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Models and their parameters

Standard model (SM) MSSM-24

19 parameters 24 parameters
m 9 fermion masses m¢ m 15 sfermion masses my
m 3 couplings g, g/, gs m 3 trilinear couplings A-, Ap,
At

m Higgs mass my, VEV v

strong CP phase Oocp m 3 gaugino masses My, My, M3

= 3 CKM angles, 1 CKM phase m pseudoscalar Higgs mass myo
m Higgsino mass parameter p

m ratio of 2 Higgs VEVs
tang =2

Vi
v2

Multiplicity of parameters due to spontaneous symmetry breaking
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Unified models

Unification of parameters at high energies

example

unified model: mSUGRA

universal gaugino mass M, /» 4 parameters
700 m universal gaugino mass M/,
6007 | m universal scalar mass My
500 m universal trilinear coupling Ao
=400 = tanf
&)
s 300 .
assumed model point: SPS 1a
200
P oMy o M1/2 = 250 GeV, Mo =100 GeV,
100 = b Ao = —100 GeV, tan 8 = 10,
[ ] sighpy =1

| | |
1x10°  1x10  1x10* 1x10%
Q (GeV)
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Principles of parameter reconstruction

m In general: observables # parameters

m Reconstruction: mapping observables — parameters

observables parameters
masses,
branch.ing ratios, M1/2' MOv AOv tang
edges in mass spectra,

m Difficulty: mapping not analytical due to higher order corrections
m But: theory gives mapping parameters — observables

m Strategy: vary parameters until predicted and measured observables in
agreement
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of observables (excerpt)

—1 nominal uncertainty (GeV)
’ LHC observable (1 fb™") ‘ value (GeV) ‘ stat. LES (0.2 %) JES (5 %) syst.
m¢ 170.9 1.1 15
Mg — Mg 533.7 196 26.7 10.0
i
mzax 80.2 1.7 0.16
mTZI_>< 83.2 12.6 4.2 8.3
mige 4543 13.9 114
m';; 320.3 7.6 8.0
my " 398.3 5.2 10.0
mijyes 216.2 26.5 5.4
myy, 360.9 43.0 18.0
BR(%3—7¢)xBR({—x0¢
_(3<2__’ )X (__’X{O) 0.08 0.009 0.008
BR(%3— 71 7) XBR(f1 — X7 7)
nominal uncertainty
low energy observable value stat. syst.
og (nb) 41.404 0.037
Ry 20.788 0.025
Afg 0.01644 0.00095
A;(SLD) 0.1481 0.0021
Qn? 0.194 0.009 0.012
R(b — sv) 0.915 0.122
Alg —2), 20.7 x 1071 | 9.0 x 10710
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(3) loop level calculations
compare for observable O; + AO;

SPHENO, MASTERFITTER

(1) observable
0; £ AQ;

vary P; X2 fit
MINUIT/
¢ Simulated Annealing

(2) proposition for
parameter P; & AP;

result
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Simulated Annealing

Simulated Annealing

m )’ surface is considered as
potential

m higher x? is accepted ‘\ “‘
according to Boltzmann

/

| i

| |

distribution to escape from \ ‘
local mimima

‘ ®) " /
o | (1 /
26 _ 2(e-1) il /\ /
t) = \
p < exp B D S \ / @)
T ‘\\ /
with p € [0,1] \ /
m iterative temperature \/
reduction

parameter P

T =rT 0<r<1
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Principles of MC me

observables parameters
22 R g
gt msf—
Sanl- E
g r 10
aof- | E
r 95F
3 . E
fit
[} | | I | | | ﬁ 855 .1 I | L L | |
392 394 396 398 400 402 404 406 -130 -120 -110 -100 -90 -80 -70
edge_type_106_alias_11 A, (Gev)
40F errors given 3
35F E
by standard st
30 g
H H 30
sk deviation :
2 2 251
§ 20 } § 20;,
5E 155
10 10;— +
i s + {
ot | | | \+ ok P I I B 41,
312 314 316 318 320 322 324 9 9.5 10 105 11 115
edge_type_105_alias_10 tan B
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Results of MC method

60

E " i "
[ 30r
50 H — LHC L

25¢

20

Toy fits
Toy fits

15F

10F

o leA, o THTE ot 2a SN A T
-EOOO -500 0 500 1000 1500 4 6 8 10 12 14 16
A, (GeV) tan B

Non-Gaussian behaviour at low luminosities

m mapping: at 1 fb~! deviations from linear approximation

m improvement by constraints from low energy (LE) measurements
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Global fits for different luminosities

— 101

60

— - 90 — <
300 fby E 300 fb

Toy fits
Toy fits

dstigie Ghe
94 96 98 100 102 104 106

e 10 11 12 13 14
tan B M, (GeV)
300fb " : 10.02 + 0.34 (3.39 %) 300fb~' :100.0 +0.4 (0.4 %)
10fb~ " : 10.01 + 0.82 (8.19 %) 10fb~':100.3 +1.9 (1.9 %)
1fb" :10.68 + 1.98 (18.54 %) 1fb~: 99.96 + 3.15 (3.15 %)
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Global fits for different luminosities

-1 -1 -1
1fb 10 fb 300 fb
4
351
40F e
300 35 35F
25 30F 305
g 20F g 250 g 25F
g 3 200 3
F sk [ = 20F
* 155 15E
100
108 10F
5¢ + 5 5F ) +
ol | | | $ | o rennflonadd | 0 nanllun sl
10 20 30 40 50 60 70 qO 20 30 40 50 60 70 80 20 30 40 50 60 70 80 90
X X X2

ndf = 35.55 £ 0.52 ndf = 40.38 £ 0.39 ndf = 44.42 +0.45
(36 expected) (41 expected) (45 expected)

x? distributions

Objective quality criterion: reproduce input number degrees of
freedom (ndf)
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Global fits for different luminosities

g 2 20 g 1 20
T T T ¢
£ 18 18 s P 18
E 115
165 16 E 16
14 14 1 14
2E 12 105 12
£ 10 E 10
10 E
: s 10F 3
8E 6 95 5
6 4 C 4
C 9=
- 2 £ 2
2 O I T T S S I | 0 85l v Lo Ll b b b L Ly )
0 500 1000 1500 2000 -140 -120 -100 -80 -60 -40 -20 O 20 40
A, (GeV) A, (Gev)
-1 -1
1fb 300 fb

Alternative view on parameter space: Likelihood maps

m Markov chain with sampling rate proportional to likelihood L that
parameter set is realized in data

= plot 2(In(Lo) — In(L)) = X2

m reveals substructure (e.g. second order minima)
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Model discrimination

601 :
F 50
50 L
T 40 = 0
k] r ° r
: E
o 30F o 30r
c F c L
e I @ [
2 20F 2 20
< F < [
10(- 100
oF [

A I I B IS I (0] S RN I I B
10 20 30 50 0 10 20 30 40 50
X2 (correct model) X2 (correct model)
model discrimination (1 fb™') interpretation of mass edge (10 fb™!)
m fit wrong model with signy = -1 m fit wrongly identified edge in mass

m probability to prefer correct over spectrum (ma; < me, )

wrong model: 96 % m probability to prefer correct over
wrong interpretation: 77 %
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Conclusion

Supersymmetry breaking parametrized in Lagrangian

B Reconstruction of mSUGRA point SPS 1a from
LHC + low energy measurements with Fittino
using complementing techniques

m for different luminosities

m used for model discrimination

Expect interesting results from first data
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Backup: Global fits for different luminosities

70; | — 300 ﬂf 80;
60? — 11°fg?, 70¢
50 * 60
£ a0- £ s0-
£ 30F
20 + ! 5
E + ! 20
10 i v =
—“xéﬁﬁl@’ﬂmllﬁ% ;34 ‘w".m'riﬁl"'mmli':ﬂ:)
950 200 150 -100 50 0 50 245246247 248249250 251252253 254 255
A, (GeV) My, (GeV)
300fb': —100.3 +£11.8 (11.8 %) 300fb ' : 250.0 £ 0.3 (0.12 %)
10fb~ " : —103.6 +44.0 (42.5 %) 10fb ' :250.1+ 1.0 (0.4 %)
1fb™: —57.2 +171.6 (300 %) 1fb:251.6 + 4.9 (1.9 %)
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Backup: Parame

correlations

[ [Ldt=1f""T |
Mo My /o Ag tan 3
Mo 1.000(0.000) | -0.249(0.042) | -0.299(0.041) | -0.563(0.031)
My, | -0.249(0.042) | 1.000(0.000) | 0.358(0.039) | 0.809(0.015)
Ay -0.299(0.041) | 0.358(0.039) | 1.000(0.000) | 0.435(0.036)
tan3 | -0.563(0.031) | 0.809(0.015) | 0.435(0.036) | 1.000(0.000)
[ [ Ldt=10fb"! |
Mo My /o Ag tan 3
Mo 1.000(0.000) | 0.310(0.040) | -0.528(0.032) | -0.432(0.036)
My, | 0.310(0.040) | 1.000(0.000) | 0.470(0.035) | 0.331(0.040)
Ay -0.528(0.032) | 0.470(0.035) | 1.000(0.000) | 0.830(0.014)
tan3 | -0.432(0.036) | 0.331(0.040) | 0.830(0.014) | 1.000(0.000)
[ J £dt =300 fb—! |
Mo My /o Ag tan 3
Mo 1.000(0.000) | 0.346(0.039) | -0.283(0.041) | 0.182(0.043)
My, | 0.346(0.039) | 1.000(0.000) | 0.698(0.023) | 0.083(0.044)
Ay -0.283(0.041) | 0.698(0.023) | 1.000(0.000) | 0.280(0.041)
tan3 | 0.182(0.043) | 0.083(0.044) | 0.280(0.041) | 1.000(0.000)
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