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What is the origin of mass?

% in the SM: one Higgs doublet => the hierarchy problem
% in SUSY the hierarchy stabilised
in superpotential Iiv = uH H,
> but negative LEP search results => little fine-tuning
> and why L4 of order EW scale => the Lt problem
< NMSSM promote (1 tovev of some scalar field S

W - /.SH,H, + gks“|

required to avoid a massless axion due to
global PQ) symmetry which broken at weak scale.

but broken Z, symmetry => cosmological domain-wall problem

\/

“ promote PQ to the U(1) gauge symmetry: USSM
axion eaten-up by a massive Z' gauge boson
USSM = a subset of E;.SSM of King, Moretti,

Nevzorov
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Kinetic term mixing

U(1)y xU(1) x| gauge kinetic term for BY and BX

) 1 sin y

Lomngs = — 7YY — 7X X —

VK

can be converted to canonical form

I’i’r}’ B 1 —tany ﬁ—’TB
Wy 0 1/cosx W

the U(1) part of the covariant derivative => effective Q, charge

D, =0, +igyY B, +i (—ng tan y + st Q) BL

COoS X
=, +igyY B, +igxQ'B,
gaugino masses: Bane = —%My??’ - %Mx}?}? — My xYX +h.e.
= —SMiBB - ;M{B'B ~ MiBB +he.
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Higgs sector

Two iso-doublets H, , H; and one scalar S
W — Wy + A8 (HLH,

After spontaneous EW + U(1), symmetry breaking by

_sing [ 0 _cospB [ v 1
<Hu>—\/§(”), (H) = ﬁ(ﬂ) 5= Zst

the doublet higgsino mass and higgsino-singlino mass terms
are generated

V2 V2

physical Higgs bosons: three neutral scalars
two charged
one neutral pseudoscalar

o= A

and ) = A
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Higgs sector

The USSM Higgs h, mass bound
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SFK Moretti Nevzorov

hep-ph/0510419, hep-ph/0511256
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Neutralino sector

Inthe B, Ww? HY. H? 5 B’ basis, the neutralino mass matrix:

( My 0 —Mz C38w Mz 83 Sw 0 M. \
0 Ms Mmzcgew —Mz83Cw 0 ()
. (M,; X ): —MgzcgSw Mz Caew 0 — UL — i3 53 Q:lmvcﬁe
xXT M, Mz Sg 8w —Mg Sy — It 0 —prez Qymy sg
0 0 — ) S —[t)Cq 0 M
\ M 0 Qimyeg  Qymusg | Qsms M )

where m,=gyv and m.= gxvs

. 3 2 5
and Higgs U(1), charges Qu=—grs @@=  Qs=oom
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Diagonalizing M,

For small mixing between B, W3 HY.H? and S,B'

- diagonalize first 4x4 (i 0 My )
and 2x2 blocks i
mor 0 0
'ﬁlg; ‘l‘f-ﬁiﬂ— Qr_mv
Mg —
ﬁl’d" —HAC4 Q:_mfu
0 0 Hpxe— —prep | my
\ My 0 Q.m, Q,m. e
- perform block-diagonalization
6 Lysq — 507 Y 75 S ¢
- -7 oy — 3Q7Q 0 V2
- eigenvalues only shifted
42Ty, .
EJ‘ 4 E.T 2 Q,‘. p— (V XV }.IIFJI"
(V XV }1;.! it + %] ~ =
My = My + Z e —ﬁl-rj [1 = ].f, ..,4'.] i — ﬂlj"
j.f=5i' i ..T
4 4 2742
(VA wa)e.
mj: = Tﬁjf = Z L. [_;IF — 5‘: EIIF]
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lllustrative example

Evolution of the neutralino mass spectrum as a function

of
from: M; > M, M, v,
to Ml, Mg, | F
10"

We take a scenario with

My = 1.5 TeV, ms = 1.2 TeV
pw=0.3TeV and M; =0
My = (5/3) tan? Oy Mo

tan 3 = 5
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Neutralino production in e+e-

ete” — JE?X_? [i,7 =1-6 via s-channel Z, Z' and t-,u-channel selectron

-
Z exchange: 2 A2 my = Zgzv
m
Méz* = Z Z 7= axv’ (Qf s + Q3's3) + 95v5Q8

A2 m2 1
Z z' ﬁ\%zigzng (Q1ch — Q4s3)

3

Z, Z' => mass eigenstates Z,, Z, with mixing angle 0zz

(Gl Z1|X5L) = —9224 cos0z7: — gx Zi;sin 0z
{(X;r|Z2 |}E",?L} = +gzZi;sin 077 — gx Z;; cos 07z
1 * #
Zi = 5 (NiaNj3 — NiNYy)
Z/; = Q1NiaNj3+ QoNuNi + QsNisNTy
selectron exchange:
(RSrlFLlfe) = =V [ga(H{ N}y + (e — H)Njitw) + 9x QN
(Nor|frlfr) = +V2 [g2 €5 tw Nt + gx Q, Nig]
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Neutralino production in e+e-

_ _ Neutralino Production e & —= i? i;f
In Our SCenarIO 102 _l rTrrrrnrl I Trrrerrnria I rrrrrrrril I rrrevrlrnrnemia I Trrrrrria |_
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The presence of ~1 TeV Z, strongly

affects cross sections
e.g. for M;'=0

E. =800 GeV
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Cross Section [fb] J{)E?)Eg} U{)E?)Eg} U{ig?’ﬂfg}

UssM 6.5 8.0 6.1 although masses of {19
MSSM 1.7x1073 | 67.1 8.6 x 107 | gre as in MSSM 10




Neutralino decays

Phenomenology changes significantly: only selected examples
% Cascade decays - c.f. LHC celebrated case

g — uXe — u[Z1%0] — uZy[tly] — uZ0ex°

Cascades: Sfermion and Neutralino Decays
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Neutralino decays

< Radiative decays - important in cross-over zones

e.g. near M',=2.6 TeV 4'-5" zone
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< USSM - a well motivated and interesting scenario
“* new states: scalar Higgs, Z’ and two neutralinos

“* Here exploratory studies of the neutralino sector

» neutralino sector quite complicated

> in a weakly coupled regime under good theoretical control

» production and decay processes analysed

» phenomenology at e+e- and LHC quite different

» a systematic survey needs more detailed analyses

» cosmological implications => work in progress Jarecka, King, JK,..
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