Supersymmetry breaking by large-IN matrices
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\ SUSY in finite system

Dynamical SUSY br. 000000000 (le.000000D000D00O00ODOOOOONO)
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D0o00ooooboooboooodootddd dynamical SUSY br. 000 O
00000000 tunneling O 0O O O instanton [ vac. energy U1 0 OO SUSY O O OO
JO000000000000instanton suppress 00 SUSYO O OOOOO
O000: {¢) = 0 — Goldstone fermion
O000: (¢) # 0 — no Goldstone fermion
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Lessons:
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oo oodoogdg Zanon, Higashijima-Uematsu

Idea:

SUSY sector(d 0 00 )0 large-N sector (matrix model) D0 00000000 Ototal
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\ Witten’s model coupled to matrix model I
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Srr + Svm,
0 1 9 _ 2 5 5 _
Spr = /dw > (99)° + Fidp + (67 + a)* + Apup )
Svm = NtrV (M), M : N x N, Hermitian,
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\ O’Raifeartaigh model couple to matrix model I

simplest O’Raifeartaigh type model (— 0000 O talk):

S = /d4:1: (/ d*0ed + f/d20<I> —|—h.c.) , i.e W(®) = fo,
® : chiralsf. ind=3+1,
dynamical SUSY br.:

S:/d4wF’F+)\F+h.c.—|—---———> (Fy=—f, V=|f?>0

1
AW = 56(132 — new SUSY vacuum with
I _F B B
() = —=, ie (¢p)=——, (F)=0=—V =0: SUSY vac.
€ €

(®) — oo (e — 0)

simplest model coupled to matrix model

_ 1 .
S = /d4:c (/ d'0ed + /d20 (f + /\Ntr@) o + h.c.>
+ tr (/ d‘0dd + /d20W(<i>) —|—h.c.),

® = ®(0): N x N matrix in the chiral variable (same 0) without z-dependence:

o = c]Ab + \/5915 + 6%F, (13, 1@, F : N x N matrices without constraint
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Note
&: large-N reduction in N = 1 superfield formalism

or zero mode of ¢ Kawai, T.K. and Morita

W (d) = —é?
2

00 — 000000000 POOOO0ODO S0 00OODODO:

e "eff — /dMe_S,

Set| /d49 1 A PP —|—/d20(f<1>+)\2 <I>2)—|—h
e = s — .C.
ftlo mmN 00 0 2mN ° ’

b, = /d4w ® : zero mode of

Odoodoo:
)\2

1
AW = 56(132, with € = -
m
finite V: SUSY

N — oo: superpotential W = f&® (simplest O’Raifeartaigh) =— SUSY br.
Note

e the matrix model naturally gives the small value of e ~ O(1/N).

e ’averaging” of f by matrix model
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Comments on the metastable vacua Intriligator and Seiberg

Consider in the modified simplest model with
L
W = f(]:) —|— 56@ ’
the Kahler potential is modified as
— C —
K:@@—P(@@)z—i—-.. )

with ¢ > 0. Then the potential becomes

_ _ _ _ dc|f|?
V(®,®) = (0x0xK) 7' |f 4+ ®|” = | f|*+ fed+ fed+ 1'9' |®* 4+, (2RO, ek 1),
and has a local minimum with broken supersymmetry at
EA?
<(I)>meta — _4—_’
cf
which is far from the SUSY vacuum at (®) = — f /€, so long-lived (metastable)

as long as |e| < +/c|f/A|. It sounds nice, but seems artificial.
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Gaussian potential W(®) = m®2/20000
ceJO0000000O00O000OOOOmetastable vacualO OO0 OO

. . . mi+., G=3

interacting matrix model case: W (®) = E(I) + §<I>
Set|y = /d49 1 A + Agg PP +>\25\2ggv2@2q)2
“fflo = mmN | (mm)3) ° 0 (mmN)3 ° 0

)\2 )\3 )\4 2
+ / d20 <f<I>0+ J 29

P24+
2mN 0T 3maN?
— ¢ < 0 — other matrix models (flavor?)
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| Conclusions and Discussions I

Jogooon
e NOOODODOODODODODDODOOODODO rank cf.) tanh(hN)
e N X NUUOUOUOUOOOOO

e U UDOOON kinematical, i.e. actionU O OO0 OOOOO
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e [1 00 00O universality [ [
e 00D OIDODODODO(DODOODONO)

e basic O’Raifeartaigh(] [0 [ [ — metastable vacua: [0 [ [ — matrix model
JO00o00o0ooooOdlife timed NOOOOOO
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comments on difficulty of finite NV SUSY

Spr = / dx ( / d0ed + / d29Trqb<I>)

Sting = Tr ((8,0)2 + V(9)), V(¢) = —%qsz + %¢4.

o—Seff — / dpeSFT-Sting

_ o Jd'z[d'02® / dpe™ [ d*x [ d?0®Tr¢ ,—Sising

_ o Jd'z[d'02% <e—fd4wfd20<I>Tr¢>

Seft = /d4a:/d40cf>§[>—|—/ d4w/d29 (Tro) <I>—|—/ d‘zd'z' d*0d*0’'®®’ (TropTro) +- - ,

we have a ”jump” which triggers SUSY breaking at large-IN, but second term
offen breaks SUSY even for finite IV.
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