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Why SUSY and top quarks?

Supersymmetry
introduces a symmetry
between bosons and
fermions. Several new

M
. L A N =
particles may be there. e W

. . . quarks squarks
The SM fine tuning on higgs o . ons B susitons
Mass IS SOIVGd: @ force carriers ® suUsY force carriers

contributions from top and

stop can cancel out. * Natural SUSY & ~low levels of fine

] <:> ] tuning: m(t,) < 1-2 TeV.
* Top squark (stop quark) is often the less

Lo~ massive squark: may be produced in pp
i‘( ),i collisions.
H H
\ /
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Stop quark: summary

?A Searches parametrized by m(t,) and m(X °). SPIEbtP
?Q Am = mfl e mfc(l) searching
S P o x;’@“ S
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o
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Golden channel |

Special case: m(stop) ~ m(top quark): very
difficult search (overwhelming tt background). ) : / »

New results from CMS. -

P = RO T X1
Other stop decays: chargino-mediated, stau-mediated. § \
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Overview of stop pair production (CMS)

Stop production

up to

exclusion limits |4
O

m(t)~ 1.1 TeV >

sleptons: exclusion
upto 1.2 - 1.3 TeV

Compressed stop,
Am(t,,X,°) = m, excluded

up to m(t,) ~ 550 GeV
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Also stop to "

500

400

300

200

100

0

pp — tt, t%t%0 July 2018
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~ =1704.07781, 0-lep (Hy"™") ]
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—1707. 03316 0- Iep (stop)
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‘ Stops degenerate

with top quarks
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Recent CMS results

pp = tt, t =t X7 July 2018
;‘ 900: [ | [ [ [ | [ [ [ | [ [ [ | [ [ [ | [ [ [ :
8 I CMS 35.9 fb1 (13 TeV) |
— - —1704.07781, O-lep (HT"™) S
8 - —1705.04650, 0-lep (My,) rrExpected
€ 700~ —1707.03316, O-lep (stop) —Observed —

. - 1706.04402, 1-lep (stop) S
arXiv:1805.05784 © 171100752, 2-lep (stop)  AUXIV:1807.07799
600 —1711.00752, 0-, 1- and 2-lep (stop)

CMS-PAS-SUS-18-003 300 /4 |
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100[f 7 i
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https://arxiv.org/abs/1805.05784
https://arxiv.org/abs/1807.07799

Overview of stop pair production (ATLAS)

tt1product|ontebff'x /1~ X1/ be /t—>tx May 2018

Stop prOdUChon ;‘ 800 L | L | I I L | 1T | I I [ | | I 1 | L | Tl | I_I
exclusion 8 N ATl:ASO /Ii’re{/ivrgirgary V§L=1 3 TeV, 36[.1 fb” ] ]
o = - BTt T Wb 0 1709.04183 N
limits up to S-700— —T-tZ /T>Wb% /T>bff5 1L [1711.11520] —

, S L BT fewerebiry 2L [1708.03247] ]
m(tl) ~1TeV - - Sl cy /i bffX Monojet [1711.03301] .
600— —T1—>c’92? cOL [1805.01649] —

- Vs=8 TeV, 20 fb” Run 1 [1506.08616] N

Compressed Stop, 500 :_ — Observed limits ~ ==== Expected limits All limits at 95% CL _:
£ Y0\ — B # . _
Am(tl,xl ) - W | LQ//;"/? L —
luded 400 : =
excludea up to - .
m(t,) ~ 420 GeV ' :
- 300— ]

4 body decay / | 200 -

- au

decay to c quarks, - g

o

Am(t, X0 <m, |

W
excluded up to ol

III/{II"-I|IIII|IIII|IIII|IIII|II"I|IIII|IIII\
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Recent ATLAS results

800

X.) [GeV]

m(
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Also from 500
ATLAS:

400

Phys. Rev. D 98,
032008 (2018)

arXiv:1803.10178  **
stop to stau 500

100
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T, production, T— b f %) /T~ c %, /T> Wb 7, /T~ t %, May 2018
I_IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I_I
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https://arxiv.org/abs/1803.10178

Stop quark degenerate with top quark

\\\\\

Am(t,,X.°) =m, » Stops and ttbar produced with very
similar kinematics.

Overwhelming SM background:
o[13TeV](pp— tt) = 832 pb
o[13TeV](pp— t.t_, m(t ) =175GeV) =121 pb

171

-» Sensitivity reached through tt cross section precision prediction.

197fb (8 Te V)

.
&)1
i

_I T T T | T T
- ATLAS
- (s=7TeV,4.6f" :
- \s=8TeV, 20.3 fb" =

N
|

Full-degenerate

w
e

E Expected limit £1 o,

mOd el , M (tl) = 175 % * Observed limit =1 of;]US\; E - E
- 25- ¥, 0 . fﬁ,‘;;,;,,« 5
GeV’ m (X10) - 1 2;_ t>t X (x ) 1 GV : o i

95% CL limit on signal strength u
|

95% CL limit on signal strength
[A%]
&)
|
|

1.5 - 154 e ~
GeV, already I i 1 e
excluded at 8 TeV o5 L Dmmayicey
170 480 490 200 210 220 230 O50 160 170 180 190[G %/cio
m; [GeV] m; [Ge
by ATLAS and CMS. Eur. Phys. J. C74 JHEP 08 (2016) 029

(2014) 3109
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https://arxiv.org/abs/1406.5375
https://arxiv.org/abs/1406.5375
https://arxiv.org/abs/1603.02303
https://arxiv.org/abs/1603.02303

Stop quark degenerate with top quark (CMS)

\A/ CMS-PAS-SUS-18-003
u Search with opposite-charged eu pair and jets.

7l R 13 TeV, 35.9 fb™.
%
A M_, gen level,
Strategy normalized distribution 3 TeV
o o o - CMS Simulation Preliminar

* Sensitivity to R DRSO
(near-)degenerate stop signal ¢ [ e
through precise tt cross £1o2 m, = 227.5 GeV, m, =60 GeV ~—
section estimate = ; —— m; =227.5GeV, m, -525GeV -

5 [ —m- 227SGeVm - 45 GeV -

* Increase the sensitivity to L Rty
higher stop masses and - . e
larger Am(t X °) differences =2e

: 5 0 e
using M_ (e ,u). B 0
20 40 60 80 100 120
M, (GeV)
2 ({1 pmi 2 ({2 rmi
M, = m+mm}£1 i (max [mT(PT  ET™), mr(pt JE?ISS)D
Pri TPT
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https://cds.cern.ch/record/2638599

Degenerate stop - Background estimate

Precise estimate of tt from MC, Powheg +

CMS-PAS-SUS-18-003

Pythia8 sample. Contributes to ~94% of SM background.
Other backgrounds: tW (~4%) and

ttW, ttZ, nonprompt leptons).

x10°

(2%: WW, WZ, ZZ, DY,

10— CcMms

tt normalized to | Preliminary

NNLO + NNLL cross
section, 831.76 pb.

arXiv:1112.5675

Events / 5 GeV
o

No significant

]
SN

Prefit M.,
distribution

35.9 b (13 TeV)

s
i
RN A R IR, tWw
30
R,
b
AR
7

m. = 205 GeV, m_, = 30 GeV
¢ Data *
B

Residual SM

excess observed —~a

R —

over the SM
prediction.

Fo- B VR N s
RIRREERARNRRR

Data/Pred.

oo
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https://arxiv.org/abs/1112.5675
https://cds.cern.ch/record/2638599

Degenerate stop - Uncertainties
CMS-PAS-SUS-18-003

Most important experimental uncertainties: Lepton efficiencies, jet

energy scale, b-tagging efficiencies. See TOP-PAS-17-001 and
/ talk from Matteo Defranchis
Source

. Range (%)
Several m(?dellng ~ ME/PS matching (hqamp) 0.3-2
uncertainties on tt Initial state radiation 0.5-1
acceptance for each bin ) al state a. a. O ’
in the M__distribution. Final state radiation 0.6-1.2
T2 .

Color reconnection ~ 1.5

ME scales 03-1
Total experimental PDF ~ (0.6
uncertainties: 2-4 %. Top mass (acceptance) ~ 1

Top pr reweighting 0.1-0.5

Underlying event ~ 0.8

Dominant uncertainty:
6% tt normalization uncertainty from PDF + scale + top mass.
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https://cds.cern.ch/record/2638599

Degenerate stop - Results
CMS-PAS-5US-18-003

Process with M > 0GeV  with M1 > 90 GeV
tt 102400 £ 7400 1680 £ 260
tW 4700 £ 1400 92 £+ 32
Nonprompt leptons 1330 + 400 30 £ 11
DY + ttV+ Dibosons 570 £+ 100 19 + 6
Total Background 109 000 £ 7600 1821 £ 260
Signal: my =175.0 GeV, mzp=1.0 GeV 16400 +£ 2500 276 =53
Signal: iy, = 205.0 GeV, mz=22.5 GeV 8070 £ 1240 232 + 41
Signal: my =205.0 GeV, mzo=30.0 GeV 7830 £ 1200 157 £ 27
Signal: my =205.0 GeV, mzp=37.5 GeV 6140 + 650 262 + 45
Signal: my = 242.5 GeV, mz=67.5 GeV 3550 + 540 106 £+ 19
Data 105 893 1694

B Sensitivity mostly from:
)=175 GeV,m(X° =1  GeV — Signal cross section.

~—

) =242.5 GeV, m(X °) = 67.5 GeV — High M_ score.

m(t
m(t

1

1
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https://cds.cern.ch/record/2638599
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Degenerate stop - Exclusion limits

35.9 b (13 TeV)
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CMS-PAS-SUS-18-003

Exclusion limits up to a stop mass
of 205 GeV for the degenerate

stop with Am(fl,flo) =m..

Exclusion limits up to a stop mass
of 235 (245) GeV for

Am(t,,X.%) = m +(-) 7.5 GeV.

CMS Preliminary 35.9 fb' (13 TeV)

—— Observed m. - m, = 182.5 GeV
----- Expected ! %
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w
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&)

N
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https://cds.cern.ch/record/2638599

Degenerate stop - Prospects

CMS Preliminary 35.9 fb'' (13 TeV)
45| —— Observed m. - m, = 175 GeV
--- Expected Yoo

N

" Expected 1o
- Expected 20

@
&)

CMS-PAS-SUS-18-003

w
|||I|

25

Limited sensitivity
in this region.

.....
pa-"
="
....
=
L

95% CL limit on signal strength
ITI TT

11 11 1 1 11 I
180 190 200 210 220 230 240

Some space for Iimprovements:
> Lepton and b-tagging efficiencies.
> Jet energy scale / MET resolution.
> tt modeling.

Analysis will benefit from full Run 2 dataset.
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Compressed stop (CMS)

Search with two opposite-charged leptons. arXiv:1807.07799
Submitted to JHEP.

MET, b-tag multiplicity,
selection of ISR Jet.
5 M Further binning in M_,

Target stop production model:

mw < my, —mX1

Off shell top quarks — softer b-jets.

CMS 369 fb" (13 TeV) CMS 35.9 b (13 TeV)

q = : , . , i £ — 800 Sae —= 10°
% 10 E  SR3 Otag+ISR (eﬂ channel) E % pp — tit, t, > t%] =
Q) - _e Data tt WZ (- 3/) gl Drell-Yan 7 G Tool—— =
= — | M— [—— +

o 3 Bkg. uncert. |l tW B ttZ Minor bkg. o jObserved 1 Gineory NLO+NLL excl. g
N 10" E - Prei ww - ZZ (— 212v) == g ==z Expected £ 16, ¢ men =10 5
” E o Fitb+s = i, T, >t (m; =350 GeV, my = 225GeV) 600} — = o
E [ a L ‘ d %)

q) —— r z & |
T = 500~ pEl. 3
L m - - 3 1 b
H 400F 3 &
E 300/ | R
= . 8
= 200 = >
: ; , . : . B 102
; RN 100/ N ('3
NS \l\\ TH \\* NN \\\ NN W, l?f\)
- == bt e : : : ) :\\ \ ANN i 0 _l‘ 1 '} 1 | 1 1 1 | ‘I\ N | 1 1 1 | 1 1 1] 3 it 10_3 m

100 200 400 600 800 1000 1200
Myl [GeV] m; [GeV]

Limits extend up to 420 and 360 GeV for the stop and neutralino masses.
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https://arxiv.org/abs/1807.07799

Stop production via 4-body decay (CMS)

Search with one lepton and large MET. arXiv:1805.05784
b mfﬁ — m%{ <mW Submitted to JHEP.
5 .
p E,/Z 3 Requirement: ISR Jet, p_ > 100 GeV
A ;3 Lepton p_ > 3.5 (5) GeV for muons (electrons).

3 s \§?1 D R
B [CMS  PhrmmZl -
Two different approaches: _%EDHJ]{U: :
* MVA analysis (lepton, leading " TR
jet, MET, H_, nJet, nBtag). 102 i =
* Cut and count (C&C) approach. ol St b i
Best discriminating variables: I b 3
lepton p_, m_.. . ;j T, B
SM normalization from control E s
region at low MVA score (MVA) S ol
or high lepton p_ (C&C). 0§ U4 0z 0 oz B V(J;-G
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https://arxiv.org/abs/1805.05784

Stop production via 4-body decay (CMS)

»»»»»»»»

MVA training depending on Am(t,,X °), from 10 to 80 GeV. arXiv:1805.05784

Submitted to JHEP.
................. _ CMS 35917 (13 TeV)

- . . LS TEINTIT T
Also interpretation for D 00| PP Lt > bIr% boson (I 2
chargino- mediated . = 4| =OPsenved =10, wa |l S
decays: -3 === Expected £ 16, o iment approach d 5

L, 8O0 - 3
. ~ - l 10 @
‘L E mof R
p 1 _e 4’ ¥ . < N N &
-7 X 55? . 60F N =
~<_ X5 ..oxoc - i =
p ~1 e ?/ : 50:_ _: g
f . N [ CTJ
_ 40 - =
.............. P 5 11 &
305 - 3
2of— — . 2
AISO, reSUltS from ATLAS: EI 1 | | | | | / Il'l Ir'll 1) S | J EEE | ] | (BSRI1 ] IE -1 g
JHEP 01 (2018) 126 IR oRIE REECOORRI g0

m- [GeV]
Limits set from 420 to 560 GeV for the stop mass, depending on Am(fl,X‘lO).
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https://arxiv.org/abs/1805.05784
https://arxiv.org/abs/1711.03301

Stop to c quark (ATLAS)

Search with c-tagged jets at 13 TeV. arXiv:1805.01649
c JHEP 09 (2018) 050

P ; ﬁ » Events with 2 c-tagged jets and large MET.
- . Non c-tagged, high-p. ISR jet required.

Signal regions in categories of jet
multiplicity, jet p_, m_*.

Main backgrounds: W, Z, tt.
Estimated from data CR.

IIIIIIIIIIIIIII
ATLAS

>
Ys=13TeV, 36.1 fb” 31°E ATLAS * Data
160 E = = %44 SM total
b= C+%?/ c,—> C+i:) S 1otk Vs=13TeV,36.1 0 Z +jets
e 5 e SR1 Bl W + jets
140 Limits at 95% CL % 10° B Top
Best expected CL > I Diboson
120 b W g2 Other

m(, %;)=(400,370) GeV

III|III|III|III| II|III|III|III|III|III
iy
o

100
Am>mW+mb 1
80
----- Expected limit (+10,,,) 107"
60 B Opserved limit (+1652") e
3 . U)15;_ ............................................................ ..................................................................................
ATLAS stop/scharm 8 TeV, 20.3 fb"! 07,k . . . . . .
20 500 600 700 800 900 1000 1100 1200
EmISS [Gev]
OIIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIIII :
200 300

400 500 600 700 800 mtg/orgg [Ge1\§)]00 Ma.“:] unce.rtalntles: C_tag
efficiency, jet energy scale.
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https://arxiv.org/abs/1805.01649

Stop to tau leptons (ATLAS)

Stau-mediated decay. arXiv:1803.10178

Events with two taus. Phys. Rev. D 98,
b v
D / T
t il =1 ~.
i” T Gy

032008 (2018)

Exclusion limits up to a
S T S VT P stop mass of 1.16 TeV.

~

m(t,) [GeV]

ne et T T T T T T T T T T =
L% ATLAS ; e Data tt (real 1, ,4) ey o
2 C ha n n e I S: 10 VE =13TeV, 36.1fb Diboson Single top -ﬁ (fake T, ,4) __
- Fake 7, .+ e/u V+jets Others %
tl g T T 102 | =8 =
p - LT T, i +“ E
b V 10 = _E
Most discriminant variables:
MET, M_.
t.t, production, with branching ratios B(t, - Zbv) = 1, B(Z, > Gl = il
%‘ _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII||||II|IIII_ Z/g
O.1400 — ATLAS Al limits at 95% CL  —]
© | fs=13Tev,36.11b" .
E 1200 = I operved it £165257) =
000 | == B E Main uncertainties:
B ATLAS 8 TeV, 20.3 fo”! (observed) d .
800 |- [ e i - = > T, T;: fake lepton estimate.
600 :— PREANSY o // _:
E ot ] > T, T, : Jet and tau related unc.
400 = —
200 |- =
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https://arxiv.org/abs/1803.10178

Conclusions

General searches with 2016 dataset from CMS and ATLAS:
> No SUSY stops with mass below ~ 1 TeV.

New searches: looking into the corners or other decay modes.
> |s stop degenerate with top quark?
> Compressed 3-body or 4-body decays”?
> Decays into charm quarks?
> Decays through staus or charginos?

Still, top quark very present in SUSY searches, both related to
it's SUSY partner of as SM background.

Prospects: new searches and updated/upgraded searches with
~4-5 times the luminosity (~36 fb-1 - ~150 fb-1).

Thank you for your attention!!
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Top-antitop spin correlations (ATLAS)

ATLAS-CONF-2018-027

C IIII|I\II|IIII|IIII|IIII|IIII|IIII|IIII|IIII T
S I i
5 165 ATLAS Preliminary Inclusive N
& [ Vs=13TeV,36.1 10" :
@ 1.4F B
o
& i |
o 12r e
(2 i —— |
¢ TS .
o) ;_:_«Bﬁdi. i
< 0-8_—4,_|_|7 — Powheg -
= — Powheg (C = 0)
- --. MCFM (nlo)
0.61 ¢ Data
- - Fit result
04_Illllllllllll|IIllllllllllllllIllllllllllllllll
"0 0.1 02030405060.70809 1

Parton level Ag(I",l)/x [rad/x]
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https://cds.cern.ch/record/2628770?ln=es

M__ for near-degenerate stop pairs

13 TeV

—h
S

Arbitrary units / 5 GeV
o

10°°
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CMS Simulation Preliminary

==
==

—— m. =2275GeV, m_ =525 GeV o —
X

t

—

— m. = 205 GeV, miﬂ =1 30 GeV —

t

—— m. =182.5GeV, m, = 7.5 GeV
£

1 —_—

-
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Stop to c quark (ATLAS)

Search with c-tagged jets at 13 TeV, 36.1 fb™.

arXiv:1805.01649

SRI | SR2 | SR3 | SR4 | SRS
Trigger EM triggers
Leptons 0OeAND O u
E‘T’fliSS [GeV] > 500
Admin(jet, ET™) [rad] > 0.4
Nc—jets > 1
Niets > 2 >3 >3 >3 >3
Leading jet c-tag veto yes yes yes yes no
pl! [GeV: > 250 > 250 >250 | >250 | > 300
p7 [GeV] — — > 100 > 140 | > 200
pr [GeV] — — > 80 > 120 | > 150
py [GeV] < 100 > 60 > 80 > 100 | > 150
my [GeV] € (120,250) | € (120,250) | € (175,400) | > 200 | > 400

Sep 19. 2018
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https://arxiv.org/abs/1805.01649

M_o (GeV)

1

1

X

Stop to sleptons (CMS)

1 IlIIIllI | IIlIlIII 1 IIIIIII| | IlIlIlll | IlIIIIII

—
o
™

10

95% CL upper limit on cross section (pb)

= =0
t1 . X1
- Y +
.- Xt Phys. Rev. D 97, 032009 (2018)
\\\\ 5(/1 Z_
= Y —_———e - - - - - =0
D t1 \\.\ X1
N U 0~
-1 i
CMS 35.9fb" (13 TeV) CMS 35.9 b (13 TeV)
200 . _ |l o 5 N
pp = tt,t,=>bvl x? NLO+NLL excl. B ?ﬂ; %) pp -t t,t,o>bv I')Z? NLO+NLL excl.
—Observed + 1o, = S O 1200[ —=pserved + 1 Oy oy
000]| === Expected * 1 O S Seiitant . i’ '§ Ecix’ -=: Expected * 1 o
B _E 1000 =
- m=0.5 (m%t - m%?) +m,, .- 3 - m=0.95(m - mio) +m, il
800[-m,. = 0.5 (m_+m,) = 2 [ m.=05m+m,) ]
B 1 1 1 48 | _E 1 b 800_— 1 i 1 . __
e | | & i “ il
600/ 1, i - dih g
i 1 ; 0 g 600_— ‘ -‘I i
i B .5 - L
4001 L 102 400{— e
' : 3 Q - L W
— ‘| 5 ] 3 =) b : 1 1]
- 0 e - C -
200— : B B 10° O 200 Vo
i ] s ]
= 1 ! | _ O K ,' : l‘—
Lo L T ,'I i i = 10_4 » L | g B T I W)
200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400
m. (GeV) m: (GeV)
1 1
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https://arxiv.org/abs/1711.00752
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