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Abstract

The efficient detection of grapes is a crucial technology for fruit-picking robots. To
better identify grapes from branch shading that is similar to the fruit color and
improve the detection accuracy of green grapes due to cluster adhesion, this study
proposes a Shine-Muscat Grape Detection Model (S-MGDM) based on improved
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Variety of Machine Learning Approaches

@ difterent Learning

(supervised, unsupervised, active)

@ diferent kind or function

(regression, instance-based, tree, networks,..)

@ diferent use




Variety of Machine Learning Approaches

@ Machine Learning Approaches OK

@ More data (even more)

@ Better data (even better)
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Spectroscopy with one-particle approach
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Occupied states of GaAs
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Spectroscopy with one-particle approach
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Spectroscopy beyond one-particle approach
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Green's function definition

G(r,t, v, t") = —i (| T[(x, )T (. )] Tg)

r.t



Green's function definition
G(r,t, v’ 1) = —i (U3| T (r, )t (', )] Tg)

) (wo'| ()| =) (W ab(r)

\Ifév>

N7 N+1 N+1| 7%
G(r,r',w) = lim <\Ijo |¢(r)‘an+ > <an+ W ) + lim

n—0+ w— (ENFT — Eév) + 1 n—0+ < w— (EN-1 — EM)—in

i) G (r, ¥ )

poles of the Green's functions are the electron (and hole) energies Efzv =1 EY



Green's function definition

G(r,t, v’ 1) = —i (U3| T (r, )t (', )] Tg)

peaks of the spectral functions are the electron (and hole) energies

1

AP(r, 1 w) = _Q—MGP(I" ' w) =) (U [P e (et ) e’ 5(w — (BN — Eév))
1 . .
Al(r, v, w) = —%Gh(r, r'w) = Z <\11{)V‘¢T(r)‘\p£f—1> <\1;jj—1‘¢(r’)‘xp§> ) (w + (BN — E(])V))
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Green's function :: so what ?

density n(r) = —i lim G(r,t,r,t") = G(1,17)

tt —t

density matrix p(r,r’) =—i lim G(r,t,r',t")
tT—t

— —z/dr lim lim F G(I',?f,rlyﬁ)

r'—r it —t

observable of any one-body operator



Green's function of an independent particle system

G(ri,ro, w) = Z ¢5 (fl)ﬁbi(I'Q)

S €s L 17]
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Koopmans' theorem




Green's function definition

G(r,t, v, t") = —i (| T[(x, )T (. )] Tg)



Green's function equation of motion

G(1,2) = G°(1,2) + G°(1,3)v.(3,4)G?)(3,4,2,4T)

G?)(1,2,3,4) = — (W | T ()D(2)0" (4)1 (3)) W)

2-particle Green's function



Green's function equation of motion

5G(1,2)

G?(1,3,2,4) = G(1,2)G(3,4) SV (4.3)
ext\ =™

5G(3,2)

G(1,2) = G°(1,2)+G°(1, 3)v.(3,4)G(4,2)G(4,4T)+G°(1, 3)v.(3, 4) ANEWES




Green's function equation of motion

5G(1,2)
G (1,3,2,4) = G(1,2)G(3,4 ’
(1,3,2,4) = G(1L2)GE,4) — 57755
G(1,2) = G°(1,2)+G°(1, 3)ve(3,4)G(4, 2)G(4,47) Hartree GF
G(1,2) = GY(1,2)+G°(1,3)Vy(3)6(3,4)G (4, 2)+G0(1,3)vc(3,4)G(3,5)5 _1(4 —~G(6,2)

Hartree-Fock G(1,2) = G°(1,2) + G°(1,3)Vx(3)G(3,2) + G°(1,3)v.(3,4)G(3,4)G(4,2)



Green's function equation of motion

5G(1,2)
OVert(4,3)

G2 (1,3,2,4) = G(1,2)G(3,4)

G=G"+GVyg + 3G

%(1,2) = ve(1,3)G(1,4) 55‘2 ;(24’3?) Self-Energy




Dyson equation for the Green's function :: what's new ?

G =G+ Gy +X|G
G =GY +GLYEG
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Dyson equation for the Green's function :: what's new ?
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Green's function and self-energy

G=G"+GVy +X]G

5G~1(4,2) 5G™ 6V,
(1,2) = v.(1,3)G(1, 4 = — g,
( 7 ) ’ ( ) ( )5Vext(373+) ’ G(S‘/;iot 5Ve:ct
0G~ 1
— v,Ge !
Y - 5%ot
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Hedin's equations

£(1,2) = z’/d(34)W(1,3)G(1,4)F(4,2,3)

G(1,2) = Go(1,2) + /d(34) Go(1,

I'(1,2,3) = 6(1,2)6(1,3) +/d(4567)
P(1,2) = —z'/d(34) G(1,3)'(3,4,2)G(4,1™)

W(1,2) = v.(1,2) +/d(45)fuc(1,4)P(4,5)W(5,2),
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GW approximation = dynamically screened Hartree-Fock

Y =GW = Ge 1o,

quasi-particle approximation for GW

{_V_ + Vere(r) + Vi (r) | ¥i(r) + /dr’z(L r',w = E;)Y;(r') = Ei(r)

2

Hartree-Fock equations

T Veaa) + Vi) )+ [ 3 S ) < i
JF#1



GW approximation = dynamically screened Hartree-Fock

Y =GW = Ge 1o,

quasi-particle approximation for GW

{_V_ + Vere(r) + Vi (r) | ¥i(r) + /dr/Z(P» r',w = E;)Y;(r') = Ei(r)

2

Hartree-Fock equations

{—%2 + Vear(r) + VH(I‘)} i (r) + /dr’ Ya(r,x')  ¢i(r') = eipi(r)
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GW approximation : o0
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Photo-emission

spectrum of
bulk silicon
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And now

for something
completely different...




Absorption Spectrum of Silicon
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Absorption Spectrum of Solid Argon
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Dielectric function or polarizability

Absorption spectrum
Electron Energy Loss P P

Surface differential reflectiv ty
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Vet (2)

x(1,2) Polarizability

_ 0 Viot(1)
1 . tot . . .
e (1,2) = Vonr(2) Inverse dielectric function




Green's functions approach

£(1,2) = 7;/d(34)W(1,3)G(1,4)F(4,2,3)

W(1,2) = V(1,2) + / d(45)V (1,4)P(4,5)W (5,2)




-~ oon(l) . 0G(L,1)
T Vemt(2) 0Vt (2,2)

x(1,2) Polarizability (2-point)

801, 2)

L(1,2,3,4) = 4-point Polarizability

Vet (3, 4)

L(1,1,3,3) — x(1,3)



iG(1,2)G(3,4) — G (1,2,3,4) =
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G = Go+ Go(Vi + )G = [1 ~ Go(Vig + 2)} Gy



G l'=G;' Vg%

5G(1,2)

L(1,2,3,4) = —1 : =1 [ d G(1,5
(1:2,3,4) = i 5 = [ 6061955
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. / d(S6)G(1.5) | (5. 3)0(6.4) - 5?;:3(53(54)6) WeXt ( )] G (6
L Via(5)3(5,6) | 95(5.6)] 8G(T,8)
L iG(1,3)G(4,2) — /(5678)G( 5)[ e o 8)]5‘/ext( 162
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G 1(5,6)  0Vy(5)8(5,6)  0%(5,6) ,
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' §V(5)5(5.6)  65(5.6)] SG(T.8)
= —iG(1,3)G(4,2) /d(5678)G(1 5) [ 5((;()7, SEERE T 8)] e 4)G(6 12)
= —iG(1,3)G(4,2)+ 556
- /d(5678)G(1,5) [w(5,7)5(5,6)5(7, 8) + 5G(7Z 8)] G(6,2)L(7,8,3,4)

. ,6)
Lo(1,2,3,4) = —iG(1,3)G(4,2) =(5,6,7,8) =i E



L=Ly+ Lo(v+ =)L BSE



L(1,2,3,4) = Lo(1,2,3,4)+ / (5678)Lo(1,2,5,6) [v(5,7)8(5,6)5(7,8) + =(5,6,7,8)] L(7,8,3,4)

GW approximation

WV
second order in W

L(1,2,3,4) = Lo(1,2,3, 4)+/ d(5678)Lo(1,2,5,6) [v(5,7)8(5,6)5(7,8) — W(5,6)8(5,7)8(6,8)] L(7,8,3,4)



L(1,2,3,4) = Lo(1,2,3, 4)+/ d(5678)Lo(1,2,5,6) [v(5,7)5(5,6)5(7,8) — W(5,6)8(5,7)8(6,8)] L(7,8,3,4)

static (W) approximation
W(1,2) ~ W(ry,Ta,w = 0)5(t; — ta),

L(r17 s, I's, r4,w) — LO(r17 Iz, Is, I‘4,C&J)‘|—
+ /dr5dr6dr7d1‘8Lo(I‘1, ro,rs,Te,w)|v(rs — r7)d(rs — re)d(r7 — rg)+

— W(I'5, I'6)(S(I'5 — I‘7)(5(I‘7 — I'g)]L(I'7, rs, s, r4,w)

L(1,2,3,4w) = Lo(1,2,3,4;w)+Lo(1,2,5,6;w) [v(5,7)5(5,6)5(7,8) — W(5,6)4(5,7)6(6,8)] L(7,8,3,4; w)



L(1,2,3,4;w) = Lo(1,2,3,4;w)+Lo(1,2,5,6;w) [v(5,7)5(5,6)5(7,8) — W(5,6)4(5,7)6(6,8)] L(7,8,3,4; w)

independent propagation [,

V3 (r3); (ra)i(r1) 9 (re)
W — (Ej —G@—I—AZJ)—I—Z’I]

Ly = —ZGS;WGS;W — ng(r17r27r37r47w) — Z(f’b_fj)
)



o GW approximation

o static (W) approximation

o independent propagation [,

Lo = —iGSWGSY = xSV (ry,ra, 13,14, w0) = izj(fifj)wi (j:s()zfz_(r:z)ﬁ@g;);ﬁ(j;)



and now ??

L(1,2,3,4;w) = Lo(1,2,3,4;w)+Lo(1,2,5,6;w) [v(5,7)5(5,6)5(7,8) — W(5,6)4(5,7)6(6,8)] L(7,8,3,4; w)

really invert 4-point function
for each frequency 22



| . * orbital basis
let's define a basis Yy (£1) Y, (r2) . .
transition basis



transition space t = ni — 12




| . * orbital basis
let's define a basis Yy (£1) Y, (r2) . .
transition basis

diagonalizes the independent-particle L

V3 (r3)Y (ra)i(r1);(ra)
w— (E; — E;) +1in

Lo(ry,r2,13,14,0) = Z(fz — f)

tJ

LOEZ?Z‘;; = / dridrodrsdry Z(fz_fj) Vi <:31¢Eé:41¢2;11i]n(r2> Yy, (1)1, (T2)Wn, (T3)1n, (T4)

©J




| . * orbital basis
let's define a basis Yy (£1) Y, (r2) . .
transition basis

diagonalizes the independent-particle L

V3 (r3)Y (ra)i(r1);(ra)

Lo(r17r2,r3,r4,w):Z(fi_fj) —(E'—E')+i77
] i

tJ

b} = detes 3019 S A o

5i,n1



| . * orbital basis
let's define a basis Yy (£1) Y, (r2) . .
transition basis

diagonalizes the independent-particle L

V3 (r3)Y (ra)i(r1);(ra)

Lo(r17r2,r3,r4,w):Z(fi_fj) w—(E'—E')+i77
j i

tJ

LOEZ?Z;% = /drldrgdrgdm Z(fi—fj)wj (;3)_21)&({7:412#21)‘1_)'_%;@2)¢21(r1)¢;2 (r2)Wn, (r3)n,(rs)

©J

57;,?14



| . * orbital basis
let's define a basis Yy (£1) Y, (r2) . .
transition basis

diagonalizes the independent-particle L

V3 (r3)Y (ra)i(r1);(ra)

Lo(r17r27r37r47w):Z(fi_fj) w—(E'—E')+i77
j i

tJ
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Tamm-Dancoft approx
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Tamm-Dancoft approx
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Optical absorption of Silicon
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Absorption (arbitrary units)
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Porphyrins

Absorption (arbitrary units)
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Bethe-Salpeter Equation - finite momentum transfer

S(q,w) o< xam(q,w Z 2o

fntensﬂy

A’UC,q ‘ q |’U>|2
w— Ex(q) + in

e s 1.0 12 14 4 6
Energy (V)

Energy (€V)

5] Fugallo et al. Phys. Rev. B 92, 165122 (2015)



Resonant Inelastic X-ray Scattering (RIXS)

d%o

dQQ dwe

2 BSE calculations
(valence and core)
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= Phys. Rev. Research 2, 042003(R) (2020)
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Excitonic wavefunction of LiF

‘\If)\(re, I‘h) ‘2: Z AKCszk(re)ka(rh)

vek
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\_
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@ where is the exciton localised ?

® how much?

/
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