Akifumi Soks
Tokyo Univ. of Science

with. H.G\roxe , R\I\,ulkemhaaw
arXiv 1612.67584 , [410. 00526

ogl‘scre'te ﬂ%uroa.cﬁe.s to s .gymam:'cs o]ll JZ"e.?Q(c aeol glom,e '\Zm
Z3rd Sep. 20/7



Talk plan

1. His'l'ovy

2. The Origin feom N.C. Field ‘H\eory

3. Set up

4. Word-Takohoshi 14, & Scltwi‘nger “D/so\q Efs'.
b, Large (N.L) imit & Selutions

6. Which kind of Q.F.T.
7. Axfcma‘ﬁc COV\S""V'“\Q'HOV\ o) @3 fie\d 'H\eor;



His’l‘wy

VQOS’ Moty model

o 9D grwity € ravdom matrix

Breain “l(agalcev, Gross ~Migdad , efe
Keuwtsevich model ( W itten Comje:.‘t«&)
21 = (38 wp (TR TR “5F)

P : Hermite | mactrix

Makeeunlce - Semendll olve this.



B 9060’s
N.C. fied Theory 3 Matrix medel .
G{mrrg"gl'ej nadcer
‘9_23 modef (Ko wtsevidhn madel) sz\orm\isﬂl)\ﬁ
Gvask ~ W b\l ke n‘f\ac\v'
§4 models in 2 4 &m ave Renormalizable

@ﬁrf\cclel s SOIuaJ:'e
(SD"ei 'S Yecws‘.vly determined. )



Contents ’I;

o B models( Kantsevich medel 2:% 6dix)
are sdved exactly at lorga N 1tmit
( E\@Vy N-pt function 1S givev\ expl?ciH\/ .}

®Approch to the Axtomatic Cowmstruction

{L\OP e B2 Quantum Field Thaery



’\:D‘QO"QQ‘\ n ?rom N\C, 'F“Qld Tkeovy"/
Re: Moyl plane  [A,B]:= AB-RA

[.DC',?C"J = [-wé\r<=-> [21 2] =28
N.C. parameter
¢ (wnihilation  Creotion . op.

& =
(Q’Z@ ::\E;:
> [a,at]=1, [adl=[atd=0
o 2 =-gt0d 1, Fssa ]



o Fock sp. [a,at1=1 [a,al= [d,dJ=0
10> : aloy=0 , Iny=m@)" 1o
Number op. N:= 0. N In)> = nin)

nl = duad of I
<nlmy = Snm

o S'oo,‘aw- ‘P?e\cl $D = 2 ?mn lM><V\|

Sa!"x — & T



Actiom
S Sd“-" - (az a.z
= - B LA, L4, ¢:ﬂ N=0'a
;| 9 T (INSZ — 8algos )
Eemov}‘ng this +e£ b)/ K Coun'lElr- Lagmngian
ﬁnarmliga.[;/e, model is obfauned .

2
Sm"" 6 Tw "OIL ¢l
m: Const. (mmass)




Twtevoction
Stv»t = 6 %Tp ¢3 N ConsTt
Coup/ina const
~

stl"'Sm’\' S?u‘t "';(-;“P‘Le
[ gEd AF+ 2D°)

wheve E wnm— (_zl'_/{f-_‘,cn) Slﬂm
A: Const



’\’SQ'tMPN (2-d|m CaoSe "or St mpltcy)
Homitian Matrix D= C_D c Mu((ﬁ)

(Actton S: LFI; E@’Aé) t V(§>
V@)= L2 TP
E = (Endm) = (552)

0~ B :MQ(E’L-'.Q(/%”T-)) )
ANLM : consT. KE{o)r-o, C~ fun



T—é ‘ —2,~ m@ = Ag ;‘;mm
J_\é’%—g- J ?mfmﬁ) ’

Hmn:=Em + E, = a*(I+ EL. )"'eL‘L

pas

| K-@‘P VF 3-)> Z.?p (3]
Z-?fr-ee e L(S""'A "'Jnm) H'\':\| (cfmﬂ"'g-m)



Remark) Coprespendence with Graphs .

propergatov Y '
m Hmn
< edge

Black vertex: >\ ~ 7‘°T"§3

White vertex :
B Np- valence

N n
P, external ~ -:U— . = 1T
K -5, = X %ke.

'P‘Qld A

\M“ﬁxqw (Nl3+1 = 1 )



09" =Toqg —
P 52

Bl 1<NS-<Ng YR’=0

L Gemem’\'mg ‘Fuw\ O‘P Conne CT?CI
(Gu'ed-\f\ 'P

S -Npg) = 'l_ U / sttistical factor
for (N‘/ /N3) (Nl /Nl, Ng;, N;)
J/.g

LZ'B . WQ choose TMS' ﬁd’or To obtaion all
Npt undtion as Rnite o Lange (L, N) lim



~ Ward LIC«“&AS‘I'I[ like Id. ~—
@ — @/: é + EMI§] < ZX[JT] s inV.

V\IT—Ia(,NIVL
S22 _s L
"'QJ'm'bJ,,,b m Ea Eb

(JmaJ "J;m%) ZET]

gt fumctious ave reduced to
Tpt functions by the WT-Id .



™ gdﬂw?wger"DyS‘om Ezs. T

D 1p‘t Function

Q\a 1 3!032?@3
V- L dJdaa :,']"~

2. (A~
l>2|>t Fun. ot G““”“ CM)

Qb= 1 9",0 Zﬁj] e oty
JabdJpa. |[T=0 QP{- _-91‘*

_ B (1+AIG‘“' —G1b)
—Eb )




P Penormligolti’om Conditian \Y
|Q'o|= 0 & A= %ﬁ__ﬁm + 'Z\_z' Giolof
ij, Remove A in @ by using this ondton

Gua= He frga, - 2 3 (Hah—Hon ) 56t G
__"/-\__?'%(H"'(GNA\“GMI) — H-u Gimi ) } J

om Ea— Ewm

W Haa. Ba
\U using 5 =Q@ 'ty =Ga tyx

O’ ® are simplified.



Sckw?v\geh “[lpow Egs. fior 1pt,(2p't fun.

Wlm 1 EA b (6 lola| "‘Glo[ol)
3&2 “Z’ (qu-Wlm! _ Win ~Wiy )

L onzo\ Ei- ~ B B — Es

Wlm — Wip)

Gl 7 "




~Large (N, L)- Bim & Soliions &

motriy size 8 N.C.porameter N 2
N, L —> 00 with 'Pm'ng Z—:/”}A

{
[im —l'._qngo‘f(fm) ::/Az/lsz folA=) dx
3 MzJ;A Fu’c ) dxc
”'zl/‘/(x) = [im WIL/A"%I }

G ko = ,Q?mGlL,u‘xl ete .
X:= (2e9+7)%

Uang #25’6
W@S’c‘on



&gc.\awmjey- -I%'S'on e 'f‘ov' 1P‘t ﬁm. ‘——r

Cons+.
Wa)-W(Y) O T

=X 1) "JY/’MM" wlly

ch) +fAY POV

where (AY)z ————— J_e &) /,_, > (112e(?)
.7 ——t

[ d
-

T
Makeeuke ~Sewencf solved similov- type

S‘clo(hol\n _T
/O
! W) := dxec + if R G R



ex) N.C. scalaw 37 £iedd 'H\eovy
()=, X= (1), PCY) =

WXy~ Jre +2 Q%(M))

Xt X tAXt<

Gty = doxaec —Qt)

2N

¥ A & gax+z§(«l(uﬂ)ﬁc + 2+t )
256+ 1 03’((2#-')4—1-\-7.' (2402t c

. —




™ (Nl""""‘ NB)-Pt 'Fumc"hon ~—

N,
610;--0ig-108-08, | =12 nga ; a_% &J? 32(@1
" "
&where Ton, ma‘ ’34.& Eoymnam goph

N, L= g 8
(US\ns W T Id ') %&Q&S‘ ‘SS 9 0
GOX, X0 | \x., AN 3‘,. “Na

_ aNp-+Ng B & ks

N " ZPG(Xn.l D&B) il 9 X -X
"l kgl B°B= 8= hp

A" Btk

If we obtatw ‘ﬂus Htewn ervy (Nt --+NB) - -pt
Pun ctiton s selved 77



' _ B2 2 .. ‘.3_ g_@
Qiar-18 = I 354" 5% 303909 S e

l SD-eg. for this) Guilaw process

L./ =00 linm as previouws discusstons

 EEEMEREREEEEEEREREREEEEEEF!
o o -y
o G688 14 58

(X ~T)
~ B ~ soo
J__‘el___§ I<io 8 RS S i

1£ IT1S6-2 J =

where G(AYS) = GO(IYj‘l\’j‘\”l\’:@ for L3y, i



606

DSO\\'J\"\OM "Pov' (1+1)-pt ﬁm %S.D
cz.

W) Gixiy) = -~ Q7Y - R 02 )
?olw'\'uom

GGC\Y) = XtC [Ytc { %
Xte Yt
DSOIW‘TTQV) ‘P'cw BZB e )

& ()~ xB
[So® b et

384 &3 (——'———,_5_
- 2%) (d) (( (Ji-ec-zt. T WP ezt
{— o . e S P S
| J: AT T Ec—q'z 1t (e tAT -ze))ﬁ/.z
t=0

Buery N-pt fmction is sdved exactly 1




Commerits
o For 4—-ch\m, 6—Chm cases

9~dim octiem T
S=LTET-AZ) + L2 T8

4 6 - d‘m actiow

é._
S_V'[;,.(gE@ +(K+IJE1‘SE) %"SP)
N 7 7

Tov revwv-ml@a't'fa W




~24, 6-dim ~
l:ve. (Ne+-~+Np)-pt fi. G\(X. K] = Ix XNB
,3 Q\Ve_p. €)¢\lCI 'l'/ b;/ S‘o\\an? g’D Qg )

I 2 [3] 1 \//V'——>°°
09°=Tog — J;e
) 0 N 2_36}“@! PBB‘
Bzﬂw%ﬁt\ls'rg SN, N T

Tl'l}g id @‘:.T. LS Qomple.‘l'-Q I}’
Ad=24¢§ So ,\leG‘ 4



~ Whih kind of
Quantum F;'elc/ T/teayy ~—
©@ 2"4‘\\»« Case r
0. 11
[7: planar greph on S° O-—O

O : white vertey ~Jlp o = Jeg a?,"'JP.na
R

puncture , & ternal vertex,

@\ b\ack Vev“l'QX ?n’t’ev— v\al ver‘l'ex

Face : A vwumbev of "O" touc \n?nj
O\‘PQCQ Ls ]_ or O ‘



® . Face with “0Y ;" external <X

@ Fac.& withoul ) "3 fh'l'e\r‘nOL, 0 '3
@é lobe| For 0" (I~ B)

er):: @é‘ J"'Hn ‘Face W) Nb ‘PQQS

‘ @ “l‘oac\nw\g i-th 0" (1NN")
2: %
w 6 Dual greph of
Pg‘ o—4 x?
o\

o Triengulation ot
S* with B-punctue



Feynmon rules
® ;3--pc>‘wnL interoction ¢ (“7\)
O :external vertex <— 1

\2-72 . bovdev |ine be‘tw:e.v; Zq"ﬁ(.e omd Zz’ ’Fuce
2

)
R+&>t1

Y :nferna| Tace variables



O— (x> (A dY,

G X2+ 1)) i3+ )00 4+9H)

15 Gra|2)
o) I

o A)
~ e+ D@XEH) (1)




Axicmo(’f(c Cons\'v‘u.c‘\’iom o7 @3 F.T.

P 'n’uz prodess of our C‘a_QcJQ’t?ov\
20] N7
detion S(D) 'Q"g-é'fn (rey\ov-maliea‘l'co\)
S-D egs. N ot. Tunmction

T
I we look ot only Process,

there is no Chﬁ(‘ul‘l'y to descvibe the
field Hueory as a mathgmact ool theory.



B A ﬁandmml oppro &Q\’\ to COVSfWL\‘
an Axtomodic ‘Ftelol ‘H&Qo? ov aM;nkow3(<i *P.

6 Endidean Pield thesry

'])wcck rotutiewn
M?vxkew{[q' 'e'ie(d -l_‘/\QOV?r

O?‘l’erwagléler T §c\/\m<£ev~ A‘XQOW\



O-S Bioms reguire tha Tollowing .

P !EMCI;AQQM an.l ! Trawnslatow le v‘o‘l’ad'iow

wmyv, mRY 0.

jg/ duns 0.k

§c G\,’"f 3 ﬁ) =T Sc(fcu), " ?O'CN)\

'i Reflection pesitivi ‘(}, l

A= (' X% -, x?)
wl‘eV\ 5 f(x\,"’/Xh) = ‘.F[exl,'"r 67(‘1)
L

@



N : « Ntm pt. Schwinger ‘Fow\cﬁo\/\
Nn+m SRR
S SQ ) (6P, OPGG) P 1) ..,f@n)) ZD

nm=°

‘U ESPQC:'O.“/ Qp‘t Lanctt on

D=9 No/ D Not field theo
on the M?nl:'owdz/ Sp.

=4, 6 O

9 \,Je, \/ta.\le 'l‘o CL\QC'.I(
N.>_3 P’t ‘Futhb" ﬁ\wfkev'mre /1



o @i models( Kavtsevich model 2% 6 diw)
are s'olvec\ exac:{'Iy at a loyg,v. N mit.

Every N-pt function is given explicitly .
o I+ SDegs & Def. of QF.T,

§3 QFT iS de%tnee\ on Ev\cl\\ deom R’Z' R‘}IRG .

. Reflection pes Tive.,
U , 2t fum. Y ‘RC 0.k /
Minkowski Nt fun. (n23) 2N

® Mass spechvum § isolsted  t1.ZA0 .



Appendix
~ Osterwalder - Sch reder Axioms ~
gel\w.‘v\s or Tom. Tor Mﬂ)ro., plqme Cad

S e (/ﬂg\z"?ﬂgh’ )

“t Z Q18120112835
x‘ore--i-ﬂrrl. '2N or Iua(z-B-ﬂ) S(N\,, ”8)

L ,u‘

6‘63,,. P-—l

IDGm| : Lagnerre pelynomial, &Fock rnep.
% = l\fl"'---‘\'Np-l



