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ACD Design ACD Design -- What contributes to the ACD What contributes to the ACD 
efficiency?efficiency?

Active elements - scintillator tiles (TDA)
- scintillating fiber ribbons

Passive elements - wave-length shifting 
(WLS)  fibers

- clear fiber cables
Dead areas - gaps between tiles 

(mechanical tolerances, allowance for 
vibration and thermal expansion)

- gaps at the ACD corners

Required ACD efficiency of 0.9997 
over the entire area (except bottom 
15 cm) is built up from several 
contributors:

Contributions from all these factors should 
be precisely understood to determine the 
ACD performance. 

We designed the system which meets the 
requirement; now we want to demonstrate 
that the actual system meets this 
requirement
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Efficiency demonstrationEfficiency demonstration

This approach also determines margins and relative importance of the 
contributors to the entire efficiency

measure the performance 
for active elements (tiles, 

fiber ribbons)

measure the 
characteristics of 
passive elements 

(WLS and clear fibers)

measure values 
for dead areas 

(gaps)

put everything in the 
simulation code to determine 

the resulting efficiency

check the results by measuring the efficiency 
directly in several areas of ACD and comparing 

with that obtained by simulations

The approach:
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Efficiency demonstration (cont.)Efficiency demonstration (cont.)

Example of how it works: 

• TDA light yield is assumed to be 20 photoelectrons (p.e.) per PMT 
(measured value). 

• Lines 1, 2, and 3 correspond to different gaps between active 
elements. 

No scintillating fiber ribbons                     With fiber ribbons
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Efficiency demonstration Efficiency demonstration -- conclusionsconclusions

Efficiency simulations set the requirements for 
the ACD design (LAT-TD-00438-D3):
• TDA light yield not less than 18 p.e. per PMT. This provides 
the ACD to still meet the efficiency requirements with one 
FREE board (18 PMT’s) failed

• Scintillating fiber ribbon light yield not less than 8 p.e. at 150 
cm from the PMT; it should be at least 12 mm wide and be 
placed at max 2 mm clearance from TDA

• TDA’s should overlap by min 2 cm

• Gaps between TDA’s (covered by the ribbons) to be max 4.2 
mm at operating temperature

• Vertical clearance between TDA’s to be max 2.6 mm

• 4 mm gaps at ACD corners is OK

• 4 mounting holes per tiles, 3 mm diameter, is OK

Criteria - efficiency for the whole ACD area should be not less than 0.9997 with 
both PMTs running and VETO threshold set to 0.3 MIP

- ACD must meet the same requirements with one FREE board failed
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Active elements performance Active elements performance -- TDATDA
(LAT(LAT--TDTD--0084300843--D1)D1)

Efficiency measurement setup:
M1, M2 - hardware trigger 
scintillators

S1, S2, S3 - software trigger 
scintillators

T1, and T2 - tested TDA’s

µ
M1

S1

S2

T1

T2

S3

M2

Subject of the test - measure the light yield 
and efficiency for the Fermilab-made TDA 
prototypes (T1 and T2) equipped with clear 
fiber extensions and fiber-to-fiber connectors 
(made by GSFC)

Up to 50% of the light created in the tile, is 
being lost during transportation to the PMT
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Active elements performance Active elements performance -- Fiber Fiber 
ribbon ribbon (LAT(LAT--TDTD--0123901239--D1)D1)

Scintillating fiber ribbon covers the gaps between the tiles and rejects the 
cosmic ray background particles which sneak through these gaps. Fiber 
ribbons are made at Washington University (single layer ribbons) and 
assembled (gluing into 3 layers, bending) by GSFC

Subject of the test - 3-meter long, 3-layer 
ribbon. Each layer is made of 8 square fibers, 
1.5mm by 1.5mm cross section, glued on a 50 
µm thick aluminum foil substrate. 

Light Yield Obtained :

• 21 p.e. at 40 cm from the PMT

• 8.2 p.e. at 150 cm from the PMT

Measured attenuation in fiber ribbon
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Active elements performance Active elements performance -- long long 
(bottom) tile (bottom) tile (LAT(LAT--TDTD--0123901239--D1)D1)

The 4-th row tile is not segmented.  It is a one-piece 160 
cm long, 15 cm wide scintillating tile. It is viewed by 
PMT from both ends through WLS fibers. 

This tile is required to have >0.99 efficiency

The issue is the attenuation of the light created in the 
central area while traveling to the PMT end. 

                                                     Measurement point C (center)

Measurement point 1                                                             Measurement point 2
                                                                                     S3
                                                                                     S1
                     Tested Long tile

                                                                                     S2
                                                                                     S0

            PMT 1 (1085)                                                                         PMT 2 (896)

Conclusion - bottom tile design meets the required 
performance.  The measured efficiency is > 0.999

Test Results
Black line - for muons passed in 
point 1 (close to PMT)
Red line - point C (center)
Blue line - point 2 (far end from 
PMT)
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Characteristics of passive elements Characteristics of passive elements -- WLS WLS 
fibers, clear  fibers and connectorsfibers, clear  fibers and connectors

The issue is the attenuation in WLS and clear fibers and what would be the 
optimal design to deliver as much as possible light to the PMT

Fiber-to-fiber connectors have demonstrated 15-20% light loss with 2-3% 
reconnection  repeatability

WLS fibers                                                      Clear fibers
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Light Budget and TDA design Light Budget and TDA design -- summarysummary

The goal is to have min 18 p.e. from single mip delivered to every PMT. 
Combining obtained results on active elements performance and passive 
elements characteristics, it was found that the optimal design would be as 
follows:

• The light from all 25 top tiles is delivered to PMT’s through the extension 
optical cables, made of multiclad 1.2 mm Bicron clear fibers. They are 
connected with the tile WLS fibers by fiber-to-fiber connector.

• The tiles in the central top row are 12 mm thick compared to all others of 10 
mm

• The light from all side tiles is delivered to PMT by their own bundled WLS 
fibers
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Backsplash selfBacksplash self--veto requirementveto requirement

ACD Level III Requirements:
backsplash-caused signals in ACD should 
self-veto not more than 20% otherwise 
accepted gamma rays at 300 GeV

Solved at the ACD design level by 
properly segmenting the ACD and 
adjusting the VETO threshold.

                                                                                              Dd

γ

tracker

ACD

       CsI
calorimeter

Simulation analysis of backsplash-caused 
self-veto for 300 GeV photons

Required 
level

Why we have to adjust the VETO 
threshold

Simulations 
confirmed by 
backsplash 
measurements at 
CERN, July, 2002
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TDA fabrication TDA fabrication (ACD(ACD--PROCPROC--000059)000059)

• TDA, the basic detecting element of 
ACD, will be fabricated by Fermilab
per  Fabrication procedure and 
drawings provided by GSFC.

• TDA will be fully tested by GSFC

• Fermilab has already fabricated 
more than 20 different tile
prototypes, which were carefully 
tested at Goddard

• Performed tests demonstrated that 
Fermilab is undoubtedly capable to 
provide required quality and 
performance   
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TDA fabrication (cont).TDA fabrication (cont).

Fabrication steps

Scintillator procurement 
from ElJen

Aluminizing fiber ends 
and gluing them in tiles 

Bending tiles (where 
applicable) 

Mechanical 
development (sizing, 

polishing edges, 
drilling holes, cutting 

grooves) 

Gluing fibers into PMT 
or fiber connectors, 
polishing fiber ends 

Annealing tiles 

Pre-wrapping quality 
inspection

Wrapping tiles in 2 
layers of white 

Tetratec and 2 layers 
of black Tedlar

Light tightening by 
black Tedlar Tape

Light-tightness pre-
ship test

Post-delivery inspection

Acceptance 
Performance test 
according to the 

Procedure
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II. Functional tests and calibration II. Functional tests and calibration 
approach approach (LAT(LAT--TDTD--0111201112--D1)D1)

The ACD required efficiency is determined by the performance (light yield) 
of all active  elements assuming constant characteristics for passive elements.
The dead areas (gaps) are temperature dependent.

The concept of efficiency monitoring is as follows:

• initial efficiency is simulated as described earlier

• the light yield from single mip for every active element must be monitored 
regularly. It is proportional to the mean value of the pulse-height 
distribution of the mip-caused signals from the tile 

• according to the tile light yield, the VETO threshold must be set to yield 
required efficiency

• The light yield monitoring must be similar for the ground tests and in-orbit 
tests

• Cosmic muons are used for ground tests because they create very similar 
response to that required from ACD (created mainly by protons and 
electrons)
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Light yield monitoring Light yield monitoring -- Gain calibration test Gain calibration test 
(LAT(LAT--TDTD--0084400844--D1)D1)

Ground test - use cosmic muons and ACD self-triggering mode. The readout 
trigger is created by the VETO from any ACD tile. The same approach is used 
for the in-orbit test, but using cosmic ray protons instead of muons.

Data analysis: for every tile the optimum set of triggering tiles is defined. The 
light yield (mip peak position) is determined from the sample of events which 
were triggered by any tile from this set. 

Example: for calibration of tile T12 the set of tiles 
X41, X42, Z41, and Z42 is used for triggering
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III. ACD Detector Parts Acceptance tests III. ACD Detector Parts Acceptance tests --
PMT PMT (LAT(LAT--TDTD--0120201202--D2)D2)

The acceptance test is performed on each unit. The test procedure is written.

The goal - check if the performance of the unit agrees with that given in 
manufacturer data sheet, 

- the unit survived the shipping. 

Test 1 - PMT sensitivity test
Task - determine the relative PMT sensitivity 
which is the product of the PMT gain (G) and the 
photocathode quantum efficiency (Q.E.). Both of 
them present in Hamamatsu data sheet which 
accompanies the PMT’s. 

Approach - use reference tile (T), two triggering 
tiles S1 and S2 and cosmic muons, measure the 
mip peak position for every PMT for 4 values of 
HV. 

Tested PMT

S1

T 

S2
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III. ACD Detector Parts Acceptance tests III. ACD Detector Parts Acceptance tests --
PMT PMT (LAT(LAT--TDTD--0120201202--D2)D2)

PMT Test Station
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ACD Detector Parts Acceptance tests ACD Detector Parts Acceptance tests --
PMT  (cont.)PMT  (cont.)

Test 2 - Quantum efficiency test
Task - determine relative Q.E., which is needed 
to determine the PMT gain to be compared 
with that given in Hamamatsu data sheet

Approach - use LED. Measure pulse-height 
histogram peak position and its standard 
deviation σ for 4 values of HV in 3-4 points 
changing the amplitude of the signal from pulse 
generator to LED. Calculate the number of p.e. 
Np.e. for every measurement according to 

Determine the average Q.E. Divide obtained 
earlier sensitivity at 1000V by obtained here 
Q.E. This is our gain G

Order the PMT’s according to determined G 
and compare with that provided by 
Hamamatsu.

2

.. 







=

σ
peak

ep

P
N
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ACD Detector Parts Acceptance tests ACD Detector Parts Acceptance tests --
PMT  (cont.)PMT  (cont.)

Example - Results of Qualification PMT’s acceptance test

PMT 0882 0609 0610 0879 0883 0896 0885 1088 1085
1 Measured Sensitivity

At 900 V
At 1000 V
At 1050 V

209
480

142
340
491

264
609
879

219
512

249
569

283
619
932

148
330
490

59
146
217

247
578
810

2 Measured L.Y. at
900V-1050V

26-28.3 21.5-
23.5

22.5-26 24-27 27-28 25-29 23-24 19-23 20-21.5

3 Measured L.Y. average,
(place)

27.1
(2-3)

22.5
(7)

24.3
(5)

25.5
(4)

27.5
(1)

27
(2-3)

23.5
(6)

21
(8-9)

21
(8-9)

4 Measured L.Y. at
sensitivity of 600
channels, (place)

28
(1)

24
(6)

24.5
(5)

25.5
(4)

27.5
(2)

27
(3)

23.5
(7)

21
(8-9)

21
(8-9)

5 Q.E., from Data sheet
(hereafter D.S.),  (place)

16.0
(5-6)

16.0
(5-6)

15.4
(7)

16.9
(2)

16.8
(3)

17.6
(1)

16.1
(4)

15.0
(9)

15.2
(8)

6 Measured Gain=sens
(1000V)/L.Y. average,
(place)

17.7
(6)

15.1
(7)

25.0
(2)

20.1
(5)

20.7
(4)

22.9
(3)

14.0
(8)

7.0
(9)

27.5
(1)

7 Gain, from Data sheet,
(place)

7.91
(6)

6.19
(8)

10.40
(2)

8.66
(5)

9.11
(4)

10.10
(3)

6.42
(7)

3.00
(9)

11.44
(1)

8 L.Y. average / Q.E.(D.S.) 1.69 1.41 1.58 1.51 1.64 1.53 1.46 1.40 1.38
9 L.Y.(600) / Q.E.(D.S.) 1.75 1.50 1.59 1.54 1.64 1.53 1.52 1.38
10 Gain at 1000V/Gain D.S. 2.24 2.44 2.40 2.32 2.27 2.27 2.18 2.33 2.40
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ACD Detector Parts Acceptance tests ACD Detector Parts Acceptance tests --
TDA TDA (LAT(LAT--TDTD--0120301203--D1)D1)

Task - test if TDA response to mip is:
• uniform over the area within 5% of 
that for the reference tile
• light yield is within 10% of that for 
the reference tile
This test also confirms that TDA and 
especially WLS fibers survived the 
transportation

                                                                      Upper 32cm by 32cm triggering tile
                                                                       X-direction hodoscope array
                                                                       Tested tile
                                                                        Y-direction hodoscope array
                                                                        Lower 32cm by 32cm triggering tile.

                                                                      F1
P8
P7                                                                                  fibers

P6                                                                                                  connector

P5
P4

P3
P2
                                                                     F2
P1                                                                 F3
           T1   T2    T3    T4   T5   T6    T7   T8

Approach - measure the light yield map
over the TDA area with a pixel size of 4 
cm by 4 cm. Our previous study 
demonstrated that this method is sensitive 
to a single broken fiber in the pixel area. 
Compare with that of the reference tile. 
One run takes 4-5 hours.

Determine the absolute mip detection 
efficiency by selecting events which passed 
the tested tile within central 36 pixelsHodoscope

Experimental setup

µ Test procedure is written
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ACD Detector Parts Acceptance tests ACD Detector Parts Acceptance tests --
TDA TDA (LAT(LAT--TDTD--0120301203--D1)D1)

TDA “Tomography” test
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ACD Detector Parts Acceptance tests ACD Detector Parts Acceptance tests --
TDA (cont.)TDA (cont.)

Example of the results for “tomography” test of TDA

Along fibers

Connector 
area

Along fibers

T

P

Similar test with fewer statistics will be performed on TDA with clear fiber 
cable and connector before going to ACD assembly
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ACD Detector Parts Acceptance tests ACD Detector Parts Acceptance tests --
Fiber RibbonFiber Ribbon

After full fabrication (gluing 3-layer ribbon, bending per drawing, 
wrapping in light tight material) the ribbon goes to the acceptance 
performance test:

PMT PMT 

Ru106 

collimator

S1
S2

Point 1

Point 2

(30 cm)

Point 3 
(30 cm)

The light yield is measured in 3 points - point 1, 2, and 3 - in the same way, 
using radioactive source Ru106, which emits (along with γ-s)  3.5 MeV electrons. 
Scintillators S1 and S2 are used for triggering. The light yield is compared with 
that for the reference ribbon.
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Effect of signals pileEffect of signals pile--up on the ACD up on the ACD 
efficiencyefficiencyBack-up

• The pulse-heights of ACD signals will be used in ground analysis to 
set precise thresholds to achieve required efficiency

• Simulations show that required efficiency cannot be achieved by 
using only the pulse height analysis (PHA) due to pile-up effect
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Effect of signals pileEffect of signals pile--up on the ACD up on the ACD 
efficiency (cont.)efficiency (cont.)Back-up

• Using PHA signals in OR with ACD Hit Map in ground analysis solves the problem
• The threshold for VETO in Hit Map could be high - up to 0.6 of the mean mip signal 
or higher
• This technique works because there is a very low probability of having both a 
small signal size (fluctuated below Hit Map threshold) and a short (< 10 µs) interval 
between events (which causes loss of PHA data).



GLAST LAT Project ACD CDR January 7 & 8, 2003

Section 4 Tile Detector Assemblies 26

Effect on event high rate on PMT linearityEffect on event high rate on PMT linearity
Back-up

• ACD PMT divider is designed to operate at average anode current of max 10 ηA 
according to the expected event rate
• This design allows only 1-2 µA to be drawn from HV power supply, significantly 
saving power
• This test demonstrates that required ACD event rate (< 3 KHz) will be 
successfully handled by our design
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Tile, connector, PMT thermal testTile, connector, PMT thermal test
Back-up


