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Motivation

o ENDEFLORE = BKIER
o BIBRMDIFH -
4D B¥ZE + 6D Z=f
(Calabi-Yau (CY) Z#i&)
= ZOKRY 2D HEREEICIE \
2D N =2 BBHIBIER (SCFT) BRI CY Stk
o —fRD CY ZARIKICHINT B SCFT?? — FHETEHW

@ 2D Landau-Ginzburg (LG) &5 RER SCFT

o LGHEEY «+—(SCFT?)— CY ZBHRIK [Greene-Vafa—Warner, Witten]
» FILWP7A—F : LG EEBD S DEKIERDIAR
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LG model: 2D N = 2 WZ model

@ 2D N =2 Wess—Zumino (WZ) &8
(z,Z2=x0 £ ix1, 07,05 = %(80 Fioh))

S = / d’x [482A*82A + W/(A)*W'(A)

_ , W//
+ (1, ¥2) <W22A) 2((9 ! > (;ﬁ;)]
o BRTYY¥I W(®) = éq)”, n>3
p >

(] N =2 SCFT 0)527”/1‘5@&0)3'@55\ [Cappelli-ltzykson—Zuber '87...]
» FIDEBR c ERT—YYIRTTh+h
3(n—2)

c= =1,15,1.8,--- < 3,
n

_ 1 _
hth=— (1—h—h=0666.,07508, - <1)
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Preceding numerical studies and today's talk
o IR TOIEFES « IR &l — FFiEEIRAY (BER) FHZ

o Nicolai B : BBRS DEH%Z Gauss BHICT 2 EHEIR
o BRFTYYvIL W(P) =3 IcD2WT
Q@ AT—Y VIR h+ h DBFEE [Kawai-Kikukawa 2009]
© SUSY %R DOMIESHEE R [Kadoh-Suzuki 2009] ZEAWT,
h+ h ERDET c DFFE [Kamata-Suzuki 2010]
\
o Kadoh-Suzuki DFiE%E W = 03, o* AHEHA (h+ h, ¢)
o HBITHRDUR - iR
Q@ h+h UV TOREHDREY
Q@ ¢ ITXILX—FEBEFVYVIL (EMT) 2 SEMOSHE

o W =03 ooVt WZ &8 % SCFT psFin

HIEA (hKE) N = 2 Landau-Ginzburg models 2018/3/23 ORFIERKZE 4 /11



Supersymmetric formulation [Kadoh—Suzuki 2009]
o KT L x L DERZEM — BT ESEERTERL

1 ; 2T
= 5> e”0(p), pu= M (m=0%1,... %L/2a)
p

o SUSY, MEMEFDEREF. BFTEDRE (2 — 0 TEIE)

o 2 B .
(e1(p)pa(—p)) = L? / d*x e P (p1(x)2(0))
o B3I — SCFT T 2 HEa%K 7/a &
(AGOA'(0)) o 1/,
(T(x)T(0)) = c/22*, ... 0 PR o
o RTO (ci(p)oa(—p) DRBEN
= h+h, c ~r/a 0 T/a
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Scaling dimension
(A(P)A*(=p)) ~ 1/(p?) "
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Figure: ®%, L/a =30, a\ = 0.3, 640 confs. (REIDFE : L/a =24 £T)
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Scaling dimension, 1 — h— h

o AT—UVIRRT
for W = ®" (n = 3,4)

W L/a 1—h—h

®3 36 0.682(10)
®* 30 0.747(11)

» Kawai—Kikukawa
(®3): 0.660(11)
» Kamata—Suzuki

(®3): 0.616(25)(13)
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o L > KIE2PNT. 1— h— h & SCFT TOfEICED <
» W=®31—h—h=0.666...
» W=0*1-—h—h=0.75
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Central charge from a EMT correlator
Real part of (T,,(p) T..(—p)) = L*>mcp3/12p;
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Figure: ®*, L/a =30, apy = 7/15, a\ = 0.3, 640 confs.
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Central charge from a EMT correlator

Imaginary part of (T..(p) T..(—p)) = L*wcp}/12p;
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Figure: ®*, L/a =30, apy = 7/15, a\ = 0.3, 640 confs.
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Central charge, ¢

o HLEH
for W =" (n=3,4)

W L/a c

®3 36 1.061(36)
®* 30 1.415(36)

» Kamata—Suzuki
(®3): 1.09(14)(31)
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o L - KIC2NT. c IZSCFT TOfEITED L

> W:¢3: c=1
» W=0% c=15
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| | [
E pi R % { f
b poi
. |
I
Fpgd
1‘0 1‘5 éO é5 éO 55 40
L/a
2018/3/23 @RFIEHKF 10 / 11



Summary

e DN =2 WZEBD¥EYZ2L—>3Y

RER, JEmEIRNICTNS SCFT OREE

o AT—UY IR « FLER (EMT)

W 1—h-— c

h
®3 0.682(10) 0.666... 1.061(36) 1
®* 0.747(11) 0.75  1.415(36) 1.5

— SCFT & consistent 785 R

SEDRE
» W= BE (L K. BRFEEDR)
» B¥ OIS (ADE 54%8)
» SRIEBADIGA (bimExE SHAABRK E OHERAE)
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Backup: SUSY Ward-Takahashi identity

p1 (A(p)A*(—p)) = Re (¢1(p)di(—p))
Y ‘ e
-500 | ..
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-2000
-2500
-3000 r
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-4000 ‘ ‘ ‘ ‘ ‘ ‘ ‘
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Figure: ®3, L/a = 36, apy = 27/L = 7/18
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Backup: SUSY Ward-Takahashi identity
p1 (A(P)A*(—=p)) = Re (1 (p)di(—p))
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Figure: ®3, L/a =36, apy = 7

HIEA (hKE) N = 2 Landau—-Ginzburg models 2018/3/23 @RFIEHKF 13 /11




Backup: WZ model and Nicolai map [Nicolai 1980]
o HRANTF—AETIILEAY Y DIEA

S=Sg+ % Z [(@p 12) (—p) <W2//i€/z\)* W;EPZ) ) @:) (p)] 7

T. p; %(po —ip1), * IFEHIAP,

4

55 = le N(p)'N(p). N(p) = 2ip.A(p) + W'(A)(p)
o ZIILIAVDES. BRZIH A(p), A*(p )—> N( ), N*(p).

N, N*)

_ * —SB

_/ || [dN(p)dN*( g sign det A ) L
|| <A !

» Ailp) (i=1,2,...) & N(p) I T B8
» Gauss B3% (Nicolai Bf§) = Gauss ELEIZ 4R
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Backup: Algorithm

@ Gauss ELE (N(p), N*(p)) ZHERK
Q FEX

2ipA(p) + W'(A)"(p) — N(p) =0

DETODRE A(p); (Ii=1,2,...) ZBIERICKD S
Q ROM=EFHE

AN g det 20V V)
Z&gn det (A A7) O(A, AY) n ZSIgn detm

Q (1)~(3) ZEDIBELTEIFZ LS (W(P) =¢")
I(N, N*
<Z sign det A(A A*)) > =

- & {Sssnoa o] )

A=A;
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Backup: Algorithm

(FI)
o ERENIEE N(p) Ic & THEIH L
o MEL<HislbEntc, HEEH A

: I(N, N*)
A=
<Z sign det (A, A*) A:A,->

W=9¢"DEZEZNIE Witten $EE n — 1 ITELW
o FFEMIRED WL

()
o MODE Alp) BB ZDH ?
[AP) I DRt (-4 =) = Ay =1 — 1

o BXMTFRIERFHEDH
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Backup: Classification of configurations

W(®)=20"/n (A=n—1), a\=03
Newton J&IC & % BUERF
o W =293 (A=2): L/a=8-36, 640 confs.

L/a 28 30 32 34 36

A 2 2 2 2 2
core-day 27 40 58 81 112

o W =09*(A=3): L/a=8-30, 640 confs.

L/a 24 26 28 30
A 3 3.002(2) 3.006(3) 3.002(3)
core-day 122 209 345 538

° ' DIFPATH A>3
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Backup: Susceptibility of scalar field
o WRD h+ h DEEAE : ANF—HOBRIE

Xo= 5 [ Px(AA ) ox (12"

— LIK7EE (GRIEES/IR OFR) HSHEHFMD
o STHODWE : x ~ 0 (UV $EE) OFEEMOERL
x| ~ A7t [Kawai—Kikukawa (H&FEHE) |
o Xy @ LRFFHEIZEND BRW/IVBEIR DK E S ITRSRWET ...

[ axe=y
[x]<A—1 o
i

o UWVAY MAZIREKDEFHEDHIC L DEHEFST S
h+ h (32 GEZRDES
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Energy-momentum tensor

o Kamata-Suzuki ICLZHFIDVERODEE : AL > MD 2 REK
» EMT OFtE : 52 (L EEFF) ORE
o EMT DEH&H
5 T = Tup 3, Tyw — 0 for W(®) =0 (UV)

T,.(x) = =470, A" (x)0,A(x) — 7T1p2(x)(9zzﬁé(x) + W@zwz(x)zﬁé(x)
= (@5 (x) — @S, (x)] /4

e SUSY WT & & D

(To(p) Tl —p)) = P 2 (SH(p)S: (=p) + 5 (P)S (—P))
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Backup: C-function

e General forms (7 = In zZ)

(Te2(x) T2(0)) = F(T)/Z4a
(T=(x) T:2(0)) = G(1) /42,
(T2 T2:(0)) = H(7)/2° 2.

o Conservation laws and reflection positivity imply

d
—((2F — G — 3H < 0.
o 3H/8) < 0
@ Zamolodchikov's C-function:
C=2F-G - gH.

Monotonically decreasing function along RG flow — c.
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Backup: C-function (EMT)

<Tzz(p) Tzz(_p)>

L2mcp?/12p;
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Figure: ®*, L/a = 30. Main part of Zamolodchikov's C-function.
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Backup: Supercurrent

@ The supercurrent is given by

A7
Lo Ly

S; (p) = _E Z i(p— q):A"(p — q)¥2(q),

SH(p) = i(p— q):Alp — q)¥s(q),

with a requirement

S5 (p),S; (p) — 0 in the UV limit (free SCFT).

@ Two-point function of supercurrent S* in SCFT

G-y — € Fiyo- 2ime pZ
(5:(2)5:(0) =35 = (S (P)S; (-p) = L°7 >,
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Backup: Central charge from a supercurrent
Real part of (S}(p)S,; (—p)) = L?imcp?/3p;

correlator
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Figure: ®3, L/a =36, ap; = m/18
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Backup: C-function (supercurrent)
(57 (p)S; (=p)) = L2imcpZ/3p:

3.5

25 | *

15+

0 0.5 1 15 2 2.5 3
alp|

Figure: ®3, L/a = 36. SUSY-analogue of Zamolodchikov's c-theorem.
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Backup: Central charge, ¢

o Central charges

for W =" (n=3,4,5) e QH =
15 T I i
W L/a c | IMWMH
® 36 1087(68) .. I
O 30 1.413(65) 1| ] | 1
» Kamata=Suzuki (¢3); %950 15 20 25 30 35 40

1.09(14)(31)
@ As L — large, c approaches expected values for SCFT
» W=0¢3%c=1
» W=0¢% c=15
o Note: sometimes, x2/d.o.f. is quit different from unity.
» &% y2/d.o.f. =4.606 = Energy-momentum tensor
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Backup: Application to String theory

o LG/CY i (1)
» 6D CY ZRIFDEE (quintic in CP*)
G(2) :215—1—225—1—234-224-23
» LGEBOBRT>YYYIL

W(®) = &3 + &3 + &3 4 & + b2

o IZVILEREDHGE (ADE £ KSENEW W(0)
= WBTB G(z) AVINY MEESZ 3 BEERHHERT

o HERH

W(®) = &3 + &3 + 03 — A0, 0,5
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