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Introduction!

Third Generation Overview!

¥ Supersymmetry is one of the theories of beyond the standard model physics
which provides solutions to unanswered questions, such as the hierarchy
problem and offers a candidate for dark matter. !

Bl The hierarchy problem may be solved if third generatiogparticles are at the TeV
scale.!

Pl Third generationsquarks may be produced at a high rate at the LHC!

¥ This talk focuses on searches for direct top/bottom/charm squark production.!

Pl R-parity conserving models (RPC), the lightest SUSY particle (LSP) is stable and a dark mat
candidate, the main signature of these models is large amount of missing energy¥s in the
detector!

Pl R-parity violating models (RPV), where the bnal products of tisparticle decays are SM
particles. The main signature of these models is a high object multiplicity!
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Introduction!

General Search Stratec

¥ Debne targeting a specibPc model & SUSY mass parameter set!
Pl Optimise by attempting to maximise the discovery or exclusion signibcance for a model!

¥ Debne multipleControl Regions (CRs}o constrain the main SM background processes
in the SR!
Pl Kinematicallyclose to the SRs, however designed such that they are orthogonal to the SR!
Pl Designed to contain events with only the specibc background process considered (where possible)!
Bl The number of events in the CRs is used to produce normalisation parameters for the backgrounds in the
SRs! e
¥ The normalisation parameters are "
validated inValidation Regions (VRS)!

Pl Kinematicallyclose to the SR, however orthogonal to "
both the SR and the CR!
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¥ After validation the observed yields"
in the SRs are compared to the prediction!

Pl If no signibcant excesses are seen, limits are placed on "
the signal models under consideration! o
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Recent Run | Analyses!

Search for charm squark pair production! | | | | | I (arXiv:1501.01325)
Search for top squark pair production via tauslepton decays !

RPV Searches for top squark pair production (2x2 jetsl)
!

!

!

!

Third Generation Public Results page:!

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




Search for charm squark pair productiont ! ! arXiv:1501.01325!

Signal Models and Selection!

¥l Targeting bnal states with 2 c-tagged jets.!
¥l Searching for directscharm production " p N : i,
(treatingscharms as non-degenerate) ! _ c.- X1
Ir—14°11° ~<
1" 71 oSS ~0
¥l mq;Is the main discriminating variable:! D ¢ < u
! 2($)| | 2(.‘.0) C
| max 1 > 1 as —-m, ;= 400,200 GeV e Data
" L ($) ) V58TV, 2031 " e my g = 550,50 Gev 17+ jets
| (Lr\]) ¢ —> Top &%
= 10} 4 ¢ - IOther |
¥l 3 overlapping SRs with differentmq; " T B
se | eCti ons I lf_l_ e _1'“i """""" B ______
¥l c-jets are identibed with specibPc charm " 1o S e | ; i S |
tagging algorithms (efbciency O(20%))! §};g" + I y +H S ]
S 05| ¢ = r .
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Search for charm squark pair production! ! ! arXiv:1501.01325

Background Estimation & Limits!

¥! The three main backgrounds arez+Jets, W+Jetsand !T. g |ATLAS o M TH00Ge e Dde
One or two lepton control regions are debned " 10 %] Rocion- ez S0
for each of these three main backgrounds, " ‘§‘°’° N * 7
with each region also requiring 2 c-tagged jets.! s !
¥l Z+jetsD 2 lepton CR with SFde or ##), OS leptons " " o
in the Z-mass window! | e it b *T*
¥l W+jets D 1 lepton CR with EMiss > 100 GeM! IR RESEEER |
¥ IT- 2 |lepton CR with DFé#), OS leptons! Yl w00 m° oo™
o DIECLTE” £ singlecstate CRZ -y
> | —— Observed Limit (+1o3.5)) o
O, -~ Expected Limit (+155V) @bb
§>? 400 g/ oL+ 26dets &

Monojet N
Q&

I L
300 Vs =8TeV, 203 fo—1 ¢
ATLAS

200[

¥l No excesses seen!

¥! Extends the general exclusion for non degenerate
/W e squarks set by the ATLAS Strong production "
T e OL + 2-6 jets analysis.!
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Search for top squark pair production via tauslepton decays!

Overview!

¥! Stop pair production investigated assuming gauge- ’ "
mediated symmetry breaking GravitinoLSP)! 'S F - -

¥ H# — #1 vy (via a virtuakchargino), subsequently#! ! ) )

¥l Three channels investigated, " R < TG
depending on the tau decay:! by v

¥ Lep-Lep Channel,Lep-Had Channel, Had-Had Channel >

© 10* = ATLAS Preliminary

. (0] \F -1
n s=8TeV, 20.3fb
¥ Dedicated SRs for each channel, targeted 2 1g° o
at difference regions of phase space! 2 . =R
N . i} B o , —— m{i,$)=(391,148) Gev
tt, production, BR(t, # 1,b$)=1,BR( # | G)=1 L 10 —— m(i,#)=(195,87) Gev
S‘ [ T I T T T T I T T T T I T T T T I T T T T
(6] — . .
8 'O ATLAS Preliminary 1
e - Is=8Tev, 20"
600 [— _ observed limit (=19G o) 10"
I Expected limit (+1%,) 102
500 [ s LEP limit &)
[ Alllimits at 95% CL E 1 51 E&‘i‘i‘i\.ﬁ.\\\é\\\\ \\&%&-\f \:-\I;\\:-\: -S
400 |~ Combination £ 0 5_»»» o )‘\\}\\'QQ\QT\'\{'\\RS S ) N g
Q%0 50 7000 150 200 250 9 300

300 L m+,(,9 lep-had channe(!ndGev]
®o i
~ A~ 1

200

¥ All SRs, from each channel,
are combined to place limits
00 A s e on the stop, stau phase space!
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RPV Scenarios:Searches for top squark pair production (2x2 jetd)

Overview!
¥ Search for RPV top squark decayd ! "# 8

¥ Limits from LEP and CDF: < 100GeV ! p> - L o

¥ Search exploits merging of stop decay products with "
a radiusAR = mstoplpT (initial stopp)! ; ¢ 'K s

1> Large R jets withm,,, ~ m

stop! ~n ~ .
> ||||||||||||||||||||||||||||||F|)||||| 1:_tprOd"'ICtion’t%b§(7"'323:'t0) b
D E — | T T T I ' T TT | ' T TT | T 1TT | T T TT | | L | T
- ATLAS Preliminary_3 2 {n3L L _
g 400¢ S=gTov 17.4 i Y— 5 % 107 ATLAS Preliminary
> - s Data 2012 E N Is=8 TeV, 17.4 fb ]
a = SM total = >
s 300— || e Data-driven multijet — 10°E E
z o 1 Powheg+Pythia ttbar = .
= —— m- =100 [GeV] E B ]
o = M =150 [GeV] 7
200 — m - = 200 [GeV] : 10 3
. m ; = 250 [GeV] E g 3
-9 —— m; =300 [GeV] 3 C ]
H00E IE 13
F Sl - 3 F Expected limit |
s 9 — i T T T L T B ‘I()_1 = Observed 95% GL limit =
v 15 - +.,. ............ : - [ +1 6 expected limit ]
‘E§ 10282 vvpensnon. ¢,,_¢+§ 'f'+ H el Ll [ ] ¥2 o expected limit .
oY1 RS ST W i 10°F ——— t-tcross-section (NLO+NLL) E
o nnnnnnnnnnnnnnnnnnnnnnnnnnnn _| 111 1 | 111 1 | 1111 | 1111 | 1111 | 111 1 | 1 _I
00150 200 250 300 350t 00 100 150 200 250 300 350 400
Mg [GeV] m [GeV]

¥ mg,, excluded from 100 to 310 GeM!
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Fully Exploiting Run | Results!

Third Generation Summary Paper !
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Third Generation Summary Papet

I arXivl506.08616!

Introduction!

¥ Many channels covered by analyses in Run I, with >4 >4 >Jdi p>£__é’}
many signatures (various jet, b-jet and lepton IR N R R N
multiplicities) place limits on the SUSY parameter “" "
space.! v>£’ P v>£’ A:” p>}:ﬁ/ AW p>% A'
@0, = et D17, — bribey @ biby = vt ) bib, > bzbis
¥ The parameter space can be restricted further by:! S
Bl Reinterpreting existing analyses! >’\5 >< >§~
Bl Investigating additional decay modes! @551 w22 e 81 v
Bl Combining existing analyses!
Pl Investigating compressed or OsneakyO scenarios”
(mtop %mstop)! z\g S &
. /i:i\\/ //éx //@
| Am(tl,;((l’)< O//;§\ i\f s
/ £ S
¥ All approaches are included in the third ' AN o
. , S
generation summary papel P NN L
Y A 4
/,’ LN '\\/,’ LN /,’ LN
160
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Reinterpreting Existing Analyses! ! I I 1 arXivli506.08616!

Search for top squark production: Spin Correlations & , Reinterpretation !

¥ Interpretations of the SM measurements such as spin correlation&{ (I,I)) or' ,in
the hypothesis of a top squark with mass close to the top quark. !

— T | T T T | LI B B T T T T | TTTT T T T :_ :' TT | T TTT | TTTT TTTT T TTT T TTT T TTT TTTT TTTT ‘_"
2 [ ATLAS 5 g Amas E
3 100F T s-sTev,208f] 5 | ormevasw' ]
0 | Expected = 1 s.d. Mo = 1 GeV | g 3.5 E - ﬁ)tiv’ Zgofb-l =
o - ' . c C ottt m(x )=1 GeV ]
2 80_— Expected = 2 s.d. 7 % 3:—E| Expected limit +1 o, —
= L e . 5 - == Observed limit +1 0:::; .
- -~ — NLO+NLL prediction . *é‘ 2.5 ... Obs. -15, m=175.0 GeV —
T 60 B = 25 ***** Obs. -1o, M=173.5 GeV .
s ! 1 s 5
o 402’*'\~.,.,,~ 1 Ba1sF -
i".“.'-.r:,', _":-:\*-f.\_.. ......................................... i 1:_ =

20__/ —= ‘T~;__\..'\.‘\-.\ _______ | E E
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1 1

¥ my,, excluded between 150 and 191GeV, for Mygajino = 1G€V!
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Investigating additional Decay Modeg | ! | arXivli506.08616!

Search for top squark production:t+b+E Mss Final State!

¥ New analysis targeted at models with mixed stop decay modes! g
¥ Both ! =11 " andt! b! " decay modes are available!
¥ 1rand f are nearly degenerate in mass!
¥ Various possible branching ratios for the two decays are investigated! | "
¥l Optimised for the 1L+2b + EMss pnal state (soft W* from! . decay)! ',' :)
10

¥l 4 SRs debned for different regions of the parameter space! )
I'm(&, H) = 5,20 GeV

. ~ . ~ -0 _ N * -0
¥! Main backgrounds, W+Jets & top! £ producton § =710 % 6~ W %,
';' 320 _I T 17T I LI I LI I LI I LI I L I LI I LI I T 17T I_
[0) ~ i (4 SUSY .
E 102 E- | LJLANL B I B B B -E 9 300 _—ATLAS E:BTGV, zoqu Observedllmlt(—1otheow) —]
C e Data - R C ~ ~ B imit (= ]
S - ATLAS 2 SWtotal ] €7 g0 - Am(XT:X?) =5GeV Expected limit (x10,,,) =
8 _ -1 i N C 400y = b = -
s L s = 8TeV, 20 fb Wiz 36ts i 260 [ BR(E~ t2%) =50 % , BR(;—> b x}) =50 % =
w o, . B Single top - tb analysis B
10 | H I Diboson —] 240 [— 1
Ede . iV 3 C -
S o N A m,m, , = (110, 400) GeV 220 - 3
_ 200 — —
C \ -
— 180 [— N —]
= - \\ .
] 160 |— . T
_ - ‘\ .
- 1 -
i 140 | ] ]
C ' -
107 120 — i —
E - 1 _I 1 1 I 11 1 deeeqet 11 1 | 1 1 1 }' 1 I L II 1| I 11 1 -
o LE '[r o 200 250 30 350 400 450 500 550 600 650
ol E 1
R o R m. [GeV]
O -l 1 1 | IS S S T S S |

ool Limits placed on various BRs for the! —! ,"
decay mode (50% shown)! '
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Investigating additional Decay Modeg | ! | arXivli506.08616!

Search for top squark production: WW-Like decay!

¥ Discrepancy in' ,,, from both ATLAS " Sensitive to the region where the
and CMS in Run |, could have a SUSY " the 3 & 4 body stop decay overlap!
explanation?!

Entries / 5 GeV

Data/SM
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Combining Existing Analyses! ! I I I 1 arXivl506.08616!

Stop OL, 1L Combination!

¥ A combination of the stop OL & 1L analyses was performed, with a combined bt to all
control regions and signal regions!

g L e 10
t;t, production, t,$ t!

; 450 [ T | T T T T | T T T T T T T T T T T T | T T T T | T T T T | I_
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— 400— . —
o - — 0, —
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350(— : - . —
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. . . 100 f— —

Required recalculation of systematics and E .
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Third Generation Summary Papet ! ! | I arXivl506.08616!

Stop Decays Overview!

: tf, production, t# bffO]/t# ci2/t# Wbl /t# ti]
p -0 T T | L | L | L | L | T T T 1T T 1T ]
~ X1 =

T
- ATLAS Vs=8Tev,20fb" = 40
— ;fl# o tOL/tLL combined O, 3 Spin Correlation
- t# ‘ t2L, SC o ; innl
E mmis whiterd®  ww £ 20 Reinterpretation!
- EEw Wb'!'e: tiL, t2L
N tc t
[ =iy bfio] tc, t1L 170 180 190 200 210 »
300 ", [GeV] ¢ )
- Observed limits  ==== Expected limits All limits at 95% CL >,—” '
b f [ C :
: ; &f :
t -
-7 X9 —
- -0 - 4
IR 1 N 7
t — —_
p §f ]
b f E
b -
N B A A N AR
P ; L&” 200 300 400 500 600 700 800
-7 X7
> = 0 m; [GeV]
p ﬁgu
b l

(Assuming BR = 100% for the decay under consideration
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Reinterpreting Existing Analyses ! | |

I arXivl506.08616!

Limits on pair

p p
Z
I oVA b) £t !
@tt! tZtZ (b) &5t
-t productlo\ /
;‘ 450 ‘ T L ‘ T T T T ‘ T T /,J \ T ]
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& 4001 B T =
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[ {s=8Tev,201’ 4
350 C Am(t ) 180&ev T Expected limit, n
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250 e ~:x\ .
200 S N\ E
u Y ]
r i/ \ 7
150 N 2N ', =
- SRR K ]
100 - N ™ F .
() \ a
C @Wv f 7
50|~ v Wi =
¥ 11 l 111 l I I l 111 l I :
300 400 500 600 700 80!
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2

Exclusion limits ont. pair
production assuming BR = 100%

for the decays considered!
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nroduction of the heavier stopeigenstate

¥ While! n is by dePnition larger thar .
convenient to search for! pair productlon (as sensitivity tc!)

t‘r’rﬁ p

l:_
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> P ‘l-<'t>z&’ 6 TS

t2 ,4@9 k9 4
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¥

BR(, # Zi)

m. =350 GeV ATLAS  Vs=8TeV,20fb"
1,

Mo =20 GeV 7,7, production, T, # 7, ¥, )

~ o, ~ "o
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Expected t0/t1L comb.

, in difPcult regions of the phase space it is

IS limited)!

Useful to target the region
where ! ! "!#%‘&' " s
(difbcult to distinguish
between SM and!, decays)!

s assumed that the!
decay proceeds vial, ! 14/

Stop 0 & 1L combination is
rescaled to produce limits
as a function of the BR for
three decays considered!




Third Generation Summary Papet ! ! | I arXivl506.08616!

Shottom Decays Overview!

¥ Sbottom decay modes are also explored with dedicated searches & reinterpretations:!
p bb+ETMiss"
(dedicated search for!' 1 14" )1
Bl Monojet+EMiss " |
(reinterpretation of £ 1 "4 )1
Pl Final states with 3b-jets "
(reinterpretation of a strong production analysis, targetindj Y B

! T #
M M n
Pl Strongly produced Pnal states with 2 same sign leptons or 3 leptons
. ' nj* "B 1 % t
(targeting®"! "A=1 # =171 b
! ! L p : w
p .
b e ;/ - b k9
b _ 3 X1 -7 K
p - 2 - .l
b 4 % = Vo =~ !Tl 1-0
b _ X1 =< X2 ~0 b 1
- b N X1 P
- p S w
RN ~0 5B - F s it t
Xi . _ ) ) ; b,b, production, BR(b, $ t! 7)=1
P b b, production, BR(5, $ b!:)=1,BR(!:$ h!9=1 %‘8007!\\1\‘\\\\‘\\\\‘\\\\‘T\\\‘\\\\‘\\\\‘\\\
S‘lloo:‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘T TTT ‘ LB ‘ TTTT ‘ TTT T: (D : ATLAS
_ _ b 8, onar. ATLAS 700 -
b,b, production, BR(b, # b'! %=1 =1000 . = £ P Vs=8Tev,20fb*
600 — 2 F (s=8Tev,201b F .
% C ‘ ‘ ‘ ‘ ‘ 1 E 900; 0 lepton + 3 b-jets analysis (g3b) — [ SSSanalysis
o, -rATLAS T E::zz:: Monojet-like (tc) ] E - ] 600: :gfssg:: myo = 60 GeV E
> + 500 [{s=8Tev, 20 fb* — Fmo=60Gey - ] F " '
£ C Alllimits at‘95% cL gf;:g:j O-leptons +2 brets + £ (b0L] 800 o E 500[ _g:;eeg:: ;=2 My .
C ] C e ] [ Allimits at 95% CL
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Outlook & Preparation for Run [I!
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Preparation for Run II!

Shottom Analysis!

¥ Third generation searches targeting early Run Il data. " ’
One example of which is the sbottom analysid ! 17" " 5/4 W
with a similar analysis strategy to Run I! | >3\ y

¥ Targeting Pnal states with 2 b-jets and a large amount” »~ ' "
of missing transverse momentum! b

¥ Asinthe Run | analysis the main discriminating variable ms.,

> 3 T o
8 10 % Standard Model o
o ATLAS Simulation Preliminary B v e 2
Irs} . >
= 10° &at=50m"\s=13Tev [ z¢ = 0 +es 8
% - tt + single top + t T (+W/2) a
Lﬁ 10 <=+= m(b, ¥) = (700, 1) Gev

=== m(b, ¥) = (800, 1) Gev

§1 51 production
b,— b7, m()=1 GeV

M

m(o, ¥) = (900, 1) Gev

Vs= 13 TeV,AB/B=20 %

- 1 fb’l

______________________ 50| —e— 2t
@ 5 fpt

- @®- 10’

850 900 950 1000 _1050
mer [GeV] m(b,) [GeV]

10"

1028

0 200 400 600 800

¥ With a 20% uncertainty and an integrated luminosity of 10fb-1, 3' evidence can be
obtained for a sbottom with mass % 800GeV
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Summary!
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Summary!

¥l Dedicated program of searches for 3 generationsquarksin Run I.!
¥ Run | program almost complete, remaining analyses arbenalisingresults etc.!

¥ Run Il preparation well underway for all analysis groups, discovery potential
with between 5-10fbt, but brst we need to OrediscoverO the SM

i, production, t# bff0° /1 ¢/t Whil/t# ti?

';‘ 450I_I T T | T 17T | T T 17T | T 1T 17T | LI | T 17T T 17T I_
[ - ATLAS (s=8TeV,20 b S 40 .
Qﬁ400:_ _El# t:[:o tOL/tlLCOmblned é 30 %) _I | | T T1TT LI LI | T T T | T T T | LI |'I I'I | L |:
£ F =I: :Nlb:!:o/bffdg gL 5 £ 00 G 180F ATLAS Prellmlnar)_/1 -
350 EEL# woil tiL, 2L 10 ‘ S - /s =13 TeV, 78 pb" ]
- # c! tc g “ - 7
- =%# b116° tc, t1L 07767180 190 20 210 P 160:_ B
300:_ —— Observed limits ===- Expected limits All IimiFs_wgt 95% CL ] % 140 :_ ® Data 2015 _:
F S 4 E T 100f [ tt Powheg+PY
- 4 - - Wt ]
ol 3 100 I Z+jets —
- . C [ Diboson ]
= = 80 B Mis-ID lepton
- ] 60 =
] 401 =
E 20F =
| S ;—h L ] Rk
200300 400 500600 700 800 0740 60 80 100 120 140 160 180 200
m; [GeV]
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Stop Decays withoutCharinosin the Deca

LSP)! s c

Bl Stop decay models are debned byA! "!#;k/"é leading to 4" ! i &f P ; i )
T X - X
>31; >

kinematic regions:

~< X1 - -0
¥ A.m(t,Xl)<mW+mb " " ) S’f , i Txl

! P Two competing decays ({ ! "Hh g1 v 4 ) the dominant of bof .
which is dependent upon the mass separation and the amount of b ¢
Ravour violation allowed in the model.! P . L&V
¥ ml+m, <Am(¢, 4?° )<m >1:" b
=~ X1
pl The by o ‘ ! three body decay is dominant ! o Tﬁ”
| ||! %on n b Y4
Pl Almost degenerate stop and top, kinematics are similar to that of p :
SM top pair production. Limits obtained by performing precision - X2
SM measurements {! spin correlation analysis)! ~~.
t

v ! nl 4 %&>.. _ ) ; ‘i‘vx‘i

o t
p ! ' I+ ‘f is the dominant decay mode. Results are obtained by= & O p
performing a statistical combination of the stop 0 & 1 Lepton Am (7, 2)< 0 //;«* \@ pa
analyses.! y ° SF ,’*;\3’
: . ) 100 y 8 S
Pl Lepton selection makes SR selections mutually exclusive! % 2 / VQ
) N // C‘\"\ // Q
S \0\\ 0 $ >
A 7
L N LSS , LN
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Stop Decays with Charginosin the Decay Chain!
¥ In the pMSSM the mass difference between the lightesheutralinoand charginois not

expected to be too large! b
Bl The mass hierarchy! . <l ” <!, is well motivated, leading to decay chains:! P . é : WO
L ; g A
Bl This can lead to complex decay chains with phenomenology that are dependent " PN ol
upon a variety of SUSY parametersohargino mass, stop mixing &neutralind' ~o_ K

. L~ 1 10
composition)! 3 1
W

p
¥ Limits are placed on a range of scenarios (dependent upon the mass spectra) " ™,

=+

assuming BR = 100% for both the!! "% and47! | *I'* decays.!
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Interpretation in terms ofpMSSM Models!

¥

¥

ICENP2015 23-30th August!

The 39 generation analyses are also used to place limits on three, more realistic,
PMSSM scenarios. !

Naturalness-inspiredpMSSM!

Requireshiggsino mass parameter (#) in the range of a few hundre@GeV
Favours stop masses below 1TeV (also weak constraints ongluino masses)!
Maximal stop mixing!

Generated by varying # and . » the left handed squark mass parameter: "
100 <# <750 GeV, 350 <! ., <900 GeV!
Well-temperedneutralinopMSSM!

Pl Designed to explicitly satisfy dark matter thermal relic density constraints, while keeping Pne tuning lower
than 1%!

Pl Higgs mass constraints are satisbed in the same way as the Naturalness-inspirpISSM!
Pl Generated by varying M (gaugino mass parameter) and ., with # = -M |

h/Z Enriched pMSSM!
Pl Designed such that Higgs and Z bosons are produced abundantly in the SUSY particle decay chains!

Pl Two sets of models, generated by varying # and iR (right-handed sbottom mass parameter); and varying
#and! |,

VUV

A combination of all of the SRs used in the paper is used on a point by point basis on
the pMSSM grids, and the SR with the smallest expected CL value is chosen.!
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Interpretation in terms ofpMSSM Models!

Well tempered neutralind H/Z enriched!
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