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Inclusive Scattering


SFs parameterize everything 

we don’t know about hadron vertex 

Construct the most general�
Tensor W consistent with �

Lorentz and gauge invariance�
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E08-027 : Proton g2 Structure Function �
 Fundamental spin observable has never been measured at low or moderate Q2 �

BC Sum Rule :  violation suggested for proton at large Q2, but found satisfied for the neutron & 3He.�

Spin Polarizability : Major failure (>8σ) of χPT for neutron δLT.  Need g2 isospin separation to solve. �

Hydrogen HyperFine Splitting : Lack of knowledge of g2 at low Q2 is one of the leading uncertainties.�

Proton Charge Radius : also one of the leading uncertainties in extraction of <Rp> from µ-H Lamb shift.�

A- rating by PAC33 � Camsonne, Crabb, Chen, Slifer* �
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nucleus ≈ 10-15 �

Atom ≈ 10-10 �

The finite size of the nucleon �
(QCD) plays a small but �
significant role in calculating �
atomic energy levels in QED.�



Proton Charge Radius from µP lamb shift �
disagrees with eP scattering result by about 6% �

<Rp> = 0.84184 ± 0.00067 fm       Lamb shift in muonic hydrogen �

<Rp> = 0.897 ± 0.018 fm             World analysis of eP scattering �

<Rp> = 0.8768 ± 0.0069 fm          CODATA world average�

R. Pohl et.al Nature, July 2010 �

I. Sick PLB, 2003 �
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Possible Implications : �

  Some experimental mistake ? Fairly straightforward spectroscopy.�

  Rydberg constant off by 5σ ?  Really unlikely.�

  We don’t know how to calculate in QED ? Missing some terms?�

  Something about muons we don’t understand ?�

  Underestimating finite size effect uncertainties?�



Polarizability : Integrals of g1 and g2 weighted by 1/Q4 �

Zemach radius : Integral of GEGM weighted by 1/Q2 �

  Dominated by Kinematic region of E08-027 and E08-007 �



General Announcements�
Mailing lists: �

#g2p@jlab.org : general collaboration information �
#g2p_ana@jlab.org : Analysis and day-2-day info �

g2p wiki : https://hallaweb.jlab.org/wiki/index.php/g2p �

g2p analysis logbook: https://hallaweb.jlab.org/dvcslog/g2p�

Weekly Meetings (join in!) : �
#Tues 8:30 : Instrumentation/Beamline @MCC�
#Weds 2:30 : Analysis and experiment preparation �
#Thurs 1:30 : Target preparations (bi-weekly)�

Subs
cribe

 at �

mailm
an.jl

ab.or
g �



Lessons learned, courtesy O. Rondon �
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runplan / Schedule�



Major Milestones�

May 14, 2011 : Start of 6 month down. Installation begins in 100 days.�

Nov 19, 2011 : Beam to hall. Commissioning begins in 289 days.�

Dec 03, 2011 : Production data @ 6 degrees.�

Jan 23-Mar 16, 2012 : Septa removed.�

Mar 17, 2012 : Start Production data @ 12.5 degrees.�

April 26, 2012 : Completion of production data.�

May 14,  2012 : Start of 12 month upgrade.      �



Target Milestones�

Magnet arrival.  Soon?�

Magnet cooldown in EEL :  �
#Quench test.  �
#Demonstrate Ramping in both polarities.�

Full cooldown. �
#All subsystems operational: uwaves,NMR, fridge+pumps. �
#Demonstrate material Polarization.�
#T.E.’s�

Target Fully Operational in Hall A �
#T.E. in Hall A atleast 2 weeks before experiment starts.�
#much sooner would be better J �



g2p and Gep �

E0 (GeV) Angle (deg) Time (phys+overhead)  
2.2 (commisioning) 6 14 
2.2 6 12 
1.1 6 8 
1.6 6 8 
3.3 6 10 
2.2 (no commissioning) 12.5 19 
3.3 12.5 20 days 



Overhead�

360.5 �

3.0 �



More Overhead�

Calibrations�
#BPM�
#Tungsten Calorimeter : 3 shifts (beginning, mid, end)�

Compton �
#tune difficult, and incompatible with Moller tune�
#1 shift: perform once at end of 6deg running �
#FOM best for 3.3 GeV �

Moller�
#Once per energy.�

Optics �
#Once per energy�

Dummy Runs�

#(carbon,empty, helium, nitrogen?)�
#Very frequently.�







tasks/manpower discussion �



Physics Manpower�

Post-Docs�
Jixie Zhang (JLab)�
Kalyan Allada (JLab)�
Post-doc (UNH) onsite by 5/11 �

Part-time�
Vince Sulkosky (MIT)�
Narbe K. (UVa)�
Hovannes B. (UVa) �

 JLAB Staff�

Jian-Ping Chen �
Alexandre Camsonne�
Doug Higinbothan �

Graduate Students�
Melissa Cummings (W&M) �
Chao Gu (Uva)�
Min Huang (Duke)�
Pengjia Zhu (USTC)�
Ryan Zielinski (UNH)�

Expected�
Student (Temple University)�
Student (Jerusalem)�
Tobias Badman (UNH)�

Faculty�

Guy Ron �

Karl Slifer onsite fulltime 5/11-1/12 �
 #    onsite partime 1/12-end �



Tasks in progress�

Geant4 Simulations : Jixie�

3rd Arm Detector : Kalyan, Min �

Beamline oversight : Alex?�

BPM: Pengjia�

Compton : Alex �

Target:  J.P., Pengjia, Karl�

Radiative Tails: Karl, Jixie�

Optix: Jixie, Min �

Runplan: Karl, Guy, Doug �

SNAKE/MUDIFI: Min �

Target Stick : Chao Gu �

Additional manpower�

Melissa Cummings (W&M)�
Student (Temple University)�
Ryan Zielinski (UNH)�
Tobias Badman* (UNH)�
Post-doc (UNH)�
Chao Gu (Uva)�

GEM Trackers: Nilanga �

Energy loss in Irradiations : Penjxia�



Unassigned Target Tasks�

Need atleast 2 dedicated students and one post-doc.  As many more trained as possible.�

#Target Field Alignment: �

#Target Field Map: �

#NH3 Material budget: �

#Heat load (400W) from beam dump.  Target fridge ok with this?�

#NMR coil placement: in material vs. saddle coil �
# #effect on radiative tails�
# #effect on NMR precision �

#Realistic estimate of necessary carbon/empty/helium runs.�

#Ceramic cups:�

#Microwave feedback: �

#Target operator training:�



Unassigned analysis tasks (pre-run)�

Specific�
#Saftey Docs  : modify SANE docs for g2p.�

#Analysis coordinator: scripts, replay, workspace…�

#Optix : Kalyan?�

#Detector Calibrations and efficiencies�
# #calorimeter�
# #cerenkov �
# #hodoscopes�

#Online PbPt: �
# #�
#Target polarimetry :�

#do we need nitrogen dummy target.�

#Ensure UNAMBIGUOS HWP status�



Unassigned analysis tasks (long term)�

#Radiative Corrections�

#PbPt: �
# #�
#Target polarimetry :�



Analysis (PhD) Topics�

Target polarimetry:�

Spin Asymmetries:�

g2p, A2, structure functions: �

Polarizabilities : �
	

δLT�
#γ0 �

Sum rules: �
#Burkhardt-Cottingham�
#GDH �

Finite size effects: �
#Hyperfine Splitting �
#Charge radius�

Much more physics.  �
Let’s start thinking about it.�





Date of next Collaboration Meeting �

March 14-18? Spring break, but only 6 weeks from now �

March 21-25? 7 weeks�

March 28-31 8 weeks.�

Possible Conflicts�
CLAS PARIS :  March 7-11 �
Spring break : March 14-18 �
DIS11: April 11-15 �
April 4 rb �
April 30-May 3 : GHP Annaheim�
May 14 : 6mo down starts�
May 17-20 : NSTAR @ jlab �
Jun1-3 : Hall A Meeting �





Argonne : 10K parts or machining.�
            + 2 tech staff that can help with design work.�

Rutgers : 25-30K machining in Rutgers shop (CNC available).�

Tel Aviv : 10-20K machining of beamline components.�

Temple : 10K in beamline parts or machining.�

UVa : 60K in target magnet repairs at Oxford.�
        5K to repair target refrigerator.�

UVa(2) : 10K in machining and parts (+tungsten beam dump).�

UNH : 10K in parts or machining.�
         2K in target stick repair.�

William&Mary : 5K in parts or machining + manpower.�

 147-162 K in confirmed user contributions �

Additional anticipated contributions �

UNH : 20K supplemental request for parts/machining.�

Spokesman Guy Ron will move from post-doc to faculty position �
with associated startup funding within the next few months.�

(as of June 24)�



Applications to Atomic Physics!

nucleus ≈ 10-15 �

Atom ≈ 10-10 �

The finite size of the nucleus �
plays a small but significant �
role in atomic energy levels.�

Hydrogen HF Splitting �

≈1ppm� ≈5ppm� <1ppm� ≈40ppm�

Friar & Sick PLB 579 285(2003) �



Elastic Scattering! Inelastic!

Structure dependence of Hydrogen HF Splitting �

Nazaryan,Carlson,Griffieon �
PRL 96 163001 (2006) �

ΔZ=-41.0±0.5ppm� Δpol≈ 1.3±0.3 ppm�

0.2265 � ppm�

Elastic piece larger but with similar uncertainty�

Δ1 well determined from F2,g1 data �

Δ2 Not well determined at all, assumed�
small.�

If assume Maid Model instead of Eg1 �
model, the uncertainty on g2 would �
be 2X uncertainty from g1 �


