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Supersymmetry breakingl

MSUGRA
Universal input Parameters:
Mo, My /3, Ao, tan s, sign(u)

GMSB

Messenger scale: My = AS

N = F/S where < X >= S+ F06

My o — g(x)ay\,

Mg — f(X) X Cia?N?,

r=N/My, f(x),g9(x) = (n5 + 3n10)O0(1)
Ag, tan 3, sign(u)

String

vevs of dilaton < s > and moduli fields < ¢; >
give determine the parameters M;, Mg ;, Ag k-
In general non-universal boundary conditions.
In addition tan g, sign(u)



Para meters|

e [ he unbroken MSSM

1. pu: mixing parameter for the Higgs Superfields

2. Yu, Y, Ye: Yukawa couplings of Matter
Superfields with Higgs Superfields

3. . gauge couplings

e Soft Susy Breaking Terms

1. gaugino masses: Mg AgA g + h.c.

(a =U(1),5U(2),SU(3)
CoAf2 ok 2 % ~
2. scalar masses: M@jq,’gjq/;z-, M(”J?;j“?%j“Ri’
2 gk J.. 2 ™ T, 2 =x o~
MB, 1 @pitrir M7, Up i M5, €Ri€Ri
2 2

3. bilinear coupling: —e;pBuhdh% + h.c.



4. trilinear couplings:
ein (B (Eha)lh + dpagdh) — hhikhaudh) +
h.c.

Assumptionsl

1) Real Parameters

2) The generation mixing for sfermions is the
same as for fermions:

Mz, = 6iMz,

afij = OijApiYy,i o

= Each of the three (I,u,d) generally 6 x 6
matrices can be decomposed into three 2 x 2

matrices



Procedure® |

e Input at mz: ¢g1,92,93, h;, hy, hu,tan g in
DR scheme

e Using 2-loop RGESs to get the above parameters
at the high scale: Mgy (in MSUGRA de-
fined via g1 = g») or My, (in GMSB)

e Evaluating mass parameters down to elec-
troweak scale using 2-loop RGEST, includ-
ing threshold effects™*

e radiative electroweak symmetry breaking

2 fn2 2 2

5 miy, Sin 5—mH1 COs< 3 m%

= |pl® = -
Ccos 203 2

“+rad.corr.

*for details see e.g. Arason et al., Phys.Rev.D 46 3945
(1992); W. Porod, SPHENO, a program handling
Supersymmetric PHENOmMmMenology, hep-ph/0207xxx

fS. Martin and M. Vaughn, Phys. Rev. D50, 2282
(1994); Y. Yamada, Phys. Rev. D50, 3537 (1994);
I. Jack, D.R.T. Jones, Phys. Lett. B333, 372 (1994)

**J. Bagger, K. Matchev, D. Pierce, and R. Zhang,
Nucl. Phys. B491, 3 (1997)



e Calculate SUSY masses at the electroweak
scale. Attach experimental errors to the
Masses.

e Calculation of production cross sections
for ¥1, b12, 712 With polarized e~ and
et beams.

e Fit the masses and production Cross sec-
tions within given experimental errors by
varying the low energy parameters: MEk,
My, Mp,, Mg,, My, Az, Ay, Aty My,
Mpg,, M;, tang, k=1,3,1=1,2,3

e UsSe again RGEs to get high scale parameters
within the errors.

This is a pure bottom-up approach!
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Assumptions for the Fits*® |

1. £ = 100 fb~1 for each scanned point

2. L = 500 fb~1 for each polarized cross-
section measurement

3. Amgz =10 GeV from LHCT

4. The errors Ao on the cross sections o
are statistical only: Ao = \/g where e
(=80%) is the efficiency and L the inte-
grated luminosity

5. Error on squark masses Aqu 10 GeV

*for details see e.g. G.A. Blair and U. Martyn
hep-ph/9910416

fATLAS TDR, CERN/LHCC/99-15
A.de Roeck, talk given in St. Malo



Typical Errors on parametersl

QEWSB QauT
M1 2 O(1073) 0O(1073) — 0(1079)
M3 0(1072) 0(1072)
M3, 0(1073) 0(1073) — 0(1072)
M7 0(10-3) 0(10-3) — 0O(10~2)
M2 O(1073) 0O(1072) — o(10—bH)
Mg O(1073) 0(1072) — o(10~ 1
Ml%i 0(1073) 0(1072) — o(10~ 1
My, | O(1072) —=0(107%) | O(107%) — O(10™ ")
M]%I2 0(1073) o(10™ 1)
Ap 0(0.1) 0(0.1)
Ay 0(1072) 0(0.1)




mSUGRA|

tan 3 = 10, Mo = 200 GeV, Mj 5 = 250 GeV,
Apg = —100, sign(p) =1
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tang = 10, M3,, = 180 GeV, sin?6 = 0.9,

O-lI, ng = O, np =1, ngy
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String Parameter Determination|

First preliminary results

ms o 180 | 179.9 £ 0.1
t 14 | 13.6 £ 0.2

g2~1/<s>| 0.5 | 0.47 + 0.04

e 0 | -0.06 + 0.03
tang 10 10 &£ 0.1

np, -1 | -1.06 £+ 0.02

np, -1 | -1.007+ 0.01

nr -3 | -3.03+ 0.02

ng -1 | -0.97+ 0.01

ng 0 | -0.02+ 0.01

ng -2 | -1.994 0.02

np 1 1.16+ 0.02




Summaryl

We have used the bottom-up approach for
determining the high scale parameters as-
suming we know masses and cross sec-
tions within the experimental errors.

The model—independent reconstruction of
the fundamental supersymmetric theory at
the high scale, the grand unification scale
Moy In supergravity or string scenarios,
as well as the intermediate scale My, iIn
gauge mediated supersymmetry breaking,
appears feasible.

One can determine High Scale Parameters
rather accurately. We have demonstrated
this in case of GMSB as well as string
theories.

One has to use the most precise data avail-
able = Combination of data from LHC
and LC are very desirable if not crucial.



