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Light calibration system overview

Goal ° Determine PMT gain (SPE)
o Study PMT stability

CF40 w/ 3 ft (x2) e o
\ e . « Black box with light source
Air ) & (6 Kaputschinsky LEDs) and reference
“‘ ------ - s EEEEEEEEEEEEEENEED .... sensor out Of CryOStat [”:AE]
N Cryostat ™ « 6 fibers to cryostat [IFAE]

Thorlabs, ¢ 1000 mm, M59L01

-« 2 CF40, each with 3 optical FT [CIEMAT]
Allectra

-+ Inside the cryostat (6x): [CIEMAT]
: - 22.5-m fiber horlabs ¢ 800 um,
FT800UMT, SS jacket
: - Matting sleeve - vacuum compatible
(L3m, $200um) SMA togSI\/IA "
Ito-7bundle (x6) i _3.m 1-to-7 bundle > 1 fiber per PMT

(L22.5 m, ¢ 800 um)
fiber (x6)

E Thorlabs ¢ 200 um, FT200UMT, SS jacket
S common end, black jacket at split ends
. §66 6 x36 - All fibers with SMA connectors



Status of inner system
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Configuration R
iInside the dewar ! 22 5m-fiber
! (FTBOOUMT, z800pm)  SM-Bundle :

: (FT200UMT, 2200pm) :
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[X7] Fibers (Thorlabs): [x8] Vacuum [X7] 1-to-7 fiber bundles
(Thorlabs): FT200UMT,

[x2] CR40 flanges |
with 3 SMA FT800OUMT, @ 800um, compatible

feedthroughs L 22.5m, SMA connectors matting sleeves @ 200pum, L 3m, SMA
connectors

(Allectra) + O-rings




Fibers characterization

SMA
LED SMA ® Power meter (PM)

dewar

(410 nm)

Fibers inside an empty dewar (RT)
or a dewar filled with LN, (CT)

Pep=36uW | RT CT
Fiber# | P (uW) | P (uW) PLeo = 36 UW RT CT <Piper>/Prep = 17%
1 4,28 3.35 Fiber Power (MW) | Power (W) StiperSgma = 6.05%
2 527 | 4.59 1m 6.12 5.91 (0.39 NA = 23°)
3 515 | 4.29
4 510 | 4.30
5 475 | 4.09 ,
6 4,82 | 4.04 =
7 477 | 4.02
Mean 488 | 4.10 « Light transmission loss from 1 m to
RMS 0,33 | 0.38 22.5m @ RT: 20% (0.97 dB)
Expected at 410 nm 60 dB/km = 26%
The power output @ RT is (from Thorlabs)
recovered once the LN2 i ..
has evaporated (next day) - Light transmission loss from RT to CT:
16% (0.76 dB)




Bundles characterization

“bundles

00NN

LED o

SMA
dewar SMA

Fibers inside an empty dewar (RT)
or a dewar filled with LN, (CT)

Plep = 36 yW RT CT PLs = 41 uW RT CT
Bundle # | P (nW) | P (nW) Bundle P (nW) P (nW) <Piiper>/Prep = 0.91%
; 222 2‘7‘2 1m 375 345 Stiver/Ssa = 0-37%
3 400 246
4 396 293 ‘
5 375 220 -E
6 375 236 _ o
7 392 269 « Light transmission loss from 1 mto 3 m @ RT:
Mean 393 | 255 negligible (*)
RMS 17 o5 Expected at 410 nm 60 dB/km = 3% (0.18 dB)
from Thorlabs)
The power output @ RT is - Light transmission loss from RT to CT:
recovered once the LN2 35% (1.87 dB)
has evaporated (next day)

(*) Measurements repeated 3 times, systematic error is 6%



[Fiber+bundle] characterization

LED o
SMA dewar SMA
o
SMA-SMA M.S.
Fibers Mating sleeve Mean P/fiber (nW) | RMS (nW)
RT RT (P ep = 39 pW) 286 16

Outside the dewar @ RT | (P.ep = 37 uw) 150 12 desrrrsseressressrrserereraeraaa :

: 22.5m-Fiber #3 :

(PLep = 39 uW) 139 8 :  3m-Bundle #2 :

- Light transmission loss per matting sleeve with SMA connection:
20% (0.97 dB) measured with laser
Expected <1.5 dB > <29% (from Thorlabs)

« Matting sleeve light transmission loss from RT to CT: 12% (0.56 dB)

» Fiber + Matting sleeve + bundle light transmission loss from RT to CT:
51% (2.92 dB)




Inner fibers: expected light transmission at 410 nm
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_ . flange  sMA-sSMA
Configuration > § .
inside the dewar :  22.5m-fiber

: (FT800UMT, 2800pm)  Sm-Bundle
: (FT200UMT, 2200pm)
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Sg00 um-fiver = 0.503 Mm?

A(dB): -10 |Og (Pin/Pout)

« Expected attenuation from Thorlabs atV S200 um-fiper = 0.031 mm?
ArT= AI\/IS(FIange) + Asosm T Aus  t+ Ages Tt Asm =
=15dB +1.35dB+15dB+12dB + 0.18 dB = 16.6 dB (2.2% light transmission)
- Estimated attenuation from measurements at RT >ion?gs$%rgee;svaupé
ART: AMS(FIange) + A22.5m + AI\/IS + AGeo + ASm = -

=0.97dB +0.97dB +0.97dB + 12dB + 0 dB = 14.91 dB (3.2% light transmission)

- Estimated attenuation from RT to CT
Act= AusFiange) T A22.5mims+bundle= 0.96 dB + 2.92 dB = 3.48 dB (45% light transmission)

Total estimated attenuation at CT
Ar = Agr + A = 14.91 dB + 3.48 dB = 18.39 dB (1.45% light transmission)



Measurements with fibers and PMTs @ CT

Inner fibers (inside dewar at CT):

Set5 —> 1m-fiber + Tm-bundle
Set R1 —> 22.5m-fiber + Tm-bundle
Set R2 —> 22.5m-fiber + 3m-bundle

Different sets of PMTs and

...... > ) )
configurations of fibers!
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| ?ibe/pgntmg to PMT

£~ PMT orientation no relevant
E  SPE spectrum does not
show anomalous events




Measurements with fibers and PMTs @ CT

Light source and external fibers (outside dewar at RT):

Designed to vary the amount of incident light form SPE to a higher amount

avoiding PMT saturation.
- Kaputschinsky LED at different voltages

- Laser and different filters L,

460 nm, 100 Hz

1 m-fiber :  Fiber Bundle

(FT8OOUMT, 2800um) (FT800UMT, (FT200UMT,

2800um) 2200um)
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405 nm, 100 Hz rilt box] :
ilters box :
FC/PC-SMA . sma-sua [1ANGE; SMA-SMA

fiber : _fi : Fiber Bundle
[bifurcated 1m-fiber : (FTS00UMT, (FT200UMT,

FC/PC-SMA  fiber]  (2800pm): " sgooum) 2200pm)

Laser
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Photons at flange

Measurements measured with VS.
/ power meter N
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NPE at PMTs



Results

NPE at PMTs

T 1T | LI | L | L | L | L | LI | LI | L . LI I" 1
50(): gei 5R1Ia§er t Set 5 > 1m-fiber + Tm-bundle S i
- A R Set R1 - 22.5m-fiber + 1m-bundle -
- : ot R Lol ¢ i SetR2225mfiber + 3m-bundle | ¥
400F * SetR2: kaput D FiTs among ssis R
- ~ Set R2: laser + Dbif. fib. ' 5 5 A —
300 :_ ............... ............... S e B e :
S :
RSSO SOV SOOI SURUT + I SOOI SOUOUOU ORI VRSO ST SO ]
B § A é"A" ] |
100 __* ................................................................................................................................. 5
- A s s s s s s s s -
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S

50

100 150 200 250 300 350 400 450 500
Photons at flange *

* Calculated from power
measured at flange with NPh =
power meter
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P-t

E

P/f -
(h-c)/2

—

feapu = 10 MHz
flaser = 80 MHZz

h =6.62x1034Js
c = 3x10%m/s
Meapu = 460 nm
Maser = 405 nm



Results

Measured at CT

NPE at PMTs / NPh at flange | Light transmission (*) | Attenuation

Kapu 0,10% 1.42% 18.5 dB
Laser 0.08% 1.14% 19.4 dB

(*)  PMT quantum efficiency at CT: 7%
PoS(PhotoDet2015)019

Expected attenuation from Thorlabs at RT + from RT to CT

* AKapu= AusEiange) T Aoosmn + Avs  + Ageo T+ Asm + Actiep) =
=15dB +1.13dB+15dB+12dB +0.15dB +3.48dB =19.8 dB (1.05% LT)
* Apser= AvsFiange) T Aoosmey + Avs  + Ageo T Agm + Actepy =

=15dB +1.58dB+15dB + 12dB + 0.21 dB +3.48 dB =20.3 dB (0.93% LT)

Measured attenuation by PMTs and PM is consistent
with the expected attenuation (upper value) =

(") Aypsnm = 70 dB/km (laser)
Assonm = 90 dB/km (kapu)
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Flange tightness verification

Vacuum test
1. Vacuum of the system
after 30 min pumping:
« Blank flange:
4.3 x107" mbar
* Feedthrough (3 OF):
5.5 x10" mbar
2. Close the valve and turn
off the pump:
« Blank flange:
1.5 mbar after 5 d
* Feedthrough (3 OF):
1.12 mbar after 3 d
2.09 mbar after 7 d
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Pressure test

1. Vacuum of the system with the FT (3 OF):

9 x10% mbar after 5 min pumping

2. Leak Detector: No leaks found on the
feedthrough (~108 mbar x | / s)

3. Remove leak detector, vacuum of the
system, close valve, and turn off pump.

4. Open the Ar injection valve up to 2 bar a

and close valve - 2 bar after 7 days
12

Vacuum
sensor

P e h. —_”" . A
L= CrAP reegthrough (30F)  __ “» — -

Allectra specification for the feedthrough:
HV: 1 x10-8 mbar to ambient pressure

e

No appreciable vacuum differences
between FT (3 OF) or blank flange

No significant pressure leaks up to 2 bar



Conclusions

All components available and tested at CIEMAT &

Expected and measured light attenuation of the inner system
~20 dB (~1% light transmission)

To discuss

Testing the full light calibration system with [FAE (February).

Paper about the LCS (report about CIEMAT work available)
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