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Performance Modeling

® Double-pass VPHGs
= Limits of the modeling

m Transmission Mode
m Reflection Mode

m SNR

® Emission line / Surface Brightness

m Continuum / Point source
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Double-Pass VHPGs

m Bragg's Condition

m Kogelnik Efficiency
= Polarization S
® “Thick” gratings
= Weak gratings
= Unslanted gratings
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Double-Pass VHPGs

m Grating in transmission mode

Grating thickness = 7.22 um
Refractive Index =1.50

Grating strength = 0.033

Line frequency = 1960 lines/mm [
Bragg angle = 30°

Bragg wavelength = 510 nm
Efficiency =0.9995

AA =101.95 nm
=9.11°
=62
=0.042
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Double-Pass VHPGs

m Grating in transmission mode

Grating thickness = 7.22 um
Refractive Index =1.50

Grating strength = 0.033

Line frequency = 1960 lines/mm
Bragg angle = 30°

Bragg wavelength = 510 nm
Efficiency =0.9995

AA =101.95 nm
=9.11°
=62
=0.0005
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Signal-to-Noise Ratio

m [ 3CCD x CCD
Classic CCD

+ RGW Sweep

+U’

SLI Dark

F*CIC

n Sweep
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SNNR calcs.

Emission-line / Surface Brightness

Object Surface Brightness [erg.s™.cm2artsec? 2,00E-015cgs Object Flux in z-frame [e-/binned-pixel] 23,30
Object Flux in single exposure [e-/binned-pixel] 1,16

Total observing time [hours] 2hrs Exposure time per z-frame 205,008
Number of z-frames in a sweep [—] 32 T, Integration time 10,255
Number of integrations per z-frame [--] 20 Duty cycle loss (%) 9,76 %
Readout time [s] 1s

Emission wavelength [A] 5500 A
— Telescope's primary mirror diameter [m] 4.1m A Telescope's primary mirror area [cm*2] 132025cm*
5 anping Sampling per pixel [arcset] 0,120" Sky area per binned-pixel [arcsec2] 0,0144 ™
Number of binned pixels in x-direction [—] 1
Number of binned pixels in y-direction [—] 1

Detector quantum efiiciency [e7/photon]
Instrument throughput [—]
Atmosphere throughput [-—]

Sky surface brightness [ergs.cm? arcser? Sky flux [photons/binned-pixel]
Sky subtraction factor [-—]

D Dark-noise [g.5".pixel] . Dark count [e-/binned-pixel] 0,62
RON(slow) Read-noise (mns)[e.hinned pixel”] Read-noise squared [(e-/binned-pixel)*2] 180,00
ROMN(fast)  Read-noise (mns)[e.hinned pixel”] Read-noise squared [(e-/binned-pixel)*2] 8000.00
L3CCD gain [—] e 0,0009
Clock induced charges [e” binned pixel] 0.4000

1.16
0,5907
1,4043
0,0070
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SNR calcs.

Continuum / Point Source (Mags)

m Object's magnitude [—] Point-source brightness [photons. s _nm.m~) 0,39

Slphaton]  Zerg-point for the waveband [photons_s-_nar_n] , Signal [e~_binned pixel] 67,704388
Object Flux in single exposure [e-/binned-pixel] 1,35

Total observing time [hours] Exposure time per z-frame [s] 670 s
Mumber of frames in a sweep [—] Duty cicle loss [%] 7,463 %
Mumber of integrations per z-frame [—] n Mumber of exposures [—] 2000
Readout time [s]

Telescope’s primary mirror's diameter [m] Telescope’s primary mirror's area [m?]

Sampling per pixel [arcsec] Sky area per binned-pixel [arcsec?]
MNumber of binned pixels in x-direction [—]
Mumber of binned pixels in y-direction [--]

Detector quantum efficiency [e~.photon™]
Instrument throughput [—]
Atmosphere throughput [—]

Sky surface brightness [—] " Sky surface brightness flux [photons.s.nm™.m7]
Sky subtraction factor [—] ; i Sky noise [e.binned pixel]

Dark-noise charges [e.s".binned pixel] Dark-noise [(e".binned pixels'F]
ROMN(slow) Readout charges [e~_binned pixel"] ; o Expected number of events [e-_binned pixel-1.frame-1]
ROM{fast) |Read-noise {rms) [e-_binned pixel'] e Read-noise squared [(e-/binned-pixel}"2]
G L3CCD gain [—] Fead L3 Readout noise for L3ICCD [{e~binned pixel'F]
clc Clock induced charges [e-.binned pixel] < CIC noise [e~binned pixels]

Expected number of events [~ binned pixel frame]
SNR..p Classic CCD Signal-to-MNoise Ratio [—] Proportion of counted events [(e~.binned pixel” frame'}*
SHR, L3CCD Signal-to-Noise Ratio [—] Mon-linear naise [—]
SLR/SNR Moise factor [-—]

] «
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Modelled Observational Scenario

1= T AL Lops = (Tlnt p Tread)'(nSWeep ) nZ)

exp Int © “"Sweep obs

Note:
« T~ 10*T.,, to reduce duty cycle losses to acceptable level
* For PC: Saturation for flux rate > 0.1 cnts/T

= Minimize T. . & T

int read = Maximize nSwe:ep
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SNR as f(n,)

L3 Gain for Z-franes {S5HE

3.2E-16 9,.78E-16 Flux for L3CCOD 18,.7E-16 13,.8E-1
18 T

T
8,208E-16

(L3) (CCD)

nSweep = nSweep

(L3) = Max
(CCD) =2

nSweep
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Total ob i tinme: 4 h L3 = Hsuweep CCD —H&—
ota serving tine ours QSHEEP ot

208 48 68 88 188

Hunber of Z=franes
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SNR as f(n,) for:
nSWeep(L3) = Max & nSWeep(CCD) =2

L3 Comparison for z—=franes

1 hour —&—'
2 hour —E&—
4 hour —E&—
1 hour with saturation correction —&—

“Real” situation!
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Hunber of z-franes
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