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) I-AA & (1974)

Spontaneous Symmetry Breaking in Vector-Gluon Model,
PTP 52 (1974) 1326-1354

n (USAHFTRERERL T
Dynamical Chiral Symmetry Breaking

m Chiral WT identity

(p — @)*I's, = iSE ' (p)vs + iv5SE 1 (q)

consistent’i il for ', and Sg



Schwinger-Dyson eq. for SF :
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Bethe-Salpeter eq. for 5,
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— Mutually consistent : they satisify chiral WT identity
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m Fukuda-Kugo

Schwinger-Dyson Equation for Massless Vector Theory and Absence of
Fermion Pole,” NPB117 (1976), 250-264.

m Massless gluon, Landau gauge
n MO ARER

m Critical coupling : Qcr = m/3

m Bando-Harada-Kugo

“"External gauge invariance and anomaly in BS vertices and bound states,”
PTP 91 (1994) 927-948.

Mutually consistent SD and BS egs for Sg and ['g,



M 15AH ) S Deffective Action

il—[SFv A]
= —TrLnSg + Tr (i(@ — iA)SF) + Kop1lSF]
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or

SD eq for SF: 550

A=0

or
BS eq for current vertex I 5, : 55p0 As
M

A=0
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or with K D)+ (20
55, 2P1 = Kop1 + Kopp
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m Bernard rule(1974)

FP g

nost® ;& E GreenBi%4: periodicin 0 <t <ip

m 7

This ru

I| suggests
le must be for quantity with FPo: projection onto physical subspace

Z(B) = Tr (PO e PH ) , or (O)g = Tr (PO e PH O)

H —

Hata-Kugo (1980)

“"An Operator Formalism of Statistical Mechanics of Gauge Theory in
Covariant Gauges,” PRD21 (1980), 3333

proved ¢ (pye=AH) = Tr ((—1)Nepe M)



Po+ P>1 =1
- | = Py=1-{Qg, R}
P> = {@g, 3R}
(Fujikawa noticed this BRS-exact form first)

Tr (Po e_ﬁH) = Tr (Po (—1)NFP€_6H)
= Tr ((—1)NFP6—5H) — Tr ({Qg, R}(—1)Nrre=PH)

m But the second term vanishes:
H2m = Tr(R(-1)NPe PQg) + Tr (RQp (—1)VFPe P
= Tr (R{(—l)NFP, QB}G_BHQB) =0

since Npp Qe = Qe (Nep+1). Thus it is proved.
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effective Lagrangian

m BKMU: (R E-EA-#&=)1- ER)

“"Nonlinear Realization in Supersymmetric Theories,"
PTP72 (1984), 313 and 1207.

Kaehler potential M E{FI#E %

. vy 2
n - KK (FE-NLiR-ER)
“"Supersymmetric Nonlinear Realization for Arbitrary Kahlerian Coset Space
G/H,” NP B263 (1986), 295-308.

G/H A¥Kahler manifold DiZ& ® . BKMU #8RED T2 14 EEEA
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m Maskawa once said:

[2H0O4RFZE(X . Hawking® & Sspace-time foam
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FEERD A = V(g,\) running

n BT AIRILTF—RT—)LUIZIEC T, R
ADOFHEBMNEL?
m— U AHBEAFFEX(RGE) !

m M=100GeV — A = (100GeVv)*  :EWscale
s M=100MeV — A = (100MeV)* :Chiral SSB

Nonsense idea!, because RGE says

d =2 9
SV = (4 B+ A

9

a¢) V(A i) = 0



N.B. Classical and Quantum Vacuum Energy

Classical Potential Energy Quantum Vacuum Energy
1
k,s k,s

Finite , Vac. Cond. Energy

Spont. Sym. Breaking Infinite , No control

These are nearly the same, as is seen in the
Nambu--Jona-Lasinio model;

The potential energy V(¢) of composite boson
comes from the 1-loop diagram of the fermion.
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m Dynamical mechanism N &EE T 5

FHEMDITETEEY — scale invariance NIHE
LA Lquantum scale inv. £+ 7 Tl&AL

m FTES as
CYAH S ~ HEEREH

in GR (General Relativity) ~ in UG (unimodular Gravity)
FEHEHEDYIAHS FHEHERS EOEHER

™~ ANFERE in StringIE i
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Dynamical mechanism M7FZ1E 9 %
approach® & &

m Classical scale invariance (SI) H A2 .

If a dimensionful parameter exists,
Im — m*term appears in vacuum energy
— CC counterterm should exists — CC :free parameter
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m Anomaly — Quantum Sl renormalization
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m Quantum Sl renormalization (Englert et al)
NRITHFZET,. ETOFEEEHZdilatonizoz ALV T
RITOIZT B,

/dn,:c —go°R o] =

n— 2
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SI prescription
A(oT(@)p(x)? — A [a(az)f?]“‘” (o7 (z)op(2))?
yP(@)p(@)p(x) = ylo(@)=2] 2 P(z)p()d(z).

n KYTHRREMEITIET AN, EFiRmENICHscaleRE
m Even in quantum Sl renormalization, however,
n EFHENES T Dsuperfine tuningzE 3k



The potential takes the form

4 : 2/ 2
V(p,0) = o "W(x), r .= ¢“/o

RS O(e2) ~ O(107°%)

8%5 x W'(z)=0 — determines the direction (x)

83 o« 4W(z) —2zW'(z) =0 — constraint on coupling constants

o
_ 2
m  Hierachy _(¢%) _ [10°GeV \ _ 35
£ = = =10
(02) 1018GeV

m Stability of hierarchy : OK

B W(X)=0 [X 0(2) ~0(107%%) DFETE=t5,

m LAL. ChIFVOIEELTIE, ~ (100GeVv)*

BAg~ (1meV)4 ~ 107°6 x (100GeV)* Ziml=9 2%,
B EHES56HTDFEE Thsuperfine tuningh i &



m #5 /5. scale invariance?Z 17+ TlX. potential
MDflatness MRIESNGELY, DT, BEIZE
NeREITH-HIZ. FHE T Dsuperfine
tuningML & (2745 o7=,

m Flat directionDFEZEREET S
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F Ti&[< approach
CYsAH 5 ~ IHEHE/ERSEH

in GR (General Relativity) ~ in UG (unimodular Gravity)
FEEHRIEDYAH FHEERISFOEHER

L=/—g(R—2N) V=9 R+ A/—g—-1)

m GRTIX, CCIE A Msuperfine tuning
m UGTIE. multiplierizA(x)Dsuperfine tuning
m LML, PsychologicallZl&. UGDHAM
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Unimodular gauge@EE L1-GR&

Unimodular Gravity

Kugo, Nakayama, Ohta " 'BRST quantization of general relativity in
unimodular gauge and unimodular gravity,” PR D104 (2021) no.12,

126021
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