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Derivation of Eq. (11)

Here we derive exact equation-of-motion (EOM), Eq. (11), starting from definition of the
probability in terms of Hubbard operator, Eq. (10). Writing Heisenberg EOM for the Hub-

bard operator in (10) and evaluating commutator for the model Hamiltonian (1)-(4) we

get
d rEr O . ~ A
S Ps(t) = i([H; Xss](t)) =1 > (Vi Xss)())
K=L,R
S3eM K=L,RkeK
where

~

b (t:1) = i(X g (1) k(1)) (52)
is equal time lesser projection of contour Green’s function

~

Gr.ss (11, 72) = —i(Tp ér(m1) X Lo (72)) (S3)

Integral form of the Dyson equation for (S3) is

Grss(T1,72) = Y [ d7' (11, 7) Vies,s, Gsrsnssr (77, 72) (S4)
51,52 ¢

where gy, is defined below Eq. (12) in the main text.
Lesser projection of (S4) taken at t; =ty = ¢ (¢; and ¢, are physical times corresponding

to contour variables 71 and 79, respectively) is

+o00
IESS’ (tv t) = Z / dt' <g£ (tv tl) Vk,Slsz G§1$2,SS’ (t/7 t) + gk< (t7 t/) Vk75152 Gglsg,SS/ (tla t))
S1,59 ¥ T
(S5)

where r (a) superscript indicates retarded (advanced) projection. Using definition of the

S2



latter in terms of lesser and greater projections

gi(t, ')

ot — 1) (g,? (.¢) — g (1, t')) (56)

4 o o) = O(t — 1) (G;sz,ss' (1) — G, s t>) (7)

we get

t
Gros(t,t) = Z / dt’ (gk> (t,t") Vi1, G5, 6,55/ (1, 1) — g5 (6, 1) Viesisy G5, 5,95 (F t))
81,82 ¥ T
(S8)
Finally, substituting (S8) into (S1) and using definition of self-energy given in Eq. (12)

of the main text leads to exact EOM (11).

Expressions for Rates

Here we give explicit expressions for second and fourth order transfer rates: first in terms of

locators, spectral weights and correlation functions; after that, result of substitution of zero

order expressions for the latter. results of Refs. 1,2 for Wénz_s rate is obtained by setting
f 7

Pg, =1 and all other probabilities to 0.

Second Order Rates

The only diagram contributing to second order rate is shown in Fig. 1a of the main text.
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First and fourth terms in the right side of Eq. (11) in the main text

Z / dt’
Ke{L,R}

( 08,555 = 1) 95,5,(" =) (Fs,5,5,5:(1))

05 s (= 1) Gs, (F — 1) (Fss, 5, <t>>)

contribute to WS s, Ps;- Explicit expression for the rate is

2 .
Wéfl—s t Z (Usfs 558, (Es, — Es;) — Uéisi,sisf(ESf - ESZ))
Ke{L,R}

Second and third terms in the right side of Eq. (11) in the main text

RIS / at

S Ke{L,R}

( o5 o (£ =) g5, (' — ) (B, s, (1))

+ 0§55t —1t) g5t —1) <Fsis,sis(t)))

contribute to WS + s, Ps;. Explicit expression for the rate is

2
é-?—s- = _ZZ Z (Ussl,ss — Es) — Ugésis(ES - ESZ))

S Ke{L,R}

It is easy to check that

Z WSfeS -
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Fourth Order Rates

Contributions are classified by projection in Fig. 3 and diagram in Fig. 1 of the main text.

In the expressions below

Bsg(1,7') = —i(Xg9 (1) Xbg (7)) Ng = Ng

DSS’<T7 '7'/) = —Z'<XSS/<T) ng/(T/)> NS + 2= NS’

A.(0).(s) projections

This contribution is of the type Ws(i s, Ps;

Diagram (c)

t t1 t
2w Y Y [ [
51,852,583 K1,Koe{L,R} " ~® - =

K<
< 05,51,5355

K>
~ 05,5:,5253

(t—1t") 95,5,(t' —t1) 95,5, (t1 — t2) 0;225?,5251 (ta —t1) 95,6, (b1 — t)(Fs,51,5,5. (1))

(t - t/) g§253 (t/ - tl) g§153 (tl - t2) 05?5';5152 (t2 - tl) g;SZ (tl - t) <FSIS7,>SIS1 (t)>

+ Us{?si&sg (t —1") 95,5,(t' — t2) 95,5, (t2 — t1) qu{;sisgsi (t1 — t2) 95,5, (t2 — t)(Fsy,5,,5.8,(t))

- Uglsi&sQ (t - t/) 95352 (t, - tz) 95152 (t2 - tl) Us{?sj,sisg (tl - t2) g§isl(t2 - t) <FS7;Sl,Sz‘Sl (t)>>
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Diagram (d)

t t1 t
2w Y Y [ [
51,589,853 K1,Koe{L,R} Y = - —0

< 085 505, (t = 1) 95,5, (t' — t2) 065 6,5, (t2 — 11) 95,5, (t1 — t2) 95,5, (f2 — 1) (Fs,5,.5,5, (1)

- aéf.lsf,gg& (t —1t') 95,5, —t2) Ué?sistl (tz — t1) 95,5, (1 — t2) 95,5, (t2 — 1) (Fis,51,5,5, (1))
+ Uglsisng (t —1') gg,s,(t" —t1) 051223;51-53(151 —t3) 95,5, (t2 — t1) 95,5, (t1 — 1) (Fs,5,,5.5, (1))

- Uglsisgsg, (t - tl) 95253 (t/ - tl) 05225?,53& (tl - t2) gggsi (t2 - tl) gglsi (tl - t)<F513¢,515¢ (t)>)

Diagram (g)

t t1 t’
2Im Z Z / dt, / dt’ / dts
S1,52,83 K1,Ko€{L,R} ¥~ o -

(Uglsisp,SQ (t— t/) 95352 (t' — t2) U£25i5251 (t2 — 1) 95251 (ti —1) Bési (t —t2)

+ O-é{llSiSQSg (t - tl) g§253 (t/ - t2) Ug%’:,slsg (t2 - tl) g§132 (tl - t) BS>'¢SQ (t - tQ))

Diagram (h)

t t1 t
2w Y [ [
51,89,83 K1,K2€{L,R} ¥ ~° o0 -

K
<U§igi5352 (t - t/) g§352 (tl - t2) D§¢SQ (t2 - t) g§152 (t - tl) 0512S§,Si53 (tl - t2)

K
+ 0515?,5253 (t - tl) 95233 (t/ - t2) D;QS»L’ (t2 - t) gggsl (t - tl) US;ST,SSSI- (tl - t2>>
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Resulting zero-order expression

dw1 / dw2 < Ps. P53 ) PS.
—2Im T8 pg | Is
Z Z / Ps, + Ps, 5 Ps, + Pg,

Sl SQ 53 Kq KQG{L R}

Fsisl,sng (w1) frey (Wl)Fé?si,szsl (wo)[1 — fr,(w2)]
{ (Es, — Es, +wy +10)(Es, — Es, — w1 +wq +10)(Es, — Eg, — wy + 10)
L ng-lsl,sm (w1) [, (Wl)rg%g,sis?, (w2) frey (w2)
(Esy, — Es, — wo +10)(Es, — Eg, — wy; — we +10)(Fg, — Es, — w1 +10)
Fé?s ,52.53 (w)[1 = fx, (Wl)]ré?sl,&si (w2)[1 = fry(w2)]
(Es, — Eg, — wg +i0)(Es, — Fs, — w1 —wq +10)(Es, — Eg, — wy + 10)
sls 5253(W )[ - le(wl)]qung 5152(W2)fK2(w2)
(Es, — Es, + w2 +10)(Es, — Fg, — wy +wa +10)(Es, — Eg, — wy + 10)

+

+

A.(1).(s) projections

This contribution is of the type WS(iL s, Ps;

Diagram (c)

—2Im Y > /dtl/ dt/ dt,

51,52 K1,K2€{L,R}

( Ué?; 55, (t —1) g5, (t' — t2) gggsf(tz — 1) Ué?s?slsi@l —t) 9§fsi (ta — t){(Fs;s,.5.5, (1))

K<

— 05,54,515 (t—1") 95,6, —t2) 9§f52 (ta —t1) ngsj,sisl (t1 — t2) gisf (t2 — t){(Fs;s,.5:5, ()

K<

+ 05,555, (t—1") 95,5,(t' —t1) g5,5,(t1 — t2) Ug%iszsf (ta —t1) ggisf (t1 — t){Fs;s,,5:5,(t))

K>

T 05,585,925 (t - t/) 9;251 (t/ - tl) 951-51 (tl - tz) Ué(fgisf& (t2 - 751) 95<*f51- (tl - t)<FSfSi,SfSi (75»)
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Diagram (d)

—2m) Y /t dtl/tldt'/t dt,

51,52 K1,K2€{L,R} "~ ~

( Jé{ig;Sng (t - t/) g§152 (t/ - tl) 05]‘25;51'51 (tl - t2) ggisl (t2 B tl) ggisf (tl o t) <FSiSf’Sisf (t)>

= 05555, (L =) 95,5, (t' = 1) 055 5,5, (t1 — 12) 95,5, (t2 — t1) 95,5, (11 — 1)(Fs;5,.5,.5,(1))

+ O-S{(flSiSle (t =) gg,5,(t' — t2) Ué{i%isfsz (t2 = 11) 95,5, (11 = t2) 95,5, (2 = £)(Fs;5.,575:(¢)

— 0555 (= 1) 95,5, (1 —12) 055 5,5, (t2 — 11) 95,5, (11 — t2) 95,5, (t2 — t){Fs.5, 5.5, (t)>)

Diagram (g)

t 11 t/
—2Imz Z / dtl/ dt’/ dts
51,89 K1,K2€{L,R} Y ~® - >

( 055525 (E = 1) G5, (V' = 1) 0557 5,5, (b2 = 11) 95,5, (1 — 1) Bss,(t = )

+ Ugg’?,slsz (t - t/) g§152 (tl - t2) 0525?,5251’ (t2 o tl) gg?sf (tl N t) B§2Si <t B tg))

Diagram (h)

t t1 t
SEUD SUED DR N B A
S1,52 K1, K2e{L,R} * ~° o0 e

K:
<U§f15?5251 (t - t/) g§251 (t/ o t2> D§25i <t2 B t> gg?sf (t o tl) O-S;S?Slsi (tl N t2)

K:
+ Ugls’JiSISQ (t - t,) g§152 (t/ - t2) D;S& (t2 - t) g§f~5'2 (t - tl) O-SfQS?SiSl <t1 o tg))
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Resulting zero-order expression

Pq. P P
9Tm Z Z /dwl / dwo ( S; 478, ) S;
Ps, + Ps, ) Ps, + Ps,

51,82 K1,K2€{L,R}

T8 s WL = fre (W)TE2s, 505, (@2)[1 = frey (w2)]
l (Es, — Eg, — wg +140)(Es, — Es, — w1 — wy +i0)(Es, — Eg, — wy +i0)
n sfs S5 (@D[1 = fr, (Wl)]qu%l,sfSQ(WZ)sz(W2)
(Es, — Eg, + w2 +1i0)(Es, — Es, — w1 + wa +10)(Es, — Es, — w; +10)
n ssf $155 (W) fK, (Wl)rgs Sgsf(w2)[ — Jia(w2)]
(Es, — Es, +wy +10)(Es, — Es;, —wi +wy +i0)(Es, — Es, — w; +10)

n Féilsf,slsz (w1) [, (Wl)ré(fSQ,sisl (wa2) fre (wo)
(ESI — ESZ- — W2 + 10) (E52 — Egi — W1 — W2 + ZO)(ES — ESZ- — W1 + ZO)
f

A.(1).(t) projections

This contribution is of the type Wg;)(_ s, Ps;

Diagram (g)

—2Im Yy > /dt1/ dt/ dt,

S1,82 K1,Koe{L,R}

K K
( T 50,58 (L = 1) 95,5, (1" = 11) 0575, 5,5, (L1 = 12) 65,5, (t2 — 1) B, 5,(t — t1)

+ 05215?51'51 (t o t/) g§15i (t/ B tl) Jg’(fS?SiSf <t1 o t2) g;isf (t2 B t) B§i~92 (t a tl))

Diagram (h)

—2Im Yy > /dtl/ dt/ dt,

Sl SQ K1 KQE{L R} -

Ugls;sisl (t—t )gs Sl( —t1) DS sz( —t) ggisf (t —t2) qui?;,slsQ (t2 —t1)
f f

+ Ug;s? sis:(t = 1) 95,5,(t' —t1) D5, (t1 — t) ggfsi (t —t2) Ugfsisgsl (2 — Z51))
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Resulting zero-order expression

dwi [ dwsy Pg_
2Tm Z Z / :
i rioeimd 27 21 (Ps 4 Ps,)(Ps, + Ps,)

qu{flsz,sisl (w1) fx, (Wl)qu?sl,sfsi (w2)[1 = frep (w2)]

|: (ESI - E,S’i — W1 + ZO)(E52 — ESi — W1 + W9 + ZO)(ES - Esf — W2 + 10)

7

N F?}s%sisl (w1) [ (Wl)ré%f,sls2 (w2) fr, (w2)

(Egl - Esi — w1 + ZO)(E52 - ESZ- —wi; —ws + ZO)(ESI — Lugy + wa + ZO)
+ Fg;sf,slsi (w)[1 = fK, (Wl)]ré(fsi,&sl (w2)[1 = fre,(w2)]

(Esi - E51 —wi + ZO)(ES, - E52 —w; —ws + ZO) (ng - ES:‘ + wa + ZO)
n Fg;sf,sisl (w)[1 = fx, (Wl)]rfq?sg,sisf (wa2) fre, (wo)

(Esl. - E51 —wi + ZO) (ESZ - E52 — w1 + wy + ’LO) (ng - Esi — Wws + ZO)

A.(2).(t) projections

This contribution is of the type Wg;)(_ s, Ps;

Diagram (g)

oy Y /t dtl/tldt'/t dt,

51,52 K1,Ka€{L,R} "~
K K
( Ossasis(t = 1) 95,5, (' = 1) 05157 5,5, (1 = 12) 95,5, (b2 = 1) By, (t = 1)

+ Ué(;sj,sisl (t—t) 951-51 (' —t) Ugfsiszsi (t1 — ) g;zsi (t2 — 1) Bs<*fsi (t— tl))

Diagram (h)

t t1 t
2wy Y [ an [ ar [
81,52 K1,Koe{L,R} ¥ —° > o0

( Og}sz,slsi (t—1t") g5, —t1) Dgfsi (t1 — 1) g5,s,(t — t2) Ugfsisfsl (ta —t1)

+ Ug;s?,sisl (t—t) g5s (' —t1) Dgisf (t1 — 1) 95,5, (t — t2) Ué%;slsf (2 — Z51))
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Resulting zero-order expression

P3

dwl/dwg S.
—2Im :
Z Z / PS¢+P51>(PS¢+P52)

51,52 K1,K2€{L,R}
Fé(fsz sys; (W[l — fx, (Wl)]rg?si,sfsl (w2)[1 = frey (w2)]

)
|: (E Egl - wl + ZO) ES- - Esf —wi; —wa + ZO)(E5'2 - ESi + wy + 10)
(

3

(
sf52 sis; (@[ = [k, (wl)]rfq?sf 5:50(@2) 1y (w2)
)

N (Es, — Es, —wi +10)(Es, — Es, — wy + ws +10)(Es, — Es, — wy +10)
n Fggsf,sisl(wl)flﬁ (Wl)rs So Slsf( w2) [i, (w2)

(Es, — Es, — w1 +10)(Es;, — Es;, — w1 — wy +1i0)(Es, — Es, + wy +10)
N Fé?sf,sisl (w1) fry (Wl)rgfsl,sgsi (w2)[1 = fre, (w2)]

(Esl - ESZ. —wi + ZO) (Esf - Egi — w1 +wy + ZO)(ESl - E52 — Wws + ZO)

B.(0).(s) projections

This contribution is of the type Wé{)_ s, Ps;

Diagram (b)

2Im ) > /dt/ dtg/ dt,

51,852,853 K1,K2€{L,R}

K - K
( 055 515, = 1) 95,5, = 1) 95,5, (t = t1) (Fs,55.555 (t1)) 05 %r 55, (T1 — t2) 95,5, (t2 — 1)

Uglsfszsl (t—t )ggzsl(t/ —t) 9535,- (t—1t1) <Fsgsi,sgsi (t1)) 05325?,5352 (t1 — t2) 9§352 (t2 — 1) )

Diagram (c)

to
om Y / t'/ s [y
Sl SQ 53 Kl KQG{L R} o0 -

( Uglsf,stl (t —1t') 95,5, (t' — t2) 95,5, (t2 — 1) 0@?5?,3332 (t1 — t2) 95,6, (t2 — t) (Fs,5,,5:5, (1))

O'é(lls>3152 (t t ) 95132 (t, - t2) gg-LSg (tZ - tl) 05?9;5253 (tl - t2) 95152 <t2 - t) <FSISiyslsi (t)>>
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Diagram (d)

2Im Z Z /;dt’/_;dtg/_t;dtl

S1,82,83 K1,Ko€{L,R} *

< O-é(i‘lsf,SQSl (t - t/) g§251 (t, - tQ) 0'5225551,53 (tQ - tl) g§i53 (tl - t2) g‘;Sl <t2 - t) <FS@'81731’51 (t)>

K K. 7
- 0-5115?,5152 (t - t/) g§15’2 (t, - tQ) 0-5325;5351' (tg - tl) g§35i (tl - tQ) g§15i (tQ B t) <FSlSi’Slsi (t»)

Diagram (i)

— 2Im Z Z /;dt’/_;dtg/_t;dtl

51,582,83 K1,Koe{L,R} © ~

K K

+ O-é(ig'i&sl (t - t,) ggzsl (t/ - t) B§2Si(t - t2) O-SI?SE,&'& (t2 - tl) gEiSS (tl o t2>

+ 0551550, (E = 1) 95,5, (' =) By, (t = 11) 05757 55, (b1 — 1) 95, (b2 — 1)

+ 05115?,5152 (t o t/) g§152 (t/ o t) BS>'¢52 (t o tl) 05‘25;5253 (tl a tQ) 9525’3 (t2 - tl))
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Resulting zero-order expression

2Tm Z Z /dw1 dUJQ

S1 SQ S3 K1 KQG{L R}

|: ( Fsisl,5251 ((JJl)le <w1)]'—‘g225i75352(w2)[1 - fKQ(WQ)]
(E53 ES + wa + ZO)(E52 — ESi + ’LO) (Esl — ESZ- —wp + ZO)

Fsls .51 (wi)[1 = fr, (Wl)]rgzsg 5253 (w2) frey (w2) )
(ESZ — E53 + way + ZO)(ES — E52 + ZO) (ES E.S'1 — w1 + ZO)
" (P Ps, Ps, ) Ps,
PS+PS3 PSl+PS2
n ( S 51 5251 (w1) [, (W1>F§(22s3,sis3 (w2) frey (w2)
E53 ES — Wy + ZO) (E52 Egi + iO)(Esl — ESi —wp + ZO)
4 Fglsi,slsz (w)[1 = fx, <W1>]F§?sz,s3si (w2)[1 — [y (w2)] )
(E E53 — Wy + ZO)(ESZ — E52 + ZO) (ESi — Egl —wi + ZO)
PS
Ps —+ P53

B.(1).(s) projections

This contribution is of the type WéﬁL s, Ps;

Diagram (b)

2Im » Y /dt/ dtQ/ dt,

S1,52 K1 KQE{L R} B

( 0855 555, (t = 1) 95,8, (' = 1) 5,5, (t = 11) (Fs,5,,8,5, (1)) 065, 5,5, (1 — t2) 95,5, (2 — 1)

Ué(flf 55, (= t') 9§f52 (t'—1) gg.q (t —t1) (Fs,5,,85, (t1)) aéi%f,5251 (tr — t2) 95,5, (t2 — t))
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Diagram (c)

2Im ) > ) /t dt’/t dtQ/thtl

S51,82 K1,K2€{L,R} ¥ —

( 055555t =) 95,5, (' = 12) 65,5, (t2 = 11) 053 5,5, (11 — 1) 95,5, (b2 — D)(Fsys,.5,5.(1))
K <

K A
o Usisfvs2sf (t o t,) g‘;?Sf (t, o t2) gglsi (tz - tl) 0-5125?75152 (tl - tg) g.;isf (tg - t) <FSiSf,SiSf (t)>)

Diagram (d)

2Im ) ) /t dt’/t dtQ/tzdtl

51,82 K1,K2€{L,R} "~

K K N
( Usfls?sfsz(t —t) 95,-52 (t' —t2) 05125;5152- (ta —t1) gglsi (t1 —t2) 95,-5,- (t2 — 1) <FSfSi,SfS¢ (t))
Ki<

~ 05,5;,5:8; (t — t’) ggQSf (t, _ tg) Ob{z%gisisl (tQ - tl) g;igl (tl — tg) g;isf (tg — t><F5iSf,SiSf (t)>)

Diagram (i)

2Im Y~ ) /t dt’/t dtg/mdtl

51,52 K1,Ko€{L,R} " —

( O—é{flsisfSQ (t o tl) gngQ (t/ B t) B§S2 (t B tl) O—gﬁgiSQSH (tl - t2) 95251 (t2 - tl)

K K.
+ Osi‘lsf<'752$f' (t - t/) 9;25f (t/ o t) B§25i (t B tl) 0-5125?7515'2 (tl - tQ) g§152 (t2 - tl)

K K.
+ US;S?SJ:& (t - t/) gngQ (t/ - t) B,5>VZS2 (t - t2) 0-5’12537515‘1_ (tQ - tl) g;lsl (tl — tQ)

T Ué{i}sj"s?’sf <t - tl) 9§2sf (t/ B t) B§2Si <t - t2) USIZQST,Sisl (tQ - tl) g§¢S1 (tl - t2>>
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Resulting zero-order expression

dw1 dw2
91 it Bt
wy Y [P
51,52 K1,K2€{L,R}
{ ( Lsls 5,6, @1 = fr (@)ITs3%, 6,5, (@2)[1 = frey (w2)]
(Es; — Es, —wo +140)(Es, — Es, +10)(Es, — Es, — w1 +i0)

(ES1 - Esi — Wwo + ZO) (E52 - E,gi + ZO)(ESf - ESZ- —wi + ZO)
P2
X ——
Ps, + Ps,

+ < F?;Si,SfSQ ((A}l) []‘ - le (wl)]l—‘gﬁghSQSl (wQ)fKQ (wz)
(Es, — Es, +ws +i0)(Es, — Es, +i0)(Es, — Es, — w1 + i0)
5,508, (W) i (W01)T6%, 5,5, (Wa)[1 = ficy (w2)] )

ES1 — Esi + wa + ZO)(ES2 - Esi + ZO) (ng - ESi —wp + ZO)

Pg P Pq
X (Ps2 + 5”5 ) 5 ]
Ps, + Ps, ) Ps, + Ps;,

1

B.(1).(t) projections

This contribution is of the type Wg;{_ s, Ps;

Diagram (b)

t t t1
T DI SR N ARy
S1,52 K1,Ko€{L,R} ¥ —°° > -

K > K
( Usflsz,sfsi (t—1t) ggfsi(t/ —t) 9§1si (t —t2) (Fs,5,,9:8(t2)) Usfsislsg(@ —t1) 9;152 (ti —1)
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Diagram (i)

QImZ Z /t dt’/t dtl/tldtg

51,52 Kl,KQG{L,R} -

K K
( Usflsisfs,- (t—1) ggfsi (t'—1) ngsi (t—t1) Usgzsisisl (t1 — t2) 95,5, (ta — 1)

+ Ug{glsj,sisf (t—t) gisf (t' =) Bgs,(t — 1) O-é('lzsj,SISi (t1 — t2) g5,5,(t2 — 1)

+ Ué(flsz,sfsi (t—1) 95,5 —1t) BS,s,(t — t2) 055 515, (f2 — 1) 95,5, (t1 — t2)

K <

S g (6= 1) s, (F — 1) By (0 — 1) 0535 . (12 — 1) G700, (1 — t2>)

Resulting zero-order expression

—9Im Z Z / dw1 dWQ

2T 2w
S1,82 K1,Koe{L,R}

{ ( Lls,.5,5 (WD = fry (@OITS2s, 5., (w2) fia (w2)
(ESI — ES¢ — Wy + ZO) (E52 - ESi + ZO)(ESZ - Esf —wi + ZO)

n Fg;sf,sisf (w1) fx, (Wl)rgsz,slsi (w2)[1 = fi, (w2)] >
(ESi — ESI — Wy + ZO)(ESZ — E52 + ZO)(ESf — ES¢ — w1 + ZO)
X 7,

(Ps; + Ps;)(Ps, + Ps,)

N ( L8)s,.5,5, (W1 = Fry (@I, 51, (W2)[1 = frey (w2)]
(E51 - E,gi + wy + ZO) (E52 - ESi + ZO)(ESZ - Esf —wy + ZO)

(Es, — Es, + w2 +140)(Es, — Es, +10)(Es, — Eg, — w1 +10)
P2
X —
Ps, + Ps,

B.(2).(t) projections

This contribution is of the type ng)_ s, Ps;
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Diagram (b)

QImZ Z /t dt’/t dtl/tldtg

Sl,S2 Kl,KQG{L,R} -

< Uglsj,sisz (t—t) 9;-52@/ —1) ggisl (t —t2) <FSi51,S,-S1 (t2)) Ué?sisfsl (ty —t1) 9§f51 (ti —1)

K - K.
- US;S?SQSi(t - t,) 95251- (t/ - t) 95151- (t - t2) <F518i,S15‘1- (t2)> Usfsislsf (t2 - tl) gglsf (tl - t))

Diagram (i)

—2Imz Z /t dt’/t dt1/t1dt2

51,32 Kl,KQG{L,R} -

K K
( 05, 50,5:8 (L = 1) 95,5,(1" = 1) Bg,(t — t2) 05 5,5, (t2 = t1) 95,5, (11 — 1)

+ 05215?52 s (t—1) g5, —1) B;f s, (t —12) o‘é{fsisl 5 (ta —t1) g5, s, (ti —t2)
+ agls;& ot —1) g3, —t) B, s, (t—t1) 05125?& s, (t1 — t2) 95,5, (t2 — 1)

+ ‘75215?,32& (t —1) g5,s,(t' —1) B, s,(t — t1) Uéifsf,s,.sl (ti —t2) 95,5, (t2 — 751))
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Resulting zero-order expression

dw1 de

21 - o

wy > [
51,52 K1,K2€{L,R}

FgflS%SiSQ (w1) fre, (Wl)rgzsf,slsi (w2)[1 = fr, (w2)]

|: ((ESI - ESl — Wwo + ZO) (ESZ - ESf + ZO)(ES2 - Egi — w1 + ZO)

N Fé?sf,&si (wi)[1 = fry (wl)]rgfsl,sisl (w2) fre, (w2) )
(ES1 - Esi — Wwo + 20) (Esf - Esi + ZO)(ES, - E52 —wi + ZO)
P3
X S
(PSZ' + PSI)(PSi + PS2>
n ( Fgflsz,sisz(Wl)fm(“’l)rg%hsfsl (w2) fry (w2)
(Es, — Bs, +ws + i0)(Es, — Bs, +i0)(Es, — Bs, — w; + i0)

Fg{;sf,SQSi (wi)[1 = fry (Wl)]rgfsi,slsf (w2)[1 = fre, (w2)] )

(ES1 — Esi + wa + ZO)(ESf - Esl. + ZO)(ESI - ES2 —wp + ZO)
P2 ]
X —
Ps, + Ps,

C.(0).(s) projections

This contribution is of the type ng)_ s, Ps;

Diagram (c)

t t1 to
2Tm Z Z / dt, / dts / dt’
51,592,83 K1,K2€{L,R} ¥ ~° —o° e

< Uglsisgsi (t —1t') 95,5, (' —t2) 95,5, (t2 — 1) U?jsistg (t1 — t2) g5,5,(t2 — t)(Fsy5,,5.5,(t))

- Uéf.lsf,sis?, (t— t/) g§s3 (t/ — t3) 95152 (ta —t1) Usl?s;sgsz (t1 —t2) 95151 (ta — t)<FS7,‘Sl,Si51 (t)>>
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Diagram (d)

t t1 2
2w Y Y [ [
51,589,853 K1,Koe{L,R} Y = - -

< ‘75115?,335,- (t —1) g5,s,(t' — t2) 05325;3152 (ta — t1) 95,5, (t1 — t2) 95,5, (t2 — 1) (Fs,5,,5,5,(t))

- Oé?sf,si& (t —1') g5.q,(t' — t2) 05225§,5251 (ta — t1) 95,5, (1 — t2) 95,5, (t2 — 1) (Fs,5,.5,5, (t)>>

Diagram (g)

t t1 to
2w Y [ [ [
81,582,893 K1,Ko€{L,R} ¥ ~° - o

(Uggisisg(t —1') g5.5,(t' — t2) qu(QQS;SQSI(tz —t1) 95,5, (t1 — 1) Bg, s, (t — t2)

+ %{?Sisgsi (t —1t) g5,s,(t' — t2) Ué(;s;slsg (ta —t1) g5,5,(t1 — t) Bg.s, (t — 752))

Diagram (h)

t t1 to
TS DD S A Y
S1,52,83 K1,Ka€{L,R} ¥ ~°° o >

K:
( Uglsisgsi (t =1') g5,s.(t' = t2) D§,5.(t2 = 1) 95,5, (t = t1) 0575 5,5, (t1 — t2)

K
+ Uglsisisg (t— tl) 9§53 (t/ —t3) DEZ-SQ (ta — 1) 95152 (t—t1) Usfsj,sng (t1 — t2)>
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Resulting zero-order expression

dw1 dUJQ
2Im Z Z / /27T PS +PS3

S1,52,53 K1,K2€{L,R}
[ ngl,sisg (w1) fry (Wl)rfqé253,szsl (wa)[1 = fr,(w2)]
(Es, — Es, — wy +i0)(Es, — Es, — wy + ws + 0)(Es, — Es, — wy + i0)
L5505 (@1) fre (WOT5%, .5, (w2) ficy (w2)
(Es, — Es, — w1 +10)(Es, — Eg;, —w; — we +10)(Es, — Eg, — wy +10)
)
)

T8, sus (@1 = fre, (@)D %, gy, (w2)[1 = fry (w2)]
(ESZ- — ESg — w1 + ZO)(ES E52 —wi; — W + 10 ( S, Esl — w1 + ZO)
N T§ls s W1 — i, (01)]T6%, 5,5, (w2) fio (w2)
(Esi — E53 —wi + ZO)(ESZ - E52 — w1 +wy + ZO)(E'SZ - Esl —wp + ZO)

+

C.(1).(s) projections

This contribution is of the type WS(iL s, Ps;

Diagram (c)

2Im » Y /dtl/ dtQ/ dt’

51,52 K1,K2€{L,R}

( Uglsjs 5 (t=1)g5.q ' —ts) ggfsg (to —t1) Ugfsj,slsg (ty — t2) ggisf (t2 — t){Fs,s,,5:5,(t))

K1 > (t

. R
— 055 505 (t = 1) 95,5, = 12) 95,5, (t2 — 11) 0557 5,5, (11 — 12) 95,5, (t2 — 1) (F's; 5,55, (t)>)

Diagram (d)

2Im ) ) /dtl/ dtg/ dt’

S51,82 K1,Ko€{L,R} " —

K K A
< Og, lsfs g (t—=1") g5.q (t' —1t2) O-S;ST,S2Sf(t2 — 1) gggsf (t1 — t2) ggisf (ta —t) (Fls,s;.5:5, (1))

K K 2
— 055,55, = 1) 95,5, —12) 0576, 5,5, (f2 — 11) 95,5, (f1 — 12) 95,5, (t2 — ) (Fs; 5,55 (t)>)
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Diagram (g)

—2Im Yy > /dtl/ dtz/ dt’

Sl Sa2 K KQG{L R}

K K

< Usfls>sls (t— )9§1Si (t' —t2) Usfs;sfSQ (t2 — )gsfSQ( t) Bs s, (t
K K

+ Usilsj,sisl(t t') 95,5, (t' — t2) Us;siszsf (t2 — )9525 (t1 —t) Bg,q,(t

Diagram (h)

—2Im Yy > /dtl/ dtg/ dt’

S1,52 K1,K2€{L,R} "~ ~

K K

< 0g /s g5t —1) 95,5, —t2) D55, (t2 — 1) 95,5, (t — 11) 055 5,5, (11
K K

+ ‘752~1sf<,s,-s1 (t —t") g5.q,(t' —t2) Dg.g,(ta — 1) ggfsz (t —t1) Usfsj,sls2 (t1

Resulting zero-order expression

dwl d(,UQ
—2m), / /27r PS+P31

51,52 K1 JKoe{L,R}

—t9)

=)

_ t2)

_ tQ))

|: FSfS 5'15 ((.Ul)[ - le (wl)]F§ZQSf,SQS1 (wQ)[]‘ - fKQ ((.UQ)]
(ES — E51 - (JJl + ZO) (ESZ — E32 — W) — Wy + ZO) (ESZ — Esf — Wi + 20)
N Lgis,sus, (@D = Fr (@)%, 5,5, (w2) fic (w2)

(E E5’1 — Wi + ZO) (Esi — E52 — Wy +wy + ZO)(E’SZ — ng — Wi + ZO)
N Tis,.508 (@) i (WD) 6%, g5, (Wa)[1 = fiy (w2)]

(ESI ES —wi + ZO)(E32 — ESi —w; +wy+ ZO)(ESf — ES«L —wi + ZO)
+ Fglsf SiS1 ((Ul)le (W1>F§<fs2 5152(w2>fK2(w2)

C.(1).(t) projections

This contribution is of the type Wéﬁ_ s, Ps;
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Diagram (b)

2Im ) ) /t dt’/t dtz/t dty

51,82 K1,Koe{L,R} * ~
( O-é(;s?75251 (t — t/> g§251 (t, - t) 952'51 (t - t2) <F5i5115i51 (t2>> Ué‘i%‘f,S,-Sf (t2 - tl) ggisf (tl N t)
— agflsj,slsg (t =) 95,5, (t' = 1) g5,5,(t = 12) (Fs,5,85,(t2)) U§125isfsi (f = 1) g5, (1 — 1)
K<

+ 06 s 55 (E = 1) 955, (' = 1) 955, (t = 1) (Fs,5,,505, (1) 0657 .5, (B — t2) 95,5, (82 — 1)

— 0815 a5, (= 1) 95,5, (¢ = 1) 95,5, = 11) (Fys55.(0)) 053 55, (01 = £2) 95,5, (12 — “)

Diagram (g)

owY Y [ w

51,52 K1,K2€{L,R}
( 05 sasis(t = 1) 955, (1 —12) 055 5,6, (12 = 1) 95,5, (h = 1) By, (t = )

055 05, (=) 0,5, (F = 12) 054 g6, (B2 — 1) s, (01 — 1) B, (¢ — “))

Diagram (h)

oY Y [ w [ w

51,52 K1,K2€{L,R} ©
( 05 55t — 1) 95,5, (t' = 12) D55, (ta — 1) 95,5, (t = 11) 05757 5., (11 — t2)
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Resulting zero-order expression

—9Im Z Z / dw1 dWQ

Sl Sa K KQE{L R}

[ ( FngQ s15o (@) iy (Wl)rgs S5 8; (wW2)[1 = Sy (w2)]
(Esl ES + WQ + ZO) ES2 ESi — w1 +wy + ZO)<ESZ Esf — Wy + ZO)
n 325f o5 (W1 = fr (Wl)]rfq%l SiSy (w2) f1y (w2) )
(Es, — Es, +wy +10)(Es, — Es, — w1 +wy +i0)(Es, — Es, — wy +10)
PS
PS + Ps,
+ Fg{flSQ,Sl,SQ (wl)le (w1>ré’i%5‘f,si51 (w2)fK2( )
(Egl — b, —w2+i0)(E52 — b, —wl—w2—|—20)( ng+w2+z())
Fsgsf so5 W[l = fr (Wl)]rgfzs sus, (w2)[1 sz (w2)]

(ES — Eg, —ws + ZO)(ES — By, —w; —wy + ZO)(ESf Eg 4wy + ZO))

><< PSQ + PS1 ) PSi }
Ps,+ Ps,  Ps,+ Ps, )] Ps, + Ps,

C.(2).(t) projections

This contribution is of the type Wg;)(_ s, Ps;

Diagram (b)

2Im )~ ) /dt/ dtg/ dt,

51,52 K1,K2€{L,R}
( Ugflsz 558 (t—1) 95,51 (' —1) 952&- (t —t1) (Fsps,,8,8,(11)) Us{?sislsi(tl — 1) 95151- (t2 — 1)
Ué(;s? 518¢ (t— t/) gglsf (t/ —t) 9;.52 (t—t1) <FSi527SiS2 (t1)) Uéiqu,sisl (t1 — t2) ggisl (ta — 1)
K < (t

t 05,5;,.515;

- O-é{flsz,sjcsl (t - tl) g§f5'1 (tl - t) 95181 (t - t2) <FS’LS17SZS:l <t2)> Ué‘iéislSQ <t2 - tl) g§152 (tl - t))

- t/) gglsf (t/ - t) gglsi (t - tz) <F51S1-,S1Si(t2)> ‘751*(125?,5251- (t2 - tl) g§2gi(t1 - t)
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Diagram (g)

2Imz Z /t dt’/t dtg/t dt;

51,52 K1,K2€{L,R} * —

K K
( Usflsz,sfsl (t - t,) ggfsl (t/ - t2) UsigiSiSQ(h - tl) 951-52 (tl - t> Bgisf (t - t2)

+ Ug;s?,slsf (t—1t) gglsf (t' —to) Ué?sisgsi (ta — t1) g5,s,(t1 — 1) B§fsi (t—t2))

Diagram (h)

QImZ Z /t dt’/t dtg/t dt,

51,52 K1,K2€{L,R} *
( 0§ 55,5 (0 = 1) 95,5, (1" = 12) D55, (ta — 1) 95,5, (t = 11) 0575 5,5, (01 — 2)

+ Ué?sj,slsf (t - t/) g§1Sf (t/ - t2) DEZSf (tQ - t) 95232 (t - tl) O-,é(isj,slsl (tl - t?))

Resulting zero-order expression

oy Y /inW ‘%

51,82 K1,K2€{L,R}

[ ( T§lss.5,8 WOL = fi (W)ITS%, 5.5, (@2) ficy (w2)
(Esi — Esl + woy + ZO)(ESZ - Esf — w1 + Wy + ZO)(E52 — ESZ- — Wwo + ZO)
n Fézlsf,slsf (w1) frey (Wl)rfg?si,sgsi (w2)[1 = fry(w2)] >
(Esl - ESZ- + woy + ZO)(ESf - ESi — Wi +wg + ZO) (ESZ - E52 —wo + ZO)
P2
. Ps, fPSQ

N T6ls,.5,8 (WL = fie (0)IT6%, 5, (@2)[1 = frey (w2)]
(ESZ- - Esl — Wwa + ZO)(E’SZ — Esf — Wy — Wy + ZO)<E52 — Esi + wa + ZO)
nglsf,SLSf (wl)le (w1>rg252,5i51 (wQ)fKQ (wQ)
(E51 — Esi — Wy + ZO)(ESf — ESZ- — W — Wy + ZO)(ESZ — E52 + way + ZO)

G
Ps,+ Ps,  Ps,+ Ps, ) Ps, + Ps,

+
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