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“General” SUSY 
Phenomenology

• R-Parity conservation
→SUSY particles are created in pairs, decay to exactly 
one SUSY particle (+ SM particles)
→lightest particle (which should be uncharged) exits 
detector
→large MET

• Chains mostly start with heavy strong-interacting SUSY 
particles (sgluons,squarks) which produce quarks
→hard jets

• Additional leptons from sleptons and gauginos
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Searches in ATLAS
• Inclusive searches use cuts similar to the following (mainly 

for QCD suppression)

• MET>100 GeV

• 4 jets with more then (100,50,50,50) GeV

• add 0-1 leptons, b-jets, taus

• for multi-lepton searches, MET and jet constraints can/
should/have to be loosened

• Trigger follows similar patterns

• In exclusive searches one could come up with better ideas
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SUSY in ATLAS
• At ATLAS, the majority of analyses 

concentrated on mSUGRA

• Few benchmark points have been 
chosen in order to handle 
enormous parameter space

• More recently, large “grid scans” of 
the parameter space are possible 
with MC samples available

• Other breaking mechanisms like 
GMSB are gaining more attention
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Taus and SUSY

• Taus can play a big role in SUSY (seems to prefer 3rd 
generation)

• Usual SUSY event selection cuts/trigger based on jets 
and MET

• Does not necessarily hold for all regions of SUSY space 

• Try to be as general as possible by using constraints on 
event introduced by taus

• Look at trigger combinations containing hadronic tau/
lepton triggers with looser MET/jet triggers
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Example for Taus in 
SUSY: SU3
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Di-Lepton Mass Edges
• Distinctive signature in 

neutralino decays (OSSF)

• Relevant for slepton mass 
measurement (see next 
slide)

• If 2nd neutralino is very 
light (lighter than the 
sleptons), 3-body decay to 
2 leptons + LSP opens

• Leptons from this kind of 
decay will be called 
“golden” in the following
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Di-Lepton Mass Edges II
• Decay type (I) yields 

triangular shape of di-
lepton invariant mass for 
all sleptons lighter than 
the 2nd neutralino

• Non-triangular shape for 
decay type (II) mmax

ττ =

�
(m(χ̃0

2)2 −m(τ̃1)2)(m(τ̃1)2 −m(χ̃0
1)2)

(m(τ̃1)2)
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ττ = m(χ̃0
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In the phase space of the decay �̃2
0→�̃1

0
l�l�, the Z0 ex-

change amplitude and l̃ exchange amplitude behave differ-

ently. When the Z0 contribution dominates, distributions are

enhanced in the region of large mll
2�zm �̃

2
0
2
. In contrast, when

the l̃ exchange contribution dominates, distributions are en-

hanced in regions with large x and/or large y, therefore in

small mll and large �E
l�
rest�E

l�
rest� region. Here

E
l�
rest��1�x �m �̃

2
0/2, E

l�
rest��1�y �m �̃

2
0/2 �7�

are lepton energies in the �̃2
0 rest frame.

We consider the case where 2M 1�M 2����, a typical
case in the minimal supergravity model. In this case, �̃2

0 is

W-ino-like and �̃1
0 is B-ino-like. An interesting property in

this case is that the Z0 and l̃ amplitudes could be of compa-

rable size in some region of phase space. Furthermore, their

interference is generally destructive for leptonic decays.

These effects cause complicated situations, which we discuss

below.

We show numerical results for the mll distribution. For

illustration, we use two sets of parameters for the neutralino

sector, �A� and �B�, shown in Table I. These values are fixed
to give the same masses for three inos, (m �̃

1
0,m �̃

2
0,m �̃

2
�)

�(71.4,140.1,320.6) GeV. For calculating the branching ra-
tios, we take generation-independent slepton masses and a

universal soft SUSY breaking squark mass mQ̃�500 GeV.

In Fig. 1, we show the mll distribution of the decay �̃2
0

→l�l��̃1
0 for parameter set �A� and varying ml̃ from 170

GeV to 500 GeV.4

Because m �̃
2
0 and m �̃

1
0 are fixed, the end points of the

distributions mll
max�68.7 GeV are same for each curve,

while the shape of the distribution changes drastically with

slepton mass. For a slepton mass of 170 GeV �thick solid
line�, the decay proceeds dominantly through slepton ex-
changes, therefore the mll distribution is suppressed near

mll
max . On the other hand, once slepton exchange is sup-

pressed by its mass, Z0 exchange dominates and the distri-

bution peaks sharply near mll
max . Notice that the leptonic

branching ratio decreases as ml̃ increases, but remains larger

than �2% for the values of ml̃ taken in the figure.

In Fig. 2, we show an example for ��0, parameter set
�B�. The dependence on the slepton mass is different from
the previous case. As ml̃ increases from 170 GeV, mll dis-

tribution becomes softer. For ml̃�250 GeV, a second peak
appears due to strong cancellation of Z0 exchange and slep-

ton exchange contributions for a certain value of mll . At the

same time, the branching ratio reaches its minimum at ml̃

�300 GeV, much less than 1%. For ml̃�370 GeV, it in-
creases again above 1%.

Notably, one can find slepton masses where a complete

cancellation occurs very close to the end point mll
max of the

4Heavy sleptons and B-ino-like �̃1
0 is cosmologically disfavored

because it leads to a large relic mass density �19�. However, this

constraint can easily be evaded if �̃1
0 can decay, or if there is late

time entropy production.

FIG. 1. Invariant mass distribution of the lepton pairs from �̃2
0

three body decay. The neutralino parameters are taken as set �A�
�see Table I�, and universal slepton masses ml̃�ml̃L

�ml̃R
are 170

GeV �thick solid�, 220 GeV �dashed�, 270 GeV �dotted�, 320 GeV,

and 500 GeV. For mQ̃�500 GeV, Br(�̃2
0→e�e��̃1

0)�11%,
9.5%, 4.1%, 2.1%, 1.9%, respectively. The total number of events

of each curve is 104.

FIG. 2. mll distribution for parameter set �B� (��0). ml̃L

�ml̃R
are 170 GeV �thick solid�, 220 GeV �dashed�, 250 GeV

�dotted�, 370 GeV, and 500 GeV. The branching ratio Br(�̃2
0

→e�e��̃1
0) for mQ̃�500 GeV is 6.6%, 2.9%, 0.9%, 1%, 1.8%,

respectively, The thick dashed line is an example with complete

cancellation of the amplitude near the upper end point. The branch-

ing ratio to e�e��̃1
0 is 1.8% for this case. The total number of the

events is 104 for each curve.

TABLE I. Parameter sets for neutralinos. All entries with mass

units are in GeV.

Set M 1 M 2 � tan �

�A� 70 140 �300 4

�B� 77.6 165 286 4

NEUTRALINO DECAYS AT THE CERN LHC PHYSICAL REVIEW D 60 015006

015006-3

Phys.Rev.D,Vol.60,015006
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Di-Tau Mass Edge
• For taus the edge is 

smeared due to its decay 
with neutrino(s)

• Plots on the right show all 
tau decays (FH,SL,FL)

• Existing analysis 
concentrates on fully 
hadronic golden tau decays

• Should also try using 
events where taus are 
going to leptons
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A Closer Look Reveals...

• Distributions of hardest 
jets in “golden” events 
show peak at low pT

• Using cuts (or trigger) 
from earlier slide we 
lose those events

• Possible recovery ?

Di!tau invariant mass [MeV/c^2]
0 20 40 60 80 100 120 140 160 180 200

3

10!

#
 e

v
e
n

ts

0

20

40

60

80

100

truth pure

truth good

True golden di!tau mass (FL)

Visible di!tau invariant mass [MeV/c^2]
0 20 40 60 80 100 120 140 160 180 200

3

10!

#
 e

v
e
n

ts

0

20

40

60

80

100

120

140

truth pure

truth good

Visible true golden di!tau mass (FL)

Entries  638

Di!tau invariant mass [MeV/c^2]
0 20 40 60 80 100 120 140 160 180 200

3

10!

#
 e

v
e
n

ts

0

10

20

30

40

50

60

70

80

Entries  638

OS!SS mass reco taus

# jets
0 1 2 3 4 5 6 7 8 9

#
 e

v
e
n

ts

0

50

100

150

200

250

300

350

truth pure

truth good

reco good

Number of jets

jet pT [MeV]
0 20 40 60 80 100 120 140 160 180 200

3

10!

A
.U

.

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

truth pure

truth good

reco good

Jet pT

Delta R
0 1 2 3 4 5 6 7 8 9 10

#
 e

v
e
n

ts

0

50

100

150

200

250

300

truth

reco

dR of two hardest taus

Jet pT [MeV]
0 50 100 150 200 250 300 350 400 450 500

3

10!

#
 e

v
e
n

ts

0

50

100

150

200

250

leadjettruth

pt0

pt1

pt2

pt3

 > 20 GeV
T

Jet p
Entries: 1633

Leading truth jet pT

Jet pT [MeV]
0 50 100 150 200 250 300 350 400 450 500

3

10!

#
 e

v
e
n

ts

0

20

40

60

80

100

120

140

160

180

200

220

Leading reco jet pT

leadjetreco

pt0

pt1

pt2

pt3

 > 20 GeV
T

Jet p
Entries: 1644

Leading reco jet pT

Di!tau invariant mass [MeV/c^2]
0 20 40 60 80 100 120 140 160 180 200

3

10!

#
 e

v
e
n

ts

0

20

40

60

80

100

truth pure

truth good

True golden di!tau mass (FL)

Visible di!tau invariant mass [MeV/c^2]
0 20 40 60 80 100 120 140 160 180 200

3

10!

#
 e

v
e
n

ts

0

20

40

60

80

100

120

140

160

180

truth pure

truth good

Visible true golden di!tau mass (FL)

Entries  220

Di!tau invariant mass [MeV/c^2]
0 20 40 60 80 100 120 140 160 180 200

3

10!

#
 e

v
e
n

ts
!10

0

10

20

30
Entries  220

OS!SS mass reco taus

# jets
0 1 2 3 4 5 6 7 8 9

#
 e

v
e
n

ts

0

20

40

60

80

100

120

140

160

180

200

220

truth pure

truth good

reco good

Number of jets

jet pT [MeV]
0 20 40 60 80 100 120 140 160 180 200

3

10!

A
.U

.

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

truth pure

truth good

reco good

Jet pT

Delta R
0 1 2 3 4 5 6 7 8 9 10

#
 e

v
e
n

ts

0

20

40

60

80

100

120

140

truth

reco

dR of two hardest taus

Jet pT [MeV]
0 50 100 150 200 250 300 350 400 450 500

3

10!

#
 e

v
e
n

ts

0

20

40

60

80

100

120

140

leadjettruth

pt0

pt1

pt2

pt3

 > 20 GeV
T

Jet p
Entries: 982

Leading truth jet pT

Jet pT [MeV]
0 50 100 150 200 250 300 350 400 450 500

3

10!

#
 e

v
e
n

ts

0

20

40

60

80

100

120

140

160

Leading reco jet pT

leadjetreco

pt0

pt1

pt2

pt3

 > 20 GeV
T

Jet p
Entries: 977

Leading reco jet pT

(I)

(II)

SU3

Wednesday, September 16, 2009



...and even more
• Number of taus is often 

greater than 2 in 
“golden” events

• Green histogram is 
hadronically decaying 
taus only Reco MET [MeV]
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• Plotting MET vs. hardest 
jet shows maximum at low 
transverse momenta
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Summary and Outlook

• Try to get away from cuts/triggers to strongly on 
assumptions of how SUSY “exactly” looks like

• Use special signature of taus to suppress 
backgrounds

• Specifically also examine various combinations 
with e/μ-based triggers/cuts

• Could use tag-and-probe method for di-tau 
signatures to increase efficiencies (especially with 
kinematic constraints)

Wednesday, September 16, 2009


