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FURXES

In this thesis the author discusses the non-perturbative analysis by using the so-called
‘Wilson renormalization group’ which was firstly formuleted by K. G. Wilson in ’70s. It is
sometimes called ‘Exact renormalization group’ or ‘Non-perturbative renormalization group’.
The reason why it’s called ‘exact’ is that its RG flow equation can be written down ‘exactly’.
Its RG flow equation is a nonlinear functional differential equation for the effective action
Sa[¢]. Where A is the infrared cutoff.

We discuss the rapidly converging truncation of the Non-perturbative Renormalization
Group Equation (NPRG) and the cutoff scheme dependence of the approximated solution.
Now the cutoff scheme is nothing but the profile of the cutoff function which is the function
to suppress the propagation of the low-energy mode (p < A). We evaluate the leading critical
exponent of the three dimensional Z, scalar theory in the local potential approximation with
various cutoff schemes. The cutoff scheme dependence of the exponent is found to be very
small.

Next, we are also discuss the chiral critical behavior of QED with fixed, no running gauge
coupling constant approximation, and compaire with the result of the Schwinger-Dyson
equation with ladder approximation in Landau gauge. Taking account of the non-ladder
contributions, our flow equations are free from the gauge parameter () dependence. We
also calculate the anomalous dimension of w1, which is enhanced compaired with ladder
approximation. We find that the cutoff scheme dependence of the physical results is also
very small.

FEFIRFLIINNT, FFEER D AAFEOZRRN THHENDIBGRIZOWTEE L,

FHTFYECTHESINLBERE LTHALA TS DiE, QCD D color B Uik 2451 &
LTRHE L < QCD @ Chiral ##? dynamical 28125 U(1)-Problem 7% &b 5, Zh
LDOBIRIT attack T 5RO RAZTOXKBFIIEHMIIZIRD LI Z L0V ERTH S, 7
color DB LA IZxf L Tid Lattice Monte-Carlo Simulation T& ¥ . 2k Chiral XD
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dynamical Z B HiZx} L CTid Schwinger-Dyson HERX TH 5, &#IZEIT 72 U(1)-Problem
2B L Cit Instanton PEELREZFE L TNAELEZ LN TWAY, RIEZIIEEN ZBET
(n'-meason DEEDEE) ICIEEII L Twiv, & 2A T, FFEHILHERITII—IIFE
B ZoTHEGRBEOERRT TR AN L) BROFEEH 2L b ¥ R VFHROBRIC
TN B X S 7% essential singularity DL I 2 b DFEFTH VA TH S, FEBEHE D RAALFD
HERRED LI ZHRITEHICMIAATED, BELLERELMYVAATVES LED
y QIR

2T . JE < Wilson i ) AREE LN TV 5 B DIZid Lattice Field Theory @ Block
Spin BV AAELEINE, LI LEV DI DRI THERT 5 Did Wegner-Houghton 73,
Polchinski 84, Wetterich-Bonini-D’Attanasio-Marchesini '93 12 & - TE S T 3 N72EHIRD
Wilson 2 ) AAETH B, I TS ) EHROEWKRIZIZFEZENT Lattice Field Theory D& &
EoTHEHETHD LWV EKRE cutoff AOEILAERKT L IZ BT THHED 2 DDFEK
DB D . BEIT—HEIC Exact Renormalization Group &L FHENAIE L XFI SN b, ‘Exact’ &
MHEN % B3R ) AARBED beta-functional ? exact ZERAVEFBE T IR T ENLTH 5,
SNASE R L & AEERIZ cutoff DB LSV ERNTH L EEHBR LTS, T2b D5 cutoff
EADDA — SANTIF BERIZELY AND T Lil7 B correction I3 BFHEA — A < p< A%RH
S mode PHEDLLDTHY, FN7H 2-loop L ED diagram 2> 5 3£ 5 F 5134 T O(6A?)
0SSR NV THDE, TR0 Z D AAEEO beta-functional i 1-loop T
Texact £ D BARAMIZEETT I EA RS, exact T HEREEET LI LT &AL
i¥ perturbation % 1/N-expansion. e-expansion &\ 7 small parameter (= & 5N F &R &
BAREWICRR BEOZHHN R IEMNEERAT A I E P WRELE 2 b,

SRAZERE & FONEMEIZOWTHRT 5. FEEEIR D AAREHENIT effective action
Tald] W4T 5 IERBABBEHRS HBRE LTEPRL TV D, AZTL (4] =--- ZOBST
HER I3 T2 (effective action Ta[¢] DILEAELZER) OF TR ) AAFD flow ZERT
By FaDITHR DEBEZZ OERATEBFR OB ALABFFEXN 2 BY 2MsEMO LI
BT LI LIlLoTEFTENDL, ILHLNTWS D DE LT ‘Derivative Expansion’ &
FEEN S b DOFH D, = OELGEITERZEHE 2 EEMSOBRROEEERITTYIHED
5o BARBIZIE.

Tald) = [ dot {Vo(6) + 5(0uVa(9) + 5091 VIS +-+) (1)

ORI effective action FEE L THBW TR AABEHEREHFZEH {(Vo, Ve, -, Vi) ~5t
245, JOELMC L o THA DR AABEFERET 2 ATOELRES HERIEET 5o
k= 0 D424 Local Potential ¥k (LPA) &I, £ ODBRA L SN TE . 3K
JeD Z, scalar B critical behavior b BAICHETN SN TE N EENICR T RVHERE
HMLTWE, TOZLIZ—RTIDEREBIREIEDRIIARR b ¥R DL k=0 case
BETOMEABOEHERESRYET LV I ELTH D, FEEIC radical ZELITR RS
D5 THb, 7275 LPAIR 1I/NERELOBHR TV & 1/N D leading+aixfit ¥ % Feynman
Diagram =& XY RAZEBII 2o TV B Z NG H->THBY . > THEEHDES)
RS ERRZVEV ) TERRITIZNR,» BRSNS 1T L radical Z2EUTIE %
wrkEbh b, F7:. Derivative Expansion i3 (ZRNICEBBE WIBEMEDLIL TSI L
¥RITIE) FOBEFE,SHLR L) ICERHRS I/NERE., BHOX ) ZEKRTOR
B L ARENICRRL, Z00, BERL L0 BRE THEIZERBROBE (&
BOIGREERE O TH A L ORIMHE) LIZEFETHD, ST, FRIXTHWHEL
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ECTIEEH Vi(4) 2 FEI field gONRFTERHAL. ZOBEESOEFRK 2NX) TTTYY
BODo Vi(8) = Vilp) = I valp — po)"/nl. T Tp = 192 TH Y po(t) 1 potential Vo
minimum TH b, T FTHL EHEHRLEMIFRRATOZEIGEU S LB IBRD TES
2% 5, EUORBHELIIESZH % step by step ISR L TV ZLIZE > TESIZFETT
Do WOPDBIFERITRL TS X, % BiF 5 & KT RIZDEET %,
CITEELZRIEIE. CORMERPRL-BREBH-DILELDOBEE % controle 75 &
9 7 small parameter VWL BELWVWEWVWIETH S, ZOZ LITFEBER ) AABEOHFEON
BABERL TS, ZORZEMETRATE 20 50 ) AAREFERD exact 2
KA TVnERLLTH L, TOHHFEL Wilson 7it#E V) :AAEET D Block Spin #1114
HEELEH L ZATH D, Block Spin #0) AAEEDE AT —E O ) AALEHETD cutoff D
TIHHERTH L7201, ZD beta-function ITHER loop T THOFSE2EATE Y BE LR
MIIATEETH B, I DEk% beta-function & RMEEIIZFH§ % Did path-integral % FFAH3
HDEFRUMICHETSH 5,

FOL ) RICGEEOFI L LT 3 KT Z, scalar i DB RIRE (FICHERER) OLPAT
DFFOFEREK 1IIRT,

0.81 ]
. +——e Polynomial of field ¢
077 1 i w-—u Comoving frame
“\ LPA exact
o7al 4 ———- Lattice et.al.
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Figure 1: correlation length critical exponent v truncation K74,

B @ ‘truncation’ X LD NTH 5, BRZEBMDORIL N2 K& THIHIC, 74%
21Z exact value IZURY 5, COFHIE, BERmPLMOFEEHNZER (1/NEFHCRHR)
EHBINEREFHUTH S, 1/NERRe BRELZEDVDHW S series expansion 132 &
TECHERBTH), EROREBELITALEREIENT S, 2O ki, HEORER
REFLET ORI BGHNEEEL 25, FBERVAAFOHEN, ThbnZnk
IRMBEIPOBRTH LD, BN AAFEOHIETRA SN ELIED series expansion
CRFEMIIELRDLIDTHA7DOTHbH, 2% 0, full DERZEMZ RTOE: (FRK
JC) TAOZEFETHA L, REIZ I DOERSZEM % step by step 1ZILRK L T L BAEX ML 2D
series expansion & L THBETLH I LIIARTRTH 5, FAPERBEIZOWTIZ, =M%
AL T full OBEFHZERICEMT Too oRBTERSIR L WK 2 B3 T 5 2 & 13#
L\,

FEFEEN R D AABFEDO F L% gauge BEROBTICICH L7 L ZOFBEICOVWTHERT 5. &
FFECITERD 5 HETIL gauge BT BT 5 Z LIIARTEETH 5, gauge Hin z FEiE
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BRE D AABEDOHET, EOLHITEI P, L) T L IIHMMLERLZOTEOIERL
NI EILT D, 1272, ZOMEBEDLDIZEADBIIINTE2IA MNP ERTAEI LIRS,
L LA, FEEEED AABDNOTEL OLBIZ OV TR L 72\ o RERICTIE Schwinger-
Dyson HRER D ladder DR & O HE % QED O chiral criticality % M I L T1T & -
oo BFICEEEBELNEDIE, SD ABRNEEVIE D AARBEDHEITIIKE % gauge (o) K
EUEPBEN NI ETHD, TNICHE ladder diagram (2112 T non-ladder diagram N&F5-
% field @ anomalous dimension ¥R D AN=Z L BSEKEHTH 5, Ziid ladder SD H#E
I % non-ladder diagram R0 AN B &L E ) EKRT Improve Z L7 L2 EKT 5, TOD
LA FREBENR ) AABED L gauge BRR IS BT S chiral 2 FR4ED dynamical RO
FIZBWTKERTREEZRL TS, £/, CORTOREBES B LGBV, EBE., HF
(critical exponent v4 & 1y operator @ anomalous dimension 7,,) ? scheme FFEITEH T
ELRETH D, '
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Figure 2: critical exponent v4 & anomalous dimension v, % cutoff schemes &KX T7 2 v b

L7, E#it Landau gauge @ ladder SD AR DR,

213, critical exponent vy & anomalous dimension 7,, % gauge coupling constant ¢ B
& LT cutoff scheme &2 T7 v b LIz#ERTH B, criticality DHLE X cutoff scheme
WKRELSKIELAZIZH 2D 5T, TS D exponent & U anomalous dimension 13F5A &
cutoff scheme IZMKFF L TV evyy TDZ EIEARFGHILTHRA L2 HEL £ OEBED cutoff
scheme IAEIIH L THROTERETH LI EERRL TS,
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FURXDEERROES

AL, FEERVIALBOERL L ZORMFYE~OBERE2T—< L LI bDOTHD, B
B VAL BITOERO T 4 VY L OMHEITHE DB, FFE, EBRICBOEHREM FE L L CHEHE
ENOo0H D, MITHHE L EENELZESIEEH LVWHEREA TS, REEBEY—9Th
RUVSEEBFIRETH D728, HLORMIKER TR SN, FAFEREMEE O REY IaL—vay
DHEELHHHRT o —F L LTHEIRTNS,

X TIXET, ERESRVALBLSEOBRERELIPRT, Blon 22@mbh T3 JEEEE
VAABEFBRAOHMOBRICOVTHMIZARTNS., TNLFROFERORENRREHIIRRIC
TREINDD, ZOREHRIISERICEONWTIIINE TCRAREE Tholt, ABRILICE-T, &
ERAISERPARIC S TS, HBWT, SOER~OBERICE L TOEBHREEL LT, Eil
ZHES Dy M TEBEREESHRLL O TND, MEO—KRINREZDOR, SKITDAN F—HOR
MICOVWT, ZEOBRMEREFHELTh y bA7BBRFES /N EVWELE X, $7, JHEEE
VIAKBEZ L 2R RIEBB T 26 % 5 2 7z,

FHFROREICEAT, BFERNFZFTHAERABERITRNEEDOI A FASFRMED H R
WHDEAFI7 AEHAT L, MEEERDT, BRIEESLEER TR S OYEELHEL TV S,
INETOYV 2T 4 v H— - T4V VHBRICEDBERERELITER, Lbd, Yav vb— &
AV VBN TCORERPRTh o/ —VEEEEPRR LR EZE N, Zhid, 0% LWIE
BERVIADBOFEOBAZE2TRTHLOT, BFAHETOSBROBITOEBRRBEINS,

P EOBsER, HREEICESHTIINDY, FRXEEPLEZITHBEIRD X 51T, KAOH
mAVREMIIES, HEIIEY. T, RENREFCREHEOES VAN L > TEIFEhEZD
DTHD, H-T, KEEZRRDIL, KHLEEMBLL LTHRELE,
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