NTOD, 19 ceHTAbpA 2013

M. LLincbmaH

Cynepcummetpua u AHr-Munnc:
Kyda Mbl MPULLIIN

Wednesday, October 9, 13



Golfand & Likhtman, 71 Wess & Zumino, 73

0% =0
“fermion” direction ,V In 1+3 dimensions
of the superspace ;
T e 6 {t,x,y,z} 5 {tvxvyaz; ea}
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A M
{Qa, Op} = 20 o5 By
o 40 net cynepcummeTpmnn, ~ 40 Tbica4Y paboT ornyb/iMKoBaHoO.

HACTb 1

o llepBoe HaripaBrieHne |gbeHOMeHO1I0rn4yecKas

cyrniepCcuMMeTpUA (A1 PELLIEHNE TPODJIEMBI HaTtypaslbHOCTU U

crabunnsaunm nepapxmm Macc)

o MCCM c cepeaunHbl 1970x ¥ = ¢ 1982 (Witten, nepapxus)
AOMUHUPYoLaa napagurma (+ Kk ButteHy remHada matepus)!

Supersymmefry entails that for every particle
that has been found there are mirror particles
that are identical in all respects except for their
spin: e.g. photon, W, Z, and gluon — photino, wino,
and gluino.

Fermion
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© XurrcoBckas 4yactuua B cTaHAapTHON MoAen
HEOGBXOAVMA

o Ee macca u BakyyMHOe oxxugaHue pacxogAarca
KBagpaTtu4Ho

o Ecnin no gopore K My HET HOBOM (bn3UKU, Macchbl BCEX
yacTuL ‘ecTecTBeHHO” BbiTasikuBaroTcA Ha Mp

Natural Natural Highly
Unnatural

%

o

o CTaHgapTHasa Moferib HeHaTyparsbHa
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WP OF HEP THEORy
A A S —




o OTKPpbITNE XNITCOBCKOM YacTuLbl ¢ Maccon = 125 3B (u Hu4ero
6onee) ctano ygapom no MCCM-gpeHomeHonorum. OTHOCUTESILHO
rnpocTtad mogersib C egnHbIM macLuTabom HapyLueHna SUSY
6/IM3KUM K 371EKTPOCIabomy macLutaby ymepna!

o [MpobrieMbl nepapxmm Macc 1 HaTypasnabHOCTH
BepHynuck, macca t = 5-10 TaB, finetuning ~ (Heck) npomusne!

o Split supersymmetry, spread supersymmetry, A—terms, you name it,
still called “natural”
(Hanpumep, B NepBOM 1 BTOPOM MOKOJIEHUN CyrieprapTHEPhI
Ype3BbIYaiHO TAXEesble U He MPOABATCA, Macca [ MoAroHAETCA
nog 10 TaB, rrintouHO n BUHO TAXKesble U He 6yayT BuaHbl Ha LHC)

VicxonHasa napaauvrma riotepriesia ouacko @ & &
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Hactb 2: AHr-Munnc B cunbHon cBa3n / <KX/

o CynepcumMmMeTpu - MOLLYHbIN (M NOYTN e ANHC TBEHHbIN )
aHaIMTUYECKNN MHCTPYMEHT B PEXXUME KOHPanHMeHTa

© o JKCKypc B uctopuo:  VIHaekc ButreHa (1982);

CynepuHcTaHTOH B 3D (cnabasa cBA3b)
Appriek n gp. (1982) =

Cynep-AHr-Mwunnc

1982-83
NT3D)
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L=—75 GG+ 5P

it gluon
luino .
9 SUSY Yang-Mills
supersymmetric
. gluodynamics
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d \V/ M
N7 7 .
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= Superinstanton calculus

NSVZ B exact function, 1983, Tc = N for SU(N)

3a) = - - ‘-

da(Mpy) _ 3Tgo® ( Tga N
dlnMpV 2T

HyTb no3>xe c rpon3BosiIbHON MaTeEPUEN :

d a (Mpy) a? | _ Tea\ ™
- — 2 |37 = Y TR (1 NN
5<O{) dlﬂMpV 27'(' : - Z /7 2T

Y i @aHoMarsibHasd pa3mMepHOCTh MoJiA matepun R

!

IrnemeHT 3anbeprosckou gyasnbHocTu (1994), KOHEOPM. OKHO
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KOoHpeHcarT riironHoO Yepes aHanTu4ecKoe rnpoaosiKeHue na criabou
CBA3W B cU/bHY0, BanHwtenH, ML, 1987

m/Z = m
SU(2) SQCD with one flavor: & i
r 2/ 92 1/2
—8m%/g
(Tr \2) = 1672m(®%) = £167% [mAS,, 4]"" = £16x° \%&9 - (MPv)ﬂ
K A/ Mpare
exact

O6bLyaa chopmyna

(XX} = —6 N A3 exp(2ri k/N)

Cxoxxun meton (MOAHATLIN HA HEBEPOATHYHK BbICOTY) B MPOPLIBHOM
pewueHun N=2 cynep-AHr-Mwunnca 3anbepra-ButreHa (1994).
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HaTsa>xeHne [JOMEeHHbIX CTEHOK B Cyrep -riooanHamMmmKe,
Mws [sanun, MLL, 1995-96 (BPS-protected!)

Im <Ah>
X
X X
\elemenmry wall
X X——= Re <A\>
X X
X

N

TrA*) vac t — (TrA*)vaci| ~ N ecam i, £ 65m3kn apyr K apyry

ButTteH, 1996, [omeHHas cTeHka = D brane, T.k. N ~ 1/gs
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Each Weyl A — Dirac 1 [il

N=3
[ij]

q or g
the same

Armoni-Shifman-Veneziano (2003): Planar equivalence between
SUSY-Yang-Mills and orientifold daughter AND orienftifold large
N limit (replacing 't Hooft limit).
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® Summary: SUSY gluodynamics at large N is
equivalent to nonsupersymmetric orientifold
daughter which at N=3 => one-flavor QCD!

quark condensate in one-fl QCD at N=
calculable!

W Infinite number of degeneracies: e.g. 07 & 0~ |1* & 2* |..;
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% k flavors of Vil %

A new “orientifold” large N expansion

& &
S <,
0\\}0-(\(\ /)9// ;
-\(0(’ O/,,
0\0 & L/
N /(/]
QW 7
200 > 1
~X -1 0]
I /I ~N I /I ~N
gl qu gl qu

Obe cheHOMEHO10rMm XOPOoLLU ...
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ondlended elic monapaled

%j%/

* K

Nambu-* Hooft-Mandelstam dream, 1975

2CD vacuum

*

"...[monopoles] turn to develop a non-zero vacuum expectation
value. Since they carry color-magnetic charges, the vacuum will
behave like a superconductor for color-magnetic charges. What
does that mean? Remember that in ordinary electric
superconductors, magnetic charges are connected by magnetic
vortex lines .. We now have the opposite: it is the color charges
that are connected by color-electric flux tubes."

G. 't Hooft (1976)
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= The Meissner effect: 1930s, 1960s

Superconductor
of the 2" kind

magnet

Cooper pair condensate

B

.

> —

—

/T
\__~

magnetic flux

N/

Abrikosov (ANO)
//or’rex (Aux tube)

magnet

Abelian -

DUAL MEISSNER EFFECT (Nambu-* Hooft-Mandelstam, ~1975)
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© First demonstration of the dual Meissner
effect: Seiberg & Witten, 1994 ©

® gluons+complex scalar superpartner
® two gluinos

® Georgi-Glashow model built in

SU(2) —U(1), monopoles =2

Monopoles become light if | 3= A => At two points,
massless! N=1 deform. forces M condensatition =>
U(1) broken, electric flux tube formed =2

&= Dynamical Abelization ... dual Abrikosov string

! —» analytic continuation
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But...

% Non-Abelian theory, but

Abelian flux tube K

Hanany, Strassler, Zaffaroni ‘97 == SW=Abelian strings, “wrong”
confinement...
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- Non-Abelian Strings, 2003 — Now

Hanany-Tong
Auzzi et al.
Shifman-Yung

S~ Non-Abelian nature — to come as close to Nature as possible

Bulk GxG—CF locking—(Gdiag—~H)—G/H coset model

on the world sheet — (susy in bulk—susy on ws)

* %k % X N=2— N=(2,2)
N=1 — N=(2,0) nonminimal; . N=O > N=0

< Gaiotto, 2012 & Gaiotto, Gukov, Seiberg, 2013 “surface defects”...
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"Non-Abelian” string is formed if all non-
Abelian degrees of freedom participate in
dynamics at the scale of string formation

Ve

classically gapless excitation

SU(2)/U(1) = CP(1)~0O(3) sigma model
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% ANO strings are there because of U(1)!
# New strings:

m(U(1)xSU(2)) nontrivial due to Z, center of SU(2)
(10
ANO +Ee® (O 1)

T=4m &

0 1

Xo < string center in perp. plane % TU(l)i'T3SU(2)
T=2m¢&

. eioc()
Non-Abelian \/E< )

SU(2)/U(1) <orientational moduli; O(3) ¢ model
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% ANO strings are there because of U(1)!
% New strings:

TT1(SU(2)xU(1)) = Z2: rotate by w around 3-d axis in SU(2)

— -1; another -1 rotate by m in U(1)
m(U(1)xSU(2)) nontrivial due to Z, center of SU(2)

wo veex(3)

T=4m &

0 1

Xo < string center in perp. plane % TU(l)i'T3SU(2)
T=2m¢&

. eioc()
Non-Abelian \/E< >

SU(2)/U(1) <orientational moduli; O(3) ¢ model
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A0 A

Z, string junction = Kink Yung + M.S.

Hanany, Tong

—=>p
— p’

Evolution in dimensionless parameter m2/ £
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g=0 g Z0

1/2
Am #0 [Aml> E l
B _J —1/2
A ml g
The 't Hooft—Polyakov Almost free monopole T
monopole
—]
CP( 1 )
ACP(]) <|Aml<E”
—1/2
Confined monopole, Confinediii i

quasiclassical regime highly quantum regime
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* Kinks are confined in 4D (attached to strings).
% % Kinks are confined in 2D:

Kink = Confined Monopole

4D < 2D Correspondence

w  World-sheet theory < strongly coupled bulk

theory inside

i\
’/("l «1 l Dewar ﬂQSK
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Break N = 2 down to N =1 in the bulk

Deformation of the bulk: ADD W= t(A%)? + ' A?

Heterotic deformation the of the World-sheet theory:

(2,2) supersymmetry is broken down to (0,2)

Lhetemtic : Cje laL CR + [YCRR (lan)T)WR _l‘HC} Bl 8(2)|7‘2 (C;e CR) (RWZWL)

at small Y
Cr is Goldstino

2
| (0,2) supersymmetry is
spontaneously broken!

M. Shifman 25
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Instead of conclusions

w Heterotic models on string world-sheet
under intense discussion!!!

A treasure trove of novel 2D
models with intriguing dynamics

Cnacmnbo!
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