA+SRB+SRC E
400 =
300 =
. 200 E
= £ 3
8 . —
If ]
R4 73R4 75576136108 13RCs SRez Ry SReg SRes SRo. R0 e 0 t .|

200 400 600 800 1000 1200
m; [GeV]

— No excess over SM expectation
found

— Exclude top squark masses up to
950 GeV (for mgo < 300 GeV)
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Conclusions
T, production, T~ b £ /G- ¢ i/ T- Wb /T- tR) Status: May 2017
Presented search for top squarks 3 ook ATLAS e T T
. g C 7?14 .?;/?‘, Wn;‘jry OL 36. 1fb"[CONF720177020] |
= (04 channel allows top reconstruction B ol DR s cow 2o ]
- B 1,)ur Wh /G- brrk] ;L;j:(m‘[c?NFrzoﬂrt;aA] *:
= Results published with 36.1fb~ ! of = g
LHC Run 2 data ?— Observed limits Expected limits All limits at 95% CL. E
400 -
0 Lepton: ATLAS-CONF-2017-020 F ]
300— ]
1 Lepton: ATLAS-CONF-2017-037 g 1
2001—
2 Lepton: ATLAS-CONF-2017-034
100—
— Top squark masses up to 950 GeV )
T IS R W S T e

~ ‘ 300 400 500 600 700 800 900 1800
(fOI' mx(l) < 300 GeV) eXCIUded fromhttps://atlas.web.cern.ch/Atlas/GROUPS/ m; [GeV]

PHYSICS/CombinedSummaryPlots/SUSY/index.html *
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Conclusions
T, production, T~ b £ /G- ¢ i/ T- Wb /T- tR) Status: May 2017
Presented search for top squarks 3 ook ATLAS e T T
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= (04 channel allows top reconstruction B ol DR s cow 2o ]
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= Results published with 36.1fb~ ! of = g
LHC Run 2 data ?— Observed limits Expected limits All limits at 95% CL. E
400 -
0 Lepton: ATLAS-CONF-2017-020 F ]
300— ]
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2 Lepton: ATLAS-CONF-2017-034
100—
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~ ‘ 300 400 500 600 700 800 900 1800
(fOI' mx(l) < 300 GeV) eXCIUded fromhttps://atlas.web.cern.ch/Atlas/GROUPS/ m; [GeV]

PHYSICS/CombinedSummaryPlots/SUSY/index.html *

Thanks for your attention!
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Backup
Signal Region H TT T™W TO

MmO A=1.2 > 120 GeV
M a1 > 120GeV | [60,120]GeV | < 60GeV
miy™" > 200 GeV
Nb—jet 2 2
T-veto yes
|Ag (jetO1:2, phiss) | > 0.4
M R=0.8 > 60GeV

A AR (b, b) >1
my > 400 GeV > 400 GeV > 500 GeV
Efpiss >400GeV | >500GeV | > 550GeV

B m"™ > 200 GeV
AR (b, b) > 1.2

ATLAS-CONF-2017-020
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Backup
Variable “ SRD-low SRD-high
IAd) (jeto’l’Q? p$iss)| > 0.4 Variable H SRE
Nb—jet >2 |A¢ (.iet0,1,2’p$iss)| > 0.4
AR (b,b) > 08 No—i ~>
0,b 1,6 =
pQPapk > 300Gev | > 400 Gev o 20 Gov
T-veto yes ”’jlet,nzo.s < 80 GeV
Ph > 150 GeV i > 200 GeV
pi >100GeV | > 80GeV oo eroGey
4
oL > 60GeV Hr > 800 GeV
,min
miy; > 250 GeV | > 350 GeV = NEPWeeny
mim ™ > 300 GeV | > 450 GeV

ATLAS-CONF-2017-020
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