
Time-of-Flight (TOF) for GlueX

• Separate π from K up to 3 GeV/c - time resolution of 70 ps
• Two planes of scintillation counters: each 6 cm x 1.25 cm x 2 m
• Each bar read out with 2 XP2020 PM’s: 140 channels total
• Each PM will be read out with:

CFD (constant fraction discriminator) FADC and F1 TDC
• TOF will also produce: multiplicity count for level-1 trigger

R&D carried out using cosmic rays and hadron beam at IHEP
Bars of various thickness tested
Various PM’s tested as well

An 8-element test will be carried out in April 2005 

Institute for HEP (Protivino, Russia) and Indiana University
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C4F10 : L = 80 cm; n = 1.0015; N0 = 90 cm
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TOF requirements

L = 5 m

γp → Xp → K∗K̄∗p → K+π−K−π+p

95%(3σ) ⇒ στ = 70 psat 3 GeV/c ∆t = 210 ps
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Systematic studies of timing characteristics
for 2 m long scintillation counters
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Abstract

Timing properties of two types of scintillation counters have been studied in 5 GeV=c hadron beam of the IHEP
(Protvino) accelerator. The counters are prototypes of hodoscope elements that will be used in experiments for particle
identification and fast timing of events. Scintillator cross-sections are 1:25! 6:0 and 2:5! 2:5 cm2 and their length is
2 m: The dependence of the time resolution on the particle coordinate along the counters and on the beam intensity is
presented.
r 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The counters investigated are prototypes for the
2! 2 m2 X–Y hodoscopes that will be used for
particle identification employing the time-of-flight
(TOF) technique in the GlueX experiment [1] at
Jefferson Lab (Newport News, USA) and for
precise timing in the rare charged kaon decay
experiment at the Institute for High Energy
Physics (Protvino, Russia).

The goal of the TOF system in the GlueX
experiment is to discriminate kaons from pions in
the momentum range up to 3 GeV=c: The hodo-
scope time resolution should be less than 80 ps to
meet this requirement [1].

The kaon decay experiment will be performed
with a high intensity (up to E108 particles/s)
hadron beam, 10% of which will be kaons. To
select detected particles belonging to the same
decay by timing, a scintillator hodoscope with a
time resolutions of 200 ps will be constructed.

Results of studies of the GlueX hodoscope
elements based on 2.5, 5.0 and 6:0 cm thick
scintillators were published [2,3]. Since the hodo-
scope will be installed in front of the electro-
magnetic lead glass calorimeter, it is important to
minimize the amount of material in it. Below we
present the timing characteristics of 1:25 cm thick
scintillation bars.

Simulations performed indicate that the optimal
width of the hodoscope elements for the kaon
decay experiment is 2:5 cm: The results of the time
resolution measurements for a scintillation bar
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Characteristics of the TOF counters for GlueX experiment
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S. Teigeb, S. Volodinaa
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Abstract

Timing characteristics of two time-of-flight scintillation counters were studied using particle beams at the IHEP
(Protvino) accelerator. The bars were 2 m long and had a cross-section of 2:5! 6:0 cm2: Each bar was viewed from
both ends by XP2020 photomultipliers. A time resolution better than 40 ps was achieved.
r 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The main goal of the GlueX Project at Jefferson
Lab (Newport News, VA) is to search for
photoproduction of exotic mesons by photon with
energies up to 8 GeV [1]. To determine the
quantum numbers of observed mesons reliable
identification of the species of secondary particles
ðp;K;pÞ is required. A multicell threshold Cher-
enkov counter and with a time-of-flight (TOF)
hodoscope composed of two planes of 2 m long
scintillation bars will be used for this purpose.

Previously, results of tests using elements with
square cross-sections of 2.5 and 5:0 cm2 were
published [2]. Since the TOF hodoscope will be
mounted in front of an electromagnetic calori-
meter, it is desirable to minimize the thickness of

this device. In this paper, we present the timing
characteristics of two bars with 2:5! 6:0 cm2

cross-section.

2. Experimental setup and electronics

Measurements were performed at a 5 GeV
unseparated, positive beam at the Institute for
High Energy Physics (IHEP) accelerator in Prot-
vino, Russia. The beam was composed mainly of
pions and protons with a small admixture of
kaons. The beam intensity was E105 particles per
spill. Three scintillation counters S1, S2 and S3
(Fig. 1) equipped with Philips XP2020 photomul-
tipliers (PMTs) were used to measure the particle
flux and to define the beam size. The counters S2
and S3 had dimensions 1:25! 2:0! 2:0 cm3 and
selected particles passing through the bars B1 and
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Timing characteristics of scintillator bars
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Abstract

The proposed Hall D detector at Jefferson Lab will have a time-of-flight detector composed of long and narrow
scintillator bars. We have evaluated the time resolution of two bar prototypes in particle beams at the Institute for High
Energy Physics in Protvino, Russia. The bars are 2:0 m long and have square cross-sections of size 2.5 and 5:0 cm2: In
this paper, we present results on how the time resolution of each of these bars depends on the entry position of the beam
into the scintillator, on the material used for scintillator wrapping and on the phototube used for the readout. r 2002
Elsevier Science B.V. All rights reserved.

PACS: 29.40.Mc
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1. Introduction

The proposed Hall D [1] project at Jefferson Lab
in Virginia will use a hermetic detector to search
for photoproduced mesons which carry quantum
numbers (JPC) that are exotic, i.e. cannot be
formed from a simple q %q combination. The
detector is optimized for incident photon energies
from 8 to 10 GeV: In order to carry out the spin
analysis needed to identify exotic quantum num-
bers, all charged particles in an event, including
the decay products of mesons, must be momentum
analyzed and identified as p; K or proton (p). This
identification will be carried out using an atmos-
pheric gas (C4F10) Cherenkov counter and a time-
of-flight (TOF) wall. The latter will consist of two

orthogonal planes of scintillator bars. The bars
will be 2 m long with square transverse cross-
sections of dimension yet to be determined. The
width will be between 2.5 and 5:0 cm: The timing
resolution must be less than 100 ps: In this paper,
we report on measurements of time resolution as a
function of the scintillator wrapping and type of
phototube performed at IHEP for two 2 m long
scintillator bars of different transverse dimensions.

2. Experimental arrangement

The layout of the apparatus is shown in Fig. 1.
The two bars that were tested were 2 m long and
had square cross-sections of size 2.5 and 5:0 cm2:
The scintillator is type EJ-200, purchased from the
Eljen Corporation [2]. This scintillator has a decay
time of 2:1 ns; a bulk attenuation length of 4 m; an
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Abstract

Phototubes associated with a Cherenkov counter, with a wall of scintillation counters for time-of-flight measurements
and with a wall of lead glass blocks of an electro-magnetic calorimeter will operate in the fringe field of a
superconducting solenoid in the GlueX experiment. The solenoid will be operated with a central magnetic field of
! 2:5T: The maximum fringe field in the vicinity of the phototubes will be approximately 150G: Various techniques for
magnetic shielding of phototubes were studied using a 1-m diameter Helmholtz coil arrangement operated with a
maximum central field of 200G: Results are presented.
r 2004 Elsevier B.V. All rights reserved.

PACS: 41.20.Gz; 29.30.Aj
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1. Introduction

1.1. The GlueX experiment

The goal of the GlueX/Hall D [1] project at
Jefferson Lab (JLab) is to map the spectrum of
gluonic excitations starting with exotic hybrid

mesons—mesons with JPC quantum numbers that
are not possible for a simple q !q bound state.
Knowledge of the spectrum of gluonic excitations
is necessary for a quantitative understanding of
confinement in quantum chromodynamics.
Although some tantalizing hints of exotic mesons
exist, extensive searches with p and K have not
yielded solid evidence of exotic hybrids. Photons
are expected to be particularly effective at produ-
cing exotic mesons.
The GlueX detector, shown in Fig. 1, will use a

beam of 9GeV linearly polarized photons pro-
duced via coherent bremsstrahlung from 12GeV
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Cosmic Ray Testing

Black box for testing 2-m bars using
cosmic rays

Helmholtz coils (200 G max)
for shielding studies
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6. When fitting data for the two 1:25! 6:0 cm2

bars it was assumed that l1 ¼ l2 and that the
time resolution at x ¼ 0 for the PMTs viewing
the same bar are equal (see Table 1). As a re-
sult, the following parameters were derived:
s01 ¼ s02 ¼ 15976 ps; s03 ¼ s04 ¼ 15376 ps
and l ¼ 5173 cm: The dependence s2ðxÞ is shown
in Fig. 6.

Comparison of timing properties for the 1:25!
6:0 cm2 and 2:5! 6:0 cm2 bars shows that the time
resolutions at the center of the bar are better by
factor of E1:4 for the 2:5! 6:0 cm2 bar (data for
this bar were published in Ref. [3]). This is in
agreement with relation (2). But the time resolu-
tions at the bar edges are the same in both cases
indicating that near the PMTs the time resolution
does not depend on photoelectron statistics.

The time resolution of the 1:25! 6:0 cm2 bar as
a function of counting rate is presented in Fig. 7. It

does not depend on particle flux up to E5! 105

particles/s.

4. Conclusions

Timing characteristics of 2 m long scintillation
counters with 1:25! 6:0 and 2:5! 2:5 cm2 cross-
sections viewed from both ends by XP2020
and FEU-115M PMTs have been studied.
The time resolution for the single 1:25! 6:0 cm2

counter varies from 110 ps at the bar center
to 60 ps at the ends while for the two-bar
hodoscope these values are equal to 77 and
40 ps; respectively. The time resolution for the
2:5 cm square bar changes from 50(105) to
90ð160Þ ps for the XP2020 (FEU-115M) PMT.
The time resolution of the investigated counters
is independent of counting rate up to E5!
105 particles=s:

Based on these results, the 1:25! 6:0 cm2

counter equipped with the XP2020 PMTs is the
optimal solution for the TOF hodoscope of the
GlueX experiment. A 2:5 cm square bar viewed by
FEU-115M PMTs meets the requirements of the
rare kaon decay experiment.
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Fig. 6. The time resolution for one ð3Þ and two ð%Þ 1:25!
6:0 cm2 bars viewed by XP2020 PMTs.
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Fig. 7. Time resolution vs counting rate for 1:25! 6:0 cm2 bar
viewed by XP2020.

Table 1

Bar(s),
cross-section ðcm2Þ

PMT s01
(ps)

s02
(ps)

l
(cm)

2:5! 2:5 XP2020 12374 13274 5573
2:5! 2:5 FEU-115M 23474 23374 6973
6:0! 1:25 XP2020 15574 15574 5073

S. Denisov et al. / Nuclear Instruments and Methods in Physics Research A ] (]]]]) ]]]–]]]4

Typical pulse from XP2020 from
a 2-m bar after passing through
40-m delay cable

Test Setup at IHEP
5 GeV/c hadron beam



Issues - raised by Simon Taylor - answers by IU/IHEP

Q: Scintillator dimensions:  what is the optimum thickness and transverse size of each 
paddle?  I see you have gone with 1.25 cm thick paddles
A:  Choice is based on occupancy studies (6 cm dim), match to the XP2020 photocathode 
and results in low enough mass presented to LGD and reasonable number of channels. 
Issue of radius of LGD wall - 2.5 m?

Q: Scintillator material:  BC-404 or Eljen EJ-200?  Bicron used to have other variants 
such as BC-408, which I seem to recall was used for the TOF in CLAS. Have you 
decided upon the material yet?

A:  BC404 or LG-200 is a good choice - reasonable characteristics reasonable low cost 
and gain in resolution is only 10% improvement with more expensive scintillator.  But
there is concern about attenuation length of BC404.

BC-404 BC-408 EJ-200

Light Output, %Anthracene 68 64 64

Rise Time, ns 0.7 0.9 0.9

Decay Time (ns) 1.8 2.1 2.1

Pulse Width, FWHM, ns 2.2 ~2.5 ~2.5

Wavelength of Max. Emission, nm 408 425 425

Light Attenuation Length, cm 140 210

Bulk Light Attenuation Length, cm 160 380 ~400



Q:  Wrapping material.  I believe there are alternatives to Tyvek and aluminum foil 
available.

A:  It was shown in first NIM paper that wrapping is not important.

Q:  Light guides?  Coupling (grease or glue)?

A:  Tests show that time resolution with or without light guides is approximately
the same - so light guide choice will be driven by magnetic shielding considerations.
No decision yet on glue or grease.

Q:  Magnetic shielding - how will 1-diameter extension be accommodated?

A:  See above - light guide issue or notching scintillator.



Q:  Discriminators:  CFDs vs. leading edge (ADC measurement needed).  CLAS uses the 
leading edge technique.  The time-walk correction is not exactly the same as the one 
described in your NIM article.    Do we gain anything by making dE/dx measurements with 
the TOF?
A:  Use leading edge discriminator with ADC - maybe use dE/dx - information will be 
there.



Q:  TDC’s - F1?

A:  Denisov mentioned the HPTDC with a least count of 25 ps - not clear to Paul if
this will work with the pipeline architecture.

Q:  Calibration and monitoring?

A:  Denisov proposes a system similar to what they used in D0 for a 5000-counter system 
based on LED’s. 


