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Detector Side
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Detector Side
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Detector Side
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Detector Side
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Independent efficiency measurement

D L LR N R RN NN RN NN RERRLENRRLRENERRRENENRERERENERRRENRNRRRRERNENRRRSERNERRRNENRERRNLNNRNRDY] 'S

Tum R | ] )
ry : |Curled warm fiber,  Devices under Test

: Curled cold fiber
() M

»Black body*
White Light source

Fiber curling:

_ Photodetector - Optimal radius
SLS201L Spectral Power Distribution " : 2um .

: ‘ Tum - Optimal number
= Filter bench:
g o8 W p " _ - Alignment
® o arm filter benc Nfilter, 1 - Efficiency
A Cold filter bench

0'0300 " 800 1300 1800 2300 2800 n(z)fllter,1

Wavelength (nm)
FB2000-500 Transmission

2
é’ N
£ D

1500 175%Vave|e2;;0th (nm2)250 2500

DESY. ALPS Collaboration Meeting | June 9th 2020 | Katharina-Sophie Isleif



Independent efficiency measurement
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Detector Side
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TES Spectral Response

* |ndirect measurement of fiber AR coating
for other wavelengths in reflection

e Switch to TES detector + fiber attenuation
for verification of TES reflectance
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Power

Stabilisation

e Detection efficiency rely on calibrated optical power source
e Optical attenuators: individually measured before by a calibrated powermeter (60OoM)

 Dominant uncertainty: multiple of systematic errors in the calibration of the powermeter (done by PTB):

1. Powermeter compared to transfer standard detector at certain A and at a given power level
2. Linearity of powermeter measured relative to calibration power level (series of additive power measurements)

e Option: Pulsed light source eliminate pile-up related counting errors, provide specific duty cycle measures, QE?
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Detector Side
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COB Side: Science Mode
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COB Side: Science Mode
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Dichroic Filter Results

Camera efficiency @1pum:
0.003 ADUs/photon
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Figure 5.17: Second setup with dispersive prisms and includ-
ing a narrow band filter. The attenuation unit is placed in
the lab with the SBIG detector. This setup is more similar to
the proposed ALPS-II setup.
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1mW? probe beam, 100ms Residual erdi IR, 100 |

30mW green

already produces
Fluorescence!

Transmission IR: 85% [(400+20)pW — (343+18)uW]

1W 2 7e18 photons/s 36003 2 5W 6 7e18 photons/s 36003

o 9x6 plxels 9x6 plxels
. avg. 19/pixel = . - . avg. 39/pixel
© 21 photons/s S 43 photons/s
. OD=79e-18 B | .OD = 6.6e-18

. 19/pixel

o 39 photons/s
OD = 1.5e-19

(a) (b)

Figure 5.19: Final pictures with an exposure time of 3600s
and 1 W of incoming light in picture (a) and 2.5 W respectively
in picture (b).
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COB Side: Science Mode
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COB Side: Calibration Mode Bl
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Summary / Discussion
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Detector characterization...
e Independent experimental investigations on extrinsic noise:

v Exp.: What is the distribution of different photon noise sources?

v Exp.: What is the ,system transfer function” in dependency on the

energy?

v Exp.: What is the energy resolution of the TES?

e How does "signals® look when folding it with a Gaussian distribution?
= Dark count rate estimations, predictions, verifications

Central optical bench...
e Dichroic filters for Green:
e Suppression of green is OD = <10-17? Optimistic is OD ~10-197
e 104 IR-photons/s for [1W,2.5W]. What do we expect for low-power
green?
e Spectral distribution of Fluorescence when using filters/coatings/...?
e Dichroic filters for Red:
e Number of IR-photons of SHG in RC? What is the suppression here?
e Calibration Mode:
e How and where do we attenuate the ,calibration beam®?
e How to preserve the fiber coupling? Usage of dichroic mirrors?
e |s a calibrated power measurement required for the detection
efficiency?
 What are the design power levels on the COB for green & IR for Science
and Calibration Mode?

= _Prototype” connecting to the TES?

June 9th 2020 | Katharina-Sophie Isleif
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Thank you!
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Central optical bench...
e Dichroic filters for Green:
e Suppression of green is OD = <10-17?
Optimistic is OD ~10-197?
e 104 IR-photons/s for [1W,2.5W]. What
do we expect for low-power green?
e Spectral distribution of Fluorescence
when using filters/coatings/...?
e Dichroic filters for Red:
e Number of IR-photons of SHG in RC?
What is the suppression here?
e Calibration Mode:
e How and where do we attenuate the
,calibration beam™?
e How to preserve the fiber coupling?
Usage of dichroic mirrors?
e |s a calibrated power measurement
required for the detection efficiency?
 What are the design power levels on the
COB for green & IR for Science and
Calibration Mode?

= Prototype” connecting to the TES?
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Optical scheme ALPS lic TES

Design from Reza H. 2014
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Bulb comparison

Go for cool LEDs in labs!
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Dichroic Filter Results

1mW probe beam, 100ms Residal erdiIR, OOs B

(a) (b)

Figure 5.13: Two possibilities for realizing a probe beam in the
setup shown in Figure 5.11. Picture (a) shows the probe light
of the test laser and picture (b) shows the residual infrared
part of the Verdi laser.

40x25 pixels
‘avg. 30/pixel

--------------------------------------------------------‘ 4 2
r . : 625 photons/
Diode 1 = erdi laser OL IP be b 1064 i : ‘ ey |
: EMM"E 1ode laser U BG 40 ens HBeam dump robe beam nm : OD ok 23_16 ‘
1 . . . SR e r gy el N
4 Dich .
: k\‘, ' r;(cl ggfgeTlﬂor D Mirror |:| RG 850 l Detector ISimulating beam 532nm E
l---------------------------------------------------------

Figure 5.11: First setup in Hamburg with 10 m distance be-
tween the laser and the attenuation unit with the detector.
The dichroic mirrors are used for attenuation.

m A : "

Figure 5.14: First measurement in Hamburg with an exposure
time of 3600 s. Both frames shown here are the from the same

DESY. ALPS Collaboration Meeting | June 9th 2020 | Katharina-Sophie Isleif measurement. Picture (b) is with a subtracted dark frame.
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Dichroic Filter Results

N\
q

RG 850 Filter in front

: of the dichroic mirros
L/

SR

r

I . .

i ﬂﬂMM’E Diode laser E Verdi laser D BG 40 OLens HBeam dump IProbe beam 1064nm
|

|

|

|

< Dichroic mirror .
k\‘, and holder [| Mirror |:| RG 850 |} Detector ISimulating beam 532nm

Figure 5.15: Position change of the absorbing filters compared
to Figure 5.11 from being behind the dichroic mirrors to the
in front of them. This setup shows its fluorescing abilities.
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RGS850 Dichroic FiGI85I0 BIGiO Dichroic

1W, 3600s

1W, 3600s, IR filters

(a) i S (b)

Figure 5.16: Picture (a) was taken with the setup shown in
ficure 5.15 and shows the disturbing light produced by the
RGS850 filters. Picture (b) was taken with the same setup but
with BG40 behind RGS&50 filters.
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Filter Transmission Curves
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Figure A.3: The red line is the transmissivity of the narrow
band absorption filter (LL01-1064).
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Dichroic Filter Results

Reza H. 2014 - Conclusion & Outlook

Green Cavity
P,=1W

PIXIS
Qe =1,21%
DC=1-10"3E"

10—23

RC for green
PB=60
Nph ~ 2 - 1016

TES
Q. ~ 60%
DC=1-10-52"

L

Attenuation experiment ALPS-II comparability
+ Source Detector Detectable attenuation + Source Detector Required attenuation
Verdi SBIG KTP TES
1 P=1W Q. ~1—2% 10~18 1| P=150uW Q. ~ 60% 2.5-107%
npn ~ 1018 DC=12" npn ~4-10" | DC=1-10"%2"
Verdi PIXIS KTP TES
2 P=1W Q. = 1,21% 102 2 | P=150 uW Q). ~ 60% 2.5-107%
npn ~ 10" | DC=1- 1032 npn ~ 4-10" | DC=1-10"%2"

4.1072

Table 5.1: Possible combinations of source and detector to
increase the sensitivity of the attenuation experiment
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Table 5.2: Compared sensitivities in ALPS-II of the setup
suggestions discussed above and shown in table 5.1.
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Frequency down conversion types

Jablonski Diagram for Fluorescence and Phosphorescence

ion S, excited state
femtoseconds

> S: >
£
o S« é
)
o=
o
@ /\/\/\. Nonradiative
* Fluorescence 2 g Dissipation:
g o Heat Loss to Environment FRET and Quenching
* Phosphorescence S - e
. . 2 Siexcited Crossing
e Spontaneous parametric down conversion state o 3 s T ohhmeace

T, S Photons emitted from

- e — triplet state, T1

nanoseconds pacpHORESCENCE
> microseconds

 Two photon emission

Fluorescence = photons
emited from singlet state,

e Black body radiation .
Ground State
* Roomlight o
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Dark count models

Modification for single mode blackbody cavity:
e (Cavity temperature, T, couples in: 1D, only allowed modes, each polarization

Mean number of photons per unit length and single polarization f(k)dk for a wave
vector between k and k + dk

There are 2—dk of these photon states per unit length of the cavity
T

Typical mode population function gives mean photon number for one specific k:
1

= ehw/kT _ 1

Mean rate at which photons populate the cavity per unit time becomes:

)
r(w)dw = with # being the non-unity cavity emissivity and DE

= 300K,n=1,4=1064nm, dA = 100 nm: 1.4e-06 photons / second
= 300K,n=1,4=2128nm, d4 = 100 nm: 2158.30 photons / second

SUPERCONDUCTING PHOTON NUMBER RESOLVING DETECTORS:
PERFORMANCE AND PROMISE

Aaron J. Miller!, Adriana Lita?, Danna Rosenberg?®, Stephen Gruber?,
and Sae Woo Nam?
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Figure 4.9.: Thermal photon rates of different temperatures and different fiber length: Fu-
ji1 et al. (2011) measure the count rate of different fiber length, in different temperatures.
With a model including Planck’s law and the fiber transmittance, they fit the measurements

(eqn. 4.14). This explains the peak shape: For lower photon energies, the transmittance of
the fiber decreases (e.g. fig. C.4). [Taken from Fujui et al. (2011)]

20000 —— 20000
18000 *Flber lenqth XZ = 10m Experiment 18000 - Fiber length XZ = 50m Experiment
: 300K .
16000 f 0K 16000 - o ggg E
. O .
14000 | : 340K 14000 + : 340K
—_ : 360 K —_ :
& 12000 2 12000 : 360K
© © |
% 10000 Theory 2 10000 | Theory
3 | — 300K S —:300K
S 8000 | —:320K g 8000 | —:320K
6000 |

: 340K 0 =340 K
A : 360 K

04 05 0.6 0.7 0.8 0.9 1 04 05 06 0.7 08 09 1
Energy (eV) Energy (e\)

DE(G)R(G, T, X) e_%(E;e )2d€

Fit curve: f(E, T, x) J

0 \ 2no
With energy L, temperature T, fiber length x, rate R, detector energy

resolution o, detector efficiency DE

R combined fiber transmittance and spectral BB distribution, fit parameter
iIncluding also coupling efficiency of photons to fiber core
Extrapolation & internal communication (Jan’s thesis):

= 300K,1eV, 10m fiber: ~1e-4 photons / second / eV (log!)

= 300K,1eV, 10m fiber, 10% window: ~1e-5 photons / second (log!)
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Photon numbers & Efficiency

Power
Stabilisation

_ o : _ signals,
e System detection efficiency: '-01?:293 N Absorption iyt meet
loer on the TES criteria

n system ”ﬁberncplnabsorptionr]QEntrigger ~ ncpl

Overlap Absorption that
mode and results in electrical
detector signal (,,pulse®)

for TES in optical cavity, high SNR, pustet operation, negligible losses in fibers
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