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Spontaneous supersymmetry breaking

In matrix models
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1 00O

S UOO0000000000 <=0 large-N [0 00O 00O matrix model
SUSYUOUOUOOODODODO =0 SSB of SUSY
00000000 matrix modelD (0D D0)O00OOODOOO

c.f. T.K.-Sugino, Nucl. Phys. B796 :471-499, 2008. arXiv:0710.3971 [hep-th]
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2 SUSY quantum mechanics

Euclidean SUSY QM:
s 1 : _ .

S — / dt [—32 +iB ((b 4 W’(¢)) NPy («p + W”(¢)¢>], W () : superpotential
o 12

QY =—iB,QB =0, Q*=0
Q: Qp=—v, QP =0, Qyp = —iB +2¢, QB = 2iy 0 {Q,Q} = 20,.
SUSY inv.

S = Q/dt«ﬁ GB — (q’s + W’(¢))) :



$O0000SUSYDDOOO: (O: 000) Witten
2

W'(¢) = g(¢* + n) = scalar potential: %(qﬁz + p)?

1
on>0: ¢p=0, Ey= Egzu,2 >0, B=—iW'(¢) = —igu # 0: SSB
o n<0: ¢p==x/—p, 000 Ey # 0 < instanton effect: SSB

0: Witten index o0 0000000000 p< 000 V — ool SUSY D[

Jod0ododdlatticel 0000000000000 0o0oooooooooon
= order parameter[] 7
SSB [ order parameter: (BYO OO OOO (B") (B™ =i{Q,v¥B"'})

o000 D(fields)Be™® = 0!
PBC
-000000000000000 D(fields)Be ® = tr ((—1)" Be ")
PBC
000000000 — Ey>0000level0000 |fa) = =Q1by) 00D

— (bn| B [bn) = (fu| B|fn) 0
00000 Z = / D(fields)e ® = tr ((—1)"e ") = 0! = (B) = S00d !

PBC
Joodoodobooobooobool —-SSBOOOoooooooooo
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twisted boundary condition

OO00000000: O000000000000 — SUSYO OO0 twisted b.c.
o(t+B) = p(t), v(t+B) =eP(t), B(t+ )= B(t)

0000 (-1)F - (—e~™)FOooo0o0o000O0

Zy = D(fields)e ® = tr ((—e")Fe PH)
TBC

— Z (<bn|bn> — e <fn|.fn>) e Pbn — (1 — €_ia) Z <bn|bn> e PEn # 0,

1 D(fields)Be™® = tr ((_e_io.ﬁ)FBe_BH)
Zo JTBC tr ((—e—*>)Fe~FH)
om0 ({ba] Blbn) — 7" (fu] B |fn)) e PPn
e (balba) — e (fu] fn)) e PEn
(1 — ™) 3 nsp (bn| B |by) e
T A= eT ) X0 (balba) e PP
aol0000000a — 0000 well-defined
— a0 00 regularization 0 O OO O0OSUSY SSBUOOOOOOOO
Joooooosusyddoooooooooooo
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discretized SUSY quantum mechanics
OO00o0oooooo:

5= QY v (5B - (6(t+1) - 6(0) + W(6()
— Z EB(t)2 + iB(t) (qb(t +1) — ¢(t) + W’(¢(t)))
+P(#) (Wt +1) — () + W"(qs(t))w(t))] -
00T =1 = twisted b.c.: ¢(2) = ¢(1), ¥(2) = e*“p(1), B(2) = B(1)

So= 5B +iBW/(#) + (e — 14 W(9))4,

Zo = / dopdBddiyp e 5>,



O00Do0O00000: W/(¢): odd — SUSYO W/'(¢): even — SUSY OO0
Zo X / dqﬁ(em — 1+ W”(¢))e_%wl(¢)2
= (e'* — 1)/ dpe 2V (@) 4 /dXe_%X2 (X = W'(9))

| V2r for W/(¢) : odd
- 0 for W'(¢) : even

asa — 0O

1 _
(B), = - [ dvaBdvap

]_ o0 . 1 / 2
- / o 7 —35 (¢)
- | aswg) (e — 1+ W(g))e I
B Zia(eia —1) /_ dpW' (p)e 2V @  — / dqb—e W' (9)"
{ 0 for W/(¢) : odd

finite for W'(¢) : even
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3 (aussian supersymmetric matrix model with twsited boundary condition

supersymmetric matrix QM:

S=Q ET: Ntra(t) (%B(t) — (¢(t +1) —¢(t) + W’(cb(t))))

=2 Nr EBW +iB®) (Bt +1) — 6(2) + W (1))

() (b + 1) — (1) + yv"<¢g:>>w<t>,)].

symmetrized

o(t), ¥(t), B(t): N x N Hermitian matrices
T =1000 twisted b.c. ¢(2) = ¢(1), (2) = (1), B(2) = B(1)

1 /.
— Sa = Ntr | B +iBW'(¢) + zp(ew 14 W”(d)))v,b
symm\c;crizedj

Gaussian case: W’ () = go
1 .
S, = Ntr [§B2 +1gB¢ + 'tp(ew‘ — 1+ g)tb]

1
Va,VNDDDD<NtrB">:O O00a—0, N —-o00o00000O0O0OSUSY
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field dependent boundary condition

$(2) = #(1), »(2) =NV (1), B(2) = B(1)

00

superpot. 0 00 twist 0 N - coc0000 e —- 00000000 W(ep)d V(ed)
0000000 boundary condition 0O 0 large-NO O OOO SUSYUO O OO

0: W(ep) = gegl V(e¢) = €29’
So = Ntr EBQ + tge B¢ + fgﬁ(e%tre%z — 1+ ge) '4,0]
ea— 0UUULO N — oo
ef*0000000 <%trB”> = 00000 SUSY

e N 5000000 a—0(cf. 000000) be. 000 W/ (¢)0000000
2 2
Zo o / g (eRir4” - 1)N e NG o / do (Rt — 1)N o= Ntrls o2

= / Dp(x) exp N ( / ddyp(@)p(y) log |z — y| + log (e w1 1)

— / dw%p(w)aﬂ)
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large—N: p(:L') HERN Brezin-Itzykson-Parisi-Zuber

2 12 1
p(x) = I 22 _ 22 semi-cricle —trB?) - —2 as a — 0: SUSY
6 2
™\ 91 N

Note
e Gaussian potential 1 0 O 00O boundary D OO O SUSYOOOOO”00O0”
e 00D OOODODOOOOO

e V(p) =000 Z,000000000Z, 00000000 (superselection rule
0000000 <= large-NO0O)0O
00000 one-matrix model — 2000000000 (2,1)-critical point
000 V(g) =v+ %d)?’ 000 vO fine tuned 0O (2,3)-critical point
(multicritical point) — V()0 OOOOODODOOOOOOO

e JJID0OODDODODODDODO (W' (¢): odd — SUSY, W/(¢): even —
SUSY) 00O

elarge-NO DO OODOO: J00O0O0DOO0ODe—-O000000O0OB™MODODOOOO
O0Olarge-NOOOODODODOOOOOOO



4 Other superpotential

W' ($) = g(¢*+p) (000D0O0OOD0OOO0)

&levw[%B2+¢QBG#2+LO+4E{Gﬁﬂwz—1>¢%+gd¢ﬂw+¢¢ﬁﬂ

Z o /dqb e~ N3V (9)? gt ((e%‘mz — 1) 1Q1+eg(1® ¢+ ¢® 1))
e — 000N — co: O(—2) modelD D00 SUSYD 0!

e N »ocoldda—0: W/ (¢p)0DOODODOODOOSUSYODOOO(OODOODOO
ec00000)

one-matrix model(O(0) model) 0 O(—2) modelJ 000 modelOD 0000000
Ooddoon

5 0O
e 00000 W' (¢)DV(¢)D (a —00O00D0ODOO?)

e field dependent b.c.000 (0 0?) 000007 00 W'(¢) = ¢*00 e*00
00000 large-N O SUSY. W/(¢): odd(000O0O0)0e* 0000 N — 0,
a— 000000000000 0O0W (ep)DDOOODOODODOO
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e JJ0DODODOODODOO W/(epp) withe - 0as N - 00000
OO0O0000 000 double scaling limit?

e Yang-Mills typel U0 OUOO0OOOnonzero OO OOOOOOOO?
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