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Feedback on Dominic Benford “Atmospheric Emission &Pico Veleta”
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Introduction

The GISMO team and myself at IRAM calculated indetmntly the theoretical optimal sensitivities
(background sky and optics dominating the instrurmmerise) of GISMO to serve as a reference for
comparison with the actual sensitivities on astrogal observations. The numbers being different,
Dominic Benford and Johannes Staguhn sent a reyotheir detailed calculations to IRAM for
examination. But some values, equations and otleenemts in Dominic’s document remains unclear.
So | wrote the present document in which | compat calculations including all material necessary
for reader to check every step, understand thelgmatiic and possibly contribute to the discussion.
Hopefully we will reach consensus for these estiomat The questions left unanswered after reading
Dominic’s document are highlighted with bold teal ént.

1) Atmosphere

Dominic used the Harvard-Smithsonian AT model towdate the emissivity of the atmosphere
at Pico Veleta. | used the ATM model from the GILBAackage developed at IRAM. The
curves from both models don’'t seem to match very. \Be to get stand-alone calculations easy
to check and exchange | created a simplified matél the following constraints:
(1) The domain of validity must cover IRAM’s band&f < v[GHz] < 400
(2) The simple model must fit ATM with errofs (V) T< 4% in the atmospheric windows
(3) The errors can be high for individual linesthe atmospheric opacity “walls”, but
alwaysAt(v) 1< 60% and the average for each of the 5 “walls” thesp\ 7(v)/ 7 [<4%.
(4) For simplicity the model must contain a minimmember of parameters, keeping only
the atmospheric features with influence on largedbadth (>10GHz) detectors
(5) The telescope elevation and weather conditonst be tunable, but the atmosphere
temperature may be set at an invariant value fopktity of the model.

Table 1 Simple atmospheric modecomputed for the altitude of Pico Veleta and ardoar
temperaturd, = 275 K. The variables anethe frequency, and the millimeters of water vapor in the
atmosphere. fie lines dependency on water vapopr0 for O, andp=1 for H,O.
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! The pseudo-continuum and “kinetic” lines (ZhevakitNaumov)are based on equations from Cernicharo et al,
IEEE ant. prop. Dec 2001. The “gaussian bunchdmes$” are empirical fits allowing to reach the sifieations
of the model using a minimum number of true molaciihes



The global opacity, function of the frequency, watapor and the telescope elevatdis:
r(v,w,6) = (rc(v,w) +7,(V,W) + 7, (l/,W))EIL

sin(6)

The airmass approximation (1/séh) is always valid: 0.2% error at maximum (8« 20°).
The emissivity £ and transmission efficiency) ©f the atmosphere are:

E=1-explr) t =explr)
As figure 1 shows, to get a “typical” curve simitarDominic ¢ = 20% @ 150 GHz) with the
simple model, some possible combinations of watempov and elevation are
[w(mm);8(degrees)] = [3;25] or [5;45] or [7;75].hese conditions are a bit pessimistic (too
low on the sky or too wet), aren’t they? Or is thee a discrepancy between AT and ATM
models? Part of the answer requires defining typideobserving conditions for GISMO.
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Figure 1. Atmosphere emissivity deduced from my simple opacity model. Black line = bad observing conditions =
7mm of water vapor and 25 degrees elevation, red line = tuned to get a curve similar to Dominic’s typical observing
conditions = 5mm of water vapor and 45 degrees elevation, magenta line = my typical observing conditions = 2mm
of water vapor and 55 degrees elevation, blue line = good observing conditions = 1mm of water vapor and 75
degrees elevation. At GISMO central frequency (150 GHz) the emissivities for the bad, Dominic’s, mine, and good
observing conditions are respectively: 40%, 20%, 8%, 4%.

From these curves and the tau-meter data from @©ctdb08 (see the document replying
J.Staguhn report) it seems that Dominic’s “typw@lather” is rather typical of the run #2 bad
weather rather than a typical mean weather forrgbien with bolometers at Pico Veleta.

2) Telescope and instrument efficiencies and otheptical parameters

Lists of the telescope parameters needed for tlcalation of the collected power:

- Telescope diameter D =30m

- Aperture efficiency at long wavelength Nao = 69 %

- Primary mirror surface deformation heights Oh = 0.055 mm

- Correlation lengths of surface deformations de=(2.5;1.7;0.3) m
- Parabolic mirror steepness factor R=0.9

- Ruze parameter Ro = 0.06

- Ohmic losses for a reflection on a mirror eo=1%

- Number of mirrors (in the cabin) Nm=6



- Other optical losses No=97 %

- Typical temperature of the mirrors T, =280 K

Lists of the instrument parameters needed for #feutation of the collected power:

- GISMO central frequency (and wavelength) Ve =150 GHz Ag =2 mm)

- GISMO band-pass filter width Av/Iv=15 %= Avg =22 GHz
- Pixel size relative to the diffraction pattérn us=0.9 A

- Pixel quantum efficiency o =90 %

- Transmission of a filter (blocker, edge or bardg) t; = 95 %

- Number of filters ( = room temperaturd\ = liquid nitrogen temperaturéie = liquid helium
temperatureg = cold stage temperature) Nnn=1ny=3,Nge=2,nc=1

- Transmission of the 4K Si lens t =90%7 (seefss below)

- Transmission of the optional neutral densityefilt  t,g=40 %

Attenuation factors calculated from the telescapgiastrument parameters:

- Effective aperture (Dominic versus Samuel): Ap = 500 nf As = 600 nf

The telescope main dish areadis= 707 nf. The vignetting plots from a Zemax simulation of
GISMO in the 30m receiver cabin show that ratiaa¥ignetted rays is about 85 %. Dominic’s
effective gives a surface ratlp/A; = 71%; this is neither the vignetting ratio noe thperture
efficiency (& = 69% ands;(150GHz) = 57%)so what does the 500ft‘effective aperture”
represent exactly?

- Throughput (Dominic versus SamueB«2, = 3.93 mmisr AQs= 2.5 mnisr
Two equivalent calculations giving my value: (1lletzope area * angular size of the pixel in

the sky:A-Gn2 = (7D2/4)-(ug-A/D)2, (2) pixel area * solid angle at which it sees thgpil:
Sp-2p = (UAF)2:(714F2), so why Dominic’s throughput is 35 % bigger than mire?

- System optical efficiency: Nsysp= 35 % Nsyss= 52 %

My calculation: fJsyss = ti-/70 & an_n-/yp, where t; = (1- ep)"™ is the telescope transmission. To
find 7sysp = 35 % using my calculation | had to make the ligpsis thatp = 60%, but this
seems low isn’t it? Johannes once the loss was simab | choosets = 90%:; what is the
actual value oft)? If >60%, what are the other factors responsibledr such a small/ss?

- Forward and main beam efficienciesé = 88 %,/7usp = 68 % és=90 %,/7vss = 60%

My calculations are based on the antenna tolertireay (ATT) using surface deformations
(a0, R, de, ar). To avoid overloading the document with the dstaf ATT, | only show the
links between the degraded beam patigrthe main and error beamg andle, the relative
powerL, and the efficiencieg, as well as the Ruze laws for the aperture anthlefficiencies
. andm,, and a fit to the IRAM web site values for theward efficiencyrg :

L=l 2l L=[1(odo/[ 1(0de 1, =L,(x)
1.(A) = Bxpl- (A7 R 1 AY)  17,(A) =120,(A) 7 (1) = exd- (033mm/ 1)?)

2 F=f/D is the focal ratio of the system. A radiugressed in units of FFdoes not depend on the optical system:
1.03R\ is the FWHM (or HPBW), 1.22Fis the radius of the®idark ring for a diffraction through a circular bol

3 See Gereve et al, A&A 133 271-284 1998, and B28&G&7 “The Parabolical Reflector Antenna in Radio
Astronomy and Communication”. Greve and Baars fdatimns are incompatible regarding energy normébna
but they both use the Ruze law (gaussian beam sippxtion) for the efficiencies. My method is basedBaars
equations with a “gaussian tapered main beam” a6.8d in Goldsmith “Quasioptical Systems”.



For comparison figure 2 shows the efficiencies ioletéh with the Ruze law and relative powers.
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Figure 2. Efficiencies and relative powers at the 30m telescope. Blue dashed line = forward efficiency fit to the 30m
website values. Green and magenta dashed lines = aperture and main beam efficiencies using the Ruze law. Blue
and magenta solid lines = relative powers at 90FA (~ forward plane) and 2FA of a 10dB edge taper diffraction
pattern built with ATT. Cyan dotted line, red, brown and black solid lines = relative powers in squares (bare pixels)
of sizes 90FA, 2FA, 1FA, and 0.5FA. Cyan solid line = 93% of the forward efficiencies from the 30m website.

Though my version of ATT doesn't fit well the Ruleav (differences up to 10%) and needs
more work, it has the advantage to include thertdyection as a variable. For instance it
shows that the relative power atR2i5 20% higher for a 10dB edge taper than for & lparels.

In addition it allows calculating the relative pawad any radius of the diffraction pattern. For
instance, GISMO pixels cut the diffraction pattatrlR, not at the 2k main beam.

My 10dB edge taper forward efficiency is closetie values from the 30m web site, and since
the relative power at big radius is very time caonsy | use 93% of the 10dB fit for the “no
taper” forward efficiency; at GISMO central frequgrthe result is close to Dominic’s value,
however | would appreciate clarifications about the meaningof Dominic’s forward
efficiency “fiducial” value (I bet this is not a s@ling from 10dB taper to bare pixel).

Table 2 Summary of Dominic’s attenuation factors versuisan

&l to /ts A 1AQs Nsyspl Msyss vep/ Nvss olés

0.2/0.08=2.5| 0.8/0.9=0.9 3.9/25=1/6 0.3%G9.7| 0.68/0.60 = 1.1} 0.88/0.90 = 1.0

We have to understand the discrepancies and reamhsansus for the values.

3) Background power

The occupation number gives the average numbemofops in one of the quantum states
available in the detection chain. Dominic’s “ef@ocies term” fsy{(1-&) + £¢]) is the standard
procedure used for counting the photons: “atmosphar the forward efficiency, other
contributors up to the instrument in the spilloward a receiver term for the instrument itself”
in terms of brightness temperatures the total #ubksys = (Tatmn* Tspiir) + Trec = Tsky + Trec.

Figure 3 shows curves of the occupation numberaimdd using either Dominic’s formula and
attenuation factorsnf(v)), or his formula with my attenuation factorg(y)), or my formula
including the telescope opticss()). The f' graph has no receiver contribution, tHé @ne
includes the permanent filters, and tffeadie includes the neutral density filter.

* Private discussion with Roberto Neri, angs equation follows Downes’s “Radio Astronomy Techrég”. For
the spillover the standard assumptios,js.n¢= 1, but some studies show it can be as low agrét3ost).



The occupation number equations used for figunedthe calculations of detected power are:

Np(V) = Nsysp[1-éo + ép & NUTa) (thd) + Mofiters(Vitad)) n, (T) = 1

Mos(V) = eyed1-&s + & 8 N(To) (tod) ex{hv} 1
ng(V) = Nos(V) + &[L-t177, 4™ NAT) (taa) + Ostiterd Vitnd)) kT
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Figure 2. Occupation numbers and spectral power for observing conditions similar to Dominic (w = 5mm, 8 = 45°).
(1) Solid lines: magenta = np, brown = nps, blue = ns; dots = atmosphere; dash: magenta & brown = spillover; blue
= telescope, black = spill-over + telescope. (2) red = npjiters, black = nsiters, dash = 300K, “dadot” = 77K, dot = 4K,
thin solid = sum of filters, thick solid = addition to np and ns. (3) Inclusion of t,q, same colors as in (1) and (2). (4)
Illustration of the effect of the pixel size function (see spectral power P, in the text); up: AQp, down: AQ :(TT/4)(C/I/)2
(1FA pixel). red = Dominic factors, black = my factors, dash = with neutral density filter, solid = without it.



As expected, | find the same curves as Dominic whese his factors and equation. But my
attenuation factors, the inclusion of the telescampe the filters, gives different curves.

- The big difference between Dominic and my spillovers mainly due to the difference
between our forward efficiencies!

- With 1% loss per mirror, the telescope opticssidteappear in the standard description, but
as Figure 3 shows, its contribution may be verydrtgmt. Where are photons produces by
the telescope in this procedureMaybe in é, since my telescope + grourd Dominic’s
spillover, but this is in contradiction with coumdi the telescope intgsysd

- Dominic’s equation and graphs of the occupatiamber include the atmosphere and
spillover, but not the receiver (nevertheless cednh the calculation of the detected power).
Why Dominic does not count the photons from the fiers into the occupation number?

- The curves show that the 4K stage is negligibly without neutral density filter.

The product of occupation numbertimes number of states available in the sys##®/A°
(for 2 polarizations) times energy of a photangives the energy detected in a frequency band
dv. The integral of this spectral powRy, over the instrument bandwidihv gives the power
detected?, which can be approximated with a simple formwdang the central frequenax:

2AQ [v?

PW)===5—Tvihy) W/H]  P=[ R@)dv[W]=R,v.)ov W]
The approximatior (v;)4v is valid whenrP,, is roughly linear in *
Av, so Domininc’s formula is not valid when the opacit
peaks of the atmosphere are in the bandwidth.
The detected power is not a natural function offtaguency. So el
a plot of power function of frequency implies thia¢ instrument
central frequency is the variable, and in the iraggn of the
spectral powerdr andAQ may also be variables. For exampler:
Av = constant or +' (constant4v/v) or band-passes suited to
each atmospheric window, aAd2 = constant or ~1/* (constant ;
relative pixel size in k) (see Figure 3, graph (4)). As shown in N
figure 4, Dominic’s curves uses the approximatiomfula with * Flr“e”quency”(”GHz) "
a constant relative bandwiddv/v=15%, a constant throughputgigyre 4. “Frequency gliding” power.
AQ, and a constant 5pW contribution from the cryostagges. Red = Dominic's factors with

..y . . L Avlv=15%, A, and P=5pW
Dominic’s power curves are ill defined but this is not really (i) or p..=5esP(v) (dash). Blue
problematic since the relevant information is tlaécalation of = my factors with Avv=15%, A,
the power passing through GISMO band-pass filter. and Prec=2imersP(1). Magenta & Cyan

= Dominic & me with t,g.

Power (pW

Table 3 Detected powers for Dominic’s factors and mime] garious observing conditions:

Observing conditions|  [w=1mmg@=75] ; [w=5mm@=45"] ; [w=7mm;#=25] | [not relevant]
Neutral density filter With Without
Attenuation factors Dominic Samuel Dominic Samuel
Patm (PW) 1;4;8 1;4;8 2;10; 20 2;10; 20
Pspin (PW) 3 2 7 6

Piel (PW) - 1 - 3

P00 (PW) 1 1 4 3

P77 (BW) 1 1 3 3

P4 (W) 1 0 0 0

Pt (PW) 7:10; 14 7:10; 14 16; 24; 34 17;25; 35

® One can recognize Planck’s law of the blackbodiyHtness in frequency domain, times detection iefficies.



Using Dominic’s factors | find the same values am for the sky contribution, but not for the
cryostat (in his documemso = 1pW, P77 = 1pW, P, = 3pW).| don’t understand Dominic’s
value for the 4K stage, and the fact that his instrment power is the same 5pW at all the
frequencies, whether the neutral density filter isised or not

The results from the table may be misleading, iddéwe apparent compatible results are
only due to a fortuitous compensation of incompatile throughputs and system
efficiencies AQp sysp= AQs syss In addition the table shows results calculateth three
observing conditions ood, “Dominic’s typical, “bad”) defined identically for Dominic’s
factors and for mine, butonsidering that Dominic’s observing conditions are pessimistic
the typical values for the background power shdndctloser to the “good” case, which makes
asignificant difference when the neutral density fiter is used

- The mean number of modes available in the syem2AQ/AZ =2 2AQJAC=1.4

4) Noise Equivalent Power

The fluctuations of the number of photons in a gigéate are/a? =n+n?; the £ term is the
“shot noise” (thermodynamic, poissonian), and the tBrm is the “radiometric noise” or
“bunching noise” (interferences between bosons)e Thuctuations of energy absorbed
are:aw? =hvi/ae. The bunching is proportional to the space ancktooherences of the
photons: (4s:4) =1/g, whereg is the number of states (or modes) illuminated éach
polarization the system. WitBgn photons in the available cells of the phase space an
integration timet, the power can be writteR = hv [2gn/t. With 4 = Av£] and an integrator
bandwidthB=1/2t, the Noise Equivalent Poweds: A

NEP= \/?2 DV = hv\/?z r2g(n+n?) = \/Zhv P+ > [P* = [NER + NER' [W/+/Hz]
The difference with Dominic’s equation is that hisNEP applies to one mode onlyUsing
As in the bunching term rather thafAQ (inverse number of modes per polarization) alloovs
consider that all the modes landing on the deteater not illuminated equally. Systems
producing special beams, like antennas, feedhorngther gaussian optics, illuminate few
modes in general; for example in a monomode haflg4, independently of the physical size

of its aperture. For optical systems absorbing thk 11 1

ph_ot_ons coming through a given ape_rture_ with a mive 0_; The possible val
efficiency, like GISMO, the number of illuminatedoges 3 |, for A are between tl
per polarization may be estimated wat®/4% but only if “§ 0.7 e daer;l:;?ntgl
the throughput is bigger than the coherence siheset & os¢ the detector and t
can’'t be less than one mode illuminated. Withouingo £ °° source geometyi
through the rigors of quantum mechahja semiclassical = g;'

approach allows to calculate the spatial coherence fadtor g 02

as the normalized covariance of the fluctuation tioé 0.1

intensity | in the system; for Lambertian sources %y o5 | 15 2 25 3 35 4 45 5
illuminating a uniform efficiency detector of size Pixel sizer in unit of B\

1 . , . Figure 5. 4s and its asymptotes. Red =
s(r) = (r )4 .”rz I_[z l (X -X,y-y ) deme dyl Ay(r) from the diffraction pattern, blue = 1

mode, brown = A*/ AQ= 4/(Tr%). Possible
The photons are spread at least over a diffradigure, values: red <4 <blue. For GISMOr =1.

¢ “Equivalent radiant power producing a signal-to-reistio of unity at a detector output for a givendulation
frequency, operating wavelength, and effectiveenbandwidth Federal Standard 1037C, telecom glossary 2000.
" J.Zmuidzinas, Applied Optics, Vol. 42, No 25, S2p03.

8 J.M.Lamarre, Applied optics, Vol 25, No. 6, 1986.



giving the minimumds, and at most uniformfy giving the maximunvs. Figure 5 shows the
possible values for the spatial coherence factdrimnasymptotesds = 1 for coherent beams,
and4s = AY/AQ for incoherent beams.

For the background is extended 4g= 1, however the literature can be interpretechdhat
A1F\) = 0.5 (red curve in figure 5) for multimode detes independently of the source.
According to Dominic AQu/Ac? = 1, so with4s = 1 one getdNEPp =v2 NEPup, but in his
document Dominic usedNEP.. as the detectedNEP, so if I'm not wrong this means he
underestimates the actual noise in the detector

With my factors the relation betweeMEPR,.. and detectedNEP is more complicated since
AQ/A%# 1 implies different ratios for shot noise and thing noise.

The bunching is not poissonian, so with severalpmments:

NER, # [S NER®  but NERy, =/NEP, ;" + NER o’
with  NEP,;o; = [D.NEP,?> and NER.,; =Y NER,

Table 4 NEPs for a GISMO pixel2AQ/A* modes), using Dominic’s factors and mine witf¥ 1, the
values in small font between brackets details tiet and bunching components, the total NEP using
A;= 0.5 is also given because of the vaguenessditénature:

Observing conditions [w=1mm@=75] ; [w=5mmg=45°] ; [w=7mm;d=25"] | [not relevant]
Neutral density filter With Without
Attenuation factors Dominic Samuel Dominic Samuel
NEP.ym (10Y W/VHzZ) | 111a1;4831; | 1 ;435 | 2021;847; 21211; 847;
7 [4,5] 7 [4,5] 1516,14] 166,13
NEP.i (10 W//Hz) 322 3122] 6 14.5] 5[34]
NEP, (10 W//Hz) - 212,11 - 312.2]
NEP300 (10 W//Hz) 22,1 2121 43,2 4132
NEPR,; (10" W//Hz) 2241 212,1] 3122 3122
NEP; (10" W/4/Hz) 1110 1110 1110 00,0
NEPy: (102 W/VHz) | 6145; 847 ; | 6145 ;857 ; | 126111; 17 (7.16) | 13[6,11]; 18(7.17]
11159 115,10 : 24 8,23] : 258,23]
NEP(4=0.5) 5[4,3];71[45]; | 5[4.3];7[55]; 91[6,8]; 13[7,11]; 10(6,8] ; 14[7,12];
91[5,7] 9[5,7] 18[8,16] 19[8,17]

The NEPs obtained with Dominic’s factors are simitamine because the powers are similar
(fortuitous compensation of incompatible througlspand system efficiencies).

As expected from the relation betwebEP,.p and NEP,, | find results 42 bigger than
Dominic for the atmospheric NEP including spillové&or the cryostat, this factor and the
powers discrepancy already mentioned explain tiferdnce with his th-band photon noise
from the instrumeft NEPns = 310" W/VHz .

Dominic givesNEPse = 410 W/J/Hz for the detector intrinsic noise, which means GGM
should be background limited for all observing atinds.

Remark: UsingAv/v=15% | recover the same curves as Dominic for fhequiency gliding”
NEP,c. Obviously withAQ in the equation “frequency glidifdEPS give different curves.

° This paragraph is my interpretation of Lamarre @nalidzinas, but it implies multimode detectors danore
modes illuminated for a point source than for ateesded source. This seems counter intuitive arbimradiction
with Lamarre’s Fig. 1. that | recover using themdi€tion pattern (see Figure 5.).



5) Sensitivities

The noise equivalent flux density (NEFD) is wellbated to describe point source sensitivity
(flux density ~ power), whereas the noise equivatemperature (NET) is well adapted to
describe extended source sensitivity (flux perdsahgle ~ temperature).

In both cases astronomers like quantities equivatesources out of atmosphere, independent
of the pixels geometry (HPBW gives a natural stathdaze) and directly proportional to the
integration time for given observing modes, hemeepractical definitions:

NEED = Nobs NERg, (IMJy [Jy[{/g] NET = Noos NERg, (K, [K B/g]

\/E P:I.F/l AmJy \/E PlF/l 1K gy
The factory/2 is due to the conversion from bandwidth to tinoe:d quantityX (Power, Flux,
Temperature), the noise equivalent is in )it/Hz , meaning that for an system bandwith
a signal-to-noise = 1 is obtained wh¥n,=NEX/B. With B=1/2t, wheret is the integration
time, a practical formulation NEX[unit(X)4/s] = NEX [unit(X)/vHz] /2.
The observing efficiencyj,ps has two components: a factge due to the subtraction of the
background in an image (signal - sky), and a madaduraefficiency ythat can be regarded as an
attenuation factor counting for the time effectivalpent on-source or as a "spreading of
instrumental response onto multiple pixels".
Replacing the observing mode efficiencies and sopowers with their equations:

NEFD=— Y NER: [JyE/s]  NET= yINER, [K 3/s]
AV B, - €y AQ,., Ay [ & 2kv? [ c?
Two striking differences with Dominic’s formula ftlne NEFD:
(1) His bandwidth to time 42 factor is on the numerator rather than the denomirtor.
(2) He uses the beam efficiency, so either his NEFDdsfined for a full beam (his NEP
must be calculated for 2R, so 4 pixels), or he should rather use the AFefficiency.
| define the parametgras an effective time factor depending on the alisgrmode chosen,
but in Dominic’'s and Johannes documents this palame rather related to the number of
pixels necessary to cover a point source (that tredues are ~2 pixels to cover the full main
diffraction beam up to the first dark ring in onendnsion hence the value of the time-seyies
and ~4 pixels to cover the full main beam in twonednsions hence the map But their
documents are not clear, sow did Dominic calculate hisy factors? Is their definition
equivalent to the effective time factor | use for m calculations? Assuming it is equivalent
(necessary for the comparison of Dominic’s methedsis mine), one can compare the values
of the modulation efficiency for Lissajoy} and linear source scag)(as given by Dominic,
to the value in terms of effective integration tifiee On/Off (o) and direct integrationy)
assuming respectively 45% and 80% time on-source:
u =4.07 )% =2.06 Yoo = 1/4/045=1.49 = 1/J08=1.12
To get rid of the background on the linear sourem scsimple subtraction of a pixel off-source
to the pixel on-source should be enough, isn’'ffithat is the case then, the time on-source is
half the total time of the two pixels, so the madidn efficiency should be the similar for time-
series () as for an observation flowing the source in Oh(Q4,), isn’t it?

Using Dominic’s formula with his parameters to calculate the map NEFDyJ without
neutral density filter for the atmosphere + spiélo\using hisNEP,.y), the instrument (with
NEP,s) and the detector (hSEPye) givesrespectively 40, 28 and 38 niJy, aboutl.8 times
the values in his document!Beside in both Dominic and my formulas tieEFD is
proportional to the modulation efficiency, but thisis not the case of the results given by
Dominic. | couldn’t reproduce Dominic’s NEFD curves evenhaa 1.8 scaling on his formula.



Tables 5 and 6 display the results of my calculatiohNEFD and NET for the 0.aFGISMO
pixel size (close enough to ARo use them as the GISMO standard sensitivitiesing
Dominic and my attenuation factors for the Lissagod “following-source” observing modes.
My sensitivities are not as good as Dominic’s doeatnbut the numerous differences between
the formulas and results make any interpretatigmlizispeculative. The priority should be to
reach agreement on the formulas before arguinggraning of the values.

Table 5 Map NEFD and NET (Dominic’s Lissajou mapping facy)

Observing conditions [w=1mm@=75] ; [w=5mmg=45°] ; [w=7mm;d=25"] | [not relevant]
Neutral density filter With Without
Attenuation factors Dominic Samuel Dominic Samuel
NEFDamsspit (MJyH/s) | 28;54;106 | 14;28;56 23;47; 96 11;24;51
NEFD (MmJyd/s) - 8;9;12 - 6;7;9
NEFDeryostat (MJIYE/s) 25;30;40 | 13;16;21 18;22; 29 10;12; 15
NEFDyet (mJyj/g) 31;37;49 17;21; 28 12;15; 20 7:8;11
NEF Dyt (MJyE/s) 54;83;141 | 31;47;80 39;66; 120 23; 39; 69
NE Tt (MKE/s) 2,2,3 2,2,3 3,4,5 3;4;6

Table 6 Direct integration NEFD and NET (my following soe factory)

Observing conditions

[w=1mmA=75"] ; [w=5mmg=45"] ; [w=7mm;#=25"] | [not relevant]

Neutral density filter With Without
Attenuation factors Dominic Samuel Dominic Samuel
NEFDatm-+spil (mJ)El/g) 8;15;29 4;8;15 6:13:26 3:7:14
NEFDy (MJyE/s) - 2:3:3 - 2:2:2
NEFDcryostat(mJy]/g) 7;8;11 4;4;6 5;6;8 3:3: 4
NEFDyet (MIYR/s) 8;10;13 5;6;8 3;4;5 2:2;3
NEF Dot (MJY/s) 15;23;39 | 9;18;22 11;18; 33 6:11:19
NETiot (MKG/s) 0.4;05;0.7] 0.4;0.6;0.7| 08;1.1;1.5 08;1.1;15

As expected the Lissajou observing mode doesninga®orable for observations of known
point sources. However it may be very good for niagppbut maps may show inhomogeneous
distribution of the integration time on the sky,lsmw is calculated the modulation efficiency in
that case? There are chances it is not constantveverre. This problem is out of the scoop of
the present document, but it is evocated in motailden the reply to Johannes report.

Remark: If the spatial coherence factiaris closer to the “incoherent beam” asymptote tiwan
the “coherent” one (used in the formulas), the NEEBsuld be smaller.

Conclusion.

Dominic Benford and | calculated the expected bemlgd power and fluctuations on GISMO
pixels for various atmospheric conditions at theoP¥eleta 30m telescope. Though the orders
of magnitudes are comparable for identical condgjothere are a great number of
discrepancies. Surprisingly they appear in all skeps of the calculation: definition of the
typical atmospheric conditions, values of the wvasi@ttenuation factors, estimations of the
contribution of the cryostat stages, compatibilitgtween the NEP and NEFD formulas. |
recommend doing another iteration with the GISM@ntgo understand the discrepancies and
hopefully reach an agreement.



