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Introduction

• Supersymmetry (SUSY) is one of the most 
promising candidates for new physics beyond 
the standard model.

- Solution to the hierarchy problem.

- Lightest SUSY particle is a dark matter 
candidate if R-parity is conserved.

- Gauge coupling unification.

- Consistent with a light Higgs.



Stop Searches
• Stop may be the most hunted particle after the 

Higgs discovery for the hierarchy problem

• Stop heavier than 800 GeV would imply fine-
tuning worse than 10%.



Stop in the Compressed Region

• Constraints are weak for 
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Stop Decay
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We consider t̃ ! t�̃
decay here. Assuming
other SUSY objects
are heavy and
therefore decouples.
What happens when
m

˜t ⇡ mt +m�̃?
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mt̃1 ⇡ mt +m�̃0
1

       are static in the stop 
rest frame, so they move 
together in the lab frame, 
with

t, �̃0
1
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Compressed Region

In compressed region, the decay products of stop decay (t and
LSP) are both static in stop reference frame.
When the stop is produced with a boost, the two decay
products becomes comoving in the lab frame. And we get the
relation:

p�̃
p
˜t
⇡ m�̃

m
˜t

(1)

This would look like a SM top pair production while the two p�̃
partially cancels each other, leaving a relatively small Missing
Transverse Energy (MET).

Lingfeng Li (UCD) Stop Search in the Compressed Region Apr. 2016 6 / 24

For direct pair-production, stops are back-to-back 
in the transverse plane. The pT of the two      
cancel, leaving little MET.  It just looks like top pair 
production.

�̃0
1’s



Recoiling against a Hard Jet

• Some MET will arise if the stop pair are 
produced with a hard ISR jet.

K. Hagiwara & T.  Yamada, 1307.1553
H. An & L.-T. Wang, 1506.00653

S. Macaluso, M. Park, D. Shih, B. Tweedie,1506.07885

ISR

t̃ t̃

�̃0
1 �̃0

1
t t

pT �̃(1) + pT �̃(2)

⇡ (pT t̃(1) + pT t̃(2))
m�̃

mt̃

pT t̃(1) + pT t̃(2) = �pT (JISR)
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FIG. 1: Contributions to background from various processes,
after the basic cuts described in the text.

tors, therefore our result is conservative.

Numerical results For both the background and sig-
nal, the parton level simulations are done using Mad-
Graph5/MadEvent [63] followed by parton shower with
PYTHIA6.4 [64]. The detector simulation is done using
PGS4 [65] with anti-kT jet algorithm with a distance pa-
rameter of 0.5 [66]. For the background, the MLMmatch-
ing scheme is also used to avoid double counting [67]. For
signal we checked the results from simulations with and
without matching that the di↵erence is within 20%. With
all the basic cuts discussed above, the RM distribution
from SM processes with the cuts previously described is
shown in Fig. 1. The dominant contribution to the back-
ground is from tt̄ pair production with a hard ISR jet. In
our signal region with large RM , a significant amount of
MET is required. Since we veto events with charged lep-
tons in the final state, the dominant contribution to the
background is from leptonic decays of top with ⌧s, or mis-
tagged e/µs. The second leading background comes from
QCD multi-jet production with at least one of the jets
containing a bottom or charm quark. The background
from electroweak processes is not important due to their
smaller rates.

From Fig. 1 one can see that both the tt̄+ j
ISR

back-
ground and the QCD background exponentially decrease
with RM due to the lack of the source of MET. The back-
ground from electroweak processes is relatively flat but
with a suppressed rate as shown in Fig. 1. The total
background is well fitted by a function

d�

dRM
= A exp(�BRM ) , (6)
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FIG. 2: RM distributions for mt̃ = 350 GeV on both sides of
the mt̃ = m� +mt (top) and mt̃ = m� +mW +mb (bottom).

where A and B depends on the details of the cuts, and
in the current choice A = 47 fb and B = 5.6.
For the signal, the RM distribution for m

˜t = 350 GeV
and several di↵erent m� are shown in Fig. 2. To make
the feature easier to visualize, we choose points very close
to the mass thresholds with �m ⇡ 2 GeV. One can see
that in all cases the RM distribution is peaked at around
m�/m˜t, with widths around 0.2. From Eq. (5), the width
generated by the phase space of the decay of t̃ is about
0.05. Therefore, the typical width of the peak of the RM

distribution induced by parton shower and detector e↵ect
is about 0.2.
In order to take advantage of the peak in the RM

distribution, and the fact that the background decays
exponentially with RM we add another cut that for
m

˜t < mt +m�

✓
m�

m
˜t

◆
� 0.05 <

6pT
pT (j0)

<

✓
m�

m
˜t

◆
+ 0.15 , (7)

and for m
˜t > mt +m�

✓
m

˜t �mt

m
˜t

◆
�0.05 <

6pT
pT (j0)

<

✓
m

˜t �mt

m
˜t

◆
+0.15 . (8)

As the m� ! 0, the background in the cut window de-
fined in Eq. (7) grows exponentially. Therefore, for the

H. An & L.-T. Wang, 1506.00653

All Hadronic Channel
• Select events with all 

hadronic decaying tops, 
with MET antiparallel to 
ISR on the transverse 
plane.

RM ⇡ m�̃

mt̃

for signal

RM ⇡ 0 for t¯t background

RM ⌘ 6pT
pT (JISR)



All Hadronic Channel

• ATLAS applied this method in Run 2 analysis.



Semileptonic Channel

• The neutrino from the top decay gives extra 
MET, but its momentum can be solved.

Can be reduced to 
a single quadratic 
equation for Eν.

+ 3 mass shell conditions:
p2⌫ = 0,

(p2` + p⌫)
2 = m2

W ,

(pb + p` + p⌫)
2 = m2

t .

After obtaining pTν, we subtract it from    , 
and define
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Semileptonic Case

Solving p⌫ requires four relations.
pT H JISRL

pT
miss

pTn
¶

pTn
»»

p
T J c1~ N+pT J c2~ N

3 mass-shell relation

p2⌫ = 0 , (2)

(p` + p⌫)
2 = m2

w

, (3)

(p` + p⌫ + pb)
2 = m2

t .
(4)

Using the assumption in order to get the fourth relation
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HC, Christina Gao, Lingfeng Li, Nicolas Neill, arXiv:1604.00007

6pkT
h
= pkT⌫ + pkT �̃(1) + pkT �̃(2)

i
k pT (JISR)

6p?T = p?T⌫

6pT

R̄M ⌘ 6pT � pT⌫

pT (JISR)
⇡ m�̃

mt̃



A Case Study

mt̃ = 400 GeV

m�̃0 = 226.5 GeV

R̄M,theory ⇡ 0.57



Signal and Background Simulations

• Signals and backgrounds are simulated with 
MadGraph 5, Pythia 8 and Delphes 3.

• SM backgrounds:
‣ tt (semileptonic)
‣ tt (dileptonic)
‣ single top production
‣ (Multi)-vector bosons with jets
‣ tt production with an extra vector boson

• Signal in the compressed region
‣ Stop pair (semileptonic)



Event Selections
‣ One isolated lepton, at least 4 jets with one or 

more b tags. Events with τ jets are vetoed

‣ pT(JISR)≥ 475GeV, pT(J2,3)≥ 60GeV, pTl ≥10 GeV 

‣ MET > 200 GeV 

‣ |φJISR−φMET| ≥ 2 

‣ |φl−φMET| ≥ 0.9 

‣ Choose the solution with greater Eν, but with 
pTν < 180 GeV,  pTν < 6 pTl 

‣ For more than 1 b jets that give solutions, 
choose the one with a smaller      . R̄M



Azimuthal Distributions
If MET only comes from one neutrino, it tends to 
be close to the lepton, due to the boosted W.
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Lepton Energy (Continued)
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I MET� 200 GeV

I Choose the solution with bigger E⌫
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Result for case study
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Compared to hadronic channel
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(a) Semileptonic decays of the stops.
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(b) Hadronic decays of the stops.

FIG. 3: Left: the R̄

M

distribution for the signal and the backgrounds at m
˜

t

= 400 GeV

and m

�

= 226.5 GeV for semileptonic stop decays. Right: the R

M

distribution for the

same benchmark for hadronic stop decays. The red regions include contributions from the

hadronic and semileptonic decays of the tt̄ background.

by
p
2Log(Q). For our case it gives 8.45, similar to the result of the simple cut analysis

using Eq. (8), which corresponds to treating the entire region after the cut as one bin. The

likelihood method also allows us to include uncertainties in the background normalization.

Assuming that the background in each bin is a normal distribution around its central value

b with an uncertainty �

b

, the new expression for the likelihood ratio is obtained by

Q

0 =

R
L({x}; {s+ b

0})P(b0)db0R
L({x}; {b0})P(b0)db0

, where P(b0) =
1p
2⇡�

b

e

�(b�b

0
)

2
/2�

2
b
. (10)

The integration can be done numerically and the upper and lower bounds of the integration

are chosen to be b±5�
b

. The significance obtained is a function of the fractional uncertainty

�

b

/b

exp

, as shown in Fig. 4, where we see that the significance can still maintain as high as

5� even with a 20% uncertainty in the background normalization.

To compare our result with the study based on fully hadronic final states, we repeat the

analysis done by Ref. [8] for the benchmark. Fig. 3b shows the result obtained after applying

the selections adopted in Ref. [8]: p
T

(J
ISR

) > 700 GeV, 3 sub-leading jets with p

T

> 60 GeV,

one or more b-tags, |��(J
ISR

�MET)�⇡| < 0.15, and |��(jet�MET)| > 0.2 where “jet” is

any of the 4 leading jets. As can be seen from Figs. 3a and 3b, the semileptonic stop decays
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Significance vs Background Uncertainty
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Green and Blue curves represent the signals with m

˜

t

= 350, 400, 700 GeV, respectively.

The dashed vertical lines are the R

theory

M

values in these cases.

result, the sum of their momenta may no longer be strictly antiparallel to J

ISR

, thus our

assumption that the neutrino is solely responsible for
/

p

?
T

(Eq. (3)) is less valid. The R̄

M

value obtained by solving these equations will be smeared by the error in Eq. (3) and the

smearing is estimated to be

�R̄

M

.
p

2m
t

(m
˜

t

�m

�̃

�m

t

)

p

T (JISR)

. (11)

On the other hand, when the stop is lighter than the sum of m
t

and m

�̃

, it will decay via

the virtual top quark. Since the LSP �̃ is a stable particle, it must be produced on shell.

The virtual top will be almost static in the rest frame of the stop, therefore Eq. (3) still

holds. Eqs. (4), (5) also hold, too, for W and b being on shell. In theory the right hand side

of Eq. (6) should be modified to (m
˜

t

�m

�̃

)2 instead of m2

t

. In the vicinity of m
˜

t

= m

�̃

+m

t

,

Eq. (6) approximately holds and R̄

M

solved by Eqs. (3)–(6) could still be e↵ective.

To demonstrate how the deviations a↵ect the retrieved R̄

M

, we compare the number

of signal events obtained after employing the same kinematic cuts at m

˜

t

= 350 GeV but

di↵erent m
�̃

s in Fig. 6. For the case m

�̃

= 206.5GeV (light orange), the peak stays at the

same place as the case of m
�̃

= 176.5GeV(= m

˜

t

� m

t

) but the distribution is distorted

towards larger R̄

M

as m

�̃

/m

˜

t

= 0.59 is larger in this case. Even though the peak does
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˜

t
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m

�̃

s.

not occur at the R

theory

M

, the signal significance can still be high, since the background

distribution diminishes at large R̄

M

s. In contrast, the m

�̃

= 146.5 GeV case (pink) loses

much more events compared to the others and the peak is smeared. This implies that the

kinematic assumption of Eq. (3) is less appropriate in the scenario m

˜

t

� m

�̃

> m

t

. These

results suggest that our method is more powerful in the region m

˜

t

�m

�̃

. m

t

.

Finally a scan of (m
˜

t

, m

�̃

) in the compressed region is performed based on our method.

The result is shown in Fig. 7. The scan is done along the m
˜

t

� (m
�̃

+m

t

) = 30, 0,�30 GeV

lines. The significances are calculated using the simple expression Eq. (8) after applying the

selections discussed in Sec. III, which are:

• p

T (JISR)

> 475 GeV.

• The second and third hardest jets with p

T

> 60 GeV.

• MET > 200 GeV.

• |�
JISR � �

MET

| � 2.

• |�
lepton

� �

MET

| � 0.9.

• R

theory

M

� 0.15  R̄

M

 1, R

theory

M

= m�̃

mt̃
for m

˜

t

 m

�̃

+m

t

. For m
˜

t

> m

�̃

+m

t

cases,

R

theory

M

= mt̃�mt

mt̃
in order to prevent it from being too small.

In Table I, we present the significances for all the points we studied in the compressed

region. As expected, the m

˜

t

� (m
�̃

+ m

t

) = �30 GeV line achieves as great significances
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t

) = 30, 0,�30 GeV. It

can be seen clearly that our method can cover a wide mass range when m

˜

t

�m

�̃

. m

t

.

The curves are the exclusion limits from ATLAS [3]

as the m

˜

t

� (m
�̃

+ m

t

) = 0 line. They even perform better for lighter stops. This is

because the R

theory

M

is higher for heavier m

�̃

given the same m

˜

t

, which means more events

distributed at larger R̄
M

values, where the SM backgrounds are smaller. On the other hand,

the m

˜

t

� (m
�̃

+ m

t

) = 30 GeV line performs far worse compared to the other two lines.

Overall, the final significances of the three lines agree well with our earlier observation from

Fig. 6.

V. CONCLUSIONS

In this paper we investigate the stop search from the direct stop pair production in the

compressed region, using the semileptonic decay mode. With a hard ISR jet, the neutralinos
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m
˜t (GeV) 250 300 350 400 450 500 550 600

�m
˜t�(m�̃+mt )=0

19.7 15.8 11.0 8.4 5.8 5.1 3.8 2.1
�m

˜t�(m�̃+mt )=�30

22 19 13 11 7.2 4.7 3.1 1.7
�m

˜t�(m�̃+mt )=30

– 7.6 5.3 3.3 2.4 1.7 1.3 0.9

For the fully hadronic analysis, � ⇠ 4.
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Statistics

Criteria for signal region

I If m�̃ � m
˜t �mt , choose

m�̃

m
˜t
� 0.15 < R̄M < 1

I If m�̃ < m
˜t �mt , choose

m
˜t�mt

m
˜t

� 0.15 < R̄M < 1

The significance is given by

� =

s

2


(S + B) log

✓
S + B

B

◆
� S

�
(6)
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for 13 TeV, 300 fb-1



 Searches with a Stealth

• To solve the naturalness problem, both stops 
and the left-handed sbottom cannot be too 
heavy.

• If     is stealth,     and    may be accessible.

• ATLAS and CMS have searched     ,      using 
simplified models with the decay channels:

t̃1 t̃2

t̃2

t̃2, b̃1 t̃1

b̃1

b̃1

˜t2 ! ˜t1 + Z or h

b̃1 ! b+ �̃0
1,

b̃1 ! t+ �̃±
1 ,

b̃1 ! b+ �̃0
2, �̃0

2 ! �̃0
1 + h

HC, Lingfeng Li, Qin Qin, arXiv:1607.06547



area is also left for a small region around
✓

mt̃1
,m�̃±1 ,m�̃0

1

◆

= (180, 100, 50) GeV (Figure 7c), where the
sensitivity of the analyses is poor because the signal kinematics are similar to SM tt̄ production.

4.3. Limits on pair production of t̃
2

Although the pair production of t̃1 has a cross section larger than that of t̃2, and although the decay
patterns of the two particles can be similar, it can be convenient to search for the latter in regions where
the sensitivity to the former is limited. This is the case, for example, in the region where �m

⇣

t̃1, �̃
0
1

⌘

⇠ mt

of Figure 4, where the separation of t̃1 pair production from SM top quark pair production is di�cult. The
t2t1Z and t2t1h analyses are designed to detect t̃2 pair production in this region of the mt̃1

� m�̃0
1

plane,
followed by the decays t̃2 ! t̃1Z and t̃2 ! t̃1h. The Higgs boson h is assumed to have a mass of 125 GeV
and SM branching ratios.

The exclusion limits were first derived in a scenario in which the pair-produced t̃2 decays either through
t̃2 ! Zt̃1 with a branching ratio of 100% (Figure 3a), or through t̃2 ! ht̃1 (again with a branching ratio
of 100%; Figure 3b). In both cases, the t̃1 is assumed to decay through t̃1 ! t�̃0

1, and its mass is set to
be 180 GeV above that of the neutralino (assumed to be the LSP), which is the region not excluded in
Figure 4. The final state contains two top quarks, two neutralinos, and either two Z or two h bosons.

 [GeV]
2

t
~m

300 400 500 600 700 800

 [
G

e
V

]
0 1

χ∼
m

50

100

150

200

250

300

350

400

450

h

) <
 m

1t~,
2t~

m
(

∆

Z

) <
 m

1t~,
2t~

m
(

∆

 production2t
~
-2t

~

-1 = 8 TeV, 20 fbs

) = 180 GeV
0

1
χ
∼ , 

1
t
~

m(∆

ATLAS 1
t
~

 Z → 
2
t
~

1
t
~

 h → 
2
t
~

Observed limit

Expected limit

All limits at 95% CL

Figure 9: Exclusion limits at 95% CL in the scenario where t̃2 pair production is assumed, followed by the decay
t̃2 ! Zt̃1 (blue) or t̃2 ! t̃1h (red) and then by t̃1 ! t�̃0

1 with a branching ratio of 100%, as a function of the t̃2 and
�̃0

1 mass. The t̃1 mass is determined by the relation mt̃1 � m�̃0
1
= 180 GeV. The dashed lines indicate the expected

limit and the solid lines indicate the observed limit.

Figure 9 shows the exclusion limits for the t2t1h and the t2t1Z analyses. In both cases, a limit on mt̃2
is

set at about 600 GeV for a massless neutralino. In the case of a t̃2 decay through a Higgs boson, the limit
covers neutralino masses lower than in the case of the decay through a Z boson.

The assumption on the branching ratio of the t̃2 has also been relaxed, and limits have been derived
assuming that the three decays t̃2 ! Zt̃1, t̃2 ! ht̃1 and t̃2 ! t�̃0

1 (Figure 3c) are the only possible ones.
The limits are shown in Figure 10 as a function of the three BRs, for di↵erent combinations of the t̃2 and
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Figure 11: Observed (solid lines) and expected (dashed lines) 95% CL limits on sbottom pair production where the
sbottom is assumed to decay as b̃1 ! b�̃0

1 with a branching ratio of 100%. The purple lines refer to the limit of the
tc analysis, while the blue lines refer to the b0L analysis.

If other supersymmetric particles enter into the decay chain, then multiple decay channels would be
allowed. Similarly to the stop, the case in which other neutralinos or charginos have a mass below the
sbottom is well motivated. The branching ratios of the sbottom to the di↵erent decay channels depend on
the supersymmetric particle mass hierarchy, on the mixing of the left-right components of the sbottom,
and on the composition of the charginos and neutralinos in terms of bino, wino, and higgsino states.

An exclusion limit is derived under the assumption that the sbottom decays with a branching ratio of 100%
into b̃1 ! t�̃±1 (Figure 2g). The chargino is assumed to decay through �̃±1 ! W (⇤)�̃0

1 with a branching
ratio of 100%. The final state is a complex one, and o↵ers many handles for background rejection: it
potentially contains up to ten jets, two b-jets, and up to four leptons. The limits of Figure 12a, shown in
the mb̃1

� m�̃0
1

plane, were obtained by using the three-lepton signal regions SS3L, either fixing the mass
of the neutralino to m�̃0

1
= 60 GeV or by making the assumption that m�̃±1 = 2m�̃0

1
. In the two scenarios

considered, sbottom masses up to about 440 GeV are excluded, with a mild dependency on the neutralino
mass.

The last case considered is one where the pair-produced sbottoms decay through b̃1 ! b�̃0
2, followed by

the decay of �̃0
2 into a �̃0

1 and a SM-like Higgs boson h (Figure 2h). The final state contains up to six
b-jets, four of which are produced by the two Higgs bosons decays. Since multiple b-jets are present in
the final state, the three-b-jets signal regions (g3b) are used to place limits in this model.

The limit, derived as a function of mb̃1
and m�̃0

2
assuming a fixed neutralino mass of �̃0

1 = 60 GeV, is
shown in Figure 12b. Sbottom masses between about 300 and 650 GeV are excluded for �̃0

2 masses above
250 GeV.
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Figure 12: Exclusion limits at 95% CL for a scenario where sbottoms are pair produced and decay as (a) b̃1 ! t�̃±1
with a BR of 100% or (b) b̃1 ! b�̃0

2 with a BR of 100%. The signal regions used in (a) are the SS3L, and two
di↵erent models are considered: a fixed neutralino mass of 60 GeV (in purple) or m�̃±1 = 2m�̃0

1
(in blue). The limits

are shown in the mb̃1
–m�̃±1 plane. The signal regions used in (b) are the g3b-SR-0j. A fixed neutralino mass of 60

GeV is assumed, and the limit is shown in the mb̃1
–m�̃0

2
plane.

5. Interpretations in pMSSM models

The interpretation of the results in simplified models is useful to assess the sensitivity of each signal
region to a specific topology. However, this approach fails to test signal regions on the complexity of
the stop and sbottom phenomenology that appears in a realistic SUSY model. To this extent, the signal
regions are used to derive exclusion limits in the context of specific pMSSM models.

The pMSSM [57] is obtained from the more general MSSM by making assumptions based on experi-
mental results:

- No new source of CP violation beyond the Standard Model. New sources of CP violation are
constrained by experimental limits on the electron and neutron electric dipole moments.

- No flavour-changing neutral currents. This is implemented by requiring that the matrices for the
sfermion masses and trilinear couplings are diagonal.

- First- and second-generation universality. The soft-SUSY-breaking mass parameters and the trilin-
ear couplings for the first and second generation are assumed to be the same based on experimental
data from, e.g., the neutral kaon system [71].

With the above assumptions, and with the choice of a neutralino as the LSP, the pMSSM adds 19 free
parameters on top of those of the SM. The complete set of pMSSM parameters is shown in Table 2. A full
assessment of the ATLAS sensitivity to a scan of the 19-parameters space has been performed in Ref. [72].
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 Searches with a Stealtht̃2, b̃1 t̃1



Stop/Sbottom Spectrum
• In MSSM, if both stops are light, a large left-right 

mixing term Xt=At−μcotβ is needed to get 125 
GeV Higgs. The stop-sbottom spectrum will be 
split by Xt.



• A typical spectrum and the major decay chains:
t̃2

b̃1

t̃1

�̃0
1

W

W
Z/h

t
Assuming Bino-like→

Stop/Sbottom Spectrum

• More complicated decay chains if additional 
neutralinos and charginos are present.

See also:

⇒ Simplified models seldom are good 
approximations for the stop/sbottom system.

M. Adeel Ajaib, T. Li and Q. Shafi,1104.0251; E. Alvarez and Y. Bai,1204.5182;
H. M. Lee, V. Sanz and M. Trott,1204.0802;  X. J. Bi, Q. S. Yan and P. F. Yin,1209.2703; 
J. Guo, Z. Kang, J. Li, T. Li, 1308.3075; B.Dutta et al.,1507.01001;  
T. Han, S. Su, Y. Wu, B. Zhang and H. Zhang,1507.04006;  
H. Li, W. Parker, Z. Si and S. Su,1009.6042;   A. Datta and S. Niyogi,1111.0200;
J. Beuria, A. Chatterjee, A. Datta and S. K. Rai, 1505.00604; 
J. Beuria, A. Chatterjee and A. Datta,1603.08463



Useful Signal Channels

• 0l3b: no lepton, ≥ 3b jets, 
additional jets & large MET  

• 1l3b: 1 lepton, ≥ 3b jets, additional 
jets & MET, MT >160 GeV 

• Z2b: 2 OSSF leptons forming a Z, 
≥ 2b jets, additional jets & MET  

• SS+nb: same-sign dileptons, ≥ 1b 
jets, additional jets & MET 

• Multi-l: ≥ 3 leptons, ≥ 1b jets, 
MET

current         
searches

used for        
searches, 
but different 
spectrum 
and decay 
chains

gluon searches 
with decays 
thru bottom

t̃2

b̃1



SS2l Excesses in Run 1
• SS2l excesses present in Run 1 ATLAS and CMS 

SUSY searches, tth searches, and ATLAS exotica 
search.

CMS tth search, 1408.1682 ATLAS tth search, 1506.05988



SS2l Excesses in Run 2

• SS2l excesses persist in Run 2 ATLAS and CMS 
tth searches, though no excess in SUSY searches.



• P. Huang, A. Ismail, I. Low, C. Wagner, 1507.01601
t̃1 ! t+ �̃0

2 ! t+W± + �̃⌥
1

t̃R B̃ W̃

b̃ ! t+ �̃� ! t+W� + �̃0
1

• Simplified model in ATLAS and CMS SUSY searches:

but                    always compete and they give  
stronger constraints.

Possible Interpretations

b̃ ! b+ �̃0
2,1

mt̃1 ⇡ 550GeV, m�̃0
2
⇡ 340GeV, m�̃±

1
⇡ m�̃0

1
⇡ 260GeV

µ(8 GeV) = 2.83



Example Spectra
Decay branching ratios Final state percentages



Signal Strengths for Benchmarks

A1: A2:

SS2l signal strength compared to 
SM tth @ 13 TeV

CMS 2LSS ATLAS 2l0τ
µ = 2.7+1.1

�1.0
µ = 4.0+2.1

�1.7

µ
˜b1

⇡ 1.1

µ
˜t1 ⇡ 0.3

µ
tot

⇡ 2.4

µ
˜b1

⇡ 0.6

µ
˜t1 ⇡ 0.2

µ
tot

⇡ 1.8



Conclusions

• There are gaps in stop searches at low masses. 
Natural SUSY could still be alive before they 
are ruled out.

• New methods to cover these gaps need to be 
developed.  

• Searches for the heavier stop and the sbottom 
are also important.  The simplified models that 
the current searches are based are often not 
good approximations to realistic models.  A 
combination of various search channels is 
needed to cover the ground.


