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Summary of Basic Models :-

o NJL (1961)
Ly =it ot Outhy +ith_ o' pah— + g*hyp_th i

e SNJL (1982) — dim 6 four-superfield interaction

L= [d*0 (cbicm + <1>T_<I>_) (1 — M2620?)
+ [d'0 2@ T &, B (1 —1m2626%)

e HSNJL (2010) — dim 5 four-superfield interaction
Ly = [d'0 (0 0y +@lo ) (1 - m6%)
— [d?0 $®,D_D, . P_(1+ BO?)
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Application to EW Symmetry Breaking :-

o tOp mOde SM Miransky, W. Bardeen, - - ’89/’90 (Nambu)

- infared (quaSI—)ﬁXGd pOlIlt (IQFP) (Pendleton-Ross), Hill, Marciano, - - -

prediction : top mass > 200 GeV ; VEV — top condensate

e supersymmetric NJL (formal — '82, SSM — '90)

— my =y - v, mp = yp -V ; NJL predicts y not m ; yp < v
— other not very nice features as MSSM

— lighter tOp ﬁne, but .. (172.1 GeV top, tanfB < 1.5)

e our holomorphic SNJL (alternative supersymmetrization)
— non-chiral symmetric 4-superfield interaction with ¢ and b
— superfield condensate : both scalar and fermion condensate

— y; < 1p ; nice , experimentally viable (LHC)
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Nambu—Jona-Lasinio Model :-

e dynamical symmetry breaking

e four-fermion interaction

Ly = ithyot Oy +ip "0 + g*hyb tpyab

— Ly — (pd" + g0 ) (1 + g )
= i)y oM Oy Fih_ "0 — Pt p—pg(Pth b+ )
e auxiliary scalar field ¢ (no kinetic term)

e EL-eq for ¢! gives ¢ as composite
¢ = =g/

e (¢) # 0 = symmetry breaking and fermion mass
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Supersymmetrizing the NJL Model (Naively):-

o ith, ot D, [d*6 @l o,

o P _thii_ [d*0 g*®| ®T B B_
o —g P [d?0 pg PP P

o — 12" [d%0 Lo

BUT :-
® p=—g/uiyp—  implies
Protd = —pg pyb_ = g*yp_tpyyp_ (no SUSY !)

e no nontrivial vacuum without SUSY breaking
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The Supersymmetric NJL Model :-

Buchmiller & Love 52
o it oMby —  [d*0 ®L D, (1—m26%6?)

o PP i —  [d0 gelele el —— [d9 D]
o —pgpPy - —  [d?0 pgP®, P

o« 120" [0 1 D1

BUT :-
e ElL-eq for @, gives P; = —g P, P implies
[d*6 @@, = [d*0 g*D o' &, &

e &, not the composite ¢ plays the Higgs superfield
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An Alternative Supersymmetrization 7

Jung, O.K., Lee 2010
o ith, "D,y [d*0 @ld, (1 —m%6%62)

° —1g PPy [d*0 pg @@ P

o —u2¢* [d?0 Lo,y

L= [d*|(@L o, +alo )1 -m20%0?)]

+[d*0 | 505 + /uGPo P P_| + h.c.

e consider superpotential W = %(I)+<I>_(I>+(I>_

— W = 3(VE®o + VGO, D_)(\/i®o + VG, )
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With Holomorphic Four-Chiral Supertfield
Interaction :-

o I = %CI)+<I>_<I>+<I>_ contains no g2y Y_1 h_

e El-eq for auxiliary superfield ®( gives &g = —/G/pu P, P _

implies 402 = —YCp, 0, b = S, D D, D

¢ (Dg) = (D, D) O, P Dirac mass for ®,—®_

e kinetic term for ®¢ from wave-function renormalization

through @, -®_ loop with Yukawa vertices
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Towards the MSSM :-
e consider W = Ge,3 Q°UQ'PD* (1 + B6?)

W — W — u(Hyg — \QU)(H, — \aQ' D) (1 + BH?)
= (—pHyH, + v, QH,UC + yaHyQ' D) (1 + BO?)

A A

e two composites — Q D¢ and H, = 97“ QU

e low energy effective theory looks like MSSM (A = B)

e symmetric role for H, and H, (also LA g = yugd — G)

— numerical lifted through non-universal soft masses

— expect (hy) 2 (hq) (Vs UBB in D-flat)



Otto Kong (NCU) — 12pascos-9

Non-perturbative Analysis of DSB :-

e Dirac mass parameter (~ Higgs VEV) with SUSY breaking

e.g. Miller 83

M =m — 0%*n

e superfield propagator with (soft) SUSY breaking

Scholl 84, Helayel-Neto 84

e superfield generating functional with SUSY breaking

d4

— gap equation : —M = ZS{O_Op) (p, 6?)

on-shell

(from supergraphs)
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New Gap Equation Results (with nontrivial solutions) :-

e SNJL model -
m = 2mg?L(jml?,m, ], A2)

n = —ng*m? L(m|* Mm%, [0, A?)

— solution known considering only m, as n = 0, or m2 = 0
Bichmuller & Ellwanger 84

— interesting general solution

e HSNJL model

m )
_ 3 nGB -
o= mG Lm0l A%) + 2= B(ml 0, 0], A%) .

— tightly coupled, cannot see solution when neglecting n part
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Majorana Vs Dirac :-

e beyond Dirac mass generation

— HSNJL model has Majorana mass option

%<CI>+CI)_> O, D_ Dirac mass for &, ®_

SD D) P_D_ Majorana mass for ®_®_
and HO_0_) & &, for P P, mass

o L= [d* [Cﬂﬁh(l — 2 6%0%) + o &_(1 - m%92§2)}
— [P 5D D D D _— p(Hi+ A\_O_P_)(H_+ A_D,D,)]| + h.c
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Gap Equations for Majorana Mass Analysis :-

7 G )

T IQ(‘m—|27m2—7|77—’7A2)

_ _ 1-GB .

m—Gll(‘m—vaQ—vln—’vAZ) + ! 9 IQ(‘m—‘vazvm—lvAQ)

77+G
om0 ] A)

+GB

9 I2(|m+‘27m3—7’77—|—|7‘/\2)

My G I (|m |2, m%, ny], A%) +

o mi — Mm% =—> m4 = m_ ,n4 = n_ same equations as Dirac case

* completing symmetry breaking/mass generation scenarios

2

e for m~ = 0, no Majorana mass solution (B
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Concluding Remarks :-

e our HSNJL works —

dynamical symmetry breaking, mass generation

e may provide more interesting version of MSSM

e key to analysis
— generating functional with SUSY breaking part

— maybe used for

e completing Majorana Vs Dirac
— splitted soft masses favor Dirac

— important for MSSM, also needed for m; Vs m
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