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* Barriers to higher Q?
 The SuperBigbite Spectrometer (SBS)
* Wide aperture dipole
* Flexible high-rate detector packages
* The SBS Suite of Experiments
* Further into the Future



Nucleon Form Factor Measurements

Transition matrix:

Electron current:

Baryon current:

Form Factors:

Sachs Form Factors:
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Nucleon Form Factor Measurements
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Road to higher Q?
Q? =few (GeV/c)? === (2> 10 (GeV/c)?
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Doubling electron energy, E, helps, but...
Cross section decreases by factor of 16 when doubling Q2 and E

Need to maximize luminosity and acceptance



Road to higher Q?
Q2 =few (GeV/c)? === Q2> 10 (GeV/c)?

 Complications from 2 photon-exchange?

ALY | | ' |
] ROSQ“% - . (’) -
* Spin-dependent measurements extract G./G,, ! | ]

* But polarized targets may limit luminosity




Road to higher Q?

The Jefferson Lab Energy Upgrade

6 GeV w11 GeV

* Increase # RF modules

* Upgrade existing RF modules

e Upgrade arc magnets

e Extra % turn for Hall D gives 12 GeV




Twin High Resolution Spectrometers

e AQ: ~6 msr
* Prange: 4.5%
* 0,/p: ~1x10*

* Detectors highly shielded




High Resolution, Small AQ2 === Large AQ2, open geometry

. .’—//. b

Twin High Resolution Spectrometers

e AQ: ~6 msr
* Prange: 4.5%
* 0,/p: ~1x10*

* Detectors highly shielded

BigBite Spectrometer o) wischanbors

e AQ: ~76 msr i

* prange: 0.6to 1.8 GeV o T
* 0,/p: ~1x 102

* Open geometry, tracking
depends on redundant chambers

air pad



High Resolution, Small AQ2 === Large AQ2, open geometry

> ~

Twin High Resolution Spectrometers

e AQ: ~6 msr
* Prange: 4.5%
* 0,/p: ~1x10*

* Detectors highly shielded

BigBite Spectrometer

scintillator

e AQ: ~76 msr
* prange: 0.6to 1.8 GeV e
* 0,/p: ~1x 107

* Open geometry, tracking
depends on redundant chambers

air pad

Super Bigbite Spectrometer (SBS)
e Under construction

e AQ: 76 msr @ 30°
5msr @ 3.5°

 Ap: 2 to 10 GeV

* 0,/p: ~1x103p [GeV]

* Highly segmented, configurable
detector packages —— -




The SuperBigbite Spectrometer Project

* Spectrometer based on open-geometry magnet
 Accommodates small-angle hadrons

* Suite of configurable detector packages

e Suite of approved experiments with multiple configurations
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The SuperBigbite Spectrometer Project

First suite of SBS experiments

Max Q? Reaction JLab Exp
(GeV?/c?)
G.P 14.5 Proton Electric FF E12-07-109
E =
p(€, €'p)
n 10.5 Neutron Electric FF E12-09-106
E n(e, e'n)pn
n 13.5 Neutron Magnetic FF E12-09-019
M d(e,e'n)p and d(e, e'p)n
SIDIS 9.0 Semi-Inclusive single-spin asymmetry | E12-09-018
n(e, e'x) where x=n", =, K7, K7
Aln 8.0 Neutron Spin A, in valence region E12-06-122
n(e, e)X
TDIS 3 Tagged Deep Inelastic Scattering E12-15-006
Meson component of the nucleon
ple,en)X and d(e, e'pp) X




The SuperBigbite Spectrometer Project

Configurable Detectors

 Open-geometry magnet
* GEM Tracking Detectors

e Hadron Calorimeter
e Electron Calorimeter
e Polarimeter

Analyzer
Proton Arm |

Segmented Hadron
‘Calorimeter

______

Dipole

Tracking

Target

Coordinate Detector
\

Electron Arm

Calorimeter

Gg, Configuration

Neutron/Proton Arm Segmented Hadron

\

QE n/p separation

P from Calorimeter

ToF and x/y
(long distance)

Target

......... > Tracking

(4

Calorimeter

Electron Arm

Gg,, Configuration
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The SuperBigbite Spectrometer Project

The Dipole

Small aperture, high resolution = Wide aperture

 Magnet: 48D48 - 46 cm gap, 2.5 Teslam
* Solid angle is 70 msr at angle 15 deg.
* Momentum acceptanceis 2 to 10 GeV

Viewto A - A Right yoke

Beam

]
=1

146"

Left coil / ] Right coil
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The SuperBigbite Spectrometer Project

Drift Chambers www== GEM Tracking Chambers

Used in Hadron Arm (Tracking and Polarimeter) and Electron Arm
INFN/Rome-Catania-Genoa-Bari, U.Virginia

Tracking Chamber Rate Limitations

Drift Chambers GEMs
lon drift: ~3mm 50um
Intrinsic limit: 10-50 kHz/cm? > 10 MHz/cm?
JLab BigBite: 10 kHz/cm?
SBS Electronics: » . 500 kHz /cm?2

Gas Electron Multiplier
1997 Fabio Sauli
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The SuperBigbite Spectrometer Project

Diffusion Polarized 3He Target mm Convection-based Polarization

Polarized 3He Target used for polarized neutrons

U.Virginia

Max current:
Length:

Old Design

New Design

8 UA
40 cm

60 uA
55cm

Convection + metal cell ends allow for sustained
polarization of ~60% with 60uA beam

Laser light for

optical pumping |
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The SuperBigbite Spectrometer Project

Additional Detector Packages:

HCAL-J 40 Ton Hadron Calorimeter for Hadron Arm
288 modules
700 ps ToF resolution, 95% efficiency
Carnegie Mellon, JLab, INFN/Catania

ECal Electron Calorimeter for Electron Arm (G.P)
Must survive 0.5 kRad/h
JLab, SUNY

24 Modules (360cm)

/b\




The SuperBigbite Spectrometer Project

Additional Detector Packages:

CDET  Coordinate Detector
Electron arm (GP)
Hadron arm
Idaho State, St. Mary’s, Jlab

GRINCH Threshold Cerenkov
Bigbite PID, 510 PMT array
William & Mary, North Carol.,
A&T, Glasgow

RICH Ring-Imaging Cerenkov
nt/K separation for SIDIS experiment
UConn, JLab




The SuperBigbite Spectrometer Project

First suite of SBS experiments

Max Q2 Reaction
(GeV?/c?)
| G.P 14.5 Proton Electric FF
- p(€, €'p)
n 10.5 Neutron Electric FF
E n(e, e'n)pn
n 13.5 Neutron Magnetic FF
M d(e,e'n)p and d(e, e'p)n
SIDIS 9.0 Semi-Inclusive single-spin asymmetry
n(e, e'x) where x=n", =, K7, K~
Aln 8.0 Neutron Spin A, in valence region
n(e, e)X
TDIS 3 Tagged Deep Inelastic Scattering
Meson component of the nucleon
p(e,en)X and d(e, e'pp) X
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G¢P: Electric FF of the Proton »(¢:¢'p)

Measures G.(Q?)/G,,(Q?) for proton

*  Spin-transfer determines G.(Q?)/G,,(Q?)
 Uses Two Recoil Polarimeters

e 70uA beam on 40 cm LH2 Target

* Q?uptol2 GeV?

Electron scattering plane

e Secondary
scattering
plane

Spin Transfer in Elastic Scattering _ _,C',S 9
Interaction includes spin-spin terms: Se Sp CO; |
. . N b
Define coordinate axes for scattered proton ‘e X,
’/79 |
longitudinal = ¢ = pB/|p| along protron momentum
normal : n = (ke x k.L)/|ke x kL| normal to scattering plane
transverse: t = hx/

Ggp uses a longitudinally polarized beam, ﬁ’e — hPelA<e, h=+1
Pn
P
Py

RN NI
o oo

20



GEF’: Electric FF of the Proton

Calculate do/dS2 using spin-projection operators P
Z_S(Eevee7:|:7:|:€) Z ’MIZP(Se_j: k )P(Sp_j: E)

spins

For a 100% polarization electron beam, proton polarization in
longitudinal direction ¢/ becomes

P = g_g(Eea(gea -+, —i_%) o (le_g(Eaea -+, —f]/[”sum”]
— S_S(Eeveev —|_7 —l_/i-) o g_g)(E797 S —l_/i-]/[nsum”]

= —2/7(1+ 7)GeGmtan§ /Iy

where h = G,f- - %GMz.

Similarly P, = EE%E‘;\/T(]. +7) G2 tan?5 /|
Ge __ P: Ee+E; . 6

thus G—A‘-; = Pj e tans
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GEF’: Electric FF of the Proton

Recoil Polarimeter

Secondary
scattering
plane

/QST'I. S
Carre 0 ,
Protons re-scatter in CH, at back spectrometer Re N
: : : "S¢,
Analyzing power comes from single-spin asymmetry O”eh,hg ,
. . . ‘ng
Let n = pxp/|pxp|(normal to re-scattering plane) ",
and prol = proton polarization at the polarimeter
ppol ol 2 ol =
Then PR -0 = (PPt+ PR%R)-n
. pol _- pol
- Pt Sln¢ T Pn COS¢ GEMkFront GEM Rear Hadron Calorimeter
Tracker Tracker

Scattering
Chamber

Helicity-dependent asymmetry determines PfOI and P;‘,’Ol

A0, 9) = PeAn(0) (PP sing — PE% cos)

SBS magnet
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GEp: Electric FF of the Proton

Polarimeter measures

We need P: and Py

Spectrometer field precesses spin about B

p . pol

?Z T PPOI Sln(’}/p(
Ge _  _E+AE
VI N tan

pol
Pt

20 (Pt
Pr

I
and PF°

pre 0655\0“
‘)\Y\
\

1)A9) +Yp(tp — 1)Ag

pol

crsin(yp(pp —

Scattering
Chamber

Proton Arm

Dipole

1)A0) + vp(p

Electron Arm

Calorimeter

1)A¢>

\

GEM Front
Tracker

GEM Rear Hadron Calorimeter

Tracker

SBS magnet
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The SuperBigbite Spectrometer Project

First suite of SBS experiments

Max Q2 Reaction
(GeV?/c?)
| G.P 14.5 Proton Electric FF
- p(€, €'p)
/G n 10.5 Neutron Electric FF
E n(e, e'n)pn
n 13.5 Neutron Magnetic FF
M d(e,e'n)p and d(e, e'p)n
SIDIS 9.0 Semi-Inclusive single-spin asymmetry
n(e, e'x) where x=n", =, K7, K~
Aln 8.0 Neutron Spin A, in valence region
n(e, e)X
TDIS 3 Tagged Deep Inelastic Scattering
Meson component of the nucleon
p(e,en)X and d(e, e'pp) X
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GE”: Electric FF of the Neutron

Measures G.(Q?)/G,,(Q?) for neutron

e Q?upto 10.5 GeV?

* Polarized 3He target

* SBS serves as p/n separator

* Upgraded BigBite with improved
7T rejection

n(€, e'n)pn
Super
(Not to scale) BigBite :
Polarized
3He Target

GEM Veto

BigBite w/
upgraded
detectors
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G;": Electric FF of the Neutron (€, e'n)pn

For target polarization P, beam helicity asymmetry is:

A o . 2\/T(T—|—1)tan(9/2)GEGM ﬁ . /i'—
o (Ge)*+(Gpn)?(7427(147) tan2(6/2))

27'\/1—|—7'—|—(1—|—7')2t“an2(9/2)tan(9/2)(G,(’4)2 ﬁ g

(Ge)?*+(Gun)?(7427(147) tan2(6/2))

With target polarization P along te— Tnsc |

A _ 2¢/7T(1+1)tan(0/2)Ge /Gy P
LT (Ge/Gu) P (rH2r(14r) tan2(6/2))
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The SuperBigbite Spectrometer Project

First suite of SBS experiments

Max Q2 Reaction
(GeV?/c?)
| G.P 14.5 Proton Electric FF
- p(€, €'p)
n 10.5 Neutron Electric FF
E n(e, e'n)pn
@ 13.5 Neutron Magnetic FF
M d(e,e'n)p and d(e, e'p)n
SIDIS 9.0 Semi-Inclusive single-spin asymmetry
n(e, e'x) where x=n", =, K7, K~
Aln 8.0 Neutron Spin A, in valence region
n(e, e)X
TDIS 3 Tagged Deep Inelastic Scattering
Meson component of the nucleon
p(e,en)X and d(e, e'pp) X
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Gy": Magnetic FF of the Neutron  d(e; ¢'n)p and d(e, e'p)n

Hadron Arm
2 2
Measures GI\/I—neutron(Q )/GI\/I—proton(Q ) it atgc'?‘l_
* Q?upto 13.5GeV? N 17 m fhight Pt =
* Deuteron target Beam “\“\ o
* SBS serves as p/n separator signie Y __”-G =
Electron Arm .-*"’ //O/
GEIM QCa]
i) i) (02 + (i
" < d(ee'n) e € n(e,e' 7 1+ E) T e\mM
R — > >
(Dheen @ (@
4R )d(e,e'p) A2 ) p(e,e') dQ ) p(e,e')
2
t/e( A"
naMottE(GM)
> | R= (da)
“p(ee)
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The 4 Form Factor Measurements

1pGe/Gyy

1.1

Proton

1 0 '{i ]
0.9 =
- \ —
L ~ _
[ m E12-07-108 (Hall A) ~_
0.8 — - VMD-Bijer and lachello [{] Ny
: —— — VMD + Disp. Rel. - Hammer :
L LFCBM - Miller (2002) +-
B 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 a
07 5 10 15 20
Q? [GeV?]
T T I T T T I T T T T I T T T T
1.5
] E12-07-109 (Hall A, SBS)

1.0

=S UL

—— — VMD - Bijker and lachello
—— — VMD + Disp. Rel. - Hammer
A ——— LFCBM - Miller (2002)

DSE q(qq) - Roberts (2009)

FJF, o In*(QP/A%)/Q%, A = 300 MeV

05 —
0.0 b —— —
T R
-0-89 10 15 20
Q? [GeV?

u Gg/Gy,

Neutron

—— — VMD - Bijker and lachello

0.6-C E12-07-104 (Hall B) —
) —— — VMD + Disp. Rel. - Hammer
r W E12-09-019 (Hall A,‘SBS) LFCBM - Miller (2002)
1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1
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2 2
Q° [GeV7]
1 _O L I T 1 I T I/I T T I L I L I L I L I L I L
= [ E12-09-016 (Hall A, SBS) B

0.5

0.0

——— LFCBM - Miller (2002)
———— DSE q(qq) - Roberts (2010)
——— F,JF,  In’(Q¥/A%)/ Q%, A = 300 MeV
. d(ee'd) T20 - Schiavilla & Sick

E12-11-009, Hall C
— VMD - Bijker and lachello

— VMD + Disp. Rel. - Hammer

2 4 6 8
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Q? [GeV?
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The SuperBigbite Spectrometer Project

First suite of SBS experiments

Max Q? Reaction
(GeV?/c?)
14.5 ProtonﬁEIgctric FF
p(€, e'p)
10.5 Neutron Electric FF
n(€, e'n)pn
13.5 Neutron Magnetic FF
d(e,e'n)p and d(e, e'p)n
9.0 Semi-Inclusive single-spin asymmetry
n(e, e'r) where x=n*, 177, KT, K~
8.0 Neutron Spin A, in valence region
n(e, e)X
3 Tagged Deep Inelastic Scattering
Meson component of the nucleon
ple,en)X and d(e, 'pp) X
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SIDIS: Semi-Inclusive Deep Inelastic Scattering

. . . ni(€, e'r) where x=nt, 7, KT, K~
Single-spin Asymmetries * ( )

*mostly

Transversely
Polarized
3He




SIDIS: Transverse Momentum Distributions (TMDs)

Sivers Distribution

k, : Struck quark transverse momentum
fo/p(x, kL) : Transverse Momentum Distribution (TMD)

Can fy/p(x, k) depend on k| direction?

Yes, if nucleon is polarized

forpt(Xo k1) = fop(x, k3) + 3 ‘Ag’/ST
4
®
O/Oh/.
S
)




SIDIS: TMDs and Sivers Effect

p = —/ = proton momentum direction \/ T\ A \\
St = Target Polarization Direction (L to p ) L
k., = Struck quark L momentum direction \
asimuthal angles t

¢s . target polarization ; -
¢n : detected hadron é‘
¢ : struck quark -
St-(px k) = (cospst+ singsh)-(—F£ x (cospt + singh)

SINGRCOSPs — COSPSINDs

sin(¢ — ¢s)
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SIDIS: TDMs and Sivers Effect

Integrate over f ki
57+ (p x kL) = sin(¢ — ¢s) => 072
But ¢ symmetry broken if hadron detected

Target polarization asymmetry related to:

ASivers(¢57 ¢h) — dUSivers(§T7 ¢h) — do—Sivers(_gTa ¢h)

2
ew® XX T\ O N a7
5 & X o (o 5
. \le 0 o 6\(\ 0\0 Q
S S R O A



SIDIS Sivers Effect

L(ps,¢n) = do(St.¢n) + do(=St,¢n)
— 2Zfd2kJ_fq/p(X7kL)j—&Dg(ZvﬁL)
q

Sivers Asymmetry

Asin(én—os)  _ 2f dpsdopsin(dp — ¢s) A (¢s, dn)

ur B J désdonX(¢s, ¢n)

N 2

Extracts ’qu/ST (x,k7)® D
IVernS. C r
0 relq
(Unp"/am'zme/aﬁon b and o1 Petweer,
Momens, <€ qugp, EtWee *Truck 9uark
Um Q l"k tr h
d ny /eOna”SVe

A. Prokudin

sivers DF P xAVf(x) s, (kxP)
(1)
d

* Sivers effect: a left-right asymmetry in the transverse _ -
momentum distribution of unpolarized quarks in a T 0wk (GeV)  w o ek (GeY)
transversely polarized nucleon
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SIDIS: Collins Effect

Fragmentation Function
correlation with quark spin:

§q‘(/:/><ﬁj_)

—

Sq : spin of fragmenting quark

k' : momentum of fragmenting quark

p, : L component of ﬁhadron wrt fragmenting quark Anseimino, et al.
Phys. Rev D75 (2007)
Dcol(@s, ¢n) = docol(ST, ¢n) — docol(=5T; ¢n) )
= Y e2 [ d?ky DT (x, k3 )sin(¢ + ¢s + ¢h) 457
q

dQ?
. AN
Dh /gt

(ZHBJ_)
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SIDIS: Collins Effect

ASin(ontés) fd¢sd¢h5m(¢h+¢s) (és, én)

Aur B [ dosdopnX(os, dn)

Extracts Aq7(x, k%) ® ADh/ T(Z, pL)

2 . . .
AqT(Xa kl) Is related to the transversity distribution

h(x) = [ d®ki Dgr (%, k7)
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SIDIS: Kinematic Coverage

E12-09-018

4x10%° cm=2st luminosity
60% 3He target polarization
~85% electron polarization

40 days E, .., = 11 GeV
20daysE, ., =8.8 GeV
4 days calibrations, etc.

E12-09-018, E=11 GeV

E12-09-018, y

E=8.8 GeV

o E06-010,
& E=5.9 GeV
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The SuperBigbite Spectrometer Project

First suite of SBS experiments

Max Q? Reaction
(GeV?/c?)
14.5 ProtonﬁEIgctric FF
p(€, e'p)
10.5 Neutron Electric FF
n(€, e'n)pn
13.5 Neutron Magnetic FF
d(e,e'n)p and d(e, e'p)n
9.0 Semi-Inclusive single-spin asymmetry
n(e, e'r) where x=n*, 177, KT, K~
8.0 Neutron Spin A, in valence region
n(e, e)X
3 Tagged Deep Inelastic Scattering
Meson component of the nucleon
ple,en)X and d(e, 'pp) X
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Double-Spin Asymmetry
Longitudinally polarized target and beam
Measures contribution of quark-spin to neutron’s spin

A o N, . o

Ty t— SN «—
Parallel spins: o5, Anti-parallel Spins: o, ,

2
O/ = O3 _ gl(x’Q )

2
O1/2 O35 FI(X,Q )

Al(x,Qz)E

at high Q?

For longitudinally polarized virtual photons to be absorbed on quark,
qguark and “photon” spins must be anti-parallel.

40



Double-Spin Asymmetry
Longitudinally polarized target and beam
Measures contribution of quark-spin to neutron’s spin

. Jnti-aligned Quarks aligned

rk '
Qua w/ neutron spin

w/ neutron sPN

> e [

re 0t Yo a0 ab as o,
Y ey S v 2y 4% g% 2 2 _
a TS > sa S se se v

" ." o
» & _
O 4

Parallel spins: o5, Anti-parallel Spins: o, ,

2
O/ = O3 _ gl(x’Q )

2
O1/2 O35 FI(X,Q )

Al(x,Qz)E

at high Q?

For longitudinally polarized virtual photons to be absorbed on quark,
qguark and “photon” spins must be anti-parallel.
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AN
-

Proton Spin Crisis/Puzzle

1 1

0.21F 4 This experiment 1

OerLus-JAFFE SUM RULE ¢ SLAC (2-3] A, = / dx [AU—FATE—FACI{—I—AC{—I—AS—I—AE}
0

0.15 -

= 40.12 £ 0.094 % 0.138 (EMC)

Lot by
—fooel | I
hi,

0.03 ‘#\{'"&
*,

L O‘O—..

1 i 1 1 1
0.01  0.02 0.05 0.1 0.2 0.5 10
Xm

Fig. 13. The convergence of the integral ﬁmgf dx as a [unction of x . where x,, is the value of x at the
low edge of each bin.

“Crisis”: EMC collaboration, NPB 328, 1

(1989) -



AN
N —

More precisely...

* The theory:
AT(X Q2) _ gl(X7 Q2) T (Q2/V2)g2(X, Qz) . gl(X, Qz)

Fi(x, @) Rl Q)

* The measurement:
* We have longitudinally polarized electrons, not virtual photons
* Need two measurements to subtract out contribution of transverse component, ¢.

n 2 _ 1 . 1
//f\1 (. Q%) = pEmeA=-— ameAL
Ext { / % /
rac teq A n 0/29/}‘ Q/)SV (S
! (’0?)7 Se/
where 7 )’,Oo/
¢ = 1[L+20+ QA (0/2)] %, Q”"?e,
Q
D, d and n kinematic variables efQ/:g /:9€;c
Q;
R also a function of Fi/F; Ko “
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n

2 (GeV2)
o8
]

Kinematic coverage for approved A"

(BigBite spectrometer)

0 02 03 04 05 06 07 08 09
x

8.8 GeV and 6.6 GeV running
(W?>4 GeV? cut applied)

Updated SBS-based proposal under development
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The SuperBigbite Spectrometer Project

First suite of SBS experiments

Max Q? Reaction
(GeV?/c?)
14.5 ProtonﬁEIgctric FF
p(€, e'p)
10.5 Neutron Electric FF
n(€, e'n)pn
13.5 Neutron Magnetic FF
d(e,e'n)p and d(e, e'p)n
9.0 Semi-Inclusive single-spin asymmetry
n(e, e'r) where x=n*, 177, KT, K~
8.0 Neutron Spin A, in valence region
n(e, e)X
3 Tagged Deep Inelastic Scattering
Meson component of the nucleon
ple,en)X and d(e, 'pp) X
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TIDIS. Tagged Deep Inelastic Scattering
ple,en)X and d(e, e'pp) X

7t Structure Function via Sullivan Process

ﬁ——;f;iix \\ -
‘Jt‘r{' -~ #_-'_____.--""
N e
N Beam

Solenoid

k, : transverse momentum of 7
fraction of nucleon momentum carried by 7

fraction of m# momentum carried by parton

x = zx

FFN(X,Z, k| fW/N(Z, kJ_)F27T <§>

N

><\

N
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TIDIS. Tagged Deep Inelastic Scattering

—X
8 <W2< 18 GeV? N -4
1<Q?<3GeV? gt
0.5<x<0.2

Field Cage Voltage Divider upport Field Cage Electrodes

Gas Port  to HVPS

BONUS Radial Time Projection Chamber



SBS Further into the Future

 Double DVCS

* Double Polarized Wide Angle Compton Scattering
° Aln /dzn

« AP/dp

* D(e,e’d)

* Parity-violating DIS

e J/Psi as gluon probe of QCD

e J/Psi production

 T/3He(e,e’)

e RCS



Conclusion

e SBS Project Completion July 2017
 SBS Program Starts 2018 ?



* Backup




Nucleon Form Factor Measurements

Kinematics Example: 0= 40°

Energy

significant at E=10 GeV

E' 1 Q?
E = E 1= =~
(E,0) dQ( Q)MEl—i— GE+GM[O3 Ve +0016 ]
E — az COS2Q_16—2 RZCOII
dQ ) vost 4E?sin*0 /2 E?
E 0 E
!/ = an2’ — =
E' = E/(1—|—2Msm 2) E/(1—|—0.23M)

E
R* = 4EE’sinzg — 0.48E° /(1 + 0.23-)
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