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General SUSY has > 100 parameters. However
orservation severly constrains these

Restrictions
*BR(u—eA)—0 Implies off diagonal
elements Of slepton mass matrices >0
K" K° CP violation in kaon system

restricts mixing of first and second
Generation sQUarks

MSSM-22 Parameter Set
¢ Gauaino masses MM, M,

N TN TN T

e |27 gen mass (e en U Up do)
e 3™ @en mass (1,1, tt, B
e M,y , M ,tanp

° Tf\“f\ear (Ae’Au’Ad)AT,A,t,Agw

So#t SUSY rreakina universality
o All soft SUSY Breaking parameters
are real
o Sfermion Mass matrices diagonal
e Trilinear couplinas o« Mukawa couplinas

THartin, LCWS20I0 Beijing

SPA/SPSIa’ points

* An aGgreed set Of parameters and
conventions

* Consistent with experimental data
e Particle masses are £airly light in
order to re testarle at LHC/ILC

Mar 26, 2010




NMSSM - theoretical

Mu Proelem
* M is the mass term of the two
Hiaas dourlets, H , H,
* [t is 8 $ree parameter and has
dimensions of mass.

* Phenomenoloaically, m must e
of the order of the SUSY/EEW
Breaking mass scale (~2.50 GeV)

Naturalness

Terms which appear IN the
Laaranaian should have units the
order of the scale at which the
effective theory rreaks down — the
Plank scale (~O° Ge\V)

THartin, LCWS20I0 Beijing

sO...NMSSM

¢ Introduce an additional scalar field S to
which the Higas’s couple and is sugject
itself tO symmetry rreaking (ie. move
hiags higasino mass term from the
superpotential to the soft susy Breaking
Laaranaian)

e Additional sinalet/sinalino Supertfield S
*Mu term replaced By trilinear fields
wH H, - AH H,8+58
peff=A(S)
o) extra Hiaas: scalar: H' H> H>
psuedoscalar: Al A~

charaed H-
ol extra neutralino X% x% X% X% X°s

Mar 26, 2010




Ortaining orservarles: Charaino mass mixing

NMSSM ) NMSSM
mix (H:,ﬁ;,) with (B,W?) mix (I—}Z,I;Id) with (B,M;?’)
( g A
M, \EMWSB M, \/EMWSB

L\/EMWCB H ) L\/Echﬁ “eff

— ;J

» Solve characteristic equations to get Parameters -> masses

. Neutralino sector mixes (H.,H;,3) with (B,W®) for NMSSM

« Ulse a Spectrum calculator like Spheno t0 get all masses and all
cross-sections £or a particular model (MSSM or NMSSM)

o« Are there indistinguisharle sets of orservarles?
THartin, LCWS20I0 Beijing Mar 26, 2010
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NMSSM — neutralino sector

/ My 0 - ”; ”;" 0
M, ;%‘7 - ifj-g i
0 —pg =M,
() — My
\ 265+ 20 )

Decoupling limit

o For the coupling Between S and HH,

to vanish A=20

e But A<S> is the effective mu
term soO <S>=2

e <S> scales as I/k so k20O

e However k<S> (x mass of X%

Is still free to vary

THartin, LCWS20I0 Beijing
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X5 can e the LSP!

Displaced vertices are possikle
Do not allow this £or mimic

points study
Mar 26,2010




A "difficut’ ILC NMSSM/MSSM point

Moortasat-Pick, Hesselrach, Franke < Detine a distance function:
Fraas hep—-ph/OS02036 (ILC study)d

MSSM NMSSM

NMSSM MSS NMSSM MSSA)Z

T ~ M) Ty~

MSSM/NMSSM mimic points for
light neutralino/chargino observables

340 345 350 355 360 365 370
M, (GeV, NMSSM)

At the ILC cannot distinauish
NMSSM/MSSM (at this Par point)
For s=4+0O0 500 &GeV x-sects
Need s=50 GeV x-sects

M, (GeV, MSSM)

THartin, LCWS20I0 Beijing



e [it 8 set of oOrRservarles (Masses, xs, Br, decay widths) to parameters
(MM, mitan B) within 8 SUSY model IMSSMNMSSM)

. £ Ors (O,,0,,..,0,) and Params (PP, ,..P,), then O=FP P, .. P.).
e Fits can Be done at tree level (rough) and then with Ioops

« Caleulate X* for the £it of Ors to Params — n-dimensional surface in
parameter space

Simulated Annealing

temperature

~ f
x
K Heff

THartin, LCWS20I0 Beijing Mar 26,2010




Fittino NMSSM/MSSM £it

Schema:
e Choose the "difficurt"” hep-
PR/ OS02 36 NMSSM/MSSM pointt

e Lor model-specific parameters, u
(MSSM) and A, k, peff INMSSM) —
£ix A, k and $it u and pueff.

So roth NMSSM and MSSM ¢it
t0 22 parameters

e it the ?01, XWOQ, Xwi1, é]_, ER, ;L
Mmasses. Fix other masses

e Other oBservasles ofete-—X"* )
at +OO 500 £50 GeV, polarised

e Check NMSSM ors->NIMSSM
params £it with “toy fits" (ors

stweared within thelr errors
THartin, LCWS20I0 Beijing

NMSSM <> NNMSSM
Params - Ors =[S

Eintrage

35

x2 | ndf

Prob
norm

ndf

8.974 /13
0.7749
364.4 + 26.4
14.72 + 0.38

30"

25

N
o
T T

=Y
O
T T T

10"
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NMSSM/MSSM Xx* correlation

5 = 4OO 500 GeV s05 = +O0 500 LSO GeV
Polarised+Unpolarised seams Polarised+Unpolarised reams
250 Toytits 250 Toykits
4‘;; MSSM(Param) <-> NMSSM(Obs)
40t
35¢ ° Cos # Job chisq TanBeta Ml
~ 30F - . H o
B 25- il s
B % 11 4027.256477 24.8969 509.551
L% L g 14 4025.688755 23.1517 510.37
SE san 01 4043.016866 23.1182 510.046
1050 %%  probability to prefer 27 3695.092157 25.6162 514.124
- “‘ MSSM over NMSSM:
(5)5 | 01504005 43 3923.791504 25.5593 375.707
05 1015 20 25 80 35 40 45  fmmmmmmmmmmmmmmmmsmmmmmsmosmosooooooooooo-
%> (NMSSM)

THartin, LCWS20I0 Beijing Mar 26,2010




NMSSM/SPSIa’ mimic points

SPSIa’ point is a fixed parameter set Within the mimic Points we

U o reremeer e
which have the same set of

~t - + 50 _- 30
ea e e —=T,T,—T X;T X,

SPS1A’/NMSSM mimic points (in blue)
for light sparticle observables

SPS1a’/NMSSM mimic points (colorbar<0)
for light sparticle observables

o

PRONRO O

180 190 200 210 220 230

THartin, LCWS20I0 Beijing Mar 26,2010




R.esolvinag SPSIa’/NMSSM mimie points

ILD Optimisation at SPSla’ SPSIa’/NMSSM XZ correlation

DESY FLC Stau S’tUdy 30:_
(arMiv:0908.0876vh : - =
251 O O
o Full mokka simulation with c = & - g°
LD detector = 20p o0 oo.o
g - ] El L]
» SO0 $8' | s7° =500 Gev T '
i L]
e T, is the NLSP 10f " -
~ C = Probability to prefer
» \(1,)=107.69+0.06+1.1Am(LSP) 5[ MSSM over NMSSM:
N - 0.093 + 0.044
o M(T2)=183i11i18Am<LSP> — l5II — I1I0I — l1|5I — l2|0I = I2|5l — I3|Dl
%2 (NMSSM)

R.epeat at lower intearated luminosity to put

contour around the mimic areas
THartin, LCWS20I0 Beijing Mar 26, 2010




The urtimate challenge: the limit

NMSSM->MSSM

MSSM is a surset of the
NMSSM

Conditions for

Oetain a8 'truth plot’ i.e. £ind
how well Fittino can
distinauish models In the

MSSMENMSSM limit NMSSMMSSM
o K:O, A-)O) <S>—)oo, fixed Hopp 1
ﬂ 08
30? 0 O Og
Generate | * ., 3§ ZE o
NMSSM/MSSM| 2 By 8378 30
. o I 0 Q i
correlation | $*® 52 o
: O O %
10 [
P'O’t a—t eack = Probability to prefer L*) 02
ASS> point | £ e
12 (NMSSM) DD

T—Har’tir\, LCWS20I0 Be_i)'ir\cq (A 1= S I




Summary/OnagoinGa wWork

(D NMSSM is an extension of the MSSM introducing an additional
scalar field in order to solve the "mu proelem”

() Analysis of the MSSM and NMSSM mass mixing matrices suaaest
similar mass spectra of the light sparticles

(3) Defined a distance function retween light sparticle orservagles in
MSSM/NMSSM and then do parameter scans using Spheno to £ind
""-D mimic volumes" iN parameter space

() Run Fittino at the mimic points with additional orervarles in
order to reduce the show the extent to which the mimic points can
Re distinauished

() The hep-ph/OS02LO036 NMSSM/MSSM mimic point is already
diseriminated with orservaerles at s®>=40O0 500 GeV using Fittino

(6) Introduce more realistic experimental errors on Orservarles at
the SPSIa’ point, using ILD optimisation studies

THartin, LCWS20I0 Beijing Mar 26,2010




Backup

THartin, LOWS20I0 Beijina Mar 26, 2010



Q |boson>=|fermion> ; Q |fermion>=|boson>

Supermultiplets of Super
partners

L — left handed (s)fermions
E — right handed (s)fermions
QR — left handed (sdauarks
U — right handed up (s)auarks
D - right handed down (s)auarks
Hya - L Higas muttiplets
B — LD roson/Bino
W — SWUU(L) Bosons/winos
G — SU3B) gluons/aluiNno

SUSY sywvmmetry Breaking
We can parametrise the susy
Breakinag Laaranaian By
reQUirinGg NO New Quadratic
diveraences
Lyy=—1(M,BB+M,WW+M,3g|+...

SO

THartin, LCWS20I0 Beijing

Hiaas sector
7. complex dourlets ->8 dof
3 dof W* Z.95 dof hO HO H= AC

3 Parameters: mao, mass mixing
parameter m and tanf=v/v,

Mar 26, 2010




Input orservaerles with . Run Once and cet a X for one
real/expected errors "toy fit"

-TF-.‘F-.TF-.TF-I'F-.‘F-.TF-.‘F-.TF-.‘F-."-'-'-.TF-.TF-.TF-.TF-TF-.‘F-.TF-.TF-TFFFFFFFFFFFFFFFFFFFFFFFF

e Smear starting value of
oBservaeles within their errors and
cet N toy fits

%2 { ndf 19.93 /19
- Prob 0.3989
25 Constant 14.86 + 1.65
: Mean 10.01 + 0.01
» - Sigma 0.1162 + 0.0090
20
Chose the SUSY model -
and Input some 2 150
parame-ters - . E‘ -
10
HH A AR A AR AR AR A A AR R AR AR A AR T T THS i
5_
fitMode| MSSM i
fitFarameter TanBeta 100 4-1 . T T T
gﬁ-ﬁ:‘-ﬁ:""eﬁ' f'*"f'-'” 4.003! 'f-'_'jE+" GeV 95 9.6 9.7 9.8 9.9 10 10.110.210. 3104
'Parameter Xta Gey
fitParameter MSelectrc ||F ll“l 01432E+02 GeV tan
THartin, LCWS20I0 Beijing Mar 26, 2010



MSSM NMSSM

(M 0 -G o [ My 0 - G 0

\i 20, 2t \f, 92U _ g2vu
0 — Heff 0 — Heff — Ay,
() () — g
\ \ 2ks + 24/
THartin, LCWS20I0 Beijing Mar 26, 2010
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