
Introduction signal and backgrounds results conclusion

Searching the hidden stop from sbottom decays

Jiayin Gu

DESY/IHEP

DESY theory workshop
September 29, 2016

based on current work with Haipeng An and Lian-Tao Wang

Jiayin Gu DESY/IHEP
Searching the hidden stop from sbottom decays



Introduction signal and backgrounds results conclusion

motivation

▶ Natural SUSY requires light stop. LHC is pushing up the bound on stop
mass.

▶ It is possible that the stop is hiding in the compressed regions, making it
hard to be discriminated from background.

▶ mt̃ ≈ mt + mχ ,
▶ mt̃ ≈ mW + mb + mχ ,
▶ mt̃ ≈ mχ .

▶ The region mt̃ ≈ mχ has important implications on coannihilation, and the
strongest bound is from the mono-jet searches (mt̃ ≳ 323GeV from
ATLAS with 3.2 fb−1 data at √s = 13TeV).

▶ If the sbottom is not too heavy and the branching ratio of b̃ → t̃ W is
significantly large, it could be ideal to search for the hidden stop from
sbottom decays.

▶ If the branching ratio of b̃ → bχ is small, the bound on sbottom mass
from the traditional searches in the 2b + Emiss

T channel is weak.
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current bounds

4 August 2016 K. Rosbach: third genera�on squarks with ATLAS@13 TeV 16

Summary & Conclusions

 Stop searches updated with 

available run 2 data.

 Many final states & simplified 

models covered.

 No observation of SUSY...

 … but some excesses that 

will be interesting to follow as 

more data is recorded!
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Conclusion
• Presented searches for third 

generation squarks using 12.9 fb-1 of 
13 TeV data 

• No significant deviation from the 
standard model is observed 

• Extended limits on top squark (up to 
910 GeV from 760 GeV in 2015) and 
gluino (up to 1780 GeV from 1580 
GeV in 2015) masses in the context 
of Simplified Model Spectra 

• LHC running very well, expect up to 
30–40 fb-1 by the end of the year
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normalisation parameters and systematic uncertainties but also contamination in the CRs from SUSY
signal events, when a particular model is considered for exclusion. The experimental systematic uncer-
tainties on the signal are taken into account for this calculation and are assumed to be fully correlated
with those of the SM background. The profile likelihood ratio test statistic is used to exclude the signal-
plus-background hypothesis for specific signal models. The CLs method [73, 74] is used to derive the
confidence level of the exclusion; signal models with CLs value below 0.05 are said to be excluded at
95% CL. Figure 4 shows the observed (solid line) and expected (dashed line) exclusion limits at 95% CL
in the b̃1 � �̃0

1 mass plane.
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Figure 4: Expected and observed exclusion limits at 95% CL, as well as ±1 � variation on the expected limit, in
the b̃1 � �̃0

1 mass plane. The yellow band around the expected limits show the impact of the experimental and SM
background theoretical uncertainties. The dotted lines show the impact on the observed limit of the variation of the
nominal signal cross-section by ±1 � of its theoretical uncertainties. The exclusion limits from the Run-1 ATLAS
searches [66, 75] are also superimposed.
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model spectrum

t~1

t~2

b~1

c , ...b~2

▶ χ is (mostly) bino, t̃2 is not too heavy, b̃1 is (mostly) left-handed and is
lighter than t̃2 due to stop mass mixing.

▶ t̃1 is preferably mostly righthanded so that the mass gap between b̃1 and
t̃1 can be large.

▶ b̃1 has two decay channels, b̃ → t̃ W and b̃ → bχ.

▶ t̃1 has two decay channels, t̃ → bW∗χ → blνχ/bjjχ and t̃ → cχ.
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sbottom decay

▶ Two decay channels, b̃ → t̃ W and b̃ → bχ.

▶ In viable regions of the model parameter space, b̃ → t̃ W tends to
dominate. (Good for us!)

▶ Γ(b̃ → t̃ W) is enhanced by a factor of m2
b̃/m2

W due to the longitudinal
contribution,

▶ large stop mixing is preferred by the Higgs mass (at least in MSSM),
▶ b̃ → bχ is suppressed by the small hypercharge of b̃L (−1/6),
▶ the stop mixing term need to be tuned very small for Γ(b̃ → t̃ W) and

Γ(b̃ → bχ) to be comparable.

Γ(b̃ → t̃ W)

Γ(b̃ → bχ)
≈ 150

X2
t

m2
b̃
.

▶ Nevertheless, we will treat the branching ratio as a free parameter in order
to cover as much parameter space as possible.
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signal
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▶ A sbottom pair has 3 ways to decay.
▶ We consider searches in 3 channels with final states

▶ 2ℓ + Emiss
T , best channel if Γ(b̃ → t̃ W) dominates;

▶ 1b1ℓ + Emiss
T , best channel if Γ(b̃ → t̃ W) and Γ(b̃ → bχ) are comparable;

▶ 2b + Emiss
T , best channel if Γ(b̃ → bχ) dominates (conventional channel

for sbottom search).
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2ℓ + Emiss
T

▶ This channel has already been used for the
searches of electroweakinos and sleptons.

▶ The dominant backgrounds (t̄t, WW, tW)
contain two Ws both decaying leptonically,
with Emiss

T mostly coming from the two
neutrinos.

▶ The variable MT2 can very efficiently
remove this type of background. 0 50 100 150 200 250 300

0.1

1

10

102

103

104

���

�
��
��
��
(�
��
��

-
�
)

2l+ET
miss channel

S1
S2
ttZ

tW
WW/WZ/ZZ
tt

Jiayin Gu DESY/IHEP
Searching the hidden stop from sbottom decays



Introduction signal and backgrounds results conclusion

1b1ℓ + Emiss
T

▶ This channel is very similar to the
semi-leptonic channel of the conventional
stop search.

▶ The dominate background is dileptonic t̄t
with one lepton not reconstructed.

▶ The MW
T2 variable helps reducing this

background. [JHEP 1207 (2012) 110, Bai,
Cheng, Gallicchio, JG]
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results

650 700 750 800 850 900 950 1000

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

m
b
∼(GeV)

B
R
(b˜
→
t˜ W

)

2σ limit at 300 fb-1

2l+ET
miss

1b1l+ET
miss

2b+ET
miss

650 700 750 800 850 900 950 1000

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

m
b
∼(GeV)

B
R
(b˜
→
t˜ W

)

5σ reach at 300 fb-1

2l+ET
miss

1b1l+ET
miss

2b+ET
miss

t
˜
→ cχ

t
˜
→ blνχ /bjjχ

▶ mb̃ − mt̃ = 400GeV, mt̃ − mχ = 30GeV, 13 TeV LHC with 300 fb−1 data.
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results
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▶ BR(b̃ → t̃W) = 0.9, mt̃ − mχ = 30GeV, 13 TeV LHC with 300 fb−1 data.
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results
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▶ BR(b̃ → t̃W) = 0.5, mt̃ − mχ = 30GeV, 13 TeV LHC with 300 fb−1 data.

▶ The 2b + Emiss
T channel does not directly constrain mt̃.
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conclusion

▶ A light stop with mass almost degenerate with the lightest neutralino has
important implications on naturalness and dark matter relic abundance,
and is hard to search at colliders.

▶ We study the potential of searching for such stop particles at the LHC
from sbottom decays, focusing on two channels with final states
2ℓ + Emiss

T and 1b1ℓ + Emiss
T .

▶ If mb̃ ≲ 1TeV and the decay b̃ → t̃ W has a significant branching ratio, a
stop almost degenerate with neutralino can be excluded up to about
500–600 GeV at the 13 TeV LHC with 300 fb−1 data. (The mono-jet
search needs ∼ 3000 fb−1 to reach the same bound.)

▶ The searches we proposed are complementary to the conventional searches
and other searches.

▶ Our goal is to convince the experimentalists to do the searches we
proposed, which are very easy to implement.
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backup slides
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sbottom decay

▶ The decay width are given by

Γ(b̃1 → t̃1 W) =
g2
2 sin2 θt cos2 θb

32π

[(m2
b̃ − (mt̃ + mW)2)(m2

b̃ − (mt̃ − mW)2)]3/2

m2
Wm3

b̃
,

Γ(b̃1 → bχ) =
g2
1

32π

(m2
b̃ − m2

χ)
2

m3
b̃

4

[(
−1

3

)2

sin2 θb +

(
1

6

)2

cos2 θb

]
,

▶ where the mixing angles are defined as

(
t̃1
t̃2

)
=

(
cos θt sin θt
− sin θt cos θt

)(
t̃R
t̃L

)
,

(
b̃1

b̃2

)
=

(
cos θb sin θb
− sin θb cos θb

)(
b̃L
b̃R

)
.
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sbottom decay

▶ The stop mass matrix is

M2
t̃ =

(
m2

Q3
+ m2

t +∆ũL mtXt
mtXt m2

u3 + m2
t +∆ũR

)
,

where Xt = At − µ cotβ.

▶ The decay widths are given by

Γ(b̃1 → t̃1 W) ≈ X2
t

16πmb̃
, Γ(b̃1 → bχ) ≈

αemmb̃
72 cos2 θW

,

Γ(b̃1 → t̃1 W)

Γ(b̃1 → bχ)
≈ 150

X2
t

m2
b̃
.

▶ Γ(b̃1 → t̃1 W) dominates unless Xt is very small.
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2ℓ + Emiss
T channel (mb̃ = 1000GeV, mt̃ = 600GeV, mχ = 570GeV)
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1b1ℓ + Emiss
T channel (mb̃ = 900GeV, mt̃ = 500GeV, mχ = 470GeV)
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