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Qutline

® Motivation
® hadron spectroscopy as a tool for exploring QCD
® expectations from Lattice QCD
® experimental objectives
® The GlueX detector and beamline
® subsystem design
® status of construction and installation
® Analysis

® expected sensitivity in key meson search channels
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Gluon Interactions in QCD

® QCD has interesting
properties

® gluon-gluon interactions

® confinement

® How do we experimentally

explore the strong coupling
regime of QCD?
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Probing Strong Interactions

melt it nuclear matter

put it under a
microscope
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take it apart and
reassemble it in

different ways
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Questions for Hadron Spectroscopy

® What role do gluons play in the structure of matter?

® What are the fundamental degrees of freedom that
make up hadrons!?

® Does QCD predict experimentally observable gluonic
excitations!?

® (Can we observe evidence for gluonic degrees of
freedom in the spectrum of meson states!?
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Conventional and Hybrid Mesons

“constituent gluon”
color singlet (/PC)g = |™
quark anti-quark mass = 1.0-1.5 GeV

color-octet
qq pair
JEL+S P=(-I)* C= ()L
Allowed JPC: O, 0%, |-, 1™, 2, ...
Forbidden JF¢: O, 0%, |-, 2™, ... jP . ot 2 |-
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Lattice QCD Predictions
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exotics

my; = 396 MeV

isoscalar mmam
{ s

isovector mam

YM glueball

Majority of experimental data to date is related to one state, the TT;.
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Searches for the TT)
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Isoscalar Exotic Hybrids

J. Dudek
PRD 84,074023 (201 1)
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The Heavy Quarkonium Context

® Many new XYZ states in charmonium and

bottomonium

see Ryan Mitchell’s talk on Friday
morning

® Interpretation!?

hybrids with conventional meson
quantum numbers?

DD or BB interactions!?

tetraquarks?

® (Can we establish a correspondence

between light and heavy meson spectra?
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Y(2175): peculiar strangeonium?

|- state Y(2175)

® Belle, BES (in J/ decay) confirm

® decay mode similar to

Y(4260) = J/PTTTT

® (Questions

® is Y(2175) supernumerary?
® does Y(2175) behave like Y(4260)?

® what does it mean!?
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Recap

o QCD atlow energy is strong: gluon-gluon interactions
® Recent advances in first-principles QCD calculations
® Experimental goals

® search for light quark hybrids

® study how they decay

® compare with heavy quarks

o ../
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12 GeV Upgrade to |Lab

® Upgrade maximum electron energy from
6 GeV to |12 GeV with addition of cryomodules D

g =

add Hall D
and GlueX

® Add new experimental hall: Hall D

® starts operation in 2015

® Upgrade experimental facilities in other halls

U

add 5+5
accelerating /
modules .. 4

\
|

A\

® $339M total project cost now well over halfway
complete: CD-4B now Spring 2017

add an arc

| DEPARTMENT OF PHYSICS M. R. Shepherd
INDIANA UNIVERSITY 13 Intl. Mtg. on Nuclear Physics, Bormio

College of Arts and Sciences
Bloomington JCH’)UCJI'}/ 27, 20 ]4




GlueX in Hall D

® core physics motivation:

® light hybrid spectroscopy forward calorimeter

barrel time-of
calorimeter -flight

® other opportunities: ['yy via Primakoff,
baryon spectroscopy, charged pion
polarizability, n factory, ...

start
counter

. . . . . tar et
® =|I5 physicists; 21 institutions 7

® collaboration founded around 1998

photon beam

diamond

wafer —

forward drift
chambers

central drift

} chamber
electron ducti
, magnet
beam tagger to detector distance
is not to scale
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Beamline Design

x 102
~ 4500
Q
3 B
84000 uncollimated
. . . §3500 =TTt
® some models predict enhanced hybrid photoproduction : 12 GeV electrons
3 3000
® no restrictions on produced JP¢
2500 —
® need 9 GeV tagged linearly polarized photons oo e
® coherent bremsstrahlung scattering of 12 GeV e off 1500 -
of a 20 ym thick diamond wafer 1000 | g
i collimated J >
590 3 U\/\/\_,/\/\
2
o | LYY
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Simulated &
GlueX Analysis _—>
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The Tagger Area

DEPARTMENT OF PHYSICS

INDIANA UNIVERSITY

College of Arts and Sciences
Bloomington

Instrumentation

Broadband
Hodoscope
(3.0 - 11.8 GeV)
|-2% typical
resolution on Ey
(sampling)

Tagger
Microscope
(8.4 - 9.0 GeV)
0.1% resolution
on Ey
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Pair
Spectrometer

GlueX Solenoid
(LASS Magnet)

Central Region
Start Counter
Drift Chambers

Barrel Calorimeter

Forward Platform
Time of Flight
Forward Calorimeter
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Tracking

Future
Particle ID
CDC
11670 Central Drift Chamber EDC
126.4° orward Drift Chambers
Axial B-Field: 2.0T , : :
1 1 (0]
Solenoid - 147
5 R . 10.8°
R E E
AAVAVAVAVAVE SR LS ¥ :
* 1 1
photon “"E’ :
beam LA !
lll.........BCAE.-.---IIII : :
. : : FCAL
Barrel Calorimeter : :
390 cm long E E
GOG IS inner radius: 65 cm outer radius: 90 cm ! :
: : Forward
. B > 342 cm > ! : .
coverage: 1°<0<140° "8 o ; . | Calorimeter
. _ o s . 240 cm diameter
resolution: o/p = |-3% 45 cm thick
- 560 cm >
30-cm target
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Central Drift Chamber

® 28 layers: |6 stereo (£6°),12 axial

® design position resolution: 150 ym r/®,2 mm z
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Forward Drift Chamber

ulv cathode strip readout on
each side of anode wires

200 ym resolution

4 x 6-layer packages; 60° rotation
for each subsequent layer
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126.4°

Goals
coverage: 2°<0<120°

average approximate
resolution:

O/E = 6%/ E + 2%

low energy threshold:

forward: 50 MeV
barrel: 60 MeV
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118.1°

CDC

Central Drift Chamber

\

Forward Drift Chambers

Solenoid

"= suuunaBaprel Golosimeter====*"""""

390 cm long

inner radius: 65 cm outer radius: 90 cm

342 cm

48 cm

A

—
=7}

30-cm target

22

560 cm

Y

Future
Particle ID

“‘--IIIII.....

__________________

\
Uy
\

'
....“
v

-

Py

% . 10.8°

‘..A \\

3

e

)
°
-
.
]
n
n
u
n
u
m
n
[
m
n
n
n
n
N
)
L J
L ]
L/
L 4

Y

L4

Forward
Calorimeter

240 cm diameter
45 cm thick

M. R. Shepherd

Intl. Mtg. on Nuclear Physics, Bormio

January 27, 2014



Barrel Calorimeter

® Pb-SciFi calorimeter based on KLOE design;
48 4-m long modules

® large area (1.2 cm x 1.2 cm) Silicon
photomultiplier readout (Hamamatsu)

® resolution: O/E = 5%/+E + |%
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Forward Calorimeter

® 28004 cm x4 cm x 45 cm lead glass blocks;
(glass from the E852 experiment at BNL)

® readout: |” FEU 84-3 PMTs
e O/E = 6%/VE + 2%:
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CDC
11610 Central Drift Chamber EDC
126.4° - \ Forward Drift Chambers
Start g
CO unter \\ Solenoid
segmented )
scintillator ! R 1
around target I I I I
o:. = 300 ps I I

BCAL Timing
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Particle ID/Timing
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Particle ID and Timing

® Start counter: thin scintillator with
approximately 300 ps resolution (strong
position dependence)

® SiPM readout

® Forward TOF: two-scintillator planes;
70 ps resolution; 40 K/1T up to 2 GeV/c

® conventional PMT readout

Forward Time of Flight

=4 cm

Start Counter

beam on
LH> target
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Data Rates

® Design rate: 108 y/s tagged photons on target in
the polarization peak; initial running at 107 y/s

e Fully pipelined, zero-deadtime readout electronics

® |evel one trigger: 200 kHz

-
:
3
g
b=
'
r
A
-
:
P -
g 2
'
-
¥ =
——
[
-
u

e level three output: 300 MB/s
(20 kHz of “interesting physics” selected with
software trigger)

® Expected statistics in initial, low intensity run:

® | x 108events: Yp—=TT*TTTT*n

¢ 5x 10 events: Yp—WTTTT* | e =a|lffl | -
AN AR I
e |0°-|0%events: Yp—N'TT*n AR AT, . :
TG B -~ IW %

® an order of magnitude more data later
/2 Channel
125 MHz | 2-bit Flash ADC
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Analysis Procedure
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Yp—= TU T TT*n -
(from PYTHIA) |
& 25000
A A
20000 31(1230) T[z(1670)
A
15000 Lo T, M
Adaa 4 Y _oog, 'V
10000 0 B, v ”.:D '
A Ary O o v
5000 ~ AA AAA‘AqVE,iéEAAAAAAAAA DDDD':' '"vvv
s e ashaassett iR AR st 10 e sumnnar s S e
0.8 1.0 1.2 1.4 16 18 2.0 2.2 2.4
3m Invariant Mass [GeV/c?]
GEANT +
Reconstruction 2441+ (rho0)D
S 6 S 6
5 S I
4 4
3 3
2 2+
1 1+
) — 0
—p -1 =05 0 05 1 -1 <05 0 065 1
(xi > 2] (xj < 2] (xi>c3) (k<3 cos? (Resonance) cos? (Isobaor)

—»>
B — ) s ) — AmpTools
O / m
DEPART mwiv: ur rui1o1uo M. R. Shepherd

INDIANA UNIVERSITY 28 Intl. Mtg. on Nuclear Physics, Bormio
College of Arts and Sciences Jonuory 27/ 20 ]4

Bloomington



P

Typical Channel:

® TI'TTTT"n topology
® neutron undetected
® 2% of total hadronic cross section
® overall 28% efficiency at 95% purity

® Use as a test of detector sensitivity to small
amplitudes
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Other Reactions of Interest

Meson of Reaction Mass Range [MeV /c?] Signal Events per
Interest (X)  Topology M M2* Yield [10°] 10 MeV/c* [10]
R, (2600) o — (K1(1400)K)xp 2415 2785 1.5 4.0
Kl — K*m
Kt s Ko complementary to non-strange topology (hz): b/Tt
1, (2300) vp — (K*Ks)xp 2000 2600 0.46 1.5
K* = K~ complementary to non-strange topology (n:): fin
Kg — 71—
$3(1850) vp — (KTK ™ )xp 1720 1980 5.3 21
Y (2175) vp — (6£0(980)) xp 2060 2290 0.12 0.52
¢ — KTK~

£0(980) = KtK~

® Pythia-based non-resonant cross section predictions
® PAC-approved full intensity physics run (~2017)
® 90% signal purity
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Upcoming Milestones

\lg O
(B B
® |[nstallation mostly complete by |
I
Spring 2014
® Fall 2014: first commissioning beam ¢ - :
in Hall D (“readiness milestone”) . E | 3
¢ £ | -3 : : ,
o o e . . : 1 '" B — — -
® 2015-2017: initial “low intensity” \ I 1k | =TT alle e
: . \ | -
physics running | Ji 8
'.".: | /“‘. -‘ ’
® Spring 2017: 12 GeV upgrade [l
officially complete
® 2017-2: high intensity running and DE
possible particle identification
upgrades |
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Summary

® Many exciting developments in meson spectroscopy
® “understanding” requires theory + experiment
® studying a spectrum of states is essential
® extraordinary recent results in bottomonium and charmonium
® may provide insight for light quark studies
® The GlueX experiment
® s in advanced stages of construction and installation

® s poised to explore light meson photoproduction with
unprecedented statistical precision in the next few years

| DEPARTMENT OF PHYSICS M. R. Shepherd
INDIANA UNIVERSITY 32 Intl. Mtg. on Nuclear Physics, Bormio
](é;);locrf?n(;ft(ﬁ]rts and Sciences Jonuary 27/ 20 ]4




