Introduction: 8 March 2019
ha- A =hc =1239.842 eV nm

¥ = (5.034x10°ph/sec)P[W]A[nm]

1/1, = exp(—pux)

a, = 4re,h’ /me® = 0.5290 A

Na=6.022 x 10?® molecules/mole

N = 2.686 x 10 molecules/cc @ 0°C
Electric Fields, Intensity, Scattering:
r, =e*/dremc®; o, =871’ /3

o= [87[!’82/3][@4/((0)2 —af )2 +(yo)’ )J

f (Ak, @) = i[mze"iAk'ArS/(a)z -+ i)/co)]

-1
o= [872're2/3]| f |2

£ ()= i[gisz/(a)z — o + i?’a’)]

1 =1.327x10°EZ [V/ cm]W / cm?

E, = 2.745x107, /T[W/ cm? VI A

Refractive Effects:

n(o)=1-[nA*/2z (1 -if))
n(w)=1-5+ip
|, = A/ 4
Ag=[275/ 2] Ar
0c = \/ﬁ
.o =[ (67 +5)/4]
T 0
k=472

I=(12)(1-6)\e/m |EF

mA = 2dsinf (Bragg’s Law)



Coherence:

AtAw>"% ; AErwnim -Atewnm > 1.825 eV fsec
AX-Ap>Hhl2 ; Ax-Ak >
lon =A% 12A2
d-0=22zr (Gaussian)
dewm - 20emm = 1/2 (Gaussian)
d-Bnun =1.22% (Sharp edge)
Gaussian:

I/lo = exp(—1%/2r¢?%)

1/ve (rms)
0.5 (FwHM)

Y

Depth of focus

| | |
Ny

Zr = ¥?/\ , DOF = 2Zg

(Rayleigh range; Gaussian area doubles)
DOF = + /A = + 4mlo?/ &
Synchrotron Radiation

Bending Magnet:
ha, = 3ehBy? /2m
Wiggler:

ha, = 3ehBy” /2m

n, = (3K/4)[1+(K?/2)]

Pr = I:IZ'BKZJ/ZT N/3€Oﬂu:|



Undulator:

2
2/1“2 (1+ K? + }/292] =1.306nm Au[cm](1+K%2)/E[GeV]
V4

K =[eB,4, /22mc] = 0.9337Bo[TIh[T]
o =Yy IN| 5 (A2)2), = (UN)
P, = ey /e ][ (397 /(2+ KZ/Z)Z}
Pow =[(4/27)/d,0, ][ (2/27)/d, 6, |P..,
Prons = 11| (4/2) [(d,6,)(d,.6, ) | (A2/2) NP,
FELS:

1=

PEEL = {Kzreneﬂuz/?’bw/ TJ?)
K=K[J]=K[J,(x)=3;(x)]

x=K?/(4+2K?)

[/1=PIP =e""; Ly =4,/ 47Bpeg,
Piat = Opg, -yMc2-1/e

(A0/ ©)cyyy =2V3Ppe

oo’ = A/4rn

HHG:

Return energy

hwmax = 3.17 Up+ Ip

Up =KE = e?Ep?/4m? = rIA%/2nc

Up = 9.337x10*I[W/cm?]A?[um] eV
X = EE, / M’

Xne =1.950M 27 [800nM] 1Y% [ 5x10*W / cm” |

| =1.327x10° E; [V/ cm]W / cm®

E, = 2.745x10’74/T[W/ cm’ | VI A



ratom(n=1

a, =0.5292

27 /ac 152.0asec
| Are,al =51.42V A

= 0.5/e, / 14, E2 = 3.509x10'°W / cm?

Bohr
a:
T =
E =¢
Ic

Bandwidth limited pulse
AE i - Aty = 1.825eV - fsec

Tunneling

re =1, 120,

Plasmas:
o} = (e’n, [¢,m)
Ay =+JexT/en,

, = (eB/m) ; . =mv/eB ; [3.7 um for 9 Tesla, 100 eV e’]
Vexp =JZyxT,/M =(0.28 nm/fsec)[for Z=10, 1keV, 10mp]

n, = (eoma)2 /e2 ) = 1.11x1021e/cc//12[um]

(Veo/Ve) =[(1/¢)/nexcT ]
| = oT* [0 W/em? 100eV]

hol.,=2.82xT

EUV/SXR Lasers:
1/1, =e® = e

G=no. F

u -~ stim

Ostim = I:”ﬂr A/l/ﬂ)](g|/g|) fi
(AA/A). ... =(22In2/c)scT/M

P/A=167°c’h(A4/A)GL/A*




Laser lines:

Ne like: 3p — 3s, Ar 46.86 nm (26.46 eV)

Ni like: 4d — 4p , Mo 18.9 nm, Ag 13.9 nm, Cd 13.2 nm
Ne Ka: 1.46 nm (849 eV)

Cu Ka: 1.541 A (8.048 eV), 1.544 A (8.028 eV)

Optics:

Oc = 25

sin@ = 1/d (grating equation)

m A = 2d sind (Bragg’s equation)
Airy Pattern (Resolution):

N:

n

5| 291(ka0)

(ka0)

o|Z,

Focal plane intensity, 1(0)/1,

ka6

_r 06101

Ar, null = NA

Rayl
1 2
Az, = iE[AI(NA) ]

Drwhm, airy = 0.515 2/NA

z > d?A (Fraunhofer region)
NA =sinfd = 212Ar  (zp)

D =4NAr (zp)

f = 4AN(AN?/ A (zp)



N<A/AX (zp)

Ar. . =1.220Ar (zp)

Rayl

AZ,. :iZ(Ar)2 //1 (zp)

Imaging:
Rayleigh dip = 26.5% (15.3 % contrast)
o= NAcond/NAobj

f =R/2NS  (CRL)



