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Optical Calibration

Optical Calibration Channel 11
* Based on photon counting statistics

* Low energy calibration (from ~10 eV) £ ’/\N j\ s
« 400 nm photons (=3 eV z o A f\ s
0 p ( ) - LI AT
( Based on Poisson Distribution 2ok '»*‘r*uﬁww"mwwwwmww ‘““‘“"‘l"'H : —
= —20§
py =1 Ny A e E— ,' """" —

_ _ 1(‘)0‘“‘2(‘)0““3(‘)0““4(‘)0““5(‘)0““600‘
O-’Y _ \/ N Y r = vV /’L’Y r CPOF_Amplitude[mrad]

Flttlng Fu nCtlon' 801 resl?onsivity:(37.6i 1.3) mrad/keV o fitted data
— Noise s0 eV =(49.2+1.9)eV
(\"I% 60 photon_wavelength = (400 + 8) nm ~ absolute_cal
2 2 i Reduced %=0.884
0" =04+ 71" [y
=>‘€ 20
oo = Detector Resolution ol
mrad photon energy [ eV 2o ]
T > k= S g [
‘ photon r mrad ) EE of-e------ - f------ } ---------
N > 6 160 260 360 460 560 660

Mean [mrad]

INFN Status of the LANTERN Project Giorgio Del Castello




Setup Concept

* Fast light flashes (cycles) for linear scaling of deposited energy

* Use monochromatic LED (UV-Vis wavelength, photon energy of O(5 eV))
« Room temperature electronics

* No increase in particle background - usable during physics runs
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Non-Linearity Corrections

Linearize mean: = 100 e o
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LANTERN: Concept and Tests
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The LANTERN Project

LANTERN: LED Array for Non-intrusive Tuning of the Energy Range with Nimbleness

* funded from Sapienza University PhD research-starting projects

DC Power Supply System Goals
« Scalability
N Y S * Wide dynamic range
: € * Reliability
""""" * Stability

Resistor for
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Trigger
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PMT Tests
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« Matched light emission as commercial system =& 40
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Validation of LANTERN on Cryodetectors

* No pulse shape deformation at high [ —— e
energies observed .

 Compatible calibration constant
between all tests
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Cryodetector Tests on NUCLEUS detectors

 Performed with LANTERN single LED Ir g |
using 250 nm | . CaWO;and fleg crystals i'
. . | C[GUS Transition Edge Sensors u
* Stable calibration on Al,O; and CaWOQO, | (TES) o WA

Al;O; dynamic range: 30 eV - 4 keV

CaWoO. dynamic range: 45 eV - 12 keV
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Linearization Issue

- Damage on LANTERN made it non- [————— — ———————— —— —— — — — — ___

linear (does not affect calibration) : : CaWO. and ALOs crystals
o | cleus ot

« Damage due to over biasing | Transntlon(TEgg)e Sensors
* Back to nominal values after fixing
« Calibration not affected!
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Multi-pixel LANTERN Electronics

Scaling concept: Multplexed LED drivers
Targeted 64 LEDs
On-chip voltage regulation

Designed for in vacuum operation - mounting inside cryostat at 300K stage.

Vcc LED

MUX 1

MUX 2

MUX 3

G

MUX 4
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Mounting Concept

l Trigger Signal
-~ ) Room Temperature
i 8 LANTERN
'z/‘;?. &
LED LED Fiber
coupler Aligner

Fiber
Thermalizations

Fiber Bundle Detector

External electronics with a software control:
« LANTERN

 Signal Generator Control

* x64 Optical Channels
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% ° Higher Luminosity

i * Dark Counting tests (20 min duration): No increase observed
. * Matched light emission as commercial system

|| - Studied scaling with DC bias voltage V..

.« Studied scaling with operation temperature

@ ° Tested in vacuum operation

—Commercial System —LANTERN LED 1 —LANTERN LED 2
—LANTERN LED 3 —LANTERN LED 4

Where we left off: PMT Tests
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LANTERN for Pixel Identification

5mm of Si are semitransparent to IR T S—
P 1 1200 nph

Use them to penetrate the stack and perform pixel ID ::

Worked with 2 wafers (needs further tests) E

Wavelength, pm
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Current Status
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"We have all the ingredients...

but we need to start cooking!!
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The Road so Far ...
* Promising tests on both PMT and Cryodetectors
* LANTERN used successfully in NUCLEUS for physics run
* In NUCLEUS ~ 17% calibration discrepancy X-rays ~ _. =
(-10% on BULLKID see @Matteo Folcarelli Tomorrow) EFHE H[]A[] Sﬂ FAH N
* Produced 5 PCBs, bought fibers and optical mountings, fiber B
thermalization elements are under production, LEDs are available

The Road Ahead ...

Conclusion

* Mount LEDs on PCBs

* Test the electrical and optical behavior of PCBs

* Test thermalization of optical fibers !

e Test in vacuum operation of PCBs (again)

* Develop control software (preliminary version already available)
* Deploy full system in Rome’s cryostat
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Variance Scaling with Energy

Optical Calibration

* Detector effects (position effects or “ Based on Poi Distributi “\
others) can produce a quadratic scaling ( ased on Fo1sson DISINoution
between variance and mean py =1 N,

Oy = +/Ny-1= \/m

* Fitting w allows to take them into o -
account in the calibration. The “r Fitting Function:

parameter remains the one used for the 2 2 . 2

calibration constant 0" =0+ 7 fy+ Wiy

0o = Detector Resolution

- mV L photon energy | eV
 Saturation competes with this effect, so ‘7“ * photon T r mv
it is advised to perform the linearization ~ S

first
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LED Spectral Width
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