Pe.rfur-[oa,tfve. LL! taviolet  and infraresd

a’yn.ﬁmit.g .::]C
710n Commutative guanium. 74\54( ﬂ:e{;-y

M, Haya/caw‘a
{ KEE )

&€l. Topic
A few yemarkabfe PWPM*'ES "7£
gaan.fum C/yizam 1CS /50 ssessesd ‘/’}’
AOA Comm Qfaf:‘ve ( NC ) Frell f%eo;?/

with 4 commend orv
s implication o Sty Theory



Plan :
&2 Motivation

| UVl of NC field theory

UV and pfanar- limet C,F;
1 the Covvespend ing. [arge-N ﬁ&@fﬂeuy

]

§4. IR -ospect of NC fretd theoryy

closely relates

e ——

gg: CDHC» [usian anel JI’S CUSSION.



£2. Motivetion 2~ )

Noncommutative ‘)qbu Thgovxf Gppedvs
ks one sector of the various matrix medels

(Comes, gl 2500mrs) S

M (atrix) ‘f'ldeov}/ —_ M-—ﬁdw/(?)
( Ban ks, F-‘so‘kr, Shenker &£ Sssicinal >

\l

| B matrix IMool.Lﬂ = B ﬂﬁv&.(i})
/ Peciwel.
Ishibashe CM’ kitazawa £ Touchi yax

f Maﬁ;ﬁdﬂnﬂ.w = TA string_ (2)
( ( Diskgraaf, Vorline £ wrw)

-~ jutemds T vafdﬁa
the wmshuwtive AB]E"""HQ” "]C
{ wper%‘i'rin%- hOnPM'urLaﬁV{Iy 4

— pron — T P

\wa . for instance,

\”"-loo.ve o dimensionless Pammdm's
2 Povhurbotve unalysis is nét Gvaikable



Oue idea v overwome F‘wlvadra%'udtjf;-?-z

s L?I’S Consicler BPS Scluﬂfon .

[ Xx*, XY= —iC"1y
' lﬁ-‘-l' (PJ v=1,-- q")

,5-.-‘1?_ : XL = O (i"—;’;“.] fO)

(EmptY ), (XM (M=), -~,10) : bosonic Nx N marix )
: vovicbles (N -2Do0)

4
s

"4

4 el nvestigate the ﬂ'@vy avouncl. this SDLI(TU}
de el o B metiy meclel

( Aoki, i:[dah;ht Tso, Kows(, Kitadews & Tooln )

n’

\ﬁ &ﬂ‘en ms U{: XM H\l

l | 1
: \ = gt e |




We can erpress the. fh&ovy wouncl the solutiou a

n terms D‘F Lietol ﬁwf
= | Mﬂhmmu‘taﬁve. )/"—" ¢ SUPErS Y irundhIC.
\\%nff—%‘#s Tﬂeory I g-a’fmﬁm

Suum“ﬁl"x [—m Fuo # M+ - - \-)
. 1
star product

(7[\ * 8’) () = -Ftu m(—L Op vaav] i)

[ X*, X =-cc”),

CFU thavactevi ges T

the mnwrmutatmty -ujc
Produd‘c{- Sumction s 4 (?gpma'?km)

il Y /

;}L!LU__I’U*I’H:._-L_G -




i

< |
4x2 due
)—_- : | N L

T»—f%EX“ X[ X, X
o -

S )
G <
[C* > fp =

H

&nal Zé P .
" m‘c.s Yajc one secho @C
d‘f“ﬂmi
TP matax meclel N gm)
Pérfurba't;veﬂy

ﬁ:ﬁg N2 lang -Mils thers,




9&-{0»-3 theXt 2K

= ﬁhdw shucture s
of NC feld Tkeory

It may become possible to askw




83 Peburbative Nonsommschitivg 3-
Quastum fiell theovy

= Summing over Fepnman dragrams
perturbatively

(e4.) redl swelor Ct’ with, action :
N "ﬁ% [L abnad Lo prch
+gtrdrdag )

[t s conveniedt Tt wek 0 momedtunn vadtd:
. " e
Fle) ~ JEE P* Fip)

= Buasic product




p? + m*
e some Qs i ovolinary fieksl Theony

o Wtersction vertex
.._‘J_E'-’ ‘?—m‘*b""(bﬁ'"*—lk)
X 54\ (2ay*

N

¥ 7 \¢
2 w3 , f
A 3)(4_
r(;..*lf)‘} | 3
4
2 ;3 - Tl



Better picture would be

B~ f=>>\:<

Z

W

m/‘\

" L

3%



Te pursue the best picture , ue write 3-4

(EE;[ i |¢2.] ¥ ﬂklﬁh]}‘( $(x): N.nf)

ce. B ois © hermifion " mahix $(@pr



We ave inclined to vecll 3-5
the ordinary  hermitian  matvlx ‘Hwe,o:z:

Sog), < loor ¥{ 40833 432 2937)

1) : NxN hermitian mahrix ~velueet el

it i i
prepareel  fo the Futwe Purpose
v teke  [arge N limit

In terms  of Z(p) = ﬁ:ﬁx g b X i('x-)?
the idteration verdtey ((mm) ukes the 42

| "‘::‘H,;,- gﬁﬁ(kf‘hf) =~ %ﬁﬁ(kqt-[ca)

ﬂr_-'f: NC ekl theons, -~
Sq*j ig% eryt ¥ (ley+ -+ lcq)

| MU (e 0 Fmi) - [ k)

b e b double - line Ww

+
“@ Gire ww-P‘dBLyﬂ’tMr

" Including. Their combinalorc p[&WS




How whout the tewhibutions 7 36

p[ays the hole o]L

the seloc iliges (comol by F;(k-%))
| i the lrge N Freld Theory .

g

In fuct
the phose foctor des Hirgmishes )
the ?[ﬁhﬂr Lol The ﬂonplomnfwrdms_

o




mel) s
Lomstents | “,] = b F?H i
ﬁm > (b))  ia the lose-N ""’“""\
L NC-field Theovy, Rtor
= A 2l

()= -2 %Jw %} +

B - % f"q% U &

Wt is the c‘FFe,tt U’E‘
suth & hortaviel pMﬁE Q[C‘Gh)r?




34

¢ rgo& e’“(gml)

At (Max N (am*+ -4;-‘&" $*) J
.

Convenges

(Le.) Mhpl&nol" d:os.mm _T:': _lj\?"-ﬁnite
n NC field theory .




(9-7)

|
{
|
;
‘le"tﬁ f I . ‘;5' )H/L‘:
[ i

r-D-V- Limit of NC fie th W
UV el P’.ﬁh&r" {Ranst a{
The comesponding. lw;e-N ﬁdd ﬂwvy 3

Bigsthi § Susslond
Tshibeshe | Iso, Kowti & Kitezowe

— g

]

L

().s'PutS v—f UV—[:‘mrb

It v determined by p[anap dfagrams



"
s
»
53
%
()
o
cH-

- diverges in IR -side (p 50)
ptically |

I/‘
i u
se¢ C" —o0
b‘l‘uﬂ-rl.'. = _E:;L'Ei ..% - that 4
| @
eee UV - dévergent ! ~——
u-v-egulﬁriifao( as
o . e >
tbnl[ d;ﬁ e T AR

IR -divergat behavior C/BZ) generctes by

nonplenar diagram
reflets UV -divergat (~ p*) beharior o‘f
L planav dagrom i




U(l) hOhGDPHmu'hatt:ug ﬁi_ Mills T"‘CDPY L‘-{‘-ZJ

NCYM

B |

-—'
% NCYH, Dansverse

W — l {-?ét;.z' '_'_;" &?(Sﬁv?"‘ 3}43\/)]

1% > et

T
t—-)—m Q)— N "') ——

-'Q"'\‘/-‘- + - ———— + — \:.-

P qhest
Xa = l‘(‘ [5;1 )ﬂ,.,/\

IR — (- A2 () (s -58)

%] « Tl%f >0 fov B « [C)2
RESS
Lalre s :@i e 2

cUV-singulanty ol o> LT TR-singulerity

i:Ih;umRuhmmimt also the Same.,




(¢ -
LX*, X)=-1c"y, o

ar® axv 2 2 |C*|

. Lat us obs*e.rue Shovt distance

Phg,homa n G c{fm;t;om

. ar'ez? 2z om [CR|
Thus, we olso hove tv observe long. distence fectwes 11
[Nﬂf&:)‘Ah emwf(a which does net G cue.
the tonesponclence betuesn mfraresl .y

&#mw&:/e,t Seeles. ... Aonco inmutative QED
1.

We connet fina

s

the lavgz N Lield theovses
associoted with hon Commytehive QFED



g ; Conclusion onedl dp‘s‘ cuesion (S.1)

We have observed ¢ Feu Fundmentad propesties

0)[ OFLED mmuTuting é’ﬂﬂﬂf‘“‘“ +ield ﬂeary:

@ UV it s governed by the P}amp.
Cif&?mmg 3 Cnel (Hfhdﬂ)') slso deceribed 57
The Corespording losge N fiell Theory.

@ A hhv-".'ype o:F S'n'np«ﬁ:r}ty in the TR siste
(s Meo{ Lg the nﬂnpfdnar- a{{nyrams'

It hos a close relgionship to UV~ lmiting

be—"mlﬂﬂr, o II-UV A I-R I‘“I!l‘ﬂﬁ iy

due to Minwalla, ham;d.nkffuh,’_
the practice iseue :

whetha  these acyeo(‘s* aj( neneem mudatie {iely
'fkwn/ 4 cC6 moclaTe



