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Laser stability studies

Relative resolution = resolution / resolution after 21 min
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Laser beam profile In collaboration with

Alessandro Re (Univ. Torino)

Laser fiber
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Module 1: Multimode bundle

Multimode fiber bundle with 9 fibers 2 meters long ended with SMA
ferrule

Customized fiber == o
bundle ' : =i
Opto Service - Roma:,:; —

Bundle prototype (installed on module 1)
Step index

Cladding =240 um

Core =105 pum

Single fiber efficiency (SFE)
(105/510)2=4.2%

New bundles (do be installed on future
modules)

Graded Index

Cladding =240 pm

Core=65um

SFE = 1.6% 4



Grin Lens numerical aperture

Setup for NA measurement with CCD
Multimode fiber with
grin lens NA=0.6
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Module 1: Terminal optics

Spread the light with a grin lens Assembling of the cylinders with
implemented at the end the the fibers
fiber

Block to integrate
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Module 1 integration

AA AT

Module 1

Problems:

Mechanical interference between
the supports and the honeycomb
— change injection angle from 15° to 17°

Gas leakage due to defective O-ring
— sealed with silicon rubber on Module 1
— O-ring changed in in the supports




MC simulation for module 1

- Light input angle 17 degree
- Realistic gaussian angular distribution of each light point

16- channel PMT response Fit Simhit channel 3

b sal E HE htemp
.-"_ E 25“:_ 'eu;— - | Entries
]~ N:_ S '4"? * as“ 000000
b E E - 250 +— 7 ndf
b 1 e 2 Wb 3 wf r nstant
wp .,_‘,E_ Wb :E: B .;n“a
E . LB 200—
Hr ot e m_gyotaad) e m_gictaal Hs ot 150;
o oy - i o e B
g Fsaan "ani‘:nlJ NE_ Né_ ”";: Fowan u;ux: 100;
: wf ,“_ 2E 50|
T =k =f *E T R R L L
B o6 Fostitbotsbo st L o B °03 0.4 0.5 0.6 07 08
. TORS e ot TE b o gystaiT v . T TOPSimHits.m_globalTime
’”‘ :..: ”' 3 TOPDigits.m_TDC {TOPDigits.m_channellD==1}
- . =E " - htemp
F E F E 240 F— "
=E =f wf =E = Entries 1998
i oy s e b 20" Mean 826.6
200 RMS 7.563
- =] e ] _ = 180:_ x2 / ndf 2194 /63
] 1 “F (e - SR Constant  223.4+7.0
~E =E wiE 0=79 Mean 825.4+ 0.1
3 “E ol wf 120 Sigma 3.176 + 0.065
wf 3 ok “E 100 pS
= wf. of b 80~
OV NOUST SN NUSOU i L u, A YU S N s0E-
TOMS mHex =gt He ot e _gyhotaalT TOE mHm =g otalT 40 :_
20—
0: | e
800

820 840 860 880
TOPDigits.m_TDC

8



Attenuation in graded index fibers

New multimode fibers

Graded Index
Cladding =240 um
Core =65 pum

SFE =1.6%

Time spread <1 ps/m
Lower piping efficiency (smaller core)
Never tested for 405 nm light

Attenuation measurements done with CCD setup in Torino
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Piping efficiency

Optimal laser operation point: 14 pJ/pulse, 100kHz (lifetime > 5 yr)
— 10 kHz max in order to copy with the DAQ limitation

Piping efficiency of each light source

e = SFE_ x SFE _ x attenuation =2 x1 0°x1.6x10%2x0.95=3x 10"

_ 7 — ~ 9 photons/(pulse x source)
Ny/pulse = 2.8 x 10 — ~0.15 photons/(pulse x channel)

Actions that can be taken:

— increase fiber core

— SM bundle with cores only

— reduce the size of the SM bundle

— 1 spare every two modules
— minimize dead areas
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Towards precise SFE .y Mmeasurement

Bundle-Laser alignment support

Grants alignment allowing to adjust the
bundle-fibre disance at 0.1 mm level

Analysis of light distribution and piping
efficiency ongoing

Light output form 16 fibers randomly
distributed in the bundles
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Fiber routing on the detector
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Studies for mechanical support for the MM bundle connectors are ongoing
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Conclusions

Done:

The MM bundle prototype has been successfully integrated in the Module 1
Attenuation in the new MM fibers has been measured
The setup for the GRIN lens numerical aperture is ready and working

The setup for study of the piping efficiency on the SM bundle is ready and working

Plans:

Irradiation studies at Legnaro
— tricky for SM fibers due to connectors

Complete laser characterization

Produce a new SM bundle prototype with smaller radius
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Backup




Experimental setup in Torino

Zero-bias event acquisiti
» Offline processing
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Signal processing - |

DC offset is subtracted fitting the first points of
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Signal processing - Ii

Amplitude [V]

CFD Time [ns]

=
—
U‘I

e
-

0.05

59.4

59.2

59

58.8

58.6

58.4

58.2

57.8

576

<« .

- Amplitude .

L L ]

L * ./

| .

— — — — — e -~ oe-s - - -

-00% crossing ¢ °

- .

_ ‘ . :n.. AW

[ L] L] .

w s *

B . ®

- CDF time \/

54 5|5 I5|EI 57 5 82 6|3
Time [ns]

—'Small Ilnear ampl|tude-t|me"'correlatloﬁ

et s

:_.I ....... ,, ....... - | ....... o S ,| ....... | | ...................... o | ...................... o | ....... o

0 0.1 0.2 0.3 0.4 0.5

Amplitude [V]

—

40

30

20

10

Linear fit around
the 50% crossing

Determination of:
— 50% crossing time
(CFD time)

¥? / ndf 105.3/63
Constant 33.26+2.14
Mean 58.49 + 0.00
Sigma  0.06026 £ 0.00287

c =60 ps

i il |nnn|;|,|;|_|u”|'|n panloin

58.8 59 59.2 59.4
CFD Time [ns]

57.6 57.8 58 b8.2 584 586



Signal processing - Il
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Results

Time resolution study repeated for different laser tunings and different HV value

From <n_pe> the contamination from > 1 photoelectron
events can be calculated
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Results

Time resolution study repeated for different laser tunings and different HV value

Resolution is expected to drop with reducec
— only one study is available so far
— confirmation is highly desired
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