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Gluonic Deqgrees of Freedom

Perturbative Non-Perturbative

Asymplotic Freedom Confinement
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Quark Pairs and TriEIets and Glue?

® Conventional hadrons: Q or ((

@ Strong force mediated by gluons...
... but glue not needed to describe these states (quark model)...

* Gluons carry color charge — can couple to each other

Allowed systems: 22, 222, (qqJg, qdqg

Glueballs Hybrids Molecules

Gluonic Excitations

Excitation of glue can lead to exotic
quantum numbers J° not possible in
simple quark model
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uark Pairs and Triplets and Glue?

® Conventional hadrons: Q or ((

@ Strong force mediated by gluons...
... but glue not needed to describe these states (quark model)...

* Gluons carry color charge — can couple to each other

Allowed systems: 22, 222, qqdg, qdqg

Glueballs Hybrids Molecules

Gluonic Excitations

Excitation of glue can lead to exotic
quantum numbers J* not possible in
simple quark model
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GlueX Focus: light- quark mesons
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Lattice Calculations
Flux tubes realized in LQCD
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Plucking the Flux Tube

» Looking for gluonic degrees of freedom in spectroscopy

Normal meson: Nonets characterized by given J°c
flux tube in —J’ _ [)+ §
ground state =T DS '1/\>
M=o S=S+ S <
CP=(_1) S+ 1 2 S

peed
L C= (_ 1)|_+s
o\o s o i

@ @
I1=1/2, |5|=1
—@ g o—I;
I=1,5=0
O O
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Plucking the Flux Tube

» Looking for gluonic degrees of freedom in spectroscopy

Normal meson: Hybrid Nonets characterized by given J°c
flux tube in meson:_ J=L+ S
ground state flux tube in T 52
M-o excited state S=S+ S AN
CP-(-1) - m-1 2 2
CP=-1) S .
/ :
L C: (_ 1)L+S
o\o '—\o §1 P — (_ 1)L+1
S
O @
First excited state: 1=1/2,5|=1
@ Two degenerate transverse modes with J=1 ’
(clockwise and counter- clockwise) - g il
Linear combinations lead to J°=1"* or J°=1" =1,5=0
For excited flux tube & &

.jeffers)nn Lab

& &2 Hall D/ GlueX



Meson MaE

Each box corresponds
to 4 nonets (2 for L=0)

qq Mesons

o Mass (GeV)
N

un

2.0

1.0]

L= E0 1 2 3 4 (LE= qq angular momentum)
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Meson MaE

Each box corresponds
to 4 nonets (2 for L=0)

qq Mesons
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Meson MaE

Each box corresponds
to 4 nonets (2 for L=0)

qq Mesons
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Meson MaE

Each box corresponds
to 4 nonets (2 for L=0)

qq Mesons

2—+

—+

o Mass (GeV)
N

wn
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0~ Lattice QCD:
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1*: 1.9 GeV

exotic
honets
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L= E0 1 2 3 4 (LE= qq angular momentum)
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Production of Exotic Mesons

* Choice of probe may determine accessible quantum numbers
@ Photon beam increases chance for producing mesons with exotic
guantum numbers

JPC —g—+ 1+t— 2+t
W JPC=1" o1t =
1 2
. . , _ exotic
L=0 8=0 L=0 S§=1
excite
the
glue
T T = Y A x
(K) T o
——‘-’-—/—’—‘\—\\'—— -—-'—’—,—,A\—\_\—-
N N N N
produced hybrids produced hybrids
are not expected to be exotic can be exotic
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QCD Exotic Topologies
The GlueX Detector Design TI. ' b. h. h' b-h. h’
has been driven by the need l@ M4 22 e 0700
to carry out Amplitude analysis. 1-+ 2 +- 0+-
Mass scale ~ : GeV

Y

n, > a*,m - (p°1r*)(Tr) - T T T
all charged
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QCD Exotic Topologies
1-- 0+

has been driven by the need
to carry out Amplitude analysis. 2 +-
Mass scale ~ 2 GeV

Y
n, > a*,m - (p°1r*)(Tr) - T T T
all charged
p n,p h, > be,T° - (WTP)YY - TTTYYYYYY

many photons
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QCD Exotic Topologies
has been driven by theneed TN b2 @D b(My b’
1_'" 2+— 0+_

to carry out Amplitude analysis.

Mass scale ~ 2 GeV

Y
n, - a*m - (pet)(Tr) - I T
all charged
b np  hy— bome - (W)Y - TTTYYYYYY
many photons
h’, - K+ K-> peK+K- - Tr+11-K+K-
strange particles
Final state particles Tm=K=yp
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Partial Wav e Analxsis

* States expected to be broad with multi- particle final states
@ Bump hunting in cross section data not expected to be sufficient

* Need PWA:

@ |dentify the J° of a meson

@ Determine production amplitudes & mechanisms

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

:.\- J PCM £ ‘,/:
P S n (bachelor)

n (beam) .
X L m
£ =+ :natural R 2

(a) resonance: X decay (b) isobar: R__decay

X27)=- L(1275)x £,(1275) - nx

n
parity exchange ' ‘rm b
£ = —:unnatural F = { :5 \"‘.
parity exchange | J N
o cos 6 0 ® cos B
p (target) p (recoil)
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Evidence for Exotic Mesons

State

Processes

m1(1400) — nw

m1(1600) — n'nw

7 NN Interactions

pN Annihilations

m1(1600) — pm

Fig| ( lﬂ[][]) —3 b] m
m(1600) — fim

m1(2000) — b7
m1(2000) — fim

7~ N Interactions
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* Candidates with J*=1""
* States are controversial -
Issues with amplitude analysis

@ Possible leakage due to
acceptance or insufficient wave
sets

@ Problems with interpretation of
line shapes and phases

® Physics interpretation as
hybrids (instead of qGqq
states?) open to question

» T (2000) needs confirmation
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The GlueX Eerriment

® Goal: definitive and detailed mapping of hybrid meson spectrum

@ Search for smoking gun signature of exotic J’* hybrid mesons
@ Exotics do not mix with q@ mesons

@ Plans for ss and baryon spectroscopy

@ Tools for the GlueX Project:
@ Accelerator: 12 GeV electrons, 9 GeV tagged, linearly polarized
photons with high flux
@ Detector: hermeticity, ability to detect both charged and neutral
particles with good resolution
@ Partial- Wave Analysis: spin-amplitude of multi- particle final
states

@ Computing power: 1 Pb/year data collection, databases,
distributed computing, grid services...
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6 GeV CEBAF
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1 GeV CEBAF

Upgrade magnets
and power

Add 5 supplies
cryomodules // N J
27" CHL- /

20 cryomodules

cryomodules

Enhance

Z:/ equipment in
existing halls
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12 GeV CEBAF gD (and veam tine

Upgrade magnets
and power

/ supplies

20 cryomodules

Add 5
cryomodules

Enhance

Z:/ equipment in
existing halls
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DOE Generic Proiect Timeline

5

1 -
D O E CD 2 Rev |EW Transition/Closeout
/ Phase
T
Initiation Phase >Definition Phas —» Execution Phase >>

PED funds Project funds

{ We are here

Operating flundg/
Program fujnds

Performance Measurement
Earned Value (for projects over $20M)

.

. CD-0 CD-1 CD4+2 CD-3 CD-4
Critical Approve Approve Approve Approve Start Approve
Decisions  Mission Alternative Performance of Construction Start of Operations
Need Selection and Baseline or Project Closeout
Cost Range SEP 08
NLON L O 7
FEB 06 INOUV UT
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Overview of 12 GeV Phxsics

Hall D exploring origin of
confinement by studying exotic
mesons

The GlueX/Hall D Project

Hall B understandingnucleon structure
via generalized parton distributions

Hall A short range correlations, form
factors, hyper- nuclear physics, future
new experiments
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The Hall-D Com Elex

Tagger
North linac area

By

Electron

Beam dump
East arc

iy |

Photon
Beam dump

~~~~~~~~~
TR

] # Based detector ;_-
Collimator =

agger Area Coherent Bremsstrahlun - |l =
ohoton beam | CEXperimenta

Hall D

Top View
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Coherent Bremsstrahlung Beam

® y- beam energy compromise
between polarization and
meson mass coverage

Incoherent &
coherent spectrum

/

flux

40%
polarization
in peak

@ Diamond radiator:

Orientation of crystal planes
- linearly- polarized y
photons out

collimated

electrons in

spectrometer

/ 4-”"5'”'5””?'”
diamond Hadronic | | tagged

crystal
Backgrounds  (.1% resolution

10 11 12

photon energy (GeV)
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The GlueX Detector

lead-glass detector

. . (FCAL)
* Superconducting Solenoid barrel L o
calorimeter flight
magnet ~ 2.2 T target  (BCAL) (TOF)
* Hermetic detector with  usweam ©*
velo

large acceptance for charged v
and neutral particles

photon beam

Cerenkov

diamond g

wafer
wire tracking
chambers

superconducting
magnet

electron
tagger magnet beam

electron

beam :
tagger to detector distance

i5 not to scale

.!effers::::m Lab
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Central Drift Chambers

® Track charged particles in
central region (140" < 6 < 20
* 25 radial layers of straw

tubes

@ 17 straight layers

o4 + 6° stereo layers
@4 -6 stereo layers =
> dE/ dx capability for p<450 MeV/ c
~ identify protons =

Upstream Endplate

Stralght
stereo +
Stereo -

s [em] g

Hall D/ GlueX Jefferson Lab



Forward Drift Chambers

* Purpose: track forward-going (6<20° ) charged particles

@ Design: 4 packages each containing 6 cathode strip chambers
@ Cathode strip chamber: cathode plane/

/ cathode plane
? Drift chambers with cathode readout

@ Cathode planes divided into strips oriented at +75° with respect to wires

@ Each chamber rotated with respect to its neighbor by 60°
@ Position resolution goal < 200 pum
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Cathode StriE Chambers

Sense wires

it
=
It
h
5
Z
v
[
Lh
z
5

/f .

* 3D space point at each wire plane

@ Drift time — coordinate away from wire
@ Strip centroids — avalanche position along wire

L
Y

—x

SR

NSNS
<
2

Cathode Cathode

s=10 mm h=3 mm strips

L}

NN NS

T
LA

N
N
N

N

Bk\
o
- py

iz
2

J | E | h=5 mm

. Anode sense wires 5

5
5
B

—_—

Cathode

o 140
g 140

] C
E120—
1] C

T B R
10 15 20 25 30
Strip number
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Small- scale prototype

' s Preamplifier boards: SIPs
@ Gain ~2.3 mV/ YA
@ No pulse shaping
@ No tail- cancellation

@ Gas mixture;
40%Ar / GO%CO2

* Readout for cathode strips: CAEN V792 charge-integrating ADCs
@ Readout for sense wires: CAMAC discriminator / F1 TDC

& &2 Hall D/ GlueX Jefferson Lab



Imaging the wires

* Use centroids on both views to reconstruct wire positions

@ Avalanche occurs near wire - x- positions quantized
ox L1/ V2 (u>+<v>) using cathode data only

@ Gaussian fits to reconstructed wire positions - resolution

l_:_‘
F - v |
g 158 + 3 pm [
C < > = |
E 1400 — Y o, = o H " ' . Protot_yp_e
S . [] [ " Trigger scintillators
- - 20°g
1000 T S0 . =
b £ w0l - o 2
C ¥ s C —180 ©
600 T 480:— —1160
- 460 —140
4005_ so0F _iﬁg
ZODEI_ l JL N { it I By 420? 180
%0 260 280 300 320 340 360 400 60
X (mm) 380 — 40
Strip lengths vary between 360 | | | | | | 2
12.8 cm and 27.8 cm 240 1260 1280 300 320 340 360 0

X (mm)
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Toward a Full- Scale FDC Prototxge

0.005” out of plane

No evidence for shearing £
at nominal (aggregate) wire tension...
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Barrel Calorimeter

* Photon detection in central region
» Alternating + layer s SR T Y e T T LYY

@ Sampling Fraction = ~12% 00 8008000000000000000
.........................................
ISR OIBROIORIOROIRES
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BCAL In Test Beam

Cosmic Rays

prototype module: | ———— '
13cmx23cmx4m 1 2 3_a 5 6
overall module weight:
0.76 metric tons

--------- » 7 8 9 10 1 12

. w71

13 14 13 16 17 18

—23.5¢cm -

XP2020 Burle8575
w2 [ ndf 48.31/56 %2/ ndf 107.3/ 56
- _ p0 0.07419 = 0.0004115 - PO 0.05542 + 0.0001485
2 o2 o p1 0.03314 = 0.002413 014 Pl 0.01643 - 0.00142
— I run 2334 =90 S
g F 0.3
~ 0.18}— F
g o12E (5.54 = 0.01)%
g L (74.00 = 0.41) C s @ (1.64 = 0.14)%
= - = ® (33.00 = 2.41 g 2(1.64 0.
5 0.16[- EGoy) ( ) ps w 0.1 NE(GeV)
@ C -~ o
@ I~ i =
8 0.1a]- o 0.10E
E B 0.09
o 0.12— -
E B 0.08—
" oo 0.07- i
= i Ellnaanllnaandlonandlnnanloaand bnasdlnossdlnaardlonon oo b
= 1 | I 150 200 250 300 350 400 450 500 550 600 650

. MU RS U T NS S S N T T L
200 300 400 500 600
Photon Energy [MeV] E, [MeV]
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Barrel Calorimeter Configuration

Xdcd™ 1204

48 modules (phi sectors]

mean no. photons® weighting

Dha et s £ )

Outer Layers

Inner Layers
Edep=59.7555MeV
Pholons=21178.3
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Barrel Calorimeter

G RN NG e e 48 modules (phi sectors]
[
3 aithin®
= 2x2 array PMTs: 384 units
- =1
5 —
o i —]
. — Zn
o — 3o
- fead B === - =
o pteard ] €3
o ER i R
3 _ > 4X6 array SiPMs: 2304 units
- . [ _ -
c = — = F
£ m —
Em?ﬂ-ﬂ:ﬂﬂ'lﬂﬁﬂ;lﬂ;uwllﬂﬂ-uhﬂ'ﬂl s
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Silicon PhotomultiEIiers

——1 = Technology choice for readout of inner layers

@ Avalanche photodiode (APD) matrix
of semiconductor photon sensitive
———ly devices

-='E=EE§E§' H ol il @ Each pixel operates in Geiger mode

: i @ Gain comparable to conventional PMT

e 2

........

S IETEEEES S
tttttttt
SEEEEESEEEAEERR

f
[

o .-"#.'.Jﬁ'l

CSensL

Tl'lll' Low Light Sensing Coampany

Immune to magnetic fields...
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SIPM Measurements

s Flom @ Sensitivity to green
- b wavelengths = g_ood
~ R (4405)% match to BCAL fibers
") '_.--.""'_'h"'““*;;' - (3.4£0.5)%
ol (19£3)% s,
* Clean photo- electron spectrum “ pedestal

4500

observed for 35 ym pixel, 3xX3 mm?
sensor at - 20°C

® Would prefer to run near room
temperature...

CCCCCC

CHAMMEL
o i [4[v[B7a &
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Time- of-flight Detectors

* Particle identification for forward- going
charged tracks
@ Two layers of scintillating plastic

@ 250X6X2.54 cm? bars

@ ~168 channels

@ Timing resolution goal <100 ps
olut for 3 ddle €

. vt i i ,.
“: e . : ? 2 i !
a 3
e L] s L) : i @ (
; 0 . * F * 5

. (
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Forward Calorimeter

@ Detect photons in the forward direction
s Array of 4x4x45 cm® lead glass blocks (~ 2800 channels)
@ Crystals already in hand (recycled from E852 and RadPhi)

—
3.6% g1

IREENI

o0/E-=7.3%4/E +

& &2 Hall D/ GlueX Jefferdon Lab



DAQ and Trigger

°* Trigger rate: 200 kHz, Datarate: 100 MB/ s
* No dead time = pipelined electronics...

I 3
p. Trigger and data acquisition trend_
High Level-1 Trigger
i LHCb High No. Channels
High Bandwidth
\ ( 1000 Gbit/s)
.9 ol
9 KTev HERA-B
@ KLOE ~ CDF i
-‘T 10¢ DO
[ " :
- 2CLAS O BaBar High Data Archjves
4 CDF, DO (PetaBytes)
] ZEUS ALICE
102 R e—
Mt \J L) v . U
104 10° 10° 10’
O LEP
Event Size [Bytes]
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Electronics

High Speed |
Serial '
Backplane
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Event SSimulation

PYTHIA- generated background event

t)-z = T cm

_ REEREE .
.
;
.

I
E
2

Lz 70 cm

T ——i30 em
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Sample Signal Event

yp = pb-,t* & p(wm)mnt > prtT I

: 3 —— =
M'—.ﬁ_—ﬂfﬁ
== W
T e P -

e

X
tﬁf —— 70 &cm
IziEsEs A s iniaininnl
B H
"--._‘_L
/ . : |
—— o HH u:u:g i
.
T f g
1\—> | N izt
Z e ———————————————————————————————— _ F—— 70 cm X TTHHH HH™ ——30 em
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Summarx and Outlook

* The 12 GeV upgrade project has passed a major milestone
® DOE awarded CD-2 in November (3" out of 5 CD levels)
* The GlueX experiment is a major part of the upgrade

@ Goal isto map out spectrum of hybrid mesons
@ Major construction project with brand- new hall and detector
* Detectors are in design and prototype stage
@ ...there's still alot of work to do!
@ CD- 3 (Approval to start construction) is expected next year

We welcome new collaborators!
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Hall D WorkshoE

"Photon- hadron physics with GlueX in Hal

Jefferson Lab, March 6- 8, 2008

* Topics include:
» Chiral anomaly and Primakoff effect
> Charm production near threshold
» Exclusive reactions at high momentum transfer
* Nuclear effects in photo- production
» Meson and Baryon Spectroscopy
* Detector upgrades

& A Hall D/ GlueX Jefferson Lab



Additional Slides
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Overview of Technical Performance
Requirements

]
wj The GlueX/Hall D Project

Hall D Hall B Hall C Hall A
excellent luminosity energy reach installation
hermeticity 10 x 1034 space
polarized hermeticity precision
E/d)g'.gt—gnéev 11 GeV beamline
108 photons/s target flexibility

good momentum/angle resolution | excellent momentum resolution

high multiplicity reconstruction luminosity up to 1038

particle ID




Design Parameters

Capability Quantity Range

Charged particles Coverage 1° < 6 < 140°
Momentum Resolution (5°-140°) c,/p=1-3%
Position resolution c ~ 150-200 um
dE/dx measurements 20 < 6 < 140°
Time-of-flight measurements c, < 80 ps
Cerenkov and w/K separation 0 < 14e
Barrel time resolution o, < (150 + 50 WE) ps
Energy measurements 2<0<120°

Veto capability
LGD energy resolution (E > 100 MeV)
Barrel energy resolution (E > 40 MeV)

120< 6 < 170°
. /E = (3.6 + 7.3NE)%
o /E = (2 + 5NE)%

LGD position resolution G,y ~1cm
Barrel position resolution c,~4cm
DAQ/trigger Level 1 200 kHz
Level 3 event rate to tape 15 kHz
Data rate 100 MB/s
Electronics Fully pipelined Flash ADCs, multi-hit TDCs

Initial: 107 y/s rate

Final: 108 y/s

.jeffefi)nn Lab



Linear Polarization

Linear polarization is:

\/ Essential to isolate the production mechanism (M) if Xis
kKnown

\/ A Jc filter if M is known (via a kinematic cut)
\/ Degree of polarization is directly related to required statistics

\/ Linear polarization separates natural and unnatural parity

States of linear polarization are eigenstates
of parity. States of circular polarization are not.

X
Y,

.jeffergnn Lab



Linear Polarization

assume that X decays into two spin-less mesons: a and b

t and that e is also spin-less
; l .
d
P e :4> _T_ -3 a e quantization axis
A .. m determined by polarization of photon
Pt Py b Y, (0, ¢) = Y(H[E:'_.r::ﬁ} x Pi(cos f)et?
For circularly polarized photons: m=+1 orm = -1 w  W(0.0) x |Pcosh)|?

For unpolarized photons: = T L
equal mixture of m =+1 and m = -1 (0, 9) o< | Pe(cos 6)]
For x - linear polarization: = W, ¢) =Y,"" — Y, 1% x| Ps(cos 8)|? sin® ¢

For y - linear polarization: = W(,¢) =Y,"" + Y, "% x |Pe(cos )| cos®
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