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Key	Requirements

• Broad	support	from	Science	Community
• Dedicated	science	instrument	team

*		desirable	goal:		minimize	bureaucracy
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A	Key	Milestone:		GLAST	named	a	priority	by	National	Research	
Council	2000	Decadal	Survey	of	Astronomy	&	Astrophysics
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TABLE ES.1 Prioritized Initiatives (Combined Ground and Space) and Estimated
Federal Costs for the Decade 2000 to 2010a,b

Initiative Costc ($M)

Major Initiatives  
Next Generation Space Telescope (NGST)d 1,000
Giant Segmented Mirror Telescope (GSMT)d 350
Constellation-X Observatory (Con-X) 800
Expanded Very Large Array (EVLA)d 140
Large-aperture Synoptic Survey Telescope (LSST) 170
Terrestrial Planet Finder (TPF)e 200
Single Aperture Far Infrared (SAFIR) Observatorye 100

Subtotal for major initiatives 2,760

Moderate Initiatives  
Telescope System Instrumentation Program (TSIP) 50
Gamma-ray Large Area Space Telescope (GLAST)d 300
Laser Interferometer Space Antenna (LISA)d 250
Advanced Solar Telescope (AST)d 60
Square Kilometer Array (SKA) technology development 22
Solar Dynamics Observatory (SDO) 300
Combined Array for Research in Millimeter-wave Astronomy (CARMA)d 11
Energetic X-ray Imaging Survey Telescope (EXIST) 150
Very Energetic Radiation Imaging Telescope Array System (VERITAS) 35
Advanced Radio Interferometry between Space and Earth (ARISE) 350
Frequency Agile Solar Radio telescope (FASR) 26
South Pole Submillimeter-wave Telescope (SPST) 50

Subtotal for moderate initiatives 1,604

Small Initiatives
National Virtual Observatory (NVO) 60
Other small initiativesf 246

Subtotal for small initiatives 306

DECADE TOTAL 4,670

aCost estimates for ground-based capital projects include technology development plus funds
for operations, new instrumentation, and facility grants for 5 years.

bCost estimates for space-based projects exclude technology development.
cBest available estimated costs to U.S. government agencies in millions of FY2000 dollars and

rounded.  Full costs are given for all initiatives except TPF and the SAFIR Observatory.
dCost estimate for this initiative assumes significant additional funding to be provided by inter-

national or private partner; see Astronomy and Astrophysics in the New Millennium:  Panel Re-
ports (NRC, 2001) for details.

eThese missions could start at the turn of the decade.  The committee attributes $200 million of
the $1,700 million total estimated cost of TPF to the current decade and $100 million of the $600
million total estimated cost of the SAFIR Observatory to the current decade.

fSee Chapter 1 for details.
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GLAST	->	Fermi:	
A	successful	international	
science	collaboration

Peter	F.	Michelson
Fermi	LAT	Collaboration	Meeting

Pisa,	Italy
March	12-16,	2018

Milestones toward selection of GLAST mission

✦ June 1991 flare of 3C279.   

• Serendipitous!  CGRO doing TOO for solar flares when Sun happened to be near 3C279.  Helio and Astro go together!  

✦ Early 1992 first discussions at Stanford and SLAC 

• Early concepts (Si + scintillator), initial spacecraft accommodation study, … 

✦ Aug 1992 NASA Supporting Research & Technology Program (1+2 years, $300k total) 

• Simulations, particularly to optimize Si tracker design; Si FEE work 

✦ June 1994 GRSST proposal to DOE 

✦ June 1994 Snowmass meeting 

• DOE comparison of GRSST/GLAST to AGATE 

✦ Aug 1994 first GLAST workshop at Stanford/SLAC (~50-100 attendees) 

• “Towards a Next Generation High-Energy Gamma-Ray Telescope” 

✦ 1994 NASA Advanced Mission Concept Study (1-year program) 

• Team largely in place:  Stanford & SLAC, NRL, UCSC, INFN, Univ Tokyo, and others 

✦ 1995 NASA SR&T (3-year program, $2M total) 

• First major funding for prototype hardware (tracker, calorimeter, anti-coincidence); GSFC joins 

• Proposal said “too expensive and massive to fit within … MIDEX”, so partner with DOE and international collaborators 

✦ 1997 GLAST is future mission in NASA Structure & Evolution of Universe Science Roadmap and Space Science Strategic Plan 

✦ 1998 NASA GLAST Instrument Technology Development Program 

• Two concepts 

✦ GLAST (i.e. LAT) 

✦ SIFTER, FiberGLAST 

✦ 1999 NASA GLAST Flight Investigations Announcement of Opportunity 

• Selected in 2000 for flight mission
 X

This list is missing a number of DOE milestones and funding events

Guido	Barbiellini

Elliott	Bloom			Bill	Atwood



Early history

 X

Within one day of first GLAST concept, Monte Carlo was set up 

In the beginning…

Final GLAST design 
– 4x4 array of towers 
– 37-cm long SSD ladders (9.2 cm wafers) 
– Imaging calorimeter

August	1992



GLAST	Flight	Proposal	– submitted	in	response	
to	NASA	AO,		November	1999

Response to AO 99-OSS-03

Flight  Invest igat ion:
An Astro-Particle Physics Partnership
Exploring the High-Energy Universe
Volume 1: Scient ific  and Technical Plan

November 1999
Reissued: January 2000                                                              Stanford University

GLAST LARGE AREA TELESCOPE

Response to AO 99-OSS-03

Flight  Invest igat ion:
An Astro-Particle Physics Partnership
Exploring the High-Energy Universe
Volume 2: Cost  and Management Plan

November 1999
Reissued: January 2000                                                             Stanford University

GLAST LARGE AREA TELESCOPE
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GLAST	Selection:		Strong	International	Partnerships	crucial

Burton	Richter

Jonathan	Dorfan
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Enzo	Iarocci
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From: Bonneville Richard <Richard.Bonneville@cnes.fr>
To: "'Peter F. Michelson'" <peterm@Stanford.EDU>
Cc: "'Joubert Martine'" <Martine.Joubert@cnes.fr>,

"'Grenier Isabelle'" <isabelle.grenier@cea.fr>
Subject: RE: GLAST
Date: Wed, 13 Jun 2001 12:39:03 +0200

Dear prof. Michelson,

I am pleased to inform you that our science program committee has issued a very positive 
recommendation about the French participation to GLAST. The official minutes are not 
available yet, but I already know the rough content. The CNES support for 2001 has been 
secured and we are presently writing the file with the detailed budget request for the 
following phases up to launch. The recommendation of the committee (together with the 
efficient lobbying of our partners from the French research institutes) is the green 
light that we needed.

Best wishes

_______________________

Richard BONNEVILLE
Centre National d'Etudes Spatiales
Direction des Programmes et des Affaires Industrielles
Délégation à l'Etude et l'Exploration de l'Univers



The GLAST LAT Collaboration brings to the GLAST mission more than 7 years of focused LAT technology 
development.  The team is a partnership of individuals and organizations with broad experience in 
experimental high-energy particle physics and space science instrumentation.  This partnership is reflected 
in the support for the GLAST LAT team from the U.S. Department of Energy and foreign funding agencies.

Instrument Team Projects
• Conduct All-Sky Survey
• Provide Transient LAT Catalog and 

Alerts 
• Perform in-depth analysis of 

selected sources

Organizat ions w ith 
Hardw are Involvement
Stanford University: SLAC & HEPL
Goddard Space Flight Center
Naval Research Laboratory
University of California, Santa Cruz
Hiroshima University, University of 
Tokyo, ISAS, & ICRR, Japan
INFN & ASI, Italy
Laboratorie du Commissariat a 
l'Energie Atomique & IN2P3, France
Royal Institute of Technology, 
Stockholm, Sweden

Education and
Public Outreach

Senior Scientist
Advisory Committee

 Inst. System Engineering
(SU-SLAC)

Instrument Design Team
Instrument Technical

Manager (ITM)
T. Kamae

(SU-SLAC)

Project Controls
(SU-SLAC)

Instrument Scientist (IS)
(GSFC)

Principal Investigator (IPI)
P.F. Michelson

(Stanford University)

 Project Manager (IPM)
W. Althouse (SU-SLAC)

Collaboration
Science Team

 Integration and Test
  (SU-SLAC) Performance and Safety

Assurance 
 (SU-SLAC)

Calorimeter
Subsystem
NRL,France,

Sweden

ACD
Subsystem

GSFC

Grid/Thermal
Subsystem
SU-SLAC

Instrument
Ops. Center

SU

Tracker
Subsystem

UCSC, SU-SLAC,
Japan, Italy

DAQ
Subsystem

SU, NRL

Instrument Project
Office (IPO)

Co-located at SU-SLAC

Science Investigation Cost:  

*All costs in FY99$, including reserves  

Cost to NASA
Formulation: $7.0M $33.6M
Implementation: $51.9M $107.0M
Operation: $7.0M $41.3M
TOTAL: $65.9M $181.9M

Total Cost

2000 2001 2002 2003 2004 2005

Formulation Implementation

SRR I-CDR Inst. Delivery LaunchI-PDR

Build & Test
Engineering Models

Inst. 
-S/C I&T

Build & Test
Flight Units

Inst.
I&T

Schedule
Reserve

NAR M-PDR M-CDR

SCHEDULE (calendar year)

2010

Flight	Proposal	Schedule	– November	1999

launch	– June	2005



March	2000- NASA	selected	GLAST	
Collaboration	Flight	proposal

Ed	Weiler,	NASA	Associate	Administrator,	Science	Missions	Directorate



GLAST	is	an	International	Mission
Multi-agency	Partnership	on	LAT
LAT	is	being	built	by	an	international	team

Stanford	University	(SLAC	&	HEPL,	Physics)
Goddard	Space	Flight	Center
Naval	Research	Laboratory
University	of	California,	Santa	Cruz
University	of	Washington
Ohio	State	University
CEA/Saclay &	IN2P3	(France)
ASI	&	INFN	(Italy)
Hiroshima	University,	ISAS,	RIKEN	(Japan)
Royal	Inst.	of	Technology	&	Stockholm	Univ.	(Sweden)

GBM	is	being	built	by	US	and	Germany
MPE,	Garching (Germany)
Marshall	Space	Flight	Center

Spacecraft	and	integration	- Spectrum	Astro
Mission	Management:		NASA/GSFC

16
Germany

FranceSweden Italy

USA Japan

2001	Presentation
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The GLAST LAT Instrument

Systems work together to identify and measure the cosmic gamma ray flux with energy 0.02 to 300 GeV.
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GLAST User’s Committee, August 9-10, 2004

Large Area Telescope (LAT)

e+ e–

g

Calorimeter

Tracker

ACD Grid

• Precision Si-strip Tracker (TKR)
- Italy (ASI/INFN): provide Si-strip detectors & 
test all detectors, assemble & test detector trays, 
assemble & test TKR modules

- Japan: provide Si-strip detectors & oversee 
detector production

- SU-SLAC & UCSC (USA):  provide Si-strip 
detectors, front-end electronics, cable plant

• Hodoscopic CsI Calorimeter (CAL)
- IN2P3 (France): mechanical structure; CEA 
(France): engineering model prototypes of CDEs 
& test equipment; 
- Sweden: CsI xtals & acceptance testing;  

- NRL (USA): front-end electronics, provide 
photodiodes, assemble & test CDEs and CAL 
modules

• Segmented Anticoincidence Detector
including micrometeoriod shield / thermal blanket 
- GSFC (USA)

• Electronics System
- SU-SLAC & NRL (USA):  global electronics and 
DAQ equipment; flight software

• Mechanical Thermal System
- SU-SLAC (USA): provide LAT Grid, thermal 
radiators, heat pipes & ancillaries

• LAT I&T
- SU-SLAC (USA):  assembly & test of LAT; provide 
particle/photon test beams
- NRL (USA):  instrument-level environmental tests
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Richard	Taylor Persis	Drell
(Nov	2,	1929	– Feb	22,	2018)																			1st chair	of	Fermi	IFC



20Steven	Chu																							Burton	Richter

establishing	DOE	– NASA	partnership	
also	critical	to	success



GLAST	is	an	International	Mission

21

Ronaldo	BellazziniGLAST	Tracker	TowerLeaning	Tower



GLAST LAT Project DOE/NASA JOG Meeting, October 26, 2001

Balloon Flight Test of GLAST LAT 
Module

Crawford Successful flight on August 4, 2001 
from Palestine, Texas to location near 
Crawford, Texas

Step 1:  prove that the technology 
worked in a relevant environment –
e.g. balloon flight of LAT engineering 
prototype module



GLAST LAT Project DOE/NASA JOG Meeting, October 26, 2001
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Balloon Flight Payload

Anticoincidence 
Detector (ACD) 
Shield

Tracker Module 
(TKR)

Calorimeter 
Module (CAL)

Instrument Technical Manager, 
Tuneyoshi Kamae 
(Tokyo/Stanford University/SLAC)

Real-time event display of 
a muon track 



GLAST LAT Project DOE/NASA JOG Meeting, October 26, 2001
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Balloon Flight Operations:  NSBF, Palestine, Texas

Payload, inside of 
Pressure Vessel, 
mounted to GRIS 
Gondola

Balloon Flight Ops team at 
NSBF, Palestine, Texas

Successful launch of 
NSBF flight 1579-P
on August 4, 2001 



GLAST LAT Project DOE/NASA JOG Meeting, October 26, 2001
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Balloon Flight Objectives
Purpose of balloon test flight:  expose prototype LAT 
tower module to a charged particle environment similar 
to space environment and accomplish the following 
objectives:
a) Validate the basic LAT design at the single tower level.
b) Show ability to take data in the high isotropic background flux of

energetic particles in the balloon environment.
c) Recording all or partial particle incidences in an unbiased way

that can be used as a background event data base.
d) Find an efficient data analysis chain that meet the requirement 

for the future Instrument Operation Center of GLAST.

All Objectives met by Balloon Flight on August 4, 2001



GLAST LAT Project DOE/NASA JOG Meeting, October 26, 2001
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GLAST LAT Schedule

GLAST scheduled for launch in March 2006

2000 2001 2002 2003 2004 2005 2011

Formulation Implementation

SRR NAR M-CDR
I-CDR 

(Joint DOE/NASA 
Review)

Begin
LAT-S/C

Integration
LaunchPDR

Build & Test
Flight Units

Inst.
I&T

Schedule
Reserve

Observatory
I&T

Calendar Years

1st Joint
DOE/NASA Review

of GLAST LAT

Baseline
Review

2006

Ops.

Build & Test
Engineering Models



GLAST	User’s	Committee	meeting	– August	2004
27

Paul	Hertz,	
NASA

Kathy	Turner,
DOE

Peter	Michelson,	
LAT	PI
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GLAST User’s Committee, August 9-10, 2004

Flight Hardware Production

Tracker Multi-Chip Modules
(648; 204 produced; 16,848 ASICs) Silicon Strip 

Detectors
(10,368;  11,500 
tested; 63 rejects)

Tray Assembly at G&A, Italy
(324; 2 completed)

CMM Head
Ladders ready 
for mounting

Silicon Detector Ladder production at G&A 
and Mipot, Italy
(2,592;  967 assembled & tested; 16 rejects)
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GLAST User’s Committee, August 9-10, 2004

Calorimeter Flight Hardware Production

Calorimeter Crystal Detector (CDE) 
assembly at Swales Aerospace  
(1,728, 1,534 completed)

All Flight AFEE 
Cards (110) have 
been 
manufactured 
but,
Novacap 
capacitors need to 
be replaced (done 
on 38 boards) 

Assembly of 8 Flight PEMs 
(Pre-Electronics Modules) 
completed and tested 
(muons) at NRL

PIN diode assembly
CDE insertion 

into CAL 
structure
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GLAST User’s Committee, August 9-10, 2004

Grid machining completed

• grid in inspection prior to plating
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GLAST User’s Committee, August 9-10, 2004

Data Acquisition Test Bed
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GLAST User’s Committee, August 9-10, 2004

Tracker ribbon 
cables were an 
unanticipated 
challenge
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Volume 1 - Scientific and Technical Plan

46 GLAST LAT Flight Investigation

of the flight towers.  In addition, other options
discussed in Vol. 2 could be used to descope
mass or power independently.

Removing entire flight towers cuts mass,
power, and production cost as a rate nearly pro-
portional to the number of towers removed.
Depending on the descope needs, we would omit
up to 4 flight towers, at which point the Perfor-
mance Floor would be reached with a 3×4 array
of towers.  This choice permits us to keep the
careful optimization of the LAT intact, including
the high-energy reach and PSF, while descoping
simply the number of photons detected.

The savings incurred by exercising these
options are shown in Table 2.2.19.  To minimize
impact on LAT science, the preferred option to
exercise in order to accommodate a $5M reduc-

tion for a secondary instrument would be to
eliminate 2 towers, including one or both of the
calibration/spare towers.

In arriving at the descope plan described
here, we have set the ground rule that the plan
must not raise risk to an unacceptable level and
must reduce the NASA cost by 10%. Because
funding for towers is derived from several
sources, descoping the number of towers will
require some renegotiations of responsibilities
between collaborating institutions in order to
achieve the desired reduction in NASA costs.
Section 2.3.4 and the Risk Management Plan
address issues related to the commitments of the
non-NASA institutions.

Table 2.2.18: Science Impact of Descoping from 16 to 12 Towers
Aeff

Dependance LAT Baseline
LAT 

Performance 
Floor

GLAST SRD EGRET

Aeff at 1 GeV (cm2)  11,400 8,600 8,000 1,600
Source Sensitivity (Photons cm-2 s-1) (Aeff)-1/2 1.6 x 10-9 1.8 x 10-9 4.0 x 10-9 5 x 10-8

Time Study Variable Sources Aeff 0.13 x TEGRET 0.18 x TEGRET  TEGRET
Number of AGN Aeff 0.65 10,900 9,800 4,500 80

Table 2.2.19: Impact of Descoping by Removal of LAT Towers

Action Performance 
Loss Risk Science Impact Resource Impact to NASA

Mass Power Cost
Omit 2 Calibration 
Towers

None Moderate I&T None 0 0 -$3.35M

Omit Flight Tow-
ers

2
4

 12% of Aeff
25% of Aeff

No Additional Decreased sensitivity 
at all energies

-263 kg
-526 kg

- 70 W
-140 W

-$3.35M
-$6.70M

Dr. Anne Kinney, 
NASA 
Astrophysics 
Division Director 
2005

Descope discussion –
2005
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GLAST User’s Committee, August 9-10, 2004

GLAST - February 2007 launch
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GLAST User’s Committee, August 9-10, 2004
Fermi at General Dynamics (Spectrum-Astro),
Gilbert, Arizona   Fall 2007
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GLAST User’s Committee, August 9-10, 2004
Thermal Vac Testing at the Naval Research Laboratory, Fall 2007
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GLAST User’s Committee, August 9-10, 2004
Thermal Vac Testing at the Naval Research Laboratory, Fall 2007
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2008
Fermi at Kennedy 
Space Center –
preparation for 
launch
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GLAST launch:  June 11, 2008
12:05 PM EST
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WASHINGTON -- NASA's newest observatory, the Gamma-ray Large 
Area Space Telescope, or GLAST, has begun its mission of exploring the 
universe in high-energy gamma rays. The spacecraft and its revolutionary 
instruments passed their orbital checkout with flying colors.

NASA announced today that GLAST has been renamed the Fermi 
Gamma-ray Space Telescope. The new name honors Prof. Enrico Fermi 
(1901 - 1954), a pioneer in high-energy physics.."

GLAST, renamed Fermi, reveals first all-sky 
image
August 26, 2008

"Enrico Fermi was the first person to 
suggest how cosmic particles could be 
accelerated to high speeds," said Paul 
Hertz, chief scientist for NASA's 
Science Mission Directorate at NASA 
Headquarters in Washington. "His 
theory provides the foundation for 
understanding the new phenomena his 
namesake telescope will discover."
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3/12/18, 6)49 AMGamma Rays: The Incredible, Hulking Reality
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Fermi LAT Collaboration meeting – SLAC 2009
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• Successful international collaborations:

• shared passion for science objectives

• problems & challenges belong to everyone

• successes belong to everyone

• Be optimistic:  success takes longer than you think!

lessons learned
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Section 2.4.3. It will also be used for software
and DAQ development and to supply test data
for use in engineering of the final design.
2.2.6 Technology Choices
2.2.6.1 Tracker
Gas microstrip detectors, scintillating fibers,
and silicon-strip detectors were considered as
candidate tracker detector technologies.
Table 2.2.5 shows the highlights of our trade
study of the latter two technologies. Gas
microstrips and scintillating fibers were
rejected, firstly because of their marginal sin-
gle-hit efficiency for minimum ionizing parti-
cles (MIPs), a critical quantity for good PSF,
especially at low energy. In both cases the pri-
mary signal, before amplification, is just a few
electrons, leading to inefficiencies from down-
ward fluctuations. Secondly, gas microstrip
technology has virtually no heritage, while scin-

tillating fiber technology cannot achieve the hit
resolution necessary for optimizing the PSF at
high energy.

The concern over detector efficiency with
scintillating fibers is strongly reflected in their
history of use in particle physics experiments.
Recent experiments at FNAL, E835 (Ambrogi-
ani 1998) and D0 (Wayne 1996), employ VLPC
readout, which has a very high (60% to 80%)
quantum efficiency but requires cryogenic oper-
ation. They obtain 93% and 90% single-layer
hit efficiency, respectively, for MIPs traversing
1.1-mm and 0.8-mm fibers. The DESY H1-FPS
obtained only 60% efficiency with multi-anode
phototube (MAPMT) readout of 1-mm fibers
(Bahr 1996) while the CERN RD-17 R&D pro-
gram (Agoritsas 1998) improved to 93% effi-
ciency with MAPMT readout, but only by
stacking five 0.5-mm fibers for each detection

Table 2.2.5: Summary of the Tracker Technology Trade Studya

a. We chose silicon-strip detectors because of their high performance and robust operation (low performance risk). 

Silicon-Strip Detectors Scintillation Fibers/PMT readout
Detection Principle Electron-hole creation from ionization in PIN 

diode.
Light production by scintillation in plastic fibers.

Readout Direct VLSI Readout; simple, compact inter-
face.  150 V max.

PMT, Amplifier. Bulky; large dead mass around Tracker; 
complex interface. High voltage.

# detected primaries √ 80,000 e-,hole pairs/mm
Highly efficient, robust.

5-15 photoelectrons/mm. Low efficiency; high risk from sys-
tem degradation.

Efficiency/layer √ >99% in active area. 60-90% in active area (see text).
Minimum Pitch √ ≈0.05 mm. Gives no restriction on capability 

for GLAST.
≈0.5 mm for MIP detection. Restricts attainable resolution at 
high energy.

Resolution √ Predictable:
≤ strip pitch divided by root(12)

Existing HEP implementations have been limited by poor 
signal/noise and crosstalk.

Dead regions;
Distribution

√ Edges of Si detectors. Localized. Surrounding every fiber (cladding).
Distributed over entire Tracker plane.

Ground experience 
with large system (see 
text)

√
Extensive. Virtually every modern HEP 
experiment. Excellent performance for MIPs.

Two relatively small experiments with Multi-Anode PMT 
readout. Marginal performance.

Space experience
with large system

√ AMS experiment; sensitive to MIPs. Double 
sided, small pitch⇒much more complex than 
GLAST.

None with PMT readout, some with image-intensifier read-
out for heavy-ion detection.

Sensitivity of readout 
to MIPs

√ None. Could be problematic for PMTs.

Channel Count Large, due to small pitch and limited strip 
length.

√ Long fibers allow coverage of a large area with fewer chan-
nels.

Cost √ Detectors now at an acceptable level for 
large systems.

√ Higher per channel; May be compensated by reduced chan-
nel count.

Power Consumption √ Potentially large, due to large channel count. 
Addressed by low-power ASIC development

√ Higher per channel; May be compensated by reduced chan-
nel count.

Assembly √
Standard industrial large-scale, precision 
assembly techniques. Strips within detectors 
are naturally extremely precise.

Precision assembly and alignment of thousands of individ-
ual long fibers. Calibration of misalignments of individual 
fibers would be very difficult or impossible to implement.

Calibration √ Insensitive. Small threshold dispersion. 
Highly stable.

Efficiency is highly sensitive to calibration of each PMT 
anode. Questionable stability.

Modularity
√ Required by strip length. Helps track recon-

struction, redundancy, and I&T.
Long fibers allow construction in single module. Yields 
favorable channel count but larger pattern ambiguities in 
complex events.


