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Outline

• Basics of the DØ luminosity monitor.

• Damage to the scintillator.

• How to compensate for damage.

• Summary.
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• The LM Measures 
Tevatron 
instantaneous 
luminosity at the 
DØ interaction 
point by detecting 
inelastic collisions.

• Also provides 
information about 
beam halos, both 
proton and 
antiproton.

presented in Sections 2 and 3, respectively. The preshower
detectors are described in Section 4. The calorimeters are
briefly described in Section 5 along with the new
calorimeter electronics. The muon system is discussed in
Section 6. The new FPD is presented in Section 7. The
luminosity monitor (LM) is described in Section 8. The
triggering and data acquisition systems are described in
Sections 9, and 10. Section 11 covers detector controls and
monitoring and Section 12 contains an overview of the
software components of the experiment. A list of acronyms
appears at the end of the paper.

In the detector description and data analysis, we use a right-
handed coordinate system in which the z-axis is along the
proton direction and the y-axis is upward (Fig. 1). The angles
f and y are the azimuthal and polar angles, respectively. The r
coordinate denotes the perpendicular distance from the z axis.
The pseudorapidity, Z ¼ " ln½tanðy=2Þ&, approximates the
true rapidity, y ¼ 1=2 ln½ðE þ pzcÞ=ðE " pzcÞ&, for finite
angles in the limit that ðmc2=EÞ ! 0. We use the term
‘‘forward’’ to describe the regions at large jZj.

2. Central tracking

Excellent tracking in the central region is necessary for
studies of top quark, electroweak, and b physics and to
search for new phenomena, including the Higgs boson. The

central tracking system consists of the SMT and the central
fiber tracker (CFT) surrounded by a solenoidal magnet. It
surrounds the DØ beryllium beam pipe, which has a wall
thickness of 0.508mm and an outer diameter of 38.1mm,
and is 2.37m long. The two tracking detectors locate the
primary interaction vertex with a resolution of about 35mm
along the beamline. They can tag b-quark jets with an
impact parameter resolution of better than 15mm in r2f
for particles with transverse momentum pT410GeV=c at
jZj ¼ 0. The high resolution of the vertex position allows
good measurement of lepton pT, jet transverse energy (ET),
and missing transverse energy E=T. Calibration of the
electromagnetic (EM) calorimeter using E=p for electrons
is now possible.
Both the SMT and CFT provide tracking information to

the trigger. The SMT provides signals to the Level 2 and 3
trigger systems and is used to trigger on displaced vertices
from b-quark decay. The CFT provides a fast and
continuous readout of discriminator signals to the Level
1 trigger system; upon a Level 1 trigger accept, track
information based on these signals is sent to Level 2. The
Level 3 trigger receives a slower readout of the CFT’s
digitized analog signals, in addition to the discriminator
information available at Level 1 and Level 2.
A schematic view of the central tracking system is shown

in Fig. 2. The expected transverse momentum resolution

ARTICLE IN PRESS

Central Fiber Tracker

Central Calorimeter

Solenoidal Magnet
Forward

Preshower
Detector

Luminosity
Monitor

End
Calorimeter

Silicon
Microstrip
TrackerCentral Preshower

Detector

Intercryostat
Detector

DO

Pipe
BEam

Fig. 2. Cross-sectional view of the new central tracking system in the x2z plane. Also shown are the locations of the solenoid, the preshower detectors,
luminosity monitor, and the calorimeters.
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presentedinSections2and3,respectively.Thepreshower
detectorsaredescribedinSection4.Thecalorimetersare
brieflydescribedinSection5alongwiththenew
calorimeterelectronics.Themuonsystemisdiscussedin
Section6.ThenewFPDispresentedinSection7.The
luminositymonitor(LM)isdescribedinSection8.The
triggeringanddataacquisitionsystemsaredescribedin
Sections9,and10.Section11coversdetectorcontrolsand
monitoringandSection12containsanoverviewofthe
softwarecomponentsoftheexperiment.Alistofacronyms
appearsattheendofthepaper.

Inthedetectordescriptionanddataanalysis,weusearight-
handedcoordinatesysteminwhichthez-axisisalongthe
protondirectionandthey-axisisupward(Fig.1).Theangles
fandyaretheazimuthalandpolarangles,respectively.Ther
coordinatedenotestheperpendiculardistancefromthezaxis.
Thepseudorapidity,Z¼"ln½tanðy=2Þ&,approximatesthe
truerapidity,y¼1=2ln½ðEþpzcÞ=ðE"pzcÞ&,forfinite
anglesinthelimitthatðmc2=EÞ!0.Weusetheterm
‘‘forward’’todescribetheregionsatlargejZj.

2.Centraltracking

Excellenttrackinginthecentralregionisnecessaryfor
studiesoftopquark,electroweak,andbphysicsandto
searchfornewphenomena,includingtheHiggsboson.The

centraltrackingsystemconsistsoftheSMTandthecentral
fibertracker(CFT)surroundedbyasolenoidalmagnet.It
surroundstheDØberylliumbeampipe,whichhasawall
thicknessof0.508mmandanouterdiameterof38.1mm,
andis2.37mlong.Thetwotrackingdetectorslocatethe
primaryinteractionvertexwitharesolutionofabout35mm
alongthebeamline.Theycantagb-quarkjetswithan
impactparameterresolutionofbetterthan15mminr2f
forparticleswithtransversemomentumpT410GeV=cat
jZj¼0.Thehighresolutionofthevertexpositionallows
goodmeasurementofleptonpT,jettransverseenergy(ET),
andmissingtransverseenergyE=T.Calibrationofthe
electromagnetic(EM)calorimeterusingE=pforelectrons
isnowpossible.

BoththeSMTandCFTprovidetrackinginformationto
thetrigger.TheSMTprovidessignalstotheLevel2and3
triggersystemsandisusedtotriggerondisplacedvertices
fromb-quarkdecay.TheCFTprovidesafastand
continuousreadoutofdiscriminatorsignalstotheLevel
1triggersystem;uponaLevel1triggeraccept,track
informationbasedonthesesignalsissenttoLevel2.The
Level3triggerreceivesaslowerreadoutoftheCFT’s
digitizedanalogsignals,inadditiontothediscriminator
informationavailableatLevel1andLevel2.

Aschematicviewofthecentraltrackingsystemisshown
inFig.2.Theexpectedtransversemomentumresolution
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Individual Channel

Scintillation Products
Organic Products

Manufacturer reserves the right to alter specifications.
©2005-8 Saint-Gobain Ceramics & Plastics, Inc.  All rights reserved. (07-08)

BC-400,BC-404,BC-408,BC-412,BC-416
Premium
Plastic Scintillators

USA

Saint-Gobain Crystals
17900 Great Lakes Parkway
Hiram, OH 44234
Tel: (440) 834-5600
Fax: (440) 834-7680

Europe

Saint-Gobain Crystals
104 Route de Larchant
BP 521
77794 Nemours Cedex, France
Tel: 33 (1) 64 45 10 10
Fax: 33 (1) 64 45 10 01

P.O. Box 3093
3760 DB Soest
The Netherlands
Tel: 31 35 60 29 700
Fax: 31 35 60 29 214

Japan

Saint-Gobain KK, Crystals Division
3-7, Kojimachi, Chiyoda-ku,
Tokyo  102-0083 Japan
Tel: 81 (0) 3 3263 0559
Fax: 81 (0) 3 5212 2196

China

Saint-Gobain (China) Investment Co., Ltd.
15-01 CITIC Building
19 Jianguomenwai Ave.
Beijing 100004 China
Tel: 86 (0) 10 6513 0311
Fax: 86 (0) 10 6512 9843

www.detectors.saint-gobain.com

• Saint–Gobain BC–408: 
Polyvinyl toluene + 
Anthracene.

• Peak output wavelength 
of BC–408 is 425 nm.

• HAMAMATSU R7494 (custom made*): 
1” diameter fine mesh PMT with quartz 
windows (to improve radiation 
hardness) run under negative voltage.

• Operating  in an ~ 1.25 T magnetic field.

• Sensitivity between 400 to 500 nm.

4

Scintillator 
dimensions in inches.
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Luminosity Monitor

An individual channel consist of a PMT 
glued to a scintillator wedge.

Twelve channels form a
single enclosure.

Two enclosures are
mounted around the
beam pipe to provide
an array of 24 channels
on either side.

Two arrays (one north +
one south) make the
Luminosity Monitor or LM
(total: 48 channels).

or antiproton, and x ¼ 1" xp where xp is the fractional
longitudinal momentum of the scattered particle. For the
dipole spectrometer, the acceptance is highest for jtjt
2GeV2=c4, 0:04txt0:08 and extends to jtjt4:3GeV2=c4,
0:018txt0:085 (coverage is incomplete). The acceptance
in the quadrupole spectrometers covers most of the region
0:6tjtjt4:5GeV2=c4, xt0:1.

For elastic events, both particles must be detected by
diagonally opposite spectrometers with no activity detected
in any other DØ subdetector. A sample of elastic events
collected during special runs was used to measure the
position resolution of the FPD by comparing the x
coordinate determined by combining information from
the u and v planes to the x coordinate from the x plane.
This process gives a resolution of 130mm.

8. Luminosity monitor

The primary purpose of the LM is to determine the
Tevatron luminosity at the DØ interaction region. This is
accomplished by detecting inelastic pp collisions with a
dedicated detector. The LM also serves to measure beam
halo rates and to make a fast measurement of the z
coordinate of the interaction vertex.

8.1. The detector

The LM detector consists of two arrays of 24 plastic
scintillation counters with PMT readout located at z ¼
#140 cm (Fig. 57). A schematic drawing of an array is
shown in Fig. 58. The arrays are located in front of the end
calorimeters and occupy the radial region between the
beam pipe and the forward preshower detector. The
counters are 15 cm long and cover the pseudorapidity
range 2:7ojZjo4:4.

Scintillation light produced in the Bicron BC-408
scintillator is detected by Hamamatsu [87] R5505Q fine-
mesh PMTs. Due to space constraints and the character-
istics of the PMTs, they are mounted on the faces of the
scintillators with the axes of the PMTs parallel to the z-
axis. The PMTs are designed to operate in large axial
magnetic fields without shielding. We observe that their
gain is reduced by a factor of about 30 when the solenoidal
magnet is turned on due to the approximately 1T magnetic
field in this region [103]. This reduced gain is stable over

time. The time-of-flight resolution for the counters is about
0.3 ns, with the dominant contribution to the resolution
being the variation in light path length for particles striking
different locations on the scintillator.
Radiation damage is a concern for detectors located this

close to the beams. Much of the radiation dose seen by
these detectors comes from the pp collision products and is
thus unavoidable. The PMTs are exposed to a radiation
flux of about 25 krad=fb"1, which is sufficient to cause
darkening of the borosilicate glass window typically used
for PMTs. The R5505Q PMTs have fused silica (quartz)
windows which are largely immune to radiation damage
[87]. The radiation flux increases rapidly with decreasing
radius, reaching a level of approximately 300 krad=fb"1 at
the innermost scintillator edge. Based on the radiation
damage study in Ref. [104], modest ($ 10%) light loss is
expected for the innermost scintillator edge after 3 fb"1.
The scintillation counters are enclosed in light-tight

enclosures, with each enclosure holding 12 counters.
Preamplifiers inside the enclosures amplify the PMT signals
by a factor of five. The fused silica PMT windows are much
more permeable to helium gas than borosilicate glass [105].
To avoid damage from the widely fluctuating helium
concentration present in the collision hall, the enclosures
are purged with dry nitrogen.
For accurate timing of the PMT signals, low-loss cables

[106] are used to bring the signals from the detector to the
digitization and readout electronics. The signals are
equalized in time and split into two paths. On one path,
currently in use for luminosity measurements, analog sums
are formed from the PMT signals for each of the two
arrays, which are then timed using a digital TDC to
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Fig. 57. Schematic drawing showing the location of the LM detectors.

Fig. 58. Schematic drawing showing the geometry of the LM counters and
the locations of the PMTs (solid dots).
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Operational Environment

6

• Tevatron produces       collisions at 1.96 TeV 
in the center of mass.

• Aside from Tevatron shutdowns or long 
downtimes, the LM is bombarded 
practically around the clock by ionizing 
radiation from beam interactions.

• Just few opportunities to perform 
maintenance in LM enclosures.

• The damage is not uniform.

• A large fraction of this damage is 
permanent due to changes in the scintillator 
at a molecular level.
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Scintillator Damage

7

• The light yield decreases with time as 
the scintillator accumulates radiation 
damage.

• There are ways to compensate to some 
degree in order to provide a stable 
luminosity measurement:

- Annealing,

- HV adjustment,

- Scintillator/PMT replacement.
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Annealing

• The LM is continuously purged with gas 
to retard helium infiltration.

• Until the summer of 2007, the gas used 
was nitrogen.

• Annealing occurs when the scintillator is 
not exposed to radiation –preparation for 
beam collisions, shutdowns, etc.– 
partially recovering its properties.

• Nitrogen was replaced with dry air to 
allow the scintillator to anneal.

• Good improvement in light yield was seen 
(right).

8

Dry air purge test
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Scintillator Replacement

• Tevatron shutdowns. Time to do 
maintenance and upgrade both 
the accelerator and the detectors.

• For the LM generally means work 
in a confined space and have the 
scintillator replaced as safely and 
efficiently as possible.

• The scintillator was completely 
replaced in shutdowns: 2006, 
2007, 2009 and 2010.

• 2010: quickest replacement (2 
weeks out and in), also 
replacement of 14 PMT.

9
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Spectrophotometry

10

• Spectrophotometry of the scintillator motivated by a longevity study of 
the Luminosity System for an extended period of run without 
shutdowns.

• Deuterium light source integrated over a 2 s exposure.

• Wavelengths on the range from ~200 nm to 800 nm (2 nm steps in 
2009 and 1 nm step in 2010).

• Great opportunity for students to get involved in detector activities.

Rebecca Kusko
Undergrad
Rice University

Measurements 2010

Michael Eastwood
Undergrad
Rice University

Measurements 2009

Thanks to Anna Pla–dalmau from f Lab 6!
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Spectrophotometry
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• Transmittance is measured perpendicular to the 
scintillator surface.

• Different positions on the scintillator.

• Available data for scintillator replaced on 
shutdowns 2009 and 2010.

• Data includes different positions for all the 
pieces and sets of different dates for a few of 
them.
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Spectrophotometry
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• For the same wedge on different 
positions: the most damage is 
observed at the point closest to 
the beam pipe.

• All the pieces are consistent with 
this behavior.
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Spectrophotometry

• 2010 Spectrophotometry measurements taken within 5 days 
of last beam.

• This is the fastest luminosity scintillator has ever been taken 
out of the detector.

• On the 1st day, only 5 pieces were measured due to 
laboratory time constraints.

• Measurements for these five pieces allow to see some 
annealing effect (According to literature, the maximum 
amount of annealing takes place on a time scale of hours to 
days).

• All 48 pieces measured on the next days.

13
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Annealing
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• In all analyzed samples: 
transmittance show increase 
with time.

• However, the annealing seen in 
these measurements is not a 
large effect.

• Annealing has a limit (separation 
from the “unused” curve gives an 
idea of the real damage).

• Not the only way to keep a 
healthy luminosity 
measurement.
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Annealing
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HV Adjustment

• When the drop in the light yield 
has reached some limit, it is 
compensated by a HV 
adjustment.

• Increases the gain in the PMT.

• Individually set for every 
channel.

FINE MESH PMT SERIES for HIGH MAGNETIC FIELD ENVIRONMENTS

Fig.1: Typical Spectral Response Fig.2: Typical Gain Characteristics

TPMHB0329EA TPMHB0258EB

Fig.3: Typical Time Response Fig.4: Typical Pulse Linearity

TPMHB0259EB TPMHB0260EB
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Summary

• The switch to the dry air purge has allowed the 
scintillator to anneal in the LM during periods without 
beam.

• Spectrophotometry results show that the worst damage to 
the scintillator is near the beam pipe, as expected, and 
that most annealing has occurred before the earliest 
measurements were made.

• The Luminosity Monitor is bombarded by radiation but 
maintenance keeps the luminosity measurement within a 
0.5% stability range.
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