Renormalization of
two-dimensional XQCD

L

Hidenori Fukaya
[ & Ryo Yamamura ]
(Osaka Univ.)
arXiv:1507.02392 [hep-th]
to appear in PTEP
(Yamamura’s master thesis)




Qa%cul

+ SIEA(XILQCDHERZFT T FQCD D

BEtEFE>TctiRZ P > TLWEY,

o« NAJILTINMEICHBATE TZDHZES
TUL &) c‘_’_b\’B%BG)?b“%’?L\o ( hA12)LEk
%ﬁ%ﬁ@ﬁ LE L/Tc:tb\o )

« THSOITmIT hep-th (CIRE UTEiwmXIC
DL\TH:D;%LJL/jKa_o




" BRABANDEVRDESBEDDLHD

DT, (FI2L7T) BLWTLKZEEL),

arXiv:1507.02392 [hep-th] TYo>7cC &
= (2d) QCD DWilsoniit< O Z HD “HisR”

feS /1 [RImE.
(3) SR DEERR,

IB5% D unigueness -
NDEY LHEENTWLWEKHT B,




Extended QCD (XQCD)& (& ?

[D. B. Kaplan 2013]

Extended QCD (XQCD) =
QCD + auxiliary fields

Z0ocD = ZXQCD

*WEBEERRFE ZETELTERLIELR ?
Nakanishi-Lautrap field,

Nambu-Goto action -> Polyakov action
NJL model---
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Professor at Washington Univ.
giving great impacts on lattice :

1992 Domain-wall fermion:
exact chiral symmetry on lattice.

2003 SUSY on lattice:

Super symmetric cont. limit without fine tuning.
2011 Noise, sign problems:

not solved, yet. But interesting insight was shown.

* many works on other subjects, too, such as
Baryogenesis, nucleon EFT, composite higgs, etc.”




What is XQCD ?
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SxQCD = SQcD + Saux
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XQCD @ action

O : UNFf)xU(NT) bi-fundamental,
color singlet.
V., : flavor singlet, color adjoint.
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Lattice QCD is sometimes criticized as:--

Answers :

QCD mputs» » .
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—1 spectrum,
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U 9 d s S elements,
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Physical view or
insight ?

Theory
(lattice) QCD O 2

XQCD (NEW) O O

Models or EFT

quark model

chiral perturbation X O

bag model
\NJL mode
strings ...

Precise ?
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Q. 4d lattice XQCD Z=%PNn(EVWWU» A ?

A. BELBHHNE5HE ;

D=D +V +igdys +2(@Py + @'P_),

7 T IILZAVITHELH real-positive TFR
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2d large Nc (X)QCD r+ Hooft 1974

Simple and Solvable
Z®D diagram ZI+EZANIL &

m L™ (w/ light-cone #*—%)

Chiral Symmetry Breaking in the large Nc limit

= constituent mass : M2(m, g) = m* — 92/7T

;¥) Nambu-Goldstone boson [ZBHiHZEL TH TL
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- Axial vector fBNZH LS80 ¢

2 RIT Tl vector & axial vector@XBIH
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« Dynamical hadronization (Braun et al. 1412.1045)

— Bardeen, Hill Lindner 1990 @top-
—> !
QCDDLH Zdx quark condensation £REILCEE.

— 2HS —EBHIE QaISAL > T (EH) |
« x QCD Brower et al. 1994]
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1 X 1 —A\?
p2 ”pz p2—A2

 Truncation : O(1/A4%) D& (LA,
» Lorentz BZE Tpath-integral DUNR L%
R7E o




—=VO7”7wvD : QCDDLK DO ZH

Iz;;»:;“— @ENGEZE ANT [TKYUZATHED,

T Sqcp

AL

Z3%1 2d large Nc QCDIZfiZIT TS = B EH
continuum limit (A=) bare coupling g, m
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Relevant theory space
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- New operators ™
Zs(N)0,@T0F®  m3(A)®T®  y(A)YPPiy + hec.
Zo{8)(Opvu)? m, (A)vy, a(A)Pyy
\_ (Others are NNLO) Y,

HERZERD 2KT(g )Mo SKITITHRIRSND !
Note : @ may acquire the kinetic term

Vi remains to be an auxiliary field.



Tﬁ:\gbezé nf:@?ﬁ%"’:lseﬁ

PHASEE ¢ Zo(Aew) =0, m2(Acwe) = A%, y(Aeue) = Q.
RGAEILIXTME -> S_flow T DIEX2RITE
27 me, Yy 9




AF—A1: QCD RF—A

Zs(A) =0, ma(A) =X, y(A)=a) (atany A)
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AF*—/A2: hadronization XF¥—»A

ZCID(Acut) — 07 mg{)(Acut) — )\27 y(Acut) = Q.
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W7 soft & cut-off : —A?
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1-loop RG running of XQCD
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- New operators ™

Zs(N)0,@T0F®  m3(A)®T®  y(A)YPPiy + hec.
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[ Liao and Liu 2012 ]
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Duality &HN\ Triality ED\ > TKWD—E
T, A3EEUIBRZERITEED path-
integral H'» 2D T(IZWLH?
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T¥EXEE = —82 = string B
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2d (X)QCD®D < O A7z NI,
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