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- Stops play an important role in supersymmetric naturalness arguments, since they 
couple significantly to the Higgs.

- Light stops feature in other contexts such as EW baryogenesis 

Kuver Sinha Syracuse + TAMU

Theoretical Motivations for Stop Searches

Lots of recent studies on the meaning/definition of SUSY naturalness
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1. Vector Boson Fusion processes: can probe the compressed scenario 
    which is challenging for QCD-pair produced stop studies due to small MET. The VBF   
     jets are effective in reducing background.    

2. QCD pair production

(a) LSP is a well-tempered Bino/Higgsino,   
      which satisfies relic density.

(b)

t   3,2
0  t 39%

t   1
 b (53%)

ATLAS bounds apply for 

 
100% (pure Bino 

LSP)OSSF - OSDF subtraction in 
dilepton mass distribution 
gives clear edge

LSP is a pure Bino, = 100%

Stop probed in fully hadronic final state 
using trijet invariant mass M3

Study 1

Study 3

Study 2
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Top Squark Production via

“Stealthy and/or light stop”

“To Bino/Higgsino LSP”

“Vanilla Bino LSP, Hadronic Stop”
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3. Hadronic Stops using M3

2. LSP is a Bino/Higgsino satisfying
    relic density constraints

1. Near the Rubicon: Vector Boson Fusion
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“Stealthy and/or light”

“To Bino/Higgsino LSP”

“Vanilla, Hadronic”
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   Vector Boson Fusion

PRD 2013 [arXiv:1210.0964]

arXiv:1304.7779

Talk by Alfredo Gurrola, Sunday



Andres G. Delannoy, Bhaskar Dutta, Will Flanagan, Alfredo Gurrola, Will Johns, 
Teruki Kamon, Eduardo Luiggi, Andrew Melo, Paul Sheldon, KS, Kechen Wang, Sean Wu 

(Texas A&M University, Vanderbilt University, UC Boulder)

1. VBF Stops - Stealth/Rubicon/Light
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“Stealthy and/or light”
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2b + 2j + MET 

2 jets,  each with pT > 50 GeV 
|Dh(j1,j2)| > 4.2,  hj1hj2 < 0 
M(j1j2) > 2750  GeV
MET > 75 GeV

Kuver Sinha Syracuse + TAMU

BG + Signal data simulation: 
MadGraph 5 + PYTHIA + PGS4

VBF Stops - Stealth/Rubicon/Light

Benchmark points:

stop (LSP) = 110 (50), 233 (50), 277 (90) GeV
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= 233 GeV
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LHC14

= 233 GeV

= 233 GeV
= 233 GeV

VBF Stops - Stealth/Rubicon/Light
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LHC14
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Not final 

VBF Stops - Stealth/Rubicon/Light
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Top Squark Searches Using Dilepton Invariant Mass Distributions and Bino-Higgsino Dark Matter 
Phys Rev D.87.095007 [arXiv:1302.3231]

t   3,2
0  t 39%

t   1
 b (53%)

“To Bino/Higgsino LSP”

2. Stop to Bino/Higgsino LSP
Bhaskar Dutta, Teruki Kamon, Nikolay Kolev, KS, Kechen Wang, Sean Wu
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-  Bino/Higgsino LSP using dilepton mass distribution 

                         -  Pure Higgsino LSP (Asymmetric Stops) using “topness” 

Graesser, Shelton

● Non-vanilla stop decay modes are important to investigate

● Vanilla stop decay mode: to Bino LSP + top quark

-  Stealth/Rubicon studies 

Stop to Bino/Higgsino LSP
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-  Bino/Higgsino LSP from stop decay (this talk) 

● Well-tempered dark matter

● Non-thermal dark matter

-  Indirect/direct detection bounds, cosmological motivations 

Stop to Bino/Higgsino LSP

If Higgsinos are light due to naturalness arguments then

Allahverdi, Dutta, KS [arXiv: 1208.0115]

-  Direct Bino/Higgsino LSP probe with VBF  
[arXiv: 1304.7779]

● Multi-component dark matter
12
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Goal: 
   decay                dark matter sector
in a scenario: 

Motivation:
Light     and light                 Naturalness
                                           Correct relic density
 
Since if                          small relic density
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Stop to Bino/Higgsino LSP

t
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Stop to Bino/Higgsino LSP
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BG data simulation: 
MadGraph + PYTHIA + PGS4

Signal data simulation: 
ISAJET + PYTHIA + PGS4

Final State: 
2 l + 2 j + 1 b + large MET
MET > 150 GeV
HT > 100 GeV

OSSF – OSDF

OSSF                         e± e∓  ±∓ 
t1 t1

∗ and t t 0−4  jets

2
0  1

0  l± l∓

A clear egde around
 M=m  2

0−m 1
0 = 63 GeV .

 e±∓  ± e∓ OSDF
t1 t1

∗ and t t 0−4  jets

t t  jetsDominant SM BG:

Kuver Sinha Syracuse + TAMU

30 ifb
LHC8

Stop to Bino/Higgsino LSP
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2
0  1

0  l± l∓ 100% , via e± or ±

The edge shifts with                               . M=m 2
0−m 1

0

Kuver Sinha Syracuse + TAMU

30 ifb
LHC8

Stop to Bino/Higgsino LSP
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20GeVM l l 70GeV s=
N S

N SNB

30 fb-1 luminosity, 8 TeV

significance           , for                          . ~3 m t = 500 GeVdistinguishable edge, for                         .m t  550GeV

Kuver Sinha Syracuse + TAMU

30 ifb
LHC8

Stop to Bino/Higgsino LSP
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m1
0 = 113 GeV

(b)                 and light   ,
           edge around        .    M

1
0~ B H 

 M=m  2
0−m 1

0

(c)                  and heavy   , 
                  small significance.

(a)         , need coannihilation.
a low pT lepton      small significance.

1
0~ B

l

1
0~ B H 

Z  l l
l

Kuver Sinha Syracuse + TAMU

30 ifb
LHC8

Stop to Bino/Higgsino LSP
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significance           , for                          . ~3 m t = 500 GeV

                     (take-home message)

for light slepton, at LHC8

                             LHC14 study underway!

                           “Heavy” slepton scenario may be interesting at high luminosities.

Stop to Bino/Higgsino LSP
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Bhaskar Dutta, Teruki Kamon, Nikolay Kolev, KS, Kechen Wang, Sean Wu
Phys Rev D.87.095007 [arXiv:1302.3231]

3. Searching for Top Squarks in Fully Hadronic      
Final State

(100%)

“Bino LSP, Hadronic Stop”
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SM processes: TTbar + jets, Single stop production, W + jets, Z + jets, QCD

Once we require large MET, a major surviving decay mode is “Lost Lepton” 
+Jets+MET …

Baseline Selection:
4 jets + 2 loose b’s (>100, 30’s) + MET  (> 100) + Lepton veto

§ pT(e) > 10, Iso < 5 GeV
§ pT(m) > 10, Iso < 5 GeV
§ pT(th) > 20, e = 60%, f = 2%

Kuver Sinha 21Syracuse + TAMU

Final selection cuts
  Stage 1: Tagging leading 

pT top (j1, j2, b) with M3
  Stage 2: Kinematic cuts
  Stage 3: Tagging other top with M3



22

~33% more signal

40 < M(jj) < 120 
& 120 < M(jjb) < 220

pT(top) > 200 GeV

200

M(jjb) top

M(jjb) stop

M(jjb) top

M(jjb) stop

)(T tp

)(T Wp

Kuver Sinha Syracuse + TAMU

Stage 1: Tagging 1st Top



A

B
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Stage 2: Kinematic Cuts



B

40 < M(jj) < 120

40 < M(jj) < 120 & 120 < M(jjb) < 220

24Kuver Sinha Syracuse + TAMU

Stage 3: Tagging other Top with M3

B



M3 and HEPTOPTAGGER
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-  Bino/Higgsino LSP from stop decay with light slepton

● VBF is effective in probing light and/or compressed stops 

-  Weak boson fusion contributions can give a 5 sigma mass reach of  
   200-250 GeV with 300 ifb at 14 TeV.

-  Study incomplete, the mass reach will probably be more

Conclusions

● Explored M3 and simple kinematic cuts to study hadronic  stops at 8 TeV

● Non-vanilla stop decays are important for dark matter/naturalness.  

-  For a 110 GeV LSP, the 3 sigma mass reach is a 500 GeV stop with 
   with 30 ifb at 8 TeV.

-  Heavy slepton case suffers from low branching, situation will improve      
    with high luminosity study at 14 TeV.

-  Studies for 14 TeV ongoing. 

26Syracuse + TAMUKuver Sinha



  

Backups



  

LHC14

= 233 GeV

100 ifb

Kuver Sinha Syracuse + TAMU

VBF Stops - Stealth/Rubicon/Light



v Properties used to identify 
b-jets

– Hard fragmentation functions
– Relatively large mass
– Long lifetime
– Semi-leptonic decays

vb-Tagging Variables
2D and 3D impact parameters 

(closest approach to primary 
vertex)

Flight distance
Invariant mass of tracks at vertex
Number of tracks at vertex (~ 5 for 

b)
Likelihood variables based on 

these parameters
~70% eff. with light mistag rate ~ 

2%

B-Tagging (at CMS)
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3M 2M

M
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M3(TOP-10-009-PAS)
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A
C

B

M3, twice

arXiv:1207.1873
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Stage 1



A

B
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Stage 3: Clean-up



B

A
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

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Mixed up



B

A
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Mixed up
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