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Third generation squarks 2

What is it about them?

 Third generation squarks are expected to be lighter than other squarks due to
mixing of the mass matrix and large Yukawa couplings.

e Light stop and sbottom are favored in several "
models. Their masses must be below the TeV
scale to provide a ‘natural’ solution to the |
hierarchy problem

c,,[pbl: pp — SUSY

VS =8 TeV

e —> They can be produced with large cross-

sections and within the discovery reach of the
LHC !
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Run | Legacy
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.

" Comprehensive search programme for direct production of
3rd generation particles production at 7-8 TeV

J

ATLAS SUSY Searches* - 95% CL Lower Limits

Status: July 2015

ATLAS Internal
Vs=7,8TeV

Model e T,y Jets ED™ [Larnm] Mass limit Reference
LS Dby, bi—obt) 0 2b Yes 201 |B 100-620 GeV m(t})<90 GeV 1308.2631
ST bibi, btk 2e,u(SS)  03bh  Yes 203 |By 275-440 GeV m(F5)=2 m(¥}) 1404.2500
53 7if, h—oblt 1-2e.p 1-2b  Yes 4.7/20.3 | 7,/ 410-167GeV 230-460 GeV mET) = 2m(¥}), m(¥})=55 GeV 1209.2102, 1407.0583
®9 fify, i WHE or X} 0-2e,u 0-2jets/1-2b Yes  20.3 i 90-191 GeV 210-700 GeV m(t))=1 GeV 1506.08616
o g fify, >k 0 mono-jetc-tag Yes 203 | 74 90-240 GeV m(7;)-m(¥})<85 GeV 1407.0608
2@ 71y (natural GMSB) 2e,u(2) 1b Yes 203 |7 150-580 GeV m(¥?)>150 GeV 1403.5222
N T D, ol +Z 3eu(Z) 1b Yes 203 |7 290-600 GeV m(ff?)<200 GeV 1403.5222

107!

«/E:STeV

1

Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.

Summary of CMS SUSY Results* in SMS framework
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g " | SUS-13-018 L=19.4 /fb
= 5wy SUS-13-008 SUS-13-013 L=19.5 /fb
7 ° SUS-13-008 L=19.5 /fb

—
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no 3G SUSY in plain sight
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(no exhaustive set of results)



Run | Legacy

ATLAS Run 1 searches for direct pair
production of third-generation squarks
at the Large Hadron Collider

arXiv:1506.08616v1*

T, production, = bt %, /T~ c %, /T>Wb ¥ /T~ 1%

Searches for third-generation squark
production in fully hadronic final states
in proton-proton collisions at Vs = 8 TeV

arXiv:1503.08037v1*

t-t production, t—t i? /C i?
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http://arxiv.org/abs/1506.08616
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HOW do we fully exploit Run1?

m(f?) [GeV]

100+

50

100 2(|)0 m(fl) [G@V]

Focus on some of the most recent results only Today!

Please see Nick’s talk for compressed scenarios searches
TJ’s talk for gluino-mediated searches
David’s talk for RPV stop searches
BEA S0 \ Tripiana, EPS-HEP, Vienna 2015 Alberto’s talk for pMSSM interpretation



Add new modes 6

stop —stau

%MLSS i } Nucl.Phys. B306 (1988) 63—76» Iight stop ?

N
ATLAS Preliminary
Vs=8TeV,20.3fb"

- top fake taus

SRHM [ top true taus
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 new dedicated search for 2t+bjets+MET
11, production, BRI, —>’f1bv)=1,BR(f1—>r(~3)=1

-+ First limit on 3-body stop decays to stau @LHC = L e B

& 790 ATLAS Preliminary
& — (s=8TeV,20fb"

« Split by tau decay mode to maximise sensitivity 600 — imit (+1557)

theory

..... Expected limit (=1 0,,,) P ’“ l _,.«.4:\,#"\
y had'had _ 500 s LEP limit _ﬁ "%7
2 OS Thag + Olepton + >2jets (>1b) + MET i o - " 3

ms (Thadla 7-had2) and mra (Thadla Thad2) 400 Combination > R 4

- lep-had | 300

||||||||||||
X
?
..
T T
.\'-*""--..., e e,
ag,

Thad + 1lepton + >2jets (1-2 b) S
M12(1,Thad) , M72(01,bThag) , Mr2(bl,b) 200 S
100 — i

* lep-lep

* recast from 2L search JHEPO6(2014)124. 0 - 0 o - rn:?cca)eV]
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http://link.springer.com/article/10.1007%2FJHEP06%282014%29124
http://www.apple.com

Add new modes ArXiv:1506.08616v1 7

to pbOttO m NEW SR tb-SREx1

: b-jets
. . . competing BRs for . | lepton
- t — tx%, t — bYE -
both N1 and C1 lighter 1 X1, U1 X1 Emiss (GeV) >160
than stop (or sbottom 7 ~0 7 ~+ mt (GeV) >120
. P ( )) kbl — bx7,b1 — X3 ) mes(GeV) >300
amt(GeV) >180
mmn (GeV)
g <<Mi M2 — small Am(N1,C1) — £, — t)“('?b,{/f — tb)??){/(l)ff’ Adpiy

ETS significance (GeV'/?) > 10

* 11+2b+ MET ot Nijes <2

 Bkg: dominated by 1/2lep ttbar and single-top

combined profile-likelihood fit on dedicated CRs
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IEA ST \ Tripiana, EPS-HEP, Vienna 2015 Check Alberto’s talk for pMSSM interpretation


http://arxiv.org/abs/1506.08616

Check the ‘hints’

NEW

arXiv:1506.08616v1

8

WW-like

WW cross I
section (2L) )

Phys.Lett. B712 (2012) 289-308
Phys.Lett. B721 (2013) 190-211
Eur. Phys. J. C 73 (2013) 2610

2 DF OS leptons
Bkg: dominated by WW production

light stop?

arXiv:1303.5696v2
arXiv:1406.0858v3
arXiv:1406.0848v2

combined profile-likelihood fit on dedicated CRs
WW normalisation from CR in data

(o o0+ p(62))

L Vs
/R B E%?;L'éss
° ES 4 pp(ly) + pr(f2)

higher longitudinal boost
for signal (gg initiated)

higher for signal

L (2v + 2¥0 + 2b)

7 SRs in terms of mT2 angd c0S(Bp)

angle between direction of motion of the 2| system and the beam axis in the c.o.m. frame of the 2|

iFAEY M.Tripiana, EPS-HEP, Vienna 2015
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http://www.apple.com
http://www.sciencedirect.com/science/article/pii/S0370269313002529
http://www.sciencedirect.com/science/article/pii/S0370269313002529
http://arxiv.org/abs/1303.5696v2
http://arxiv.org/abs/1406.0858v3
http://arxiv.org/abs/1406.0848v2
http://arxiv.org/abs/1506.08616

Reapproach CMS Vs=8TeV, [7dt=1951f"

; 400 L T [T L T T T | T ~ g I~| INI I T | I
N ~ D i —CE)bser\t/e;iblll_- pp—tl,, LotH, tetx
O - Xpectea UL -——m_, =175 GeV
tay = t1h Srggol. T 1¢+208¢ iR e
c 350[~ == 2 SS ¢ high-pt
— \ look for stop?2 - ==3/0fZ
(Am(tl — X1) ~ m(t)J > nstead ol ™

CMS Strategy arxiv:1405.3886 250
e >=1[+>=2jets (>=1b) + MET

e categorization in N leptons, jets and bjets (96 SRs!)

200

IIII|IIII|.III;I|IIII|EI;I

300 350 400 450 500 550

Ny Veto Nb jets Njets EMiss [GeV] Additional requirements [GeV] m -~ [G eV]
=3 >5 my > 150

1 track or 13, Z >50 ~ o~
2‘; i‘; my > 120 -1, production

20S extra e/y _>4 ;4 >50 Npp = 1 with 100 < my, < 150, Ny, > 2 ;‘ 450 T T 1 ] T L L L L L B B BT B
> > 0 ATLAS [ KA

2SS extrae/u ;; 2,3],> 4 [50,120], >120 for low /high-pr: Hy € [200,400], >400 O, 400 2]
> e B T, hF
o 2,3],>4 = — Observed limit

>3 — =2 [50, 100], [100,200], >200 for on/off-Z: Hr € [60,200], >200 350 {s=8TeV, 20 fb"
>3 >3

Am(t~1 ’ 5-(?) -180 GeV T Expected limit

All limits at 95% CL

ATLAS Strategy arXiv:1506.08616v1 300

250
* 11+>=06jets (>=2b) + MET -
e inspired on SM ttH search 150
e categorization in b-jet multiplicity (2,3,4+) and mrt (low,high) 100
 detailed categorisation for modelling of ttbar+HF - NEW
« binned likelihood fit to HTlep simultaneously in the 6 channels v '4(')0' — '5(')0' — '6(')0' - '7(')0' R

AEY M.Tripiana, EPS-HEP, Vienna 2015 m; [GeV]
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http://arxiv.org/abs/1506.08616
http://arxiv.org/abs/1405.3886

Combine and conquer!

??2 — flh/le/flt

look for stop?2

(Am(i = ) ~ m())

> "
instead
BR(t, — Zt,) ) _1
: " m. =350 GeV ATLAS \s=8TeV,201b
M. = 20 GeV 1,3, production, T, — 7%, i, %,

i
BR(t, — ht,)

BR(t, — Zt,)
1 m- =500 GeV
mo = 20 GeV

]
BR(t, — ht,)

iFAEY M.Tripiana, EPS-HEP, Vienna 2015

am@,, %) = 180 GeV, T, — %,
| I Observed t2t1Z

. Observed t2t1h

= = = Expected t2t1Z

= = = Fxpected t2t1h

BR(t, — Zt,)
1 m+ =500 GeV
meo = 120 GeV

BR(, — Ht,) BR(, - t%,)

|Observed tOA1L comb. = = = Expected t0/t1L comb.

[GeV]

M_o
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= Bl » 1,2)=50% i Lt 7 |
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2
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400 = B T, - T, B
350 Z_ /s = 8 TeV, 20 fb! — Observed limit _Z
E Am(t~1 ’ 5-(?) -180 GeV T Expected limit E
300 :_ /AII limits at 95% CL _:
250 - =
200 [~ =
150 [ —
100 —
50 f_ NEW _f
/ 1 1 1 | 1 1 1 1 :

300 400 500 600 700 800
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Combine and conquer! 11
tOL+t1L
e statistical combination of stopOL and stop1L analysis with 8TeV data
e combined fit to all control and signal regions
* correlated systematics, independent normalisation parameters
£ production, fj— t7
;l 450: I | I I I I | I I I I I I I I T T T T | T T T T | T T T T | I:
5 - ATLAS = QObserved limit .
e F Expected limit (=1 E
e” - {s=8 TeV, 20" e xpected limit (=10,,) -
350 :_ tOL/t1L combined All limits at 95% CL _: ~~ . ~ ~0 ,  —~+ = *) ~0
_ . t,t, production, t,— tx, /b Xy Xy ™ w M= 2 mo
300 — tOL (Expected limit) — = T T [ T T T T [ T T T T ] T [T T T T [ T T T T T
= = % 450 — ~ 0 ]
: 1 & ~ ATLAS x =BR(t—t X1) .
250 — -4 = = — x = 0% .
- 4 g~ 400 {s=8Tev, 201" X = 25% —
200 — — _ = X = 50% -
= ] asof_  tOLtIL combined = Xxs= Zggﬁ ’ ]
- - L = x=100% ]
150" = - —— Observed limits =-== Expected limits Al limits at 95% CL :
- - 300— —
100 — ] — P ]
50 f— —f 250— . —
O : |/ 1 1 1 | | | | | 1 | 1 | | | | | | | | | 1 1 1 1 | | EI | | I: : .“.‘:‘--:::-‘: ............ :
200 300 400 500 600 700 800 200 — —]
m; [GeV] n -
150 — —
arXiv:1506.08616v1 BT -
v A 1 |- [ |:
>0 300 400 500 600 0 800
See TJ’s talk for more details on the combination m; [GeV]

iFAEY M.Tripiana, EPS-HEP, Vienna 2015

no statistical combination below x=75%, as 1L
dominates ~ everywhere


http://arxiv.org/abs/1506.08616

Combine and conquer!

Hadronic searches

e multijet +

1top

e dijet +1-2 bjets

e mMonojet

arXiv:1503.08037v1*

19.4-19.7 b (8 TeV)

— 600 <
> >
& gMbS d Itijet t-t d s
O, gt T e a99e BT t%)) = 100% G,
= 500 ijet b-tagged searches 1 o
E’X Monojet search Bf—c ;”(?) =100% éx
— Observed = 1o, NLO-NLL exclusion
400 Expected = 10y,
- S ','$ ',' —
A , ,
. //@ ,///& s ]
300~ e & ]
200— 7
100 ]
111 J'lll 111 | | .| | | .| | 1111 1111 | 111 |_
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Razor + 1|_(|V|VA) CMS-PAS-SUS-14-011

combine the LH of different searches into a global binned likelihood

300

200

100

0
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CMS Preliminary, L =19.5fb™, Vs =8 TeV

CMS Preliminary, L =19.5fb™, Vs =8 TeV

m. [GeV]

19.4-19.7 fb™ (8 TeV)
600
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Combine and conguer! NEW 13
Searches for supersymmetry based on events with b 4
Jets and four W bosons in pp collisions at 8 TeV D W
Physics Letters B745 (2015) 5-28 b/ _ Pt 56(1)
-~ Xl
b+4W Ta L XL 0
b X1
C . p
Combination of 3 mutually exclusive searches* W
t
OL + SS 2L + >3L
CMS 1957 (8 TeV) @ CMS 19.5fb" (8 TeV)
;‘ ' 1 ~ N |~0 ' [ ' ' [ ] c Bl 1 03 'L L ) S O Y L R B B B I B R
© 600 PPbb7 b= Wi NLO+NLL exclusion | [e) = [ m.=600 GeV — — Theoretical o, o, ., ]
O | =Observed= 10y, 13 102 g ] - M(%?) 0 Gev . :
e === Expected = 10y periment . ) - C __op 4 UL .
£ [ mo=50GeV 11 @ s serve SS 2| 1
i 1A G O T e Expected UL > 3] 5
400 41 & 3
..... . = 2107
1 =210 g g
11 g O
y : o
200 -] 3
| O i |
| 2
- i - LO
| i .'| | ] 1 o 10 ! | ! ! ! ! | ! ! ! L ! ! ! ! | ! !
400 500 600 700 100 200 300 400
m[GeV] mf[GeV_

*5 searches are explored, but OL and OS2L have no sensitivity to this particular model
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http://www.sciencedirect.com/science/article/pii/S0370269315002452

Combine and conquer!

+ sbottom decays

OL+2B

+ MET + mct

T III|T| T IIIII|T| T IIII|T|'| T IIIII|T| T IIIII|T| T 1T

19.4 fb' (8 Te

e Data

[ Z—vv
[ W=l
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[ ]1QCD

—— b by?%(750,50)
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1 hard ISR jet + MET

dN/dpT [Events/GeV]
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ATLAS Signal Region M3
® Data 2012

f|_dt =20.3fb" Vs=8 Tev =~ Standard Model
I Z(— vv) +jets
B W(— W) + jets
I Z(— 1) + jets
I dibosons
B i (+X) + single top
[ ] multijets
------ m@, 7)) = (200, 195) GeV
m@, %) = (200, 125) GeV
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Summary 15

* Despite our best efforts, no evidence for SUSY 3G in Run 1
 put we have learnt a lot!
* and significantly squeezed the parameters phase space

« CMS and ATLAS have been preparing intensively for Run2
* afull programme is already in place
* all hands on the 13TeV data that's already here!
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https://cds.cern.ch/record/2002608
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« BACKUP



Combine and conquer!

18

Stop decays with a chargino in the decay chain
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