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Experiment Exp # Beam Target PAC Days Rating

π0 SIDIS E12-13-007 "⃗– L H2 26 A–

DVCS and Exclusive π0 E12-13-010 "⃗– L H2 53 = (26)+27 A

Wide Angle Compton Scattering 
(WACS) E12-14-003 "$, & L H2 18

A–

Wide Angle Exclusive p0

photoproduction E12-14-005 "$, & L H2 (18) B

Initial State Helicity Correlation in 
WACS E12-14-006 CPS: &⃗ '() 31 B

ALL & ALS Polarization Observables in 
WACS at large s, t, and u C12-17-008 CPS: &⃗ '() 46 A–

Timelike Compton Scattering (TCS) off a 
Transversely Polarized Proton C12-18-005 CPS: &⃗ ['()]T 35 C2

https://www.jlab.org/exp_prog/proposals/13/PR12-13-007.pdf
https://www.jlab.org/exp_prog/proposals/13/PR12-13-010.pdf
https://www.jlab.org/exp_prog/proposals/14/PR12-14-003.pdf
https://www.jlab.org/exp_prog/proposals/14/PR12-14-005.pdf
https://www.jlab.org/exp_prog/proposals/14/PR12-14-006.pdf
http://www.jlab.org/exp_prog/proposals/17/PR12-17-008.pdf
https://www.jlab.org/exp_prog/proposals/18/PR12-18-005.pdf


NPS Layout on SHMS Carriage

• DVCS H(e,e’ g)p, Deep H(e,e’ p0)p
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NPS cantelevered off SHMS platform NPS on SHMS platform

Detector
Detector

Magnet

Magnet

NPS angle range: 25 – 60 degreesNPS angle range: 5.5 – 30 degrees

� The Neutral Particle Spectrometer (NPS) is envisioned as a facility in Hall C, 
utilizing the well-understood HMS and the SHMS infrastructure, to allow for 
precision (coincidence) cross section measurements of neutral particles (g and p0). 

PbWO4NPS

� Global design of a neutral-particle spectrometer between 5.5 and 60 degrees 
consists of a highly segmented, crystal-based electromagnetic calorimeter 
preceded by a sweeping magnet

Neutral Particle Spectrometer 
(NPS)

e– to HMS

PbWO4
g-

• WACS H(g, g p), Wide angle H(g, p0p)

Proton  to HMS



Sweep Magnet replaces SHMS Horizontal Bender

• Looking upstream
҆Vertical bend ~0.3 Tm

• 1cm steel septum between 
0-field beam pipe and g-
aperture (at smallest angle 
setting)

• Ready for power, cooling
• Magnetic field mapper

constructed at ODU
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PbWO4 Crystal Procurement 2x2x20 cm3

• SICCAS (China):  460 received, 160 failed specs, returned for 
replacement. Additional 52 below spec to be used at edges.

• SICCAS: Contract to be signed for 400 more

• Crytur (Czech Republic): 100 received, OK

• Crytur: 250 crystals on order delivery ≤ October 2019
• Supply limited by PANDA order
• Raw material reserve exhausted
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PMTs from HyCal,  New Active bases

• Gain stabilization at high rates by amplifier fed from last stage of 
HV divider.
• PMT base assembly:

Ohio U.
• Prototype assembly:

IPN-Orsay
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Calorimeter 
Assembly
• Carbon fiber alveoli 

cantilever crystals in 
place
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Calorimeter Servicing
• Access to remove any individual 

PMT+Base module without 
disassembly
• Module

disassembles 
from calo with a
single screw
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LED fiber

Signal + HV ribbon jumper



Compact Photon Source for Polarized Targets

• Self-contained radiator, 
forward collimator, & electron 
dump 

• Pure photon beam on NH3
҆Longer polarization lifetime
҆Higher gp luminosity
҆Transverse polarization

• Dipole magnet, central Cu 
absorber/dump, W powder and 
borated plastic radiation 
absorber.

• CPS concept Jlab Internal 
Review Committee 2018. 
Feasible and ready for detailed 
design
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WACS Polarization Observables

• UVA n NH3 target
҆100° longitudinal aperture
҆38° transverse aperture

• ALL = KLL 
҆Except when it doesn’t.
҆Free elementary quark (diluted by polarization)
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Figure 9: Cross section view of the polarized target to be used by this experiment.

As part of the program to minimize the sources of systematic errors, the target polariza-377

tion direction will be reversed after each annealing by adjusting the microwave frequency.378

A 10% radiator will be mounted in front of the magnet sweeper system. Taking into379

account the size of the magnet and its downstream shielding, the distance between the380

radiator and the polarized target will be 2 m.381

2.2 The Photon Detector382

There is a substantial overlap between key participants in this experiment and the Neutral383

Particle Spectrometer (NPS) collaboration, who will build the NPS (see Ref. [36] for details384

about the NPS calorimeter) for this and other proposed experiments, for example, E12-13-385

010, E12-13-007 and unpolarized WACS experiments. The sensitive region of this calorimeter386

is 30 (horizontal) x 36 (vertical) inches, sitting on a frame allowing for easy movement. The387

position resolution of the NPS is 3 mm and the energy resolution, �E/
p
E, is better than388

3%.389
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5 Expected Results and Beam-time Request

Results on the di↵erential cross section for WACS from JLab demonstrate that in both the
GPD and SCET theoretical frameworks, the relevant form factors exhibit s-independence
at fixed �t when all of the Mandelstam variables are greater than 2.5 GeV2. This is strong
evidence for dominance of the leading quark mechanism and the applicability of factorization
in this and other hard exclusive reactions. This will be tested further up to very large values
of s and �t in experiment E12-14-003, for which it was decided that all data would meet
the above condition.

The physics impact of results on polarization observables in WACS has been diluted
somewhat as a result of low values of �t or �u, and it looked as though the same might
be true for 12 GeV era experiments. However, with the development of new experimental
technique based on a pure photon source and large acceptance detectors, the 22 data points
which make up the present proposal all unambiguously meet the wide-angle factorization
condition (s, �t, �u > 2.5 GeV2). Moreover, at higher values of incident photon energy
target mass corrections become much smaller. It is therefore anticipated that the proposed
measurements, together with results from E12-14-003, will o↵er definitive answers to key
questions relating to QCD factorization in hard exclusive processes and the non-perturbative
structure of the proton.
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highest precision for each angle).
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• Kroll, Miller = 
handbag 
models 
(different off-
shell)

• K-V = SCET



Timelike Compton Scattering

• Access to E(x,t) Compton Formfactor with 
transversely polarized target.

• Quark Orbital Angular Momentum

January 28, 2019 NPS C. Hyde 10

TCS interferes with a Bethe-Heitler like process (BH), where the incoming real photon splits
into a lepton pair in the nucleon field (Fig. 2). BH depends on the nucleon Form Factors (FFs)
and is not sensitive to GPDs. Since TCS and BH leads to the same final state, experimental mea-
surements of the hard exclusive lepton pair photoproduction reaction contain the two processes
and their interference, and cannot be measured separately. As it will be discussed later, the BH
amplitude is always largely dominant compared to the TCS one at JLab kinematics. However,
the interference between BH and TCS is enhancing TCS, which would have a rather small cross
section otherwise. Several spin dependent observables (from polarized beam and/or target) allow
for accessing directly or indirectly the TCS+BH interference term, and information about GPDs,
as discussed in [9, 10]. Measuring several independent observables allow to extract the GPDs, as
it will be shown later. It should be noticed that in TCS, as well as in all deeply virtual exclusive
experiments, we don’t access directly GPDs, since they appear in the amplitude integrated over
the x variable. The observables are given by the Compton Form Factors (CFFs), which are complex
functions of GPDs depending on ⇠, t and Q’2: we therefore associate 2 independent quantities to
each GPD, corresponding to the imaginary and the real part of the CFFs. For example, =H and
<H are functions of the GPD H.

N’ (p’)N (p)

g (q)

*g (q’)

(k’)+e

(k)-e

N’ (p’)N (p)

g (q)

*g (q’)

(k)-e

(k’)+e

Figure 2: Bethe-Heitler process interfering with TCS, leading order and leading twist diagrams.

An analogy can be made between TCS and Deeply Virtual Compton Scattering (DVCS = eN ,!

�⇤N ! e0N 0� - Fig. 3), which corresponds to the scattering of a high virtuality photon, coming
from a lepton beam, off a quark of the nucleon. DVCS has been intensively studied over the past
15 years, and measurements of DVCS observables already lead to DVCS CFFs and GPD measure-
ments, constraining GPD models [8]. However, the real part of DVCS CFFs is poorly constrained
by existing measurements. While different models are in good agreement for imaginary part of
CFFs, predictions differ on the real part. In addition, the GPD E is poorly constrained and there
is a real need of independent measurements sensitive to it. E describes the quark and gluon mo-
tion in a transversely polarized nucleon. Its measurement is key for testing the nucleon angular
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1 Introduction

1.1 Timelike Compton Scattering physics

The Timelike Compton Scattering (TCS) process corresponds to the exclusive photoproduction of
a lepton pair with exchange of a high virtuality photon. A real photon is scattered off a quark of
the nucleon, and a high virtuality photon is emitted, then decays into a lepton pair (�N ,! �⇤N 0

!

e+e�N 0, Fig. 1). Typically, the photon virtuality Q02
= +q02 = (k � k0)2 (where q’, k, k’ are the

4-momenta of the virtual photon, the electron and the positron respectively), is greater than ⇠ 1

GeV2 to allow for factorization of the TCS amplitude between a hard part, calculable from pertur-
bative QED (upper part of the diagram 1) and a soft QCD non perturbative part (lower part of the
diagram 1). TCS is sensitive to the transverse spatial distribution of partons in the nucleon and
the correlation with their longitudinal momentum. It can be parametrized by Generalized Par-
ton Distributions (GPDs), which have been introduced in [3, 4, 5]. Assuming massless quarks, at
QCD leading order and leading twist in QCD, we can parametrize TCS with 4 helicity conserving
quark GPDs: H, E, H̃, Ẽ. They correspond to 4 independent helicity-spin transitions between the
initial quark-proton system and the final one, and are the Fourier transform of the QCD matrix
element of the soft part of the TCS amplitude. Given the kinematic domain accessible at JLab, we
neglect GPDs of gluons. At leading order, the GPDs depend on 3 independent variables besides
the 4-momentum transfer Q’2: x is the longitudinal momentum fraction of the nucleon momentum
carried by the quark, ⇠ is proportionnal to the longitudinal momentum transfer to the quark, and t

is the square 4-momentum transfer to the nucleon, i.e. t=(p-p’)2, where p and p’ are the 4-momenta
of the incoming and outgoing nucleon respectively. We refer to the reviews [5, 6, 7, 8] for details
about GPD formalism and physics interests.
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Figure 1: TCS leading order and leading twist handbag diagrams.
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same CFFs (up to a sign change for the imaginary part). As we neglect the Q2 and Q’2 dependence
of CFFs, we performed the calculations at two different values, reflecting the average Q2 and Q’2

accessible in DVCS and TCS experiments, respectively.

Figure 11: Kinematical domain accessible as a function of ⇠ and Q2 for DVCS (red plain surface)
and in ⇠ and Q02 for TCS (blue dotted surface) with an 11 GeV electron beam. For DVCS, the
cuts �t 2 [0, 1] GeV2 and s > 4 GeV2 have been applied and for TCS, the cuts E� 2 [5, 11] GeV,
�t 2 [0, 1] GeV2 and Q02

2 [4, 9] GeV2 have been applied. Cuts are purely from the kinematic, and
no acceptance cuts are applied in this figure.

2.4.2 Fitting method

We generated DVCS+BH and TCS+BH pseudo-data sets based on VGG model for the GPDs and
the calculations from [20, 21, 22, 6, 9]. The cross sections are calculated at the same t and ⇠ for
DVCS and TCS: DVCS+BH distributions are generated at t=-0.2 GeV2, ⇠ = 0.15, Q’2 = 2.5 GeV2,
E(beam) = 11 GeV, TCS+BH distributions are generated at t=-0.2 GeV2, ⇠ = 0.15, Q2 = 4.5 GeV2,
✓CM = 90�. The distributions are presented as a function of 16 bins in �. In case of transversally
polarized protons, we generated the polarized cross sections at �S = 0

� (proton spin along the
x-axis) and at �S = 90

� (proton spin along the y-axis). We extracted the CFFs following to the
fitting method from [36]. In order to match the uncertainties expected in short term experiments
at JLab, and to compare DVCS and TCS in the same conditions, we set relative errors of 5% per bin
in � for both DVCS+BH and TCS+BH unpolarized cross sections. We set relative errors of 7% per
bin in � for all the polarized cross sections. We assume the same uncertainties for both reactions

22

TCS

BH

11 GeV Kinematic Coverage
DVCS
TCS
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NPS

• Equipment will be ready for beam before 2022
• Rich physics program
• Join us!
• https://wiki.jlab.org/cuawiki/index.php/Main_Page
• Tanja Horn, coordinator
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Magnet Mapper

• ODU graduate student Mitch Kerver at the controls
• Hall Probe recording now added
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