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Standard particles SUSY particles

e SUSY is a fundamental global Jd)
symmetry between fermions F:": o)
and bosons =2

* Gauge coupling unification
* Dark matter candidate
* Solving the hierarchy

Higgs

) Quarks @ Leptons @ rorce particles Squarks @ septons @ SUSY force
particles

problem
* SUSY provides the cancellation of the Higgs --_".--Q____”___
boson quadratic mass renormalization t
between top and stop R
* Naturalness arguments prefer light H *‘(\ )‘ H
stop/sbottom, reachablebyLHC Tt
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The CMS Experiment UIC
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* This talk presents recent CMS results of direct stop searches
in hadroinc final state with full 2016 data(36fb1)
e CMS-SUS-16-050 and CMS-SUS-16-049
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CRYSTAL ELECTROMAGNETIC
Tracker CALORIMETER (ECAL)
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CMS /|
' Stop Search with Hadronic t-Tagging U!c

at Chicago
* Hadronic top tagger developed for wide p; range of top
* Fully merged top (monojet) o 1 (13 TeV)
_ . S o9E CMS + Combined
— AKS8 jet tagged as top with soft drop 2 ols Simulation Preliminary . I\Dn_c_moiet
. . & TF Top quark tagger efficiency + Dijet
* Partially merged top (W + b jet) © 0.7E measured in T2tt(850,100) T Tret
— AKS jet tagged as W boson '%3'6 Lottt o:Ié .
5 ° g i m ™ n "
— Combine with a nearby AK4 jet £ 04 . .t '
— Require mass ratio consistent with m,,,m, g 0.3 .
. . Q 0.2 !
* Resolved top with 3 AK4 jets 2 o Ahe
H . . . . - = AXX"".‘AAAA‘AAAA
— MVA tagger trained with jet properties: 05802t o- a0 -706-500-506 7000
gen
jet p, b-tagging value, g/g likelihood etc. b, [GeV]
* Overlap among categories are removed, ~20% mistag rate SUS-16-050

Monojet

S| New /

Diagrams from Vincenzo S.
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Search Variables Ulc
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231" (13 TeV)

o . fully reconstructed % CMS ¢ Data —
N t - N O .0oTto p S top (cone AR=1.5) 1) B Wilv)siels B Singlet
(3iet) o Bl Z(vv)+jets Qch
L] ';D-/ ----- - nz - Rare
PY . O f b_ d > <ees T21Y(500,325) — T2t(750,50)
N, : NO. of b-tagged jets 2
. miss g l:l:g signals scaled to total background
miss Er | it |
([ ] E Y K ——
T .....

* H;:scalar sum of jet p;

""" -3
* M, : stransverse mass it = o
600 700 800 900
M, [GeV]
Mr; =  min {max [m%(ﬁm)mp,lzb_]'T,l;ng),m%(ﬁT,z; Mp2,q12; m;gl))] } ,
Fratqra=pr
N,=1 & N=1 N,=2 & N=1 N,>3 & N=1
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S h Bin Desi U I c
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N,=1 & N=2 N,=2 & N=2 N;>3 & N=2
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84 search bins in N,, N, My,, E;™$, HT, targeting T2tt and T1tttt (gluino to ttbar+LSP)
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Pass CMS MET trigger
Electron/muon/isolated track veto
AKA4PF-CHS jets:
Njets (pT > 30) 24

* N (pr>50)22
N, = 1
EMiss >250 GeV
H; > 300GeV
AQ(E;mMiss, jet1’2,3)>0.5, 0.3,0.3to
reduce QCD
At least 1 top identified with the
top tagger
M;, >200 GeV

* Main Backgrounds (data driven)
e ttbar/W + jets
e Z->VV+jets
* QCD
e Sub-dominant backgrounds
e ttZ: Estimated from MC,
validated with data in 3-lepton
channel
* Diboson/Triboson etc: Estimated
from MC
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Lost Lepton Background o s

at Chicago

Use single muon/electron data as control region

(CR)

Measure TF = N, / N for every search bin from

MC

TF measured for lost e/ and hadronic tau
respectively, using MC truth information

CMS Preliminary 35.9 b (13 TeV)

—_
o
o
o

Muon : Data
B Z(WV) + jets
Wi
I QCD
Bl ttZ(vv) + Rare

Events / bin

300 400 500 600 700 800

Validation in the data sideband (N, > 2, N, = 0) EMS: [GeV]
shows good agreement in both electron and CMS Preliminary 359 157 (13 TeV)
£1000
muon channel 2 Electron : Data
2 B Z(vV) + jets
o 800 /Wi
& == QCD.
/ Acceptance  reconstruction  isolation Lepton B ttZ(vv) + Rare
e ‘u > found!

Faill
Out of
acceptance

Faill Fail
\/

Not Not
reconstructed isolated

70Q 800
ET** [GeV]

300 400 500 600




Z invisible Background U!C

at Chicago

Matches signal region * MC base estimate, validated in Z>uu
selection control sample

* Derive a scale factor (Spy(N)) for DY S up

Tight Loose in the loose control region, and apply this
izati Shape . . .
Normalization Corrzction to the Z->vv MCin the signal region
N(b) 21 uncertainty » After reweighting, the Z->up shows good
|106events | 390 events data/MC agreement
231 events
N(b) -0 c CMS Preliminary 359 ! (13 Tev) - CI\'IIS' Preliminary 359 ft')" (13TeV)
o t Data (390) E K - { Data (390) -
699 events ® MDY (210) 1 o 102k MDY (210)
g 10 B tt (108) 4 ¢ g it (108) 3
o M Singlet(14)3 o i Single t (14)
B ttZ (44) ] S 5 B ttZ (44)
N - 2 S (N ) 10 I Rare (17) ] o 10E I Rare (17) =
B = py\WNjet )Wmc E - :

eventseB

wye = (0 X L)etrigwbtagwpileup




QCD Background UIC
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* Useinverted A¢ control sample to predict the number of QCD events, using a
translation factor.

Event passing A¢ cut Event in inverted A cut sideband

SR _ pajA9Q
Nocp = NoepXTocp

/
13

 The number of QCD events in inverted Delta phi region is the number of
observed data minus other SM background :

AP _ AP Ap A A

NQCD - NData o NLL - th - NZ—>vv

* The T-factor is measured in data in a sideband region and extrapolate in higher

met region using MC results. Nécd)p

TQCD = AD
QCD




Stop Search with Hadronic t-Tagging UIc
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 Search regions are binned with N,, N,, M;,, E;™$, H;

* No statistically significant deviation between data and background prediction

CMS Preliminary
AL R aCUCL ) SN

35.9 fb (13 TeV)

T I T T T T I T T T T I
™ I
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e
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=¥ =g N =2 9 %.) — :C’)
10° BR TH'N' § ; b = o N, =2 oA
M- R N S o G
e = 3 ‘:‘I')'_I'I '3 | o, Z :
10° E&=1 : = T A 87
e ¥ | TR R A
10 ' ' il i R . 5
]
107"
1072
s °F
S "(:'_) 41— X
©|= — K
D -O : 4
GJ L N g
& bl |
0_ 1 ‘L 1 1 . $ 1 h u |' H i
0 10 20 30 40 50 60 70 80

Search region bin number

SUS-16-050

ey




CMS /!
' Stop Search with Hadronic t-Tagging UIC

University of lllinois

at Chicago
: SUS-16-050
* Excludes T2tt with stop SOOCMS Preliminary 35.9 fb' (13 TeV) _

mass up to 1020GeV % pp — T, T — t X NLO+NLL exclusion : g

and LSP mass up to O, 700l =Observed + 10y, i

43OG eV EIX == EXpeCted a Gexperiment _E 10 %

6001 43 8

B 7] 7 7))

N 1 4 )]

500 -~y S

* Additional material for - 1 3 ©

reinterpretation 0 4 1 S

- q 401 E

(aggregated search 300 RS

. . .- B . I )

regions and a simplified I -1

. N L >

version of the top - L 210ty

tagger) will be released 10027 =l

(. . Lo

Soon O_ |;( | | | | 1 1 | | 1 | | | | | | I:I B 1 10—3®
200 400 600 800 1000 1200

my [GeV] New
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Stop Search with 0-lep UIC
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SUS-16-049

* Different search strategy targeting different signal phase space
* Low Am (compressed) region and high Am region, separated by M.(b,
meiss)
e Search regions use different tagging technique of b, W, top
* lowAm: Nj' I\Ib' Nsoft—b' pT|SR/ prr ETmiss
* highAm: N, Ny, N, N, N Emiss

resolved-t’

2.3fb7" (13 TeV)
—IIIIIITIYITIIIIIIIIIIITlYIlIlIIIIIIIII|IIII|IIII—
140:—CMS |:]Lost-lepton -

Low Am category E " Simulation 0 zomsiets ] High Am category
- |V|-|-(b, meiss)<175 0 120 - s %:;D g - |V|-|-(b, meiss)>175
GeV g o e e GeV
= Target low Am S oL Ll tox T @010 = Target high Am
signal - 6055 e ] signal
= |SR tagging : D = BDT top/W tagging
= Soft b-tagging O = = BDT resolved top
20 S T tagging
0 (i sl T 3 450 5_00

0 50 100 150 200 250 300 350 400

My(b, Pr") [GeV]
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CMS

Stop Search with 0-lep
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* The signature of top quark decay varies along its p; range
— Merged top tagger: BDT to tagger boosted top quark with p; >400GeV in
”large-R” jets

— W tagger: BDT to tagger boosted W boson with p; >200GeV in ”“large-R”

jets

SUS-16-049

— Resolved top tagger: BDT to select 3-jets combination as top candidate

Diagrams from Vincenzo S.

(13 TeV) (13 TeV) (1 3 TeV)
> o T T T > 0.7F > o0 ] o oo
2 0.7}CWIS Merged top ] 2 | CMS MergedW 2 1;CMS Resolved top | ©0.14f CMS e Resolved top_
.g I Simulation Preliminary 1 .g 0.6} Simulation Preliminary . .g | Simulation Preliminary ] c Simulation Preliminary ]
£ 0.6F 1 £ 1 £ | -20.125 .
wor 1 Wosfk 1 W osp 1 8
0.5 - - ] [ : i
3 ] - ] 3 c [
0.4 E 04 1 0.6 ‘ i
3 E 0.3F . ; g
0.3 E ] 04 N 5
0.2f —i 0.2 ] : 04f
; 1 [ ] 0.2 . i
0.1~ E 0.1- g i 0.02[- .
i\.uul | ‘IIIII\\\_ IR RS NI \\\uul\\\\\\\\\’ I | L o I\\\\\\\\\—
A?OO 500 600 700 800 300 400 500 POO 200 300 400 500 900 200 300 400 600
generated top p [GeV] generated W p [GeV] generated top P, [GeV] candidate p [GeV]
Zhenbin Wu 15
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CMS

Compact Muon Solenoid

Stop Search with 0-lep U!c

at Chicago
35.9 fo' (13 TeV) 35.9 fo' (13 TeV)
ﬂ 108 T T T T T T T T T T T T T T T T T _'(.B T T T T T T T T T T T
c CMS —e— Observed 1 Rare c 108 CMS —e— Observed = Rare
§ Ly =20 -y o) 2 , =W = aio00.1)
Preliminar .t ---- T2t , 10 Preliminar t ---- Tett ;
w 108 y ---- T21t(700,400) ---- T2ttC(500, 450 L 6 y ---- T21t(700,400)  ---- T2ttC(500, 450)
Low Am x55: Bkg. Uncertainty 10 High Am s Bkg. Uncertainty
5 i i
10 N,>2, mT(bm,'ﬁ'T" *) <175 105 mT(bLz,Er **)> 175 GeV, N =1
10* 300 < p_(ISR) < 500 . p,(ISR) > 500 104
. =0,N =0,N >1 =0,N_ >1,N_>1
10% E-p,®,) <80 :eo <p,(b,) <140 §T7(li>;:)s>140 p,(b,) <80 :so <p, (b)) < 1?0 ?7(1:;:): 14 108 o W hes :"T‘w; L N, W hes 2
102 —8— . . 102 - :N,es = 05
10 s - 'ﬁ%i '
e b e R I T = 4R
1 LT S S P = 1 fmann - SRR = N
o9 p=1= B == EE i [ — ooy j
. e ' _____—_'..J. 000 PR = - L L E L LI - cea-ea [ P L]
10 i kel oy ST S A s o g e T R T e
102 FCLLE P | I S LY P | 1 [T Akl SO | | S | 102 | | | 1 1 N Sl 1
S e v - R 5 4r ]
pzd % pd 3
\_8 AAAAAA ???’f’f’ AAAAAAAAAA [96%6%6%Y ;AAQ@; ’z%gg?;;:;:’:?:‘:?:’:?o 0262622 2936%6%%%% ‘I3 \_8 2
o 1 P LG K XK K XA RERRPRLARARARR el KKK, [e) 1
[30p (40p 2.5, 1300 (400 >.5-, 1300 (400 2.5 (450 (550> 65450 (550 > 61450 (850 > [5; > 2 [3; 4, /5. > 2 2 3 /4 >
0.560 519700, 458 g 00 498, ipf ™50 S5 s 0. 55g 20 %0 58 28 %0, 655550 250, 534590, 44750, 54590, 63,550 =950 250, 350, 14500, 55,550
E?'Ss [GeV] E?'SS [GeV]

* Observed data are in general agreement with background predictions
* Two search regions with small discrepancies, corresponding to local
significances of 2.3 (left) and 1.9 (right) sigma.

e Deviation can be attributed to statistical fluctuation of data.
SUS-16-049
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Stop Search with 0-lep U!c

at Chicago
i -1 .. -1
11OCMS Preliminary 35.9 fb™ (13 TeV) 0 110C|V|S Preliminary 35.9 fb™ (13 TeV)
>’ e 17 = 5 e —
©  lepotitoc %, NLO+NLL exclusion ] 8 o (oo|PP > TEEI-bEf %, NLO+NLL exclusion 8
S, —Observed + 10, ... i - 9 —Observed + 1o, c
— I o — R (@]
ey 90| === Expected £ 16, 0 imen : -§ S 90 === Expected £ 16, 0 imen oy §
2+ 80 - R T o) == 42
~ E ] i % ~ C 3 | %
& E B o £ - 3 o
< 70 c ] G 70 c ] o
60F- 4 41 & 60F- - S
501 -4 1 E 50F- 4 | E
40F - 1 & 40F = 8
- ] a C . Q
C ] 7 5 C ] 1 S5
30 — | 30— - -
E 10 O C ] o
20f- - 32 20F = N
o 3 Lo C = Yo)
1 Covvv v bv v T IAAC v vy 7 1071 S 1 I S I IIIM' ¥ A I B I 1 | 1071 S
00 350 400 450 500 550 600 650 %00 350 400 450 500 550 600 650 700 750
m. [GeV] m; [GeV]

e Limits on low Am signal scenarios
— Exclude stop mass up to 560GeV and LSP mass up to 520GeV for T2cc

— Exclude stop mass up to 580GeV and LSP mass up to 540GeV for stop
four body decay

SUS-16-049
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CMS 1
Combine Limit U|C

at Chicago
500, CMS Preliminary 35.9 fo (13 TeV)10 g CMS Preliminary 35.9 fb! (13 TeV) (o 2
pp — ﬂ i, ﬂ —b %T ﬁ — W* %? NLO+NLL exclusion § g 800 pp — ﬂ i, ﬂ —t %? NLO+NLL exclusion § 5
S ==Observed £ 1 s.d.y,,, === Expected 0l analysis - o S ==Observed 1 s.d.y,5, === Expected 0l analysis - g
) 2zExpected £ 18.d,, Expected 1l analysis | —{ 10 & @ ZZzExpected + 18.d,,, " Expected 1lanalysis | =4 {0
O, 600 M. = (M.+ M_o)/2 Expected 2| analysis | 3 @ O, 600 Expected 2| analysis | 3 @
X t X ] - ]
W ‘ o ] 8 3 n - R 8
S S s 1 o1 c € i - EER c
B Tl = (®) - \\ - = (®)
- -= gal ] = - \ ] =
400 i SRR 1 - £ 4001~ o I hems £
e e i o L T
- i § 1 0 GL.) | > ‘.: * a | 3 1 O o
- ] =2 o | 3 1 J o
200} - S 200} e 1 S
- : 4 =210° g i ‘;'T—;m'?g')
B ] 7 7 0\0 B QA : Tl 7 O\O
K E h ol L0 4 1 1 1 &
G R ﬁ10<3 o Ol A . L A, lﬁ10—3 @
QOO 400 600 80 1000 1200 200 400 600 800 1000 1200
m- [GeV] m- [GeV]
1 1

* Combination with stop search with single lepton (SUS-16-051) and

dilepton (SUS-17-001)

* For T2bW, the combine excludes stop mass up to 1000GeV and LSP mass

up to 450 for a 900 stop

* For T2tt, the combine excludes stop mass up to 1050GeV and LSP mass

up to 500 for a 900 stop SUS-16-051

5/18/17
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e CMS searches for stop/sbottom production in various final state
with 2016 dataset.

* No significant excess are observed

* CMS excludes stop pair production with mass above 1TeV, subject to
simplified model assumption

e LHC will restart pp collision in June. Stay tune.

p— SB, b—b ¥y  Moriond 2017 pp o1, Tt X Moriond 2017
;‘900_|||||||||||||||||||||||||||||||||||||||||||||||_ ;900_| | T T T | T T T | T T T | T T T | T T T ]
- -1 . - A ]

8 800 :_CMS Preliminary 35.9fb" (13 TeV) 1 8 sool CMS Freliminary 35.9fb" (13 TeV) -
e | ~5US16:082 0p shottom Coveaved ] Be b Couee0us. 0ien (470  obeerved ]
£ 700 —SUS-16-033, 0-lep (H™) 1 £ —SUS-16-036, 0-lep (M) ]

—SUS-16-036, 0-lep (M;,)

—SUS-16-049, 0-lep stop
SUS-16-051, 1-lep stop

F —SUS-17-001, 2-lep stop

500~ —Comb. 0-, 1- and 2-lep stop

~

o

o
[TTTI[rrTr]

600 600

500

.....

400

"
o b b b b b by |

a00F-
300 3005— %
200 2003— ‘
100 100
AT FUTT FTRTI FUNT SEURU PURY (ULE TO0 W 0:.éf’s'ﬂ IR IS | R L [
00 500 600 700 800 900 1000 1100 1200 1300 200 400 600 800 1000 1200
mg [GeV] my [GeV]
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CMS
ICHEP Top Tagger
(13 TeV)
P
c 09 CMS 34, +#tHET
5 = Simulation #y %
= 0.8 ici "
4= n Top quark tagger efficiency 3%
D 0.7F measured in T2tt(850,100) ,*
(@) ~ oo
S 06F =
o -
% = Top quark p_ distributions (a.u.)
—c‘% E ------ T211(500,325)
© o — — T2tt(750,50)
o — + T11ttt(1200,800)
8_ -== T11tttt(1500,100)
— s
| T‘:;-'I""" 31T A

0 200 ;100 IGOO 800 1

000 12

00

gen :
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Bottom Squark U!C
* Direct search for sbottom with: \j ,/ .

at Chicago

* NO. of b-tagged jet SUS-16-032
J Y -7 oL 0
* NO. of c-tagged jet
* H;:scalar sum of jet p;
i CMS Preliminary, 36 fb™", \s = 13 TeV
miss
* E™and M = 900 — _
— bb,b - b?% NLO+NLL exclusion 2
mer(jij2) = [Ex(i) +Ex(2)]* — [Pr(ja) — Pr(j2)] 8 800 iot)served +1 35(1 ve
= 2pr(j1)pr(j2)(1 + cos Ad(j1,j2)). I_nl_ = T 1 Oheory S
%) -=:-Expectedt1c___. =
. . | 700 experlment (&)
* No excess above the SM prediction € F 1, 9
o 600F R
CMS Simulation Preliminary 36 b (13 TeV) L . o
2 T mmbbeo0,100) - - G
o I I 55(1200,100) | 5001 - 7 c
3 10%E B Z+jets E N AR — 10" °
E [ W+jets 3] - = =
Dwees 400} -0 E
L mwW C 4 =
10¢ Face 300F 1
E B Q
C L 102 %
i 2001 >
1 - o
100 X
- o)
ooy 10-3 o
107 400 600 800 1000 1200
0 200 400 600 800 1000 120C -
mer [GeV] m. [GeV]



Stop Search with 2-leps UIc
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at Chicago
SUS-17-001
Search in final states of 2 leptons, jets, b-jets Dilepton Selection
and ETmiSS leptons 2 (e or u), opposite charge

. _ m(ll) >20
Dominant ttbar background is reduced by My,  |M; —m(ll)] > 15GeV, same flavor only

Mp(€6)=  min (max [MT(ﬁ?ﬂ,ﬁ%‘fSS),MT(ﬁlSz, ﬁggSS)])

PR+ PR =P

Search regions are defined by E;™ss, My,(ll),

Number of Events / 20 GeV

MTZ( blb |) signal region My, (blbl) T (GeV) [ My,(ll) expected  observed
. A0 > 200 lou—-140 || 208 + 8.8 22
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fmod = In(min S), with S(pw, pz, v)

Search in final state with 1 lepton, jets, b-jets and E;Mss

+

SUS-16-051

Search regions are defined by N;, E;™*5, M,;, and modified version of
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