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Outline ILC STC Tree-level estimates Conclusion

ä Why the ILC is great for searching investigating SUSY

ä Example benchmark point: STC

ä Determining SUSY parameters: tree-level estimates
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How do we know it is supersymmetry?

ä Must measure spins and couplings of any new particles

ä
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What is the International Linear Collider

ä electron-positron collider at
√
s = 200− 500 GeV, upgradable

to 1TeV

ä polarisation of electrons 80%, positrons 30-60%

ä 250fb−1 per year
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What can the ILC measure?

ä Kinematic edges and threshold scans for masses

ä Polarised production cross-sections for mixing and couplings

ä Angular distributions for spin

A bench-mark point: STC4 STC4 @ 500 GeV: τ̃1

Fitting the τ̃1 end-point

Only the upper end-point is
relevant.
Background subtraction:

τ̃1: Important SUSY
background,but region
above 45 GeV is signal free.
Fit exponential and
extrapolate.

Fit line to (data-background
fit).
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Mikael Berggren (DESY) SUSY mass determination ILD analysis, Dec 2014 19 / 21

Figure : STC8: Stau1 endpoint at 500GeV , 500fb−1 ILC (Mikael Berggren)
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Question: Which observables are important for the
detector and accelerator design?

ä Want to determine SUSY parameters

ä Which measurement uncertainties are allowed?
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STC: stau coannihilation scenarios

ä Set of benchmark points with 12 independently chosen
parameters (arXiv: 1307.0782)

ä Satisfy all constraints (LHC8, LEP, low energy, cosmology)

ä tanβ = 10, µ = 400GeV , M1 = 100GeV , M2 = 210GeV ,
M3 = 2000GeV , mA0 = 400GeV , MQ̃ = 2000GeV ,
Mũ = 2000GeV , Mt̃ = Md̃ = 800GeV , ML̃ = 315GeV ,
Mẽ = 119GeV Mτ̃ = 205GeV , mtop = 173.1GeV

ä Small mass difference between τ̃1 and χ̃0
1
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STC8 mass spectrum

ä STC8 mass spectrum and decay modes

ä All sleptons and light electroweakinos accessible at√
s = 500GeV ILC

ä Also many decay modes accessible
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STC8 mass spectrum
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First step: Tree-level estimate of tan β

ä Measure chargino 2 and 1 masses and
ä Measure LL and RR polarised chargino1 pair production and

chargino 1 and 2 mixed production cross section

ä tanβ =
(

1+∆(cos 2φR−cos 2φL

1−∆(cos 2φR−cos 2φL

) 1
2

with ∆ = ∆(mχ̃±1
,mχ̃±2

)
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Figure 3. Determining the chargino mixing angles in
measurements of chargino production cross sections
{ij} for polarized beams.

|M3| = mg̃

tan β =

[
1 + ∆(cos 2φR − cos 2φL)

1 − ∆(cos 2φR − cos 2φL)

]1/2

(1)

where∆ = (m2
χ̃±

2

−m2
χ̃±

1

)/(4M2
W ) andΣ = (m2

χ̃±
2

+

m2
χ̃±

1

)/(2M2
W )−1. The signs ofM1,3 with respect to

M2 will follow from measurements of the cross sec-
tions for χ̃χ̃ production and gluino processes. In prac-
tice one-loop corrections to the mass relations have
been used to improve on the accuracy.
Accuracies expected for the parameters in the ref-

erence pointmod.SPS#1A are shown in Tab. 2. While
the LC based errors are typically at the per-mille level,
the others turn out to be in the per-cent range.
It should be noted that knowledge of the low

chargino/neutralino spectrum χ̃±
1 and χ̃0

1,2 is suffi-
cient to carry out such an analysis. On the other hand,
Higgs couplings or polarization effects must be used
in addition to determine the Higgs parameter tan β
for large values with sufficient accuracy.
The evolution to the high scale is governed by so-

lutions of the renormalization group equations [16]:

Exp. Input GUT Value
M1 102.31± 0.25 250.00 ± 0.33

M2 192.24± 0.48 250.00 ± 0.52

M3 586 ± 12 250.0 ± 5.3

µ 358.23± 0.28 355.6 ± 1.2

M2
L1

(6.768 ± 0.005) · 104 (3.99 ± 0.41) · 104

M2
E1

(4.835 ± 0.007) · 104 (4.02 ± 0.82) · 104

M2
Q1

(3.27 ± 0.08) · 105 (3.9 ± 1.5) · 104

M2
U1

(3.05 ± 0.11) · 105 (3.9 ± 1.9) · 104

M2
H1

(6.21 ± 0.08) · 104 (4.01 ± 0.54) · 104

M2
H2

(−1.298 ± 0.004) · 105 (4.1 ± 3.2) · 104

At −446 ± 14 −100 ± 54

tanβ 9.9 ± 0.9 —

Table 2
Reconstructed gaugino and scalar mass parameters
for mod.SPS#1A at the electroweak scale and RG ex-
trapolation to the GUT scale; all masses in GeV.

gauge couplings : αi = Zi αU

gaugino masses : Mi = Zi M1/2

scalar masses : M2
j̃

= M2
0 + cjM

2
1/2

+
∑2

β=1 c′
jβ∆M2

β

trilinear couplings : Ak = dkA0 + d′
kM1/2

The Z transporter is given by Z−1
i = 1 + bi αU/(4π)

× log(MU/MZ)2 with b[SU3, SU2, U1] = −3, 1,
33/5. The c, d coefficients as well as the shifts ∆M2

β

depend on the high-energy parameters to be calcu-
lated, so that complicated implicit equations emerge
– partly with solutions of low sensitivity. In practice
the transport equations have been solved to two loops.
Examples for the gaugino masses and the scalar

masses of the first two generations are depicted in
Fig. 4. Moving down from the universality point, the
mass squared of the Higgs field H2 crosses to nega-
tive values at a scale of order 104 TeV, in accordance
with radiative symmetry breaking in mSUGRA.
In an overall-fit, based on the universality hypothe-

sis per se, we observe accuracies of order per-mille in
the gaugino sector while being order per-cent in the
scalar sector, cf. Tab. 3.
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More on tree-level estimates

ä MẽR =
√
m2

Zcos(2β)(− sin2 θW )−m2
e + m2

ẽR

ä Mt̃L
=
√

m2
Zcos(2β)( 1

2 − sin2 θW )−m2
t + m2

t̃L
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More on tree-level estimates: right-handed selectron mass
parameter

ä 500 GeV 500 fb−1, ILC would measure right-handed selectron
mass with 200MeV precision (mẽR = 131GeV )
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More on tree-level estimates: stopL mass parameter

ä Mt̃L
= 1500GeV , mstop2 = 1424GeV in STC8

ä Uncertainty on stop2 mass dominates over tan β
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Tree-level estimates of STC8 parameters

TanBeta 21.7857 +- 21.0326
Mu 397.422 +- 39.689
Atau 0 +- 1000
MSelectronR 134.76 +- 13.476
MSelectronL 204.661 +- 20.4661
Atop 0 +- 1000
Abottom 0 +- 1000
MSupL 2028.93 +- 202.893
MStopL 1520.44 +- 152.044
MSupR 2025.01 +- 202.501
MStopR 715.393 +- 71.5393
MSbottomR 1501.39 +- 150.139
M1 96.8487 +- 0.188593
M2 218.818 +- 0.628434
M3 2042.28 +- 21.4188
massA0 400 +- 2.57
massTop 173.1 +- 0.05
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Loop corrections to parameters

ä Loop diagrams give corrections to sparticle (and particle)
masses → corrections to parameters

ä Not all sparticle masses have to be measured directly
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Plan for the future

ä Do a full fit with Fittino

ä Find out which measurements at the ILC are of crucial
importance to SUSY parameter determination
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