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Introduction 

Discovery at LHC:  
Higgs mass is 126 GeV 
Implications for SUSY: 
The scalar top is heavy O(10-100) TeV or there is large 
left-right mixing of the scalar tops in the MSSM 
… or require NMSSM  
Muon g-2: 
Suggests sleptons, higgsino, wino, and bino are in the 
O(100) GeV range. 
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Leading contributions to muon g-2: 

See also talk by K. Hamaguchi	
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Models with light sleptons 
Models with heavy squarks and light sleptons which are 
compatible with muon g-2 can be realized e.g. 

<  2σ deviation in muon g-2 à m(stau) < 200 GeV 
Motivates search for light stau! 
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Figure 1: Contours of aµ consistent with the experimental result at 2, 1.5, and 1σ C.L.

(from top to bottom) on the k3-kX plane for Λ8 = 500 (left) and 600 TeV (right). The

region below the dashed blue line is excluded because the electroweak symmetry minimum

is not stable enough.

3 Messenger in adjoint representation

As we have discussed in previous section, the messenger in adjoint 24 representation

gives the unique possibility to have light sleptons in separation with squark masses.

The adjoint 24 messenger fields consist of Σ8, Σ3, X and X̄ , which are, respectively,

transformed as (8, 1, 0), (1, 3, 0), (3, 2,−5/6) and (3̄, 2, 5/6) under the Standard

model gauge groups SU(3)C × SU(2)L × U(1)Y . The superpotential is given by

W = (M8 + k8F θ2) TrΣ2
8 + (M3 + k3F θ2) TrΣ2

3 + (MX + kXF θ2)XX. (10)

We parameterize the SUSY breaking masses of the messengers by k8, k3 and kX .

Since only relative size is important, we take k8 = 1 in the following analysis. For-

mulas for the soft mass parameters are given in Appendix A.

In figure 1, several contours of aµ are shown on the k3-kX plane for the ad-

joint messengers with tan β = 10. For simplicity, we take a common SUSY mass

for the messengers, i.e., M8 = M3 = MX = Mmess = 106 GeV. The mass spec-

trum and renormalization group evolution are evaluated using SuSpect [18] with

appropriate modifications, while δaµ (the SUSY contribution to aµ) is calculated by

FeynHiggs [19]. In the left (right) panel, Λ8 = F/M8 is taken to be Λ8 = 500 (600)

5

[Ibe, Matsumoto, Yanagida, Yokozaki, arXiv:1210.3122] 
NB) Consistent with GUT; GMSB à no SUSY flavor/CP problem. 
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Stau search at LHC 
If the stau lifetime is sufficiently long, it appears as a 
Heavy Stable Charged Particle. 
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LHC limit for direct stau 
pair production: 
 
m(stau) > 340 GeV, 
if stau is (pseudo-)stable. 
 
 
If the stau is light,  
it must decay! 

[CMS-EXO-12-026, arXiv:1305.0491] 
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Stau search at LEP 

50

60

70

80

90

100

-12 -11 -10 -9 -8 -7 -6
log(o)

m
(o¾

) (
G

eV
/c

2 )

50

60

70

80

90

100

-12 -11 -10 -9 -8 -7 -6

o
¾

(o
¾
 NLSP)

ADLO Preliminary
3s
<
 = 189-209 GeV

ac
op

la
na

r l
ep

to
ns

tra
ck

s 
w

ith
 la

rg
e 

im
pa

ct
 p

ar
am

et
er

s

ki
nk

ed
 tr

ac
ks

he
av

y 
st

ab
le

 c
ha

rg
ed

 p
ar

tic
le

s

`a
co

 =
 0

.0
05

m

`a
co

 =
 0

.2
0m

`a
co

 =
2.

0m

Ex
cl
ud

ed
	  b
y	  
LH

C	  
	  

LEP limit for stau (GMSB) 
m(stau) >~ 90 GeV 
 
 
à Stau parameter range 
at the ILC with large 
impact parameters: 
 
Lifetime: 10 µm – 10 cm 
Mass: 90 GeV – 250 GeV 
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Stau decays 

Decay to gravitino (GMSB) 

Decay to axino 

R-parity violation ��� ��e , ��µ

� µ�e , µ��

� e�µ, µ��

Stau search strategy is applicable in many models: 

�� � � �G
�� � ��a

Common signature: tau + missing 
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Stau search at the ILC 

CM energy: 500 GeV 
Stau mass: 90 GeV – 250 GeV 
Stau lifetime: 10 µm – 10 cm 
 
Search strategy: 
Use track impact parameters  
to find stau 

Charged Track	

Impact parameter	
IP	

Decay	

[Matsumoto, Moroi, PLB 701, 422 (2011)] 

1.  Full simulation study at several benchmark points 
2.  Parameter scan with fast simulation 
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Full simulation study at the ILC 

Stau mass: 120 GeV 
Stau lifetime: 100 µm 
CM energy: 500 GeV 
Beam pol: P(e+,e−)=(+0.8, −0.3) 
Integrated lumi: 500 fb−1 

[Katayama, Mori, Fujii, Matsumoto, Suehara, TT, Yamashita, LC-REP-2013-010] 

5

Transverse impact parameter (mm)
0 0.2 0.4 0.6

Ev
en

ts

1

10

210

310

410 Signal

taupair background

WW + ZZ backgournd

FIG. 4. The transverse impact parameter distributions for
signal and background processes after the event selection.
Each events contains two tracks, each of which carries a weight
of 0.5.

plate) sample. The χ2 is computed for the five tem-
plate samples corresponding to the five different stau
lifetime. The χ2 points are fit to a parabolic curve,
whose minimum is used as the estimate of the stau life-
time for this experiment. The toy MC experiments are
performed 10,000 times. We extract the expected pre-
cision for stau lifetime from the resulting distribution
of the χ2 minima. As a result, it is 1.4% for an inte-
grated luminosity of 500 fb−1 and beam polarizations of
(Pe− , Pe+) = (+0.8,−0.3).
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FIG. 5. Track energy distributions for signal and background
processes after the event selection.

C. Stau mass determination via kinematic edges

The event selection is reoptimized for the stau mass
measurement through kinematic edges. Starting with
the common sample as described in Sec. IVA, addi-
tional requirements are imposed as follows. The require-
ment on the transverse impact parameter significance

|d0/σ(d0)| > 1.0 is used to suppress discrimination of sig-
nal and background events. A tight lepton identification
is applied. The fit region in the track energy is restricted
to be in the range of 150 < Etrk < 250 GeV. Furthermore,
the energy of the track and the surrounding neutral clus-
ters as identified by jet finders with the number of jets
Njet = 2 is used to discriminate the heavy mass of stau
from lighter SM particles by placing a requirement on
the difference in the energy such that |∆Ejet| > 100 GeV.
The estimated yields are summarized in Tab. III.

The mass distribution is modeled via the following
function

f(x) = α(β − x) exp(−γx) θ(β − x) (4)

where α, β, and γ are fit parameters constrained to be
positive, and θ(x) is the Heaviside step function to ensure
positivity along the mass distribution. The value of β is
used to extract the edge position. Again, toy MC experi-
ments are performed to estimate the precision of the stau
mass determination. The result is ∆m/m = ∆β/β =
1.4% for an integrated luminosity of 500 fb−1 and beam
polarizations of (Pe− , Pe+) = (+0.8,−0.3). This result
however depends on the stau lifetime having 100 =µm
as we have applied the requirement on the transverse im-
pact parameter.

V. CONCLUSIONS

In this study, we have looked at the low-scale GMSB
scenario with R-parity conservation and the stau as the
NLSP, working with the stau mass of 120 GeV and life-
time of cτ = 100 µm as a benchmark point. Through-
out this study, the beam polarizations are assumed to be
(Pe− , Pe+) = (+80%,−30%). The precision of stau mass
was evaluated for one-prong tau decays at two different
energies:

√
s = 250 and 500 GeV. In the former case,

the mass is determined through the scan of cross sec-
tion near the threshold; its precision is found to be 0.6%
with an integrated luminosity of 250 fb−1. In the latter
case, the kinematic edge of the decay products is used;
the precision is found to be 1.4% with an integrated lu-
minosity of 500 fb−1. The precision of the stau lifetime
determined from the impact parameter distribution at√

s = 500 GeV is found to be 1.4% with an integrated
luminosity of 500 fb−1. This translates to the precision
of the gravitino mass of 1.7 (3.6)% when combining the
lifetime determination with the mass from the threshold
scan (kinematic edge). These numbers take into account
only the statistical uncertainty. The determination of the
stau lifetime using three-prong decays of the tau lepton
should be attempted in future studies.
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Impact parameter analysis: 
Δlifetime / lifetime = 1.4% 

Kinematic edge analysis: 
Δm / m = 1.4% 

Assumptions: 
selectron is heavy 
stau1 is partner of right-handed tau 
 
Stau pair cross section: 136 fb 
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Summary and prospects 

•  Search for light sleptons is ever more important 
in the wake of the Higgs discovery at 126 GeV 

•  It is possible to build models compatible with 
126 GeV Higgs and muon g-2 

•  LHC limits à stau must decay if light 
•  ILC sensitivities in the O(1)% level for stau 

mass and lifetime 
•  ILC studies will continue to probe the different 

stau mass and lifetime ranges. 

Thank you! 
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