3rd generation SUSY searches at CMS
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Introduction hep/ph:1110.6926

g el
¥ Heirarchy problem of the light Higgs solved by - —
natural SUSY ; ?
¥ Interesting given discovery of the 125 GeV boson -
¥ Requires light gluinos, stops and shottoms ey T
¥ Strong program for 3rd generation SUSY at CMS L
¥ Hadronic and leptonic final states \mtural US| decouplc suy

¥ R-Parity violating scenarios

Gluino induced ¢

¥ Gluino induced top or bottom squark production
¥ Relatively high cross-sections and high multiplicity signatures.

¥ Direct top or bottom squark production
¥ Cross sections lower than gluino induced
¥ Decays dependant on A M(M;op/saorroms Micp)
¥ This talk will cover direct production
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Hadronic stops

f CMS-PAS-SUS-13-015 \

1) Tag two top quarks per event: One full-reconstruction and one
partial-reconstruction = increase signal efficiency  (slide 14)

2) Then utilize topological variables (my, , m:3, m.Rst) to increase S/B
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Hadronic stops

CMS Preliminary, 19.4 fb™, {s = 8 TeV . CMS Preliminary, L = 19.4 fb™", Vs = 8 TeV
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1-lepton stops

f CMS-PAS-SUS-13-011 \

b
\\P2 w+
—————— o
_____ i
/) o
b
b
W+
R ~~~~~ <
S X1
XY
CMS Vs =8 TeV, [Ldt=19.51b" CMS \s=8TeV, [Ldt=19.51b" 7 """ "\.\
2 2 w-
% 1.5 . L§>1.5— B 5
E 1 L 2 L 2 L s & *— o —®— E 1+—H_=.¢—‘_=E—.—
< 0.5 - < 0.5 -
O o 0O o
% EI'IIIIllllllllllllllllllé % lIIIII|II||I|||IIII|IIII|IIIIE
O] - Preselection —®— Data ] O] Preselection —®— Data h " 1 .
@ 1071 [ 1 o 1 S0 . 1o N PY%>"%A'&(| Q6:(
N E I s o E « [ s E
& . C [ WH+jets ] & [ W+jets ]
210°¢ I rare E 210° I rare =
E - Y—nz‘]’ (650/50) x1000 S -------- ?_n;z‘j (650/50) x1000 1 Njets 2 4 (pT>30 GeV, [n|<2.4)
10'kenei®
P . >
g e R NbJets 2 1
: miss
] E, > 100
10
10 m; > 120 GeV

100

150 200 250 300

Emiss [GeV]

05/05/2014

350

50

100 150 200 250 300

M, [GeV]

Michael Sigamani — Phenomenology Symposium




1-lepton stops
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1-lepton stops
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Stops with Higgs/Z
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1) t, and t, are eigenstates of t_; = usually search for >~
: : H
lighter t, eigenstate (see earlier slides) 7
2i) Analysis targets the region: m(t;) — m(x,°) ~ m(top) \"2 ' ¢
. . 2 _ -
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Stops with Higgs/Z

CMS Prellmmary

CMS Preliminary \/' 8TeV, fodt =195 "
=" 500 0 10
O pp—>t2t2,t2—> tHi(O NLO+NLL exclu3|on . .
9 ——Observed + 16, o .
e[ Z22iExpected £ 16, 0iment , 15
£ m;—m_. =175 GeV )
400~ % - 4
I | E 10?
300 A 00 R\ N\ -
/(Q/\\ \ “‘ “ ]
B ALK 17
200 T o ([ -
1 | 1 !I : ! I 1 I
300 400 500 600 700
m- [GeV]
2

05/05/2014

Michael Sigamani —

400

300

95% CL upper limit on cross section [fb]

— L
> pp—>t2t2, T th NLO+NLL exclusmg, ]
O, == Observed £ 1 Ginoory P
z:: Expected t1o
1 500— experiment o —
£ m; =175 GeV i

Phenomenology Symposium

\/‘ 8TeV f.szo|t-195fb‘1

IIIIIII

10?

95% CL upper limit on cross section [fb]



Direct shottoms

) &U>HBE(Y">&#:(5A2@2+(5G6%>H(4%">(4>2C6#1 2 ,
C&#%3" , *(: 2((A8GE%>H(O(X) 1 (

1) Construct 2D analysis in 8 bins of Ny, and m?; where:
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Direct shottoms
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With new search bins (with
one ISR + 1 or 2 b-jets) expect
the analysis to become more
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¥ Wide range of SUSY searches for 3rd generation particles covered at CMS

¥  Collected around 20 fb-1 of pp data at Vs=8 TeV in 2012 and performed
searches for third generation squarks.

¥ No significant excess over expected SM bkgs observed so far
¥ Have set top-squark lower limits at around 700 GeV
¥ Have set bottom-squark lower limits at around 750 GeV
¥ Have only covered direct production in this talk, can see here:

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
for full range of CMS 3G SUSY public material

CMS Preliminary

¥ LHC Run2 will start soon at (s) = 13TeV 3ol powiw = " —owaw
¥ Discovery potential for top-squark 2500 |- Eetimatod 3o dlcovaryreach o oo ]
masses will be at around 1 TeV w b m‘“‘m‘“/f ””” N

with 300 fbl @ V(s) = 14 TeV o R .

¥ Future Sensitivity Studies for SUSY b "0,..;",""::-- """" E
searches at CMS at 14 TeV: Wy .
http://arxiv.org/pdf/1310.0781v1.pdf 100 _/ ' E
05 2‘00 . 3(1)0 400 500 600 700 800 900 1000

ms; [GeV]
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Thank You
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M%' t is the transverse mass of the fully reconstructed top quark tri-jet system and the ]_a'fr“iss
vector given by

(M) = (mPIet)2 4 2(EP piniss — pT*pmiss cos Ag), ?

m-RYstis the transverse mass of the identified partial top decay
products in the Rsys and the p;™'s vector (3)
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piiss > 200 GeV,

pIiss > 350 GeV,

pRiss > 200 GeV,

pIiss > 350 GeV,

Nb—jets > 1 Nb—jets > 1 Nb—jets > 2 Nb—jets > 2
tt 153.8 £5.7 189+20 63.4+3.7 63+1.2
W — fy 229429 58+ 14 39+1.2 1.1+06
Z— v 25.0+1.2 8.4+0.6 46+05 1.34+0.2
QCD 1.1+06 0.0702 0.0702 0.0702
single top 17.5+3.9 52+2.1 7.0+25 1.8+1.2
ttZ 7.8+0.4 2.3+0.2 42+03 14402
ttW 24+02 0.3+0.1 1.14+0.2 0.1+0.1
zZ 0.8+£0.2 0.3+0.1 0.2+0.1 0.0793
WZ 0.5+0.2 0.1+0.1 0.1+0.1 0.075;5
WW 0.8+0.3 0.1+0.1 0.3+0.2 0.0752
Total (no QCD) 2315+7.6 412+33 84.7 £ 4.6 120+138
Data 254 45 83 15
Signal (350, 0) 162.8 £7.2 113+19 844+52 75+15
Signal (500, 100) 83.2+17 33.7 1.1 481+13 19.8+0.8
Signal (650, 50) 224+04 158+ 0.3 13.1+0.3 9.3+£0.2
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Selection BDT Low AM High AM BDT Low AM High AM
Emiss (GeV) yes > 150,200, > 150, 200, yes > 100,150, > 100, 150,
T € 250, 300 250, 300 200, 250 200, 250
MY, (GeV) yes >200 yes >200
min A¢ yes >0.8 >0.8 yes >0.8 >0.8
Hzatio yes yes
Hadronic top x> (on-shell top) <5 <5
Leading b-tagged jet pr (GeV) | (off-shell top) yes >100
AR(¢ leading b-tagged jet) yes
Lepton pt (GeV) (off shell W)
t f ‘-
Y- X
X 0 ~() ~0
X X
x=0.25 x=0.5 x=0.75
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Figure 2: The stop-chargino-neutralino mass spectra for the three choices of the parameter x

considered in this work.
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Figure 4: Observed data events and predicted SM background for the event sample with at
least three leptons as a function of the number of jets, number of b jets and ET* are shown
for events that do not contain (off-Z), top row, or contain (on-Z), bottom row, an opposite-sign-
same-flavor pair that is a Z boson candidate. The distribution for the models t, — Ht; where
my, = 450 GeV and m;; = 200 GeV and t, — Zt; where m;;, = 600 GeV and m;; = 200 GeV
are stacked on top of the backgrounds in the top and bottom rows respectively. The last bin
in the histograms includes overflow events. The shaded bands correspond to the estimated
uncertainties on the background which are calculated on the per bin basis.

18



)<)8/RB./RE(+ e >8280& , #85(

[55] D. Tovey, “Supersymmetric particle mass measurement with boost-corrected
constransverse mass”, JHEP 03 (2010) doi:10.1007/JHEP03(2010) 030.

[56] G.Polesello and D. Tovey, “On measuring the masses of pair-produced semi-invisibly
decaying particles at hadron colliders”, JHEP 04 (2008)
doi:10.1088/1126-6708/2008/04/034.

ADDITIONAL
MATERIAL

19



