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A Brief History of Recent PAC Meetings

• PAC37 & PAC38: January & August 2011 
• The last time there were two PAC meetings in one year 

• Most recent DoE S&T Review: May 2012 (Naomi Makins presentation) 
• PAC39: June 2012 

• 19 proposals, 5 approved outright, 5 C1, 3 C2 
• PAC40: June 2013 

• 12 proposals, 6 approved outright, 1 C1 
• PAC41: May 2014 

• Special PAC meeting to identify “High Impact” experiments 
• PAC42: July 2014 

• 13 proposals, 9 approved outright, 1 C2 
• PAC43: July 2015 

• 8 proposals, none approved outright, 1 C1, 3 C2, 1 special (C2/Defer)
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C1	  ➔	  Lab	  needs	  to	  OK	  technical	  requirements	  
C2	  ➔	  Must	  return	  to	  PAC	  for	  approval	  and	  rating
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JLab Policy on Experimental Equipment Availability

• Stage I 
• Resources need to be identified and obtained 

• Stage II 
• Resources are essentially available
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Note:	  The	  Laboratory	  establishes	  these	  categories.	  
The	  PAC	  receives	  them	  at	  the	  start	  of	  deliberations.

New	  categories	  are	  in	  place	  for	  resource	  availability
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PAC41: Identifying “High Impact” Experiments

• At the time, roughly 2500 (PAC) days of already-approved beam time 

• Committee charge: Identify 600 days of “High Impact” beam time 
• The goal was to advise the laboratory on half of the available beam time 

in the first three to five years of running in the 12 GeV era 

• We ended up recommending 643 days of High Impact running 
• This was not an easy exercise! 
• Report notes that “ we had to exclude experiments that we unanimously 

agreed should be included.” 
• Our procedure was to have individual evaluations of all experiments, 

regardless of approval rating, experimental hall, or physics group, but 
finding paths to demonstrating early success of the 12 GeV program. 

• In the end, there was (fortuitously!) good balance between Halls 
• For more details, see Naomi Makins’ comments in the PAC41 Report 

• Note: No “High Impact” experiments identified in PAC42 or PAC43
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Notes on PAC43

• Meeting was two weeks ago, final report is available now 
• Excellent work from Committee members and JLab Staff made it 

possible to have all reports completed before we left for home 

• We established a “high bar” for approving proposals 
• The PAC was uniformly impressed with the quality of the proposals, but 

in most cases we wanted to see a more crisp motivation and a well 
thought-out plan for execution. 

• We also respect the backlog, and want to encourage all new proposals 
to reach for “High Impact” levels in justification 

• One experiment approved (C1) for beam time, Scientific Rating A- 
• Ineligible for “High Impact” because it is a “Stage I” experiment 
• However, it is worth taking a brief closer look…
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Approved by PAC43: Pion Structure Function using TDIS

1 Physics Motivation93

The concept of a composite nucleon structure may be tracked as far back as 1933 to94

the discovery of the anomalous magnetic moment of the proton [1]. This was explicitly95

formulated by Fermi and Marshall who noted in a 1947 paper [2] that experimental96

evidence pointed to the nucleon existing approximately 20% of the time in a virtual97

meson-nucleon state. The virtual meson ”cloud” of the nucleon plays an important role98

in the understanding of the nucleon-nucleon interaction and the pion cloud in particular99

has always been considered critical to understanding the nucleon’s long-range structure.100

At shorter ranges, the role of mesons in electron-nucleon deep inelastic scattering (DIS)101

have also been investigated. In 1972 Sullivan [3] suggested that some fraction of the102

nucleon’s anti-quark sea distribution may be associated with this pion content of the103

nucleon. For many decades these and numerous other theories that describe and/or104

utilize the meson cloud of the nucleon have advanced significantly (see [4, 5, 6] for some105

review). From partially conserved axial current to the success of chiral quark models,106

it is considered known that the nucleon has an associated meson cloud. In very stark107

contrast to the substantial body of theory associated with the meson cloud, however,108

experimental results remain few and far between. In a 1983 paper, Thomas commented109

that ”...it is rather disturbing that no one has yet provided direct experimental evidence of110

a pionic component in the nucleon” [7]. Even with results becoming available from Drell-111

Yan experiments at Fermilab, W production at RHIC, and di↵ractive DIS at HERA and112

COMPASS, all discussed below, the ”disturbing” situation is not yet been substantially113

improved.114

Figure 1: Feynman diagram for electron scattering from the pion cloud of the nucleon N,
with the initial nucleon at rest (the Sullivan process).

The 12 GeV upgrade of JLab presents new opportunities to study the mesonic struc-115

ture of the nucleon. One such technique is to measure the contribution to electron Deep116

Inelastic Scattering (DIS) o↵ the meson cloud of a nucleon target, as pointed out by117

Sullivan [3] (Fig. 1). This so-called Sullivan process was shown to persist even at large118

Q2 scales. An immediate consequence of the Sullivan process is that the nucleon parton119

distributions contain a component which can be attributed to the meson cloud. This120
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Figure 3: Existing data for the pion structure function from Drell-Yan Experiment
E615 [23]. The solid curve is the calculation from Ref. [26].

measurement of pion structure functions exists. This makes it di�cult to check the222

validity of the interpretation of the HERA data in terms of the meson-cloud model. The223

12 GeV upgrade of JLab will allow access kinematics of |t| < 0.2 GeV2, Q2 > 1 GeV2

224

and M
x

> 1.0 GeV/c2, which will enable us to probe the high and intermediate x region225

of the pion, where some data on the structure functions already exist from the pion-226

induced Drell-Yan experiments. A comparison of the x-dependence of the pion structure227

function deduced from the Sullivan process and the Drell-Yan process would provide a228

very stringent test of the pion-cloud model.229

Other advantages of this measurement as here proposed for Je↵erson Lab are: (1)230

The large angular and kinematic coverage for the recoiling proton (or recoil and spectator231

proton pair) detected using the proposed GEM-based detector, in coincidence with the232

scattered electron, will facilitate a detailed study of the Sullivan process as a function233

of several variables including the proton momenta and angles. (2) It is important to234

determine in one experiment the magnitude of the Sullivan process by detecting both the235

p(e, e0p)X and d(e, e0pp)X, i.e. the n(e, e0p)X, reactions. The charged pion exchange236

process has the advantage of less background from Pomeron and Reggeon process [44]237

and the charged pion cloud is, moreover, double the neutral pion cloud in the proton.238

The measurements of the pion parton distribution in the Drell-Yan (Fermilab E615 and239

possibly at COMPASS in the future) is limited to charged pions. The proposed experiment240

will measure both the charged and neutral pion. This will facilitate a check of the validity241

of isospin symmetry and any other dynamical e↵ects. Generally, the complementarity of242

the p ! p and n ! p reactions will assist in the identification of pion exchange and other243

contributions. Lastly, (3) The HERA measurements were obtained at small x and rather244

large Q2. The Je↵erson Lab kinematics, at larger x and smaller Q2, will help study the245
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of the current knowledge of the pion structure function in the valence region is obtained1198

primarily from pionic Drell-Yan scattering [23]-[25].1199

Figure 38: Projected pion structure function results. Also shown are the results from the
pionic Drell-Yan experiment E615, the GRV-P parametrization and a Dyson-Schwinger
equation based calculation from Ref. [26]. The projected points are shown along a curve
which is 0.75⇥DSE, in order to demonstrate the potential for shape discrimination.

Fig 38 shows the projected pion structure function that can be extracted from this1200

experiment. A 5% systematic uncertainty in the pion flux is assumed (to be achieved by1201

comparing to pionic Drell-Yan data at x
⇡

= 0.5), and a total systematic uncertainty of1202

8.4% is used. The projected results are shown along with the existing pionic Drell-Yan1203

data from E615 and the GRV-p parametrization of the pion structure function, and a1204

calculation based on the Dyson-Schwinger equation [26]. There are several theoretical1205

calculations of the pion structure in the valence region, however they tend to disagree1206

with each other – underscoring that it is essential to measure the pion structure function1207

over a wide range of x.1208

As can be seen in Fig. 38, the proposed data nicely complement the Drell-Yan data1209

and will fill in the heretofore unprobed moderate x range. Moreover and importantly,1210

measurements of pion parton distributions using the Drell-Yan process are limited to1211

charged pions, while the proposed experiment will also include the neutral pion and1212

provide a check of the validity of isospin symmetry and any dynamical e↵ects that di↵er1213

between neutral and charged pions.1214
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2 Experiment580

2.1 Overview581
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Figure 12: Schematic layout of the proposed experiment.

2.2 Experiment Luminosity582

The subject of the proposed experiment is an essential feature of the nucleon internal583

structure, specifically, a quark-antiquark correlation related to the meson cloud associated584

with a (fluctuating/recoiling) nucleon. In spite of enormous developments in the field585

of nucleon structure over the last 65 plus years since the original Fermi and Marshall586

20% number for the pion-nucleon component of the nucleon wave function, this estimate587

endures without significant change. However, the experimental signature of the pion in588

the nucleon remains under debate.589

A fixed-target experiment at kinematics with modest momentum transfers and higher590

x will compliment the existing HERA measurements which investigated di↵ractive DIS in591

a collider regime with an 800 GeV proton beam on a 30 GeV positron beam. The proposed592

study of TDIS through detection of a very low energy proton ”tag” in coincidence with593

a scattered electron DIS event will measure a very di↵erent part of the reaction space,594

one that may be rigorously evolved to the HERA kinematics, as well as related to the595

long-searched-for Sullivan process for accessing the pion structure function.596

In this section we present a set of considerations concerning the Figure-of-Merit (FOM)597

for this experiment, a product of electron-nucleon luminosity (L), electron detector ac-598

ceptance (⌦
e

), and recoil proton detection e�ciency (⌘
p

), required for TDIS investigation.599

The level of luminosity which may be used in the proposed experimental setup is con-600

strained by the signal size and, critically, the experimental background rates.601

The cross section of the inclusive DIS process for an 11 GeV electron beam scattered602

from a proton target is very well known, see e.g. the PDG report [59]. A traditional603

measurement of the DIS cross section with 1% precision and minimal DIS requirements604
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“Wrong”	  
Shape	  at	  
High	  x

➥	  Different	  
technique!

Tag	  the	  
outgoing	  
nucleon

Radial	  TPC

Good	  statistics	  will	  
resolve	  endpoint	  shape
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Parallel Run Group Proposals: Status after PAC43

• Starting with PAC40, Hall B (CLAS12) proposals requesting no new beam 
time, would be treated by the PAC in accordance with whatever internal 
collaboration review procedures were in effect. 

• Similarly, proposals for new beam time were asked to be based on lead 
proposals (which set the running conditions) but should include a suite of 
other measurements using the same beam time. 

• This precedent is now extended to SoLID in Hall A, and presumably any 
other examples of parasitic running 

• However, inertia is powerful, and these procedures were not well followed in 
one Proposal and two Letters of Intent. We believe that the PAC43 report 
makes it clear what JLab and the PAC expect in the future.


