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CMS SUSY searches
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Outline & Scope

➢ Gluino searches
➢ 3rd generation squarks searches

➢ The case for
➢ Stop & Sbottom searches

➢ EW Susy
➢ “Naturalness”
➢ Interpretation in complete theory
➢ Conclusions & prospects

➢ Cover the 8 TeV data taking period: ~20 fb-1

➢ Are with R
P
 conservation hypothesis

➢ 90% of cases: Based on simplified models

Results:

Disclaimer:
➢ 7 results among n
➢ Focus on phenomenology → interpretation    

               & signal selection
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Gluino searches

IF SUSY exists
&

IF LHC can produce it:

Gluino pair production:
Most abundant source of 
SUSY production @ LHC

Understood to be a well 
explored avenue in SUSY 
searches...

LHC's energy reach allows g → tt0
1
:

~ ~

➢ Rather low background: 4tops
➢ Cross-checks across 5 final states 

in case of discovery
➢ Hypothesis: m(g)≪m(q)

~ ~

Candle production- & decay-mode for 
g searches @ LHC~

Courtesy of ATLAS
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Gluino searches

➢ m(g) ~ O(TeV/c2) !
➢ for m(0

1
) ~ 700 GeV/c2

~
~

A production- & decay-mode well 
explored across different channels:

Sensitivity to:
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Squarks
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b
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“Bottom up” approach: 
Targeting low-mass players in each 
category of sParticles, i.e. those with 
highest chance of production for the 
energy reach of LHC...

~
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NeutralinosCharginos

Type of searches
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The case for
3rd generation squarks
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MSSM lagrangian with soft breaking terms :

Quark left- & -right superpartners (scalars) can strongly mix to form mass 
eigenstates :

“Up” squarks

A
T
 : Tri-linear (stop) mixing term

M
Q
 = SM quark mass

SM SUSY

t

c

t
2

t
1

c
2

c
1

Mass
~

~

~

~

Mass difference of quark superpartners:
Proportional to M

Q
 = M

t
 :

Strong mixing in the stops t
1,2

 sector   

                     t
1
  might be the lightest squark

~

~

t
1
 : Dynamic reason to be @ bottom of sParticles~
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3rd generation & Cold Dark Matter

Lightest Neutralino 0
1 
stable: Natural candidate for Cold Dark Matter

Observed 
CDM

h2 = 0.111±0.006 @ 95% CL (WMAP) well explained

IF dm = m(P) – m(0
1
) small: Co-annihilations dominate

~m = M(t
1
) - M(0

1
) ≤ 50 GeV/c2

...Soft decay products

~

~

Is stop/sbottom degenerate with LSP ?

➢ c0
1
 t

1
 → tg, tH0

i
, bH+

➢ t
1
 t(*)

1 
→ tt, gg, H0

i
H0

j
, H- H+, bb

_

~ ~

~ ~

~~ _

Boehm et al., PRD 62, 35012
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Experimental look @
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t
1
 → c 

1

Kinematic domain: m(t
1
)<m(b)+m(W)+m(

1
)

Complementary to 2-body (t
1
, b

1
) & 3-body (bW

1
) decays

~ ~

~ ~

~ ~ ~
PAS-SUS-13-009

➢ p
T
(j1)>110 GeV/c

➢ p
T
(j2)>60 GeV/c:

➢ Increase S acceptance b/c ISR jets
➢ Keeps soft charm jets ‘invisible’ 

while maintaining a low QCD
➢ MET>250 GeV
➢ Df(j1,j2)<2.5: Reduces QCD
➢ Lepton veto

Signal

Selection
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t
1
 → c 

1

~ ~

➢ Search performed in 7 inclusive bins of 
p

T
(j1): > 250 → 550 GeV/c

➢ Progressive loss of sensitivity 
@ higher t

1
 mass: Decrease 

of s
➢ Good sensitivity @ low Dm 

b/c ISR jet requirement

~
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t
1
 : Stop decays

➢ Big contribution if log(
GUT

2/M
W

2) ~ 65:  This is choice ! 
Squark mass unification can very well be @ low energy...

➢ |V
b c

| ~ 0.05

➢ Preferred at low tanb: Excluded by LEP Higgs searches

Is c c0
1
 the only / best window to search for stops ?

2/3-body decays

~

~

Djouadi et al. : PR D, Vol. 63, 
115005

➢ In terms of parameter space:     
Dominating over a larger space

➢ In terms of mass space:             
Dominating over larger kinematic regions

c c0
1

b W c0
1

~ ~
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t
1
 : Stop decays~

t
1
 → t* 

1
0

b+W+
1

0 < t
1
 < t+

1
0

~ ~

~ ~ ~

t
1
 → t 

1
0

t+
1

0 < t
1

~ ~

~ ~

t
1
 → b 

1
+

b+W+
1

0 < t
1

W+
1

0 < 
1
< t

1
-b

~ ~

~ ~

~~ ~ ~

c c0
1

b ff' c0
1

b W c0
1

~ ~ ~
c+

1
0 < t

1
 < b+W+

1
0

b+f+f'+
1

0 < t
1
 < b+W+

1

0~ ~ ~ Decay modes  
covered in the 
following

~ ~

~
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t
1
 semi-leptonic: 3 decay modes & Dm

~

EPJC 73 (2013) 2677

Phenomenology, i.e. 
difference of 
kinematics vs
1) decay-modes 
2) masses regions
→ Selection
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Preselection:
➢ p

T
(e,m)>30 GeV/c

➢ N(jet)≥4 w p
T
(j)>30 GeV/c

➢ N(b jet)≥1
➢ MET>100 GeV

➢ M
T
>150 GeV: Reduces ttbar(1l)

~t
1
 semi-leptonic: Selection

➢ Topological & kinematic 
variables fed to BDT

➢ Signal Regions (SRs): 
Specific BDT training / m

Selection:
Boosted Decision Tree

Clearm effect through fBDT output
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~
t

1
 semi-leptonic: Interpretation for t

1
 → t c0

1
 , b c±

1

~ ~ ~

~
➢ Sensitivity at low Dm: Selection variables independent of top reco.

➢ Specific BDT training for t* region: Sensitivity up to m(c0
1
)~180 GeV/c2
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Experimental look @ sbeauty
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b
1
 search: Mainly based on b-tagging & m

CT
 ~

PAS-SUS-13-018Preselection:
➢ N(jets)≥2 w p

T
(j) > 70 GeV/c

➢ N(b)≥1. Df(b
1
,b

2
)< 2.5 if N(b)=2

➢ H
T 
/MET > 250/175 GeV

➢ M
T 
(j2,MET) > 200 GeV

Selection: Cut & Count
SR binned in [m

CT
 , N(b)] to increase 

sensitivity across (m(b
1
),m(

1
))~ ~

SR: N(b)=1 SR: N(b)=2

m2
CT

(v
1
,v

2
)=[E

T
(v

1
)+E

T
(v

2
)]2-[p

T
(v

1
)-p

T
(v

2
)]2: 

Measure masses of pair-produced semi-
invisibly decaying heavy particles:
t

1
/b

1
 → X 

1 

~ ~ ~
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Electro-Weakino: Hunting in EW sector of SUSY

PAS-SUS-13-006
ArXiv:1405.7570

Hypothesis

c0
1
: Bino-like

c±
1
 & c0

2
: Wino-like

m(c±
1
)=m(c0

2
)=m(c)

~

~ ~
~ ~ ~
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Search for c±
1
, c0

2
 & l: Phenomenology picture~ ~ ~

Associate c±
1
/c0

2
 production

m(l)<m(c±
1
/c0

2
): Slepton produced

m(l)=m(n)= m(c0
1
) + x

l
.(m(c)-m(c0

1
))

Associate c±
1
/c0

2
 production

m(l): Too heavy
c±

1
, c0

2
 wino-like: Little 

sensitivity to ZZ. Enhanced in 
GMSB

Direct c±
1
 & l production

Large variety of production- & 
decay-modes considered:

As model-independent as possible

~ ~

~ ~
~

~ ~ ~
~ ~ ~ ~ ~

~~

~ ~
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Search for c±
1
, c0

2
 & l: Analysis strategy~ ~ ~

➢ Trilepton
➢ WH + MET
➢ Opposite-sign, non-resonant 

dilepton
➢ 4-leptons

➢ Same-sign dilepton
➢ WZ/ZZ + MET

All signature-based searches 
recast for per-diagram 

interpretations

Will present trilepton, WH+MET,   
        OS-NR-DL 

For sensitivity
enhancement:
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Trilepton searches
Preselection:
➢ All lepton flavours allowed

➢ N(e or m)≥1: p
T
(e,m)>20 GeV/c

➢ N(t
h
)≤1: p

T
(t

h
)>20 GeV/c

➢ MET>50 GeV
➢ With & without OSSF dileptons

Selection: 
Search regions: Exclusive bins 
[M(ll),MET,M

T
]

Get sensitivity to a variety of 
signals from ≠ kinematic 
regions

Excess ?
To be followed @ 13 TeV
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WH+MET: c±
1
,c0

2
 → (Wc0

1
)(Hc0

1
) → ln bb + MET

Preselection:

➢ N(e or m)=1: p
T
(e,m)>30,25 GeV/c

➢ N(jet)=2 within |h|<2.4: Reduces ttbar
➢ b-tagged

➢ M
T
>100 GeV: Reduces W→ln

➢ No high-p
T
 track / t

h
: Reduces ttbar-dilepton

Selection: 
Mbl

T2
: Minimum “mother” particle 

mass compatible w P
4
(l, b-jets, MET).

Mbl
T2

>200 GeV/c2

Search regions:
3 overlapping MET regions: Get 
sensitivity to different m(c)-m(c0

1
)

No excess observed in Data
@ M(bb)~125 GeV/c2

W: Required → ln 
→ Sensitivity to H → bb

~ ~ ~ ~

~ ~
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Opposite sign non-resonant dilepton searches

Preselection:

➢ p
T
(e,m) > 20 GeV/c

➢ M(ll)∉[75,105] GeV/c2

➢ MET > 60 GeV
➢ No b-tagged jet
➢ Background: Mainly ttbar & WW

Selection: 
m

CT
: Well suited to reduce WW & 

ttbar: End-point @ m(W)
m

CT
 > 120 GeV/c2
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Search for c±
1
, c0

2
: Results~ ~

➢ l
R
 doesn't participate: Both diagrams exist.    

2 diagrams c0
2
→ll→llc0

1
 replaced by 

c0
2
→nn→nnc0

1
: -50% Br(3l): Flavor-democratic

➢ l
R
 participates but not (l

L
 ,n). l

R
 couples to c±

1
 

via higgsino compenent: t-enriched

➢ Both c±
1
 & c0

1
 decay to t: t-dominated

~

~ ~ ~

~ ~~ ~

~ ~ ~ ~ ~

~ ~
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Search for c±
1
, c0

2
 without slepton: Results~ ~

Br(c0
2
 → Hc0

1
)=1Br(c0

2
 → Zc0

1
)=1

➢ Trilepton & WZ/ZZ + MET 
combined: Dominating @ low & 
high Dm

➢ Noticeable degradation @ 
Dm~m(Z) b/c soft decay products

➢ WH + MET & same-sign dilepton 
combined

~ ~ ~ ~
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Search for direct c±
1
, slepton production: Results

➢ OS-NR-DL: OF & SF channels ➢ OS-NR-DL: SF channels

Simplest production mode → Less hypothesis about other sParticles

~
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Explore SUSY scenarios, i.e. mass hierarchies, where t
1
 & 

higgs/higgsinos are light
➢ Decoupled regime: h “SM like”: h → , {H,H±,A} much heavier
➢ Meanwhile: Start looking @ this physics within (more) constrained 

models...

“Naturalness”: Stop and... Higgs
Idea: If only stop has O(GeV) mass among sParticles, close enough 
to Higgs: Enough to “stabilize” the Higgs mass problem

t
2

t
1

c
2

c
1

~

~

~

~

~

b
1

b
2

~

~
g

h

H
H±
A

~
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PAS-SUS-13-014
ArXiv:1312.3310

“Naturalness”: Stop & Higgs

“Natural SUSY”:
Masses of the stop & the higgsinos light

c
1

±, c
1,2

0 : Almost pure Higgsinos → Degenerate in mass
➢ Higgsino production mode:

➢ Direct: EW
➢ Strong t

R
t

R
 production

➢ Decay modes:

➢ t
R
 → bc

1
±, tc

1,2
0

➢ Degenerate c
1

±,c
1,2

0:      

c
1

±,c
1,2

0 → W*,Z* c
1

0 → ff'c
1

0

➢ Model-dependance: GMSB: 
c

1
0 → G H: Dominates for 

significant part of parameter 
space, including low tanb, 
and negative values of m

Final state: HH, MET, +2b/2t for 
strong production 

~ ~

~~

~~~

~ ~
~ ~ ~ ~

~ ~
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“Naturalness”: Stop & Higgs

Selection:
C & C

➢ At least one H → gg: Take advantage of known m(H)

➢ N(jet)≥2 from either other H, or t
R
 decays

➢ 2 satisfy loose b-tagging / At least one satisfies medium b-tagging

➢ a) N(b)≥3: Larger Dm

➢ b) N(b)=2 & m(bb) ∈ [95,155] GeV → Small Dm=m(t
R
)-m(H)

➢ c) N(b)=2 & m(bb) off-Higgs mass: Larger Dm

3 Signal
regions:

~

~
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MSSM interpretation

Bottom-to-up approach:
{Measurements}

    →
       {Susy complete model}

PAS-SUS-13-020

➢ Pick-up a simplified version, a less constrained Susy model:
➢ parametrized Minimal Supersymmetric SM: pMSSM: 19 parameters
➢ Here, we parametrize our ignorance on how Susy is broken, i.e. no 

assumption → Large(r) number of parameters than constrained 
models

➢ Consider pre-CMS, indirect measurements & SM measurements
➢ Consider results from 7 & 8 TeV searches of CMS
➢ “Confront” both via a Bayesian analysis → Posterior probability density 

of model parameters
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MSSM interpretation: Theoretical parameters

Chose realistic subspace for 19 
parameters:

SM subspace defined by 
m

t
, m

b
, & a

s
(M

Z
)
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MSSM interpretation: Pre- & CMS measurements

Sensitive to sparticles in 
long decay chains

Sensitive to sparticles in 
long decay chains 
involving 3rd generation
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MSSM interpretation: Statistical analysis

To gauge impact of CMS data, we compare:

Non-CMS prior pnon-DCS

q: Point in MSSM space
p

0
: Initial prior = Flat

From each D
j
non-DCS datum build 

likelihood of all non-CMS 
measurements:

m(q): Model prediction

Posterior distribution including 
CMS data

Build from the overall CMS likelihood:

N
l
: Observed events

s
l
: Expected signal

Background 
probability density

Background+Signal hypothesis, 
given N

l
 observed events



Pedrame Bargassa, Protvino 2014 36

MSSM interpretation: (some) Results (among many)

CMS data not only restricts (probabilisitcally) the mass range of physical 
sparticles (direct searches)
Capable of (starting to) constraining the pMSSM parameters space

      Indicating preferred mass regions for sparticles not covered 
      by direct searches
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Conclusions

8 TeV campaign: Opportunity for CMS experiment to cover from gluino 
down to 3rd generation squark searches, through EWikino...

➢ Gluino searches: Now in the TeV/c2 field...
➢ 3rd generation searches:

➢ Pertinent:
➢ Dynamic/Robust reason to be ~low mass if SUSY realized
➢ Have a good profile in view of cosmological argument

➢ Challenging: 
➢ Low s...
➢ In cosmological scenario: Sitting on top/left-side of SM

➢ t
1
/b

1
: To be actively pursued during coming years...

➢ t
1
: Covered across 4 decay-modes !

➢ Domain of sensitivity: m(q
3
,0

1
) < ~(700,300) GeV/c2

➢ Susy EW: m(±

1
,0

1
) < ~(200-700,50-350) GeV/c2 depending hypothesis

➢ Trying to be as generic, i.e. as case-covering, as possible: Cover the 
same object through different Decay-modes, Masses of produced / 
intermediate / final (0

1
) sParticles

~ ~

~

~ ~

~ ~

~
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Prospects on Stop: Illustration in t
1
→t

1
 decay-mode

➢ 1-lepton searches (generally) 
more sensitive at low Dm: 
Lower lepton/jet thresholds

➢ At high Dm: Quite similar 
performance across final states

➢ If nature realizes SUSY & 
m(t

1
)~O(TeV) & t

1
→t

1
 

favoured: Watch within 
(m(t

1
),m(

1
))∈(1.2TeV,400GeV) 

area...

~ ~ ~

~ ~

~ ~
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Backup slides
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SUperSYmmetry

Observed SUSY particles with same mass 
than Standard-Model partners ? No !

SUSY : A broken symmetry !
Physical sParticles:
Mixture of super-partners

➢ Charginos (±) / Neutralinos (0) :      
Bino/Wino ↔ Higgs (charged/neutral)

➢ Squarks, Sleptons : Mixture of f
L
↔ f

R

“Generalize” the spin of known fields

SUperSYmmetry :         spin particle ½ ↔  spin partner 0
                                        spin particle 1  ↔  spin partner ½
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SUperSYmmetry: Natural cure of hierarchy problem

➢ Higgs Boson m
H
 ~ O(100 GeV/c2)

➢ Considering Gauge boson scatterings at High-Energy
➢ Requiring Unitarity of scattering amplitudes

➢ Consider Higgs mass correction from fermionic loop:


UV

: Energy-scale at which new physics alters the Standard-Model 

(momentum cut-off regulating the loop-integral)
If 

UV
 ~ M

P
    ->    Dm2

H
 ~ O(1030) larger than m

H
 !!!

And all Standard-Model masses indirectly sensitive to 
UV

 !!!

m2
H
 quadratic divergence cancelled :

Hierarchy problem naturally solved !
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t
1
 : Special relations with the Higgs~

Stop/Higgs yukawa 
coupling

M(h) = f [ M(q,t
1,2

) ]
~~

Higgs & stop searches in inter-relation with each other

Stop masses

Higgs masses

Demina et al., PRD 62, 35011
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3rd generation & Cold Dark Matter

Lightest Neutralino 0
1 
stable: Natural candidate for Cold Dark Matter

0.1 < 
CDM

h2 < 1 : “Reproduced” in most of SUSY parameter space... 

...if 0
1
0

1
 annihilation : Only process changing N(Superparticles)

IF : dm = M(P) – M(0
1
) small, co-annihilations dominates → 

CDM
h2 ≈ 0.1

Boehm et al., PRD 62, 35012

~

~m = M(t
1
) - M(0

1
) ≤ 50 GeV/c2 :

Compatible with                    


CDM

h2 = 0.11 ± 0.01 @ 95% CL 

(WMAP)

~

~

Exciting times for HEP in view of Cosmology Data:
Is stop/sbottom/stau degenerate with LSP ?

➢ c0
1
 t

1
 → tg, tH0

i
, bH+

➢ t
1
 t(*)

1 
→ tt, gg, H0

i
H0

j
, H- H+, bb

_

~

~ ~

~ ~

_~~
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t
1
 : Constraints from cosmology data

~

Balazs et al. : hep-ph/0403224

0
1
0

1
 --> h,H annihilations

~

~

~

W
CDM

h2 = 0.11 ± 0.01 : Constraints the MSSM parameter space

➢ t
1 
/ 0

1
 co-annihilation 

➢ Experimentally : Special interest for light t
1

➢ Data from cosmology: Improving precision 
-> Shrinks the (,M

1
) band !
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Excerpts from the
“Handbook of LHC Higgs Cross Sections: 3. 
Higgs Properties” (arXiv:1307.1347)

The Higgs measurement still leaves quite open 
spaces, depending on MSSM scenarios...

No SUSY so far...



Pedrame Bargassa, Protvino 2014 46

CMS detector
➢ Tracker:

➢ 13/14 silicon layers in Barrel (B) / 
End-Cap (EC)

➢ EM calorimeter: 
➢ PbWO

4
 crystals, extremely dense & 

optically clear material
➢ HAD calorimeter:

➢ Layers of dense material (brass or 
steel) interleaved with tiles of 
plastic scintillators

➢ Magnet: 3.8T / Return yoke after...
➢ Muon system:

➢ Drift-Tube (B): Measure
➢ Cathod-Strip-Chamber (EC): 

Measure & Trigger
➢ Resistive-Plate-Chamber: Trigger
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Searches motivated by models of new physics, 
including SUSY, that involve strong production 
processes & cascade decays producing many jets 
and missing momentum from unobserved, weakly 
interacting particles

“General” searches
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3 lepton search: Results & Interpretations

Testing a t
1
 production via gluino 

pair production

~
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3 lepton search: Results & Interpretations
Testing direct b

1
 pair production with b

1
 → t 

1
 decays: To be as generic as 

possible, have to consider different 
1
 &  

1
 hypothesis:

~ ~ ~

~~
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3 lepton search: Results & Interpretations
Testing a b

1
 production via gluino 

pair production with b
1
 → t 

1
 decays

Testing direct b
1
 production via 

“higher mass players”: 
2

~

~

~

~

~
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Squarks

t
2

t
1

c
2

c
1

~

~

~

~

~

b
1

b
2

~

“General” searches,
Gluino oriented searches:

➢ Frequently high jet, missing energy
➢ Capture physics picture of long decay 

chains
➢ Decay chains can involve higher mass 

players
➢ Since many “SUSY actors” involved: They 

are frequently quite specific in mass-
hierarchy, thus quite model-dependent

~
g

b

→ t 
1
 → t W 

1
→ b 

2
 → b Z 

1

~~ ~ ~ ~

Type of searches
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t
1
 all hadronic: t

1
 → t c0

1
 decay mode

~

➢ Preselection:
➢ Lepton veto

➢ p
T
(j

1,2
) > 70 p

T
(j

3,4
) > 50 p

T
(j

5
) > 30 GeV/c 

➢ N(b jet)≥1

➢ Df(p
T
(j

1,2,3
),p

T
miss) > 0.5,0.5,0.3 rad.

➢ Trigger: p
T
(j

1,2
) > 50 GeV/c & p

T
miss > 80 GeV

➢ Top reconstruction:
➢ top1: Full top reconstruction w 3 jets out of ≥5: 3-jet
➢ top2: Partial top reconstruction: Remnant jets out of ≥5: Rsys

➢ Gain signal acceptance while kinematically constraining top
➢ Topological requirement: Form 2 invariant transverse masses 

assuming invisible particles as massless:
➢ M

T
3-jet = m(3-jet) ⊕ p

T
miss

➢ M
T

Rsys = m(Rsys) ⊕ p
T

miss
➢ Selection: Cut & Count

➢ Topological cut on (M
T

3-jet,M
T

Rsys)

➢ Signal Regions (SRs):          
Defined with N(b jet) & p

T
miss

CMS PAS-SUS-13-015

~ ~
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t
1
 all hadronic: Topological selection. Interpretation~

➢ t
1
 → t c0

1
 w on-shell top: 

Comparable sensitivity from 
other signatures

➢ t
1
 → t* c0

1
 w off-shell top: 

m(t
1
) < m(t)+m(LSP):

No sensitivity because top 
kinematics reconstruction

➢ Interesting S↔B separation by topological 
view across 2 kinematic variables

➢ No excess observed in Data, further 
confirmed in SRs (backup)

~
~ ~

~~
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t
1
 → c 

1

~ ~

Z→nn determined from Z→ mm:

Wjets determined from W→mn: 
Events surviving lepton-veto

➢ Search performed in 7 inclusive bins of p
T
(j1): > 

250/300/350/400/450/500/550 GeV/c
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t
1
 all hadronic~

➢ Preselection:
➢ Lepton veto: ttbar & Wjets minimization

➢ p
T
(j

1,2
) > 70 p

T
(j

3,4
) > 50 p

T
(j

5
) > 30 GeV/c 

➢ N(b jet)≥1

➢ Df(p
T
(j

1,2,3
),p

T
miss) > 0.5,0.5,0.3 rad.: QCD suppression

➢ Trigger: p
T
(j

1,2
) > 50 GeV/c + p

T
miss > 80 GeV

➢ Top reconstruction:
➢ top1: Full top reconstruction w 3 jets out of ≥5: 3-jet

➢ m(j
2
j
3
)/m(j

1
j
2
j
3
), m(12)/m(j

1
j
2
j
3
), m(j

1
j
3
)/m(j

1
j
2
j
3
): Consistent with m(W)/m(top)

➢ m(j
1
j
2
j
3
) ∈ [80,270] GeV/c2

➢ Combinations: m(3-jet) closest to m(top) is selected
➢ top2: Partial top reconstruction: Invariant mass of remnant jets out of ≥5: Rsys

➢ No full kinematic reconstruction as above
➢ Differential reconstruction for N(jet) ≥3 & =2

➢ e.g. N(jet) ≥3: N(b jet)≥1 & m(j
m
j
n
)

m,n≠btag
 ∈ [80,270] GeV/c2

➢ Topological requirement: Form 2 invariant transverse masses assuming invisible 
particles as massless:

➢ M
T

3-jet = m(3-jet) ⊕ p
T

miss

➢ M
T

Rsys = m(Rsys) ⊕ p
T

miss
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t
1
 all hadronic: Topological selection~
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t
1
 all hadronic: Data-Driven background~

➢ Hadronic decay of t leptons produced in W boson decays:

➢ Estimated from a data sample of m+jets events with M
T
 < 100 GeV/c2

➢ m+jets & t
h
+jets arise from same process: Hadronic component of the two samples is 

the same except for the response of the detector to the muon or t
h
 jet:

m in data replaced by a t
h
 with randomly sampled p

T
, then differences of response 

corrected
➢ Lost leptons from a W boson decaying to e or m: 

➢ Estimated from a m+jets sample selected with same criteria as for search
➢ Corrected for IDentification & ISOlation efficiencies derived from Data

➢ Z boson decaying into neutrinos:
➢ Z(nn)+jets simulation corrected with Scale-Factor, itself validated with Z(mm)+jets 

events
➢ Multijet production:

➢ Due to the p
T

miss & Df requirements, the QCD multijet background contribution in the 
search region is nearly negligible
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t
1
 all hadronic: Expected SM background & signals~
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t
1
 all hadronic: Expected SM background & signals~
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~t
1
 single lepton: Selection variables: Kin. & Topo.
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~t
1
 single lepton: Background determination

Idea: Use the M
T
 peak region, where we know 

well the SM background, to predict 
background in the tails

N
predicted

(B) = N
MC

(SR) . [N
D
(peak)/N

MC
(peak)] . [N

MC
(SR)/N

MC
(peak)] 



Pedrame Bargassa, Protvino 2014 62

t
1
 single lepton~

Acceptances depend on 
1
 polarization & (

1
W

1
) 

coupling in t
1
 → b 

1
 decays

~

~~

~~

Acceptances depend on top polarization in t
1
 → t 

1

~ ~
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b
1
 search ~
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s (tth)

Djouadi et al., PRL 80, 1830

➢ A
T
 ~ 0: s(t t h) = 2 s(t

1 
t

1
h) ≥ s(tth)

➢ A
T
  intermediate: Destructive interference

➢ A
T
  (very) large: s(t

1 
t

1
h) > s(tth) for            

m(t
1
) < 220 GeV/c2

~~ ~ ~

Decoupled regime:  Light h “SM like”: h → , {H,H±,A} much heavier

Coupling : g
h t t 

= ... + [ -m
t
2 + m

t 
sin2q

t 
(A

T
 + m/tanb)/2] / M

Z
2

~

➢ For parts of SUSY “mass space” : s(t
1
t

1
h) ≳ s(tth)

➢ An experimental measure of G(ff' MET jj ) – G
SM

(tth) →

➢ Any significant deviation from 0 → BSM, pointing to t
1

➢ Test of scalar potential (soft breaking of SUSY)
➢ Largest electroweak MSSM coupling

~~

“Naturalness”: Stop and... Higgs

~~
~

~

Idea: If only stop is low mass among sParticles: Enough to cure the 
hierarchy problem. One preferred phenomenological windows for this is:

~~
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“Naturalness”: Stop & Higgs

Diminish SM background:
➢ At least H → gg: Take advantage of known m(H)

➢ Allows to use m(gg) sidebands for estimation of the background from 
data, w/o sensitivity to exact composition of the background, which is 
dominated by QCD production of ggbb events and gb+jet events with 
jet misidentified as a g

➢ E(g
1
,g

2
) > 45, 25 GeV

➢ m(gg) ∈
➢ [120,131] GeV : Signal region
➢ [103,118] & [133,163] GeV: Lower & Upper side-band regions

➢ N(jet)≥2 from either other H, or t
R
 decays
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“Naturalness”: Stop & Higgs

Kinematic distributions before event categorization:



Pedrame Bargassa, Protvino 2014 67

“Naturalness”: Stop & Higgs

m(gg) in the 3 Signal Regions:
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