ATLAS

EXPERIMENT

Searches for t
with leptonic c

nird generation squarks

nannels with the ATLAS

Keisuke Yoshihara (University of Pennsylvania)
on behalf of ATLAS collaboration

LHCP2017 Mayl17th (Shanghai Jiao Tong University)



&

Direct stop and sbottom searches

¥ Stop/sbottom searches: a key ingredient to solve hierarchy problem
¥ Searches benefit from large production cross-section
¥ Searches consider both R-parity conserving and violating scenarios

¥ Several new results:
¥ Stop 1-lepton: ATLAS-CONF-2017-037
¥ Stop 2-lepton: ATLAS-CONF-2017-034
¥ Stop b-I: ATLAS-CONF-2017-036
¥ RPV Stop 1-lepton: arXiv1704.08493
¥ Stop via Z/h: ATLAS-CONF-2017-019
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https://arxiv.org/pdf/1704.08493.pdf
https://cds.cern.ch/record/2258141/files/ATLAS-CONF-2017-019.pdf
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Search strategy: Bino LSP scenario s

New technique: #

-y o+ A” BDT and shape-fit

A

Decay phenomenology

Sparticle masses

governed by 'm(t 1," 19).

b+" 1* sighature:#
high pt b-jets, jets, and
large MET

Sparticle masses

b) Wino NLSP
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Search strategy : nggsmo ( N)LSP scenarlos

»Jquht»hquanos'model motlvated bv Natural SUSY'

————— . .
ATLAS Prellmlnary --Data X Total SM H LSP d I "

500 Vs=13Tev, 361t [ mEELL ¥ IggSIﬂO modaels.
Preselection (soft lepton) [JW-+jets [T]Single top
sV [l Diboson

Events / 1 GeV

a) m=1 = mro1 +5 GeV
b) variable 'm(" 19," 1*) = 0-30 GeV

Sparticle masses

signature:"

Data / SM

soft-leptons and large MET

. I A
c) Higgsino LSP 20 25 30
lepton p_[GeV]

Well-tempered model (M1~ -[$]): motivated by DM relic density #3

- typical Im(" 19," 1*) ~ 20-50 GeV.

Sparticle masses

- interpretation only (no event selection optimized)
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Discriminating variables

¥ Had top reconstruction: "

y Various M 12 variables (aM 12 or M2l ):#

a key discriminant in stopl-lepton (t+" 19).

discriminating signal from ttbar events.

Super-razor variable (R pr)
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¥ Super-razor variables: [ arXiv:13104827 ]"

kinematic variables defined in super-razor
(approximate boost) frame.
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https://arxiv.org/pdf/1310.4827.pdf
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Discriminating variables for BDTs

¥ Additional discriminating variables (e.g. RJ Rec: [arXiv:1607.08307] ) for
the BDTs targeting the compressed t+" 10 region.
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http://arxiv.org/abs/1607.08307
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Background estimate

¥ Several control regions (CRs) are defined. The background normalizations are
determined in a simultaneous fit:
¥ Stopl-lepton: ttbar (1L/ 2L), ttbar+V, single-top Wt, W+jets
¥ Stop2-lepton: ttbar, ttbar+V, VV, and VZ
¥ Predicted backgrounds are validated in dedicated validation regions (VRS).

dileptonic ttbar CR ttbar+Z CR
> 20E A e LI L L B B B L %SO:III|||III||||||IIII|IIII|IIII|IIII|IIII
o5 —ATLAS Preliminary - Data = o - e Data = Standard Model
O E s=13TeV,36.1 b S Total SM 3 g 70F- ATLAS  Preliminary vz i 6z
o 35t = = g t Vs=13Tev, 36.1f" FNP B Others
< 2L E 2 - .
— - e £ 60— 2-body selection
a -tt 1L . g - 2-body
S []Others O 5oF |CRg
e c
stop 1-lepton - stop 2-lepton
150 200 250 300 350 400 450 500
m; [GeV]

,,,,,,,,,,,,,, e = <¢f

E1 T T T T T E 5 c ) B
3 15 | | | E - R .. T
g | S 1 RN \\\\\\\x\\\ﬁ\\x\\\x\i\\\\\\\\x R R R R R RN \\\»
g T ! 3 <k B AN
a] 0.5 T — a C. . A P N B B

ST | | | | = 900 150 200 250 300 350 400 450 500

ET oo [GEV]

LHCP2017, Mayl17 2017, Keisuke Yoshihara (University of Pennsylvania)



&

Events

Results: Pure Bino LSP

Sparticle masses

10

a) Pure Bino LSP t
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y Data/SM agreement is good in VRs.
¥ No significant excess observed in SRs.
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Results: Pure Bino LSP

y 2-body: mi < 900 GeV is excluded for a massless " 19,

¥ 2-body diagonal: excluded down to mi1 ~190 GeV
¥ 3-/4-body: mu < 450 GeV / mu <400 GeV is excluded,

Pure Bino LSP model: flfl production,fl$ bff"!'i,flﬂs Wh! 2,fl$ t'!'i
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. . . A o
Results: Wino NLSP (and Bino LSP) £, by
@
. . 1]
¥ Wino NLSP pMSSM model with the parameters: M2 = 2M1, M3z = 2.2 g g
TeV, Ms = 1.2 TeV, Xt/Ms ~ %6, and tan& = 20. All other parameters =
©
are decoupled. my up to 920 GeV is excluded for $ >0 (and $ < 0). 7 o
1
b) Wino NLSP
Wino NLSP model: t 515 production, mi': $mio$2#mio (M =2#M,) tt, bp 5 , production, m., %2 x my,, (M, =2 x M)
l;l III|IIII|IIII|III|IIII|IIII~|IIII|IIII|IIII|IIIJ_ ;500—'"""""""""""|""|""|""|—
[(b) ATLAS Prellmlnary t, % bl St 7] 8 E ----- Expected limit (+1 &) H<0 ATLAS Preliminary E
O 600_— (s=13 TeV, 36.1 fbr 1 b, % t|— b ‘; | =450 Expected limit (+1&,,) K>0 (5= 13 Tev, 36.1 fb
I_o. “ B Limit at 95% CL "1 % Wlll ] =o\—_-:' E — Observed limit u<0 - E
é—' 500__ 0 o p<0: IZ% z1 h'!'i T £ 400 - —— Observed limit p>0 B
C= Observed limit p>0: '2% hi 1 (dominant), z 'i _ 350 :_ : _:
C 53 Expected limit (+18,) ] : :
400 —p<0 =0 < TR 1 soof -
B L gET IR — i g o - Lo .
300__ ’-::: S i S E 250 :— £ : § ]
: & :i = 200 - iv?# i ege
200F Stop lilepton - - F IR
Le g il . 150 E b
100 : g j/,’/ ' : 100 z_:;,/ :%' :%l p>0; Tg# hi? (domlnlant),Z'!'10 _:
- - l._ = ‘I - = __ 3\ ! g | 5 < I 1 1 n
_ 3 -—_I,l]_-|-r.|.l'|._|r|||||||l|||||||||-|— T‘T||||||||H||||||||l|~1|||u|0||#f|h||zlil||||||'
550 600 650 700 750 800 850 900 950 550 600 650 700 750 800 850 900
m- [GeV] m() [GeV]
1

10

LHCP2017, Mayl17 2017, Keisuke Yoshihara (University of Pennsylvania)



Results: Higgsino LSP

¥ PMSSM-inspired Higgsino models: 1) t1 ~ ti, 2) t1 ~ tr, 3) t1 ~ tL with

large tan&. my up to 800 - 880 GeV is excluded for those scenarios.

Higgsino LSP model: Etlproduction, mp: = 150 GeV

Sparticle masses

51
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A )
. 1 t1, (b1
Results: Well-tempered Neutralino )
¥ Exclusion limits are set for the pMSSM model with the MSSM §
parameters similar to the wino NLSP model, except for M1 ~ -|$| while % SE 50 50
satisfying dark matter relic density 0.10 <'h 2<0.12. @ ="
X1

—_— o~ "o "o d) Bino/Higgsino mix
Bino/Higgsino mix model: tt, + b,b, production, #m(! ! 1) = 20-50 GeV

l;| _I T T | T T T T | T T T T | T T T ~I | I"il llI0 T | T T ]
@) - ATLAS Preliminary Ei :’.'.!;’;.:.gzs N _ _ _
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500F —— Observed limit 0g zgmio ' 1= 17 IR
[ =22 Expected limit (+19%,,) . ¥ In t1 ~ t., sbottom pair production
L —t, &t —t, &t IR i ) ) ]
4001 t 11 IL t FE L - is also considered doubling the
" stop 1-lepton e et T T ~. ] _
- P I ) ] signal acceptance!
3001 Seerle - = :
- g 2] ¥ My up to 820 GeV is excluded
2002, N - for t1 ~ tL scenario, while no point
e T y ‘\J - is excluded for t1 ~ tr SCENAario.
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1
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Results:

Spin-0 mediator model (DM+ttbar)

Events

(N s~ Nexp) /! ot

¥ Spin-0 mediator model

Is studied, exploiting the

b similarity of the final state: ttbar+MET (1-lepton).

1/a N\« ¥ There *was* mild excess in DM _low(_loose) in 13.2 fb-!
¥ No longer significant with full 2015+2016 data (1.5( ).

_stop 1-lepton

T
. ATLAS Prellmlnary -e- Data === Total SM

Vs =13 TeV, 36.1 b [tz I
[ Jw+ets O t+v

[]single top [ Diboson

,:‘/J“(‘ NS .
¥ Signal regions

i
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\/7/9/7 M /OW M

———

(ATL-CONF-2016-050)
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https://cds.cern.ch/record/2206132/files/ATLAS-CONF-2016-050.pdf

Stop searches with higgs and Z boson

t
t1 < 0
-~ . 1
L3
- .0
- KO P
t_l 1
P v
t 3
9
y Final state:" E

- 3L+1b (via Z boson)

- 1L+4b (via Higgs boson)
¥ Dominant background:"

- ttZ in 3L+1b

- ttbar in 1L+ 4b

¥ Signal model (simplified model) targeting
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Dty ->t+"200r2)t2->1t1 + h/Z
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Stop search in RPV scenario

b
P .
E g
'0"' |+
K
e '
-
P

¥ Final state: 2L+2b

¥ Key discriminant: mp and mct

¥ Main backgrounds:#
Wi, Z+jets, and ttbar events

¥ Limits are set on various possible

BRs (no t1 -> b) search)

¥ RPV stop decay, while conserving

the baryon number (B) to avoid a

prompt proton decay.

=
o

~

Br(t—- bT)

o
o

0.4

0.2

0.0 0.2 0.4 0.6 0.8 1.0
Br(t - be)

t,t; production, t; - b?

o
(o)

ATLAS Preliminary
b vs =13TeV, 36.1 fb~!
. Observed 95% CL mass limit
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More RPV stop

t t
P
t 4-({ g
- .0 I S
-~ !71,2 I 323
~ o |_ I 1l

¥ In RPV models, LSP decays further into

guarks, leading to multijets (up to >= 12 jets!)

and a lepton (from semi-leptonic top-quark

decay) final state.

%) [GeV]

m(’

¥ Higgsino LSP (with t1 ~ tr) and Bino

LSP scenarios considered.

¥ My up to 1250 GeV (1100 GeV) is
excluded for the bino LSP (higgsino

LSP) scenario.
¥ More in
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Conclusion

¥ Many new results from ATLAS for 3rd generation squark searches are
presented based on full 2015+2016 data (36 fb-1).

700

m'!' 0 [G eV]
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- B t'!“l’/?l# w b';'j OL 36.1 fb™ [CONF-2017-020] 7]
T STyt wolil /T brrid 1L 36.1 fb™ [CONF-2017-037] .
— BT 0t woll/tg prrid 2L 36.1 fb™ [CONF-2017-034] —
N IN Monojet 3.2 fo [1604.07773] i
C —— {s=8Tev,20fb?* Run 1 [1506.08616] ]
[~ = Observed limits =--- Expected limits All limits at 95% CL 7]
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n R S ’
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¥ No significant excesses this
time aroundE

¥ Stringent constraints obtained
on various pMSSM and
simplified models.

Stay tuned!
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PMSSM models

Scenario Wino NLSP Higgsino LSP Bino/higgsino mix

Models pMSSM simplibed., pPMSSM

Mixing parameters XiMg! 6

tan ! 20 20 or 60 20

Ms [TeV] 0.9-1.2 1.2 0.7-1.3

M3z [TeV] 2.2 2.2 1.8

Scanned mass parameters (M1,mg3L) (H,mgaL /MR ) (M{,mgaL/ M)

Electroweakino masses [TeV] u==3.0 Mo,=M;=1.5 M,=2.0
M2=2M1#||J.| HE M1= My M, !$ M, My <M,

Additional requirements b b Q0< ! h? < 0.12

t; decay modes and their BR [%] !t @)/ (b)/ (c) (@) / (b)

f; % t*7 <5 | 25/1 45/1 33 < 10/< 10

t; % b*] I 65 ! 50/! 10/! 33 I 50/! 10

t; % t*9 I 30 | 25/ 45/1 33 | 20/! 40

t; % t*3 D D | 20/! 40

LHCP2017, Mayl17 2017, Keisuke Yoshihara (University of Pennsylvania)
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Results: Pure Bino LSP scenario (Low mass zoom)

o
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Results: Pure Bino LSP scenario (SR map)

Pure Bino LSP model: ?1?1 production,?1$ bff"!' 2,?185 Wb'!' 2 T1$ t'!li
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Results: Pure Bino LSP scenario (BDT output)
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Results: Higgsino LSP: fixed 'Im("
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Results: Higgsino LSP (Diagonal region)

Higgsino LSP model: t{, production, BR( t# b '!i) = 100%
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Results: Compressed b+chargino
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Results: spin-0 mediator model

=1.0)

10°

10

95% CL limiton " /" 1, (9

—e— Observed 95% CL
-------- Expected 95% CL
I Expected 1"
[ ] Expected £2 "

PP

- ¢#222 Theory unc. on " (9=1.0)

Scalar
tt+, ! % $$
g=1.0, m, = 1.0 GeV

ATLAS Preliminary
(s=13TeV, L _=36.110"

]-E /////////// ,/././,/,/,/,/,////iijjjjz

1()#1 | | L1
10 10? 10°
m, [GeV]
8 6 E T T T T 1T ‘ T T T T TT ‘ T q
5 10° 5 —e— Observed 95% CL ATLAS Preliminary E
2 F cee Expected 95% CL \s=13TeV,L =36.1fb" ]
_F10° e I Expected +1" =
3 F [ ] Expected £2" 5
=:° 10° - %%+ Theory unc. on " (g=1.0) =
o F Scalar B
E 100 ©% %S !! ~
L:> Fg= 1.0, m = 10.0 GeV 3
< 10°E E
® F E
(o)) - ]
10 =
1 77
10#1’\ Ll Ll a

1 10 102

m, [GeV]

=1.0)

10

95% CL limiton! /! 1, (9

=1.0)

95% CL limiton " , /" 1, (9
=
o

—e— Observed 95% CL
-------- Expected 95% CL
N Expected 1!
[ ] Expected 2!

PIPPP

- &= Theory unc. on! (g=1.0)

Pseudoscalar
tt+a, a$ ##
g=10, m,=1.0GeV

ATLAS Preliminary
(s=13Tev,L, =36.1fb"

LLL000000

LLLLL L0007

N
RN
N
N
N
N
N
N
\
|

Juny
o

102 10°
m, [GeV]

LRI

—e— Observed 95% CL
-------- Expected 95% CL
I Expected 1"
[ ] Expected £2 "

ATLAS Preliminary
(s=13Tev,L, =36.1fb"

é, ## Theory unc. on " (g=1.0)
E  Pseudoscalar 3
L ti+a, a$ !! -
E g=1.0, m_=10.0 GeV 3
E E!
E E
Ll Ll Ll N
1 10 10?

m, [GeV]

LHCP2017, Mayl17 2017, Keisuke Yoshihara (University of Pennsylvania)

26



Stop b-l Results:

tt* production, t - bf
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Stop search with higgs and Z boson
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