L.

II.

III.

Iv.

VI

VII.

VIIL

IX.

Axial
A. Gluon propagator in the light-like gauge
B. Viz xigs

In the bF
A. Viz xigs

Lvertex
1. Lvertices
2. Exersize with scalar quarks
A. Gluon in the bF gauge
B. Lorentz gauge
C. Background-Lorentz gauge
1. From 3-gluon vertex
D. Scalars
1. Zabyl
2. Cbu

Scalars again
3. FiA
4. Fi Be
5. CYMMA

Pole
A. Scalar model

1. Shifts?
B. Gauge field

1. bF
Second order
Gauge matrix
Symmetric raz
Symmetric dva
. bF gauge for arbitrary A
C. In 2 dimensions

1. Exampel po-drugomu

2. Trial A

3. Background-Lorentz gauge

o vt o

Pure gauge in 2d

LO in G

NLO: G?

Pure gauge in a simple way

Pure gauge for the retarded propagators
1. A Q) = [—ooz, 2] model

E. Propagator

oSaw>

CHOBA

Q
1.  do A?
2. Q do A2A?
C; in the 1st order in p;
3. First order in A., A,
A. Eff action

In 4 dimensions

CONTENTS

30

33
33
37

41
42
43

44



XI.

XII.

XIII.

XIV.

XV.

1. NLO at d =4

C KBAPKAMU
2. Conservation of em current?
A. OSULAUA HAYKA
1. ¢, and Ce
2. F,; BO BTOPOM IIOPADKE
3. First order in A,, A,
4. Two 0, ’s, one A, and one A,

B. Quark fields in the target and projectile

1. In the target
2. In the projectile
C. KAACC. YP-E KBAPKOB

1. KAACC. YP-E B I[IEPBOM IIOPADKE IIO p

After gauge transformation with Q(x)
ODHO IIOAE A;(x,)

CYMMA DBYX ITIOAEU
General sdvig

First iteration

1. Sdvig A - A+ A

2. Gauge transformation

3. Lygrtex
E. EULE PA3: IIAPAMETP 9,

oaw

Feynman odxod

1. F,;

2. Action

3. Self-consistency of DrC, =0
A. Iz D*C), zero?

1. Two 9, ’s, one A, and one A,
B. A do A2
C. A do A3

1. do A2

2. do A3
D. A do A242

Double funtegral

1. How we get retarded propagator
A. In two (longitudinal) dimensions

1. Wightman propagators in 2d

2. Cheks
B. Matrix N _

1. C; and C;

BFKL?

A. BKAAD KBAPKOB
1. Double counting?

B. F,, up to one A, and one A,
1. F,; up to fl%fi*
2. Action

45

46
46
47
49
93
54
54
o4
o4
56
56
96

o7
o7
o7
58
59
60
60
63
63

64
65
66
66
67
67
67
69
70
70
71

72
72
72
73
(0]
(6]
7

7
7
78
78
79
79



I. AXIAL

A. Gluon propagator in the light-like gauge

The general expression for Feynman gluon propagator in the light-like gauge ph A,, = 0 in the background field (?7?)

has the form

. a P 1 i iP2u\  P2uP2w | \a
(TAL@ AN = @l = 2P) pryge (00 =P F) = =)™

Using the expression (?7?) for P%HE we get

TN = [0~ [ 50 0w [ G2

. D2uD2
yu)® + iz = )

p? 2 ] .92 p2
> (lee—z%x*(gL‘_ P2p )Oa(x*,y*;pj_)((%—p’%)ez%y* .

Pi
me as

For the complex conjugate amplitude one obtains in a similar way

CHP{AY @AWY = (@l(gh — Pps) o (6] — ptE2) - P22 e

D« ! P2 — i€ Px pg
and
> Cda 0 do .
a b — —ia(z—1y)e
FA@AWY = [0 —2) [ G0t~y [ GE]emte
7751)—1:6* 1 2p2/t . 7 % 2p2V iiy* ab . P2uD2v ab
X (zole” s (g — s i) Oa(Ts, y25p1) (8, — p K)e Ve ly )* — (x| = y)

*

. 1
where we used Eq. (??) for pz—-.

The “cut” propagator in the background field Aq(z., 2, ) is given by Eq. (?7)
(A5 ()AL (y))

= —(l(gn

_ P2 )

) Do
D b b l&ﬂy)ab

1
2978 (p?)0(po)p? ——— (6
P 2 ()0(po)p® pro (9 b

Using Eq. (?7?) for scalar propagator we obtain
Cda

AL = - [ G2 et

0

2po Pl A Yk ; ; 2p2
x(xﬂ(gi‘i — as“pi)e Vet O, 00)O(00, yy e’ aw V* (87, — pla—;ﬂyL)“b

where, as usual, @ is built of the A fields in the left functional integral in Eq. (?7).

B. Viz xigs

Se = Q/d4z Fi () F" (2)®@(2) = ? d*z F&(2)F&(2)®(2) = % d*z 0, A%(2)F&(2)®(z)

(1)



(Af (x) e5atiBe) = 0’ / dy (A}, (2)0. A7 (y) F)' (y)e'*) @(y) (8)

D2 1 i i D2v P2uP2v- . ab cv mbi
= 0° /d4 (@l[(95 = SEPa) prge O — P 20) = = linay) SV EY ()2 ()

. 0 do O da
= 2iQ) d4 Fbl « (0] |:—0 x — */ P 0 */ :| —ia(z—y)e
i9 [ty )05~ 0. —u) [ 5 ot o) [ 5
7iiz L 2p2# iiy* ab
X (zole” a5 (g — pz)Oa(zwy*;pL)e as ¥y ) }

1

0 —ia(z— 71'&1’ 2p a %
@ [dy [o. - . / da =0y, —2.) [ dae o@D e T (g - P2 )oY 02 O()|
0

— 00

. 4 a e [ [ nle] a et 1 [ nle?
= zQ;/d“y [(AL(2)0. AP (Yo, y1 )52 [00, u S FE (g, y 1) + (A% ()04 AP (Yo, y1 )92 ) [—00, 5| FE (ys, y1 )| B (y)

II. IN THE BF

[IPOIIATATOP
(A5, (2) AL (y)) (9)
X [GE (T, yus pL) + QZZ(I*,y*;pL)]IyL)+(y¢|QZ’L(m*,y*;m)e’i%( - )}
I'DE
Guv(TasysipL) = (10)

= GuvlTe; yu] + 9/ dz., ( - %(z — 1)+ Gu {20 [T+, 2] Faj(22) — i[24, 2] D7 Foj(2.) }
Yy

*

+ (6jp21/ - 5lj;p2u)[$*7 Z*]Foj (Z*)> [2*7 y*]

8 x . 2 )
+ 93 dz*/ dzi [Zg/w(zl - y)* - 7p2up2u] [517*7 Z*]F-j (Z*)[Z*, Z;]Foj (Z;)[zi,y*]
as Y Y as
ab 429 o J ab
Q;w(x*vy*;pi_) = - 73292#]921/ dz*([x*»z*]D Foj(z*)[z*ay*]) (11)
Yx
+ L / dz. / A= (), @ o, g, 2 (2L,
2
=a g T a
Q;Ll;/(x*vy*;pl_) = - @ dz*/ dz;w’yj_ ﬁl’yt[z*ay*}tb[y*ux*]t [.’E*,Zi]'I/J(Z;)
Y 24

As we mentioned, this formula is correct for the point y inside the shock wave and the point x inside or outside.
Without quarks

(A5 (2) Foi(y)) (12)
da O day _, i S
S _ i —ia(z—y)e —igs (T—y)x 2 cab . _ (ab . ) —
= i~ 8. —v) / o+ 0~ [ e (x1le (0305 (@ ip1) = Gyl (e, ysp)pi] )
) da O @ e P (e as 2p o
= 2[— (. — y*)/ g T 0 *)/ 7}6 @=We (g [ @0 L a ] (S gus — Poupi) — 2 | dza[we, 2] Fai(2) 20, 5 Fy L)
0 oo 20 2 S Sy,



A. Viz xigs

(g(e) @55y = i [ty (a5 0.8 - 0AL S B = [0, ) [ 5

2 T x

0
d—Oé —ta(x— —iZlg S 2 a
—0(ys — 33*)/ %}6 ( y)'(l’ﬂe s *{[ﬂf*vy*](a§gm —p2upi) - ;mu/ dz*[x*,z*]F.i(z*)[z*,y*]}\yL) bFfi(y*)‘I’(y)

40 “da O dal e i, s , a
- {ﬂ(x* - y*)/ % 0(y — x*)/ 2a] @=Y)e (g, |e a5 {[x*,y*](aigm — poupi) — P2 (0w, yi]) Hy L)L (y:) @ (y)
0

40 *da O dat ioim i, s a
= S |:0(SC* - y*)/o % - 9(2/* - I‘*)/ %}6 ( y)'(IL|€ C‘J; * (aigui _pQ;Lpi)[x*a y*”yl) bFfZ(y*)(I)(y)

/d4y (AL (2)(0Ai = 8:A) 7 (ya, y 1)) 00, yuly B (g y 1) + (A (2)(0eAi — 0:AL)" <0 (ya, y10)) =00, 5y Fo (94, y1)] @ (y)

— 10 [y [ F ) 500 0 S () + (A ) ) 0,5 FE 00 0(0) (13)
III. LVERTEX

Ae(wy,w1 ), By, 1)

D'G,; = 73 FU(BLO; AL + AL, BY)

DHG,e = g febe[BLOL AS — ;(8%32)83142] + % fabm pedm gb e gd
DG = 2o [ALDLBE — 5 (5 AL)OR B+ S e e BLAL Y (14)
Chek:
0D Gy = 25— Ou(BLOAT + ALOLB) (15)
+ 0. [BYOLAZ — (o B)OR AT] 4+ A A0, BEAT + 04 [A50.135 — 3 (5 AL)OR BE] + g g L0, ALY

If aBs >12 the Lipatov vertex reduces to usual one.

_ 1 1 1 1 1 1
C%(a)BE () BE(—a — o ) (¢ £t e —t® t t 4 t° t?

— t¢ 1
o+ 1€ o+ oy + e a+ 1€ o — 1€ a1 +ie o+ oy + i€ (16)
+t¢ Voo b b e 1 e e L 1.t“)ﬁ1w
a4+ oy —1e Qa1 — 1€ a1 +1e o — 1€ o+ o —1€ o — 1€
_ 1 1 1
_ a Bb Bc P tatbtc tatctb
Ci(@)B.(a) B (—a 061)1/)( (o +i€)(a+ oy + ie) [(a +i€)(a+ ai) + (a1 —ie)(a + al)}
_|_tbtatc 1 + tctatb 1 —t t(‘ a|: 1 + :|
(a1 +i€e)(a + a1 + ie€) (a4 a; —ie)(ag —i€) (a—ie)la+ar)  (aq+ie)(a+ar)
1 [a tb tc]] [tb ta tc:l
tctbta ~ — a Bb B¢ o
+ (a Tog — iG)(O{ — 26)>p1¢ C* (OZ) *(al) ( « 041) ( ( + al) + 041(04 + al))Pﬂ/)
" b o 2 4m/ famnfbcm facmfbmn
C%(a, B)BY () BE(—ar — )92 AR ﬂ)[a(a+a1) + al(a+a1)] (17)
Zapishem po-drugomu
[t 10, ] GAGRA]
~ k Ba o Bb _ [ ’ ) ’ I ~
Ci (o1 + az)Bi(—a1)B)( a2)¢(a1(a1+a2) +a2(a1+a2>)p1¢
famnfbcm facm fbmn
~ C¢(ay + az, B)BY B? D?A” + 18
(1 + a2, ) B (—an) BU- )P AL(-) | s | (18)



1. Lwvertices

@A, = SWEIERA D) - 2 B@TE) A S AR GEI)  (9)
St = = [t @A) - 2 [ty SemA el A ) (20)
Y HAC A, = B, + C, U HADO expand do 3x powers of C.
First term of expansion (the lvertex)
S = =2 @ ROl VB ) + Baa) el )G
]‘ ]‘ !/ ! /
- B*(Z)(Z|p* + B, +ic p.+B.+ ie'z )B.(z )}1/1(2 )

- %/d%/dzﬁ/;(z*,u)ﬁl{ﬂ(z. > 20)Ci(2)[2e, 2] Bu (20, 21 ) + 0(2e > 2L)Bi(2e, 21 ) [2e, 2] :Ci(2)

— [ detdiban >0 S2 B (a2 e AL O oy 2B 20) P 21

:‘?g/d%/dziiﬁ(z*, ZL)ﬁl{[—OO, Z.]C*(Z)[Z., —OO] — C',k(z;)}q/;(z*7 ZL) (21)
Po-drugomu
S = = [t B A) - 2 [ty Sl A 2)
2 7 . )

= g/d4zd42’ P (2)p1 [ps — (2lps 2 Hep*\z')] W) = - g/d42d2ﬁ9(2- - zLW(z*,zmﬁla—%@[zhzﬁ]zwz*’zl)
_ /dQZLdZ*dZ.JJ(Z*,ZL)[OO,Z.]ZC*(Z)[Z.,—oo]zi/z(z*,zl) (29)
bikoz

o 9 2 [* o 9 2 [

07 az: Pexp{is/ZL dZL’ (B* +C*)} = 07 8Z‘Z; y dZL’ [Z.,ZLI]O*(Z:/)[Z/./,ZL} (24)

Eq. (22) korrespondz 2

0o 2!, oo Zx Zx 2l .
/dz* (tatbtc/ dzi/ dz! + t“tctb/ dz;/ dzl! + tct“tb/ dz;/ dz;')e_w‘lz'_“l?z' ~i9%e BY(0) BY(a2) C¢ ()
Zu 2w Zu —00 —00 —00

tatbee N tatebt? teget
(a1 —ie) (a1 + ag —i€) (a1 —ie)(az +i€) (a2 +ie)(ar + az + ie)
Perepishem fla (16)

= d(a1 +az+a)| - ) B(a1)Bi(a2)Cs(a) (25)

) — 1 1 X 1 1 1 X 1
CS(a)B (1) B (a2 = —a — a1 (° @ —tb 4 ¢° b A ¢ b
-] — Qg + 1€ —ag + 1€ -] — Qg + 1€ —aq +1E o1 + 1€ —ag + 1€
1 1 1 1 1 1
+tb i e i e _’_ta i b i c tb i n i tc>]§1,¢]
a9 +1€ —aq + 1€ a1 +1€ a1+ ag + e g + 1€ a1+ Qg + 1€
. teretd et
= C%a)B%ay1)B(a ( - — + - -
(@) B (1) B.(az)y (g —i€)(a1 + ag —ie) (g —ie)(aq + ag — i€)
tegetb tbtete totbte thrate X
. — + : — + , — + : . )pﬂ/’
(a1 +ie)(—ag +ie)  (ag +ie)(—ay +ie) (o +ie)(ar + ag +ie) (g +i€)(ar + ag + ie)
. n [tca ta]a th Htc, tb]a ta]]
= C%a)B%a1)B(a ( [ )A
(o) B (o) B)(a2)y anlor +03) " an(or + ag) pre
acm £bmn bem famn
~ C: a, B¢ @ Bb @ aQAn _ |: f f + f f :| 2
(o, 9B ) BU02)P AL (=) = e (26)



Nau, gipoteza dlya retarded fankshns

/ A22) dzedzet( 20, 20 )[~00, 7] C(2) 70y —00] (s, 21) (27)

korrespondz 2

—o0 2!, —o0 Zx Zx 2l .
/dz* (t“tbtc/ dz;/ dz! + t“tctb/ dz;/ dzll + tct“tb/ dz;/ dzi')e_mla_“’zz' ~ia%e BY(0) B (ap) C¢ ()
Zu 2w Zu —00 —00 —00

_ Sorta +a)[_ totbte N totetd B tegatd )B“(a ) B2 (0)CS (@)
B e (a1 +ie)(a1 + ag +ie) | (a1 +ie)(as +ie) (s +ie)(ay + ag+ic)/) o /TeT2 e
te[t?, 9] [, 1]t b
= — — B¢ B S 2
(5(041 toat a) [ (041 + ie)(a1 + oo + iE) (OQ + iE)(al + oo + ZG)) ¢ (al) .(a2)c.(a) ( 8)
uToro
DFG,; = — % febe(Bbo; AS + AL9,BY)
2 — ’ ’ 1 b 2 — = 1 ab
DG, = =D fo chbAc _ _ B, a 62 Ab — 7Dabi _(— B, 82 Ab
gll« S ) f *<le (P*+ZE ) 1te S . *® (P*+Z€ ) 14te
2 Iy § 1 ab 2~ = ab
" — 2 paa’ pa'bc pbpc _ _ 2pb . _ Zpabab 2 pb
D*G,,. SD* fOUCALB; (P. - z'eA.) 01 B, SD* G.. (P. e A.) 01 B,
__ - 2 1 - - 1 - \a
D'Guy = D' = P Ay b 1 = “pra( A 02 A + P (5 As) "2 Ab (29)
Chek:
_ ) )
DYDIG,, = | - 0'(BLOAL + ALY (30)
2 4 = 1 a'b 2 ’ 2 1

CIJ\M

7 a'bAb 2 2a'bAb a’b o
(D) [SDQ G*o (P*+ZE SD* G*o (P.+ZEA.) 8LB*}

(D DG — 2 0, (B0 A5 + AL BY) — 2 e (BLo% A5 + AL BE) = 0

B.)" LAY+ S(De)* [ -

4
52

2. Ezersize with scalar quarks
Vertex: ¢y (z)dr ()@ (z)

i (@) () / dtz é@(z){pﬂ,Au}mlBu) - / diz §7(x) (2|20 !

gy sy T N CRENLAC)

20— [t G an)al g A ) anes) = =2 [ By a) Al o) [

6 + i€ B+ ie

= B2 [ e Al en )by rans) < F(n) o~y (an.)

which agrees with

1
P2 + e

¢ (2) (0" (2)¢' () a = 95k(fv)[x*,—0<>]“(fc\p2iiely) = h(@)loh(x) + ot (2)] = /d4z () (]

First order in B,

[ @l (0 AN () ol e O+ A B )

2 fr0, —o0i 0l (@, 21 (2] 5y Py B} ()

2 (" -
= B2 [ e Al en )by raas) < )l —ocl oy (an.) (33)

P’12)" ¢l (2)
(32)

@_m(:c*_z*)(blB (3707 331_)

(31)



A. Gluon in the bF gauge

Split the fields in up, down, and “eikonal” A — A + B+ C. The field B (up) do not depend on z, (at least, the
dependence is negligible). Similarly, fields A (down) do not depend on z,. The propagator of C fields will be local in

xX].
Fuo = (A+B)u + (D.Cy, —p < v) —i[Cy, Cyl, (A+B)w = Au + By —i[A,, B —i[By, A (34)
a apur 1 - .
ZFMVF " 2[<Ducu]2 = - §Tr{(A;w + By — i[Ayu, By] — Z[BM,AV])Q}
1
+ 2Tr{C"D"(A+ B) } — §Tr{C“(D2gW —2i[(A+ B)w,)C"} = 2iTe{D"C, [C*,C"]} + ... (35)

Linear term

2Tr{C"D*(A+ B),,} = C¥(D*(A+ B).)* (36)

Cala) = Abfe) + Bilw) +i [ dz (CHDIC™@)(DH(A+ B))

1
P2g4, + 2i(A+ B)aw

= A%(2) + B2() +/dz (al( )“b(DH(A+B)W)b|z) (37)

Now we keep all orders in A but only one in B. By kinematics, this only B must be from (D*(A + B),, ) since pure
A’s cannot produce C gluon. Thus,

(D"(A+ B)u) — (D*gy, — 2i4,,)"B* — D, D, B" (38)
Also, B alone cannot produce C gluon so the term (9%g,,, — 9,0,) B* must be subtracted, so
(D*"(A+ B)w)® — (D?g,, — 2iA,,)**B* — (D,D,B"" — (8*g,,, — 9,,0,) B (39)

and we get

A (x) + B () + Co(z) — AL(x) + B(z) + Z’/dz (Ca@)C™ ()(DM(A+ B)uw)'(2) = Af() + Bi(w)

1 ab 2 o N be cQ o 1 ab 2 _ b
+ /dZ ((E|<m) (D gvQ 2ZAVQ DVDQ) |Z)B (Z) /dZ (l’|(m) (a gvr ayaQ|Z)B (Z)
1 1 ab
_ a T DR ab b _ 2 _ b2 m
—A%(2) + / 0= (2] Pay P[2)" B ) / dz (x\(—PQQWHZ_ ) @an =000 B0 (:) + 0D A,) (40)
If o =«
1 1
/ = (0| Pe - Pl) B (2) - / @ (@l - (0%pan — 0a0.)|) B (2)
ab pm 1 ab Rb
— [z Gl Pl B ) - [a: <x|ﬁ<82—ga.a*>|z> B ()

- [ <m|ﬁp.|z>ab3?<z>+ [ @l (ape = p))"BYE) = Bi) -~ [ds ol Ao BY:) ()

Decompose B, (z ) = B2>0 4+ Ba<0 = B¥(z,) + B~ (z)

/ s (ol e Al B () [ ds (el Adle) B (2)

_ / & (el A \ )abBE;+(z) + % / & (a5, L A.|z)“bek”*(z)

= B+ 2)*BL*(2) 1) By (2)
€

_ a a _ ab pb+ o 9 ab _ b—
= §B* (x) + §/dz* 372*9(96* 2:) [T, 2] BT (e, 1) /dz* EFn [T, 2:6]%0(24 — 24 ) B)” (T, 1)
1

1 1
= 5Bff(gc) - 5[95*, —o00| B (z4,2,) — Q/dz* [T4,00] B~ (24,2.) (42)



I'DE DBOUKA?

1ce again in the leading order in B:

D*(A+ B)uw = (D —i[B*)(Au + DB, — D{'B,) + O(B?) = D3B, — %D;“D?B* (43)

Ci(a) = A%w) + Bw) +1 [ ds (CH)CM @)(DH(A+ B
= Bi(z zx;z“b " —(A=0))"2) = B%x) - zx# —ad,)|2)B.(z
= B+ [ 42 Gl gl (D A+ Bl = (A= 0)'(2) = B2(a) ~ [ ds (ol sz ({p. A} — a4 2B (2

Bo(z) - [d= (o ! .

SADI) P B.(2) (44)

(20As — aA,)[2)B.(2) = B(z) —/dZ (ﬂm( 73

2aP, + i€

1

Aa|2)® B (2)

/dz (x|%A.|z)abB*(z) - /dz (x\P.:_ieA.|z)“be+(z) + /dz (2|

1 u 1
- /dz (el 5z Ael?) "Bt (z) + /dz (@l 5—

a E 0 1 ab b+ E/ i 1 ab pm—
Boa) + 2 [ds Sl o (9B ) + g [de 5l B ()

P, —ie
Al|2)* B (2)

Il
oy
2

)+ [don b — 2o B (ws) = [don 5o 200 — 2B (o)
Zx Zx

= Bi(z) = [ws, 00" Bl (ze,21) — /dZ* [, 00] B} (24, 21) = Bi(x) — [2., —00a] " B)(ze, 1) (45)

*

B. Lorentz gauge

D!G,, = DMA,, + D"B,, = (D%, —2iGA>"P - D,D,)C" = (D'G,, )" - D"'A,, — D"B,, (46)

nv

Lorentz gauge 0*C,, = 0

1
_ “w A+B _ np R Y
C /dz (2| P MAV|Z)[(D G D'A,, — D"B,,)(2) (47)

In the leading order in B

1 )
Cu = - /dz (=l P2g,, + 2iA,, — P,A |2)[(P?gua + 2iAvq — P, Po — p’gua + pupe)|2) B9 (2)
nv g pAty
1 )
- / 0l g aia,, — By, (v + 2idia = oo = P29.,0)|2)B(2)
1 2 1
= —-B 212)B = —B,+°= 2|2) B, ()4
ot [ P OB =~ But [ Gl B
1
_ 2 _
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C. Background-Lorentz gauge

(0, —iA, —iB,)Cr = 0=

a 1 a '
Cu = / 4= (ol g ) U0 G ) 2 = D Ay = DB (2) (50)
pnv Qv
In the leading order in B
1 .
cr = - /dz (m|—P29 i |2)[(P%gua + 2iA,q — P,Po — p*gua + pupa)|2) B (2)
nv Y

1 .
- /dz (:c|m|z)[(]32gm +2iA,0 — P,Aq — p*gua)|2) BY(2)

1 1
- _B dz (x| ————— 1%|2)B, dz (t]—————— P, Ag|2)B
M+/ z (x‘Pzguy+2iA#l,p |2) (Z)+/ Z (x|P2‘C]lW+2iAMV Q|Z) Q(Z)
2 1 2 1
= —B —|d 2 abBb 7/d PUA. abBb 1
o2 [ e g 1B 4 2 [ Gl P B) (51)
1 1
a _ _ po 2 abBb / A. abBb )
c 2+ [ Gl ) B + [ (el a2 B) (52)

1 1
= —= —————A.]2)*"B?

i [T 1 1
= C*(J?) = é/ dZ*[J?*,Z*]I[A.(Z*,JIJ_),B*(.’L‘.,J?J_)][Z*,l'*]gj = - §B*($.,$J_)+ 5[1}*,—OOOé]wB*(Z‘.,J}J_)[—OOQ,JT* T

In the first order in A and B
1 a - rabc
Cy = f/dz (x|p2 i (204e — ade)|2)Bi(2) & CF = —if /dz (x|

®OPMYAA

(2047 — aAQ)(2)Bi(2) (53)

P2 + e

1 1 1,

1
p - - —
" P2g,, +2G,,  P?

B oA 54
ﬁP295V+QZGBV ( )

1. From 3-gluon vertex
Vershina
exp { fig/dzfm”lAZ’Aﬁ(D“A”)l} = exp{%/dklzﬂ@ AT (k1) AL (ko) AG(—ky — ka) f™ T (ke ko, —ky — k2) }

Tuvialky, ko) =Tk, ko, —ki — k2) = (k1 — k2)aguw + 2k + k1) pgva + (—2k1 — k2)u g0, (55)

(C*(x) exp {%/a‘/ﬂm (A+ B+ C)p(k1)(A+ B+ C) (k) (A+ B + C)o(—ky — ko) f™ T (ky kg, —ky — ko) })
_ fm"l/a‘kld‘kgwa(x)(féz(—h _ k2)>%(A + B)j'(k1)(A+ B)" (k)T (ky , ko, —ky — ks)

- gfm"l/d'kld'b(Ca(z)Cf)(fkl — ko)) AT (k1) B (ko )T# (K gy —ky — ko)

2 e—i(kl-‘rkg)at
= —iZar™ [t G (201 + a2l — (284 B + (k1 — ko) 1o AT (k) B2 (k)
2t [y R Fy — ko) AT (ka , B) B2 (K
= iz [k e o — Bupa (b o) AT (b1, 60 B2 )

72’042(177Z2).7’L‘[31(Ile)*+i(k1+k2,I)L7i(k1,zl)l7i(k2,22)i

_ _ 1 A B" y .
cabs — (o + ) Tie [aap1 — Bipz + (k1 — ko) ]aAY (21) By (22)d21.dz2ed aad 31

2
corm [t ©
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Assumption: drop (k1 + k2)% in the denominator

1
_ 'zgfmnl/d—kf-d-ké-e*mﬂl’*@)-*Zﬂl(90*21)*+i(k1+k2,1’)L*i(k1,21)L7i(k2,z2)L [a2p1 — 511); +5_k1 - kQ) ]a A:n(Zl)Bf(Zz)dzl*dZQ.d'agd'ﬂl
Qo018 1€

_ mnl —taz(x—22)e—iB1(x—21)x b1 P2 m n
= dz1.dzsed and : (52 - =2 AN @, 21 Bl (o, 20
ZSQ af / 21:d204d C2d B € [,31+zea2 a2+zeﬁl] (@1, 214)BY (21, 224)
i

t B e [(0x AT (w1, 214)) B2 (21, 224) —AI”(M,21*)3iBf(m,22.)D (56)

_
B1 + e
1 o 1 b

7famn/ dZ* A (ZL’J_, Z*)B +(.’EJ_, x.) 7fam7l/ dz* A:n(ilj_, Z*)B:}7 (I'J_axo)
s oo § z

*

1 ) )
Ci(z) = Sgf™ / doredzped and fy ¢ 10273 I EmR): AP (w1, 21:) BI (1, 22)

1 1 1
S (e, o) B 21, wa) + 5 (1, 00)0) B (w1, 0) = ([, —o0al D) B, w4) (57)

D. Scalars

Linear term

dcl(p+A+B)? —(p+B)4ép + dcl(p+ A+ B)? — 0+ A)?|pa+ ¢p[(p+ A+ B)? — (p+ B)*oc + ¢al(p + A+ B)? — (p+ B)*|pc
= ¢c({p+ A, B} + B*)pa+ dc({p+ B, A} + A*) o5 + da({p + A, B} + B*)pc + dp({p + B, A} + A*)pc (58)

In the first order in B,

0a(@) +ide [dxiollp+ A+ BY = (p+ APN0a(2) = oale) = [ dz (el A+1B)2 S+ A+ B - (p+ A)7)0a(2)
1 9 _
- /dzm( aLer (0 AP[)0a(2) = /dzm A BYAE)
— 6a(0) = = [dz (el 2B )0l + | [z <x|apf+Z.6|z>[A.,B*]¢A<z>

= [ze,000] 1)¢A(x* z,)+ S/dz (z| —|2)[Ae, Bi|pa(2)

alP, + ie

1 1 1 1
o i B g A0+ [ el A ()oa(2) (59

1
Dobavka:

Cua) = ° / dnfre 2l A r ), Bulrez )l = — 3Bu@ewn) + gl —o00lsBu(ae,z1)[-o00,2.],

/dz. (Ze)a(Tu, 1) = /dz. (24, —00) 2 Bu (71, 2¢) [24, =00 — Bu(21, %)) P (T, 1) (60)
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1
(p+ A+ B)2+ie

Fp(2) +i / 1265+ A+ B — (p+ BYlbe()de = dulr) - / dz 35(:)(ll(p + A+ B’ — (p+ B

1
(p+ A+ B)2+ie

|z)

_ / dz b1 (2)(|(p + B)? )

_ 1 1 1 ; 1
= /dz o5(2)(2lp [(p+A)2 - (p+A)2+ie{p+A’B}W} ) /dz ¢B(z)(2|{p73}m|x)

= [z n)elpa e — e o B0 4 [ 42 Ga(2) Gl b, B} o)
:3ﬁwwwmﬁgzm+2ﬁmwwmffamﬂ%;ﬂy>
= ¢p(Te,xL)[—00, 7] + */dZ ¢5(2 ‘p'P e [Ae, B. ]m|x)
= ¢p(2e, w1 )[—00, 2] + f/ dze 5 (2e, 1) Bi(2e,21)[-00,2:]0 / dze (20, 21)[~00, 2:JuBu(ze,21) (61
1 mo term

%W)H/M%®th4uﬂcf@+BWW@W09/@éﬂ”MMQ@+i;+M@

(62)
CYMMA

6B(Te, 21 )[—00, 2.|[e, 00) Vo (@y, 1) + EQEB(CU.,HCJ_)/C{Z (z] |2)[Ae, B¢ a(2)

+ 1 [d 6n() G

1
aP, + 1€
;[A. B};M)QSA(Q: 1) + B, C
Py +iea T AP, + e * * *

ZJ@MLJQM<ﬂmkwa¢men+l@%uwanxA@- W%Aawu

+ [Con(eeas /dz (ol 1) Ae, Blba(e /dz G (z \p.P A B [0)0a(en,aL) + Bl 6 C]

- é3<x”xL>u.ﬂmmﬁr—amw] dal@s,z) + ¢B<x.wl>QIB*mﬂ[<x>w4 ~ [-00, 22l B(e)) (e, 2.)

+ EQ_SB(x.,:z:L)/dZ( | P1+ 2)[Ae, Bl a(z) + /dz ¢B(z)(z\p.m[A.,B*]aP.l+Z.elx)sbA(:r*,n) + B*H(@ﬁ})
1. Zabyl

¢t J4z/ CHDuGH () i [dzbp{p+A+B.CYéc G (1) _/dz’DNG‘”“’(C”(z’)CQ(z))“béB{p-l-A+B’tb}<¢c(2)éc($)>

:‘/W%z@+AdWaxczb@>=—/“%@“W+Adw@?ﬁﬁzm

= /dZ¢B |2P = %/z* dz (EB(Z.JL)C*(Z-,JUJ_) (64)

20 Py + ze
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2. Chu
From Eq. (51) we get
2 1 2 1 1 1

ce = d 24z P.A, PiAy + — P, A,|2)*B?

° / * (x|P29" + 2'LA.. — p + S Pzgoo + 27:14.. — 1€ + P2goi + 2ZA.Z — 1€ * P2 |Z) *(Z)

; 1 1 1 .
_ /dz x\P2 -~ =S ﬁa(Zp. FA = A A A s P2 (2aP, — P2 +p2)Ad|2)™BY(2)
= /d - Az— 200+ Ad) — —— L AT piAs £ LA+ 2 AP BY2)
= z * P, Ql2De . 202 P, ozP.p * %% " 1aP, T p Pl x\Z
1 1

~ /dz (w|£A-IZ)‘”’BfZ = glwe, 00l AL(we, w1) = S AL (Tas 71 (65)

IV. SCALARS AGAIN

Scalars move in the “external” field (A + B+ C),

3. Fi A

ba(x) +ide / dz dol(p+ A+ B +C)2 — (p+ A)da(2)

1 2 2
— 6a(o) - [d: <x|(p+A+B+C)2+i€|z>[<p+A+B+C> ~(p+ 4764(2)

9 _ 1
=/ (ol A+B+C) 0 AP0a() = 0ala) = [ (@l o+ A B +CHa0a(2)

4 2 ]
— 6a(0) - [d: (@ +Z6( Pu(B. +C.) = 2[Po, By 4 C.] + 2000 + {pi, 1)) 2)0a(2)
4 2 i
= / p+A +ie(§P°(B* +Cy) — ;[P.,B* + ]+ 2[a, Co] + {pi, C'})[2)da(2) (66)
Since
cd = — 1/clz (x|;A |2)** B () cy = /dz (x\iA |z)eb B (67)
* 2 P, +iea” * AT ° as * *
we get
P®(B, +C,)° = %Aﬁbej = [Pe,B.+C.] = %[A.,B*]
2000 = éAf”Bf = [o,C,) = é[A.,B*] (68)
4
= {p"+A"B,+C,} ~ ;(p+A).(B* +Cy) (69)
and thered
ba() +ide / d=ol(p+ A+ B +C)2 — (p+ A)2pa(2) (70)
1 4 2

1
= 0a(@) = [ @ (@l e s P B+ CI0A() = (@) = % [ds (o] (B +CJ)0a)
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(x‘aP.l—k ZE|z) = —i0(xL — 21 )[®s, 24 (9(33* - z*)LmTe_i“(z_z)' —0(z — x*)/_;d:e_m(m_z)') (71)
(x\P.aLPJz) = gé(xl —z1)0(xs — z*){ Umd;ae_m(x_z)' +[:dzée_ia(m_z)'} = - %86(331_ — 21 )0(xx — 22)e(Te — 2a)
(w\P. iiea|z> = —id(xy — z1)[Ts, 24] (9(95* - z*)/:oa‘a e @=2)e _g(z, — a:*)/_:d‘a e_m(x_z)')
oodﬂ —ia(r—2)e _ E 1 i
/U “ = T —o(s— 2 —i)) = C + Ofo(z —2)) (72)
/_:‘Lae-m(w-z% = — %T +Ino(ze — 26 +i€) +C + O(o(x — 2)a)
DAAEE,
% / dz(x|P.aiR|z)[B*(z) +C()]alz) = % / dz| /g w%e*m@*z% (73)
X (BE (o) + e~ B o) oo,n]) + [ T2 (B 1) + o, ]y (e ) o0,24]) | ()

= - ;/:dz. (Bi(2e) + [, —00] Bi(24)[—00, 7] ) pa (2) + ;/ﬂ:odz. (Bi(2e) + [+, —00] Bu(2e)[—00, 4] ) P a ()

4 glonmod] [ [ ORI UL (e )U - B (1)) 0,504 (a) (74)

where we uzd

Bu(@) +Cu(w) = 3 BF (we,a1)+ 5lire, ~00)BE (w0,2.1)[-00,2.] + 3 Br (e, 1)+ 3[rs, 0] BL (20,1 )00, ] (75)

Wy

(a) (b) ()

FIG. 1. Niz.

uToro

6a(w) +idc [dzdel(p+ A+ B+ CF = (o4 APoa(2) = (o) = = [ds (ol e Po(Be + €20 ()

aP, + ie
= ¢a(z)+ é/x' dze (B*(z.) + [z, —oo]B*(z.)[—oo,x*])dyA(m) — é/oodz. (B*(z.) + [z, —oo]B*(z.)[—oo,x*])qﬁA(a:)

- 1[ 0] / dze / %H (ULB; (z0,21)Us — B (20,21))[—00, 2.]pa(2) (76)
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4. Fi Be

%@%H/M%@MWHMJHfW—@+Bﬂ%@ﬁd@

1
(p+ A+ B+ C)2+ic

ém@—/WéM@MWwA+B+CY—@+Bﬁ 12)

_ 9 1 . y 2 1

= [a o)l + B e = [ e )
- 1 s 1 1

+ /dz ¢B(Z)<Z|{p’B}(p+A)2+i€ —p (erA)z{p-l-A,B—i-C}mbﬂ)

= [ @ el gl + [ 42 5 = 1heC )
- ﬁmﬂ@(@%—mwﬁwwg%wmﬁﬁgm

= /dz op(2)0(zL — ZJ_) [Z*,x* — T, / do e~ i(z=T)e —0(xy — z*)/ dao e‘m(z_”’)')

_/dz 6(xy — ZJ_)(ZBB(Z)%C*(Z)[Z*,SC*](9(2* — x*)/ %e—m(z—x). (s — z*)/__a%e—ia(z—x).)
= /dz- (ZEB(Z-JCL)[OO@*]/OOJO& etz —/dzo éB(z.,xL)[—OO,x*]/_UdLa e—mu-m.)
— %/dz. 6B (2e, 21 )Ci(2s = oo,z.,xl)[oo,x*}/

o

da
o

efioz(zfa:).

2 - °d )
+ f/dz. O5(2e,21 )Ci(24 = _OO,Z.7$J_)[_OO,x*]/ @A —ia(z—z).
S —o0o

(67

—0

= /dZ. (Z_SB(Z.,xl)[OO,CE*]/ da eiia('z*$). */dZ. Q_SB(Z.,LBL)[*OO,Z'*]/ da eiia('ziw)’

— 00
do
a

_ %/dz. ¢5(2e,21){Us B} (20,2 )UJ — Bj(z.,xL)}[oo’x*]/ oia(z—a)e

g

1 - od )
+ g/d,z, QSB(z.,xL){U;B;(z.,xl)Um - B;(z.,zL)}[foo,z*]/ jae*za(zfz). (77)
bikoz
1. . 1 1 _
Culz) = = 5B (e, 1) + 524, —00]BI (20,21 )[~00,24] — 5B (2e,21) + 524, 00] B, (e, 21 )[00, 2] (78)
1 1 1 1
= Ci(zy=00) = — EBj(x.,xJ_) + iUxBj(m.,xJ_)U;, Ci(zye = —00) = — 53;(1’.,1’L) + gUiB;(x.,xJ_)UI
From LSZ:
/dm. T (1y) = O(s) / da O(q) e o

= the third term in the r.h.s. of Eq. (77) does not contribute

= ¢p(r)+ i/dZQEB(Z)[(p—F A+ B+C)* — (p+ B)}oc(2)pc(x)

= /d’z' Q_SB(Z”‘rl)[OO71’*]/ da efia(sz). —/dZ. (Z_SB(Z.,{L'J_)[_OO,x*}/ da eiia(z*m)‘
do

+ é/dZ. &B(ZufﬂL){UlB;(znxl)Um - B;(zth)}[*oo’x*]/iigi

(0%

efioc(zfa:).
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2O

(@) (b) ()

FIG. 2. BEPX.

5. CYMMA

Trivial term

—0

(/dz. &B(z.,xl)[oo,x*}/ooda eia(z=x)e —/dz. J)B(z.,xL)[—oo,x*]/ da efm(zfz)')d)A(x*,zL)

— 00

LSz _/dz. éB(Z.,J?L)[_OO7$*]/70dOé e T g (20, 21) = /dZ- QZB(Z-JL)[—OO,JJ*]/OOJO e e g (2, )

= ¢p(@e,x1)[—00, 2 ]Pa(2s,71) (79)

The term in Fig. 3

FIG. 3. Figa.

Fig.3 = —/dzégs(z)[(p + A)? — p2}¢c(2)95c($)¢c($)/d2'<50[(p +A+B+0)*—(p+ A)?ga(z)

— /dz. QEB(Z.,xL)[oo,x*}/ da e t(z=T)e —/dz. ¢?B(z.,xl)[—oo,x*]/ do e i)

X {f/o;dzﬁ(B*(z.)wL [T, —00] B, (2)[—00, 2] ) pa(z) — E/wdzi(B*(zl-) + [+, —00] B, (2,)[—00, 2.]) ()

s)_ a

B é[%h _m}/dzi/__o%e_ia(w_ZI). (U;LB*_(ZL,Z'J_)UQE — B;(zi,xl))[—oo7:r*}q5,4(x)} (80)
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In the leading order in A,

Fig3 = /dz. ¢B(2e,21) / dz. A Z*JJL/ da emio(zma)e /dz. oB Z.,J?L/ dz, A z*,xi/ do e tz=o)

21 21

B[ dnbiono) - 2 [ danpea)

First term ~ B,

Fig.2 = {¢p(z) + i/dZGBB(Z)[(p + A+ B+0C)* = (p+ B)*oc(2)dc(z) }oa(z)

+ 6a(0){6a0) +ide [dzdolp-+ A+ B+ OF = (0 A716a(:)} - dn(a)éa(a)
= %/dz. Q_SB(Z.,CL'J_){U:IB*_(Z.7Z'L)UI - B;(Z.,.’I}'J_)}[—OO7x*]/;_a%e_ia(z—i)oqu(x)

—0

+ ;/;dz (/dz’, &B(zﬁ,xl)[oo,x*]/:oda ooz —x)s */dZL QEB(Z/.,CﬂL)[*OO,x*}/

< (B.(2) + [0, ~o0] Bu(z2)] 00, 2.]) 64 (@) i

A R N B e e ST
< (B.(2) + [0, ~00] Bu(z2)] 00, 2.)) 9 (2)

- %(/dzi ¢B(Z/.af€¢)[007$*]/:oda/ e (=) —/dzi QEB(Z/.JJL)[—OOJ*]/

— 00

da efia(z'fz).)

—0

dao’ e—io/(z/—;v).)

X [, 0] / iz / %H (UIB; (24, 21)Us — B (20,71)) [~00,2.]¢a(x) (81)

After LSZ
(Gp(@) +i / d265(2)[(p+ A+ B+ C)* — (p+ B)2léc(2)de ()} da(a) (82)
+QZB(f){QSA(l’)+i¢c/dz¢_>c[(P+A+B+C) —(p+ Apa(2)} - Fa(@)dala)

“da

= %/dz. ¢5(2e,21){UIB; (20,71 )Uy — B;(Z.,mL)}[—oo,a:*]/ eI ()

—00

- é/f.dz./dzi &B(z’ﬂxL)/__Ud‘a e =2)e ([ 00, 2,] B, (24) + Bu(ze)[~00, 2.]) da ()
[ [ bnen) [ e e (oo Bea) + B o0 a0

1 _ - L T da .
+ */d«zi qu(Zi?xJ_)/ dal e _x)'/dzo/ C2gmiate=2) (UIB; (20,21)Us — By (2e,1))[—00, 2] a ()
s oo oo

In the leading order in A,

Fig.2 = %/dz. éB(Z.7CL'J_){U;B*_(Z.,$J_)Um — B*_(zhxl)}[—oo,x*]/ %e_io‘(z_I)'qﬁA(x)

— 00

_ E/I- dz./dz: Q_SB (Z’., xJ‘)/__UdLa C,ia(z’fa:)o ([—oo, x*]B*(z.) + B*(z.)[—oo, x*])¢A($)

/ dz./dz bz, 1 / da e*io‘(zl*"”)'([foo,x*}B*(z.) +B*(z.)[foo,x*])¢A(x)

+ /dz ¢B(Z.,"I;J_)/ dal e (') /dz./ @e_w‘(z 2) (UTB (ze, 1)U, — B*_(z.,xJ_))[—oqx*MA(x)
s . oo @
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V. POLE

A. Scalar model

[po s@pes® — =[] - jo@ + mo - G (85)
Sdvig ¢ — ¢ + ¢

/ D¢ [8(z) + 6(2)]e5@ = 0, S(9) = S(&) -

Nado

Q.- Q
$(8% +m? + ¢2)¢> $(0% +m? + ¢2)¢—g¢3¢75¢4 (84)

/D¢¢ et Jd! o(-16(024m*+26?) o—0 (024m?+26%) 6—2¢°6— $ ¢*) (85)

Sdvig ¢ — ¢ — ¢.
exp i [ata( = 56— 900 -5 - (6 - H(O- 7)o -
= exp i/d4m —1&Dé+$(m—%é2)$+gq§%—9q§4)

1 - Q ~ Q
+i [dta( - 360006+ 5F)0 - 0(06 - 55 + 505 + ) + 0= 98 - o)} = e (50)
where 0 = 0% + m? + %q@
[IO-DPYTOMY: BO BHEWUHEM HOAE ¢
/qu ¢($)eifd4x(—%¢D¢—¢(D—%$2)¢;—%¢3$—%¢4) (87)
_ i[d*a ——¢D¢ 4 .t 7 9’3 41 34 1t _Q*2 Tt _Q*2 T
= —i[Dge : d'z|¢(0 - ¢)¢(2)+6¢¢ (2) [ d*2'd"2" (O 3¢)¢(2)¢(D 3¢)¢(Z)
Q1
- _ s S
= —¢+ 3D¢ 3D¢ + ... (88)
1. Shifts?
Suppose * A, =0
/DA (A#—F/L)(x) eiS(A-i—A)-&-ifd‘lz%(D"Ai)Z _ /DA AH(SIJ) eiS(A)eifd4z%(DaA§)2 -0 (89)
If A, =R},
/DA (A, +’E)(2)e iS(A+RT) jifd* 23 (D AL)? _ - R /DA A zfd4z(%A‘;(DQ)"'}’A"”fgf""’cD"A"'ﬁA'&Ag) (90)

In abelian theory in the Ay = 0 gauge the shift A; — A; +9;Q(Z) is allowed since both (9yd;x — Wik ) Ok (¢, ) |t:00 =0
and (8o6ik + Wik) 0k U(t, Z)| +— o, = 0 vanish (here Wy, = M) This is the redundant gauge symmetry which

v —02
should be eliminated. . 4 o ' o
In Feynman gauge 0’°Q=0< Q = —‘llkf (apeiklzotik@ 4 gxeilklzo—ik-a)
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B. Gauge field
=0l +4,

ol R craa (1 402 aB_o:AaB_ o HByab 4b a7/ FAafa_ pabe Ha gaB Ab gc
/DA A 'LS (A+4) _ ezS(A)/DA A“(x)ezfd z(zAa(D g 2iG D*DP)*"Ap+AL DG gf*’*D*A AaAﬁ) (91)

DeG™™ = (D@gac — DEDE)A (92)
D?¢*? = 2iG** — DD’ = D{gap — DYD§ — i{Dg, A’}gap — 2i((D*AP) — a 43 B) + iAo D — DAy

1. bF
/DA Aa ) zfd z( D2 B QZGQﬁ)abAI’JrA“DsGaEO gfeteDx AP Ab AC) (93)
1 _ 1
_ [ _ _ ab . GbEB(5) — _/d4 _ P3gpe — PSPEAS
/ z ($|ngaﬂ +2iGa,B|Z) ¢GP(2) z (:C'Pégaﬁ +{P&, AfYgag + 2i((DAF) — o ¢ 5)( agse — Pp Fe')
1
= —Aux)+ (z ﬁpgfpﬂz)&(z) (94)
0 _ 1 t (1) i RO L b0 p) e
AV = A, = Q+A, AV = —A+AY = — (g — T)A , AH = /dz (x|ﬁpﬂ Petlz)A%(2)
Q Q

1
AV (z)+ AP (z) = QL+/dz (x\P—éP§P3|z)AE(z) = FOMD = /dz D% PQP§| JAS(2) — pev =0

(95)
2. Second order
DzbfbmnA;rlnAg — famn(DHAa)mAg + f'amnAgn(DﬂAﬁ)n
D,U.[AOH AB] = 8M[Aou A,@] - ig[Auv [Aq, AB”
= [0ula, Apl + [Aa, 0uAp] — ig[Aa, [Ay, Ap]] +ig[Ap, [Ay, Aol = [DplAa, Ap] + [Aa, DuAg] (96)
I, = DEAG — DIAL +gf AL, (97)

DGy, = (DS — gf " A%)(DEAL, — DEAL + gf ™ AP AL)

= (Digea — DE DAL + gf 200D AL — A% (D Ae)® — AY(DEAS)]

D?¢*? = 2iG*? — DD’ = D{gap — DYD§ — i{Dg, A'}gap — 2i((D*AP) — a 43 B) + iAo DF — D Ag + O(A?)
Ay =+ 8, + AD + AD =l + AV + AP = F, = D2AY + DAY — pe v —ilAD, A

04 (1 4a (72,08 _o:AaByab ab | aa 7. Aafa . pabc Ha gaB 4b gc
/DA Az(x)ezfd (4 A2 (D?gP —2iG*P) " AL 4 AL DG4 — g f*P* D AP AL A5

1 _ P§ _
_ d4 _ _ abD Gb{/j oz aa’ pa bcAlelc aa’ ra bcAle DQAIC DSZAlc _
[at 01y 1 DG (2) il 1) AR AE) + (gl £ A 241)(2)]

1

= [d"z (] —_ 2)

/ P3gus + {P&, A}gus + 2i((DAg) — p > B)

izpsz 1 ., ~ B ~

=~ Ap() + (2] g o)A () + (] g |2) S RALD A, — A (DA — AUD,AY)]
Q

Q
&

(98)

2) [~(Phgse — PR L) s 91" 2ALDEAG — AL(DGA)" — ANDIAY)]

1 25 a . P aa’ ra’bc c aa’ ra’bc c M c
- ($|?5[{P57A5}9u6 +2i(D}} A — p < B)]]2)*" AP (2) —Z($|?§|Z) FEPCALAL(2) + (a | |Z) fUre AN (DR AL — DRAE)(2)
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[d*z is assumed

_ P pg P, 1 o _ _
A0 4 AR = (2] 25 2PN (=) — i(e] 12 U EALAL () + (o] ) fUALDEAS — AUDIAY(2) (99)
Q Q Q
1 D (T N a . Pi aa’ pa’bc c aa’ ra’be c N c
- ($|7[{P57A£}guﬁ+2Z(Df}Aﬁ_DgAu)“Z) bAle(Z)—l(wlp%IZ) FUrALAY(2) + (= |52 | ) fobe AN (DR AL — DAL (2)
Q
PQPQ ab A b& Pz;Q aa’ pa’be ABE glc . PS% aa’ pa’bc J1b Jlc 1 aa’ pa’be J1b¢ A flc nNQ flc
= (o= ) A ) il 7 1) FICARAL ) —iGal ) A AL + (al o) A (DEAY ~ DEAL)()
where we uzd 1211 = A, + A} and
—(z |p2 [{PQaAs}guB +2i(Dy} A — v B)]]2) A (2) (100)
Q
aa’ Aa'c c aa’ Aa'c c . 1 aa’ a’ - 1 aa’ a’
= —(z | | )T AECAL(2) —i(x | Iz) A¢DEAY (2 2) = 2i(z| 5 2) D?A,ebAlbﬁ(Z)Jr?Z(xlﬁIZ) DFAL A (2)
Q Q
- 3£ aa’ pa’be D c aa’ pa’bc Ab T c 1 aa’ pa’bc N c c 1 vaa' ra’be 7 c A1bg
= il S U ALAL ) + (2] g ) U ALDE AL (2) = 2al S5 1) £ A DR AL ) 2] oy )" DAL A (2)
Q Q Q Q
and
PE aa’ pa’be c c aa’ pa’bc N c N c N c D Ale
[ i3 120 (0L AP + AL + (al gl £ (AL + AV)(DEAS + DEAY — DA~ DRAI))] - (10u)
— ( |P2 )aa fa bC[AbAlc+A1bAc]( ) ( | |Z)aa fa bCAb(DQAlc DIS/ZA%C)( ) ( | | )aa fa bcAlbg(DQAc D?Ag)(z)
- P\ aa’ pa’bc A D c 1 aa’ pa’bc D pr1lc N c aa’ pa’bc c N c
= ilal ) P ALAY )+ (al gy |2) FURAUDE AL — DEAL)(R) + (2l g |2) AN RDEA] - DIAY(R)
Q Q
PQ aa’ a "be AVE glc P(\) aa’ pa’bc A b c 1 aa’ pa’bc Ab Q glc 1 aa’ pa’bc A1bE (o O A C NQAcC
= il ple)™ PN AY i 1) FUALAL () (0] 21 S ALDE AL () + (o pgle)® £ AN (D2A; - 2D AR)(2)

Q Q Q

(bikoz D?A15 =0).
The result iz

2 o @ a a aa abec Hya qa c PQP&
/DA (A () + Ag(a)]e /212 (400277 -HG) DAL DG g PoDATALAG) Qz+/d4z (x| =52 [2) " AL (2)
Q
4 i Q "be ABE p1 Pg "be J1b 41
- fat [ital Pl A AL a2 AL AL )| (102)
Q

bikoz (D?A,l,C - Df}Aéc) =0
Nau A, = QL + fl,(}) + AE,Q) = F, = Df}fl,(,l) + Df}A,(,Q) — v — [A(l) A( )] sou

/DA Fau(x)eifd4z(%AZ(D2g“ﬂ—2z’G‘“5)“bAg+AzDEG‘“5“—gf“bCD“A”BAZ(’!Ag) (103)

/

)aa fa bcAlelc( ) TR I/} + fabc;l}tbjlic(x)

Z {x|D7‘ aa’ fa bc(DQAlbé)Alc( ) TR l/} +fabcAibAll,c($)
[ | aa’ fa bc(DQAlb)AIC( ) s V:| + fabCALbA,ljc(Qf)

P2|z ) DR A ) + (ol o) DR AN DAL ) — o ] 4 A A

_ /d4z [( ‘2P2| )aa fa bcAbAlc( ) ( |2P2‘ )aa fa bc(DZAlb)Alc( ) ( ‘2P2| )aa fa bcAlbD2Alc( ) R I/} _’_fabcAiLbAlllc(x)

~ 1 o~ o~
_ pabc A1b flc 4 aa’ pa’bcy P2 F1by fle aa’ pa’be 11b 72 flc _ abc A1b flc _
FAPAL @) + [ (Gl 1 DRA D) + (el gl FURALDE AL () — s v] 4 AR ) = 0
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4EUTD.
EULE PA3: A, =iQ0,Q1 + 64,

/DA Az(x)eifd“z(%Ai(ngo‘ﬂ72iéa5)“bA%+AgDEG'a5“7gf“bCD“Aa5AﬁAg) (104)
Q

Peps P . .
= oA + / 02 [ oS 2P AY(2) — | )" [ S A AL () — il 1 |z>‘w AL AL ()
Q Q

Ala — 4 ngg ab b
gde A" = [d*z (x| =5 ]2)"0 A} (2)
3. Gauge matrix
Qf =i00,07 = Qf + A = i(1-060H09,01 (1 + Q6T =
AD = (19, +[@h)osat = Al* = (P2 (Qsnl)
where (Q5Q1)° = 2tr{t*Q6Qt}. Wi get
(QoQh)e / dz (z| Q| )*PAL(z) = Q° / dz (x]=|2)QUPCAL(2)
= 0O, = /dz( |p |2)QL Ag(2)Q2 (105)
Second order (Qf, = Qi0,0")

Q1 — 6,210 — 5,970 + = (Mm) 1i0,[1 + 61Q2TQ + 5,070 + = (Mm) jQf

= [1-0Q6,0" — Q50" + %(Qélm) 190,011 + Q6,0 + Q5,0F + = (mlm) ]

[1- 06,0 — Q50" + %(Qélm) JQL[1+ Q6,7 + Q6,QF + = (QélQT) ]
+ [1 = Q6,01 — Q8:Q1[i,, (26,21 + 9, (2529Q7) + iz’au(mlm)ﬂ
1
= Qf + (i0, + [Q])(Q0:Q7) + (i0,, + [2)(Q02Q7) + 3 (10, + [2])(26:21),Q6,Q] (106)
YPABHEHUE ((id, + [})(Q26,Q1) = A))
2t ta(m 0, + () (Q6,QF 0, + Q1) (Q5,Q7 LrGo, + 101y (@a,0), 050t 107
r{t*(Qf, + (0, + () (Q20:Q7) + (10, + [2],)(Q02 )+2[(Z L+ [€,)(Q6:Q7), Q6 ])} (107)
4 P;? b 4 "be ABE glc P§
= o+ fat o )AL +fats | x\P£|) PARA () — il 2
= 2tr{t“(28 +100)(25:01) + 2[ A QélQTD} = (Py)ab(mgm)u%fabCA}f(Qalm)C

4 PQ aa’ pa’bc ABE Jlc . PS% aa’ pa’bc J1b Flc
= [t [itel gl AR A @) — il g ) s AL A )
Q

)aa/fa/bcjébgtc(z)]

P . P§ ] .
= (P/?)ab(QézQT)b — /d4z {‘“ﬂﬁé‘@aa fa bCAbgA%C(Z) _i(‘r|P | )aa fa bcAlelc( )} _ %fabcALb(Q(S]QT)C
Q Q
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CBOUCTBO

. rabc 1b \e . PS'EZ aa’ pa’bec J1b Jlc - rabc A1b \e . PS% aa’ pa’be pQybm Tym flc

7 AN 4 (| ) O AL AL () = i feAL(QOQ) (| ) (PR Y00y Al
Q Q

- rabc c - rabc Ailc . Pg aa’ ra’be Ailc 5 aa’ ra’bc c
= if AL Q00N +if QN AL () — izl 53 [2) f QAN (PEAS(2) = —ila = po |2 10,21 iDF AL (2)
Q Q
& pQ

. aa’ pa’bc c . PS aa’ pa’bc J1b flc
— (] Q o [2)m f (06, QNP AL (2 )+Z($\P%|Z) FrrAL AR (2)
Q

- B . PEPQ
il Ry e AR Ay = L e A sy + Lol TR e gt AL (108)
Ps 2 H 2 P5
= Eq. (107) takes the form
P2 . i PfPQ
(P sl = [at [—z<x|P—g|z>w JEAM AL (2) + 2<x\ ) fe 8 0N A () |
= (@00) = [ [—ilalggl KA ) + e |z>w f“”’“’(m af AL ()]

EUHECBoﬁCTBO

(al gyl 5 AR () = (al o)™ A (P@B ) )

2)*
Q
P€Q aa’ ra’be A bE Y aa’ pa’be Q A bE Y
= (el o) PR (2) — (ol ) PR A2 (2)
PQ
= (z \ | )™ fe A (Q6,07)°(2) — (w |P5|Z)““ Fo(PEAM)(Q5:1021)°(2)

_Q P2 D

= (el ) AR @EN) ~ (ol ) AR ) =~ (ol ) P AN @R
Q
éUMEEM
pQ ., .
@01 = [z [ =it T o £ @)~ SR @A)
P2 2

4.  Symmetric raz

A - arbitrary. 4, + A, = Q, = pure gauge

/DA Az(m)eifd‘lz(%AZ(ngc‘ﬁ—2iC¥°‘B)“bAg+AzDgC¥“5”‘—gf“bCD“A”BAZAg)

(109)
1 1
= d*z (x| ————————2)*®D be /d4 — (Pzg — PYPAS
/ ( |P29a5+22Ga5| z) 13 anﬂ_{ Af}gag—QZ((D“Aﬁ)—aHﬂ) QYpg & 5)

= Aa(2) ~ (252 PQPg 2)A%(z)
/DA (Az(x) +AZ(m))eifd4z(%Ag(D2ga’672iéuﬁ)ab,’4g+AZDgé"’fa7gf"'bcDaA"ﬁAZAZ§) (110)
= Aj(x) + Ap(z) — (= 152 PQP§| )AS(2) (111)

Using Eq. (104) wi get
[P Ay AP G A s A 5 (112)
o

Q

PP P . _
= Apa)+ [ [~ (ol g |2 A () il o) FU A AL ~ (ol T |>wfabCA1bA“<>
Q Q
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Ala PEPY a
gde Al* = [d*z (x|%é“|z) PAb(2)

5. Symmetric dva

DEGE, = (0™ — gf A (O AL, — D AL + g " AT AL) —
= (0°gea — 0c0a) A" + gf***[2A2(0° Aa)® — AL(0°A¢)® — AL(0a A%)] — g? foPe A fomm AT AT,
P2g°P +2iGF = (p* + {p*, Ac} + A%)gap + 2iG*7

a ifd*z(L A% (D2g™P —2iGP)P AL+ A2 DG —gfote D> AP AL AS) 4 1 ab 7y AbES
1 A abc A A \c A A .\cC A A€NC
= [t e i s TG P9 e A+ of M RANS Aa) — A0 Ag)" ~ AL(0u %))

- _A, +/dz (x\z%\z)flf(z) (114)

6. bF gauge for arbitrary A
At Qf =1 and A — A the Eq. (99) gives AV = (x|%\z)ab/_lb5(z) and
AV + AP = — A, () + (x\%ma%) —i(III;%IZ)f“bCAb%?(Z) —i<x|§§|z>fab%§bﬁic<z>
By inspection of f-la (141) at Qf =1 and A — A we see that if 9*A¢ = 0 vi get jlél) = [dz (Jc|p;—§n|z)[1n(z) =0so

/DA (AZ(I) + Az(x))eifd4z(%AZ(ngaﬂ_2iéaﬁ)ab‘4%+AgD§éa£a_gfabcDaAQBAI(;A{CB) _ O (115)

C. 1In 2 dimensions

i00,01 = Ay = QF = [0, 7.], Ae(zs) = i[7s, £00]06[F00, 7.]. We take Qf(z,) = [~o0, z,] and A, = B,

P ¢ 2
Qs 0he = /dz (x\ng)abAg(z) = Q;C/dz (:C|2p7_|z)Q£CbAg(z) = Qi /dz*dz. (x|

1
QchAb
P L)l z.)

1 1 1 % 1
= - a = — - a 1 = —|— (1)
S/dz. (x\a+ie|z)B* (ze) Zs/ dze Bi(ze) = Q610 2[ 00, T (116)

—00

~ 1 - 1 [%
AD =SB A =i [ (B) A

— 00

Chek: 0,Ay + DyA, = DJB.

PQ , , .
(26,01)" = / az [ ~i(a] Pl AR @00 () - ol 2 |z>w Qe AL ()]

_ g 71 P* aa’ pa’bc b Tyc 71- Po aa’ pa’be o flc
= = / d: [~ S AR A UNROR 1€ i 2 f (6,0 Al ()|

| )" Q8 QT AL (2)

/i ac4 o - c aoc
= s [ da | a BB - e
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1. Ezampel po-drugomu

T = (Tu,Te), TR = (—Ts,Ts), T, = (T, —Te)
QF = 0(z,)0(xe) [z, —00x] + 0(2.)0(—x4) [z, —00z ] + O(—2,)0(24)[2, —0c0z L] + O(—2,)0(—24)[2, cOZ]
QL = A,(z)+ H(x*)e(ac.)/ tdt [z, tx]a’ G,y (te)[te, x] + ...

2. Trial A

Qz) = [#,0, Q. = i[r,000,00,2] = —i(9,Q)Q

Q, = A(z)— /0 tdt [z, 20 G (t2) 2, 2]

1
= A, = —/ tdt [z, tx]a’ G, (te)(te, x|
0
From f-la (104)
/DA Aa(:C)eifd4z(%AZ(DZgaﬁ72ié“5)“bA%+AZD£C:'a5°‘7gfabcDo‘Aa5AiAg) (117)
14
PO pE Y . PS

= A5@)+ [t [(o] - o) AR (e) — il o) AR A~ ial 1) L)

~ Q pn
gde Al* = [d'z (x|PEP#|z)abAf7(z) which corresponds to Qf, = iQ19,Q =

Q,+AD = i(1-600M)00,07(1 + 6007

of = (1-000N)Q, AP = (i0, +[Q.)6001 = A = (P)*(000)

where (Q76Q)0 = 2tr{t*QT6Q}. Wi get

P§ ¢
paal)y = [d: @8late) = o [ax @0l ale

Q
1 3
= Ql6Q, = —/ tdt/dz (x|p—2|z) [0,t2]2° G pe(t2)[t2, 0] (118)
0 p
pé
0160, = /dz (x|]¥|z) (119)

Second order (QL = 09, 0f)
1 1
Q1 — 6,270 — 5,070 + 5(5@9)2]26“[1 + 6,210 + 5,970 + 5((SIQTQF]QT

1 1
= 1060 — Q5,0 + 5(95&*)2}92'8“(2*[1 + Q60" + Q5,01 + 5(Q(slm)2]
1 1
[1— Q6,07 — Q6,0 + 5(95@*)2]9;[1 +Q6,QF + Q5,0 + 5(95@*)2}
1
+ [1 - Q6,97 — Q6201[i9,, (26, Q1) 4 0, (25.Q1) + 51’8“((2519*)2}

Qf, + (10, + [Q1)(Q25:9Q1) + (10, + [Q],) (25:97) + %[(i@u +19),)(Q26:07), Q6,01 (120)
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3. Background-Lorentz gauge

0y —iA, —iB,)C" = 0=

1
Cp = [dz (x 2)®[(D*G,)* P — DA, — D" B, (2 121
P = Gl e (G o= D" B (2) (121)

For A = %A.(a:*,xl) + %B*(x.,ml) we get DFA,, + D*B,, = 924
If A, + A, =Q, = pure gauge from Eq. (109) we get

/DA A% )zfdz(Q @ (D2g™P ~2iG*P)*b AL+ AL DeGUS* —g f*0° D A°P AL Ag— A20? A°%) (122)

1 ab (7P A 21
_ /dz TR D(DeGP¥A (=) — AbB(z))
- /dz<x|%[(Pg%gag—PSP?)z)Aﬁ(> (¢l 59712 A4 (2)]
= () - [ds (al gy PERPIAY() - /dz<x| Pl = 9l [ds (gl Ak

SRRy PR RNE R TR NE Y PR RNE RS
- [ Gl dh ) = Tha [de 5ol gp DA + Toan [ a5 -Gl L)

VI. PURE GAUGE IN 2D

Gey = OcAL — 0u AL + gf " ALAS,

DEGY, = (0Pgea — 0c04)AS = (0™ — gf " A%) (0 AL, — 0a AL + g™ AT AL) — (0% gea — 0c0a) A°
= gf* 2420 An)° — A (0° Ag)® — AY(0aA%)] + O(g%) = gf*[0°(APAL) + A (0 AL, — 0o AF)] — g [P AC [P AT AL,
D2ga5 —2iG*? — DDF = 82ga5 - 6a8/3 — i{@g,f_lg}gag — Zi((DO‘AB) —a & 6) + Z'Aaag — 604/_1,6’ + O(AQ)

(123)

Trivial order

cra (1 ga 52 0B oA aByab zb a7 Aafa_ rabe o gaB gb gc 1 pa 42 Fao
/DA Ala;(m)ezfd z(QAa(Dg 2iGP) AL+ AL DG gf*eDAP AL A -1 A28 A )_

1 abc Ab Ac A Alc Alc OpAy=0,4, 1 abc Ab Ac
= /d4z (ac|]¥|z)f b [85(14214,/) + A (9 Al — 0, AL%)] = /d4z (x\?\z)f begt (AgAy(z)) (124)

Since G4, = gfecAbAe = 0 and ASQ:A, “5T 0

a A . p abc 1 1c abc 1b pc 1 abc 1 Ac abc 1b pc
Go (A4 A) = —z/d2z (ol o) AL AL (2) o v gV RLA = /sz (@5 ()0 AF A5 (2) = s v+ g f VAL A
1 abc A Ac abc Ab jc 1 82 abc Ab jc abc 1b pc
= /dzz (a:|P|z)f b 8§A285Ay(z)—u<—>1/+gf b AZAV = §/d22 (x|p—2|z)f b AZAU(z)—,LH—)u—Fgf b AZAV =0 (125)
A. LOinG
With our 4

Hea = gf " ALAG (126)
Dféga _ (a2g‘£a _ 85004)1215 _ (8ab§ o gfabcAcﬁ)gfbmnAngZ _ gDabgfbmn(Agbgz) _ gfamnAEn(ijzla)n
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Aa — /DA Aa(x)eifdQZ(%AZ(ngaﬁ—2iGaﬁ)”bA%+AZDséasa—gf“bcD“AaﬁAZAg—AZ62AM) _

1 Py e o 1 b e _
= Je @y i T AUDS ) (2) = [ el gl s AUDE A ) + O (12
=

a _ 20 [ o Pe Wa _ 2o P

A S/dz(:c\P2|z)G.*(z), Al = 2 ) )G ) (128)

a n a 1 B a D aa’ pa'be § nE A \C abc b pc

G V<A+A<“> = Gl () + (DAY — o) = [ ol Gelo) U AUDEA) ()~ v+ gf AL

_ / &2 m| Joo f0 (D, A (DEAL)(2) + (Ae)'(DuDEA,)(2)] — i 5 v + g f v AL AC

= /d z (xlﬁ )2 f[(D, A — DeA, ) (DSA,)(2) — (A%)"(D?gue — DuDY)A,)0(2)] — p 4 v (129)
Y HAC DAL = G,

GL(A+A) = [ (ol g2y 1o (130)
X [(DeA¢ — DeAd)P (D AL)(2) — (A)"(D?geg — DaD®)A,)%(2) — (DyAe — DeAL)P(DSAL)°(2) + (AS)P(D?gue — D..D%)AL)%(2)]
_ %/d2z (x|%|z)““/f“/bc[(D.A* — D.ANY(DJAL) () — (D.A

|
]l
Ek\
S
ih\
O

= g/d% (z 1 2)2 fabel — (A,)Y(D.DGA,

e
+
©
\
=
=
&
=
+
Y
=
©

= 2 s (el gl 1A (PR
/ @z (2] 55 120" £ [(ADN(PA) AL ) + (A (PA)TAL2) — (AN (PoA) A=) + (A) (PoAa) AL(2)]
/ 4>z (g;|i 2)2% [V [(A) (iDL Ad) L AL (2) + i(Ad)P A0 AL (2) + (Aa)P(10. AL )AL (2) — (o %)]
= 2 [ gl [ AGE AL ) + AGEALR) (131)
IMO-DPYTOMY: from Eq. (127) we get

A — / 2 (x|_ipf|z)aa’ [UCAA(2) + OGR) =

= AV = %/d2 (2l L B2)Gan(z),  AD® = —%/d% (x%mz)abaé*(z) + 0(G?) (132)
N

Go(A+AD) ~ G2 (A)+ DAY — DAY = - /d2 t|Po 55 P. + P, P| )G (2) = O(G?) (133)

"U |
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B. NLO: G?
A&H?)a = Agll)aJrAg)a — /DA Ag(x)eifd2z(%Ai(D2g“572iéaﬁ)“bA%+AZDEG'aE“fgf“bCD"‘AaﬁAf’yAngzazﬁm) _
- /sz [—i(x|;15€|z)“b@b (2)
P2.go¢6 + QZGQB ¥
1 = ’ ’ 1 ’ ’ — — _
o _ __ PE|y)ea fa bcA(l)bA(l)b _ _ _ aa’ ga'be A()bE( [ A(l)b - D A(l)b o(G3
ol g P AL A — (DAL = DeAf™)| 4+ 0(G)
D B 1 "
= [ | = ital 55 P12 Gl () — 2o 55 G 3 PE12) Gl )
. 1 - aa’ pa’be c 1 aa’ pa'be M c M c ~
— i 5y PELe) AL AL — (2] 55 12) ™ f AN (Do AL — DAL )| + O(GY) (134)
2)a 21 1 - 1 —
A [ [ = 2l P G ) + 5 el 55 Ge iy Pal2) VG (2)
2Z 1 aa ra bc C 2 1 aa’ ra' bc c B c ~
g Pel2) fMNA“—;|2>fbAmwA“—mA%]+m@>
(2)a _ 2 ab Ab 8 1 ab Ab
AL f/d[;| |>Gu>;uwa Pul) Gl (2)
2i e 2 . - . _
+ ;Z( | P | )aa fa bcA(l Al (1) S( | - ‘ )aa fo bcA 1)b(D Al (1) _D*Asl) )} + O(G?’) (135)

Go(A+ AW + APy = G + (DAY — o v)* + (DA — e v) + gf AP AN + O(G?)

G A+ AD + A®) = G2, + (D, AN — D AITD)a 4 g pabe g(DP 4 (De 1 0(G3) (136)
Potochnee
G (A)+ DAY — DAY (137)
_ (a 2 d2 5 1 5 5 1 5 ab ~b _ 2 d2 1 1 1 D Y D 1 ab b ~3

_ _ . 25 L5 8, ~ 1 1 _ .
(DAL = DAl ) = [t [ 2IP. 53 P ) - SlP. g3 Ce g Pl G )

2 ~ 1 = 21 _ 1 _
- P, |z) fa bcA(l Al (e | 4 P aa’ ra bcA(l)b D Al (Le D*Agl)c
2 (01 P. g Pul2) | P gl Al )
2, -1 - 81 1 )
= @55 B2) "Gl (2) + (x\P TP*|Z) KENE
2 = 1 - c c = ¢ =
_ g(1.| 'ﬁp | )aa fa bcA(l)bA(l) - ( |P ‘ )aa fa bcA(l)b( A(l) _ D*Agl) )} + O(GS) (138)

Bikoz D,AY — DAY = G,

(D*A£1+2) _ D.A5k1+2))a — fabcAfkl)bAsl)C —|—/d2z |: %(ﬂp P —I—P - P |Z)abGi.( ) (139)
Y ] L (PuGuaB. — PGPl 2 |G () — 2 (@) B |2)e f G0, A“ = B el Pu gy o) G AN 4 O(G)
&2 2 [Ty *(Txel e P2 *® S *P s 'p2 *@ L Tx
4 1 N |
= A AD = Gk [ [ Gl (PGP — PGuaPe) Bl G ()
s P P
4 p 1 aa’ a'bcéb d / 1 p /chd / 4 P aa’ ach d / 1 p / chd / 9] GS
— 2 @R )" f1G(2) [ A2 (2] 55 Pl 2) M Glu () + 5 (2] *|Z) f o(2) [ d2' (2| 5z P]2) MGl ()| + O(G7)

= — @, — farea A0 4 0(G?) (140)

= Gzy(/_l + AW + AR = O(G?) for any Tlﬂe or 7}52;61)0
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C. Pure gauge in a simple way

4 2 L A ~a abc 4 AC
A# = ;pllA.(Jf*)—‘rgpgA*(x.), G*.(Qf*,l‘.) = f bAZ(JZ.)A.(Z‘*)

Rewrite Eq. (134)

AQFDe = gDa g g@a / DA A% ()t = (bAUD =216 A AT DG g D1 4% Al A= A507 A°°) _
1 _ _
— a2 {_~ _ ___ pE|L)abat
/ z Z(x|—P29a5+2iGaB |2)*Gép(2)
1 _ ror 1 ro _ _ _
o _ __ PE|y)ea abcA(l)bA(l)b_ _ _ aa’ ga'be ()b ([ A(l)b_D A(l)b oG3
ol g P A A = 1S (DAL — DA™ + 0(G)

D . R U
= [ [ el P Gl ) 20l s P C)
. 1 = aa/ al c b c 1 aal a/ c — c _ c _
= ilal g P f AT A — (al ) A DAL — DAL + O(G) (141)

From Eq. (141) we get
(1+2)a  _ 2 7% i* ab Ab é Lt A5 15 ab Ab
A = [ [ = Bl g PG () + 5 (]33 Gee Po )G ()

e i’ aa’ pa'bc ()b 4 (L) _ 2 L yaad pa’be 4(1)b Ac ~3
= (] 55 Pal)" £ AL AL — (a5 o) f AL G|+ 0(GR)

i1 e 1,01 .1 . 1,1 - 1 _
= /dzz [— §($\ﬁ|z) "Gl (2) - Z(ﬂﬁG*-?MabGi.@) + §($|ﬁGw?|Z)ang.(2)
_E i aa’ pa'be 4(1)b (1)0_} L* i ab Ab ~3
5 (al 5 12) f A A (el 5 G )M EL )]+ O(@)
i 1 ab i 1 aa’ pa’be b c
= [ = Salg |G ) — Gl gl AN L] (142)
=
Wa _ [ 1 e Ab @a _ [ 1 Saa’ palbe 4 (b 4(1)e
AT = 2/d z (x|p*\z) G (2), AT = 2/d z (:c\p* |2)2 f@ A7 A (143)
Similarly,
Da  _ 2 2 i abAb (2)a _ 1 2 i aa’ pa’be 4(1)b 4(1)c 144
AV = 2 [ Gl Gh @, AP = 3 [ el Al (144)
Now
(D*A£1+2) _D.Ag1+2))a _ _Gz. _fabCAil)bAsl)C o G*.(A+A(1) +A(2)> _ O(GB) (145)
is evident.
D. Pure gauge for the retarded propagators
a i 1 ab A~ i e b+ 1 abc o AC
A —§/d2z (ol 552120 G 2) = 5/ Ao (e, el Au(z)) P Abars) = = 3 f b/ Q2o AP (20) A< (z.)

Ae _ 1 / d?z (x%\z)ab(:i,(z) _ L / - dze (22, 2:) Aa(2)) A (24) (146)
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gD,,ﬁD.G(x,k — 24)[Tx, 24|0(Te — Zo)[Te, Ze] = gé(z* — 24)0(xe — 2e) = 6(2)(:17 —2)
s
1 1 2
(ﬂmm = (zl (P, +i¢)(P\ + ic) lz) = — 5‘9(50* — 24)[®4, 2:]0(xe — 2a) [T, 2] (147)
_ ) _ 1 _
A. * Asl)a = *y 0o | — *] 1/ ’ P'fi “bGh = .QT
() + (x) [, —00]i0e [—00, T ] 5 d°z (x| N +iep0|z) G.o(2) i0
T t a _ 73 2 _ 1 ab b
O =[—o00,z,](1+ Q") = 60 2/d z (x|P*P. r— |2)P°G (%)
= (SQT = %/ *dgz*/ .ngo [1’*7Z*HI.,Z.]G*.[Z.,I’.HZ*,I*] (148)
o S J_oo S

1. A Q} = [—ocox,x] model

[z, —00x]ide [— 00X, 2] = [m,—oom]%sai* [—oox,z] = Ao(z)+ gx./_ tdt [x,tz]Ge(tz)[tx, x]

[z, —oox]id[—oox, x] = [a:,—ooa:]%sai. [—oox,z] = Au(z)— ga:*[ tdt [z,tx)Ge(tz)[te, x] (149)

Aules) + A"(@) = Aules) = 5 [ 6P 2GR (E) = i
. 1

QF = [—ooz,z](146Q7) = (i0s + [As,)0Q* = — E/dzz (I\P.%\z)“béi.(z) — gx./ tdt [z, tx] G, (tx)
2 P, P, + iepg S oo

~ 50 ——f/d% (e [2)abGl (z)+7m2/1 1t [, t2]™ GO, (k) + O(DuGa)

2 P, P, +iepo e s oo ’ e o
; 2 2 -
= %/dgz* /d;z* [T, 24 [Te, 20| Gro (24, 20 ) [Z0, T |[24, T +7 (150)

E. Propagator

[ DA @ ()G s DG 4 )
o v

5 — ,L-gfabc/DA AZL(I)AZ(y)/dZ DQAGBAZA%(Z)eifdQZ,(%AZ(DQQQB72iéaﬁ)abA%+AiD£éa£a)

—igfe / dz ({47 (@) A" (2)) 4(A () AL () 4 (DaAG " — DAL?)

(03

(A (@) (D* A% — DPA™) (2)) AL (AG(2) AL (y)) 1 + (4] (2) AG(2)) s AL (DA — DﬂA“”‘)(Z)AZ(y)M]

1 _ _ 1
_ - pabc mb (Da (Da cn
= d _ D, A — DgA _
1 _ 1 _ 1
abce ma A(1)b cn
— dz (x| = — P, — = —— Ps|2)™" AL (2) (2| s—————=—
f / ( |Pzgug+2iGug P2g,5 + 2iG e ol2) () |P295y+210ﬂy|y)

1 _ 1

abc me A(1)b an
+ d _ A Ph=——————5—— P3—= = 151
f / : (x|P2gM5+2iGM5|Z) @ (Z)(:E| aP2ggl, +2iGBV ﬁ’ngaV +2iGaV‘Z) ( )
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1 ‘ )CTL

1 — — be
- [ @l ™ (DaA) ~ DaA) Cl g i,

P2g,o + 2iG 0

i /dz PngBHZGWP(,MpﬁZ)maAgl>a6(z)(z|M|y)cn
vifa P%mH£M>W%MUwPP@QQ£W Prr— ™
= /d'z P2gm + 2iGn +22GW [{Pe, AV }gas + 2i(Da A — DALY )}Mly)m"
[t oy A P ™ 4 Gl A ™ (152
VII. CHOBA
IPOSYEM
L=y cvpyma garmy  cyoymb 4 Lomu 4 NarAv 4 \a abe( AHE A \avb qen . L ga; v yvyab gb
5 (D! — iXP)M AL (DY —iX¥)MAY = S(DMAL)N(DVAL) + [ (DS A XA 4 AL (X XY) ™ AL
= %(D“Au)“(D”Ay)“ — (D Ae) X AP 4 %Aﬁ(X”X”)“bAf’, (153)
02 = P2g,, +2iG, + BuX, + X, P, + X, X, & P2g,, +2iG,, +2X,P, + X, X, (154)
bikoz
/ dz APl X5 A (z) = / dz AP XY PEe A () = / dz A X7 Po AM (z)
cm(a / DA AT (z)ei € 2(- 3L (A AP~ 3D, —iC,) A*T)

%

/DA A™(2)e ifdz(—1 G Qe — L AT DY APP 4 A2 DGO — g fobe D™ A% AL AG— 22 pobm pedm qeo 4P A¢ A% )

A—A+C /DA A7 (2) + O (2)] e iS5 (3G G, — 1 COo D O 4 Ca DGt —g f20° D G Ch O — 4 ovm fedm Gan GO Ce O

X expi / dz{Aw( — O, CY 4 (DG)2 + [ (264D CE — C4 DL — CLDPCS) — o fcdmébﬁégég)

4 5A%(— O — 2i(DaC) + 205 P — 205 (CSPe)  gupCeCS + CpCin — [, C]) A

— gf (Do — iCo)" A A% A% — % form fcdmAWAbﬂAgAg} (155)
HAUDEM UKC

£ 4% (O — 20(DaC) + 205 P — 200p(CE ) — gapCeC + CyCla — [Can O] AV (156)

Aw( — P2 — 2iGop — 2XoPs — XoaXp — 2iDoCps + 2C5Pa — 29ap(CEPe) — gapCeCE + CpCo — [Ca, C_’B})abAbB

_ _ _ _ _ _ _ _ _ _ _ ab
AM( — (P+C)?gap — 2i(Gap + DaCp — DgCo — i[Ca, C]) + CaCl — 2[Pg, Co] +2C Py — 2X 0 P — XaXﬁ) AP

NN =N =

_ _ _ _ _ _ ab
A% (= (P+C)?gap = 20(Gap + DaCs — DCa —i[Ca, Cg]) )~ A

IIPU YCAOBUU WTO X, = éu az ekspekted.
UTAK, the gauge-fixing term is
1 = s AYUL\NTA AG ( THV el aul 1 = a/nv a abc/ a c 1a”1/a
(D =Gy AL (DY —iCY)™ AL = S(D"A,) (D" Ay)" + [ (D Ag)" CrA™ + S AL (CHCY)™ A}
1 = a/nv a (7 ava 1a”1/a
= 5(D"A4,)"(D"A,) — i(DEAg)"Cb AP 4 SAL(CreY) bAb (157)
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S0

0% = P?gu +2iGu, + P,C, + C.P, + (158)
O (x /DA AT (x)e ifdz(~ (G0, (A+ D)~ L[(D,—iC,) AM]?)

P

b ABb e cabe b 2 rabm ped bB gc od
/DA Am ) ’Lfd Z(*% apy a 7;Aaa|:|a AB +AQD§Ga§a7gfa CDaAaﬁAaAgngfa 7nfc m pac g BACA )

A—>174+C /DA [AT (;p) n C’;n (;];)] eifd2z (7%@(1;L1/éiy7%éaa (P‘Zgaﬁ+2iéaﬁ)abéﬁb+égDséaﬁaigfabcDaéaﬁéb ce_a fab'm fcdmcaacb[icc Cd)
X expi / a:{ 4% (= (P2gag +2iGop) T + (DG + [**(2CHDPCE — ChDCP) — fotm fim i Ce )

_ _ _ o o _ ab
— 5A% (P + C)?ga +2i(Gap + DaCs — DsCa — ilCas Csl) ) A”

— — ’ ’ 2
gfabc(Da o ica)aa A% AcaAdﬁ o ngabmfcdmAaaAb,BAZA%}

(159)
UMEEM YP-E HA C, B BUDE
(P?gag + 2igGap)**C" = D™ GY, + gf***(2C{DPCE — ChDaCP) — g? 20 fem PP C.Cf (160)
B KOMIIOHEHTAX
APPYMC, = DIPGCL +iGLCI+ gDy (f7°CI00) + 29" CID.CT — g [ [m CLCiCe
2APP)ICL = = DIPGL, —iGICL - gDI (fCLC) + 29/ CLDLCS — g [ [ CICECY (161)
IEPEITUWEM HA §YDYUILEE

2(PP)™CY = DPGY, +iG00+ gD (F7CIC) + 29/ CIDLCL — g 0 M CLOLCH

= (PP + P.P)™CY = DGl +2iGECL + gf***DuCLCS + gf ™ CLDLCS + 29[ CLD,C5 — g fo [ CLCLC!

= (PoP, + P.P,)*"C?

— URCLDLCS — [CHD,CE + DG, + 2GHCE — g CLDLCS + g CUDLCE + 29 U CLD. G5 — g e M CICAC
= DGl —2CLGl, + gf " CUD.C; — DuCs

~rReLCl) = DG, - il
where Ay = A, + Cs, Pe = P, + C, and similarly for *

HADO expand do G2,. PA3SUBAEM C = C, + Cy + Cs

D D 1
POPMYAA: PP,

. = DG, (162)

1 (HPU AIOSOM O6XODE CUHFYAAPHOCTU).
ol .

R _ ; 1 B B o 1 -
- Po *® La = - 1/ 2 == P. abgh D = — —Uxe
. PP, Gie < C,%x) 5 d Z(IlP.P* [2)°Gl (2) = 2G
o : P.G ~la i 2 I 3 ab b = =1 1~
- PP P* e * = 5 D D P* *e D- x — AalUxe 1
Ol = gppPCe @ O = 5[ElppPehE 5 DOl = 6. (6
(tl g Pul2) = (2l 52) = —i0(ze — 20)0(2s — 2) [0, 2] 2"
x B.P. +iep. z) = Pt ic 2) = —i6(e — 20)0(Ts — 24)[Ts, 24
1 1 _
5 i 1) = g5 = — (@ — 2)0(T4 — 20)[Te, 2e] (164)
ECAU A,(xe) — 0 ITPU 24 — +00, TO
C’il)(x) - Z/' *dz* [x*VZ*]A. [A*(xO)aAo(z*)Hz*ax*]A. = Cil)(l’*’l’. = :l:OO) = Cvil)(
S oo

Ty = —00,Le) = 0

C-,Sl (33) _ Z/ dz [:)3.,2.]'4*[%1*(2.),/1.(,@*)][2’.,l’.]A* = C_’El)(x.,l‘* = :EOO) = Csl)(l'. = —OO,LU*) =0 (165)
S — 00
AHAAOT'U4HO, C{Y (2, = —00,24) = CV
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_ _ _ — — ’ / _ — c — — — a 3 1 — vaa’ ’ — — c
2(PP.)CP = iGN + gDe (10N - gpateciNGe, = 0P = — (o5 P)" pr e eV

2\P,P,

R — — — — / ’ — _ — — _ ) ]_ — Jaa’ / _ —
2P, POt = _iGablt — gD’ (fabeMPEe) 4 gpabeMbGe o g@a %( == P)" be (VP EVe (166)

G (A+CW +C@) = G2, +(D.CM — D, CM)e 4 (D,CP — D,CPY* 4 pabecMPoMe — ¢ (167)
HAM HADO EULE
N A a 1 ~ ~ c N a 1 ~ ~ c
D.CY" = — el DO = S feahal) (168)
Similarly to Eq. (165) c )( ZTp = —00,Te) = C'iz)(x*,x. =—-00) =0
TPETUU IIOPADOK
2(P,P,)**C{P’
_ ZG‘:EC’EQ)I) + nga,fa,bC(C£1)bC’£2)c + C’ig)béﬁl)c) + 29fabcé£1)bD*C£2)c + QQfabcé£2)bD*é£1)c . ngabmedmé(l)bé(lcé(l)d
_ g[)f“’fa/bc(c_'il)bész)c—i—C_'(Q)bc_'(l)c) +9 fabCC_'(l)bD C—,(z)c _ggfabmfcdmC—,ﬁl)bc—,?)cc—,g)d _ nga/fa/bc( C(z —I—C'(2 C 1)c)

o 6@ _ _%(P.lp p,) fo'be(CVPCPe 4 o eV (169)
Similarly

2(P,P,)* "

_ —i@if@gz DM fo bp( CbE(2 c+é£2)bc—,£1)c)+2gfabcc,£1)bD.C,£2)c+29fabc6—,£2)bl—).c—,(1)c 2fabmfcdmc—,(1)bc—,(lcc—,(1)d

:_gD:a/fa'bc(Cil)bC.Q)c CiZ Csl)c)+2gfabcé£1)bD.Cf£2)C_g2fabmfcdméil)béfil)CCEUd _ Daa fa bc( (1)b C(2 C(l)C)

= O®a _ 3( 1 P*)aa/fa’bc(éil)bé,£2)c+C£2)bé£1)0) (170)

2\P,P,
HAM 6YDET HADO
__ 1 — )b = ~ ()b =
D*CSB)“ _ §fab0(cil)bC£2)c T C£2)b0$1)c) (171)

Again, i (T, = 200, xe) = c® (T4, Te = £00) = 0 = Co(xy = +00,24) = Cy(24, 74 = +00) = 0

= (A4 C)e(r4, 76 = —0) = Aq(my), (A4 C)u(me = —00,24) = Ai(wa) (172)
POPMYAA:
%(;:. + D0V 4 D.CP DO 4 % febecWPeile L oWbe®e 4 @by = g
u IIO>TOMY
FAL(A+CH 4 C® 4 CO) (173)
= G2+ (DO = Dy CO) 4 (DO — DuCE)* + (DO = DO ) 4 (GO + O CP + CPPC) = 0
HAIAYDEHUE
D.CY + D, CY =0 e (i0,+[A,,)C" = (0, + [A,, +[C)C"* = 0 (174)

40 TIOPADOK (see Egs. (167) and (171))
2(P, P, )abc(4
(7'””(“ )b +g Daa fe bC(C(l)bC Be o@boPe 4 C’ig)bé(l)c)+2 f”"”‘C*(l)I’D cPeq2 f“bCC'SQ)bD*C‘£2)C+2g]j"”"’(7£:;)bIf);.:(,*ﬁl”
—y fabmfcdmch)szl(Cil)dig fabmjL,drrzc.l)f»@£2>(f(j£1)(l Zfabmf(dmc(l hC 0(2)r1
_ gD:za'fa'bc(Cvil)bés?’)C C«(?)bé@)c + 0(3)17@(1)0)

_ ] 1 - ad c
. C£4)a _ %(p e ) fa bc( (1)bC 4 0(2 0(2 + ! S)bC 1) ) (175)
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_ 1 _ _ _ _ _ _ _ 1 _ _ _ _ _ _
- D*C£4) _ 7ifabc(cil)bcsi%)c+C£2)b0.(2)c+0£3)b0£1)c)7 D.O£4) _ 5f-abc(C,il)bC,SS)cjLC,>Q(<2)I)Cy£2)c4»Cy>l(<3)bc,£1)c)
(176)
U I1I05TOMY
Fo(A+CW 4 0@ 1 06) 4 o) (a7)
— G4+ (D.CY = DY 4+ (D.CP — DO + (D,CF — D.CP) + (D,.CY — D,
+ fabc(ég({UbC«Sl)C+C£1)bc£2)c+C,JEZ)bC*,El)c+Cﬁ£1)bc£3)c+c£2)bé£2)c+c£3)bcsl)c) -0 (178)
and
_ _ 1_ __
D.C, %[0 G = 3G = = DC. (179)

NB: we never used any assumptions on A, and A,

VIII. Q
Here Aq(z,) and A, (z,)
1. Qdo A®
2 1 - e 2 I A /
Qx4,2e) = 141 dsx Al d xl, d 2.0(x — 2" A (z))Ag(2)) + i d;x,A*(x,) (180)

—/w.dg:c’,dzx’,'e(x’—x”).ﬁ () A (a! —7/ a2a / 42 (Au(@l) Au(al) + A, () Au(2))

— 00

Qf (2, 24) = 1— z/ dgx;/i.(x;) 7/ dgx;dgx;’tﬁ)(ac' — 2" Ae(2)) Au(2],) — z/ dgxifl*(x’.) (181)
s s

Te 2 2 - - 1 [% 2 Teo 2 - _ _ _
S B C W EAY NEARE § (N (A NCAY NCARS AV NEES)
s %s oo S ") s
Trivial chek:
+ T2 T2 02 N (IR (o] T2, /
QN (24, 26)QUxs,Te) = [l—z d—z Ae(z,) — d-z, d-2/0(x" — ") Ae(x)) Ae(z,) — @ d—z, A (z))
s

—0o0 — 00 — 00 S

e 9 9 _ . 1% 2 Te 2 - - - =
- / d-ald alb(a’ - a")e A (@) Au(l) - 5 / d=al, | d=al(Au(@l)A(al) + A (al)Au(al))

< [uri / a2al Al - / a0 — o) A A) + i / "a2alA(2)

— 00 —c0 -0 $
e 2 / 2 11 ! 1 A !/ 1 1" ]‘ o 2 / e 2 / A !/ A /! A /! A /
—/ d—z,d=2,0(x" — 2")e Ax(x))Ax(z)) — = d-z, dfx.(A.(x*)A*(x.)—|—A*(x,)A.(a:*))] =1 (182)
oo § s s s

Non-trivial chek:

= 00,0 (z,,1,) = [1 —l—z/j* d%w;A.(x;) + i/_x. dgx',A*(w’.)}
x [Au(w) —i /_ :d2x;A.(xfk)fl.(a:*) -1 :de’,(fl.(x*)fl*(x’,) AL () Au(2)]
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which agrees with Eq. 146)

= ) [ A + ADA) = = [ 0~ 20 - ) (A (). Au())

(184)
Next step
QN (24, 26) QU T4)
if2 ’ ‘ 21‘" N gx/ A (VA (2 A (2! PVA (2"
> 5 anl [ ael [ a2a A (A Al + Al An(al)
U R R L e INE (I A (o
_ 5/_Ooal;ac*/_oodgx /_Oodgx,(A.(ac*)A*(x,)—i—A (x,)A.(x*))A.(ac*)
* 2 ! * 2 12 e 2 I A / A "\ A / ’ 2 !/ * 2 ! I; 2 A / A !/ A "
- z[wdgx /z dgx [mdgx.A.(x VAo (x)As(xy) +1 7oodgac [md;x [w dgsc As(xy)Ae(z),)Ae(z))
? * 2 ! * 2 " * 2 !/ A / 1 1" A ! 1 / A ! A 12
5[ el [ a2al [ e () AL @) + A (@) Au(), Aula)) (185)
Guess
2 / / / 1 A / 1 1 * gx/ x/
Qzs, x =1+Z/ d=z! Ad( / dga:d x@(m—x)*A(x)A.(x)+z[mds Ay(z)) (186)
- [ et - A e - 5 [ ddel [ e (A A ) + A Auel)
- e [T R [ R (A, AIAL ) + A (el Aue))
- [ [ a2 (A A AL D) + A AL, AL ) + 2
Oenra) = 1= [ a2l - [ adetadeto - o). A A — i [ a2 Al (187
- [T aEnaene - A A 5 [ a2l [ (A A ) + A Auel)
o I Y A RN NE P NEA RS WA E RO R Es))
TR NN dfz;(m*(x'.),A(x’.’)]ﬁ.(a:;) A A (), Aua)])
2 / x 2 // e 2 / 1 1 / 1 / 1 / 1 1
b ke [ e [ R (A A Ael) + AL A, Au(el)
c e [ [ d§x;({A*u:»A*(x:')}A.(x;)+A.<x;>{ﬁ*<m:>ﬂ*<x:'>}>
0.0 (22, 20) = Aoz )—z/j A2a Au(a) Au(2s) — %/_ d%x’,([l.(m VAL (2l) + Au(2l) Au())
1) el [ a2 (e A AL (00) + A ) AuGal)
b1 el [ A, A DA ) + A A6, AL 2]
L[* 2 ’ Fe 2 / 1 1 I\ A ’ / 1 ’
I B AR REA ZREARS NEAENER I NEA))
i [T ) A ) ) + A A l), A 2) (189
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Qo) (onzs) = [L4i [ d2aldal) ~ [ doldielole’ - o) A A +i [ dZal Al
—00 —o0 S —00
* / 2 " / " n ! 1 1 o 2 / e / n ! A / / n /
o RO N NEAY NI Y = (e AR REAY NEAR NEAY NEA))

[ [ R (A ), A A + A (AL, A (189)

Il
N | —
i
Q b
Q
| o
~
-

+

o8 8
QL

"’l‘>1<

£ 8

+

d

\\
QL
w M ®» [ ® | b
\\ .

~ ':
Q.
I DO
o~
—
=N
L]
—
8
N
I
—~
.~
-
+
0
—
.~
—
o
L]
—
* o~
-
=
i
L]
—
8
v
N

+

= - %/ ) dfx’.dgml,' 0(2' — 2")e [Au(a)), [Au(2)), Ae(2,)]]  az it shud bi (190)
oo s

Y At Y BN A QY NEAY NEA RS NEAY NEAY NER) (191)
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QO (., z4)
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o9 9 9 - o9
=1 —|—i/ d=x! Ag(x) —/ d=xl.d=z" 0(x), — 2! Ae(2.) Ae(27) —|—i/ d=x, A, (x))
s oo S s oo S

— 00

Te 9 2 - - 1 /% 2 Te 9 _ _ _ _
S B AT NEAY NCARE Y Bl N A RSV AR MEAY R ER)

—o0 — S —c0 S
Il: o 2 / 2 " / 1 e 2 / 1 / A "\ A / A / A / A 1
- 5 dfx*dfx* G(I*—,I*) d*l‘.(A.(I*)A.(.T*)A*(I.)—|—A*(I‘.)A.(I*)A.(I*))
oo S S —o S
Z. e 2 / 2 " / " o 2 / A / A "\ A / 1 / A ! A 12
S BN C ) =AY NEAY QR REA R REAY MEAY HEA) (192)
feo S Us oo S
_ _'m*g/‘ AN m*glg// I INA (N A /_'m.g/‘ ’
=1—1 dsac*A.(x*) alsx*clsar;k O(x), — x)Ae(x) ) Aa(xl,) — @ dsac,A*(x.)
e 2 / 2 1" ! "\ A ZAWY ! ]‘ o 2 / e 2 !/ A !/ A ! 1 /! A /
- d*.T.d*IE. 9(1’. 7‘T.)A*(IC)A*(‘T.) - 5 di‘r* d*l‘. (A'(I* A*(’JJ.) +A*(IE.)A.(IE*))
fo S8 U s oo 8 ) s
Z’ o 2 / 2 " / " e 2 / n "\ A ! A / A / n AW} !
oo il o - o) [ dZel (A A A () + A (0 Aula) Au(s))
o 8 s e S
[T 2 2 T2 - - - - - -
+ % d-wgd—a] 0w, —af) | d=al (Au(@d) Au(@)) Aa (@) + Ao (2)) Au(20) Au (1)) (193)

0.9 (e we) = Ad(wn)—i [ a2al A () — / - 02 (Auw) Au(l) + AL Au )

—00 2 o0
-5 [ R (A A A ) + A A Au(e)
= / " a2ua%el 0w o) (A A @) Au(e) + Au(2) AL ()AL (L) (194)
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2. Qdo A2A2

QN (24, 26)Q, 24) = [1—1’/ *dgmiﬁ.(x;)—/ d x, d x” 0(z, ;’)A.(m;’)fl.(x;)—i/ .dgm’./L(x’,) (195)
oo S o oo S

s
Ze B 1 Te 9 Te 9 B B _ _
- [l o ’.’)A*<x’.'>A*<x'.>—§ [ e [ (A A + A Au()
i o 2 2 // // e 2 ! A "\ A / A / A ! A "\ A /
oo s oo S
vl / dzx a2 o(a, — al) / (020 (AL (@) A () Au(al) + Au(a) A () AL (22) + X31]
s % s oo S
o 2 2 / 2 " ! "\ A ! A 1 . e 2 I A !
X 1 +1 dsx Al d;x*dgac* Oz, — 2l )Ae(z),)Ae(z))) + i dgx.A*(x.)

)

2 . _ 1 [ 2

_ d d //9 " A* / A* n .~ d*
/m L CREAY NCAY NEARE Y I

R I T TRy AP NEAL RE L AR NEAL REAP RED)

2 —o0 —o0
N T o 2 I % 2 _ _ _ _ _ _
- ; sl 0w —al) [ el (A A Aual) + Aulal) A @) A w2) + X3)

-1 / a2 / a2t / a2l a2l 0 — a) Al (A () A Auel) + Au(el) Aua) Au ()

o / aZalaZal 0!, — o) / 22 o - a) A A A () Au )
1 [% _ _ _ _ _ _
-3 / df / df ’d 00 — 2 / 22" A (2l) (Au@l) Au (@) A (a?) + A (@) Au(al) Au(a)))
—|—/ d x, d x” 0(z, ',’)/ d T, d ac" O(x), — 2N Au(2)) A (2)) Ag(2),) Au ()
—o0 —o 9§
lz*z/m.g/‘/‘/ A (o INA (] I*g//z.g//—//—// A (N K (o
+ 4 dsx* ds.’I}.(A.(x*)A*(.’E.)+A*($.)A.(l‘*)) dsl'* dsm.(A.(.’IJ*)A*(LIZ‘.)+A*(I.)A.(J}*))
_ 3/1* i2a a2 o x)/ i / 22 (Au(2") Au() Au () + Au(2) Au(a?) Au(2)) A, ()
92 - * s * * * . s o . s ° L * b4 * ] * . b4 * b4 * * ]
- % / d2ad2a o, — 2 / d%x; / *dgx;’(ﬁ*(m’,’)ﬁ*(x’,)/i.(x;)+A.(x;)ﬁ*(x’,’)ﬁ*(x’,))fl.(xfk') + X3+ X3t
T L[* 2 / " / // "
= —X3-X3" = 1 d;x*dfx 0(x d Ty d xy 0(xl, — ) (196)

— 2A,(2)) Ao (2)) Au (2! ) As(2)) — 2A.(20) As(2)) Ae (2),) Ae(27)) — 2A4(2)) Au(2),) Au (z) As ()

A @) Al A0 A () A () A ) A () Ao A () A () An ) A (22) + A () Au() Au (22) Au )

+ Ag(2) A (20) Ag () As(2)) + Ag(2)) Au () As (2) Ad(2),) + Au(2)) Ag(2)) Ag(2)) A (z) + Ay (2)) Ag(2)) As(2)) Ao ()

+ Ao (z)) As(z]) Aa () A (2)) + Ag(2)) Au () A (2),) Ae (7)) + Au(2)) Ag(2)) Ae(27) As(2),) + A () Au(22) A (2,) Ao (7))

+ Ag ()AL () Ag () As(2)) + Ag (7)) Au(z]) A (2)) Aa () + A (2)) Ag (7)) Ag () As(2),) + A () Au(27) As(2)) Ao ()
— 24, (xg) Ae () A () Au(2]) — 240 (27) Ae () Au(29) Au(y) — 24 () As (2)) Au () As ()
20 (0l A () A (1) Aa) — 24 () A () A0 Aul) — 2 (0) A (0 A () A )
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/
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oo S
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°
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EE 8 &
ot X S = =
= —~ X% 8 ) ~
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o e < B S %
< > == ) < I
)AN} on _A ,* ,. a1 \}.
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~ \),A_AM,AM,AM/* Ze M'M\ | ,A,*(,ﬂ(,ﬂ,*,Am ,AmT = ~
_A /$. MIV/ —~ /\) Ml/ (Two\ /muw.ﬂ N Mi/ o A ,AA ,A A o [aN] /mlw. ,Mﬂ/
5 3 8 /Two /$o /m:wo < < ) /I* |+ + + + | ~Tw I3
S - N N @ < N e N ~ =
S < S T % > 2 ] o TeJee~o0_ 02X < x N
e o T R RS s B 5 B B8 8 8 e
<t /m.\).mn/m./wn}(x\ = R f,A
~* G5 E ~Te Te % % % ° Py
TIoEEES S WY DZESEES S
— M <t /Io\ (o\ (o\ [\ [a\} h m /IM NTW* /$* ~ ¥ X ¥ /T* /x* /Io /$ (M
e L I S8 EE8LE &
I R s O T S S o=
- ~ - - T T o5 IS Ng I OIS I ~*
< ¥ELELEE | S 0L eeS e o
SIS 3 % ~¥ S0 ~®Z e ex N I I
I S ° | N8 R 8 8 8 ) K
e x x % %X % ,A ,A < /I\((/\/l\( ~— s x 8
| < I I N =
/Mﬂ i R s ™ /\M <<= 2_xs <
| N N N N RN 8 VA N e e O ORI
< 8 8 8 8 8 —« - o N O KTk kX @ < ¥ d* P,
SO e o TEEEEE Y 9y
8 i<t =t = A L ™ | x e e e e x N
~ \))).)Axlnuz* e > _|_,A < = I g ,A = ,Am
~ ~ 0 - Ie
T EEEEES S o O B N
~ ¥ * * * * ,A ,A
Bodd g RS s

Qm.,
X o+ o+ s

(200)

9]

2
vd=zl 0(z, — x
s

2
d—x
s

Teo
2 6(a, — o) /
— 00

2
x,d=
s

2
d=
s

/m*
—0o0

1
4

~x3-x3"+ X3, + x3] =

% —~
~0o e
TR Tw
AN
| * *
—~ ==
~ %
B L L
o S o~
< B E
o %
lxo ,A ¢

(201)
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Uy, 24)i0e QY (2, 24) = {1 + z/ ) d%x;fl.(x;) —/ ) d%xid%xi’ O(x), — 2! )Ae(2)) Ae(z) + z/ d%x',fl*(x'.)

- /z 2z ’d 2 0@ — o) A (2) A (2) — %/_I d%x; _x 02 (Au(@l) Au(al) + Au(2l) Au(2)
i d2 Y = ACREAY REOY AR AV NEA NEA)
-5/ a2eialal ol ) / a2 (AL A Al + Aual) A A )|
[_ Ty —z/ d= x;A. x*)—f/jodgx’,(;l.(x*)fl*(m’,)—i-/_l*(a:’,)/_l.(aj*))
-5 / A CREAY REREREARS REAE NEAY NEN)
-5 ddaddal o, —x’.’)(A*u'.')A*(x:)A.u*)+A.<x*>A*<x:’>A*<x:>)+ia.X3*]
_ 7/ a2 a:’.dix’,’Q / d o ) Au(@l) + Au(@l) A, (@) A, (2) Au ()

- ¢/ ;dfx:dfx'.’ o, — o) [ a2 [Anal), Au(eL A ). Aol )] (202

x [A*(95'.)1‘_1-(15;)1‘_1*(xl./)A-(x*)—A- ) AT ) A () Au(w.) — Au(w) Aa (@) A (@) Au(2]) + Aa (@) As () A (2.) Au (@)
— Au(2)As(2:) As(2) Aa (@) + Au(@.) A (@] DA(@l) + Au (@) As(2:) Aa(2)) As(w4) — Au(@.) Au(@]) Aa (@) A ()
+ 44 () A(@g) Au(x) Au () —
o (@) A (@) A () Au(2]) — 24, (20) Aa(2) Au () A (270) 240 (L) As (2 A (20) Ao (1) — 24, (2 ) Ao () Au (27) Ao (2.
.(1;)?(1:) %,(u)?k(za) — 24, () As(2))Ag(,)As(2]) — 2%,(1‘;)4%*((1,‘”) ?k(;r’.)%.(w )72;%(1:/.');1(:111)‘ii(;l,‘/.)iz(kl,'*)
() Ae (7)) Ag(z4) As () + + 4A(2)) Ao (2] Ag(14) A () + 4 A (2))As(2),) Ag (2, ) Au (1)
(@) A, () Ay (1)) Ao () + 4Ag (7)) Ag (1) Ay (2)) A (2, )}
(203)
3 = %/’ (1%;1,‘;(]%1:;' 0(x), — (z:;’)/”l;. (lfl (Ii;z” 0(zy, — ) (2A,(z)) As(2),) Ae(2) Au (2)) + 240 (2]]) Au(2),) A (z)) A (2)

:i/j di2ald? ! (a, ;’)/Zodxdx”é)( z)
x (24, (29) Au (24) Au (@) Aa (@) + 240 (2)) Aa (2) Au (27) Au(2y) — [Aa (@), As (2)][Ae (2) As(27)]) (205)
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(206)
.
(x3" - x30) = l/mdf "d=z" o ;’)/;dQ Ld=2 0(al, — ) (207)
x (A A ) AL G A+ A ) Aula) A Au () — Au(al)) Au(w)Ae(al) Au (o)~ A, () As(a?) A, (1) Au)
AL A () A () A () — Au(el) Aa @) A () Au(a) Al Au(a) Al ) Au(a) + AL (o) A () A ()]
= 5B o~y [ a2l ol ) (A0, AL G AL ), AuGal)] A ), A A ), AL
uToro
T I L ) Iy A (Y NEAY AV NE Y RES RS NEA R REAY REVNEY

= 2[As(21), A (@[ Ae (2) As(wo)] = [Aa(@l), As(z0)][Ae (), Au(2{)] — [Aa(2l), Au(@)][Aa (), A ()]

(209)

Q24 7e) = 1+i/z*djxfk/_l.( )—/x d=x!, d x” 0(x’, ;’)A.(x;)f_l.(x;’)—&—i/_z.d%m’,;l*(x',)

_/ a2 d 2l 0(a, - / / o) (Au(e)Au(2)) + Au(2)) Au(al)

e ot - >/ 2 2 (A (@) A () Au(2)) + Au(e) Au(al) A (a?)

2 2 2 - - - . _ - P [

— / d; ’dsx'/ﬁ "/ dsa?/ (A(2l) A () Aa (@) + Au(2) Au(z) A (2))) + O(A3A,) + O(A.AY)

by ddaddar o o) [ el ot - o) (LA A AL A () 4 AL A () el A 02)

A @) AL @] [Au(al), Aca)] — [Aa(el), Al Aa(2)), Ac(al)] - [Au(al), A DAY, AGL])  (210)

Guess:
Oz, 7a) = gl-00, ][00, 2] + g[-00,z.][ 00 m]—l[[—oo,x.],[—oo,w*n [[~o0, 2], [~00,2.]]

+ / d z, d x”@x — ) / d T, d a:”9 2y [[Ae()), Au(ay)], [Ae(2), As(2l)]] (211)
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IX. (; IN THE 1ST ORDER IN p,

From Eq. (160) we get

(P?gap + 2igGap)™C" = D™GL, — 0* AL + gf***(2CHDPCE — ChDLCP) — g* fobm feim PP Ce O (212)

& [(P+O)?2)C = —2igGihC + D™GL, — 9* A% — gf***ChD.C = (D —iC)"™ G, — 9* A% — igGhC" — g ChDCP
S kvarkami

(P?gap + 2igGap)™C" = D™ GL, + gf*(2CEDPCE — CHDLCP) — g? fo0m feimCPP CECH + Tyt = (213)

[(P+C)%*Ch = —2igGeC" + DGY, + Tyat®Y — gf**°ChD,CF = (D —iC)™ Gl + Tyat®Y —igGeh,C" — gf**°ChD,C%
[(P+C)2*Ch = (P?)*™Ch — 2gf**°ChDPCE + g* form feimCPP CsCy + f°Ch DI C, (214)

2i(Gap + DaCp — DgCq — i[Ca, Cg])**Ch = 2iGopCh — 29 f**°CHDPCE + 29 f**°ChDLCP + 29> fo¥m feim P Ce CY
Eq. (212) in components
(2P.P. — S2)"Ch = DG, +iGHCL — isCCY + DI (1*7CYC5)
+ 2gfabcc_1i)D*éf _ 92fabmfcdméfc_v.céil + ggfabC(2c_ffaic_vf _ C_VZI)D.CV(/Z) _ §g2fabmf0dmébiéfézd,
(2P.P. — 52)"Ch = — DGl —iGICY — isGHCY — gDi (£ ChCS)
+ 29fabcé$D.C«: o g2fabmfcdva£CVfCr:i + gf“bC(QC‘ZbaZC’f o CrlbD* C«ci) o g2fabmfcdmébic;:ég’
—Sp1 )07 = DG+ DIPGY 4 2ig(GLCL + GHCY) + g f***(2C2DCf + 2C2D.C§ — CL0,C5 — CLoCY)
— gAf I (CLCECE + CEOCY) + Sgf (20T Cl — CLoCe) — g fm fimCHCECy (215)

In the leading order in 0;

(P.P, + P,P,)C? (216)
= D{*Ge; + DG, +2ig(GRCY + GLRCJ) + gf (207 Do Cf +20;D.Cf — C0,C5 — CL0,C5) — g> f*0 feam(CLCiCE + CLO7CY)
& [(P+C)(P+C)e+ (P+C)(P+0)JCT = (D—iC)P Gy + (D —iC)J G + g f**°(CLGE + CIGS,) — gf*(CL0,C5 + CL0,C3)
& [(P+O)u(P+C)e+ (P4 C)e(P+C)JCE = (D—iC)™GY; + (D —iC)PGY, — gf*¢[CL(A + C)¢ + CL9;(A + C)¢]
EULE PA3: YPABHEHUE HA C;
[(P + C«)Q]abézb - _ QiQG?gébﬁ 4 Dabﬁélgi _ 62/_1;»1 _ gf“bcégaiécﬁ
- gf"bc(?gaiccﬁ _ gfabcg%ai;lcﬁ _ 29fabccvb§ai;12 - _ gfabc(;l + C’) O (A + C) + 5 (fabc/’lbgcu:)
= —gf""P+C)%0i(A+ )P — 0;0°(A+ C)¢ +i0;(ALC™) = — gf™(P+ C)50;(A+C)* = ig(P+ C)30;(A+C)"
= (PQNPCY = — (QpQ")?9;(Q0s01°Y = — i 2Tr{t(0;Q1)Q} (217)
gde A, +C, = 09,0 and 4, + C,. = 90,07
Wi uzd POPMYAA
Q“bﬁu((ayQT)Q)b = Q%9,2Tr{t*(0,0NH0}) = 2Tr{t’00,0,9" +t°(0,2)9,0'} = 9,2Tr{t"00,01}
= 0799,(Q0,0")" = 9,(9:;27Q)* and Qf°9,(Q0,0H)° = 2,(0,0'Q)* (218)
Solution of Eq. (217)
WPPC; = i(Pudide + PaiA) = O = / 0tz Qo0 (2] —[2)0% (1)) (219)

Zx=—00

o 0 .
= —zs/d4 Q% (z )(9 5 (0:00)Q.) = (maim)u;(z;b/d zLdz.(x|;)—2|z)((8in)Qz)b

+ *ng/dQZLdZ*(zﬂ7|Z)((8¢QL)QZ)Z) — QiQ;b/dzzl(x\%\z)((@iﬁi)ﬂz)b
S p p

= (Qig; QN — Q[0 (1, Te, —00, )T 1, Tq, —00,)]
— Q[0 (2L, @i, —000) Q@ L, T4, —004 )] + IQL (921 (21, —00., —004) (L, —00,, —004)]

Ze=—00 Zx=Ze=—00
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O = (20" +iQ5 ([—00., 2.5 O, —00.]2 )" + Q21 ([0, ] 1 Di[e, —004] 1) (220)
Properti:
Ci(z) "5 0, Ci(z) ™= 0 (221)
Now
F& = 0,C% — 0;(Aq + Co)* —i(A+ C)PCP = Q™9 (QT™PC?) — i0;(Q0,Q7)°
= 00, (i((B:QN%)" — il (w1, 3., ~00) a1, 20, —004)]") = i0,(20,021)°

= —i0%0 ([0 (L, 24, —000)]Qz 1, s, —oo.))b = —iQPI2Tr{t’[0;Q1 (1, 7\, —004) |z L, T4, —004)}  (222)

At 24 = —00 (Ag + C4) (T4, 2o = —00) Ae(xy) so
_ 2 S
Q) , 2., —00s) = [m*,—oo*]gA’) = (&»QT(Q:L,Q;*,—oo.)Q(xl,a:*,—oo. = Z/ dz, | oo*,z*]A Ge (a:L,z*)[z*,—oo*](A)
(223)
U IIO>TOMY
Fo(x) = Q2 2T {t"[—00., 2, )1 Gai(w 1, @)1, —00. )} = Q2P[—o0,, 2.]{A) G (21, 2.) (224)
and there4
= FUTO @ PI M () = GO s, wa)([Be, —00a] ) [—00,, 2] 1)) CGE (21, w) (225)
C KBAPKAMU
(P +C)20CY = —2igGhC" + D™EGY,; + Tyt — gf**Cho,C°
= —gf""(A+ 0)50;(A+C)F + 0i(f**e A" CE) + Tt Y
— gf (P + C)50;(A+ C)F — 8;0°(A + C)¢ + i0;(AZ°C*) + Tr;t* Y
= ig(P+C)¥9;(A+ C)*P + Tyt Y (226)
3. First order in A, A,
Cl(a) = — 5 [dtel — H@<w——%mﬁu|l 1) AL A2 (2) (227)
. () = 5 z(z *_’_Z,Ez cel2) = z(z —i—iez Ad(2),
la { 2 1 ~a abc b Ac
Ch(e) = 5 [Palal G ) = 5 [dstal ) R,
~la 1/ 1 a a abc/ 1 b c b c
] — I D* . D. . = — — — A lA* A* iAo
Ci*(@) = 3 dz(fclp*p.HepOIZ)( Gei(2) + DaGYi(2)) 2f d2<xlp*p.+%pold( GO AS + AL0; A7)
La _ 3 abc 1 Ab 9 Ac Ab 9 Ac 3 abc [ Ab Ac
P (@) = g0 [dal o ) (0 A+ 09 + 5 [t )01 (ALAS(2))
1 _ _ Te 9 _ _ Te 9 _ _
__ s gabe bg Ac _ abc “ b Ac _ _ fabc “ b C.
= i [sa om0 = [ Aadie) = - [ ae A G
1 _ _ T _ _ T _ _
FY7@) = i [ el A0 Re) = — et [ d2a 0dtm) AL = £ [ d2s GG s
Pe + 1€ o S oo S

. . T oo Te o _ _
= F.(l)MFS)“(x) = fmabpmedGai(y, 1y z/ d;&k Ab(z,) i dgz. AC(24)GY, (2,)

A HA CAMOM DEAE (see Eq. (225))

Te T

R R AT A TN N N EY [ HERICHEN

- $ —o0
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KAK TAK?
fmabfmcd _ fmac]cmbd — fadmfbcm (228)
Clo(x) = — 1/dz(x| ! |2) G, (2) Cli(x) = E/d%(ﬂ;k)“béb (2)
° 2 P*+Z€ *® ) * 2 P.+7;€ *® )
i) = 5 / d2(a] e |2) (DuGlu(2) + DuGli(2) + 2ig GO 1 2ig GOl "))
1 2 P P +ZEp0 o7 *7 o7 *17
FiP%@) = DuCl(x) — 0,08 = — L(al5——12)"(D.GY(2) + DGz / da(alpi 5 —-12) "Gl ()
v 2" 'P, +ie
i 1 1 .
+ 2/dz(x|P*+ieG"P.+ie|z) Gua =
mab pmed Hat - o 2 1b . e 2 1c ~d
f f G* (l‘.) ? dgz* A.(Z*) ? diZ' A*(Z.)G"(l‘*)
i 1 1 1 1 _
ZFY |4 o abe o *Fm/d i abe
+ P [datel oG P.+Z.€|z> ’, (ol e G ) P,
LG ) i [ A i | d2e Ae)Gh(e) (229)
oo oo S
From Eq. (192)
[T 2 [T 9 -
Q) = [x.,—oo][x*,—oo]—l-%/ d;z*/ 422 Gua(2) +O(4%) (230)
and from Eq. (224)
F(z) = Q%—o0o,, 2, )AIPEL (21 2,) = [—o0., 2e) MG, (21, 2) f“bc/ d= z/ a2 2 G (2)GS,(x 1, )
(231)

HAUDEM £\

Co = (0N +C8+C%, O = iQ%([—00s, 22 Qifz,, —00.]80)0,  CF = Q2 ([~00, wa] 29[z, —00a]2*)?  (232)

Qfed’ pa'(z) = qfed (920 QN (O + Co)b — i ¢ ke + QT £20 (O + C)0(Cy + Co)5, (233)

= T (0, —00u, 22 ]1)Oh [ —00J % + 82Tt (B[ —00u, 2a] 1) Ok e, —00u)r =i e

_fabc([_oomx*]a? 32[$*7 } )([ 00*7:,6*] ak[x*7_oo*] ) fabc([ 0007550]?:*82’[‘%07_000}%*)1)([ 0007550] ak[xOﬂ_OOO]A )C
= [ ([o0u, @] Bilare, —00u] )" ([~00u, @l Oile, —00a]17)° = f (=000, 2al Dilea, —00a]:) (00w, @]+ Bulare, —00u]if*)"
= — f([~00s, 2] Bifs, —00, )2 ([~00e, o] 1 Ok le, —00a]2*)E — FU([~000, Ta]2 Oylwa, —00a]2* )P ([~ 00k, 2] A% Dy, —00.] 2 )°
=
Fi%(z) = — Q2 o0 ([—o0s, 2] 802, —00.]2) P ([~00e, o] A O [2e, —004]27)C — i > k)} (234)

A. Eff action

1. 1~ = _ _ o _ 2 i
— GG, = S0 (P2 gap + 2iGap) ™ O + CaDeGe — gD O CYCG — L feibm fedm Geo GV G C
1 ~Napuv Aya 1 ~a abe ~b NG e 1 abc~ya b 1y e 1 ~a 7y yafa abe o ~vapB b Ae 92 abm gedm ~ao A0S e Ad
— 16 Gy, = SCag ™ (205D Cl + 59/ CaChDLC + SCaDeG® — gf**D* C*PCLCG + [ fmCCY Ci O

1_ - 1 o —p = = 1 - ~ 2 o =B e
_EGaMUGZV+§gfabccgchaCcﬁ+ichfGafa+ifabmfcdm0aa0bﬁcgcg

1._ _ o o o o
-1 [G**F 4+ D*C® — DPC* + g f*KCrCP] (G4 + DoCf — DpCl + gf*Ce*C¥)+? (235)
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X. IN 4 DIMENSIONS

AQ+2H) = /DA Au(x)eifd‘*z(%AZ(ng“ﬂ—2i@°‘ﬁ)“bAg+Az(Dg@“so‘—62AZ—li)—gf“bCD“A“ﬁAiAg) (236)

gde (cm. Eq. (29)

2 1 - ab - 2 1 - ab -
1 = fplu(FA.) aiAi—&—;pgu(FA*) o1 Al (237)
Y HAC 85215 =0
Né Na 2 qa 2 a Né Na 2 qa 2 a Né Na 2 - ~a 2 - ~a
D Gf. —0°A; = fD G*,, D Gg* —0°A = — fD G’*,, D Gfi = gD*G.i + ;D.G*i (238)
a 1 ab/ NE A
Al = /d4z (21 5512) Y(D*Gea — 1a)(2) (239)
Da  _ 4 1 ab 2= = 1 1 c _ 4 Qi L 3 ab Ab 1 »)ab b
a 1 a2 = A 1 C ab A " B
A = [ats @l gl [2D.G () - (540 L] / a'z [ - 2 @ 55 Pul2) Gl (2) ~ (a |ﬁ > Az >baiAﬁ]

B _ 1 1 - _ 11 -
G (A+ AN = G;f,+/d4z [— f(x|P =P +P.P P,|2)Gb, (2) +i(z| P, — A |2)®°9% A® — i(z| P, 55 —A,|2)"9% Ab

1 _ 1 _ - 1 e 1 " _
= [dte [~ S @R P 55 1] + [PaslPes 511 = o {0 (P Gl 512) bGi.<z>+<x|ﬁ|z> 93 Gl (2)
1 - - —— 1 - _ _
~ (o551 £ AR A (O L)L)+ (ol (8, Gl g L 12) 008 L — (] 0, i) iy 5 Ael )02 A
1 i be S = 1 _ o _ 1 _ o _ 1 -
= [t [tal gl fabcaixz)c*:(z)fg<x|[P*,[P.7ﬁu+[P.,[P*,ﬁuf2P2 P G} 2 )G ()
1 - 1 1 - 1 _
b (@l 0, ) oy g Al )01 2L — (o] 53 (45, G 5 )00 L (241)

S dP = 14 [P IP ] 4 2P (P ]+ B )
= 2QV;Q15(z,), the first term

1 aa’ ra’be A ~ci . 1 a i
2 [(al o) GGG =~ [ e (ol 55010,z ) U VP (242)

agrees with Eq. (52) from hep-ph/9812311

Go(A+AW) = —9,(A, + AV) + D, AN = GmD*AE”—aiA(”
1 _

A (a2 15 b Ab aba2 7b ab ~b 2, 51 =
= G [ [2lalpigy P Ghu(o) — ilal 55 35 Ael2) O AL+ S0l Pa iy Aul) G (2) = 2 (0l P il )Gl )]

If we throw away p?
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1. NLO atd=14

From Eq. (134) and (29)

142)a — 1)a 2a _ a ifd*z (1A% (D?gP —2iGP)* P AL 4+ A2 D G —gfePe D> AP AL A — A7) _
Al+2e = gMa 4 A@2) —/DAAa(x)ef (345 ) A ¢ 5 )
1

1 Y . 2 1 - vabog 5 2
= [t [l g1 (DG = P A0)) = T (5 A) M OR AL~ Zpua(A

8 Ab 243
P2gap +2iGop X )"0t } (243)
— (x|

1
P2g.5 +2iGap
1 1

— a 2 — vab — 2
= A [ 2i(el gy s (DK Gy A1) — s (AR AL s

. 1 5 aa’ pa’bc c aa’ pa’bc N N c
~ il g P2 F AL AL — (] [) 0 AD(D, AL — DAL

1 ’ ’ — —
PE aa’ pa’be 4(1)b 1)17 _ _ aa’ pa’be 4 (1)bE D 4(1)17 - D 4(1)17
|2)*" f A ($|4P29a6 2iG g |2)* f*7°A (Dg £ €43 )}

A)"or A

A = 2t (@l PG ) + 2 [t [ (ol gy Gae g PG ) — 2ilal 55 G 5 ) (DG + DaGL)(:)
~ il gy Pule) 50 AL AL ) — 2 | Spfle) e A AL 2)

o (a:|]512 )aa fa "be g l)b(D A( A(l )(z) — f(a:| - )aa fa bcA(l)ln(D A C_9A 1)0)( )]

= Ail)a—k%/d“z E(m %G*._ip*\z)ab(;g,( )—22(:v| G,llz)2 A§1>”(z)

c is 1 % aa’ pa’bc c
Sa Pl AL AL ) — P el ) bAF)bAi” ()

I
/—\

2 aa’ pa'be 4(1)b D 5 1 5 cc’ Ac! S aa’ pa’be 1Dbi/ N (1)e (De
+;(x\,|) FeteAl ()(z|P*§P.+P.§P*|z’) G*,(z’)—i(x\,ﬁz) Fere AN (D, AR — 9,40 (2)]

2
= Agl)a+;/d4z [—Z(I| *.| )abAgl)b( )_ Z($| P| )aa fa bcA 1)bA(1)c( )

) ! c S aa’ pa’be % (T c c
— 2i(a] 25 G125 AV () — 2 al ) 5 AL AL z) - 2 (o] Sy e AN (D, ALF — 54D (2)
1 1 aa’ pa’be nec Ac!
+ = (2l 551" f bAﬁ”"<z><z|{pL,—I32}|z> ()]

Similarly,

2 1 -
A = A4 2 / d'z [z’(xwﬁa*.v)amﬁ”l’( 2)+ (mIfPI yre porbe A AV (z)

) 1 N ’ ’
- 2z<w| GJ2)5AM (=) - %\f— Loy e AL AL 2) = S (el 55 p 2)e forhe ADY (DA — 0,480 (2)
_ = aa’ pa’be cc’ _c’ !
S<x|p 2 5 ALY ) G g} G ()
IIOETOMY
= (14+2a = 4(04a _ 2 [ 4 abAb
D,As — DA, = —g/dz(x|PP2P —|—PPP|) G

_ 1 = _ ~ 1
<x|PFQG*.|z>“*’A£”b<z>+<x|P.TQG*.|z>“bA£”b< ) (2l Pz P Pa Paf2) o0 A0 AL o)

+
® | N
—
ISH
B
N
[

— 2l Py G2 S AV (2) = S (el P pfle) AL AL 2) 4 05 | Pu ) SO AN (DL ALDS — 9,40 (2)]
+ 22l Pz G12) SAD () + 5 el Papl2) fo A AL (z) (xIPflz)““f”cA“)“(DA — 0:4°)(2)]

b i (2l Pumy ) 1AL () 1 72}|z’>cc’éz’.<z'>+z;<x|P.ﬁz)‘w FA ) 0 1G] (204)



46
XI. C KBAPKAMU

02 Ae MAAO & 92 Ay ~m2 = ¢4 ~my. Similarly, 3% B, ~m? = ¢p ~m

_ _ 2 — — ~ ]. o 2 - ~ ~ ]-

Do) — [ Dnlaa) GI(A+ C) ey el [ daa 16+ B T ey el

o o 0 1 . o 9 1 )

= [ beant 5 i s o)™ P Bateinl = g O )

: 7 o 0 5 1.
=+ @2 dnin( 5 AT (@) = ()50 20) 2 (o) (215
Similarly
1 R N
nes! /dz T B C(B+C)| 2)Pa(ze) = /dz (x\m(p+A)\2)¢A(Z*)

_ ; o NP TN, L e, o ‘e
- /dz zaz.( |p+A g C| 2)p1va(ze) = Qz/dz z@z. (x|ﬁ|z)QZp1¢A(z*) = Qz/dz zaz. (x|a8+i€\z)sz11/JA(z*)
== %Qx/dmaizﬂ(x. — 20) (20, 0, 1 )PoPrtva (e, 1) = p2:1 Q0 (=000, 2y, w1 )pa (24, 1) (246)

8712/(;3(‘%.)9(_00*7 fO)QT(x*» xo)ﬁ2ﬁ1’)/i'ﬁ2ﬁ19($*, x.)QT(—oo., T )Y a(Ts)
= p(2e)QU—00u, Ta) 7 U (—004, 2. )0 a () (247)

In the first order in 9,

= — ; _ .0 132 ﬁL T
£@) = valo) /dz( |p+A+B+C<B+O)| alz) = Qx/dzzaz. @+ |2 (e)
= Q[ oo,z dalz) + 9, / 42201 o0, 2 prba(zn, a1, 22) (248)
Chek:

(i0+A+B+CO)(x) = Qid0e(x) = Qx[—oo,x*]f'(gﬁg(ia. + AJ) + %plia* —|—i<§L>¢A(x)

T s . R gluon
(0. (00,184 Vbala) + Quin- [ d2eu(@ulmo0, 2l ) + O((:%wkf)
~ N A A kgluon
= Q001 [0, 2.)3) (1 - P2 Jga(a) = o((k%arkf) (249)

Similarly
vle) - [ dz (al (A+ Clpvntz) = Quleoosaldvn(e) + 2 [ d2aa(bil-o0, i pbateasis e

(250)

2. Conservation of em current?

Hpavuba = Ya(0 +0)a = ¥a(0 +ifl+5—ifl)¢ =0
" bprubn = Up(D +0)bp = Pa(d +iB+0 - -0

iB)ya
O"(ha + D) (a +¥p) = iWn( )m—zw(fl Byp # 07 (251)
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A. OSULAUA HAYKA

O = P2g,, +2iG, + P.C, + C,P, + C,C, (252)

f = ga(xth) + gb(x*vxl)v

%(23 + A (we,21)) (e, 21) + 170" Ca(wa,xL) = O, 2%(2'3.+A.($*7$L))5b($*,w¢)+i7iai€b($*7$L) =0
(253)

Approximately p1&, = p2& = 0 (up 2 p7)

/ DA A;n@)eifdz(—%[G‘;AAM)P—%[(Dﬂ—z‘@)A“P)+<1L+é)<f°+ﬁ)<w+s>

_ 1 - _ _ 2
= /DAD’(/}D’L/J AZ“(;U) exp {z/dz( - ZGaw(}’a AaaDab ABY 4 A°D Gafa _ gfabcDo‘AaBAgA% _ ngabmfcdmAaaAbﬁAgAg)

+ EPE + EAE + EPY + $PE + EAY + PAE + Py + wA¢} (254)
gde
83_142((1}'*,1]_) = gEbt“'y.fb(x*,xJ_), Bf_fl‘j(ac.,xJ_) = gﬁ_at“'y*fa(x.,m_) (255)
_ 2 — — a - 6 =
[inépe) = [ir @+ @)lige + 2Auloazi))ir + (g + 2Aslonz)ia+ivig] €t &) (250)

/ DA ()il = (1G5 (AL AP 3D —iC) AP) +(G43) (P A)w+)
2
_ /DA AZI(LU) exp {z/dz( _ ZGauu(;a AaaDab AP + Aa Ga&x _ gfabcDaAaBAZ;A% _ ngabmedmAaaAbﬁAzAg)
+ EPE+ EAE +EPY + O PE + EAy + AL+ pPy + DAy} (257)
Sdvig A+ A+ C, ¢ =+ x

/ DA AT (z)p(y)e’l 4 (~HEL AT AP = (DumiCOA ) + (G40 (P+A) 40 (258)

/ DA [A7 () + Co@)] [ () + x(v)]

+ PP+ O)E+ )+ E+X)(P+C)

1 _ _ L= _ — — — = _ ab N 2 — N — A
— 3A%((P+ C)gap +2i(Gap + DaCs — DsCa = ilCa, Cal) ) AY + (P + O + (€ + ) A + PAE +)
2
abc /N -~ yaa' pqa’ gca g abm pcdm faa c A
— gf (Do — iCa)™ Af A A% — Z_ pobm pedm g AbﬁAaAg+¢A¢} (259)

UMEEM YP-E (226) HA C,, U y, x B BUDE (Y = £ + )
(P?gap + 2igGap)™*C" = D™GL, + gf***(2C3DPCE, — ChDLCP) — g2 f¥™ fIm TP CLOH + Tyat®Y
(P+O)Y = 0, T(P+C) =0 (260)
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(P +C)|™Ch = —2igGeC% + D™EGY, — gf**ChDLC% + Tty Y + D¢
=7 — gf"ChDLCP — gf A4 Do AP — 29 f**°C* ;A5 = — gf ™ (A+ C)49;(A+ C)P + 0;(f*re A*C¥)
= —gf""P+C)50i(A+ )P — 0;0°(A+ C)¢ +i0;(ALC™) = — gf™(P+ C)50;(A+C)F = ig(P+C)30;(A+C)"
= (PANPC = — (QpsQ")?0;(Q00T° = — P 2Tr{t*(2:Q1)Q} (261)
S kvarkami
(P?gap + 2igGap)**C"” = DG, + gf**“(2C3D°CE, — CHDLCP) — g2 fo0 f4m TP CLOH + Tyt = (262)
(P +C))|™C = —2igGC + D™EGL, + Trat®T — gf**ChDL0% = (D —iC)™ Gl + Trat®T — igGelC — g0l D0
[(P+C)|"Cy = (P?)*Ch —2¢f**°CEDPCG + g f*0 fImCPPCGCE + [ LD, (263)

%(Clap + DaCl — DyCo — i[Ca, O] Ch = 2iCapCl — 29 fCLDPCE 4 29 fChDLC 4 2g7 fabm pedm Gh8 Ge o
EULE PA3: YPABHEHUE (226) HA C;

(P+C)2C = — 2igGCY + DWEGY, — gf®eCha,0%0 + TaamX + f*°CPDOCH

— gfabcc_vgaic_fcﬁ _ gfabcA%aiAcB o 2gfabcc_1bﬂaiA% + fu(ut(/v[()[)&z’(/vz + Tta,%fr

- _ gfabc(f_l + C_')%az(/_l + C‘v)cﬂ + @-(fabcf_lbﬁc_'g) + '/‘(1/)(:CVI{;DJ(’1‘(;: + Tta%-T

= —gf*"(P+C)p0i(A+C)F — 0,0°(A+ C) +i0;(AFPC) + [ CI D CG + Tty Y

— gfabc(P + Cf)%az(A 4 Cf)cﬁ o (‘),DJ(T@ + fub(‘(vade(T/v’(;' + Yta,yifr — ,LgpgbazAbﬁ + Tta’)/z’r o D,DjFW;

= P*A; = igP§o; A" + Tty Y — DD (264)
In the leading order
(Qp*QNPCY = — (QpsQ)®0;(Q0501)° = —iQ®d?(2Te{t*(8;07)Q} (265)

B KOMIIOHEHTAX
P20y = DG, —2igGepC™ + gf*** (205 DPCY — CRDLCP) — g2 0 femCPICIOE + (€4 X)t* (€ + X)

(P+CO)E+x) =0,  (E+x0)(P+C) =0 (266)
2 ab A~ ~aj abc (o) j e ~ ~cj abm pedm ~Ab e Adj
S(P.Pe+PuP.) PCY = —(0%gij + 0:0;)CY + gf**(2C07Cf — CLO,CV) — g? fobm feAmChCeCY
_ 2 _ _ _ 2 _ _ _ _
+Yt"%Y + =(DyGei + DaGii) — =g f**(C20,C5 + CLO,CF)
S S
. _ . _ 2 _ _ _ 2 _ _ _ _
= —DIF% + f°CPICE + Tty Y + Z(DuGei+ DoGi) = 29 fe(Cly;C¢ + CLo;CE) (267)
CPABHU C YP. (226)
[(]5 + O)Q]abc_vzb - _ 21'9(_;'%)01)5 + Dabféléi _ 82/_1? _ gfabcc_fgaic_vcﬂ
= —gf*CROCT — gf P AROAT — 29 fU G0 AF = — gf (A + C)j0i(A+ C)F + 0;(f* A" CE)
= —gf""P+C)50i(A+ )P — 0;0°(A+ C)¢ +i0;,(ALC™) = — gf™(P+ C)50;(A+C)F = ig(P+C)30;(A+C)"

(PP~ SP2)"CY = DIl +iGIACE + D3 (1 CICS) 4 20 CLD.C — g [ [ CLC5C

s ~b et ~ L Y ~b 7y e ~b ~e Adi - ~ TN c 1an 10 —4a —1a
+ 5 [f“bc(ZgG’iiC” +2CP0'CE — CPDC) + g* frm feam O CeC% + Eut"Préy + &t Préa + EatPréa + EL"Prx + Xt“P1€ + Xt P1X

2PP)"CY = DG, +iGIC0+ gDy (f7°CLC) + 29 f " CIDLCE — g f* fm CLCLC!
— SOR(AL + C2) + 5[ (29GL,C + 2C1'CE = CIDLC) + g2 fIm CLCEC™ + (€ + )P (€ + X))
= DGl +iGROL + gD (f*°CLC0) + 29" CLDLCY — g* fm fm CLCLCE

+ 50, —iCi) O (AL + CY) = i il Cf + S(E+ 0t pa(§ + ) (268)
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where we uzd

Fg = DPCl — 0,42 = (00 — 1Ay —iC4)C; — (A4 + Co)

2(Py + Co) (P, + C,)®CY = (269)
_ beéi. + ZGzlzéf + gDaa/(fa/bcévac) + 2 fabcébD*Cvf _ g2fabmfcdvava:Cvil

+ 50— iCi) O (AL + C) — i FEPCf + STty Y +2(Da) 1 CL08 — 29 f7°CLD,C8 + 262 fm CLOLCY

= (D—iC)PG, + %(ai - zCi)abal(Af + C”) F“bCC + TtaplT + (Da)* frrCLCE + g? pm feimCLCeC

_ ’L"Pgbéi. + g( _ 'DiF:lib + Ttaﬁlfr) rpabazcb _ ’L( ) fa bCObCC _ (P.P*)abCf

— iPLGh, + iPI L, — SOl - i(P.)““ gf P oChCs + > (DS FL, — DIFS + T"py )
=
2PICY = i(Fl — Gl) — SOICE +igf W CICs & 2PRCL = i(FS, — )~ SO0 —igfCICs  (210)

2PIICL = —i(Ff = GL) = SOCF —igf™CICs & 2PCY = —i(FA = GL) = SOCF +igfeChCs

1. €.« and Ce

Define
Co = Cotin, A=A, +C, =000, A=A4,+C, =000 (271)
(P P )ab b
= QG + gDy f(Ce 4 E00) + 29/ (CID. + EDLCY) — g fU fU(CUCLEL + CLeiCl + €L CICY)
+ 50— G (AL + CL) = i FE Gy + S(E+ 0 Pr(E+ ) (272)
= 2Py + C)(P+ C)™e) = = 2f*CYD.e — 2D (f7°CLe) — 2™ fm CYCe!

+ iGi‘féb +gD2 fe(Ches + 2 CE) + 2gf“bc(@fl_?*éi +ED.C5) — g frm feim(ChCeel + ChesCe + & CeCy)
(3 —iCy)™0' (AL + CY) - ZQFfszf ZE+ )t P1(E+ )

= zG“” ch — gD (f*PChee) — gD (f° "‘C“fiéf) +2gf°2, D.CS — g? fom feim(CECset — ClesCd + 2, CiCe)

+ %(ai — GO (AL 4+ O - ifFu.bC‘f + %(EJF )P1(E+ X)

_ fachb —c gDaa (fa bch—c) nga/(fa/bchgés) + QQbeCEED*éf o g2fabmf0dm5€éféf

+ (0 =GO AL — S FCE 4 S(E+ 0B+ X)
= — gD (fOYeCYE) — gD (f¥rCEC) + g(ai—ia)abaw; F“bCC+ S TEn Y (273)
wee wiuzd D, Co = — fobeCtCs —1Ge,
PP = —gDi (O + CLel) + (0 —iC) O AL — i PSP CE + ST Y
PPzl = — gD (Ol + CLe) + (0 —iC) O AL — i FEPCE + ST Y (274)
@ = 27>f7> Poe (s + CUet) + o (0 — )0 AL — S + Tapy Y]
@ = 27) 7 pae’ fbe(Chee + Chel) + 7. —iCy)* 0" AL — iFEPCf + Ytop Y] (275)



a0

=
P.ci = %g F(Cles + Clel) + 4;. (0 — iC;)* 0" AL — iF P Cf + Ttpy Y|
— %g fere(Ches + CheS) + ﬁ[—DiF,“i + Yt Y| — %Saia
Pocy = %g fore(Ches + Ches) + 475)* (0 —iC;) ™0 AL — iF2PCE + Tt Py Y|
— %g fabe(Clee 4+ Che) + 4;* [-D'F% + Tt"po Y] — %Saia (276)
=

P& = %gf“bc(é’f’i —Ch&) + [(0; —iCy) ™' AL — iFEPCE + Tty Y]

4P,

i abc [ Ab=c ~b —c S i a T1a,n is e i abc [ Ab—c ~b —c i la is Pa
= - - —D'FS 4+ Tt*p Y| — —0'C; = - - —Fle — Z9iC; 2
59/ (Cacs = Cleg) + 473.[ o + Tt Y] 100 = S9f(0ve = O.) + S F — 1 0°Ch (277)
D i ~ ~ S -~ \ab i - hab Ae pa s i abe ( Ab =c ~b=c i a Z'Si’
Pyl = igfabc(cfff - CE) + AP (0 —iCy) POAL —iFCE + Tt PY| = igf be(Clheg — CYes) — §F*1. - Za Ci
= P&+ P,&* = 4; [(0; —iCy) ™' AL — iFEPCF + Tt Y] + %[(@—i@)“b&%i — iFXO¢ + Yt"po Y|
2 - _ o
= g(P*c.—}—P.c*)a + 10'C;
1 _ . _ _ L 1 _ ) _ _ _
= 55 [(0; —iCy) ™' AL — iFSPCY + Yt"p1 Y — De0'Cy] + P [(0; —iCy)*™ " AL — iF%Cf + Tt"po Y — D, CY]
1 ) _ ) _
= P, [D'Fg — Yt*p Y] — 2P, [D'Fg 4+ Yt*pa Y] = 0 due to formula 290 (278)
Foi = Docz - aiA.7 [DuDi] = - iFoi
= (0; —iC) ™AL —iFXCE + Tt 1T — Ded'CE = D®(D,C' — F,))0 —iFCS — (DeDHPCP + Yt T
= iFCY - D'FE —iFXCE+ Tt°p X = — DFE + Ttp Y (279)
From Eq. (276) we get
FO = D,éy—Dee, = — % [(8; — iCy) ' AL — iFEPCs + Ttp Y] + % [(8; — iC) ™8 AL — i FECE + Ttpo Y] (280)
= DR £ TP Y+ DuC] + [ DIFS TP Y + DOC] = S [DIFS — T, Y] — S [DIFS — Tty Y]
- 47). Y P1 (] 7 47)* *7 D1 * i - 47). 'Y D1 47)* *1 D2
Useful f-las
Fo = Qu[~000, 28 Gui(w, 21)[0., —00 )20 0L, ([=00w, 2] Gus(we, 1) [, —00,J8#) ™ = —if*([=o0., 2.]5%) Gy (2, 21)
(281)
FP = (Qu[-o00.,2.]8) "Gl (2., 21) (282)
From Eq. (220)
Ci(z) = Qi +iQ[—00., 2.2 (8;]s, —00. 20 + i [—00e, Te] 2 (0i[24, —004] )21 (283)
is ab p; —S aa’ pa'be b i S rabe Ala A2bi
—_F,)"FY = Fbpe = — Zyabeclec 284
(47>*7>. ) (473*73.) f el (284)
Dlya prichinnogo obxoda (see Eq. (333))
Tt T = (20 (2., 008, 21)) "Gt P& = (Qul—00w, 2] 0) " Et ™ H1&, (285)

EULE PA3 (see Eq. (271) for definitions)

C* = (Qi9;QN) +iQ%([—00,, 2. ]2 0i [y, —004]2*)" + i ([—00e, 24|22 0;[1e, —00a]2)0 = Q¢ + 1% + C?* (236)



=

ma Z.Sfabc Lo 2 ~ Lo 2 cl Al is mbc b i\ ¢
= o= [ a2 ool Gl [ a2 oo n, G ) = S (5 F) (B =

—00

o1

2P Pl = — gD f'be(CheS 4 CheS) — %DiF,‘z + th“ﬁlT + gD.D"C‘;‘
P Puct = — gD fa'be(Ghee 4 Cbee) — %Ding n %Tt“ﬁl"f n %D*Diéf (287)
= Equation:
P& = zgfabc(ébéc +ébéc) + S [7DiFa4 +Ttaﬁ T} - Eazc _ zgfabc(évbéc +ébéc) + iFla _ gazé
*Leo 9 ok * e 473. Y 1 4 7 2 o Cx +Ceo 9 Py 4 7
~a i abe (A e ~b —c s i pa Y ran is s i abe (A e ~b —c i la is s
POC* = 7gf (C.C* + C*Co) + [_D F*z + Tt pQT} - —0 CZ = 7gf (C.C* + C*Co) - 7F*o - —0 CZ (288)
2 4P, 4 2 2 4
From Eq. (285), (281), (282), and (333) we get
DE — TERT = (0 — i — iCly) — iCly))™ Fly — () 00 ]2 "Gt p1&y = Q0 (9] -0c.. .17, CL,
+ ([=00s, @] 4, (9w, —00.] %) [~00u, 2] 1,) + ([~00e, Ta] 4. (820, =00 ) [—00s, 2] 5,) " Gl — [—00*733*]%”,5%”251&)

= Q7 ([=000, ] 4, ([, —00a]A*)[~004, 2] 1, ) Gli(@) = Qé"“f“b”/

x

= ifabc(%F*i)bF.ci

S

47).

4

—00

From Egs. (280), (298) and (290) we get

F,Ei)a _ 1 1
‘ 2 P P
S, - 1S
DFY = —ID'F% —Yt*p1 Y] — —
j *@ 4[ LX3 t pl ] 47)*

HPEDIIOAOXUTEA'HO, D*F), = —

Te

— 00

. _ Te 9 _ 1 .
(szF.rgL - TtmﬁlT) _ ZQ;na abc/ dgz.[—oo"Z.}%’C*Gfi(Z.);[_OO*,J,‘*]i—f*Gl:(l‘*)

1 1 . S

P o 4P,

Te

oo o S

Du[D'FS — T, Y] = g[’DiFfi—Tt“ﬁlT} = DHFY, = Tt

Yt~,T BO BCEX IIOPADKAX 11O 9,

P = %C’fl’é’; + %Cﬁ”é’: + %Fif — %S(?Z'C'i“
Poc? = %éfbéi + %Qﬁ“’é? - %Fif - %361'@?
R S A CUD )
_(1)a i, 1 «~ liab gy 1,1 ~ 1 ab,qp 15 \ab i Ab
& = (5 Cn) EL = (5 Cop)) T FR = (50)"0'C
A = (oG ) I = () R — (2) 0
A = (O Cog) "B = (50 Cup ) Flt = 2 (50 ) 0 C
b G O ) R - LGy - B (L Ly ey
£ U ege PR ok b e
S retoyre s ke eyt B ile Lytaor

42 zal-000, 2%, Ghi(za)[-00u, .15, Gli(z)

< . J i\ C - / ra’be :I:.Q e~k 2 1 ~li
— jf”””'(—F*i)l (=F,")" = Qi (—if° ["’)/ d;z.[—oo.,z.}’/""; Gii(z.)/ d= 2. [—00., 2] GU (=) (291)

(292)

(293)

(294)



@m—aW%::@%—%y@ = d¢

I
)

@n—aﬁﬁ <ﬁ%—%y@ = d* = (P

ab 1S . =
" . _ —=9'Ch
2P, Py — CyPe — C.P*) ( 2 7)

5 yab p Xab b | sla a A 1 ab, b _1p
2P, — ) Ph = G 1 iFle o @ — (P.—C. _ _ LRI 4 oX
( ) et “ = Sp ) GF H S
1

2P, Py — CuPs — Cu P,

)P (EFD) — X,

(2Ps — C) e = Co —iFl = o = —((P.—C.) 5

Chek:

~ ~ 1 ab 7 = ~ 1
2P, — C.)(Ps — C, . . —FI 4 Cceb((p, - C, _ _

( I Vo G ) G ( ) opp. P Cup.

~ ~ - o~ ~ . ab 4 ;

= ((2P.P. = 2P.Cy = CPu + C.Cu + CuP. — C.C.) R )UCE = LR

2P, Pe — C.Py — CoP,/ 2 2

)R

. . 1 ab i . . 1
(2P — Ca)(P. — C.) . (LYY 4 Co((P, - C) _ .
2P, Pe — C.Pu— CuP. 2P, Pe — CuPe — CuP,

5
- I - 1 ab i
- ((2P.P* - 2PQC* - C.P* + C.C* + C*Po - C*Co) 3 3 ) (7F*1£)) = 7F>t}0a +
273*7). - C*P. - C.P* 2 2

) (GE)

bikoz

92

(295)

(296)

(297)

(298)

(299)

IP, Py — 2P, Cy — C, Py 4 C,C4 + CoPy — CoC — (2P Py — Cu Py — CoPy) = —2[P,,C] + [C.,Cd] = iG.e (300)

due to Eq. (179).

IIPOBEPUM AH3ATC (2 = 2P,P. — C.Ps — CoP. = P.Ps+ P,P.)
a _ oty ey o Lom Lyab
Co = ((P. C’)z) (2F>k.) (P.ZZG*.Z) (
o — _(p.— iy ipwy _p Lia L

OT YP. (288) DO YP. (303) KOE-I'DE HETY DBOEK B 3BHAMEHATEAE

v
2 *@

(2P, — C)"d = Ol = (2P, — CL)(Pu— Cu) + Cu(P, — C)) 3)

ab, 1
(5

ab, ? Flb

_ _ep i L 1y 4 (eup. L Lyebd _
(2P awjmgg ,&ywamzmﬂﬁ %“)_2“

PEWEHUE YPABHEHUU (288)

—a (D l ab 1p . l . A l ab +1p . g l ab i ~b
Ce = Z(P.Z) F., ’L(P.ZZG*.Z) F., 5 (P.Z) 0'Cj
—a 7.*lab 1 i.* lab 1b77;75 labi’b
cl = Z(P*Z) E,, Z(P*ZZG*'Z) F., > (P*Z) 0'C;
gde Z = P,P,+P,P, = P,P,+P.P., P =P+A A, = A, +C, = 09,0, A, = i09.Qf

Chek: Puce — Poie = iF\S), Piéo+ Po, = —20'C;

(301)

(302)

(303)
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2. Fei BO BTOPOM IIOPADKE

B IIEPBOM IIOPADKE Py = pe + Ae, Ae = Ae+Co, A = C; = Q; + Cy1; + Cy;, and
2P.P.Ci = i(PudiAs + PadiAL)
B CAEDYUJEM ITOPADKE
Ci = Cité, Foy=FY4+F? = D,Ci— ;A4 + Dot — Dyt (304)
U3 YP. Eq. (226) TOAY4AEM

(2P, Pa)0 (305)
= (—{Ps,G} — {Pu,C} + g(p + 0)2 )b Cb — fabe(gbg, AS + 209, A%) — DO, — Do + igp;baiébj n %T%t‘“f
= (~PiCe — Paly — gijﬂ')“”C‘f + fore( FC 4 b Py — Dabgeh — Do, + %P;bai(?bj + gT%t“T
= (~Pute — Pat)CY + [ DS + B FY) — DOl — DO — ngFi(jl)“ + ;T%t‘“r -
—(Pate + Pa)Cl — DO, — D20 — DL FD* — DD (D, —ic )P 4 (Dy —ic) FL ;;D-fr,(gl o 4 %Tq,/”'f)

= (P.Cy)eb + (PuCy)ed + P2, + iP0ict — D FP* — D, FD = (P, P)bet + (PyP) e — D, FD* — D, (306)

(2P.P)™e! = (PP)E + (PP, — fore(FP e + F'2) + SDIFD" + STt T (307)
= (PPN = (PP +iF ) el + (PP, +iF) e + ngFj(il)” + gT%t“T
= (2P.P)™e + 2iF P + D,FY + %Dﬂ’ FD* 4 %T%t“T (308)
N
F3 = —ipiteh 1 ipstdh = (%Fﬁ}))“béi - (%ﬁ)“bDiF*(P - (4%)“’7 (DIFD® + TyitoY) (309)

Check of YM equations for the field

AP = Ay Cite,, AP = A +Cate, AP = Cita, YW = Qu([—o0e, o) (@) +[—00m, 2R & (2))

(310)
D P4 D, FD e, FY = — %DiFﬂ)a - Z(DJ'FJ,(ZW + Tt*Y),
D4 D FD e, FD = %D,-Fﬂ)“ - Z(Dij(il)“ + Tyt )
= %[D*Ff?)a — e, FJ + DF —ie, FP + DIFEDY = — ToyptoY
= DMFI® = Tyter + 0(01) (311)

For e projection, rewrite Eq. (292)

Z; Do [D'FI — Tiap,7) = g[DiF,E]“ ~Ttp Y] = DIFL = Ttp T +0(0})

*

DLFRY = JDUEL - T Y) -
(312)
I'DE FJ* DAETUA ®OPMYAOU (224)
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3. First order in A,, A.

~la i 1 ~a i abe 1 1b qc
Chw) = = [delalo G G) = = 5 [detal ) R, (313)
~la ( 2 1 ~a ( abc 1 1b 1c
_ i _ _ ! A4
Cl(w) = 5 [Potalm )G () = 1 [ (el ) AL (2),
_ 1 1 _ _ 1 1
la I a. a. —  _ _ rabc ba. Ac ba Ac
Clt(a) = 5 [detal— L )(D.GE () + DuGE(2) = = 5™ [ dotal— ) (A0S + A20,42)
i 1 o o i I o
qu _ E abc/ Ab iAC Ab iAC v abc/ ; AbAc — abc/ Ab iAC
) = G [ sl (A0, AL + A20AL) + 17 [ delal )0 (LA (2) = i [da(ol ) A0 AL 2)
1 o
qu — abc/ Ab iAC
) = i fdstel ) A0 A )
. 4 1 _ _ _ _
la rplai _ _ = pmab rmced / "N\ Aaq. Ab c. Ad( I
[a Bepi@) = = g [ ol ) 420,242 A0 AN
4. Two 01 s, one Ay and one A,
Clo(z) = 2/dz(x|¥\z)(f) Go.(2) + DJGO(2)) = — gfafw/dz(gg|Lp)(AbaAC+Aba«AC) (314)
7 - s p2+7;€p0 * T of L i) - s p2+i6p() oY1 4x *J14le
Wy - 1 fab b i) _ 1 ~ab b _/ 1 Fab i b
FO@) = = [ o) A0Gh ) = 0D = [ds GG G) ~ [ds (ol o) ARG ()

From Eq. (272) we get

) = [dlel [ (A + OO - TER Y], o) = - [dstel R C)
D.&(z) = %/dz(x|p. Jrliepo |2)0% 2 iz’e Gre(2) ~ g/dz(x\ oo ig)l(p* i 12)0% Gre(2) (315)

B. Quark fields in the target and projectile

1. In the target

Ae(xy, 1) and & (s, 21 ).

Dirac:
§ﬁ2(i8'+gt)£b($*axj_)+i’7ia¢‘§b($*,l]_) =0 (316)
PA3/JUBAEM
¢ = M@ g = @5’ €@ = 1511!325
S S

YP-E DUPAKA:

%ﬁQ(ia‘+A°)§£2)($*>$L)+i7i3i§z§1)(33*’$¢) = 0, iy 0,62 (a,21) = 0

(100 + ANE (2 11) = 17,016 (20, 21) (317)

Solution of the free Dirac (Weyl) equation

feY _/ d3p — o B _—ipx d* — a B ipx )
Vo= (27)? (C(p)(p-a)ao] sP € +d*(p)[(p - 7)o0] iPe ) (318)



Dz + 1Py = P, Pz — ipy = P*

2 ~ % ~x
. Pl B . 8 p
= Po + Pz Dz — 1D bPo — Dz —Pz +1p s
aupt = ( . “) = sl B Vs ), oupt = ( ; U) = /s _ ye
uP Pe+ipy Po— p- Vs A ub —pa —ipy Do+ P- Vs S
osd i¢( COSG
o) = mocosg(ir ) awron(y) = 2msinge (LG5, )

vi(z) = d3p * efip:c C* eipm %% \p/g
0 - [t o5 )

(see Egs. (6.93)-(6.98) from AQM)
If A, does not depend on x|

= st [ 55 ) (3o D)

_ 10 00 _ P1p2 10 Pap1 00
"“pﬁb:\/g(oo)’:"”pg "“plf:*/g(o 1)’:"“1’5 p :(00)’ p :(0 1)

l/él)(fﬂ) _ b2

vo(z) = big, v (z) = p18p21/a(:c) = small

U3 DUATPAMM

{1+(p1 %ﬁk)ﬁg([.ﬂ?*,—OO]—l)}u(kJ)eiikI = {1+k£2,8kf)2([$*,—%]—1)}U(k)€7ikx = [x*,—oo]u(k)eﬂ'km
1 1

If A, depends on x , in the first order in 0, we get

T x

2 - 2 . : kI
(50000 + )bz + ~i0pn + 07" { (1 i OD2 ) 09 [, — o0l + 20y /
s s kg

ki e
g K o2 —ika
= {7'7 61’[33*7_00] (Oékpl +k17) 6]?527]8] [mM—OO]x - 2p2k7ﬁk/ d;Z* [x*,z*]wF.j(z*,xL)[z*,—oo}m}u(k)e b
1 — 00
~ 7 ﬁ J ~ kj . —ikx
= {in'0ife., —ocle = (auin +E1)i75 0 [x*,—ooJx—2p2k75kzaj[sc*,—oo]w}u(k>e + 0(2:0))
- { (v Db LN LY —ika
= iy Oi[x, — fz(’y 0j — . V05 — mpga ~+ Brpay’ ka L5, )[x*, 00, f2p2k—25k18j[x*,foo]m}u(k)e
1
k o ip . .
{ ]p2p1 pg )28 [x*,—oo]w}u(k)e_zk’” — X P2h ]fgplﬁk(akﬁl—l—kj_)u(k)e_’k”’i@j[xw—ooh = 0 + 0(0:05)
k3 1

UTOT'O B IIEPBOM ITIOPADKE I1O 9;4, TIOAY4AEM

&la) = / akdpef (., —oc)e — 2820 / a2 (2P ), ol
1 —00

kI o
+ 221{:3516/

— 00

| k2 . )
dZz, (x* _ z*)[x*, Z*]IF.j(Z*,fL'J_)[Z*, —oo]x} (Clu(k)efzﬁlsz.fzﬁmcﬂrz(k,mh + sz(k)e gké:r.JrzBmc* i(k, I)L)
S

B 4i

S

82

%)

(323)

(324)

(325)

(326)

0220 (20 = 20) s 2] Fag (20,1 )20, —oo]m}u(k)e—m
S

(327)

(328)

L 870
[, —00laf™(2) — 2 (ing09 [z, ~ 1)82@%() T e sl Pl ool Tt ) + Oi05A
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It looks like the light-cone expansion in powers of

96

W
PA3JUEHUE é“free = é.frcc + é-frcc’ 6(1) = P2SPI 6’ 5(2) = @57 gf('rlc)c ~ 1’ é.f(rQC)C ~ kf\/J_g
. T luon
b (2)b 4 * 2 o’ 8 (2)b ki 2
f(2) - [.I*,—OO] free +§ . dgz* (l‘* _Z*)[x*7z*]$F‘j(z*7xJ-)[Z*7_ ] 82 gfree (.I') + O((k_iuark) )
ehy = [pes—ocle = 22,0000, —oc) () + O((ELr)?) (329)
1 — * free s *9 82 free kj;_uark
y kgluon
BAC, &y = O( () )0
2. In the projectile
A‘(xhxl) and fa(l'.,xl)
PA3JUBAEM
£ W4 ) = P2l o) _ Pibzg
s s
YP-E DUPAKA:
2, . < .
;p1(28* + A*)ga(mnxJ_) + 1y 8i£a(moaxJ_) =0
2 _ ) )
0100, + A)EN (e, 21) + 7' 0 (w0, 21) = 0, iy 0D (we,w1) = 0 (330)
C. KAACC. YP-E KBAPKOB
1. KAACC. YP-E BIIEPBOM ITIOPADKE 110 p.
C. = 01i0,Q — A, where Q is given by Eq. (210). From that equation we C that
Q(Te, =004, T1) = [Te,— oo.]fﬂ Qxy, —00e,21) = [X4,— oo*]fl (331)
In the leading order
(P+C)Y(z) = Q0 () = 0 (332)
The solution is given by Eq. (248) and (250)
T(2) = &(z)+x(2) = Qx)[—000, ma] i a(x) + Qa)[—00., 2.1 &(2)
oA kgluon
= (e)-ocu,aul P2 (2) + 0a) o0 2.1 PP ) + O (o) (333)
I
Chek of the solution:
(P+O)T(2) = Qa)idl—oca,m] Calw) + Q)id[—00., 2] & (@) = (334)
2 2 A 2 2 «
= Q,[—00., 7] ( p1(i0, + A, )—|—;ﬁ22'8.—|—i8l)§a(x) + Q00,24 ( p2(i0s + A, )+;ﬁ12'6*+i5g)§b(x)

Boundary conditions
[£(z) + x(z)]
[€(z) + x ()]

where we uzd Eq. (331).

QX ey —000, T 1 )[— 00, Ts]

T eq=—00

Q(x'v — 0k, xJ_)[ Qs 1’.}

Ty =—00

Aoty ()

&()

“u(z) = &u(2) (335)



XII. AFTER GAUGE TRANSFORMATION WITH Q(z)
A. ODHO IIOAE A4;(z.)

Gauge transformation A(ze,z1) — V(7e, 1)

Au(ze,21) — [—000, 2] (10 4+ AL) 24, —00a]2 = 0 = Vi

Ai(ze, 1) — oo.,:c.;i i0; + 0)[ze, — oo.]A = [—oo.,x.]f*i@i[x.,—oo.]f* = Vi(ze,z1)
Vi, = 3141@(56-7%1) Ai(ze, 1) — i[Ai(Te, 21 ), Ap(2e,21)] = 0

Vi = 0Vi(ze,21) = [—00.796.};4 Gui(w1,wa)[te, —00u]2*, Vo = Vay = 0

Zx =00

=—o0

/ DA oz (—11Ga P +9Py) Jifdziddze AT ()VE (ze,20),

Zx =00

=—o0

/ DA i) (~3Ga, (A+V)P =5 (DA ) @4+ (P+V)(w+€) ifd*21dTze AT (Vi (2er20)|
1 _ _
= / DADYDY A7'(x)exp {z / dz( — 5Aaa(zﬂgaﬁ +2iVo5) " AP + ALD G — gf D> AP AL AG
2 —_ —_ A _ _ 2 — A —_ A —_ 2 — A
- gz fabm pedm Aae APS AC AG + EPE + EAL + EPY + PPE + EAY + P AL + PP + Ww)}

DPYT'OE IIOAE

Ae(y, 1) — [—004, T4 f' 10 —I—A)a:*,—oo}A' =0="U.

Ai(wy,mr) — [—00s, xs]2e (i0; +0) [z, — 00, = [—o00, ]2z, —00, |2 = Ui(zs, 1)
Uy = 67;14]9(25.71]_)_ OpAi(re, 1) —i[Ai(2e,71), Ap(Te,z1)] = 0

Usi = 0aUi(za,21) = [~00u, 2.2 Gai(w s, 2wy, —00,]2%,  Us = Usi = 0

B. CYMMA DBYX IIOAEU

57

(336)

(337)

(338)

/DA ezfdz —HGE, (A+V AU = 1 (D AF)? )+ (5+€) (P V4T) (v +8) eifdgndﬁz- AL (2)Vii(2e,21) z*:io %fd22ud22- AT (2)0; (20 ,21) ::io
- 1’al/’a 1 acx - a a ala abc Ha pa c
= /DAD?/JDz/J AT () exp {z/dz( -GG, - A (P?gap + 2iVap) P AP + AL D G™™ — g f**°D> A*P A® A5
2 —_ —_ A —_ —_ 2 — A — A —_ 2 — A
— ngabmedmA“aAbﬁAgAg 4+ EPE+ EAE+ EPY + Y PE+ EAY + YAE + Y Py + 1/JA1/J)} (339)
G,uv = U,uz/ + V,uy - Z.[U#,V,,] - i[VyyUu] = G*o 0, G-i = U.ia G*z = V*i; sz = - Z[Uiavk] - Z[V;a Uk]
DiGie — (0; — i[Ui,)Uie = —i0e[Ui, V], D'Gix — (0; —i[Vi, ) Vie = i0.[Us, V] (340)
From (282)
F.(zl)(x) = O Usi(x1,x,)Q, F*(ll)(ac) = O Vii(zy,2)Q (341)

From Eq. (220)

Ce = (Qi0; QN +iQ% ([—o0,, 2.2 9;[z,, — oo*] )° Q2 ([ oo.,x.}f*ai[x.,—oo.]f*)b = Q4+ Q(U; + Vi) (342)

From Egs. (234) and (280)
FQl(x) = QU VIQl(x), FP@) = —iQU,ViQl(@) — i ok
Consider Q applied to Aq = Ag + Co, A, = A, +C, and A, =C
QLA (z) +iQ10,0(x) = QU AQ) +i000.Q(x) = 0, QLAQx)+i0Qx) = U +V;

(343)

(344)
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C. General sdvig

/DAD’LZJD’(/J A;ﬂ(x)w(y)eifdz(—i[GZV(A+A)]2—%[(Du—iéu)A“]z)+(1Z7+£_)(1§’+A)(1/)+€) (345)

Sdvig A - A+ C, ) — ¢ + x. Notation: T = £+ x, A = A+C

— [DADEDY (451 (2) + Cr @) wty) + x(v)
o il dz(—3GH G, — 107 (P2 gap+2iGap)  CFP 400 D GOE7 — g f0° D 0P O Gy — 9 fabm poim Goo G G G+ (E+3) (P+C) (64+x) )
x expi / a2{ 4% (= (P2gag +2iGop)*C" + (DG)s + [**(2CHDPCE — ChDLCF) — fobm et CHCECH + (€ + X)vat*(€ + X))
+ (P +C)(E+x) + (E+X)(P+ O
1 _ — L= _ — — — = _ ab _ 2 N — N N
- HA ((P +C)?gap + 2i(Gap + DaCs — DsCo —i[Ca, cﬁ])) AP 4 (P + C)p + (€ + X) AV + PA(E + x)
2

abec N .~ \aa' qa’ pgca g abm pcdm paa c A
— gf (Do — iCa)™ Af A AW — T o pedm oo 45 A% A% 4 G AY |
— [DADEDY [47(0) + O (@) o(y) + x(w)le! S O TIT L0

« eifdzA‘w‘[7(P2gag+2iGaB)abC'bﬁ71'(7ng,1C’g+(Dé)aa+T'yatQT+IEI@’T+TI@’w +iC DY)
% eifdz[f%A‘“"(IPan@+2i(Ga5)AbﬂJqu]}h"q/H»TAq/H»J;ATf gf‘“’cA‘mAW]D)QAgf%f“bmedmA‘w‘AbBAgAg+J;Aw] (346)
whae wi uzd
(P2 gy + 2iGlag)™CYP + f(2CL DO CL — CY D, CoP) — fobm pedmGbi g o (347)
_ _ _ _ _ _ ab _ _ _
= — ((P+C)gup +2i(Gup + DyCs — DsCy —i[Cyy, C C"% —iC%D,CY +iC Dy
B B B B B B B X
= — (P2gup + 2iGap(A)) " CY —iCPDLCY +iC DY = = (P2gag + 2iCag) " C¥ —iCPDLCY +iC Dy
and (without paying attention to boundaries)
1. _ 1. _ _ _ _ o 2 o PN

7ZGG#VGZD . icaa(PQQQﬁ + QiGaﬁ)abCﬂb + CngGaga o gfabcDacaﬁCgCg o ngabmfcdmcvaacbﬁcg[cg + T(P + C)fr

1 - 1 o
= — ;GG +TPT — 5(1@%%; )2 (348)

DEGE,(A+C) = (DE —iC%)™(GL, + DeCl — D, CY —iCLeCS) = DEGE, + (D*gue — 2iGe)™C% — D, DECE

— i(DECe)™Cl — iCEDECE — iCEP DeCl + iCE(D,, — iC,,)C?

= D*GY, + (D?gue — 2iG )" C" — (D, — iC,,) D C¢ +iC***(D,, — iC,,)C¢ — 2iC*** D C",

= — (D, —iCL)DC¢ — (P?gup + 2iGup)*C" + (DG)% + f**°(2C3DPCY — CpD,CP) — fobm fedm PP Ce O (349)

wich agriiz wiz Eq. (160).
Another rewriting:

DG, (A+C) + (D, —iCy)D*CE = — (P2gu5+ 2iG,p)""C" + (DG)% +iC**(D,, — iC,)CY — 2iC*** D¢ C}, (350)
If C and x are the solutions of Eq. (260)
(P?gap + 2igGap)®*C® = D™ GY, + gf***(2C{DPCY, — CiDaCP) — g? f*0 fAm TP CLOE + (€ + X)Val“(§ + X)
P+O)E+x) =0, (E+X)(P+C) =0 (351)
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we get

/DADQLDQp A:f(m)w(y)eifﬁ(—%[GZV(A+A)]2—%[(Du—iéu)A“F)+(zZ+>z)(P+A)(w+5) (352)

/ DADYDY [AT (z) + O (2)][(y) + x(y)]et] 4= FE " ELA+TFD)

2

x 4213 A" (B gup +20Gap) A 4 RYA TAY Y AT — g "POAT YD AG = S O AT AT AL AGHPAY] — (A(2) — A(2)) (T (y) — £())

X

L . _ . — . . aa c 2 .abm pedm gaa c A
/DADzﬁDw i dz(= 3G Gy FTPY) i f dz[—§ A (P gap+2iGap) AP +BBU+ T AYp+PAT— gfte A AP Do Af— L0 Fo0m Fo4m A AP AG AG 4 Ay

We can solve Eq. (351)
(P?gpe + 2iG )" C* + (D, — iC,,) DS C¢ — iC***(D,, — iC,)C¢ + 2iC5** D C) — (DG)% = (£ + X)yut (€ + x)

= DgGEM(A +0) + (Du - iC'u)DEC? = (£+ X) 7t (€ +X) (353)
by iterations C¢ = Q¢ — A¢ + s¢, x = Q6 — € + . At the first step we get
D35t —istDg(Qe — Ae)? = — DIDg(Qe — Ag) + €011, Q¢ (354)

For our ) we have
DR —Ag)® = 9e(Q—Ac)"—i(Q) (R —Ac)* = 0eQe+i(Q)P AL = DFPQ® = D (- A%’ = 9'Q;  (355)
so the equation turns 2

07 +4(0°Q)]*(2s,)° = —0,0"V + Et%,.¢ (356)

gde Qu = Q19,0

D. First iteration

If A; = 0 for projectile and target, for self-consistency we must require
£aviba = 0uGui = 0, &mi&y = 0.Gei = 0 (357)
First iteration (Q; = Q1i9;Q2)
C) = Qig)Qf — 4,
C* = QU +V,— 0 —%)b, % = Z/:diz*/:diz. [ia(znxj_)tb%-zb(z*, x,)+ ib(z*,mj_)tb'yiEa(z.,xJ_)}
T = Q@)(E°+5"), Sa(@e,21) = [~00e,za]i*6a(@), Sp(re,1) = [~00s,z.]i6(2) (358)
is a solution of equations (226), (248) and (250)

[PuPe+ PoP]"Ce = —iCi"D.CY —iC"D.CL + DJGY,

P, P + PoP]0C? = —iC?®D,Ct —iC?D,C* — D,.G*

[ * [ o * *@®

[PuPe 4+ PaP,]0CY = ig[P20; A% + P2*9; AY] + gmb(iawbzb + it S,)

PY(z) = QN UD, + V) (359)

with initial conditions

Cu(e = —0) = Cu(e = —0) = 0 &  A(—00,7e,21) = Au(Te,21), A(ws,—00,21) = Aol(ze,71),
Ai(_ooa'rovxl_) = Ai(x*7_oo7xl) = 0’ T(_OO7$O7:I;J_) = é‘a(xovml_x T(.T*7_OO,‘TJ_) = gb(x*va_) (360)

Here A, = A, +C.,P. =P, +C,, and Ay = Ay + Cs, Po = Py + Cs and

[\)

(0+ 29 A)eu(re 1) = (4 h2A)G(rna) = 0 = (G+T)% = (G+0)%, = 0 (361)
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gde U= ~U?, V= ~; V'

g*o = 0; g*z = Q(V*i_a*zi)QTa goi = Q(Uoi_aozi)QTa

Gie = Q(—iUi, Vi] —i[Vi, U] — (DS — i > k) — i[5, 55]) QF (362)
gde
a _ (T2 T2 e b S b
YHx) = dsz* dsz. [S%(20, 21 )t"7i 50 (24, w1) + E(24, 21 )t°7 80 (20, 71 )] (363)
Goi(z) 5 Gai(ze,z1),  Guilz) 5 Gulze,z1), S (z) 2 0 (364)

1. SdvigA— A+ A

/d%(

1 L =~ a apo Y a Y ¥al) 7T Y29b ]'a v -~ ab
— /d4x (f Zgfjﬁi(Dﬂcﬂ)uAa(D#g R Yy t9T — D D“C#)+1ZJDT+TD1/)+§A#(D29“ —2igm) " A

1 1 ~ A N
(G A+ A2+ 5(DF A, + D) + (T +6) (D + A)(T +)) (365)
2 —_ A
_ gfabcAaaAbBDaA% _ ngabmedmAaaAbﬁAZA[d; + qup)
+ /dgm.dl'l [Aai(ooﬂ‘rﬂxl-)gfi(oovxth-) - (OO — _OO)] + /dgx*dxl- [Aai(x*voovxl)ggi(x*aOoaxl_) - (OO - _OO)}
S S

2.  Gauge transformation

Gauge transformation: A, = Q79,0+ QTA4,Q, Aduant — - (f gquant()

A = A, =0, A = U +Vi=3%;, Gu(A) =0,
Gui(A) = Vi — 0.5, Geoi(A) = Usi — 0025, Gie(A) = —i[Us, Vil —i[V;, U] — (DiEg — i <> k) — i[2;, Ei]
DHGa(h) = ga*G.Z-(A)—k%@.G*i(A)—k(ak—ZA’“)GM(A) = TpthY 4 (9F — iAR)Gra(A),
DFGLe(A) = — (0" —iA")Gei(A), DFG . (A) = — (0" —iA")G.(A) (366)
gde
Y = Su+5p = [~00s, za] i £a(@) + [~00., 2.)0 61 () (367)

SO

Y9et?Y = B985, Y7utY = S%%,%.,  Y3tY = S %3 + Spt?y S (368)

Sdvig A — A+ A, ¢ > ¢+ Y (bez surface terms):
1 1 _ N
/d% (= (G (A + AP + S (D" 4,0 + (T + §)(B+ A)Y + )
1 a apo ¥, a R T 1 a v T ANY
= /d4x ( = 1 + AL(DuG + Y7at™Y) + PDY + YDy + S A7 (D" — 2iG") " A}

2 —_ A
. gfabcAaaAbBDaAg . ngabmfcdmAaaAbﬂAzA% + wAw> (369)
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UULEM C and T TAKUE 4TO

Clz)¥(y) = /DAD&Dw A(m)l/}(y)efd% (= 3(G s (A+B)P+ 5 (DH A2+ (T+5) (B+A) (Y+4)) (370)
TOTDA A=A+CUY =" +Y - PEWIEHUE YP-U
1 ]
o [da (= JGuA+ A+ CF 4 Z D" (Au + CIP + (X4 T+ DB+ C+ AY + ¥ +0)} = 0

= D'Gl, + ]D)D]D)”CZ + Ty, t°T = 0, DY =0 (371)

HADO ITIPOBEPUT’ D*C,, = 0 (order by order?)
Formulas

DFGLe(A) +t(Zp7et™p) = — 0'Gei(A) +i[AY, Goi (A)] + t(Sp7et*Sp)
= — 0" ([~oow, 22 Gei(w L, ) [T, —00,]2 )—|—Z[Ul + V=2 Ugi — 0055 + t4(Zp701°%s)
= = [~00u, )0 Gai(w L, )@, —00u]f) / 02 20 (000, 28 G w1, 20) s 2] G w1, 2.) [0, —00. ]2

L) o o - _ - _ ,
+ z/ dfz*[—oo*,x*]f‘G.’(xJ_,x*)[x*, 2 A0 Goi (@1, 24 )20y —004 |3 4 14(Ep [, —00, | A 1t [— 00, 4] &) 4 i[U*, U]

+ i[VOO N Ugi — 0.5 = [V, Usi] — i[2%, Uss] — i[V?, 0634 + i[2°, 00 L] (372)
Similarly

DG (A) + 1 (Zq1stSq) = i[U", Vi) — i[E, Vig] —i[U", 0.5] +i[2", 0. 5] (373)
Also,

DFGY,(A) + 1" (Yyt*Y) = (0" —iAF)Gri(A) + %a*G.i(A)+§a.G*i(A) + [Z9tP7; 2y + BP0, 5,

= (O — iU —iVF +ix*)G[Us, Vi) + V3, U]
+ (D3, —i < k) +i[5;,2k]) — [ia(ac., 2 )t S (e, 21 ) + B0 (20, 21 )09 20 (24, xL)] + [iatb’yiEb + ibtb’ina]

= (0F —iAM)Gi(A) = mgb([m,vk]ﬂm,m])b + 0(d1) (374)
CHA4AAA 0E3 KBAPKOB (4 -1~ C Eq. (147))
AP () = 711) G,. = DEG,, = ViU, = 3/I'dz. Uiz, 2,), Vi(ze, 2
(z) u n 4p*p. M 4p*p.[ il =3 - (U (24, 1), Vi(2e, 21)]
APy = —]D)G* - prg,. = U Vai] = E/w*dz* Vi(we,21),Ui(z, 2
(z) u " e Cu 4p*p.[ il = 3 . [V (ze,x1),Ui(2, 21)]
AP () = SDAGE, 4+ 2i5 GRS DHGY, +2i —G"b L DrG,
P pi " pf i pj
. . 2 1
= oprey + 2L gL prgt, + 2L gL pugt, (375)

8 DPxPe p*po pe 8 PxDe DP«De
1
FY = b, 71@ Gui — Dy 211) Gjo+ > — G“b D-G?, +77@ab D G?,

= 'S DrGy — D DHG e + o — Gab D*G?, +7—G“b
4p* 4p*p. . 4 D+ P«De 4p P+«DPe

b
D*G,,q

Gpi — Dj——D Gpe + - —G—D*G?, 43w

DHGE,
4p 4p*p. 4 e PuDe "1 Pe ' PuPe .

= Foi(A) = G+ Fl = G —

= Goi_

S
D*Gp; — D;D*G e + -z G“b DHGE, —
4p, 4p*p. . DsDe a 4 DsDe
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D,F%(A) = 8,G¢, + 0, F2 —jAlPlbgh. = o, FBle 4 jgab a2l (376)
S s S 1 s 1
= —2D*GY, — 8. DHG e — iG20 D*G®, — z'fo:f ]D)“Gb, + FG??—D“G’)*
4 k 4p*p " 4pype K PxDP " DxDe "
S S 1
= — 2D*GY¢, — 4.D; D Gy — oGP ——DFGY, = — SpF D, D G,
47k 4p*p. p T e P T T b “p,
DJF((A) = _EDk o
From Eq. (375)
S . 2 . 2
4p*m> GM*+4p.]D)“GH. = i0.AP(2) +i0, A% (z) = 0 (377)
and therefore
2D.F5(A) + 2DFS(A4) +DFGY; = iDy(5 DGy + 5 -D4G) = O(0)
s e P A R Pl +
S S
——— DFGy; — Dy DHG e 378
4p dp.pe " (378)

*
S

vk U,
4p, V", Ukl

(OF —iU* —iV* (Ui, Vi) +

Vi, Uk]) — (pi + Ui + Vi)

S
4p.De

C KBAPKAMU

(ID) G#. +t (Zb"/.t Eb))

E/x'
=3/
dz [V

— 0o

4p* De
1

(DG s + t*(Ea74t"%0)) = 5 (2e,21),

4p* De

(]D)“G“ + Yy;t®Y) + 2%@:5’]92
P n

s & is? G“b
4p.pe 8 pupe
Z_]w*thb 0

;o2
a (2
ki

o (D“Gb + Y7ut’Y) + —

gde wi uzd Y,7.t’Y, = =

F

4p

= D,F%(A) = 0,G% +9,F —iaAlP"g,,
3 s a W a

— 8*(“).21 — Z(DMG;M + Y’th Y) —

(D“G“ + Yyt*Y) —

s — s1
DHGe, + YetY) + - —G%—— (DHGE,
De ( 1 v ) 4p* DiDe ( F

ZG“I?A[Z]b
_ ZGab

014*.

— 0,055 + 0, F3
°_(D*GY, + Yut®Y)
De

— G (D'GE, + Ve t?Y) + z’szﬁ?—

*4p.pe H 4 % p.p

- Z(Eata’yizb + Sbta’yiza) - Z(DMGII + sztaY) + 'LD 7(DMGG + YﬁYQtQY>

(DG, + Y7.t°Y)

_ %/ ) d%z. (0% + U + VEYD (U5, Vil + Vi, Us])! (00, 20) + %(i@i LU

(D*GY, + Ep7et"Ss) + 2i

8 PiPe

@+ i) [ e H ), Vel

dze [UN(zs,21), Vi(ze,21)] + O(O1)

Ui(zs,21)] + O(91)

Gab

012

G(Lb
P«DPe

(DHGY, + Ea7et"Sa)

(]D)“GZ* + Y.£"Y)  (379)

+ Ftty) + 2 i@iﬁ? (D*GY,e + Y74t"Y)
4ps 7 PiDe

(DG, + Y7.t"Y)

(380)
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8. Lwvertex

1 . 1 , : .
AP (z) = F(D“GM.—Ft“(Zb%tGEb)) - / d*z(z | _p )([vz Usi] =[5, Usi] — [V, 0.5 + [5F, 0.54))
1 _ ) ) )
(o) = = (DG + £*(E07.t'50)) / a5 U, V] — [29,Vd] — (U7, 0,50 + [, 0,5
a 1 a a a a
APy = F(D“GW+Y7¢ Y)+QZ—G*§ 2(11))#@” + Syvet zb)+22f«;,f 2(}Dw«}b +Z,7t"%,)  (381)

E. EUWLE PA3: IAPAMETP 9,

First approximation:
Ao = Ar =0, A =Ui+V;, Gu(A) =0,
Gui(A) = Vi, Gei(A) = U, sz(A) = —i[Ui, V] = i[Vi, Ui]
Y = D45 = 50 = [oonmlitGle), Ty = [-oon )it G(@) (382)
CBOUCTBA CAMOCOT'AACOBAHHOCTU

Y7et®Y = ibt“’y.Eb, Y7, t%Y = 2%%, 2.,  Yyt®Y = Zot%;: 5y + Sty s,
8ini = Yu7et*%,, aiG‘ji = Y7ty (383)

DMGLi(A) = %a*G.i(A) + %a.Gﬂ-(A) + (0% —iAF)Gri(A) = (8% —iAF)Gri(A),
DFGLe(A) = — (9" —iA")Gai(A), DFG L. (A) = — (9" —iA")G.u(A), (384)
Sdvig A —» A+ A, vy = ¢+ Y (bez surface terms):
1 1 _ N
Jata (= iGumlA+ AP + 5O A+ (T + DO+ AV + )
1 . A - 1 a
= / d'z ( = G + 4G (DuG™ + Y7at"Y) + YDY + YDy + S A7 (D?g"” — 2iG"") "AL
2
_ gfabcAaaAbBDaA% _ ngabnbfcdmAaocAbﬁAgA% + ’(LA’(/)) (385)
UULEM C and T TAKUE 4TO

C(x)U(y) = /DAD&Dqﬁ A(z)p(y)e Jd'z ( LG (A+A)P+ 5 (D A,,)2 +(Y+w)(D+A)(Y+w)) (386)

TOTDAA=A+CUTY =V +Y - PEWUEHUE YP-U

5{/d4x<f%[GW(A+A+C)]2+%[D“(A#+Cﬂ)]2+(§{+\11+w)(ﬂi>+é A)(Y+\II+¢))} 0
= D'GS, +D,DHCE+ Tyt = 0, DY =0 (387)

HADO ITIPOBEPUT’ D*C,, = 0 (order by order?)
AUHEUHUU 4AEH B UHTEI'PAAE (385)

DFGLe(A) + t*(Y7etY) = — 0'Gei(A) +i[A, Goi(A)] + t"(Zp1et®Sp) = i[V', Uss
DFGLu(A) + t*(Y7,:tY) = — 0'Gui(A) +i[AY, Gui (A)] + t*(Sp7at®Sy) = i[U%, Viy]
DFGLi(A) = —DFGu(A) = (0¥ —i[Ux + Vi) ([Us, Vil + [Vi, Ux) (388)
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IIOAE C
Co = Al(z) = 4pp (DFG e + t(Sp7etSy)) = %/ dze [Ui (24,71 ), Vi(ze, 21)] + O(0%)
c. = A@) = 4pp (DGpe + 1(Eart?0) = 5 Cdzy [Viwe, 1), Us(ze,21)] + O0%)

¢ = APz) = P(D"G“ +nyzt“Y)+21—G‘jf Q(D“Gb + et Eb)+2z Lo 2(DHGb + 2 7.t"S,)
[ Pi P n P

= (D*Gy +Y'yt“Y)—i L go ! [Vle]b—i L [UJV]
4p.pe ’ 8 pibe 'pipe Y 8 PiDe p*p.
= (D*GY; + Yvit"Y) —z’f vab— ! (U7, V;]° + 282 Ua.bi[Uf v;l° (389)
4p.Pe ’ 8 pipe ' Du 8 pspe " pe 7
Check D#C,, = 0:
2 2 2 2 :
ga*c. + ;a.c* =0, ga*c. + ga.c* +DC; = 0(d}) (390)
FY = 0,47 (2) - D, AP (2)
18 - S - _ _
= — —(D'GY, + Yt*Y) — Dy DG, + Yet®Y) + 74(;“ D*GY, + Y7.t°Y) + 74@“ D*Gl, + Yy,tY
4p*( IM+ Vi ) l4p*p.( H'+ v ) 4 DsDe ( + 1y ) 4 DiDe ( + X )
.S — s . 1
= DFGE, — Yrit®Y) + D¢ —[U7, S Ui, V; 1
D.F&(A) = 8,G¢ + 0, F* —iAllbg,, = — o, Fl 4 igab Al
S a V a S a V a ab b V b
= - E(D”Gm + Yyt*Y) — o (D"Gy + Yyet®Y) — iGY; . (]D“(GM* + Y7.t"Y)
ab_ S b T 1b 8 ~ab b A 4b
_ @G*% e (D"G},e + Y7,t’Y) —I—ZZ(G”» o (D*G),, + Y7.t"Y)
- - Z(D“Gzi+§{"yit“Y) +iDi4i(D“GZ.+Y%t“Y) = (Dk — YyiteY) — —ID) U7,V
De
(392)
We get YM equation:
D.FG = DuFG(A) = — 2 (DG, + Yit"Y) — IDV7, U] + O(91)
D.F = DaF5(A) = — (D'Gj + ¥yut?Y) — TDi[U7, V5] + O(91)
2 _ }
= ;(D*]-'fi—i—l).}'fi) = —DFGY, — Yyt®Y + 0(91) = DHF, = — Yyt"Y + 0(01) (393)
XIII. FEYNMAN O6éXOD
1 i i
5 . = —In|— - * ; - . —1 - o — ) - * 4
<x|p2+ie|z) y n[—(x — 2). +ie(z — 2)o] + p n[(z — z)e —ie(x — 2)4] + const (394)

Cutoffs: we are solving YM equation in a region where (z — 2)] < mf where mf is a characteristic transverse size
of A, and/or A,. Let a be the characteristic a’s in A, and b be the characteristic 5’s in A.,.
TOI'DA.:

(:E|pzi|z) = In[—b(z — 2). + ie(x — 2)s] + o Infa(z — z)e —ie(z — 2).] (395)
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if abs > m? (see Eq. (416)) and

1 ) 4 ) 2 ) 2
(x|]m\z) = ﬁ ln[—;(x—z)*(m—z).mi—i—ie] = ﬁ ln[—%(x—z)*—i—ie(x—z).]—&—ﬁ In| \n/@s_ (x—2)e—i€(x—2).]
(396)
if abs < m?. so
1 1 (2m)~!
@55 ——Pl2) = (els—/——2) = - ——————— [,z
P, P, + ie P, + iep, To — Zo — 1€(T — 2)4
1 _ 1 (2m)~! A
_— P, = =0 - - . o;Re| " 397
(x‘P.P* + i€ 12) (le* +iep.|z) Lo — Zx fze(:cfz).[x 2] (397)
(cf. Eq. (147)).
1 1 1 [Te, 26] EA
(55— = (=3 )l ) = 5 [dz ———— ——
PPy + i€ Py + ieps P, + iep. 4 T — Zu — 16(T — 2)o 2o — Yo — 1€(2 — Y)x
_ 1 [£e, 2] , N :
1 1 1 1 [T, 2] A [, Y] A+
P = _ _ = — 398
(:C‘P*P. —|—ie|y) (I|P. +iep*|z)(Z|P* +iep.|y) 472 To — Ze — 16(T — 2)x 2x — Yu — 1€(2 — Y)e (398)

ECAU A, (x,) — 0 IPU z, — +o00, TO

ALy ! 1 A7 i Ad A(1) _ _
Cyl(x) = ~ 5 dz.dze P — P [T, 24|72 [Au(2e), Ao (24)][ 25, ] = Cy (4,26 =%0) =0
(1) _ . L 1 1Ae _ qyab jb
Cy /' (Xe, ke = 00) =T 5 dze x.fz.Jrie([oo*’ 004 1) A7 (ze) (399)
OIIEPDEAEHUE
Fpy = b 1 (Dpy = L 1
A (@) = o dz. T — 2 — ieA'(Z*)’ As (@) = 2 dz Tw — 2y + ieA'(Z*)
)y — b 1 (Vp) = L 1
A (ze) = o dze g iGA*(z.), Ay () 5 P zeA* (ze) (400)
(A + () = AP (@) + 2 / Vgx’.[ﬁ*(x’.),ﬁﬁ’(x*n+A£‘>(w*>—% / 2[4 (), A ()
—00 S Teo s
o _ [T 2 _ (- [ 2, (=
(A +C)(@a) = AP @)+ 5 [ dZal[Au(@l), AP (@) + A (@) - 5 / d=a [Au(a)), A7) (@)]  (401)
1 Foi
Solution of Eq. (217)
_ 1
co — —i/d4z A a1 (04D /d4 A (2] L 2)0,00 (AT AL )P (402)
ce = —i/d“z A;b(x|pi|z)a2((aiAT)A)b (403)

= s[4t Al - (OADA) = (A0 AN = 1A% [z deal ) (0ADAL)|

82 82’. Zy=—00
- f d%dz*<x|i—2|z><<aiAi>Az>" T g [l @A)

Zi=00 |Ze=—00

Ze=— Zx=—00lzq=00
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Now
Fo(z) = 0eC — 0i(Ag + Co)* —i(A+ C)PCP = A Dy (AT™PC?) — i0;(ADeAT)®
_7éab Do At b o Ta_iéab/ Pe the g f\e o f\a
= oA /dz (:c\pZ+Z_€\z)8*8.((8lAz)Az) i0:(AQ A = — A [ dz (x|p2+i€|z)8*A 0; (A, 0s ALY — i0;(ADLAT)
_ A /dz* (] =2 ) Atea (Ao T = dpw /dz* (@=L o.@ata) T
s 7 P2 + e zoTTE | e=—00 s * P2 + i€ YRR =
— iAab/dz <;A“’C&(A DeAT)C = ;A“’Ca(A DeAT)C )
2T * * (E*—Z*—l—ié z ¢ zree Ze =00 .’L'*—Z*—iG z ¢ retz Ze=—00
- iAab/dz (;a (ATA,) L @Ay ) (404)
o ” \ae — oz tie VT lemoo Xy —2e —de T =m0
where we uzd eq. (218).
U II0>TOMY
[dx Fa@Fs @)
Z4 =00 1 Z/.:OO
- - o Ux ZATAZ @ ! P EZ ) T ! ! ° ZATAZ @ 4
J T L O e A A LA AR L (105)

2. Action

A+C=A, x+£=T7
/d"‘x( ~ e A+ A - %[(D# —iC)AV2) + (B + T)(P + A) (s + 1))
=

(A+ A2 - %(ID)“AH + DFCL)? + T(P + A)T)

S
N

8

AN R
I
| —
@Q

e

N

4
1 a a av a 1 . a v a\ v a 1 = ~a 7 T\ (P A
= /d4$( - Z(guy)Q - gp,l/DHA - A Hi(ngMV - 2Zgl“’) bAb - (DHAH)D v §(DMCM)2 + (,(/J + T)(P + A)(dj + T))
1 a 1 = ~a av a Y ¥al) a 1 . a v " Y > A
= [t = (00 - S(DC + A (DIGY, + DYDICE) — A (DR, — 2iG,,) A + (5 + TP+ A)w + 1)
2 _ T e =00 2 _ T =00
- / da. doy (G5,A™ + A3DCo)| " - / o duy (G2, A% + 4200 (406)

Classical equations: PT = (P+C)(+x) = 0 and
DrGh, +DVDIC 4+ Ty, T = 0
& (Pgap +2iGay)*CH = DFGS, + f*°CP(2D,C5 — DaCy)° + [0 fAmCHCECE + Ttya Y (407)
which coincides with Eqs. (160).
The action from Eq. (259) has the form

1 1 - =
/ d'a(~ (G4, — 5(D"C)?) (408)
(P?gap + 2igGap)®*C" = D™ Gy, + gf***(2C{DPCL, — C{HDLCP) — g? f*0m [P CLOH + (€ + X)Val* (€ + X)
(P+O)E+x) =0, E+X)(P+C) =0 (409)

3. Self-consistency of D*C,, =0

DrGe, = (D" —iC")™(Gh,, + DuCl — Do CY + frmmCCr)

= D'GS + (D?gap — 2iGloy,) P CF 4 fO08 ek Cre iy + fom Ol (DM Co — DoCM)"

= (Pgay +2iGa, ) C = DIGY, + f0CL(DICS — DaCHe) + fobm fedmGonCed 4 fabeCh DECS 4 Tt T

& (P’gap + 2iGay)*C" = D'GY, + [*°CP(2D,CS — DoY) + f20m fm O CLCE + Ty, Y (410)
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A. 1z D*C, zero?

1
P2g,0 + 2igG
N I —q\ma nabg A abc (oAb NB e ~b 7y e abn pedn A ~c & - a
= DO = (55 D)" (DG, + gf " (2CEDICE = ChDaC?) = g2 f CYCECH + (€ + X)7at™ (€ + X))
)"
AP p2gpa + 2iépa

can — ( )ma (Dabgélga + gfabc(QC'gD’BC'g _ Cnganc/J’) _ g2fabmfcdméb,6’cv§ég + (ng X)’Yata(f + X))

- L =xA a abe c c abn rcdn ~ ~C A ¢ = a
~i(5 DG (DG + 9S4 (205D — CRDACP) = g f f P CECH + (€4 Xt (€ + )

1 mn nbe no b G e ~b o B e na b e ~b N2 e nbl pcdl Mo AbS He ~d
= (53)""|gf""(2D°CEDCl +2C4 D*DICl, = DO CDLC — CRD*CF — g? i f1 D CY e O
«—
g frel et G (D CECE + CSD*CE) + (€ + X)(D " +1"D)(€ + x) (411)

i_)\_ 1 ma [ ~abg ~b abcob nBoc _ Abpy oeBy 2 pabn pedn DB Ae Avd c - a
Z(P2D G)\pp2gpa+2iépa) (D Gga +gf (QCBD Ca CﬂDaC ) g f f C CaCﬁ+(§+X)’7at (£+X))

where wi uzd Eq. (54)

1. Two 01 s, one Ao and one A,

~la _g/ 1 N (a N a _ _Zabc/ 1 boa fgc boa fgc
Ci%(z) = dz(x IpijL Zepo\ 2)(DiGei(2) + DaGEi(2)) = f dZ(xligHepOIZ)(A.azA*JrA*&A.)
FO () = / & (el [ADEY() = O'F, / d (ol )GELGE / (a2 AL G (2
) = - f dz<z|m|z>aié.<z>
D, (z) = f/dz(x\ L el G ~ f/dz(x| L 12)92 G e () (412)
eV T8 pe +iepy TP, +ie " -8 (pe + i€)(ps +i€) T
B. A do A?
IIOIIUTKA
NiDo AT (24, 24) (413)

= 1+z/ d o, A (2 / A= A7) () — / / d 2! A (2 AL (m / df / d 2! AT ()AL (1)
/ e [ - [T dfx:AS*%x:)AS*)(x;)}

xza.[l—i/ d= xA(H( )+z/ i A0 (@ / / Za A (2 A (n / d= x/ Zal AL (@) A ()
/ d= x/ d= x”A x! A(+) / d= m/ d= :E”A( ”)A( )( )}

- 1+z/dxA+> /dmA() )HA()

— i/_oodgxgzé_l£+ (:10;')1415+ (74) —i/_oodfx;’/_lﬁ (x;’)/_ls*)(x*)—&— i/mdgx;’flsf)(x;')/_ﬁﬂ(x*)—i—i/ d- x”A( )( )AE )(,T*)}

- [1+i/ *dgx;/ﬁﬂ(x;)fi/ d=zl A7 (2 )} [A( L) — z/ " a2 A (2) Au(2) + z/ df:c;'fls_)(:v;’)fl.(x*)} = Au(z.)
—oo S T — S z, S
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AT =QF(146))

NiDo AT (24, 24) = (1 = 6N)QiDeQ (1 +6XN) = A + Co + (iDs + [Ag + C4, )N (414)
1 ab A . = A e _ 1 b~
= A, - 7/d2 (x| P BB i +Z€p0|z) PGPy (2) + (i0s + [Ae + Co, 6N = Aq — §/d2z @lPe 557 "Gl (2)
— a 1 _ 1 ab A
= Poxt = 3 [ P, P - Papp )" GL()
N - / & (ol e — LJZ)[A*@.),A.(Z*)} + / & (a:\a(p.)pi*m(clﬁ*cz.)fi.(z*) + e Au(2)Au(24))
2 [, ) _ . i [ 4 , _ _
oA = — Z*/d z (2]276(p*)0(—po)|2)[Ax(26), Aa(2:)] = o, d®z In(— g(m —2)u(@ — 2)e — i€(z — 2)0) [Ai(24), Au(2:)] (415)
= 7r(-92 dzidze {In (= (z — 2)x —i€) + In ((z — 2)e + i€) }[Ai(24), Aa(2:)] +/d2z (x|6(p*)pi.|z)(dlf_l*(z.)/i.(z*) + doAe(2:) Au(z4))
Cutoffs:
o\ = —ig/d% (2278 (p2)0(—po)|2)[As(2e), Au(2:)] = —i/dzz/d‘adﬂ e @=2)e =82 9765 (0 85)0(—po ) [Ax (24), Ae(24)]
27”’ 2 io(r—2z 1B(x—z 9(6) A A 9(0&) A A 9(0[)
T [ [dad e ( 00 (). A(z)] + Z AL (s0), Au(z)] + 2 20(8)X3)
= /dz.dz / — e@m2)e 14, (2,), Ao( /dz dz, / a5 P2 (A, (24), Au(2)]
= @/dz*dz. {Inb(z, — 2, +i€)[Ai(24), Ae(2:)] + Ina(xe — 2a + i€) ([As(2), Aa(2:)] + X3) } (416)
Similarly
0N =
—/dz dze { —Ina(ze — 24 +i€)[A(20), Ae(2:)] — Inb(2y — 24 + i€) ([Au(2), Aa(2:)] + X3) } (417)
Guess
= —/dz dze { —Ina(ze — 24 + i€)[As(24), Aa(2:)] + Inb(zs — 2, +i€)[As(20), Au(2)] } (418)
U TOT'DA
146N = 1_7/ dz/ dze ( A, (ze)Au(2:)) (419)
+ —/dz*dz. —Ina(ze — e + i€)[Ai(2e), Aa(2:)] + Inb(zs — 2, +i€)[As(24), Au(2:)]} (420)
In(ze — ze —i€c(x — 2)) = In(we — ze + i€) — 2mil (x4 — 24)0(2e — To)
In(—(z—2)etic(@—2)s) = In(—ze+ 24 — i€) + 2mi0(2, — 2.)0(Te — 2a) (421)
Q14060 = 1 f/ iz / dza (Au(2) Au(z0) + Au(za) Aa(2)) (422)
+ f/dz dze { —Ina(Te — 2o +1€) Ay (2e) Aa(2s) + Ina(Tg — 24 + i€) A (24 ) As(2e) + 2Mi0(2s — 2,)0(Te — 2o)Ae(2:) As(24)
+Inb(zy — 24 + i€) Ay (20) Aa(2s) — Inb(xy — 20 + i€) Ag(2:) As(20) + 2710(21 — 2.)0(T0 — 2e) Au(20) Au(24) } (423)

EULE ITIOITUTKA:

Al(z,2e) = Aqy(1+X) = 1— z/ dzz.fl*(z.) - z/ ) dgz;fl.(x;) + 60X (424)
oo S oo S
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1

NideAT (24, 24) = (1 —5)\)A(1)i6.AJ(rl)(l +6\) = Ao+ %/w. dze Ay (2e)Ae(y) + 106N = Aq — 3/ z (x| P, PP e
L 0.0 = —f/d2 (z \pﬁ 12)[A. (0), A.(z*)]—ii[:dz.A*(z.)A.<x*)

L[ 1 i i 2t 1 _
- P e ) A / A2 (20) A (22)

2 1 _
= 6\ = —g/al2 (x|p +Z€|z)[A Ze), Aef / dz./ioodz* «(Ze)Ae(2:) + f(24)
= - ﬁ/d?z In(—a(z — 2)e +ic(x — 2).)[As(2e), Ae(24)] — —/dzz In(—a(z — 2)s +ie(x — 2)e)[As(2e), Ae(24)]
/d2 21(pa) L 12) (c1 s (20) Au(22) + o a2 / dz./ iz A
_ Q%/dzz In(—a(z — 2)e — i€)[Au(20), Au(22)] — i/d% In(—a(e — 2). — ie[A. (24), Au(2.)]
+/d2z {(xlé(p.)pi*|z) (c1A4(2e)Aa(24) + c2Aa(2:) Au(20)) — é@(m* — 2,)0(ze — 2a) (As(2e)Aa(24) + Aa(2:)As(24)) }
Similarly

NiD AT (., 20) = (1= ONA@id AL (1 +0N) = A, + (0. + [A.,)0N = A+ /d2 2| P, pP1+26| )G (2)

= 0\ = %/d?z In(—a(z — 2)e — i€)[As(2e), Ae(2)] + %/dzz In(—a(z — 2)s — i€)[As(2e), Ae(24)]

+/d2z {(x|§(p*)pi.|z) (c2Ai(2e)Ae(2s) + 1A (24) Au(20)) — é (s — 2:)0(T0 — 2o) (Ai(20) Aa(2:) + Aa(2:)As(z4)) }

= (cf. Eq. (184)
S\ = 27T8/d2 [( [—a(z — 2)s — i€] — In[—b(x — 2). — i€])[Au(20), Ae(22)] + 2700(2s — 2)0(0 — 20){ Au(20), Au(z )}}
= b+ 5= /d2 {(ln[fa(x — 2)e — €] — In[—b(z — 2). — i€])[A,(20), Aa(2.)] (425)
Chek

(I)J}_—(l)l‘:—g 22’.’1) _Z _Z = 1 ZZ.’EZA* [A(Z)A.(Z)] Z.’L‘A
M) = ) /d A, Aa()] = g [ o 2R B 2
AV @) = V() = -~ / dzdze —— _K(x_z) [0, 2] (A, (20), Aa(2)][20, 2] A (426)
CM () = % / - d2e Ay (2e) Ae(2) + 1040 (427)

2 [T - 1 [, 1 - _ i [ - - B
— g[mdz.A*(z.)A.(x*) + E/d S s [A.(2e), Ae(24)] — ;/m dze{A,(24),As(2)} = r.hus. of Eq. (426)

A= QM = A, = iAd,AT = i QMO,MIQT = Q9,0 + Qi(MI,M"Q" = iMo,M' = QF(A, —Q,)Q (428)

[2)*Gla(2)
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1. do A?
Ae—Qu = — %/d%z (B — ) Au(z), Au(ar)] + ﬁ/dz* — fie(g; — [A.(2), Au(z2) (429)
- % d%z.dz* *_i*+ze[ﬁ*(z.),ﬁ.(z*)] = Zgai*Mf - % d%z.dz*x*_i*+i€[/i*(z.),g.(z*)]
Similarly,
A —Q. = % dgz.dz*mm*(z.),ﬁ.(z*)] N igai.MT _ 417T dgz,dz*ﬁ[[l*(z.),fl.(z*)]
(430
=
M —1 = QLT(S &z (In[—a(z — 2)e — i€] — In[—b(z — 2). — i€]) [Ai(2), Aa(2:)] (431)
2. do A®
) 2 - - 7 1 _ _
Ae—Qu = — 5/(1;2. (e, 2e] 4" (0(1. 2O [Au(2e), Au ()] + %/dz* P [A*(z.),A.(z*)]) AL
_ 417T d2z.dz* EAPALY ﬁ[[l*(z.),fl,(z*)][z.,:E.]A*
= iMoM' = i [1 — z/:diziA*(zi) — Z/Zdiz;A.(zi)} d%z.dz*
1 - - 2 e 2,1
[T, Ze] " m[ﬁl o(Ze); Aa(2:)][20, o] {1 +z/_ood§z_A*(z.) +z/_oodgz*A.(z*)}
= 1 —z/ d 2L Ao( /d 2ol 2z ﬁ[[l* o), Ae(24)] [1 +i _z* dzzifl.(zi)}
" %/dgz.dz* ﬁﬁ i [T 2 A D)) Al [+ a2
= M > — 2%.Ts/dzz [—00e, ze] A In[—b(x — 2), — ie])[[l*(z.),fl.(z*)][z.,oo.]A*
e / d 4T Te 7B T2 (Y, [Au(ze), Au(2)]] (432)
Guess
[
m 022 [~00s, 24l In[—b(x — 2). — i€][Au(2), Au(2.)][20, 008] 35 - 2m/d2 / d- 2/ i 72125 [Aa(2), [Au(20), Au(22)]

27rs/d2 — 004, Zs (1)1 n[—a(z — 2)e — i€][As(24), Aa(2:)][2x, 004] (1)—|— —/dQ / d L ﬂ[ﬁ*(zi),[A*(z.),A.(z*)]]
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Check (see Eq. (426) and Eq. (165)) :

[1+Z'/‘:diziA*(zi)+i/3:diziA.(z;)}i;(ai. M) [1i/:diz;A*(z;) i/Zdiz;A.(z;)} + Q. (434)
= 1+ aanrif aae){ - e oot sl G, Al ol
o [ [ A A A 1= [ A i dae)] + o
S Ll v e R L NER I REN) SRES EEEEY (P PNENPA LY REN T NEW (NENS
= e = _1“(9:_2) e 2 A [ (20), Au ()2, 2]
D. A do AZA]
From Eq. (166) and Eq. (426)
AP = P A A (435)
+ A = =g @ A W) AP W) = - [dy e A ) A )
= i W e = =iy L) A LD A
- - 41?3 / dydzdz’ [ﬁ 2 (e, — . )0(ze — u2)] [ﬁ 2mid(ye — 22)0(ys — 22)
o + 280 — 2080 — 2] [, Al 1AL () ]
= - / dydad:'— _;* o Zl — _ZZ L ) A [ (), A )]
Y B Y e e NN NEW NENEAWNER)|
e B e e e e L MU NEW NENEAWNER)|
g s [ 42 AL, Al A1), )]

1 ve 2 ¥ 9 1 . . S
e /d / dgz / Ao (A ), A [ (L), As(p)]

S Ty — Yx T 1€

T /;d2 A [, Au )] (AL (2L), A2

S y.—z.—l—ze

Ty
T 167r dz/ a3 y./ dsz*y — 2 —|—ze“

N / i2 y/ e / 4224 [[Au (g, Au (2], [Au(20), Au)]

BN
*
—
Ned
L]
SN~—
|
[ ]
—
N
*
P
N
*
—~
N
P
D)
b N
[ ]
—
©
S
S—
=



From Eq. (201)

AP — ol =

1 , 1 1 1
T / dydzdz - - -

o) i 0 =) [ a2 ) AL A, Ao

- - L S/dydzdz _;*H,Ey._ ! iey*_;”e (1. (), Au(z2)], [ (), Au(2)]
- 322;2 [ [t [ (). Au( ) AL A

- g ot [ a2, ymgy*_j [l (), A [ (), A1)

T 321 2/dydz/zdi2/- ,;* e y. = : e [[Ax(z0), Aa (2] [Ax(=), Aa (3]

+ Ton / dy [ " a2 [ e [0 AL A G A ()]

L Y e [ RES I NER REREAR NN

/ Te 2 T 9 _ -, )
+ 167/d25/ d*y./_oodfz*%[[A*(y')’A'(Z*)]’ [A*(Z,),A.(Z*)H

o S Ys — 2y T 1€

XIV. DOUBLE FUNTEGRAL

Fields A to the right of the cut, fields A to the left.
1

To —Yx —16(T — Y)o Yo — 2o — 16(Y — 2)x Ys — 25 —ie(y — 2)e

1

(A2(2)A8(y) £ (2] = - p*216(p?)8(po)p?

] ; Yy
P2g,¢ + 2iG e — ic P255 +2iGS, + ie

1. How we get retarded propagator

/ DEDG $(x)e— S P -iTbgistortise _ ‘/ e 2+
1€

- /dz47r2[ (:riz +le /dz47T2 x_z) (@ = 2)o]

/D¢D¢ <;§( )e —i8(9)=1J¢iS($)+iJ9 _ z/dz (z|27d(p 20(p /dz (z|

1

- Ja P p—

e EAC /dz A2~ (z — 2)? — if] I(2)

‘ )ab

2)J(2) — i / dz (2|208(0%)0(—po)|2)T(2)

g “12)J(2) -

soif J=J
- 1 )
o) = dx /dz > +Kpo| 2J(2) = m/ozz 216 ((z — 2)2)0(z0 — 20)J(2)
A. In two (longitudinal) dimensions
Eq. (161)

2PP)"CL = DG, +iGICL+ gD (f7CIC0) + 29/ CLDLCL — g f0m U CLOLCH

2(PP)"CY = — DePGh, —iGhCh — gD (£ CECE) + 2™ CE DY CE

_ 92 fab'rnfcdmc_fi)éic_v:l

72

(436)

(437)

(438)

(439)
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and same
PRI — DISGE, + GG + gD ([ CAC) + 29 CED.C5 - 2 [ CACCH
APRHEL = DG, GG — gB (VIS 4 2y CBLCE —  EGG (a0
PEWEHUE
Ch(a) = =5 [ [(ol e Pl G 2) + T el 208000 po) = Pul) Gl )]
. 2 PP, + ic - 4P, +ie P.b. i v
~la { 1 a 18 1 1 = b
Cl(w) = 5 [ [l e PG ) + 5 (el 2m0 () po) 55— PG ()]
x Lo 1€ P, P, +ic P.P, —ie
Ala R ) 1 D [.\abAb s 1 4 2 1 abAb
Clrw) = 5 [ (el Pl Ghute) ~ el g W0 P ) 2= Puf2) G (2
Ala i 1 D [,)ab b L8 1 4 2 1 ab Ab
! __ p, o 2 __ P, 441
Ch(a) = § [ [t S5 PG - Flel g ) 5 PG )]t
HA co-TU (CM. YP-E (397))
1 — 1 (27‘()_1 i
-—P, = _— = — ;20| " 442
(x‘P.P* + i€ 12) (le* + i€pe 2 Ty — 25 —16(T — 2)e (7o, 2] (442)
CBOUCTBO
_ 1 1 =
(2 Pe55——p2p2276(p*)0(—po) ==——P.| 2
P e P ) =Pl
_ 1 — = = = = 1 =
- P*_P*fP.A* A.* 276 26_ P._ .A* A.* = = P.
([P P (P Aep )| 200)00p0) [Po = (s 4 AuP) = Pl
— 1 = 1 =
= (2|Py=—=——Ap. 216 (p*)0(—po)pe Ay =——=—P, y) = 0 443)
(1P Ao 2800 o pede =t | (
U II0STOMY (CP. C ®OPMYAOU (163))
D.CY = — D,V = %G DCWY = DY = %G (444)
1. Wightman propagators in 2d
(s s Pl) = (o) = — Tzl T SR ) o 0
P,P, +iec * P, + iep. Te — 2o — i€(T — 2)i P,P, —ic * To — Ze +i€(X — 2).
1 1 (27) [z, 2o A+ 1 (27) e, zo] A+
fp. = _— = — s fp. = -
(le.P* + g€ 12) (x|P* + i€pe 12) Ty — 2 —1€(T — 2)e (@ P,P, —ie 12) Ty — 25 T i€(T — 2)e
(445)
1 _ _ _ - = 1 _
2 ! ! — 2 ! / _ _
(2[276(p”)0(po)|2") (2 Ip*p.ip.p* H.EP-Iy) (21278 (p*)0(po)|2") (2| [Pe — (pe A +A.P*)P.P* ﬂ.gP.]Iy)
_ 1 _ z;:oo
= 2 2 . ’ / *fp. . !/ 92 2 / / *fp. 44
(=128 )0(p0)0n ) e Poli) + [ AL eSO e Pl (40)
= i/dz;(z|27r5(p2)9(p0)p,|Z/)(Z/|ﬁ]5.|y) z:io +i/dzi(z|27r5(p2)0(p0)|Z/)(Z/|p*ﬁfﬂy) ::io
_ 1 _ L [Fe=00 , 1 _ n=00
= z/dzi(z|2776(p2)9(p0)p.|z')(z'|mP.|y) = oo +Z/dzﬁ(Z|27T5(p2)9(p0)p*|Z/)(Z/|mpo|y) 2= oo
1 _ 2, =00
= i [ dZ(z]276(p*)0 o2 V(¢ | =—=——P,
i [t s 0| e Pl
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1 _

1
f.*25 .*7]3.
(7| == lpp 7o (p )(po)ppPPJFZG |2)

[1 - (p-A* + P*Ao)] 27r5(p2)9(p0) [po - (po[l* + Aop*)f

- if dz;<x|p.p*3 [1— (poA. + P.AL)]278(5)60(p0 )00 ) (+'| 5

P, P, + ic

1 _
R )
PP, + i€

= / dz;d%m%p.p*\z><z|27r6<p2>e<po>p.|z )| e Puy)| "

1 /
= [tz ol pal2) GI2m0 )0 )
PP, — ie

() melz) = = oI~ 2)s i@ — 2)a] = o= Il — 2o Fielw — )] = — o= Il — 2)ulz— 2)o i
S iﬁ [ (2 — 2). +ic] — %G(x )0z — ). — ﬁ (2 — =)o — ic] + %9(1‘ — )0 — 2)e

@2m0E0p0) = — = lnl (= 2. +id — = Inf(@ = 2)o —id = — - lnl(z — )& — 2)u +ie(a — 2)]

(@m0 polpalz) = — ot (a2mB(P)O(po)palz) = —

8T Ty — 24 — 1€ 8T Ty — 24 + 1€

(@) 5———12) = — 50(xs — 2:)0(z0 — 2)

L) = (el 2) = (2[20i8(p)0(p0)]2) (448)

1 _
!/ 2 2 ° / ! fp.
/ a2 (12m8 )0 p0)pal#) (| 5 Pol)|

=00 S _

1 EA
— d / / . A - _ o Yo A
1672 / P (2o — 2L —i€)[2h — yu — 1e(Z' — Y)a] (7o, 9] 2, =—00 87 (24 — Yu — i€) [500: ]

_ —/dz;dz*(x|ﬁ];_'ep.|z)(z|27f5(192)9(?0)29-|Z)( 2|3

P A,
= / ot =—=—pa:) Looevel™
PP Ze=—00 Zx — Yx — 1€

1 i o
55 W) = — @ ylin—(z —y). —ie(@ —y)e lution of PyP.(...) =
o i 1 [@es ye] [ (z = y).. — i€e(w — y)o] + solution o (L) =0

2e=00 |2,=00

(]

1 _ 1S
“[o0., y-]A*

7Po = T |4ey °
PP, + ie v) 8 (T — yu — i€) e, 0]
1 1 _ 18 i

f0*2629 P =—=——PF, = - T, *Ao N *Ao 449
(x\p*pﬁiepp TP )0Wo)pers 55— ) SW(I.—y.—ie)[$7OO] (004, Y] (449)

b1

(]

=~ =~ p.p*QW(S( ) (po)p.p*
PP, —

Check of Eq. (443)

= 1 1 — _ 18 = j* A,
P, (x|p ]5 p.p*QW(S( )9(p0)p0p*P J ZEP.|Z) = 87 (zs — yu — ic€) P*[CL'., OO.] [0007y0] = 0 (450)

EULE DBA IIPOIIATATOPA
1 1 = 18 i
= = . [ ] *2 6 9 - oeMx = = [ ] :7 -5 ;- N e .A
(\PP+ Pep216(p”°)0(—po)pep 5 v) 8W($*7y*+%)[wooJ [
1 1 = is
a5 5 |, - Ve *2 5 2 0 - olMx = = L :? - o/ N
B, il (p™)0(—po)pep 5 P e y) o

:bxl

00, Yo]

3>u

(2., 00,4 [00,, ]+ (451)

(]
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2. Cheks

Na oco-ti: from Eq. (441) we get
~la _ _f 2 1 5 ab A~b E 1 4 2\n( 1 : ab ~b
Chw) = = 5 [ [0l g Pl G a) + el 208000 )5 Pl GG
_ L 2 1 A, \abAb _ 1 A, A \ab b
B 47r/d ‘ [CC* — 2z —ie(x—z).([x"z'] )7 G(2) Ty — 2y +i6([:v.,oo.] “[00e; ze] ) G*.(Z)}
Chra) = =5 [ [ = Flalma——p 2m00)0(p0) o Pl Gl )+ (ol s Pul) G )]

2 47 PP, —ie PP, + i€ P,P, —ie
_ 0 [ 1 A, A, \abAb - 1 A, \ab b
= [ @2 [ (e el M on )G () Tie =, (sl ™) ()] (452)

If z, — oo both C3%(x),C*(x) — 0, if 2, ~ 1 and x4 — oo they coincide.
Another check: A=A =A

Ch(a) = Cl(a) = =5 [ 8o, = 280 — 2) (w20 )G (2) (453)
which coincide with Eq. (163).

B. Matrix N

NT(O)—l—‘r’L/ da:A +z/ dJ:A ), NT(O)—l—I-Z/ d:vA —I-Z/ d:vA (454)

First order

. t\a — Aa L 2 1 A, \abAb _ 1 A, A, \ab b

H(RONT) et 47r/d ¥ [x* — 2, —i€(x — 2)e ([ze, 2]7)"Gra (2) T — 2Zs + Z_e([m.,oo.] [00e, 2] 7) G (2)

S NOWNT) = Ay 4 / 2 ( 1 A A(2) — ———— A A)(2) (455)
4 Ty — 25 —16(T — 2)e ’ Tu — 24 +i€"

Probuem

R =1 +i/ dgz* Ao(2:) +i/ dgz. Ai(ze) 7/ d22*/ d2z; Ag(2L)Ag(24) 7/ dgz./ dgzi A (20)As(24)
z. S ze S T S 2w S T S z S

*

~ 5ms /d2 (In(z, — 2. —ie(z — 2)o)[As, Ad](2) — In(z, — 24 + i€) [As

:3>1\
:BH
O
+
~
w

:»iaX?,—i/ood Ze Ai(2e)Ae(y) (456)

X3 = —/ dz./ dz>k (2e)Ae(2:) = —f/ dz./ dz*{A (2e), .(z*)}—f/ dz./ dz*/_l (2e), Ao (24)]
NT:1+i/ood22*A.(z*)+i/:odiz.A*(z. —/ dz*/ dz A(2)) Ag(24 —/ dz./ dz A (20) A (24)

1 o _ e .
— 5/ d= z,/ d- z* {A,(24), Aa(2:)} — —/d z*d Ze (ln(gc* — 2z —1€)[As(24), Aa(24)] — In(zs — 24 +ze)[A*(z.),A.(z*)D

Adding the * <> o term we get

R (20, 20) = 1+i/ood22* A.(z*)+i/:odiz. A*(z.)/:d2z*/;d§; 1u(2) A (22) / i2 z/ pe: z'. A () Ay (20)
_ 7/ PE: z/ 022, A (20), Au(2)} (457)

47r d z*d ze {(In(ws — 24 — i€) — In(ze — 2o — i€))[Ai(20), Au(2:)] — (In(ws — 24 + i€) — In(ze — 24 + 26))[;1*(2.), f:l.(z*)]}
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N 1+z’/oodgz*f1( )+z/.d 2o Ay(2e) / d= z/ d=z, Au( )A.(z*)—/ d= z/ d=z, A.(20)A.(z)
—%/ d- z./ A=z, {Ai(2e), Aa(2:)} — i/dgz*dgz. (0(:5*—z*)—H(m.—z.))[A*(z.) Ag(2s)
Reminder:

of = [1-if alldel) - [ didldlal o - o) A A <1 [
e S

— 00

- [ Eatal o - DA DA ~ 5 [ el [ dZal (A Al + A (el Au(al)

—00

From Egs. (193) and (192) we see that

Q(00a, 00,)Q (2, T4) = 1+z/d xL Al( /df ’d x! 0z, — 27) A (2)) A (2)) —|—z/d A (458)

_ /d 2l 0w, — )AL () Au(al) — / a2l a2, (Au(e >A1<x'.>+A*<x’.>A.<x;>)}

[l—z/ da:A /dxd 2! 0z, — 2 As(z —z/ da:A

G A RV NCAL REARE § e / dfz’.(ﬁ.«c*m*(m’.)+A*<x'.m.<x;>)}

— 00 — 00

X

5 / a2 a2 { = Lt 0 — 20w, — )] (A Au(wl) + Al A(e)) + 0 — 2) Aa(al) Au(a) + 0z, — 20)Au(a) Au(al) )

= [d2alaZal (= 500 26l — e (A ). Aulen)} + 5 (0o — ) = O — )AL (21, Au(al)
=
NT(A=A) = Qcos,000)Q (24, 74) (459)
Similarly
iRoRN = A+ ﬁ/d% (-— Zl AL A () - —— +1Z,€(z — (.. A)(2)) (460)
compare 2 i(N@.NT)a = Aot ﬁ/dgz (I* — Zx *1i6(l’ —2)e [, Ae)(z) - Tw — zl* + i€ [Z*’Z'](ZD

N = 1—|—i/ood§z* Z.(z*)—ki/ood%z. ;1*(2.) —/ d- z*/ A /:1.(2* —/ d- z./ d=-z, /_1 /:1 (7o)
~ %/cﬂz (In(z, — 2. —i€)[As, A)(2) — Iz — 2. + ie(x — z).)[/:l*,;l.](z)) X3
= i0,X3 = z/ A=z A (z.);l (2x) (461)

—/mdz./dz*: ;1 :—f/dz./dz*{A z.f:lz*}—f/dz./dz*/:l(z.);l(z*)]
=
&T(I*,x.)_1+i/mdzz*A.(z*)ﬂ/:odiz.,i*(z.)/ = z*/oo 022 Ao A(z) /d z./ df’A 2V AL (z4)

_ 7/ PE: z/ 02z, (Au(20), Au(2)} (462)

47r d z*d ze {(In(ws — 24 — i€) — In(ze — 2o — i€))[Ai(20), Au(2:)] — (In(ws — 24 + i€) — In(ze — 24 + 26))[;1*(2.), f:l.(z*)]}
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Compare 2 Eq. (457):
-I- ) oo _ ) oo _ oo 2 o0 2 , _ , _ o0 2 oo 2 , _ , _
N = 1+74 d z* Ae(zy) Jrz dfz. Ay (ze) — d=z, d—z;, Ae(2,)Ae(2:) — d=Ze d—zy Au(2)Ax(ze)
T S Zu S x Ze S
—f/dz./dz*{A (20), Au(2.)} (463)

47r d z*d ze {(In(zs — 24 —i€) — In(ze — 2o — i€)) [Ai(20), Au(2:)] — (In(ws — 24 + i€) — In(ze — 24 + 26))[;1*(2.), f:l.(z*)]}

1. C; and C;
YP-E (217)
(Rp?RN)CP = — (RpeRT)®9;(RIERT)P = —iRPH?(2Tr{t®(9;RT)NR}
(Rp?R1)PEL = — (RpaR1)29,(RORT)Y = — iRH2(2Tr{t(9,R1)R} (464)

gde Ay +Cy = RO and A, + C, = iRO,RT. Also, we used f-la (218).
IO AHAAOTUU C YPABHEHUEM (219)

cr = —ifa N;b(x\ﬁp)a?((aiwm)b+/d4z K2 (2]276(p2)6(—po) |2) 0% (DR )R’ (465)
G = =i [ Rl 0P (@ROR) — [t R om0 0(m) )7 (ORON)

~ 1 2 2 a 2 SYATY

Cr = =i [ Nl (ORI + [ 2 N al2m8(0)0( o) ) (O

_ s 2 ab i g 0 Nt / 2 ab _ g 0 STV O
- zs/d z NG (xIPQIZ)az* aZ.((&NZ)NZ) + 5 | d?2 N3 (2]27m0(p*)0(—po)|2 9. 9s, (ORDR)

; a 4 a Dx Zx=00 4 a . Ze =00
= (Niog;Nh) +ngb/dQZldz.(z|p2+i6|z)((8iNl)Nz)bL*:_oo+ ngb/dzzldz*(:c\Zﬁ+i6|z)((8iNi)Nz)b o
1 Ze= 24 =00
— N [ g2 EANSI ”‘
g [z (el @) |

. o
470 [P dea al2m0 )0 ). ) (RDR. )

4 o e
470 [P de al2m5 )0 po)pe ) (ORUR. )

7 2N / @z (x]2m5(p)0(—po)|2) (ORDR)| T [T (466)
XV. BFKL?
A. BKAAD KBAPKOB
P+O)T = (p+A+B+O)E&+6+x) = 0 =
1 2 2 2 2
X = —=—=B+0)% - =(A+0)& (467)
P+ P+C

Ze =00

= — z/dz.d Z1 x\ | ) - Yialze) — i/dz*dQZJ'(xlij_é|Z) Oo%fb(z*) (468)

Zx=—00 Ze=—
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In the leading order

X@) = = [l Az ) - [l oA () (469)
_ —/dz*dz.(m”|%Ep*|zu)A.(z*,xl)fa(z.,au)—/dz*dz.(xﬂ|p*%i€p.|z”)14*(z.,a:l)fb(z*,xl)
- L / osdzs e A a0l 7) 5 [ Ao A ()

1 1

x(z) = dzedze E(Ze, 21 ) Ae(2s,71)

1
27r /dz*dz. {b(z*, 21 )A(ze, 1)

Ze — Lo — 1€(2 — )4 27r Ze — Ty —i€(2 — T)e

1. Double counting?

FIG. 4. Problema: projectile fields or central “C” fields? Arrows denote direction of «’s.

B. F,, up to one A, and one A.

From Eq. (260)

L _ _ 2 _
PPCY = DEGE + €l o+ Eamel X + X%l "Ca = = S0.Gl + Ea¥el X + X7t

— 296+ —/dz* fa (o, 1 )pat" Ao (Z*,m)&z(zo,xﬁ n fa(zo,wl)A-(Z*,ﬂf‘L)t“mﬁa(JioaM)]
s To — 2o — 1€(T — 2)4 Ze — Lo — 1€(2 — )4

2 [ga(l'.,.ﬁl)ﬁgtatbga(z., Z‘J_) - ga(Z.,.’L‘J_)tbtaﬁQé.a(l'.,J?l)] /dZ*A.(Z*VxL)

= - ;8 LG, + —/dz*dz.\/ p-

+ §fabcgatbﬁ2£a(x-a xl)/dz* €($* - z*)Af(z*,xL)

_ . _ _ 2 _ _
pQC:l = DEGZL. + &ﬁ-tafb + fb’Y-taX + X'Y-tagb = gaoGZ. + §b%taX + X’Y-tafm
_ . 2 _ _ _ 2 _ _ _ _
p’C¢ = DGe = - (DiGei + DaGyi) = — - febe(ALo,AS + ALo; AS) (470)

oM /d4 (x| 2

C«(l)a - _ = abc/d
: S <x|p2

12)C (), O /d4 (@G o)

1) (480, 4¢ + 420, 43) 2) (471)
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(Da Y 7% 4 DP+«De ~a _ 4 1 2 ~va
(@) = Guala) = [d @l EP1060 () = [d (a0t 6 )

% abe 4 De Ab 9. Ac Ab 9. Ac g/ 4 DPeDi ~a
2 fats (ol P ) (A0 + 0AS) () + 2 [z (ol TP 120G (2
fabc/d4 J)| p. | )Aba Ac( )

&l
=
]
—
5
~
|
)
S|
—~
~—

5|
=
S
—
8
~
\

- G:i<x>+;fabc [tz @l R )
B = =S [dte @

2)(0;420;A5(2) — i  §) (472)

1. Fo; up to AEA*
From Eq. (260)

5 = 419 , = , = o _ _ S _ _ g _
P2Cf + =2 (GO + GiCl) = DG+ gf™*(205D°Cf — Cho,C%) — g {20y CPP G Cf + Tyt Y

. 4, o ab s 4i
= pQCZ(Q) _ g(A*p.JrA.p*) bci(l)b 'Lg (Gabc(l)b+Gabc(1)b) +§a72ta€b+£b71t fa

__(2)’1 _ 4 i A A aa’ pa’be Ab Ac Ab Ac 7/ 4 i ~ ‘&_ & ab b
1 _ _
+ [t <x|?(fmta5b+sma§a) (173)
P2C¢ +2igGegC™ = D™ G, + gf (204D CE — CEDCP) — g2 f0 [ TP CLCH + &vat®Ss
= PO+ 2igGRC" =~ ZAPGh, = PO = _gA*.p*éﬁm_zigéabé(l)bi_%abéb

~(2)a 2i 1.1 ~ 4i 1
= %) = —;Z/d"‘z (x|PA.E|z)“b83Gi,(z)+gz/d‘lz (x|]¥ oi 2| z)ad fabe(AbgIAC + AVDIAS) (2) (474)

AP = 0.0 - iA2C ) - 008w

° ’ ’ — — — — 81 o _
_ /d4 P b 4. P Ly g bC(Alj@iAi+AiaiAi)(z)+S—;/d4z (@ %G.Z De )G, (2)

. 29 1 PR o
~ifa <x|7(£avita5b + EatEa) + = AL / d'z (al 2510 (ALDAS + ALOAL) ()

2 ! ’ —_ .= —_ P—
+ 2 [t @B A0t Gl e) — T [ (el Dy Gy o) g (AL 5+ 2200 £5) ()
2 2 2 _ 1 _
= 2 @B A g bC<AbaAf+Aba AC><z>+i [t Gl 16k )
S P p? s p
2 d4 szGv 1 abéb d4 ta ta
+ ; z (wlpT 011?|Z) *.(Z) ( | (fa’)/z fb +£b72 fu)
2 4 Pi 7 1 ab 4 aa’ pa’be( AbAaj Ac 1b 97 Ac
+ ;/d : (ol B A 1) G /d x| .jpp) Foe (A0 A+ A0V A2)(2) (475)

2. Action

[t G @ED @) - (476)



