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Physics:Physics:

Measure Measure protonproton spin structure function  spin structure function gg22((xx,,  QQ22))  and spinand spin  asymmetry asymmetry AA1 1 ((xx, , QQ22))
at momentum transfer 2.5 at momentum transfer 2.5 ≤≤  QQ__  ≤≤ 6.5 GeV_ and Bjorken  6.5 GeV_ and Bjorken xx 0.3  0.3 ≤≤  x x ≤≤ 0.8 0.8

StudyStudy  xx and  and QQ22 dependence dependence, , twist-3twist-3 effects,  effects, momentsmoments of  of gg22 and  and gg11, comparison, comparison
with with Lattice QCDLattice QCD predictions, test polarized  predictions, test polarized local dualitylocal duality for  for WW> 1.4 GeV,> 1.4 GeV,

Single-arm experiment with large solid angle electron telescope Single-arm experiment with large solid angle electron telescope BETABETA



Physics from SANEPhysics from SANE
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SANE Kinematics and LayoutSANE Kinematics and Layout

Two beam energies:Two beam energies:

_ 6 GeV (black)

__ 4.8 GeV (green)4.8 GeV (green)

"" Hall CHall C

"" CEBAF polarized beamCEBAF polarized beam

__ 85 nA85 nA

__ 75% beam polarization75% beam polarization



Big Electron Telescope Array - BETABig Electron Telescope Array - BETA

Three subsystems:Three subsystems:

__ Lead glass calorimeter BigCal: mainLead glass calorimeter BigCal: main
detectordetector

__ Gas Cherenkov (NGas Cherenkov (N22): additional pion): additional pion
rejectionrejection

__ Lucite hodoscope: trackingLucite hodoscope: tracking

Target field sweeps low Target field sweeps low EE background background

CharacteristicsCharacteristics

__ Effective solid angle (with cuts) =Effective solid angle (with cuts) =
0.194 sr0.194 sr

__ Energy resolution 5%/Energy resolution 5%/√√EE(GeV)(GeV)

__ angular resolution = 2angular resolution = 2ºº

__ 1000:1 pion rejection1000:1 pion rejection



UVa Polarized TargetUVa Polarized Target
Dynamic Nuclear PolarizationDynamic Nuclear Polarization

5 T Field5 T Field

–– can steer beamcan steer beam

–– affect optics of scattered electronsaffect optics of scattered electrons

1 K evaporative refrigerator1 K evaporative refrigerator

Composite target: N+H+HeComposite target: N+H+He

–– asymmetry is diluted by unpolarizedasymmetry is diluted by unpolarized
materialsmaterials

Measure target polarizationMeasure target polarization

–– calibration: thermal equilibriumcalibration: thermal equilibrium

–– continuous monitoring by NMRcontinuous monitoring by NMR



SANE Expected ResultsSANE Expected Results

xx dependence at constant  dependence at constant QQ22 and  and QQ22 dependence at fixed  dependence at fixed xx

Multiple data points at different Multiple data points at different QQ22 values for each value of   values for each value of  xx



SANE Expected Results (II)SANE Expected Results (II)

"" DIS data up to DIS data up to xx = 0.6; Resonances measured down to  = 0.6; Resonances measured down to WW = 1.38 GeV = 1.38 GeV

"" gg22 measured in region of most sensitivity for  measured in region of most sensitivity for dd22



SANE Expected Results (III)SANE Expected Results (III)

Twist-3 matrix element Twist-3 matrix element dd22 = ∫  = ∫ 
00
1 1 xx2 2 (2(2gg11 + 3 + 3gg22) ) dxdx calculable in lattice QCD calculable in lattice QCD

expected error on expected error on dd22 ( (QQ22 = 2.5 to 6.5 GeV = 2.5 to 6.5 GeV22) = ) = 0.0009 ( (1/2 the current world error)the current world error)

Test of polarized local duality with  Test of polarized local duality with  ∆∆WW resolution  resolution ≤≤ 130 MeV, constant 130 MeV, constant QQ22



Beam Time RequestBeam Time Request

Energy Time (h)

Production 6.0 180 100
6.0 80 200
4.8 180 70
4.8 80 130
2.4 - 10

Systematics Packing Fraction 20
Mollers 21
Total beam time 551   (23 d)

Overhead Anneals 62
Energy Change 48
Target Rotation 48
Stick Changes 48
Total Overhead 206   (9 d)

Requested Time 654   (27 d)

θθθθN



PAC 24 ReportPAC 24 Report
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 Spin Structure Physics
⇒   JLab, Temple, UVa,W&M

Detectors
⇒   Yerevan, JLab (LA Tech)

Calorimeter
⇒ Protvino, UVA, Temple

Target
⇒ JLab, UVA



First SANE collaboration meetingFirst SANE collaboration meeting

Morning, Friday November 21st., 2003  -  CEBAF Center L104Morning, Friday November 21st., 2003  -  CEBAF Center L104

__  9:00    Welcome - O. Rondon 9:00    Welcome - O. Rondon

__             Hall C's view on SANE and JLab schedule - R. Ent            Hall C's view on SANE and JLab schedule - R. Ent

__  9:10    SANE overview and physics - O. Rondon, UVA 9:10    SANE overview and physics - O. Rondon, UVA

__  9:40    BigCal - M. Jones, JLab 9:40    BigCal - M. Jones, JLab

__ 10:00    Energy calibration and gain monitoring - D. Mack, JLab10:00    Energy calibration and gain monitoring - D. Mack, JLab

__ 10:20    RadPhi Calorimeter Gain Monitoring System - E. Frlez, UVA10:20    RadPhi Calorimeter Gain Monitoring System - E. Frlez, UVA

__ 10:45    Cherenkov - Z-E. Meziani, Temple10:45    Cherenkov - Z-E. Meziani, Temple

__ 11:05    Hall backgrounds and simulations - Z.E.M for S. Choi, Temple11:05    Hall backgrounds and simulations - Z.E.M for S. Choi, Temple

__ 11:20    Discussion and collaboration business - next mtg.'s date.11:20    Discussion and collaboration business - next mtg.'s date.



SANE in Hall CSANE in Hall C

BigCalBigCal

"" Lucite Cherenkov:Lucite Cherenkov:

__ 16 16 xx by 8  by 8 yy
hodoscopehodoscope

__ 1.25 cm thick 1.25 cm thick xx,,
2.5 cm  thick 2.5 cm  thick yy

"" PMT at each endPMT at each end

"" reflective wrap: 10 p.e.'sreflective wrap: 10 p.e.'s



BigCal Status (M. Jones)BigCal Status (M. Jones)

SideSide
ViewView



Absolute Energy Calibration (D. Mack)Absolute Energy Calibration (D. Mack)

Elastic ep:Elastic ep:

–– Accurate but covers only aAccurate but covers only a
fraction of BigCal's areafraction of BigCal's area

ππ00  →→  γγγγ::

–– copious statisticscopious statistics

–– convergence, depth effect issuesconvergence, depth effect issues

Punch-through Punch-through à à ::

–– needs scintillator behind glassneeds scintillator behind glass

–– monitoring and gain matchingmonitoring and gain matching

Cosmics: rough gain matching onlyCosmics: rough gain matching only

Radiation damage not likely aRadiation damage not likely a
problemproblem



Laser Based Gain Monitoring (E. Frlez)Laser Based Gain Monitoring (E. Frlez)

Method tested/used with RADPHIMethod tested/used with RADPHI
calorimetercalorimeter

PlexiglassPlexiglass plate lighted by plate lighted by
several lasers via quartz fibersseveral lasers via quartz fibers

Reference phototube to monitorReference phototube to monitor
laser output variationlaser output variation

Another phtotube scans the surfaceAnother phtotube scans the surface
of the plateof the plate

Quite good light uniformity in theQuite good light uniformity in the
central regioncentral region

Stable in time (-0.07%/day)Stable in time (-0.07%/day)

No signs of damageNo signs of damage
(radiation/mechanical) in time were(radiation/mechanical) in time were
observedobserved



Light Uniformity and StabilityLight Uniformity and Stability



Gas Cherenkov (Z-E. Meziani)Gas Cherenkov (Z-E. Meziani)



Beam Line Background StudiesBeam Line Background Studies

Conducted preliminary beam lineConducted preliminary beam line
background studies using simulationbackground studies using simulation
package of Pavel Degtiarenko.package of Pavel Degtiarenko.

Parallel field:Parallel field: no problems with BETA at no problems with BETA at
4040°.°.

Transverse field:Transverse field: a large fraction of a large fraction of
electrons escape pathologically into BETA:electrons escape pathologically into BETA:

–– expect at most 200 kHz/PMT forexpect at most 200 kHz/PMT for
Gas Cerenkov.Gas Cerenkov.

–– Pileup, trigger rates, detector ratesPileup, trigger rates, detector rates
all remain manageable.all remain manageable.

–– These numbers are conservative...These numbers are conservative...
will probably have a reduction of atwill probably have a reduction of at
least 2 in Cerenkov rates.least 2 in Cerenkov rates.



Background RatesBackground Rates

Dominated by charge-symmetricDominated by charge-symmetric
processes, mostly processes, mostly ππ00  → γ → γ ee+ + ee−−..

Measure ratio of rates in HMS.Measure ratio of rates in HMS.

Measure ratio of asymmetries usingMeasure ratio of asymmetries using
events with events with γ, γγγ, γγ and e and e+ + ee−− in BETA and in BETA and
use CLAS data.use CLAS data.

Hadron backgrounds measured byHadron backgrounds measured by
ignoring Gas Cerenkov in trigger.ignoring Gas Cerenkov in trigger.

Reduce Positron Rates by increasingReduce Positron Rates by increasing
energy thresholdenergy threshold



SummarySummary

Comprehensive study of proton spin structure at QComprehensive study of proton spin structure at Q2 2 from 2.5 to 6.5 GeVfrom 2.5 to 6.5 GeV2 2 withwith
improved precisionimproved precision

Could be scheduled for the 2Could be scheduled for the 2ndnd half of 2006 (just after Gep3) half of 2006 (just after Gep3)

Uva frozen NHUva frozen NH
33 target target

New large solid angle electron detector BETANew large solid angle electron detector BETA

–– BigCal: getting ready for Gep3 and eventually for SANEBigCal: getting ready for Gep3 and eventually for SANE

–– Cerenkov: simulation in progress for a prototypeCerenkov: simulation in progress for a prototype

Background from the targetBackground from the target

–– Hadrons: reduction by CerenkovHadrons: reduction by Cerenkov

–– Positrons: on-line monitoring with HMSPositrons: on-line monitoring with HMS

Beam Background still manageable with conservative estimatesBeam Background still manageable with conservative estimates




