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• Elegant extension of 
spacetime symmetries

• Grand unification works 
better than SM

• Well motivated R-parity 
automatically gives dark 
matter candidate

• Solves hierarchy problem?

SUPERSYMMETRY IS GREAT!
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LHC ASSAULT

Mass scale [TeV]
-110 1 10

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: HCP 2012)
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1
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TOP SQUARK (STOP)relatively light charginos and neutralinos in the superpartner spectrum. (Of course, after

EWSB, these physical states may also contain admixtures of electroweak gauginos.)

hu hut hu hu

t̃

FIG. 1. Higgs mass corrections

Next, we turn to quantum loops. We assume that q̃L, t̃R have approximately the same

mass, mt̃, for simplicity, and we also neglect the µ and A-terms. We work pre-EWSB since we

are concerned with sensitivity to parametrically higher scales. By evaluating the diagrams

in figure 1, we find that the m2
hu

parameter receives the following correction:

δm2
hu

= −
3y2t
4π2

m2
t̃ ln

(

ΛUV

mt̃

)

(5)

Naturalness therefore requires, very roughly,

mt̃ ! 400GeV. (6)

There are also electroweak gauge/gaugino/Higgsino one-loop contributions to Higgs mass-

squared. Again, working before electroweak symmetry breaking (gaugino-Higgsino mixing)

and just looking at the stronger SU(2)L coupling, the Higgs self-energy diagrams are in

figure 2.
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W hu
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FIG. 2. Higgs mass correction

The Higgs mass correction is then given by

δm2
hu

=
3g2

8π2
(m2

W̃
+m2

h̃
) ln

ΛUV

mW̃

. (7)
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• Stop cuts of quadratic divergence, giving log divergence

• Largest contribution to Higgs radiative correction comes from top
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STOP SCENARIO

t̃1

m
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• Stop is lightest colored particle, 
consider only one species

STOP SCENARIO

t̃1

m
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• Stop is lightest colored particle, 
consider only one species

• R-parity and neutralino LSP is well 
motivated, possible chargino as 
well
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�0

• Stop is lightest colored particle, 
consider only one species

• R-parity and neutralino LSP is well 
motivated, possible chargino as 
well

STOP SCENARIO

t̃1 t̃1

�0 �±

m

5



DANIEL STOLARSKI     January 30, 2013      Snowmass Top Group

�0

• Stop is lightest colored particle, 
consider only one species

• R-parity and neutralino LSP is well 
motivated, possible chargino as 
well

• Require 

STOP SCENARIO

t̃1 t̃1

�0 �±

m

mt̃ > mt +m�0
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�0

• Stop is lightest colored particle, 
consider only one species

• R-parity and neutralino LSP is well 
motivated, possible chargino as 
well

• Require 

STOP SCENARIO

t̃1 t̃1

�0 �±

m
g̃ g̃

mt̃ > mt +m�0
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STOP EVENTS

p p

t̃

t̃
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STOP EVENTS
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STOP EVENTS

p p

t̃

t̃
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STOP EVENTS

p p

t̃

t̃

�0

�0t

t

W

W

`
⌫

b

b
j j

• Searches performed 
with 0, 1, and 2 
leptons in final state
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CURRENT BOUNDS

46 LHCC Open Session, 5 Dec 2012  — ATLAS Status Report — 

Direct stop search – status LHCC 2012 

Significantly improved sensitivity at high stop mass with exp. limits up to 620 GeV (before 500 GeV) 

Also, strongly enhanced sensitivity for lower mass stop decaying into b + chargino  
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CURRENT BOUNDS
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ADDITIONAL WORK

• Projection for 14 
TeV, 300 fb-1, 3,000 
fb-1?

• Reach at VLHC? 
Linear collider? 
Muon collider?

• Audience 
suggestions?

46 LHCC Open Session, 5 Dec 2012  — ATLAS Status Report — 

Direct stop search – status LHCC 2012 

Significantly improved sensitivity at high stop mass with exp. limits up to 620 GeV (before 500 GeV) 

Also, strongly enhanced sensitivity for lower mass stop decaying into b + chargino  
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GLUINO BOUNDS
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Figure 3: Distribution of all events in the arctanm13/m12 vs m23/m123 plane. We show tt̄ (left). W+jets (center) and
pure QCD jets (right) samples. More densely populated regions of the phase space appear in red.

2. for each fat jet, find all hard subjets using a mass drop criterion: when undoing the last clustering of the
jet j, into two subjets j

1

, j
2

with m
j1 > m

j2 , we require m
j1 < 0.8 m

j

to keep j
1

and j
2

. Otherwise, we
keep only j

1

. Each subjet j
i

we either further decompose (if m
ji > 30 GeV) or add to the list of relevant

substructures.

3. iterate through all pairings of three hard subjets: first, filter them with resolution R
filter

=
min(0.3,�R

jk

/2). Next, use the five hardest filtered constituents and calculate their jet mass (for less
than five filtered constituents use all of them). Finally, select the set of three-subjet pairings with a jet
mass closest to m

t

.

4. construct exactly three subjets j
1

, j
2

, j
3

from the five filtered constituents, ordered by p
T

. If the masses
(m

12

,m
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,m
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) satisfy one of the following three criteria, accept them as a top candidate:
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with R
min

= 85%⇥m
W

/m
t

and R
max

= 115%⇥m
W

/m
t

. The numerical soft cuto↵ at 0.35 is independent
of the masses involved and only removes QCD events. The distributions for top and QCD events we show
in Fig. 3.

5. finally, require the combined p
T

of the three subjets to exceed 200 GeV.

In step 3 of the algorithm there exist many possible criteria to choose three jets from hard subjets inside a fat
jet. For example, we can include angular information (the W helicity angle) in the selection criterion and select
the smallest �m

t

+A
W

�m
W

+A
h

� cos
h

. In that case, the tagging e�ciency increases, but simultaneously the
fake rate also increases, so to reach the best signal significance we simply select the combination with the best
m

t

. This allows us to apply e�cient orthogonal criteria based on the reconstructed m
W

and on the radiation
pattern later.

In step 4, the choice of mass variables shown in Figure 3 is of course not unique. In general, we know that
in addition to the two mass constraints (m

123

= mrec

t

as well as m
jk

= mrec

W

for one (j, k)) we can exploit one
more mass or angular relation of the three main decay products. Our three subjets j

k

ignoring smearing and
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i
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TOP TAGGING
• Use HEPTopTagger to distinguish hadronic top Plehn, Spannowsky, Takeuchi, 

Zerwas, 1006.2833. See also Thaler et. al. 0806.0023, Kaplan et. al. 0806.0848, Almeida et. al. 0807.0234.
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Appendix A: HEPTopTagger: Boosted Tops in the Standard Model

Top taggers are algorithms identifying top quarks inside geometrically large and massive jets. They rely on
the way a jet algorithm combines calorimeter towers into an actual jet. An obvious limitation is the geometrical
size of the jet which for a successful tag has to include all three main decay products of the top quark. At
the parton level we can compute the size of the top quark from the three R distances of its main decay
products: following the Cambridge/Aachen algorithm [24, 25] we first identify the combination (i, j) with the
smallest �R

ij

. The length of the second axis in the top reconstruction we obtain from combining i and j and
computing the R distance of this vector to the third constituent. The maximum of the two R distances gives
the approximate partonic initial size �R

bjj

of a C/A jet covering the main top decay products. In Figure 2 we
first correlate this partonic top size with the transverse momentum of the top quark for a complete tt̄ sample
in the Standard Model. As expected, if for technical reasons we want to limit the size of the C/A fat jet to
values below 1.5 we cannot expect to see top quarks with a partonic transverse momentum of p

T

<⇠ 150 GeV.
In the right panel we show the same correlation, but after tagging the top quark as described below and based
on the reconstructed kinematics. The lower boundaries indeed trace each other, and the main body of tagged
Standard Model top quarks resides in the prec

T,t

= 200 · · · 250 GeV range, correlated with �Rrec

bjj

= 1 · · · 1.5. This
result illustrates that for a Standard Model top tagger it is indeed crucial to start from a large initial jet size.

Therefore, our tagger for Standard Model tops is based on the Cambridge/Aachen [24, 25] jet algorithm with
R = 1.5, combined with a mass-drop criterion [9–11]. Because the generic p

T

range for the tops does not exceed
500 GeV the granularity of the detector does not play a role, and we can optionally apply a b tag to improve
the QCD rejection rate. Since such a subjet b tag [30] will only enter as a probabilistic factor (60%, 10%, 2%)
for (b, c, q/g) jets we do not include it in the following discussion. Note that whenever we require a b tag in our
actual analysis, the numbers do not yet include the (70%, 1%) improvements found for a b tag inside a boosted
Higgs [30].

The algorithm proceeds in the following steps:

1. define a fat jet using the C/A algorithm with R = 1.5
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Figure 2: Left: partonic �Rbjj vs pT distribution for a Standard Model tt̄ sample. Right: the same correlation, but
only for tagged top quarks and based on the reconstructed kinematic properties.
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