








Detailed analysis for SPS1a benchmark scenario: potential
of LHC (300 fb 1) alone and LHC + LC

LHC  LHC+LC LHC+LC accuracy lim-
mo 4.8 0.05 (input) ited by LHC jet energy
m. 4.8 0.05 (input) scale resolution
my 4.7 0.08
Mg 8.7 4.9 SPS 1a benchmark
Mg, 11.8 10.9 scenario:
mg 8.0 6.4 oy .

7 7 avorable scenario for
My 12 > both LHC and LC
m, 7.9 6.2
m. 5.0 0.2 (input)
mo 5.1 2.23

) LC input improves accuracy signi cantly
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Precision observables: My, sin?
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generic MSSM: 105 parameters (masses, mixing angles, phases)

reduced to few parameters in specific models

M ;N  tanf, sign(u)

m ,m , tan /3, sign(u)

(M, M, M,u, M ..

Benchmark scenarios

SPS1a: GeV, GeV,

SPS1b: GeV, GeV,



SM: c?/d.o.f=27.2/16

MSSM: c?/d.o.f = 16.4/12
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The Higgs sector of the MSSM

HO H+
Two SU(2) U(1) doublets: Hj= 1 . H,= 2
H, HS

Vi+ Sj+ 1Pj Vv

HiO: : pl— ! tan = -2

2 V1

The soft SUSY-breaking mass terms for H? and HY are

responsible for electroweak symmetry breaking (EWSB):

Viee = (Mg, + 2)jHIZ+(m{, + 2)jHII?

1 1 0:2 - :
+ B HPHZ+h ot + 2(g7+ ¢%) JHY® j HIJ®

Five physical states: h; H; A9; H*; H

Tree{level mass matrix for the CP{even sector:

0 1

o tree _ %
M g =

2 ~2 2 2 2 2
chB+ mAsB mz+ mx SpCp

2 2 2 o2 2 2
ms+ mz sgCp  MZSg+ MACh

mp and my are predicted in terms of mz; ma and tan

Tree{level mass relation: m2  cos?2 m 2

Radiative corrections can push myp well above the tree{level
bound (e.g. my 135 GeV for typical parameter choices)
and introduce a dependence on many MSSM parameters.
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Parameters
M 1, M 2
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low energy
DR parameters

OS parameters

phys. 1-loop

masses of
DR parameters ~1r ~J2r ~(1)

OS parameters
M1, M2,

M1,M2,

;'iaf 001 MCha(l) = 176.013 + 8.889 3251?{;33 0

M2 ~ 1997 MCha(2) = 378.527 + 10.312 M2 ~ 01 56
- ' MNeu(1) = 96.154 + 4.004 - '

MUE = 352.4 MUE = 363.06
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SUPERSYMMETRY PARAMETER ANALYSIS

The SPA project is a joint study of theorists and experimentalists working on LHC and Linear Ci
phenomenology. The study focuses on the supersymmetric extension of the Standard Model. T
targets are

® High-precision determination of the supersymmetry Lagrange parameters at the electrowe
® Extrapolation to a high scale to reconstruct the fundamental parameters and the mechanis
supersymmetry breaking

The SPA convention and the SPA Project are described in the report SPA.draft.ps.

http://spa.desy.de/spa




SPA CONVENTION

The masses of the SUSY patrticles and Higgs bosonsare de ned as pole masses.

All SUSY Lagrangian parameters, mass parameters and couplings, including
tan , are given in the DR scheme and de ned at the scaleNr = 1 TeV.

Gaugino/higgsino and scalar mass matrices, rotation matrices and the
corresponding angles are de ned in the DR scheme atMr, except for the Higgs
system in which the mixing matrix is de ned in the on-shell sc heme, the scale
parameter chosen as the light Higgs mass.

The Standard Model input parameters of the gauge sector are chosen a$r,

Mz and QA—S(MZ). All lepton masses are de ned on-shell. The t quark mass is
de ned on-shell; the b;cquark masses are introduced inMS at the scale of the
masses themselves while taken at a renormalization scale o2 GeV for the light

u; d;s quarks.

Decay widths / branching ratios and production cross sectio ns are calculated
for the set of parameters speci ed above.
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REFERENCE POINT SPS1a°

SPS1a° deriv. of Snowmass Point SPS1a: conform with Qcqm , LE data

MSUGRA values:

M= = 250GeV  sign( ) = +1
Mo = 70 GeV  tan = 10
Ao = 300 GeV
|LE/cosmic parameters: BR(b! s )=3:.0 10 4 micrOMEGASs
Ng 2]=2=34 10 10 FeynHiggs

Qcqm h? = 0:10 micrOMEGAs




POLE MASSES:

m [GeV] m [GeV]
h® 1154 | er 1252
H® 4311 |e 1901
A° 4310 | ~ 1728
H* 4386 | - 1074
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Mass|[\LHC" [\LC" |\LHC+LC"
h° |115.4|| 0.25 | 0.05 0.05
H°|4311 1.5 1.5
X5 [97.75|| 4.8 |0.05 0.05
X5 (184.4| 4.7 | 1.2 0.08
X5 [4196| 51 |3 5 2.5
X7 |184.2 0.55 0.55
er |125.2|| 4.8 |0.05 0.05
e [1901]] 5.0 |0.18 0.18
t1 |107.4|| 5 8 |0.24 0.24
6r |547.7||7 12 5 11
e |565.7|| 8.7 4.9
t1 |368.9 1.9 1.9
by |506.3|| 7.5 5.7
g |607.6| 8.0 6.5




Example: Determination of SUSY parameters at LHC / LC

[M. Chiorboli, B.K. Gjelsten, J. Hisano, K. Kawagoe, E. Lytken, U. Martyn,
D. Miller, M. Nojiri, P. Osland, G. Polesello, A. Tricomi '03]

Cascade decays: complicated decay chains for squarks and
gluinos O 2 1
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Parameter || SPSlavalue | Fit error [exp]
M1 103.3 0.1
M- 193.4 0.1
M3 568.9 7.8
u 400.4 1.1
Me, 181.3 0.2
Me,, 115.6 0.4
Me, 179.5 1.2
Ma, 523.2 5.2
Meg 503.9 17.3
My, 467.7 4.9
Ma 374.9 0.8
A -525.6 24.6
tan 3 10.0 0.3
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Fig. 1. Running of the gaugino and scalar mass parameters in SPS1&'[SPheno 2.2.2 ]. Only experimental errors are
taken into account; theoretical errors are assumed to be rediced to the same size in the future.

ERRORS sps1& mMSUGRA H Parameter, ideal | “LHC+LC” errors

M1 250: GeV 0.18 GeV
M 2 ditto 0.26 GeV
M3 2.8 GeV
ML, 70: GeV 4.1 GeV
MEg, ditto 7.9 GeV

Mo, 11. GeV
Mu, 31. GeV

My, ditto 7.5 GeV

My, 72. Gev
A 300: GeV | 44. GeV

CONCLUSION: - gauginos in excellent O[per-mille] condition

— scalar leptons in good O[per-cent] condition

— squarks in O[1] condition




MSUGRA Fit: Param,ideal Experimental error
My 2:47 1016 Gev 0:02 1016 GeVv
o 24.17 0.06
M 1 250. GeV 0.2 GeV
Mo 70. GeV 0.2 GeV
Ao -300. GeV 13. GeV
402.9 GeV 0.3 GeV
tan 10. 0.3

General conclusion: — universality can be tested in bottom-up
approach in non-colored sector very well;
— colored sector needs improvement

— mMSUGRA fit of hich quality
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