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GlueX Scientific Goals and Means

*  GlueX Physics

Elucidate the phenomenon of confinement in QCD
— Definitive and detailed mapping of hybrid meson spectrum
— Search for smoking gun signature of exotic J*C hybrid mesons; no mixing with qq
— Test photo-couplings and phenomenology

ss and baryon spectroscopy, Primakoff effect, rare eta decays, etc..

. Tools for the GlueX Project at Jefferson Lab

— 12 GeV electrons, 9 GeV tagged, linearly polarized photons with high flux

— Detector: hermiticity, resolution, charged and neutrals

— Spin-Amplitude Analysis of multi-particle final states

— Computing power: Pb/year data collection, distributed computing, grid tools,...

. Kev detector subsystem: BCAL
Pb-Scintillating Fibre sampling calorimeter
— 70% of decay photons are captured by BCAL
— 40 MeV - 3.5 GeV operating range; high magnetic field, tight space
— Recent results: fibre testing and readout, construction status quo
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Flux Tubes - LQCD & Models

In the simple quark model, glue is not needed to describe hadrons.

But in QCD: Allowed systems: gg, ggg, | ddg, | daqq
Glueballs |HybridsjMolecules

Co or Field: Gluons possess color charge: they couple to each other!
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Quark-Gluon Activity

Action

Density Meson
Charge
Density Baryon

D. Leinweber
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Flux Tube Quantum Numbers

How do we look for gluonic degrees of freedom in spectroscopy?

: : PC
Nonets characterized by given J Normal meson: Hybrid meson:

S, flux tube in flux tube in
A S=S. +8S ground state  excited state
S, . 1772 m=0 m=1
A )r W J=L+S CP=(-1) S+t CP=(-1) S
L+1
@ P=(1)
T q q
L+S
D C=(1) - -
e O q q
1=1/2,|$|=1 In the first-excited state we have two
degenerate transverse modes with J=1
—® g oI - clockwise and counter-clockwise -
I=1,5=0 ~ and their linear combinations lead
to JP¢ = 1-* or JP¢=1*- for
O O the excited flux-tube
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Isovector Meson Map from LQCD
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Production of Hybrid Mesons

Combine excited glue QN .77“ = 17~ or 17" with those of the quarks:

JEC = gt o0t

» JPC =17 or1*t »

» e e L
% - P 5 exotic
W B 8 =4
excite
the
glue
T X Y X
(K) ,‘
|
/\ //\
N _ N N . N
produced hybrids produced hybrids
are not expected to be exotic can be exotic
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beam

q<

Quark spins
anti-aligned

Evidence for Exotic Hybrids

Data Candidates & Issues

State  Mass (GeV)

Width (GeV)

LQCD Hybrid Predictions

Name J¥€ Total Width MeV Large Decays

m1(1400) 1.351 £ 0.03 0.313 £0.040 PSS IKP
71(1600) 1.662 4 0.015  0.234 £ 0.050 m 1t 81—168 117 biw, pr, fim, aim
m1(2015) 2.014+0.03 0.28 + 0.05 m 1" 59-—158 107 a,m, fin, ©(1300)x
State Production Decays ni 1" 95-216 172 K"K, KiK, K'K
71 (1400) T p,pn 7ty bo 0% 247 —429 665 7(1300)7, hym
1(1600) m ppp nwbhw, fim,prt ho 0" 59—262 94  bym, hin, K(1460)K
71(2015) TP by, fim hy 0% 259—490 426 K(1460)K, KK, hin
State Experiments by 2 5—11 248 axm, a1, ham
71(1400) E852, CBAR hy 2 4-—12 166 biw, pr
m1(1600) E852, VES, COMPASS, CBAR hy 2F 5—18 79 KI'K, KIK, K;K

m1(2015) E852

Low statistics

Possible leakage due to
acceptance issues or insufficient
number of wave sets

Interpretation of line shapes and

phases

Inconsistencies in production
Controversial decay channels

PSS and IKP models
Different masses for hybrids
Width ranges vary

Z., Papandreou, U. of Regina
LNF, Frascati, June 30, 2010
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Amplitude Analysis (PWA)
(a) resonance: Xdecay  (b) isobar: R__decay
X27)-> j}(lZ?S)n: f:(127-5)—> i

7 (bachelor)
7 (beam)

€ =+ :natural
parity exchange

€ = —:unnatural
parity exchange

o 2 _ 7 cosB

p (target) p (recoil)

The analysis is based on the isobar model that assumes an intermediate 217 resonance

*Bump hunting in cross section data is inadequate to the task
*Need PWA:

«Identify the JPC of a meson using intensity and phase motion analysis

*Determine production amplitudes & mechanisms

Include polarization of beam, target, spin and parity of resonances and daughters, relative
angular momentum.

*GlueX experience:
*E£852, Crystal Barrel, CLAS; new independent code has been developed
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False Signals
Revisiting 71(1600) — pm

A R Dzierba et al, Phys. Rev. D73 (2006) 072001

A new analysis of E852 data based on larger statistics and two different 3rr modes comes to another
conclusion. This new analysis is similar to the previous analysis but included additional waves.

7r*1r”7r+p (1) 2.6 M events
E852@Brookhaven #7p—

- 7‘_07‘_07) (2) 3.0 M events

1 1 1 5 1 1 1 L
v A high wave 1771 P-wave prt
S 154 4 lowwave | - 4 T F et
N [ 2 {% (m-m-m*)
1] - Hy L
7o) 4 T |4 = =
a,| 1l i ﬂ{ rd Mﬂ%
< % I T @ 1 # . high wave | | Low-wave set is the same as
= HT 4t |l 8, " low wave i in the earlier E852 analysis while
£ 0 ‘{;} ; H} M. ’[‘ @ the high-wave set includes
% rl | # 1 -{T ] ¢ ADRY Y17 r additional waves.
0 i T T Hléﬂq' -1 T T T '
1.2 1.4 1.6 1.8 2.0 1.2 1.4 1.6 1.8 2.0
M[3n] GeV/c’ M[3n] GeV/c’

Conclusion: Structure in the exotic wave disappears when one includes additional
waves corresponding to decays of the m»(1670)
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Controversial Signal
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Mass of ™ System (GeVic?)

Intensity:

— Breit-Wigner plus unknown
background

Phase difference:

— Flat motion!
m,(1600), t,(1670):

— Same mass and width!
Feed-through into 1600

from stronger 1670 due to
isobar model

7., Papandreou, U. of Regina
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y beam

Quark spins
aligned

Photocouplings & Phenomenology

resonance, X

Factorised

: meson, M

photocoupling /Lway I(mag,t,...) =
D T N (YM|X) N N | T Conelmir ) Aunse(..)|

prod. decay

» e.g. the Deck effect

Couplings Virtually unknown s . gup - .

even for conventional mesons ‘=‘< - ‘diffractive dissociation”
* !

Testbed: by the time GlueX runs m*(tx) \ -

expect :::111 predictions to be tested *N — 7N

by Lattlce QCD ‘quasi on-shell scattering’
N N

 Phenomenology:
— 1sobar model widely used in multi-particle tN— wztlN states; it is not

completely general

— factorized approach has limitations: e.g. Deck effect where we get a

threshold peak in isobar ;t S-wave
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@ 9| ®

Upgrade magnets
and power

/ supplies

CEBAF

Newport News, Virginia

12 GeV

accelerator
Add arc
20 cryomodules
Add 5
cryomodules Two 1.1 GeV linacs

Beam Current 80 pA
| Emittance: 10 nm-rad

. _Energy Spread: 0.02% |

o Hall D at Jefferson Lab
Z., Papandreou, U. of Regina GLue ",
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Hall D Complex = Overhead View

Existing
Facilities

P nen Hall D at Jefferson Lah
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12 GeV Upgrade Schedule §7omw™

]
FY 04 FY 05 FY 06 FY 07 FY 08 FY 09 FY 1! FY 11 FY 12 FY 13 FY 14 FY 15

Activity Name 1|2|3|4 1|2|3|4 1|2|3|4 1|2|3|4 1|2|3|4 1|2|3|4 1|2|3;4 1|2|3|4 1|2|3|4
Critical Decisions 0 10 2 O ;0 : L J “
i 4A 4B

Accelerator including Civil

Hall D including Civil

Hall A

e

Hall C

Hall B

Legend
R&D
ACD Effort
PED Effort
Civil Construction

I Procurement & Assemble
| Installation & Checkout
I Beam Commissioning

FYo4 | FY05s | FY06 | FY07 | FYos | FYoo | FYig | FY11 | FYi2 | FYi3 | FYid | FY1s
1]2]3]a|1]2]3[4[1]2[3]4]1]2]3 [4[1]2]3]4]1]2]3]4]1][2]M4 [1]2]3]4[1]2]3]4]1]2]3]4[1]2][3]4[1]2]3]4
|
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Hall-D: Linearly Polarized Photon Beam

12 GeV endpoint, 9 GeV y’s

e 20 um diamond crystal

* 300 nA electron beam

» diamond — collimator: 76 m

e collimator diameter: 3.5 mm
« OE/E=0.1%, Pol =40%

10’ v/s on target — 10° Y/s

photon rate {/GeV/s)

x 104

O
Q
o
L]

&~
(]
2
&)

3000
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1000

Incoherent+coherent

rote in tagger
rate on target
polarized flux

nominal coherent

tagging
interval

.

T 17 171 | 1T T 71 I 1T T 71 | 1T T 71 I T T T l

0 PRI T N B R . e, |,
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J photon energy (GeV)
tagged
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v Essential to isolate the production mechanism (“e”) if X is known
v A JPC filter if “e” is known (via a kinematic cut)

L d L J L]
Linear Polarization | -Linear polarization separates natural and unnatural parity

States of linear polarization v'Degree of polarization is directly related to required statistics

are eigenstates of parity.
assume that X decays into two spin-less mesons: a and b

t and that e is also spin-less
; l .
o a
[\ X —a -+ b P
o Y quantization axis
S “ e é g 3 a,-‘— C " ) %, e e
_____,»-*‘--\\ ," m determined by polarization of photon
T i W T ‘
Pt Pr b Y™ (0, 0) = Y7 (0, 6) o Py(cosf)et?
For circularly polarized photons: m = +1 orm = -1 = W (8, ¢) o | Py(cos8)|?

For unpolarized photons: = W6 &) o [P lcos)?
equal mixture of m =+1 and m = -1 V{9, ¢) o | Pe(cosb)]
For x - linear polarization: =  W(#,¢) =Y, — Y, % o | Pe(cos 0)|? sin” ¢

For y - linear polarization: s  W(0,¢) = |V, + Y, % o | Pe(cos 0)|? cos? ¢

D Hall D at Jefferson Lah
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The GlueX Detector

I * I US$7M lead-glass detector
(FCAL)

Iba(r el time-of
calorimeter o ght

target ~ (BCAL) (TOF)
(LH2)

Design is final:
- based on 9 years of R&D on subsystems

- large figure of merit for hybrids upstream
veto

- enormous statistics (UPV)
Magnet:

- 2.24 Tesla superconducting solenoid
Construction Phase:

- BCAL, soon: FCAL, CDC, ...

photon beam

Cerenkov
counter

wire tracking
chambers

electron superconducting

taéger magnet

\ beam
electron magnet
beam y
tagger to detector distance
is not to scale
D Hall D at Jefferson Lak
Z, Papandreou, U. of Regina GLuE X
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BCAL Schematics

Future
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l l ] 4X6+4X4
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‘l ‘| ’J per end
[l |
) [l ]
[TTT\ [+ 851cm |
[ ]
st ent single module
BCAL end view e
(c) @
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E
S E
g §
5 -
8
g SciFi
)
£
E |
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S
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BCAL Highlights

Key component of the GlueX detector pere
* Crucial for reconstructing y from n° and 1 resulting <
from decay mesons

* Provides timing information (neutrals/charged) X -
» With the CDC it provides charged particle PID P
« It supplies secondary dE/dx =¥

Geometry & Configuration

» Sampling calorimeter (11% sampling fraction)
* Based on KLOE Emcal design

* BCAL: ~25 tonnes

* The scintillating fibres have a polystyrene core A\
which produces 8000 photons/MeV (disputed)

and are blue-green, double clad (increases light

captured by ~50%).

Machined module:
15,000 fibres

e Hall D at Jefferson |.ab
Z., Papandreou, U. of Regina GLUF‘ R Vv I wwwglue!
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Decay Photon Distributions

Thrown momentum vs. theta for gammas

Pythia Photons

0W—————— . ] : : .
— R 4 /] _
N Z. ] 1 10 E- \ |
S 8 i ]
) : . | 1
(‘2‘ 6 = 10 3 e E
g E 10 .| FCAL ]
E 4 '_ ] 1 02 - (27 /o) _;
2 | '
o 2 . 10 | Sy | (2%)
s 3 15 1 (71%)
0 L—‘ A e J;I 1 | ] - 1
0 50 100 150 0 50 100 150
Pythia Photons [BCAL only] ° Pythia Simulations
5 LELELELN L B BN B L B B AL LA B )
10 L\ ; —  27% of photons in FCAL
100 F N T —  71% of decay photons are
ol ] captured by BCAL
E00°, E|
%% ; — 50% of BCAL ones have
10° £ Loses L energies < 300 MeV
10 F s . Dynamic range: 0.04-3.5 GeV
1 . . FCAL-BCAL: gap at 11°
o 1 2 3 4 5 6 7 8
Momentum [GeV/c]
CITATIONS
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Reconstruction Software

~ " <mmmmOriginal code KLOE->Regina

! tion ’
constants and =TT
= Factor Y =
L ) ' ) - “

| information | time ordering :

ffffffff

' 3

e S

YP->Wp

Figure 2: The schematic for the KLOE reconstruction code.

e A AN e N e

& T Hall D at Jefferson I3k
. U AVAVAVAV:
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All Neutral Reconstruction

(by B.D. Leverington, UofR, now LNF!)

e Pythia background

o mul—4y signal events

e Normalized by cross section

e 7.5GeV<E<9.0 GeV

e Mesons decay to their final states
e Reconstruction

e Probability cuts

107
10°
10°

LN BN S B S S S S B S S B S S S S S

[ for signal events
~——all Pythia events

B reconstructable Pythia
I recon. Pythia & Prob > 1%

L

0 2 4 6 8 10 12
Total Neutral Energy [GeV]

e - S —
(&) 1 i - 8
; 8 I" . 120 300 N S protons supp
()] - o % phatons in reconstructable avents
O] 1 -100 ! ' ,
— 6| = L reconstrusiasie with Prob > 1%
£ : 1 {80 200 - =
3 : ] - ] i
s 4 - 160 i Splitoffs,
£ f 1 40 100 |- etc 1

2 - - ; .
= 18 20 I [: : i

o0& e [, & i P e -

0 50 100 150 0% 5 10
Bgen [deq] v Multiplicity
Py Hall D at Jeff Lab
Z,Papandreou, U. of Regina GLue ¥\
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First Reconstruction Pass

T

] ——
10" Total: 142,000 3
10* E
10°

107 |

10 E

PRRTTIT R TTTT I R TTTT Rt

L
nn® Candidate Multiplicity

More work
needed

0....5....10....115....20
nn® Candidate Multiplicity (pythia)

B —— reconstructable 7
1500 - —— Prob. > 1% s
: Thrown :
1000 [ -
500 - ]
0 i | - " P PR PR L i
0.5 1 1.5 2 2.5
M(4y) [GeV/c?]
signal / background
10F -
gL 2-5 is good but, E
i 10 is better! -
6 7]
4 gt
X phid m* i
o [ 0.,'.. .'VH (XX _
0 o s P D B S —-
0.5 1 1.5 35

M(4y) [GeV/c ]

Z., Papandreou, U. of Regina
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Beam Test at Hall B - sep 2006

prototype module: (PHT 0044 blue fibers) Verify

13cmx23cm x4 m

Il ol iaht ‘COnstruction

overall module weight: - i

0.76 metric tons Fiber light output
Measure

*Energy resolution
*Timing resolution
*No. of p.c.

illuminate the module
at various positions
and angles
with photons

5 | N6

lllllllllllllllll>

4

* 150-650 MeV tagged
* 2-cm beam profile at BCAL

17 NI18

I
=
I \NI2| &
l

¢ 23 cm '
T Hall D at Jefferson 1.3b
Z, Papandreou, U. of Regina GLue "\, ) o
A PERIMENT www.glueforg
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Setup Photos

South

Lightguide box

50% efficient

D Hall D at Jeff Lah
Z, Papandreou, U. of Regina GLue ¥\,
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Energy, Timing Resolution & No of p.e.

O 0'14;_ 0=90° and z=0cm 0.2[-
o 0.13 ;— (independent of z) o185
0.12f -
8 w 0.1 o OO
©" o.10F o odaf
E 0.095— 0.12- -
1 0.08F 0.1
m - :...|....|....|.‘.A|...A|..*.
q) 0.07 :_| | | l | l 200 300 400 500 600
- 100 200 300 400 500 600 Tagged Photon Energy (MeV)
Tagged Photon Energy (MeV)
% time difference resolution
i o, 55%0.1% 70ps
& - D24 1% Oy =
E VE VE(GeV)
12 ps
O, 54% =
KLOE |2£-222®0.7% KLOE (0, JE )
E AE
BCAL: 660 pe/GeV vs KLOE: 700 pe/GeV NIMA 48874 (2008)
* single clad fibers, better light guides http://dx.doi.org/10.1016/j.nima.2008.08.137
Z,Papandreou, U. of Regina Guue)
LNF, Frascati, June 30, 2010 28 e e



stochastic fluctuations

Contributions to Energy Resolution

« The dominant contribution to the energy resolution
is the fluctuations in the energy sampling by the
scintillating fibres.

«The properties of the scintillating fibres and coupling
will affect the photon statistics contribution to the
resolution.

0.14— Monte Carlo
0.12
0.1_— Gf
0.08\— v
0.06 or
N f
0.0

0 010203040506070809 1
incident photon energy (GeV)

O _ Gf @ Gpe
E f(E) E
- =

sampling fluctuations

o,  41%

= ®1%
f(E) +E(GeV)

photoelectron statistics

0,  31%

pe

E [E(GeV)

7., Papandreou, U. of Regina
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BCAL Readout: GlueX sets SiPM Array Standard!

-.__“'___._.-__-___-—— 48 modules (phi sectors)

-y
T

) = 16X, thick
— : = Sampling Fraction = 11%
SensL SPM Array Hamamatsu MPPC
CITATIONS
Z,Papandreou, U. of Regina GLUE ¥\
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Depth (cm)

Readout Segmentation

2006/04/26 12.01
mean no. photons* weighting

25
20
.
‘e
Y
.
15 *
‘e
A
.
EEEEN EEEEN AEEEN L4
>
n N~ P
n
. -
| g
A7 5
5 Q -
[ 238
w o
. 1R
0 2 4 6 ) 8 10 12
X (cm)

500MeV photons perpendicular 10000 events

Simulation

Aliminum Base Plate

Total: 3840 SiPM Arrays

Design

Z., Papandreou, U. of Regina
LNF, Frascati, June 30, 2010
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SIPM Highlights — 2006-9

«

SensL

The Light Sen

Features of SiPMs: 9mm?2 cell 4x4 array
- High gain APD (1069)
- Low bias voltage (~28V) X
- Compact and stable - q:)s
- Insensitive to magnetic fields --- G
- Tolerant to excess light
| IV Characteristic of SPMMicros |

T T T | T 17T T T T 17T { T T %
Evolution at Regina/Jefferson Lab: 107 — / E
10° - 1mm A35HD - 08 i o
Ix1mm? ...— 3x3mm? (A35HD, Nee=59%, . | = cnmaHp-o7 3
3640 microcells) ...— Arrays < 10 — / =
€ 10° ST
2 3
5 107 E
O 1071 B _é!
1011 / é
N 10—12 : ."' §
. | | I | I I | - L | | I T | L1 1 1 | 1 | ‘ L1 é

Micro Mini Array 0 5 1 15 20 25 30

Voltage (V)
Z,Papandreou, U. of Regina GLUuE M ’
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Extracting PDE - 2009
PDE =QOex F xap

1: ‘ T T T T T T T | T T | T T T :
. ) 09 Calibrated Photodiode =
PDE = Photon Detection Efficiency = (Quantum Bicioncy () 3
0'8 :_ - - reen -I er Specirum al cm _:
Q; = quantum efficiency (pixels) s ooy .
F = “fill factor” = fraction of actual photosensitive 0' 6i E
surface “E 3
055 :
a, = avalanche probability = f [V-V,] 04E- 3
3x3mm? A20HD-07 @ Overbias +3.0V | v - E
T SRS =
- N ] =
E 1.5F Intercept = 0.771+ 0.024 ; : ] - =
- : : — E | 1 1 ! I ! - 1 1 1 3
T - ”"”/ l 1 %200 400 600 800 1000 1200
0 14 ' - Wavelength, A (nm)
Py E : i : — E
Q3 — : : : -
3 :
‘g 1.2p - Photons/Pulse = I/(E S °f)
% Lk - where
T - ] I=photodiode current
2 ] E=3.97x101° j/photons
a - S=270 mA/W
05> ool SN S S S S R S f = 2.5 MHz
=1 l L1 1 1 | L1 11 | | - I L1 11 I L1 1 1 | | | | L1 11 l L1 :

1 2 3 4 5 6 7 8
Photons/Laser Pulse

o Hall D at Jefferson I.ak
Z., Papandreou, U. of Regina GLUE M\
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SiPMMicro Performance - 2009

Individual Photoelectron
Bands in Scope Traces

Tek  Stopped 117 Acys 02 Oct 08 10:08:15
R - MMM L L U818
T b8
ORI ol AL Laser Head
¢ A ECCAR N A / v
| | \‘ ey 4‘." ) - —
[ N i SiPMMicro
Dty e

[ aoc

Gate

~30cm BCF20 green Sci/Fi

1x1mm?2 A20HD

RN AALAS ARAAY RARAY LA nd= 27224397373
1000
r MeanPhe = 4.205 £ 0.121
-— - Channels/Phe = 29.00 £ 0.03
g QOO i Jl -
c C Ped Mean = 11.06x0.10
_ - Ped Sigma = 3.34 £ 0.12
Calibrated ¢ 600 ) ! 3 ?
. ~ -
Photodiode @ .
5§ 40
° i
o ]
200

ol e a bay co e b by 50 100 150 200 250 300 350 400 450 500
Cch2 10.0mY Q M 20.0ns 2.5GS#s 400pshl 2
m MR, SiPM ADC
[ SiPMicro PDE Weasurements | i 3x3mm2 A35HD-08
E 3 run01948.root Raw SPMADC run01954 root Raw SPMADC
11E . ) - rrrTTT T T T T T T T T T T T  Entries 100892 o " | Entries 135931
E 3x3mm* A20HD-07 3 2000 Mean 2042 Mean 39.55
E = RMS 24.74 RMS 242
10 3 1800 S 1% 574 el .
o = - annel 1:= 12742 events __ Channel 1 40 events
S - @ ChantfEntries =12.83% Q4000 Ghant/Entries =0.03%
< E = £ 1 € ]
g 8¢ E 2 3 E ]
5 g 1§ 30C. 1% 20°C
E ] - J NI 1 & - 1
E ] c 1 € 50 ]
i - 3 13’ —
- PDE=QE°*Fec, - 3 1 0 :
5: hd F E E ]
1‘5.. .2.. .2.5....3.‘..3.5 ; ]
SiPM Overbias (V) 80 100 120 140 80 100 120 140
SPM ADC (Channels) SPM ADC (Channels)
A Hall D at Jefferson I.ab
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..and then there were TWOQO - 2010

MHamamatsu MPPC

T

SensL SiPM4

\, SensL | Hamamatsu
, - , , Pixel size (um) 35 50
=1 | 1=2 (il 2-1 | 2-2 %// | Npixe's /cell | 340 3600
Al | Sl Sl ] Rl 7 PDE 10-20% | > 20%
® 44 |43 || 34 |33 23 ; // / // - Fill Factor 59% 61.5%
42 | 41 |}|32 | 31 - i g Dark Rate
' 8Mhz | 5-6 Mhz
j (| / _ (per cell)
| \ 5 3 T 2
= oy Vep 30V 70V
. * Cells (16): 3.16x3.16 mm? Gai 6 6
. 2 ain
. gﬁ:;':o(szeﬁ:)?:::s ; :3mnTm2 * Photosensitive: 2.85 x 2.85 mm? > 10 > 10
« 700 um gaps *200 pm gaps Eff. Area 75% 89%
CITATIONS
Z,Papandreou, U. of Regina GLue ¥\
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BCAL Construction QC/QA: Fibres

Kuraray SCSF-78MJ (780,000
fibres); chosen in late 2008

e diameters: within specs

Fibre Diamater (mm)

1.04 —

7 e

1.oo-§§§i;¥§;§§§§

® Diam350
® Diam200
A  Diam050

CAP Congress, June 2010

0.98 —f === === == =B e =
) Spec
e Spectra measured at Regina 0967 -
qualitatively agree with 5 .
Kuraray ’ S Shipment Number
) 0.30 'y
* integrals are close, but shapes e Log  [Koz3/K NS0T
are different; response is 5 — R 1oem] (15
acceptable and scales by ::>§ ‘ — R 100em| |
. . . . . E 3 - — R: m - 10 3
distance in a similar fashion g O ok toem| |0 R
2 0.10- ==+ K: 30cm 2
2 == K:100em| | ¢ =<
0.05 — - - - K: 300cm
0.00 — 0
400 450 500 550 600
Wavelength (nm)
D Hall D at Jeff Lab
Z,Papandreou, U of Regina GLUE ¥\
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Fibre Attenuation Length

Attenuation Length Comparison

—~
Lo " an 1%
'“vi'iffm'u@ﬁﬁw;»J&gxg& atised 2 ‘,r'ﬂf:&}

400

£ IARRARSA Pi S . st
T el Shipments 10&11;
o I pec Resolved!

100

1 9 21 48 57 80 92 108 120 136 144 152 160 168 176 184 192 200 208 216 224 232 240 248 256 264 272 280 288 296 304 317 325 333
Lot Number

Attenuation Length Comparison by Shipment

Lot-to-lot variation and
Shipment-to-shipment change

500.00

480.00 —&— Kuraray

Regina \ : :: )
460.00 / \

NS \\ Kuraray and
—s . Regina results

track each other

e [2nd dye change]

- —Spec | e and fibres meet specs
. ; 2 3 4 5 6 7 8 s 10 M 12 (CumU|at|Ve RMS<97%)

Shipment

p Hall D at Jefferson L.3h
Z, Papandreou, U of Regina GLUE$
CAP Congress, June 2010 37 PR o
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Fibre Light Output

Light Output Comparison

250.0

200.0 -

Methods are very

different;
- - K scope
- R: Npe w. 90Sr

1 9 21 48 57 80 92 108 120 136 144 152 160 168 176 184 192 200 208 216 224 232 240 248 256 264 272 280 288 296 304 317 325 333
Lot Number

107 R - 200 Lot-to-lot variation and
verages ' '

°7] / i\ I L Shipment-to-shipment change
8 | X 4w X . i1e0@

I At et St e 1 140 |

g o X7 | | 1208 Kuraray and
5 . ﬁﬁ?bg:ttg:: - 1oo§ Regina results
1 e | iffer somewhat

v es w5 s 7owo9 0w but fibres meet specs
(cumulative RMS<12.2%)

P Hall D at Jefferson I.ah
Z., Papandreou, U of Regina G,I-U NN\
PERIMENT www.gluex:org

CAP Congress, June 2010 38



Matrix Construction Facility @ Regina
- ‘ '

: 2
% S
O =2
8 ()]
(D *
=
% ()]
KL OE child!
Z, Papandreou, U. of Regina Gw ms
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Machined Modules 01-04

01

e Excellent finish of end faces & transmission uniformity
e Eight more modules have been built & are being machined

Py Hall D at Jefferson Lah
Z, Papandreou, U of Regina GLUE ¥\
PERIMENT www.gluex. g
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Module Delivery to JLab

| Saskatchewan . . : t

Ready to leave Regina Arrived at JLab
(April 22) (April 26)

Modules 01-04: 1st detector delivery for 12 GeV program!
Modules 05-08: arrive at Jlab tomorrow

T Hall D at Jefferson Lab
Z,Papandreou, U of Regina GLue ¥\ B §
PERIMENT www.gluex.org

CAP Congress, June 2010



Summary

* The nature of confinement is an outstanding and fundamental

question of quarks and gluons in QCD.

* LQCD and phenomenology suggest flux-tubes as the explanation.
* The excitation of the gluonic field leads to an entirely new spectrum
of mesons as predicted by LQCD. Data are needed.

 PWA and improved theoretical understanding is required.

* The definitive experiment for this search will be GlueX at the energy-
upgraded JLab. If exotic hybrids are there, we will find them!

= BCAL construction is on schedule; completion in spring of 2012.

= Detector integration in 2013.

= Engineering data in 2014, Physics data in 2015.

We welcome new collaborators and students!

Z., Papandreou, U. of Regina
LNF, Frascati, June 30, 2010
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Regina & University

Regina

e/81 km from Edmonton
¢200,000 pop.
eNegligible traffic

1 eHome of the Riders

UofR

12000 full+part time
eFacilities growth
eSubatomic Physics Dept

CITATIONS
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Moments and PWA

Moments provide an arbiter for wave set sufficiency

H(LMN) = / I1(Q) D% & (Q)d

compare moments calculated
from data and from PWA

L

1
2

(Hp — Hp)®

2
A 2 2
0'D+0'P

Number of waves used in
old analysis - 21 waves
(low-wave set)

Number of waves used in
new analysis - 35 waves
(high-wave set)

Agreement with moments
better with high wave set.

-1000 =

-500

—— data

1500 5 e high wave

low wave
20007 H(201)
-2500

800

200

(b) |-

— data
® highwave [
low wave

L. H(420)

1.0 1.2 1.4 16 18 20 22
M[3] GeV/c
1 1

10 1.2 1.4 1.6 1.8 20 22

M[3] GeV/c?
| 1

H(201)

= high wave

H(420) i

I T

0 5 10 15 20 25 30
moment index
e Hall D at Jefferson Lab
Z,Papandreou, U. of Regina Gru /\p/\/\/\’ E gluex
. ERIMENT ¢ =Y
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Ideal Photon Beam Energy -

Figure of Merit:
- Start with 12 GeV electrons
- Meson yield for high mass region

oo (=]

Mrp] GeV?
[=))

~p — wpN
\\\\ <('\ | I p
K, N
\\\. . 7 /C
. . G
\‘\\ N\
NG o N
\\\G@k.
N\, \\».
N \
V2
\\

- Separate meson from baryon resonances s ,
- Balance beam flux/polarization \ 2 searchregion s
. < 15-25GeV ‘
- Coherent bremsstrahlung, tagger, collimator 3 - ):
12 1 1 1 1 1 30 2 g
Overall figure of merit based for M, = 2.5 GeV 0
10 ” - 25 0 2 4 6 8 10 12 14
M?[nN] GeV*
1.0 1 1 1 1
= 08 - 20
R T
£ z \
5 3 for electron energy
0 S 0.8 — \ g =y L
B 06 =15 25 =12 Ge
£ & =
g 'QT g 0.6 — .l\ —
w04 - = 10 a- s \\
© - g \
w e 3 \ ,
= = Ry \, Flux x(Polarization)
g \_'/\% ) g N .I\ / ’—
02 — =5 2
coherent photon spectrum 921 B
| I I I i =0
7 8 9 10 "
E. [GeV] 00 T T T
! 8 9 10 n
photon energy [GeV)
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Gain Balancing and Calibration

Important step: Gain balance all 36 PMTs £ =
v'Online: the means of the cosmic ADC spectra D= —beam — beal
were balanced to within 10% during setup E bea

v Offline:

* gain balance using dedicated cosmics runs

* energy calibration

* minimize the width of the difference between
the tagged beam energy, E, . and the
reconstructed energy in the BCAL, E,

\
C,, =—22~ Width of D-distribution is the
" Nupes § 0:02 energy resolution
< oo1F
g C - £ 4
£ ) fpbiod %4 +++++]l"1+
18 18 " F e T T ++ﬁ'*+ﬂi-
E _K- E N ape ) E Supc. w’ -0.01F
peat = G = T, S 0.02 Deviations from zero are
. ’ . ’ ' typically less than 0.5 %
-0.03

PR [T S S TR T SN TS NN SN SN S S AN SRS ST SO AT SO S
200 300 400 500 600
tagged photon energy (MeV)

ey Hall D at Jeff Lak
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Number of Photo-Electrons

No. of photoelectrons important:

* Low energies: threshold
» SiPM versus FM PMTs (readout)

7z=0 cm & 6 =90°

LN Small non-linearity
218 E 7002_
. L S 680
J 18 ~ 660 TRrrbee S * """ Py
N # % b
i=1  °bJ 6401
Calibrated energies: 6201
i segment, j" energy bin GO0 1 o 1o
0.2 0.25 0.3 0.35 0.4 045 05 0.55 0.6
tagged photon energy (GeV)
1 x N, \[x
f)=[P(x.N,,/R)-~ P( ")[ dx]
r r ’\/E r
KLOE: 700 pe/GeV
. . * single clad fibers
Poisson-shape for amplitude spectra b ttg lioht euid
(r=N/S amplitude, R=N/S average) ctter ight guides
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Silicon Photo-Multipliers (SiPM)
Approach Pursued (SensL

ht Sensing Company

Option#4: Thru. PCB - front side illumination - flip-chip.

Pixel: independent photon micro-counter in limited Geiger mode .-~

SPM Cell SPM pixels (uCells) SPM buffips metallisation

Plan View Example

Electronics Breakdown bias: 25-30V

Gain: >10°

43%FF

848 pixels
PDE=9% (+2V)

Goal: A35H chip

T Hall D at Jeffe Lak
Z,Papandreou, U. of Regina Gy_q all D at Je ik
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- Detector commissioning

Physics Plans

- Physics commissioning: density matrices, a,(1320)
- Exotic hybrid search

Particle k bt I G Possible Modes*
bo 0™ 1 4
ho 0+_ 0 — blﬂ'
T e 1 — pm, by
M = 0 - a2
bo 2+t 1 + asm
h2 2T 0 — pm, b
2Assuming the G = + channel 2nn or the G = — channels 37 or
2Tw.
- S35 physics, baryon spectroscopys, ...
Z,Papandreou, U. of Regina GLUE ’\P/Z\r;/;\/\/zbl i
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