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Gauge theory side:
review
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AT eacdh POt {U ) n medumli space,
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» Small Swperpst: perfurbed N=2
(/\>> em , \\SN fegy)i me.”

WL_\/
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e {ug} : still good variobles
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L_Qrae SuperpoT
(/\<< €em , Derj:rno_ )

¢ SUN)—> T_LrucN{) /\/

e & qets wie JraTeo\ sut

=2 Pure W=| UWV;) SYM
at each cHT. pT.
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Good variables : glueballs
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Vv;)

* DV theory : Compules glueball

Superpo'\'.

Wi, (S)
e SUSY vawa : SW,, (S)=0
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P Susy vacua : more detoils

SUN) = U(*
\LJ/ both pert. N=2 onalysis
ond DV ‘ﬁ\e.ot-y
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String/M-theory
realizations:
SUSy vacua
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B> Ac‘chnj .Supekpo'l'zn‘\'la\
&> Curving NS5's in -9 plane

- Ve
W= W/ (v) [‘W- W)

\

¢ Can see that e,\se.r\values sSit
ot critical points, WAw) =0
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Lifting to M-theorY

odd At direction S?o

l234-56'78‘iI0
Nss> M5[00 000 - -

Sz x®+1x'° . §=g+awiR,
) = X%+ {x°
Wn = %8+ 1

N=2 enfig. :

o]
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" s‘\) spoce
(Riemonn sfc)
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)SU\S)! curve

® Need minimel orea sfc. with
desired bnaly. cond .

Sva = Jdbdah

o For- suu‘;y = holomorphic cwrve ,
can shertwat

(au holo. curves are minimal area mm@
o N=2 curve :
t? 2R @)t + =0

SW curve self |

t= Pyt RE ="
Define $=1-Bv)
> u2= Py =AY
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» N=4 curve

“bend" N=2 curve in W direction

o  olong w=1tW(v)
)—sx é
w

Think of qu@) defined on
the SV cwrve:

K7
\32:-' Puewy’— RN /m —~

o asywd'uﬂml\y / — o~ /
AW@W) ~ W) R
= QWW) = m;\cv)2+ﬁ‘_\(u)
¢ Well-def'd on SV curve

—» Foctorization
Pﬂz -V = (W{24f,) an_“

Qes Jeom. inferpretotion 1o
go+ge Ttheery results
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Summary for susy case

0 G\Quae_ -rky & M-T‘\y, ‘oo‘l“f\
lead to same cond Hor Susy
Vawo (factorn)

O M-ﬂ\y_ qives geom.
u»\dev-s‘l"ahdihj

® Doesn't care about size uF
S\Apehpo‘\'e.w\"ca\ s €

Moduli '
N Susy
] Vacwa
: €
0 0o ?

$

How about
nonsusy configs ?
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Nonsusy
configurations



Ngnho\o. M-Tl'\o.orx CUH/eS

IS there correspondence bA
gau.je, 'ﬂ\eor)/ ond M-Theo7

for honsusy curves too ¢

> Off-shell @v\-ﬁgs ?
= 00PP vacna ?

& Bow\o\ahy Cond. Issue
[BGHSS]

Holo. curves and honholo. carves
do net have same b.c. & oo

= One can'y use M-Theoo-y +o
Study susy & nonsusy stufes

in Tha Same theory 2?
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opsusy vacua: 4.1, si
OopPP:

Add small superpst. W(E)
J‘(:i 'ﬂ\e.o\r-\/
\'4
VW= g% 3 W a.W W

B)’ (Jr\oosinj W(#) OPPVOP\".“"TQ(Y/
tan moke any pt. {u;} o

honsusy Vacwum /

V)
AN N metastable

_5 Vacaum

IS 2 2N
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Now badk v M
P How to find M5 curves

\n 3aneml
No holomerphicity +o s'mph‘Fy
‘\‘kinjs

> Need to dired Iy find

min. area aarves

Sne = Sd%m

or
S = ‘P’z.{f rax X

N4

99s = 99V = 99W=0
Harmonic:

{ $(2,2) = S(2)+S2)

V(2,2) = Vy(2)+U(2)
W (2,2) =Wy(2) +up(2)
Virasovo:
93495, Y, V,+ IW, 3w, =0

Neod 4o colve these ar aiven b.c.
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Nead 4o solve these Lo 3iven b.c.
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Small superpst (€:small)

v/
Start fiom N=2 curve
(SU curve) and slightly
Twn on W
S,YVS>NW

SNG.-;J“IR

| —
= 5)\] h’sv + Egde*dw + .-
Ve a4 %

/W\ﬁ‘r‘N""
comst V)

\4

1. Congider SV curve w/ moduli {u}
2. Find o harmonic -form dwr on it

3. Compwle energy V()

gCompqrg W/ 3‘1‘.
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» Formulation of problem

* Riemam s (sv cum) j’

3 = P“(‘V) [ ]

o (Vavt harmonic 1-form on it
dw = dwy, (V) + dW, (@)

® B'\O\y Cond :
w@) ~ £ W)
=5 dw@) ~ F W7 @)dv

W) == 35‘115"
é
®q\): s'mj\e, valued :

So\'w~o

Veo mpaX
cycle
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b 1“‘FDH'\S on The Rjemann s-ﬁ.
* Holo. 1-forms: deo; | i=1... g=n-1

deézgié , Xo\w..-.-'c..

J ¢
A] B
A0 B; 8
A;,B:: basis of |-cycles AnAj=o
B;nB4 =0
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» 1"'F°N\S on the Rijemann s-ﬁ.

o Mero. 4-forms of Znd kind, : dllimz,

dll = i[%\’;-‘.e- © (,U-‘—z)} dv

Janm=0, (a0m=kKa
A; B,

- Useful for ‘dw ~ £ W7(W)dv

e Mevo. |-forms of 3rd kind: deflg

dit = x|+ +0@E)]

-7 Log ber\clinj
(irrelevant for SUIN))
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> Qons'l'mc\"mg s

Asymp‘r b.c. m
das v WY)do = Z‘J—‘Z/m

x

dw = Tl
Harmonic dw :

daw=T"dlLy, + N dwo; + td‘

Re.(\m\"e vo.mskmj pehodsf

D= de = h‘—I'
A;

0= [aw= K™+ T+ T2
Bi

Tust mqf\‘t # of vars. h', -f.in

Satisfy these Hor any valune

of moduli {lk 1]’
= Off-shell M5 curve..
f. Susy case: U=
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> Enetﬁy from tension
Enhergy increase from the W pord™

V) ~ de/\*oﬁ»'

ITn an oppropridie reqularzation
procedure,

= V) qoge theory

= Mtheory reproduces gauge theory
pslential even of-shell ./

- Nonsusy vocuo ara guaranteed 10
be reproduced oo
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» OOPP vowra (SUW@))
¢ Order 6 superpﬁ.

W(w) = 8 ( "—5’_3 —(-%v‘)

o Ot"tj'm sf mod. spo.

PoQ) = - Wy = ‘U" (uz-.-.-. 0)

vl N

- /\1“:“"/\

-\

What's the ¢srresponding M5 curve?

Eosier 1o go o 2-Torus
‘o present

. 2 _
— | -A
[z S
okl —iN
1
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® The explict corve :

ds = 2 FY — PV +im)d-=
dv = by(F? — F{?)d=

. At
dw = Ag(F\” + Fy")d= + Ay {(FP) + F®)dz + ——
T—T
F(z)=I#(z—7)
9(2) _ i ez’rn?r—ﬁ—?rra’nz Ea— E(T + 1)
| n—=—oc | | 2 '

NQTQ'- This cuvrve hos Same
\o\f\dy. cond. oS sutssy
wrye Ccf. TRGHSST)

E‘R-e.c\‘ ef nohhelo mot?k’\ c..';‘l')'
on bt\o\y. cond. is negligible
for swall w
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0 erstondi ili
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(g)N)
Dy L
< ==
L
NSE Ns§

e D4’s Pv\“ NSB's
—> \03 behAmj in I

o ‘.)C \03 behclmg
= aftraction \G(L) ~ 2T, | W)
® Coulomb = e pu\s'\bv\ Vc (‘U)

Vo Ve =
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> AO\‘A Superpotl.

= —W )

N = —\—V\I/G\))
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Ve ond V- don't concel

(W72
Vit ™~ "L

® &ﬁreﬂ with gause -rheory
o EOM:

Fe N7 —T =0
O &

O Pushes D4's
toward smaller W, Tunable.

@ Pushes D4's toword langer L
(\ther ‘\)). Log.

= BY tuning W/, can make
any 1 stoble (OOPP)
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WU

So ‘ch wWe were \n -d\e. SW regime
4 : s mad

ch\zj h
= S‘,JTC; + iz-gdw/\*dﬁ o

Con we remove This assumption
ondd £ind a curve tha redwes
4o O6oPP in W:small (imit?

Nead 1o solue filt Ne\

$(2,2) = SK(2)+SA@)
{ V(2,2) = Vy(2)+ V@)
W (2,2) =Wwy(2)+un@)

95495, + Y, AV, + W, w, =0
complicaled, but con do it
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D Exoct lift of 0OPP curve

ds = (2 + 1/)(171(1) — Fgm +im)dz + 1/(?(11) — Fél) —m)dz

dv = bo(F? — FYdz v ey(F\ — F)dz
47

T

1 2T(2 + 1 A0 A5 Apr
446 - o (442 + W) . Cy = — 2467 ‘
48 2A,T by

dw = Ag(F\¥ + F)d= + A, [(FF) + FNdz +

T

Bndy. cond is no ‘onjar
holo morphic (Cq %k ©)

N/

S\LS)( CUrve ourw‘ honSu.S)(
curve hove different b.c.
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® Structure of vocna:

G\auge '\4\20t~7/

modwli AN . Susy
S?‘*a ’ ": P é ."’:" Vacwno,

honsusy : "/d'

ool O QT DV

M—Theory

br\o\y, cond A
(theory)

Two agrees

1. Completely
in SW ond DV regimes

9 . everywhere for suey vawa
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Conclusion

e M-theory "lift" of
perturbed A/'=2 theory gives a
unifying perspective

e M-theory reproduces gauge
theory physics, susy and
nonsusy, in SW and DV limits

e M-theory provides geometric,
Intuitive understanding of

(meta)stability of nonsusy
vacua

Thonks ./
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