General Gauge Principle 2017/3/27,4/5,10
This is a guidance of monumental thesis(1956,1967).The aim is deriving Lagrangean
Lo=-c¢(hy¥(du—A%K) Ga)tme) ¢ 14 (0 A%, — 0 , A%, —fp3c AP, AC,)”
+ (ic) 'B°0 4,A*,+% aB°B°— x 9 ,C*D,C" *<D,C*=0 ,C°+17°C°A°,>
with interaction force= j3, A2, type<Noether current with gauge field>.
* R.Utiyama,Phys.Rev.101(1956),1597<General Gauge Field Theory>.
* % L.D.Faddeev and V.N.Popov:Pphys Lett.25B(1967)29.<Quantization of Gauge Field >.

[1]:Introduction to General Gauge Principle.

Physics(=Lagrangean)is invariant by localized Gauge Transform.

Physical Objects is measured by various gauge.Then essense of physics never depend on
those gauge<shifting coordinates paralell or rotational. ¢ —exp (¢ “(x) G.) ¢ .>.

~:Lorentz Invariant in special theory of relativity demands invariant of dynamic equation
(Euler ones) in global coordinate transform(free particles with nothing interaction force).
While localized gauge invariant demands each different ways at every each time and space
point.That is,it is no more global space uniformity,but it is local uniformity,or something non
uniform motion in global(not free particle with constant velocity,but accelerated motion caused

by interaction force).

In the below,we show emerging gauge field in covariant derivative by simple way.
(1)localized gauge transform.<Einstein convention:A“B, = X ,A“B ,:sum on repeated suffix>
Physics is invariant by parallel shifting(coordinate rotation).

a)d ¢ XN=e2x)Gadp (X).neen... original definition of localized gauge transform.
b) ¢ @(x) =infinitesimal parameter depending on time and space(x=x,= (ict, x;, Xz, X3)).
¢)Ga=matrix of constant components of the Lie algebra.

d)Lie Algebra definition : [Gp, Gql =GpGq-GqGp=f, (G .= 2 .f, G . matrix representation.
*fpl = — A= —f = — 5. <1 ¢ =(¢1, ¢po...., ¢y t=transposing>

(2)definition of covariant derivative.<=: 0 ,¢ (x) =9, ¢ (x)/0 xu.>
(a)definition of parallel shifting(coordinate rotation)...Physics is invariant by this !!.
¢ xHAX) =9 )+ e2(x)Gad (N)=¢ () +Axy- dpe 2(x) Gad (x).
(b)invariantization of derivative=the definition of covarinat derivative.

lim Ax—0[¢ (xtAx) — ¢ x+Ax) 1/ Ax=0u¢ (x) — A% ) Ga¢p xX)=Dy¢ x).

(3)Localized gauge transform and emerging gauge field= A2, (x).

— 0,e8(x) =A% (), <A8, the first constrain condition from TR parameter= ¢ 2>.




(4)Spinor Field Lagrangean. <= : ¢ = ¢ *'y°. 3 t=conjugate and transpose>
(a)Free Field Spinor Lagrangean: £, (¢, dud)=-cd (hy"d ,+mc)d.

(b)Non Free Field Spinor Lagrangean :

£s(¢, Dpdp)=——c¢(hy"Duytme)¢ =——c¢(hyH(d,— A2, (x)Ga) +mc)¢.
= : we assume independent variation of ¢ =¢ **y°and ¢ inabove £Ls.
Euler Equation: 0=0%s/ 9 ¢ =—c(hy* (9 ,—A?,(x) Ga) +mc)¢.

(c)spinor(matter)xguage fields mutual interaction,
Lr=—ch¢ yHA%(x) Gad =% (x) A% (x).
(d)Noether Current : j2,(x) =—ch ¢ y*Ga¢.
{ ¢ (matter) and A2, (force) } are main casts in quantum reaction.

Also dipole field of vacuum must have similar reaction (—[5])

[2] : Guage Field Transform.

Ly(dp, dpp)==—cd(hy"o,+mc)¢.

Global Lorentz Covariant yield above free field spinor Lagrangean.In order to accomplish
complete localized Gauge Covariant of £s(¢, D¢ ), the Lagrangean must be invariant
by both variation of (¢, A?,) .Then transform of § A?2,is determined as follows.

§ A%y(x) = 0 e 3+ fpic & P(x) ACu(x).

the proof) At first, D@@@ are assumed. € ,"=constant.

DY alx) =€ ()G Y slx).

@Dy Ya=08 , Ya—A",GA® Y.

@0=8L(Ya 0 , Y)=€T0L/0 YaGEWYs+0L/(3 ,1¥)Gn®d , Ysl
@0=6L(YUaD, YUN=€T0L/ 0 YnGA®Ys+ 0L/ 3(8 ,U¥)Ga®D, Y]

= 655/6 wA'6 wA+ 65.’1/6(D,, 1,0)'[8 u ) wA_éAauGaABwB_AauGaABé wg]
= 655/6 wA'6 ¢A+6§.’1/6(D,, w)'a u 8 wA—65.’1/6(D,,w)'[ﬁAauGaAB¢B+AauGaAE’6 wB]

=" N8/ 0 YaGn st 8L/ 0D, Yn)Ga* (8 , Ws—A%, G Y o))
+E"0L/ (D, YA GG Wet 8, 0L/ (D, YWA)GAEYs
—0L/0(D,Y)r[OA% G Y+ E A", GG Y c]
=9,E"0L/0D,YAGAPYe— 8L/ 3D, Y)SA G Y5

+e10%L/ 0D, YA A" GA®Gae® Y c— A%, Gaa®Gr® U c]

=0%/0D, Y0, "GP Ys+ € A", [GATGCES—GorCre®] U o — & A%, G.a® U s




= 62./ 0 (Du wA)[ 0 u ga'GaABwB+ €bA°u'-¢B— aAauGaABwB]
=8L/0D,Ya[8, e+ €A, — A%, ]GAP U

Gauge Field Transform:
® OA%, (x) =08 ,&%(x) +f%e(x)A%, (x) =D, £%(x).

[3] : Gauge Field Lagrangean.

@ zGF:_%L< 0 uAaV — 0 VAauifbaCAbuAczx)ZE_%LFa,u VFa,u Ve

The conclusion is deriving above Lagrangean® due to the Gauge Field Transform®).

(1)0= 6§ Lc(A2;;0 ,A2) =0 A2, (0%/0 A3)+ 6 0 ,A%(0%L/d (9 ,A3)).
0=113 &+ BelA, 152/ 6 A2)
+(0%/9 (0, A%))[ 040 6"+ 0y £ BA,+ o0 e 5 , AS,]

0=0,0 ,{0%L/0 (3 ,A%)}+ 8, 0L/ AP+ A (3L/d (3 ,A%))}
+EbRe e BAC, (3£/ 9 A%) + 0, AS(9L/5 (5, A%))).

Those each {........... }must be zero.

(200=19,0 ,6(dL/d (3 ,A%))
=09,0,6{(0%L/0(9,A%))+(0%/3 (5 ,A3,)}
0=0%/0(3,A%)+0%L/3 (5 ,A3,). —> Lo=Lc(0,A%, —d,A%F..... ).

(8l0=10 ,&"(0L/ 9 A% +b3%d » e PAC(L/ D (3, AZY))
=08’ (0L/ 0 AP +1p3%cdue PAS, (0 £/0 (8,A%,))
0=09ue [ (L3 AP) +£p3cAC, (0£/0 (3,A%,))]

©Lor=-74F %, F3, =-74(0 A%, — 9, A% =% APUAS,)".
0L/ 0 Aby=+4(9 A%, — 9 , A% — AP AC,) Fr3cAC,.
0L/ 0 (0,A3,)=-"6(0,A%,— 3, A%, — AP AC,).

— [(0%/0 APy +13cAC, (0 L/d (3 ,A2,))]=0.

Therefore Lagrangean ® has substantially been determined by (2)(3).

%cr completely agrees with that of Quantum Electro Dyanamics(fp2:=0).



(4)0=gfy e’ [A°, (0L/ 0 A%) + 9 ,A%(3L/d (0 ,A3))],
This is awful relation which never be derived by direct calculation,but by following one.

This relation may not substantially concern for determining®. Here is Euler equation.

0=0%/0 A%—0,[024/0 (9 ,A%)].

0=A°,{0%/0 A%—0,[0%/0(d,A3)])

=A%, 0%/ 0 A%+ 0 ,A°,0%/0(0,A%) —ad,[A°, 0%/0 (d,A3%)]
=A°,0%/0 A%+ 0 ,A°, 0%/ 0 (d,A%).

= :the gray term is vanished by the volume integral !!.

* 0 ,[A°,0£/0(0,A%)]=0,A°,0%/0(d,A%)+A",d,[0L/d(d,A%)].

[4] : Quantized Lagrangean of ”B?”’<dipole field>.
© Lor=-Y4(0 A%, — 3, A%— T2 AP AC,) *=-Y4F2, F2, .

Note,in above classical(pre quantized)Lagragean(®), A2 has no canonical conjugate

momentum variable I1%.
M8, _0=0%/3 (0tA%) = 3%/ ((ic) ' 00A%) =(ic) 0%/ 9 (30A%) =0,

%k Xo=ict.

The Canonical Commutation Relation must be as follows. Thereby B(xo,x) must be !!.
[Q,P]=QP —PQ=[B?(x0,x),A%(X0,X)]=ih 6 (x—x’).
*R.Utiyama:Prog Theor Phys. Suppl,9(1959),19-44.

As the consequence,quantized Lagrangean=%s is to emerge.

@ ¥e=(ic) 'B?0 ,A%+% o 3B?B2.

1% = (ic) 8 ((ic) 'B¥90A%)/ 9 (9 0A%)=B2
However (ic) 'B? 9 0 A% is not symmetric in 4 dim space variable,thereby it must be
(ic) 'B29 ,A?%,. +7% a?B?B? is due to the Euler Equation.

0=0%s/0B2=(ic) ' 0, A%+ a B2 <a =-1/¢& ¢in Quantum Electrodynamics=QED>

Note someone once told “a” is not indefinite,but the fact is definite. Also note B2 has

dimension of dipole density in QED.That is, B2 is not matter,but vacuum field<=gohst>.

= :In following [ 5],we discuss gauge covariant on £s(B?, 0 ,A%) by § A3,
but 6 B8=0. Because gauge must be observable in Quantum Dynamics Concept,while

the gohst B?is non observable due to <phys|B?|phys>=0 in classical meaning.

*C.Becchi,A.Rouet,and R.Stora:Comm Math Phys,42(1975)127.,, :Ann.Phys.98(1976)287.




[5] : Quantized Lagrangean of {Ea.Ca}<FP Gohst>.
*L.D.Faddeev and V.N.Popov:Pphys Lett.25B(1967)29.
**APPENDIX3:Deriving FP Lagrangean by Path-Integral.

The Euler Equation ® must be gauge invariant by 5A" .

0=ico ,A", +aB*=icd , (A", +8A",) +aB*"=icd ,8A",=icd ,D,&"=0...... ©h
@ 0=ico ,D,C°=ic[d ,0 ,C + a0 JC A, + 1, CLA%I).

(1)Being of another ghost field<Faddev-Popov gohst>.

Thus gauge invariant is to yield another constrain equation @’ on {& *x)}.Then remember
[118) — 9ue2(x) =A% (x). This should be called the 1%t constrain equation ,while @
should be called the 2" constrain equation on { € *(x)LIt must be another field {C*(x)KFP

gohst>.Thereby we must conclude the field equation ©), the meaning of which is decisive !.

(2 Analogy between Spinor interaction{¢ ; ¢} with A*, .

Especially note that 9 , C?is to interact with gauge field A®,in (©. Then there must be
Noether current by f%f&—i?—??.‘f‘?!'ﬁ[".".‘?f‘_ spinor Noether current{¢ ; ¢} by ([1]4)b)}.
Ir Ls(d, A8)==—cP(hy"Dy+me)p ==—c¢(hyH(d,—A%(K) Ga) +tmc)o. I
' [1]4)b)Euler Equation: 0= 0 £/ 9 B =-c(hv " (3 ,— A% (x) Ga) +mc) ¢ .

The Noether current  j2,(x) =-ch ¢ vy*Ga¢.

(3)FP Lagrangean=%e.
@ Lrp(C*(x).C?= xC* 8 ,D,C*= x 8 ,[C*8 ,D,0%— x 9 ,C*D,C°=— x 8 ,C~D,C".

— X 8,08 ,C°—

x18 uCHFSCP AT ] — e (x) = X 8 ,C%r,2.C".
Euler Equation-1: 0= 9 £p/ 9 C*=y0 , D, C*=0.
Euler Equatlon -2: Lep(C0.C) =—70,C" 4 ,C"—C*aPcd ,COAC,.
0=0%/0C"—0 ,[0%/9(3,09]=%x(3,0,C—gf’.d ,CA)=xD,d C“—O

(4)Noether Current Interaction= j2, A3,in FP Gohst Lagragean.
* Lep(C?,C)=-x f2.8 ,C™C A2,

$Lr (¢, ¢) =—gchp yHPAZ () Gad...... i, A2, type interaction
Lr=—gch ¢ yPA2(x)Gad. | L= xg0 ugafbaCCbACu.

In Feymann diagram,

_ -
<b\‘/<l> cb } """"" "3 ,C We see symmetry of

;Aa ] matter & vaccum field
u —_——




APPENDIX-1:
In this report,authors try to enable non-expert’s understanding.However readers are

assumed to have once learned Quantum Physics.Thereby,here are technical supplement.

(1)Surface Integral Vanishing(an example) in deriving Euler Equation.

0=0%(A%; 0 ,A%) =0 A% 0%/ 3 A%+ 50 ,A% 3%/0 (3 ,A%)

=0 A% 0L/ A%+, [6A%-0L/0(d,A%]—6A%-9,[0%/0(0,A%)]
=0A%[0L/0A%—0,[04/0(d,A%)]]1+d,[6 A% 0L/0(d,A%)]

*6 0,A%=0,0 A3, 6 A8, is arbitrary.

*¢£ is originally defined as volume density dimension,

so it must be redefined by time and space integral.

{ dxfidx® 0 , [ 6 A3y 0%/0 (4 ,A3)]

=fdx’{ f dxo 0 o[ 6 A% 0%/ 0 (8, A% ]+ [ dxafidx’ 9 k[ 6 A% 9%/ 0 (9, A%)])

The 1t term could be zero by taking & A3, =0 at initial and final time,while 2" term becomes

surface integral at infinity where inte-grand becomes zero.

(2)As for FP Lagrangean Deriving.
Original Poof needs knowledge on path integral and others.The method at here is a simple way

by authors.However the conclusion is correct.

(3)B has dipole density dimension.<Q=charge,L=length,t=time,M=mass>
[iAc]=energy density=L-MLt?L™®

[ji]=current density=Q-Lt'L>

[AJ=[3kAd/ [3]=L-MLt™L7*/Q-Lt 'L =MLt Q"

§ function[h]=[BAJ=energy- time-L*=t-L-MLt™

[B]=[n]/[AJ=L"t -L-MLt 2/MLt'Q'=(QL) L™

(4) (07 :_1/ & 0>
This is not zero,where € is permeability.
http://www.777true.net/QED1.pdf



http://www.777true.net/QED1.pdf

APPENDIX2:Gravity Field as Complete Gauge One
(for establishing Quantum Gravity Dynamics=QGD).
[1] : Principle of Equivalence=Local Lorentz Covariance.
Local Lorentz Covariance=Local Gauge Covariance.

Equivalent Principle(A.Einstein 1917).

Uniformly accelerated every kind of particles motion by constant gravity is completely
vanished(free particles-nization) by observing by accelerated coordinates.That is,

gravity field and accelerated coordinate is equivalent.

Local Lorentz Covariance(R.Utiyama 1956).
Global Lorentz Transform is defined as transform between coordinates with different,but

constant velocity, This is free field.While accelerated particle system with interaction,only
local space & spot,Lorentz transform is applicable(Local Lorentz Transform(R.Utiyama
1956)). This is nothing,but complete mathematical representation of Equivalent Principle
(A.Einstein 1917).Note general theory of relativity could not be quantized,while this method
is not |,that is,general relativity theory by general curve-linear coordinates is not exact in

quantum meaning,but may be macroscopical approximation.Now we show proof that Local

Lorentz Covariant can becomes simultaneously Local Gauge Covariant completely.

[2] : Local Lorentz Covariance by (local)Linear Coordinates.
Gauge transform is only on inner coordinate{ ¢ ;D, ¢ }.While this is both transform on

cordinate(x,) and inner one{ ¢ ;D, ¢ }.Even though,this is to become gauge one !l.

-------------------------------------------------------------------------------------------------------------------

Our aim is deriving covariant gauge field transform as follows by Local Lorentz transform.
LS AM () =0, M0 %™ () AP () Fnlop._ }
(1)local Lorentz transform of time space coordinate in local linear coordinate:

* €, (x) isinfinitesimal parameter depending on(x, = [Xo=ict,X1,X2,X3]).
dx'*=a*,dx?=(8*,+ ", (x))dx?. — dx*dx’*=dx?dx”. — ¢*,(x)=-¢",(x).
* differential operator : 9’,=(dx"/dx*)d ,=a'”,d ,.
(2)spinor field transform:<=~:note spinor is defined only by linear coordinates!!!>
A =T ¢s(x) ; <T=U+he s )y vy )=U+he" () Gu>.
<y ey ltylye=286°"; Gu=kv v,
) =(T¢ (x))*y°=¢ (x) T. <1 =take complex conjugate=* and transpose matrix=t>
(3)global Lorentz covariant Lagrangean< ¢ , s =constant>.
LE)=—c¢ &) (hyHd ' ytme) ¢’ (X)==—cP )T (hyra”, 9 ,+me)T ¢ (x)
=—c ¢ (x) (W<T Ty Ha!” , T>0 ,+mc) ¢ (x) =—c ¢ (x)(hy ¥ 3 ,+tme) ¢ (x).

- Tlywa!” T=y? ... .. .... (3)




(4)€( ¢ a(x) 5D, ¢ o(x)):Spinor Lagrangean local Covariance:

LE)==—cd &)(hyH(d ' y—hAM(X) G +me) ¢’ (x') — this is gauge covariant form
=—cd T (hy*@", 0, —LAM(X) Gi) tme)T ¢ (x)

=@ [AT y a0, —UAT !y AN, (X)) GitmeTIT ¢

=3 ATy a™” , 0, (T¢) — ATy HAK, (x) GuT ¢ tme ¢ ]

=<¢ AT yra?” ,T9 , —khy*AX Gutmel ¢ (x)

¢ ATy a1, 0 , Tx+ ki y PAK Gr— ATy PAK, (x) GT] ¢

=L (x)—ch ¢ [(TTyra?” ,DT'0 , Tx+hy PAGu—ET y FAM, (x) GuT] ¢
=Lx)-ch P [(TTyHa!” ,DT'10 , Tx+4hy A Gu—ET Ty PFAK, (X)) GuTl ¢ @)

=529 -cn 7 [ TIORGOS GO GIR ¢
[_] must be vanished,so we derive following relations.

BTy BAK, () GT=ly "AMG— v " T , T.
By PAK (X)) Gu=Thy*AX,GT'—Ty *T10 ,TT.
*x0=209 ,(TTH=0 ,TT"+T9 ,T.

Transform Rule-1 in Gravitational Gauge Field.
4 hyPAM () Gu=ATy*AMGWT' =Ty 3 ,T..

(5)Deriving Gauge Field Transform by Local Lorentz Transform.

Transform Rule-2 in Gravitational Gauge Field.

(5)6 AW (x) =0y e N+Yae ™MAP FrMop.

%0 , e N (x) =AM, (x).
*Dyd () =lim Ax—0[¢ (x+Ax) — ¢ (x+Ax) )/ Ax=0 ¢ (x) — A% (x) Gad (x).
¥ T=1—%e"Gu) ; T=(1+% "Gy, note sign of ¢ X is changed at first here.

by A¥Y(x) Gu=ky PIAM (X) — AM(x) G

=BTy PAMGUT ' =Ty ¥ 0, T'—%yFAK, (x) Gy

=% (1—Y% e "Gx) yPA™M,Gmn(1+%% ¢ PGop) —(1—% e XGi) v 0, (1+% ¢ ™G mn)
—%y PAM, (x) G

=—h e Gu) Yy PA™Gmnthy PA™MGmn e PGop Y2y Y 0 v £ ™MGmnth e "Gy Y A™, Gmn
=—he MA™M Gy HGmnth e PA™ Y FGrnGop 20 5 e ™y Y Gmnthe MA™M, Gy Y Gmn




=hy"ePA™ GmunGop—Y2y ¥ 0y ¢ ™Gmn

=h(e®Pdpe™) yHGmnGop— Y2y 40 e NGy
=h(0pCe®PeM>— 09, e%®Pe™) yPGMnGop— 2y H0 e NGy
=h(—0ue®Pe™) yHGmGop— Y2y " 0 e NGy
=—hyPA%P e MGrnGop— Y2y P 0, e NGy

—Yo{s + b}

Yoy [Vt PA™, [ GrunGog— GopGmi] — % 9 u ¢ “Gil]
=Yy P[Vae PA™ FinnflopGr— 0y e Gl

=Yooy M —Va e MAP Frdlop— 9, £ K] G

0 AN (x)=—0 e M—Yae MA, K. Let’s remind sign change !,

— S AM(x) =0 e M+YemMAP K. <proof end>

(6)QGD Gauge Field Lagrangean.

FklH (X) — ( 0 pAklv_ 0 vAkIp_%fmnklopAmnpAOPV) .
La=—1/47) (0 pAklv* 0 vAklp*%fmnklopAmnpAOPV)2-

(7/QGD Lagrangean. <., v,k,1,...=0,1,2,3,..... 1D

Lan (¢, Dp¢ ;s BK; CH)

=—c¢(hy"(0,—%AN(x) Gu) +mc)¢.

—(1/41) (0 yAY— 3 v AMy—VafmaKlop A™, AP,) 2

+ (ic/2) 3 yAMy BN+ (ak/4) BKBK+ (5 /2) § yCHD,CH.

(8)Notable Singularity of QGD in general gauge theory.

(Xll = [xo=ict,x1 ,X2,X3,....,X11])_

dx?= ¢, ., (x)dx”. — d(ict)=imaginary,while dx” ”°=real,thereby,.

¢ %(x) =imaginary, A% 50 (x) = 9 y+0 ¢ % (x) =imaginary,

In QGD,there exist anti-hermite gauge field A%, (x). <transversal components>.

Anti-hermite means non physical(,but virtual someone !!,who could do creation form 07?!).

This components is to have initial over negative energy toward creating positive energy to

satisfy energy conservation law: 0 =+E — E in creation of this universe(BigBang).

Process time At is short enough by uncertain principle A E At=h. <Plank constant>,

where AE=+E — E <0 is breaking down amount of energy conservation law.

Note also creating business is initiated by debt !.

http://www.777true.net/Energy-Creation-Process-from-QED-to-QGD.pdf

http://www.777true.net/img008-Quick-Guide-to-Quantum-Gravitational-Dynamics.pdf

Also note debt is to terminate business, who neglect O=total bond —total debt !!.


http://www.777true.net/Energy-Creation-Process-from-QED-to-QGD.pdf
http://www.777true.net/img008-Quick-Guide-to-Quantum-Gravitational-Dynamics.pdf

APPENDIX3:Deriving FP Lagrangean by Path-Integral. 2017/4/10

Gauge Covariant Quantized Lagrangean must be with 0=ic d , D, ¢",which is kernel.
Feyman Path Integral, Variable transform and Jacobian in integral calculation are tools.

Consequently,we derive Faddev-Popov Lagrangean term in Gauge Field Quantization.
*This is alternative of [ 5] : Quantized Lagrangean of {C2.C2}<FP Gohst>.

*L.D.Faddeev and V.N.Popov:Pphys Lett.25B(1967)29.
“Feynman Diagram for The Yang-Mills Field”
**Feynman, R. P. (1948). Reviews of Modern Physics. 20 (2): 367-387.

"Space-Time Approach to Non-Relativistic Quantum Mechanics".

[1] : Schrodinger EQN Solution by Path-Integral.
(1iho T () =H® T (t). — VT+tAt)=[1+At/in) H)]T (1)

Difficulty of time & energy variable by uncertainty principle(UP) in Quantum Mechanics.

H (t)is energy observable,while (t) is time,which are ruled by UP(AE A t =h).Thereby,both
can not be determined simultaneously without O error.Discussion at here is to neglect the
fact(classical calculation),so It is inevitable to face some difficulty to derive definite result.

http://www.777true.net/img007-Quick-Guide-to-Quantum-Stochastic-Mechanics.pdf

== :time at here is mere events sequence parameters t;>t;-1,but not time value.
(20T (totn At=t) =[1+(At/ih) H (tot<n-1> A t) ] U (tet<n-1> A t))

P (tet<n=1>At)) =[1+(At/ih) H (tet<n-2> A t) JW (t+<n-2> A t))
........... U (tetAt) =[1+(At/ih) H(t+0 A t) J W (to+0. At=to)).

P (t) =n—oo[1+(At/ifn) H(t, ) ] X [1+(At/iR) H (t,2) ] X. ... X[1+(At/in) H(t) ] X
X [1+(At/ih) H(t) I X [1+ (A t/ih) H (to) ] ¥ (to) =S (t5te) ¥ (to)
R =<V (1) |S(t;t,) | W (t,) >=transition probability amplitude from ¥ (t,) =V (t) .

(3)Representation by (Q; P) Space and Momentum Observable’s Eingen Function Set.
(@)P [p>=-ih 9 4| exp(-pa/ih) >/V 2 rh)>.
<p’lp>=§ -="dgexp(p’q/ih) exp (-pa/ih) / 2w h) = 6 (p-p’).
bQla>=q"§ (a—q).
(c)alp>= §dq’ § (a-a)exp(-pa’/ih) >/V" (2 nh)>=exp(-pa/ih)>/V (27 h)>.
pla>=§ «7da’§ (a=a)exp(pa’/ih) >/V (2 wh)>=exp(pa/ih)>/V (2 7h)>.
(d)unit operator 1= { dq|q><q| = { dq|p><p

>



http://www.777true.net/img007-Quick-Guide-to-Quantum-Stochastic-Mechanics.pdf

(4)QP representation of S(t;t,).
S (t 5 to) = j‘ dgy-1 ‘ An-17<dn-1 ‘ [1+ ( A t/lh) H (tnfl) :| j‘ dpn1 ‘ Pn-17<Pn-1 |
X j‘ dCIn*Z | Qn72><Qn72 ‘ [1+ ( A t/lh) H (tan) ] j‘ dpn*Z ‘ pn*2><pnf2 ‘ X

X Jdgjlap<a;l [1+(At/iR) H(t) ] § dp;lp><p;| X
X [daylap<a | [1+#(At/iR) H(t) ] § dPy|p><p; ]
X [ dao| qo><ao | [1+ (A t/ih) H (to) ] § dpo | po><po

X de—l‘Q—1><Q—1‘

S(tite) =TT;— "' § da;IT;=¢"" § dp;| an-1><a- |
XA j=0" Ka;| [1+(At/iR) H (£ 1 | p><psla; )

#<q;| [1+At/ih) H (t5) ] [p><p;lai>=[Ka;lpp+ At/ik) <q;| H (t5) [p>1<p;l ;-
=[exp (~q;p;/ih) >/Vv 2 xh) + (At/ik)<q;| H (t;) [p;>lexp(pjaj-1/ih) >/y 2 xh)
=exp (-pj<aj—a;-1>/ih) /2 xh) + (At/ih) <q;| H (t;) |p;>lexp (pjai-1/ih) >/V (27 h)

= oxp Cpiar-az /i) /@A) [ 1~ (A 1/ih) <a; HL(;) [p]exn (pjas/in) >y @z h)]

% <usefurl formula: 1+ § X=exp (4 X) >

% % |pi>=-exp(-pja;/ih) /v Cnh). = <p'[p>=16 (pp).
-H(j) b2V (2mh)exp(pjq;/in)=J dq;H (qj; pj>-eXp(quj/ih) exp (-p;a’;/ih)

=@2xnh) " exp[=(At//ih). pi(da;/dt) lexp[ (At/ih). H(q;p;) ]
=(@2nh) Lexpl-(At/ih)<¥8(q;;dq;/dt)>]. <usefurl formular: 1+ 6 X=exp (6 X) >

S(tite) =TT;— "' §da;IT;=¢"" § dp;|an-1><a- |
X A{IT =" (27 h) ™" exp[- (A t/ih) <Lajsda;/dt) >].
Z_Hj=o“'lf (dpi/27h) - |an-1><a-1|" exp[-J dt<&(q;;da;/dt) /ik>]

= ><i | [fDay J Dpj. exp[- J dt<(a;da/dt) /in>]. .. .. this is the orgin definition I!

(4)Quantum Amplitude =R;; by Feymann Path Integral .

S(t;te) =< [ ®Dg § Dp. exp[- [ 1o'dt<¥®(q;dq/dt) /ik>].
Reii =<f|S (t;te) |iD.

Operator part is |f><i|,the other are scalar term. This is not path-integral,but whole phase space one !.



[2] : Gauge Fixing by Path-Integral.
(DzCFE_%( 0 pAau_ ) VAau_fbaCAbuAcy)ZE_%Fauu Fau V.
£QFE$CF+$B: (lC) 7183 8 uAau +1/2 [0 BaBa.

(2)0=(ic) ' 9 ,A%,+ o 3B2.
The Euler Equation (2)must be gauge invariant by 8A%, .
(8)0=icd ,A*, +aB'=icd , (A", +8A",) +aB*=icd ,8A", =icd ,D,e"=0......

(4)Rcr=[£><i |1, ..« DA3, [ DII2,. exp[- § dx<%c( A3, 0 , A3,)/ih>].

(5)The Aim of Problem.

At first,note that gauge transform never change observable physics.

In above,the integration D A2, is to over-count due to gauge transformeoofreedom,thereby
gauge fixing by 6 (ico ,D,&") must be multiply the integral kernel to R cr .However the
compensation= A is simultaneously necessary toward being unity. § de § (ke) =1/k]|.

5)  1=II, , .S D& A-5 (ico ,D,&").

(6)Review on measure compensation=Jacobian in integral variable transform.
http://tutorial. math.lamar.edu/Classes/Calclll/ChangeOfVariables.aspx

= y=f>tL,t% ..., ty. & t*=gF)=f"GH". <a,b=1,2,3,...,\>

[T, dt*=1I,dy"-det| 0 g/ 9 y*| =II,dy"det| 0 £*/ 9 y"| .

I, §dt* s [f1 (e t5 ), £2C), . J=11y, S dy® 6 (v, v% . )det| 0 £%/ 0 y"| '=det| a £*/ ay"[ .
= 1=1II, fdt* 6 (f'(t', t%.,), (), . )det| 0 %/ 9 y"|. =| A =det| o £/ y"|....(6)

(7)Deriving A.

-------------------------------------------------------------------------------------------------------------------

ico ,D,e"=f"— ¢'=(ica ,D,) 'f
— I, De'=I1,Df"det| 4 {(icd ,D,) | 'f*}/d £’} [=,Df’-det| (ica ,D,) | "
— I, De"=TI,Df’det| (icd ,D,) |7 .o (7).
= 1=1I,,J D" 6 (icd ,D &) -det|(icd ,D,)|. = A=det|licd D,|....(7)

Above relation is to be changed as follows.This is very important.
= Note we take technic<(7)'> in following doing integration on variables ={&"; f*=f"(g) } .
1=11,, § Df*- 6 (-f)=I1, , § Df* 6 (ica , A", —f

=1, J A "“Df* 6 (ica , A", —1)A=1II,,J De* §(icd , A%, —1)-A.



http://tutorial.math.lamar.edu/Classes/CalcIII/ChangeOfVariables.aspx

(8)Gauss Fresnel Integral Formula< | dx-exp (-ax*/2) = (27 /a)>.

% [ dx-exp(-iax?/2) =4 (27 /ia) ; % § dx-exp(ix’/2a) =4 (27 ia).

J (2x/ia)= [ dB-exp(-ia(f/a+ B)?*/2) = [ dB -exp[-i (f*/2a+ Bf+%aB B)]
= [ dfexp[-i(f*/2a] § dB -exp[-i (Bf+%aB B)].

2n =4y (21 /ia) § dfexpli(f?/2a]= [ df { dB-exp[-i (Bf+%aB B)].

— 1=@Qzh) ' Jdf fdB exp[-i (Bf+%a BB)/ih]. <a=a/b; f'=f/a>

(8) 1=II,,SDf" JfdB* expl | dx*(B**+%aB*B") /ik].

By employing variable £*(&") ,we are to do integral on the delta function.

(9)Gauss Integral Formula with Grassmann number= {C?, C*}

https://en.wikipedia.org/wiki/Grassmann_integral

Grassmann number definition: C*-C*+-C*- C*=0.

*This is classical number-zation of anti-commutable spinor ¢ .
b+ ¢ px=1ih d (X’-x).
detA=TI, , § DC* { DC%xpl dx*-C*(x) AC* (%) .

(99 A=det|ic ,D,|=1II,,§DC § DC%xp[ § dx' xC*(x)+icd ,D,C*(x)/ih.

(10Total Quantized Lagragean of General Gauge Field.

I : Rep=|>< [, ., v f DA®, § DII?,. expl § dx<%c(A3,; 0 , AB,)/ih>].
I : A=det|icd ,D,|=1I,,J DC* J DC%xp[ J dx*: x C*(x) -icd ,D,C*(x)/ih].
I : 1=11,,fDe" f dB® 6 (icd ,A", —fDexp[ [ dx*(B**+%aB*B?) /ih]- A.

After all,multiplying (I)x( I )is to yield the total Lagrangean.

We do integration on the delta function by {D&?}.

Rar=1II, ,.,.. D&’ f DA®, [ DII?, { DB® [ DC* { DC*-exp[ § dx*<Lc/ih>]"

§ (ico ,A",—f") rexp[ § dx"(B*f*+%aB*B?) /if] -exp[ [ dx*- 5 C*(x) -ic o D, C*(x)/ik]
=1, , ».J DA%, f DII?, {DB" [ DT § DC*-exp[ J dx'<Lc/ih>]

cexpl [ dx"(icd ,A", B*+%aB*B®) /ii] exp[ | dx"- xE‘(x) “ico ,D,C"(x)/ih].
=1I. . ,.f DA%, { DII?, {DB®  DC" { DC*-

exp[ § dx*@ert+icd ,A", B+ %aB*B*+ xC"(x) *icd ,D,C*(x)>/ik].

10 Lor=Lor+icd ,A", B+ %aB*B*+ x(*(x) *icd ,D,C*(x).
zCFE_%FauV Fa,uvz_%l< ) uAavi 0 VAa,uifbaCAbu ACV)Z-



https://en.wikipedia.org/wiki/Grassmann_integral

