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Outline

● Motivation
● GlueX overview
● TOF overview
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Quark Model Picture
Mesons in the constituent QM = bound states of qq

● Quark spins can be aligned or anti-
aligned, with total intrinsic spin S=0 or S=1

● Quark relative orbital momentum L 
couples with S to yield total spin J=L + S

Mesons described by       quantum numbersJ PC

Example:
● L=0

➔ S=0: J=0, P=-1, C=+1 →
➔ S=1: J=1, P=-1, C=-1  → 

0-+

1--

● L=1
➔ S=0: J=1, P=+1, C=-1 →
➔ S=1:

➢ J=0, P=+1, C=+1     →
➢ J=1, P=+1, C=+1     → 
➢ J=2, P=+1, C=+1     →

1+-

0++

1++

2++

● ...
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● In the constituent quark model:
– Mesons → 

– Baryons → 

● QCD (much richer spectrum):
– Hybrid states             and 

gluon – gluon interactions 

● Role of gluons in the structure of matter
● Observe evidence of gluonic degrees of freedom in 

the spectrum of meson states?

qq with J PC= 0-+ ,0++ ,1++ ,1+- ,2-+ ,2++

qq q

with J PC= 0-+ ,0++ ,0+- ,1++ ,1-+ ,1+- ,2-+ ,2++ ,2+-

(q q g)

(g g)

GlueX: Study Gluon Excitations
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Lattice QCD Meson Spectrum
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Photo-production of Exotic Hybrids
● GlueX has 9 GeV linearly polarized photon beam (12 GeV 

electron beam)
● LQCD calculations indicate similar radiative decay widths 

for hybrids and normal mesons*
– Photons have spin-1, allow easier production of

exotics compare to pion beam where a 

spin flip must occur

– Small data world wide with photon beam

● Linearly polarized beam
– Helps determine production mechanism

– Provides additional particle quantum numbers and so it helps to 
break the ambiguity in the angular distributions

*(Dudek PRD 79 (2009) 095404)

p p’
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Jefferson Lab 12 GeV Upgrade
JLab’s 12 GeV Upgrade was 
ranked the highest priority in the 
2007 Nuclear Science Advisory 
Committee (NSAC) Long Range 
Plan

11 GeV

12 GeV

➔ Electron beam cannot enter Hall-D 
(permanent magnet)

➔ Tagger hall is the only structure 
outside the accelerator that will see 
12 GeV electron beam

CHL-2
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Experimental HallExperimental Hall

Counting HouseCounting House

Tagger Hall

Electron Beam

East ARC

North LINAC

The Hall D Complex at Jefferson 
National Lab
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GlueX Detector in Hall D
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GlueX Detector
➔ Hermetic detection of charged 

and neutral particles in solenoid 

magnet (Bmax=2.2T)

➔

➔ Fixed target (       )

➔ 18,000 fADCs

➔ 4,000 pipeline TDCs

➔ 300 MB/s to tape

108 tagged γ/s(8.4−9.0GeV )

LH 2
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Fixed array hodoscope
● 190 scintillator counter
● Tags 3.0 – 11.7 GeV photons
● 30 MeV energy segmentation
● 17 MHz detection/counter

Micro Hodoscope 
● 100 x 5 scintillator  fibers
● Movable energy coverage
● 800 MeV total coverage
● 8 MeV energy segmentation
● 100 MHz tagging detection

Photon Polarization
● 20 mm diamond radiator
● 40% linear polarization

Tagger Hall

Linearly Polarized Photon Beam
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Barrel Calorimeter

Pb-scintillating fiber calorimeter 
● 48 4-m long modules 
● 15.5Xo, 12.5% sampling fraction
● E/E= 5%/√E + 1%
● z = 5mm/√E
● t = 74ps/√E   +  33ps
● angular coverage 11o <  < 120o
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Forward Calorimeter
Lead Glass Calorimeter:
●2800 F8-00 and F108 (center) Pb-
glass blocks
● 4cm x 4cm x 45cm
●E/E= 6%/√E + 2%
●xy = 6.4mm/√E
● angular coverage 2o <  < 11o
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Central Drift Chamber
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Forward Drift Chamber

Complete FDC in the lab prior to being moved to 
Hall-D

FDC is being installed into magnet in April 2014
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Particle ID

PID is done primarily through time 
of flight with some help from 
dE/dx in chambers. Space left in 
design for future PID detector

Barrel Calorimeter

Time-of-Flight Central Drift Chamber

Identify the Mass of the particle
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Start Counter

● 40 scintillators paddles to 
tag the accelerator beam 
bunch 

● 300 ps (w/tracking)
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Time-of-Flight Wall
TOF Detector Overview
● Particle id (π/K/p) up to 2-3 GeV/c at 4
● Two independent TOF planes: horizontal and vertical 

(~3m x 3m)
● 92 modules with 176 H10534 Hamamatsu PMTs
● 176 fADC (250 MHz) and TDC (25 psec) readout channels 
● Angular coverage 2o < θ < 11o
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Time-of-Flight Construction at FSU

TOF construction 
Fall 2013 completion and tested 

of modules
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Time-of-Flight Assembly & 
Installation by FSU

Spring 2014 assembly & installation
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Fall 2014 Commissioning Goals
● CW electron beam to tagger with acceptable 

radiation levels (~10.5 GeV).
● Create unpolarized photon beam and tune it 

through:
– Collimators

– Target location

– Photon beam dump

● Detectors and trigger check out, optimization, 
calibration and alignment.
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Commissioning time-line
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TOF Voltage Controls
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Discriminator Scaler Read-out and Viewer
Discriminator Scaler Viewer

Example from Cosmic Events

Discriminator 
Scaler Viewer

Scaler Read-out

(Developed by Brad Cannon, FSU)



 

  Aristeidis Tsaris                                             Florida State University                                                             29

Cosmic Event

TOF Stand Alone Viewer

Cosmic Event

(Developed by Aristeidis Tsaris, FSU)

Δt =
tTDC, Left−tTDC, Right

2

x = V effectiveΔ t
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TOF Monitoring
fADC Occupancy TDC Occupancy

Hit Position Vertical Plane Hit Position Horizontal Plane
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TOF Monitoring
Time from fADC (ns) Time from TDC (ns)

the expected Landau 
shape for all channels



 

  Aristeidis Tsaris                                             Florida State University                                                             32

Hall-D Event 
Display

A week old event

Ver
y P
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Hall-D Event Display

Ver
y P

rel
imi
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(Implemented by Aristeidis Tsaris, FSU)



 

  Aristeidis Tsaris                                             Florida State University                                                             34

Hall-D Event 
Display

A week old event

Ver
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Timing PID with SC-TOF 
coincidence

t0Use SC as      and β is calculated with the SC and TOF 
times and path lengths between SC and TOF

Dataset with solenoid at 
1200 A:
● BCAL trigger
● 8.5 M events with BCAL 

trigger
● Tracking FOM > 
● POCA to beam line: 

50 < Z < 80 cm
● Using only fADC hits
● Require track has 

matched hit in SC and 
TOF

10−4
Ver

y P
rel

imi
nar

y

Data from 11/25/2014

β =
p

√ p2
+m2
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Future Plans – Spring 2015 
Commissioning Run

● We want to have the best calibration we can 
get at the start of this run.

● We would like to come into with our calibration 
and alignment procedures working.

● Our ultimate goal is to achieve physics quality 
data at some point during this run.
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JEFFERSON LAB ELECTRONIC 
LOGBOOK

https://logbooks.jlab.org/book/halld

https://logbooks.jlab.org/book/halld
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GlueX Data Rates
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