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X-ray absorption in Nd:YVO, laser medium
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Nd:YVO, (a-cut):
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Laser design

1%at.= 1.26 X 10%2%° cm™3

o = 2.8 X 1071° cm?
og = 25 X 10719 cm?

Tsp(3% at.) =~ 30 x 1076 s
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X-ray detection limits

Pump/laser beam parameters: wo (808 nm) = wy (1064 nm) = 100 pm

Cavity parameters:

Nd sensitization efficiency:

Pump noise:

w X rays

1) 808nm
Nd:
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M2(808 nm) = 20 M2(1064 nm) = 1.5
L=05mm,L.=25mm(+5mm+ ), Loss = 3%

Nx-na(30 keV,3% at.) = 4500
Onoise (808 nm) = 0.5% rms

2)

808nm Nd:

YVO4 kTP
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AR@532,1064 nm

Py, = 32 mW
Gxmin = 2.7 X 10* phs~tem™ (1.3 Wem™2) cw
Fx min = 8.2 X 10° ph cm™2 (39 yJ cm™2) short pulse
‘bX rays
Nd:YVO4 ﬂ
Py = 32 mW

Gxmin = 2.7 X 1013 phs~tem™2 (0.13 W em™2) cw
Fx min = 8.2 X 10% ph cm™2 (3.9 pJ cm™2) short pulse




1) Model for coherent scintillator based on green laser pointer (Nd:YVO4+KTP)

£i=16-107"° evid
c=3-10° speed of light (m/s)
Ap = 808-107°
1240
hvp=—"
ap-10°

laser crystal parameters

Nion = 3 1.26 - 10
3

pump (laser) wavelength (m)

pump (laser) photon energy (J)

Nd-ion density : (% at.) x (ion density at 1% at., m-3)

threshold pump power, Pth (W), density, Dth (W m-2) and photon flux, ®th (ph s-1 m-2)

om
Pthi= ——

Pth = 0.0321
gm P
b 2 Pth .
[RE Dih = 2.9525 % 10
Dth -
Pth = — th = 1.2024 x 107
hvp

modal inversion (m-3) and peak inversion fraction at threshold

ANm_th = ANm_P - Ptk
AN_P(0.0,0) - Pth

Nion

ANm_th = 2.4367 % 107

fractANh == fractANth = 3.4306 % 10

minimum Xray flux (CW mode) and fluence (short pulse mode), ®Xth (phisim2) and FXth (ph/pulse/m2)

L=05 10> s=2-100 d=102-10"° Nd-doped YVO4 crystal length, size and laser beam distance from iradiated edge (m
GA:=28 10 = a-cut absorption cross-section at pump wavelength (m2)
0E:=25-10 7 a-cut ission cross-section al laser wavelength (m2)
Tsp = 30- 107 s fluorescence lifetime (s)
1 =049 optical pump quantum efficiency
vg=15- 10° YVO4 group velocity at laser wavelength (m/s)
laser cavity parameters
Le=25-107° cavity length (m)
Loss_L:= 0.03 linear round-trip loss (OC transmittivity included)
= e In(1 —Loss L) om = 6.0918 linear modal loss coefficient (m-1)

nvX:=30-10° £
oX:=9.10°
nXtoNd:= 45 - 10°
LX:=0

Onoise = 5 1077

ANX_d(x) = oX - e Y nXioNd - 1sp
rL 055 ps—d

ANX_ — | | | ANX () Gi(x.y.2) ddyde
Jo J0ss -a

X-ray photon energy (J)

X-ray absorption coefficient (m-1)
X-ray-pump quantum efficiency
X-ray detecting crystal length (m)
pump laser RMS noise

X-ray induced local inversion density (m-3 ph-1 s m2)

X-ray induced modal inversion density (m-3 ph-1 s m2)

pump (laser) beam characteristics

1p = 19721 nl:= 19573 refractive index of Nd-doped crystal at pump (laser) wavelength
M2p =20 M21:=15 pump (laser) M2 factor
wip = 100 - 10°° w0l == 100 - 10 ° pump (laser) beam minimum waist (radius, m)
Op> o
= Ioop wlp zl= I al-wol pump (laser) Rayleigh range in Nd-doped crystal (m)
Ap- M2p AL-M21
- .32 -2

wl(z) == wOl I‘l +
N

wp(z) == whp - I‘l + CQ
N

aly

Gp(x.y.2) = e " Glxy,z) =
nwp(z)”

pump photon flux, &p (ph m-2 W-1)

— GANionz
e

1
p_P(x.y.2) = — - Gp(x.y.2)
hvp

local inversion density, AN (m-3 W-1), and gain coefficient, g (m-1 W-1)

AN_P(x.y.2) = GA - ®p_P(x.y.2) 1| - Nien - Tsp

g _P(x.y.z) = OF - AN_P(x.y.7)

modal inversion density, ANm (m-3 W-1), and modal gain coefficient, gm (m
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ANm_P =

gm Pi= 0E - ANm P

AN_P(x,7.2) - Gl(x,7,2) dxdydz

pump (laser) beam waist in Nd-doped crystal (m)

pump flux (laser photon density) distribution function

— GANionz
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_ Onoise - ANm_th
ANmX_d

Xmin - DXmin == hvX - $Xmin ®Xmin —2.7416 10" DXmin - 1316 10°

FXmin := $Xmin - Tsp EXmin = hvX- FXmin

FXmin = 82249 % 10°°  EXmin - 03048

pulsed X-ray source peak flux, ®Xs (ph/s/m2), and fluence, FXs (ph/pulse/m2)

X-ray photons per pulse
X-ray emission surface (m2)

NX
FXs:= —
SX

Gl(x.0.L+L¥)
GI(0,0,L+LX)
LE]

I

aX{xtd)

0.001

x
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Z) Model for coherent scintillator based on green laser (Nd:YVO4+KTP+Nd:YVO4)

£=16-10 " evil
c=3-10° speed of light (m/s)
p = 808-10°°
1240
hvp= ——-
hp - 10°

laser crystal parameters

Nion:= 3 1.26- 10%

L=05-107° s=210° d=02-10"
oA=—28-10 7

GE=25-10 2

Tsp = 30-107°

n-=

ve=15-10°

laser cavity parameters

Le=02

Loss L= 003

m = —— (1 — Loss 1) m = 0.0761

2Le

pump (laser) beam characteristics

pump (laser) wavelength (m)

pump (laser) photon energy (J)

Nd-ion density : (% at.) x (ion density at 1% at., m-3)
Nd-doped YVOQ4 crystal length, size and laser beam distance from iradiated edge (m)
a-cut at 1 tion at pump length (m2)

a-cut sti d-emission tion al laser wavelength (m2)

fluorescence lifetime (s)
optical pump quantum efficiency

YVO4 group velocity at laser wavelength (m/s)

cavity length (m)

linear round-trip less (OC transmittivity included)

linear modal loss coefficient (m-1)

refractive index of Nd-doped crystal at pump (laser) wavelength
pump (laser) M2 factor

pump (laser) beam minimum waist (radius, m)

pump (laser) Rayleigh range in Nd-doped crystal (m)

pump (laser) beam waist in Nd-doped crystal (m)

pump flux (laser photen density) distribution function

np= 19721 nl = 19573
M2p = 20 M2 15
wip = 100 - 107 % w0l := 100 107°
- np - wip® . - nl- Wil
p TR o1, Toalwil
Ap- M2p - M21
'—Z | —
wp(z) = wop- “1 + (: wi(z) = wol ‘Il +
N N
s
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Gp(x,7.2) = < (€ e —
rwp(z)’ awl(z)’ - Le

pump photon flux, ®p (ph m-2 W-1)

- aANonz
& .

dp_Px.y.z) = —— - Gp(x.y.2)
hvp

local inversion density, AN (m-3 W-1), and gain coefficient, g (m-1 W-1)

AN_P(x.y,

= gA - dp_P(x,y.7) - 1) - Nion - Tsp

g P(x.y.z) == 6E - AN_P(x.v.z)

modal inversion density, ANm (m-3 W-1), and modal gain coefficient, gm (m
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gm_P = oE - ANm_P

AN_P(x,7.2) - Gl(x.7.2) dxdy dz
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threshold pump power, Pth (W), density, Dth (W m-2) and photon flux, &th (ph s-1 m-2)

Pth= —— Pth —0.0321
P
Pth

Dth:= —— _ &
PO Dth =2.9525 % 10
Dth .

th = — bh = 12024 % 107
bvp

modal inversion (m-3) and peak inversion fraction at threshold

ANm_th = ANm_P - Ptk ANm_th = 3.0459 % 107
AN_P(0.0,0)  Pth

Nien

3

fractANth == fractANth = 3 4306 x 10~

minimum X-ray flux (CW meode) and fluence (short pulse mode), ®Xth (ph/sim2) and FXth (ph/pulse/m2)

X-ray photon energy (J)
X-ray absorption coefficient (m-1)

VX =30 10°- £
oX:=9-10°
NXtoNd:= 45 10° X-ray-pump quantum efficiency
IX:=5-107° X-ray detecting crystal length (m)

Gnoise == 5 1077

pump laser RMS noise
ANX_d(x) = oX - e T nxeoNd- 1sp

FLALX ~055 ~s—d
AN = |

L

Y08

_ onoise - ANm_th
ANm¥_&

Xmin - DXmin == hvX - OXmin BXmin =2.7396 % 10" DXmin - 1315x 10°

FXmin := GXmin - Tsp EXmin := hvX - FXmin

FXmin = 8.2189 % 10" EXmin = 0.0395

pulsed Xray source peak flux, ®Xs (ph/sim2), and fluence, FXs (phipulse/m2)

NX =1 -10° X-ray photons per pulse

SX:=1-10° X-ray emission surface (m2)

Gix.0.L41X)
Gi(0.0,L+1X)
LE
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e

X-ray induced local inversion density (m-3 ph-1 s m2)

ANX_d(x) - Gl(x,y.z) dxdydz X-ay induced modal inversion density (m-3 ph-1 s m2)
a

0.001

x
Iateral position (m)




