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LHC is a QCD machine!

Find signals in the strong interacting background: 1 out of 108.
Only final states with certain distinguished features can be
triggered:

1 Hard jet: large mass difference
2 Large missing transverse energy: dark matter and its

kinematics
3 Isolated leptons (e±, µ±) or photon γ passing basic cuts:

∆R

4 Secondary vertex: b-tagging
Scenarios with compressed spectrum? (light top squark?)
We study whether precision measurement of W -polarization in
top sample can help to distinguish the light stop from the SM
top.
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Constraints on light Stop
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Searches for “Natural” SUSY scenarios 

Direct stop pair production — grand summary for top+LSP 
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Most recent CMS references (8 TeV): PAS-SUS-13-011, PAS-SUS-13-003, 1303.2985 

Exclusion of m(t1) < ∼660 GeV for massless LSP; exclusion up to m(χ1 ) ∼ 250 GeV 

Most recent ATLAS references (8 TeV): ATLAS-CONF-2013-053, ATLAS-CONF-2013-048, 
ATLAS-CONF-2013-037, ATLAS-CONF-025, ATLAS-CONF-2013-024 

< 30 GeV dependence 
on L/R stop admixture 
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Constraints on χ̃±
1 χ̃

0
2 from Tri-lepton final states

42 Lepton-Photon, 24–29 June, 2013  Andreas Hoecker — Searches for Supersymmetry at Colliders  
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Electroweak neutralino, chargino and slepton pair production 

Most recent CMS references (8 TeV): PAS-SUS-12-022 
Most recent ATLAS references (8 TeV): ATLAS-CONF-2013-049, ATLAS-CONF-2013-036, 

ATLAS-CONF-2013-035, ATLAS-CONF-2013-028 

Associated chargino-neutralino production (in particular in the WZ+MET final state) benefits 
from combined analysis of 2 and 3 leptons as featured by CMS including also tau leptons 
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“τ enriched” 

Mt̃1
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1
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`+��ET + 2b+ 2j final states

Both t̃t̃∗ events (left) and tt̄ events (right) could contribute to an
isolated lepton, missing transverse momentum, two b jets and
two light quark jets.
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Stop pair cross section
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W -boson polarization in top-quark decay
We study whether precision measurement of W -polarization in
top sample can help to distinguish the light stop from top.

t→ bW+
L ⇒ e+ is moving in the opposite direction of W boson

⇒ (1− cos θ)2

t→ bW+
0 ⇒ sin2 θ

t→ bW+
R ⇒ (1 + cos θ)2

1

Γ

dΓ

d cos θ
=

3

8
FL(1− cos θ)2 +

3

4
F0 sin2 θ +

3

8
FR(1 + cos θ)2
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W-boson polarization in top-quark decay
The ATLAS and CMS combined helicity fractions are

FL = 0.359± 0.021(stat.)± 0.028(syst.),
F0 = 0.626± 0.034(stat.)± 0.048(syst.),

which are in agreement with predictions from NNLO QCD.
[ATLAS-CONF-2013-033, CMS-PAS-TOP-12-025]

22 M. Aldaya 

    W polarization (2.2 fb-1)   
Anomalous contributions to the tWb vertex change 
the probabilities of the W helicity states 

CMS-PAS  
TOP-11-020 

!  In SM: 3 possible W helicity states: 
F0 (longitudinal) ~ 0.70, FL (left) ~ 0.30, FR (right) ~ 0  

Angle between 
charged lepton 
and top direction 
in W rest frame 

!  Helicity fractions  
extracted from maximum likelihood fit: 

•  1 isolated high-pT µ, 
  ! 4 jets, ! 1 b-tag 
•  Kinematic fit to  
reconstruct ttbar system 

!  Good agreement with SM  
!  Similar precision as previous 
measurements (Tevatron, ATLAS) 

!  Measure sensitive  
variable, cos("*), in  
muon+jets channel: 

F0 

FR 
FR 

XXVI Rencontres de la Vallee d'Aoste, 01.03.12 

Feb’12 

In the left figure, the purple line is actually left-handed (typo by CMS).
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t̃→ bχ̃+
1

Lbt̃χ̃+ = {[−gV11t̃L + ytV12t̃R]b̄PR + ybU12t̃Lb̄PL}χ̃+c
1

Wino component⇒ the first contribution.
Higgsino component⇒ the second and third contribution.
For chargino χ̃+

1 :
In the mb = 0 limit, yb = 0. χ̃+

1 is always in the left-handed.
Right-handed helicity of chargino is significant at large
tanβ. (yb is enhanced by large tanβ)
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Events selection and reconstruction (χ2-method)

Experimentally, we don’t even know there exists chargino. Stop
events may fake the top events. For reconstruction, we use the
χ2 method given by the ATLAS Collaboration.
[ATLAS-CONF-2011-037]

No b-tagging
~pνT = ��~pT

Scan pνz : -3.5 TeV –3.5 TeV and make all possible
combinations of four jets.

χ2 =
(M`νja −mt)

2

σ2
t

+
(Mjbjcjd −mt)

2

σ2
t

+
(M`ν −mW )2

σ2
W

+
(Mjcjd −mW )2

σ2
W

mt = 172.5 GeV, mW = 80.4 GeV, σt = 14 GeV, σW = 10 GeV
By minimizing the χ2, we obtain the pνz and distinguish one
b-jet, which accompanies with a leptonic W boson, from
other jets.
cos θ is measured in the reconstructed W boson rest frame.
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cos θ: Correct vs. Fake
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Why t̃1t̃∗1 events are left-handed like after χ2 reconstruction?
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cos θ

~p` and ~pb are the three momentum of lepton and bottom quark.

cos θ = − ~pl · ~pb
|~pl| |~pb|

In the mb = 0 and m` = 0 limit, |~p`| = E`, |~pb| = Eb

cos θ = − ~pl · ~pb
|~pl| |~pb|

=
pl · pb − El · Eb
|~pl| |~pb|

=
M2
`b

2E`Eb
− 1

M`b is Lorentz invariant mass of ` and b and is determined by
the interaction Lagrangians. Eb and E` depends on the chosen
frame.

Liucheng Wang, Bartol Research Institute, UDel Light Top Squark in Precise Top Quark Sample



M`b: Correct vs. Fake
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The difference between two combinations originates from
the wrong combination. By using χ2 method, a fake
leptonic-branch b-jet may be picked out of the four jets to
get Mb`.
The fake and real M`b are similar, which is not the main
reason leading to different cos θ distributions.
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√
EbE`: Correct vs. Fake
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The fake
√
EbE` in the fake W boson rest frame is much

larger than the real
√
EbE` in the real chargino rest frame.

cos θ =
M2
`b

2E`Eb
− 1

√
EbE` ⇑⇒ cos θ tends to -1⇒ more left-handed
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χ2 method applied to top squark events
The fake

√
EbE` of stop evens peak at 77 GeV, just tt̄ events.√

EbE` =

√
m2
t −m2

W

4
∼ 77 GeV

χ2 reconstruction will make t̃1t̃∗1 events similar as tt̄ events:

cos θ =
2M2

`b

m2
t −m2

W

− 1

If mt becomes larger in χ2 method, cos θ tends to -1.

*θcos

­1 ­0.8 ­0.6 ­0.4 ­0.2 0 0.2 0.4 0.6 0.8 1

n
u

m
b

e
r 

o
f 

e
v
e

n
ts

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000  =200 Gev
t

m

 =400 GeV
t

m

 =600 GeV
t

m

Liucheng Wang, Bartol Research Institute, UDel Light Top Squark in Precise Top Quark Sample



Conclusion

We study whether precision measurement of
W -polarization in top sample can help to distinguish the
light stop from the SM top.
After χ2 reconstruction, charigno from stop decay behaves
like a left-handed W boson.
FL/FR/F0 contribution from benchmark point which only
changes FL by 1%:

SM : FL = 0.303, FR = 0.0493, F0 = 0.647,

SM+stop : FL = 0.313, FR = 0.0497, F0 = 0.638.

W -polarization cannot exclude the light stop scenario with
stop mass around top-quark mass.

Thank you！
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