Nambu—Jona-Lasinio Model of
Dynamical Supersymmetry Breaking

Yifan Cheng

Department of Physics,
National Central University, Taiwan

2016,/07/07 SUSY 2016, Melbourne

arXiv:1507.01514 [hep-th], arXiv:1603.00724 [hep-th]

(Collaboration with Yan-Min Dai, Gaber Faisel and Otto Kong)




Motivation and Background

Symmetry is the organizing principle in the theory of modern physics.

> spontaneous symmetry breaking as a key feature of many theories

» Viable models with all symmetry breaking and mass generation
arising dynamically have had limited success.

Supersymmetry (SUSY) is a symmetry of unique importance and
undoubtedly a popular candidate for physics beyond the Standard Model.

» soft SUSY breaking masses as the seed for the electroweak
symmetry breaking

» The origin of soft supersymmetry breaking masses has been usually
depicted intricately in the literature via extra hidden/mediating
sectors.



Motivation and Background

A simple theory for the generation of the soft masses would be more
compelling.

» We present the prototype model with a four-superfield interaction
term, which gives rise to supersymmetry breaking and soft masses
dynamically.

» Along with the supersymmetry breaking, the presence of the
expected Goldstino is verified.



Nambu and Jona-Lasinio (NJL) Model Mechanism

In 1961, Y. Nambu and G. Jona-Lasinio proposed a classic model of
dynamical mass generation and symmetry breaking, with the basic
Lagrangian density being

Nambu and Jona-Lasinio (1961)

L=~y 0,0 + g [ (B0)" — (Prs)’] |

» strong attractive four-fermion interaction

» arise the bound state of fermion pair which behaves as a scalar
composite

» dynamical electroweak symmetry breaking

» Dirac fermion mass



Nambu and Jona-Lasinio (NJL) Model Mechanism

Explicitly, we have

L= ity 0" Ouhy + ith_ ot + g2hyh_thyp
=L —(¢" — g¥+1-) (¢ — gibi )
= i Oy + I h b — 6+ g ("B + o)

» equation of motion for ¢f gives ¢ = gih 1
» no kinetic term for ¢

> non-zero {¢) gives electroweak symmetry breaking and fermion mass



Supersymmetric Nambu—Jona-Lasinio (SNJL) Model

The basic Lagrangian density for the Supersymmetric NJL Model is

[.: = fd49 [q_>+¢)+ =+ &)_cb_ + g2(5+q_>_¢+¢)_] .

» Interaction term g2 [ d*0®_ 02 ®2 d,_ is introduced.

» In component fields, i.e., ® = A(y) 4+ v204(y) + 00F(y), one can

see that it contains dimension-six operator ¥ 1_1h, 1)_.

Buchmiiller and Love (1982)



Supersymmetric Nambu—Jona-Lasinio (SNJL) Model

We can rewrite the Lagrangian by intrducing two auxiliary chiral
superfields and the soft SUSY breaking term.

L= [d* [(PrOL +P_d_) (1 — M26202) + 10|
+ [ d?0 [ud, (P1 + gdd_)]+h.c..

» The equation of motion for ®;, gives ®; = —g® P _, implying
[d*0 &0 = [d*0 g2d . d_d b .

» @, is the composite scalar while ®, plays the Higgs superfield.

» The soft SUSY breaking term is necessary to have a non-trivial

vacuum.
Buchmiiller and Ellwanger (1984)



Problems with NJL and SNJL Model

In the top mode Standard Model:
» Higgs as a top quark condensate

» top quark mass > 200 GeV

Bardeen et al. (1990); Marciano (1989,1990); Miransky et al. (1989); King and Mannan (1990,1991)

In MSSM of supersymmetric NJL:
» Lighter top quark mass is possible.
» Only very small tang is allowed.

» NJL mechanism is used to break electroweak symmetry.

Carena et al. (1992)

Inspired by the NJL and SNJL models, we proposed a similar (but with a
very different behavior) model, of which the NJL mechanism is to break
the supersymmetry.



Prototype Model of Superfields

Consider a four-superfield interaction g2 [ d*0d! 0" 03 b, -
» alternative color index contraction

> if (0,02

T @ : :
02§2> or <¢+a¢+'62> develops, we will obtain soft

supersymmetry breaking mass for CDTLCDI,_.



Prototype Model of Superfields

Consider a four-superfield interaction g2 [ d*0d! 0" 03 b, -
» alternative color index contraction

> if (0,02

T @ : :
02§2> or <¢+a¢+'62> develops, we will obtain soft

supersymmetry breaking mass for CDETCDI,_.

We start with a Lagrangian containing the dimension six interaction term
of chiral superfields,

L= [d0 070 + 2o252(F) + Fo1252(0) - § (¢10)?]
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Component Field and Effective Theory Picture

We introduce auxiliary real superfield U

U(x,0,0) = €O | apX 4 2aX 4 gV | g
1 1 1 1 p

+v20048v,,(x) + V2000X(x) + V2600)(x) + 0066D(x),

and add [ d*0 3 (pU +go¢T¢)2 to the original Lagrangian.

£=[d [cbw +L(pU+ g0t 0) — £ (o10) 4 ma262(F) + ”’Tffcp”csz(e)]

= [d0[010+ L 1 g, UdTd + Z:0262(F) + o1 26%(0)]

= —%dﬂtb
» soft SUSY breaking masses —jug, (U |p) = M2, —go (U | ) = flo
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Component Field and Effective Theory Picture

The effective Lagrangian in component form is given by

Lot =(1+g,C) [A" DA+I(6W) "+ FUF]

+ @ (2AF — yup) + 0 (2A*F* _—

2
+ 1CD = jixA = A+ NN = Eovv, — 1got AA” — 1goAA + go DA'A
- i?"z[;a—”XaMA + i?o(auz/_))&”xA — ZoXVF" + goNAF™
+ i85 V0 A" — B AR D — goXUF + g N"AF

/j}gio " vuiAT 0, A+ lj/gﬁo 0 vui(0,AT)A — /j/gg HVVquVw'

» (C) corresponds to the wave function renormalization.
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Component Field and Effective Theory Picture

The tadpole diagrams are:

(a) (b)) (©
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> The minimum conditions for scalar potential V(C, N, D) are
corresponding to the so-called gap equations.
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Component Field and Effective Theory Picture

Assuming nonzero VEVs of C, N, D, we have three gap equations:

_ (4?7 417)
> (C) = & [ Gt AP -4

(K= mP 4”1 il*)
> 77 g U]f k2+|m\2+m2+\n\ VZ—4[m[2]7i?

- 2 = g2 [ LTIt +2k2\77\2] I 4 72) =82 m
R T Y (R [P+ T4 m T

We expect to have a Goldstino with the supersymmetry breaking.
» loop corrected two-point function for the composite superfield U

» dynamically generated kinetic term

dr dpr dr dr
U U

-
-
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Goldstino in Component Field Theory

There are two fermionic components of U — the x and .
» tree-level Dirac mass term pyxA

» For (N) =0, xx and A\ (Majorana) mass terms are not allowed by
U(1)r symmetry.
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Goldstino in Component Field Theory

There are two diagrams contributing to the yA mass.

P [ (0 P

N__H “__H#

F A A A
0= S8 Pt )+ (£ L)
Q= 208 | mPL(|mP, 2 m2) — ugl
Quy = —p2g2i|mLe(|m[*, m3_, m?) .

» The determinant of the fermion mass matrix is zero, indicating the
existence of a massless state.
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Wave Function Renormalization

On the other hand, the diagrams for the wave function renormalization

are
Vr Yr Vr Yr Yr Vg
X { } X X { } X X { } X
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F, 77 A A T 7 Ay A T A
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Wave Function Renormalization

The diagrams give non-zero kinetic terms.

» dynamically generated kinetic term

» massless state with a kinetic term — we have the Goldstino.
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Spin One Vector Boson

The spin one vector boson v is an important characteristic of the model.

» the proper self-energy diagrams

» properly behaved kinetic and mass terms generated
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We have a dimension six interaction term _ng (®TP) (STd) in the
superfield model Lagrangian.

» The interaction is like a superspace version of four-scalar interaction.

» With the <<DT<D|D> or <¢T<D|N> coming from the dynamically
induced two-superfield condensate, the interaction term can be the
source of SUSY breaking.

> |t may be possible for the ® to be played by one of the
supersymmetric Standard Model matter superfields.

» m = 0 case with pure D-term SUSY breaking also works and is
particularly interesting because of no input mass scale.



Conclusion and Discussion

We present a new model to dynamically break supersymmetry,
characterized by the generation of soft mass(es) and a spin one
composite.

» Together with models of dynamical electroweak symmetry breaking,
it is plausible to have a supersymmetric Standard Model without
input mass parameter for which soft SUSY breaking and a
subsequent electroweak symmetry breaking both being generated
dynamically.

» No other SUSY breaking sector, messenger sector, or hidden sector
is needed.

» All mass scales can be generated dynamically.



Thank you for your attention!
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