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Large literature on SUSY non-linear realizations and
low-energy goldstino interactions

- Volkov-Akulov, Ivanov-Kapustinov, Siegel, Samuel-
Wess, Clark and Love...

- (Casalbuoni, Dominicis, de Curtis, Feruglio, Gatto;
Luty, Ponton; Gherghetta; Brignole, Feruglio, Zwirner;
Antoniadis, Tuckmantel,...

- Brignole,Casas, Espinosa, Navarro...

- Komargodski and Seiberg

See M. Buican talk



1. Non-linear SUSY realizations.

In a SUSY theory well below the scale of SUSY breaking
E << /f, SUSY is non-linearly realized.

There is always one light fermion in the effective theory,

the goldstino &, of mass

™G

"eaten up” by the gravitino W.
In the decoupling limit Mp — oo, SUSY breaking sector

(sgoldstino) decouples; goldstino couplings to matter

scale as 1/f.



There are two different cases of goldstino couplings to

matter :

i) Non-SUSY matter spectrum (ex: SM...)

E << Mgparticles > \/}

— non-linear SUSY in the matter sector.

i) SUSY matter multiplets : (q,q), etc.

M sparticles < E <L \/}

— linear SUSY matter sector.

We will consider /f ~ TeV, mg ~ 1073 GeV .



There are various formalisms developed over the years.
Here we are using the superfield approach of

Siegel, Casalbuoni et al., Komargodski and Seiberg.
The Goldstino G can be described by a chiral superfield

X, with the constraint
X2 = 0.

The constraint is solved by

X = %+\@9G+99FX.

X
Here F'x is an auxiliary field to be eliminated via its field

equations.



After eliminating F'yx, the Volkov-Akulov lagrangian is

then given by

Ly = /d49XTX+{/d29fX+h.c.}

Volkov-Akulov and this formalism are not equivalent if

coupling to other (super)fields, due to Fx.



Case i) (non-linear matter) — additional constraints :
- light fermions : X@ = 0 : eliminates the complex
scalars.

- light scalars : X@Q = chiral : eliminates the fermions.
We make the BIG assumption that we are in case ii):
whole MSSM spectrum/lagrangian coupled to the con-
straint goldstino superfield X.

Today purposes: gauge, Higgs and lepton sector super-
partner masses are << +/f.

However: nothing will depend on the squarks mass —

they can be decoupled.



Equivalence theorem: leading Goldstino couplings are

1 1
} Ot GG JM: —? G 8MJM,

where J, is the supercurrent. We use the on-shell action
— all goldstino couplings are proportional to soft terms.
The superfield formalism gives all couplings directly in
this form. Indeed, the supercurrent for chiral (z;,;, F;)

and vector (A2, A% D%) multiplets is
Jm = 0"5mW'Dpz' + omo™PAF}, 4+ F'U'G, 4+ DA%y,

Then we find (using field eqs)

Oy = m%WiZi + m o AYE



Usually we parameterize SUSY breaking in MSSM by a

coupling to a spurion
S = Hzmsoft
The main difference in non-linear MSSM is the replace-

Msoft

ment S — 7 X.
This reproduces the MSSM soft terms, but it adds new

dynamics :
- F'x is a dynamical auxiliary field — new couplings from

_ B Ay
—Fx =f+ 7h1h2 + 7quh2 + -

- it contains in a compact form the goldstino couplings

to matter.



2. Couplings in non-linear MSSM.

The lagrangian for the non-linear MSSM is

L = Lyssmy+Lx+Lm+Lap+ Ly

where

2
m: .
Lyp= Y f—é/d“e xtx mieVim, |

i=1,2

2
L =322 [ 4% xTxoleVd | & =Q,Ue, D, L, Ee
o [?

_ B/ Ay [ 5
Lap = /d@XH1H2+(f/d9XQUC+ )

2my
A /dQGXTr[WO‘ Wali + h.c.
92k f



Matter terms coming from solving for Fxy do not come
from the Volkov-Akulov lagrangian. EXx : the scalar

potential is modified compared to MSSM :

= (lul® +m3) |h1? + (|ul? +m3)|ho? + (B hihy + h.c)

2 2 2
g1+ g g
FILE (2 2] 4 92 ] ol?

1
+5 'm% |h1|* + m3 |hol® + B hy.ho

‘2
The last term is new , generated by integrating out the

sgoldstino.

It will play a crucial role in the increase of the Higgs

mass at tree-level.



Other relevant (order 1/f terms) in the non-linear MSSM
action are

1 B
7 [m% nghcl) h9* + m3 Gwho h3 *] 7 [Glbhg h3 + G%g h3
1

—= Y \/JD“GA“—I—Z ZG o A} Fy, i+ h.c.
2—123 1=1



3. Implications for Higgs masses.

Due to the new quartic couplings, the Higgs masses
change

v? 1
16f2/w
—2m§ +2(—2m3 2 + 8t + 4P m + mb) Vi + -

Am% = 16m124,u4 + 4m124 1?2 m% -+ (m124 — 8 u?) mZZL

with w = (m% + m%)? — 4m4m% cos?23. The increase

in the Higgs mass is significant for

1.5TeV < f < 3TeV

The fine-tuning of the electroweak scale is also reduced.
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(a) my as function of \/f and u as a parameter, for tan3 = 50.
(b) m;, as function of /f and u as a parameter, for tan3 = 5.
Tree-level Higgs masses (GeV) as functions of +/f.

In both figures, M4 = 150 GeV and u increases upwards from 400

to 1000 GeV in steps of 100 GeV.
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The expansion coefficients c;v? as functions of /f (in GeV), for
ma = [90,650] GeV with steps of 10 GeV, u = 900 GeV, tang =

50.



4. Invisible decays of Higgs and Z boson.

We consider for illustration the case of the lightest neu-

tralino to be lighter than the Higgs or the Z boson.

Comments :

Similar decay rates or the inverse ones

x — hG , x — ZH G

computed some time ago in models of gauge mediation.

We find some differences.



We take into account the goldstino components of hig-
gsinos and gauginos

1

1
g = s
1

— m5 v2 — Buy — 5 w2 <92D§—91D1>>G+"'

1
M = —— (D)) G4+, NB= "1 pHhaa...
1 f\/§< 1> + 2 f\/§< 2> +

The leading order (in 1/f) decay rates are into one
goldstino and one neutralino.
The usual MSSM lagrangian also contributes to 1/f

due to the goldstino components above.
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The partial decay rate of h® — GxY as function of /f for

(a): tang = 50, my, = 70 GeV, m), = 150 GeV, u from 100 GeV
(top) to 1000 GeV (bottom) by a step 100 GeV, my = 150 GeV.
(b) : As for (a) but with tang = 5.

The branching ratio in the above cases is comparable to that of

SM Higgs going into ~+.



Z —x G

Imposing AlN, < 2.3 TeV (LEP) puts a lower bound on
VvV f > 400 — 600 GeV, stronger than standard bounds.



Conclusions

e Narrow window of validity of non-linear MSSM
Mgparticles < £ << +/f, still worth to explore.

e [ here is an new quartic Higgs coupling: contribution
to the Higgs mass, important for /f < 3 TeV.

e Alleviated fine-tuning of the electroweak scale.

e Other new MSSM couplings coming from F'x.

e If neutralino light, I, gives a lower bound +/f > 600
GeV, h — x G comparable with h — v in SM.

e Other phenomenological consequences of the F'y-

induced MSSM couplings 7



