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Run Group B: Overview
Electron Scattering off Unpolarized Deuteron

E12-09-008b
Collinear Nucleon Structure at Twist-3 
RGB Proposal

E12-11-003b
Study of J/ψ Photoproduction off Deuteron, RGB Proposal

E12-11-003a
In-Medium Structure Functions, SRC, and the 
EMC effect, 
RGB Proposal
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Fig. 1. The characteristic scales in elastic J/ψ production on
protons near threshold, Elabγ = 8.20 GeV. The longitudinal co-
herence length of the cc fluctuation of the photon is short,
lc ∼= 2Elabγ /4m2c = 0.36 fm. The large mass of the charmed
quark also imposes a small transverse size r⊥ ∼ 1/mc = 0.13 fm
on this fluctuation. The minimum momentum transfer is large,
tmin ∼ −1.7 GeV2. All of the partons of the target wavefunction
have to transfer their energy to the charm quarks within their proper
creation time 1/mc , and must be within this transverse distance
from the cc and from each other, so that charm production near
threshold occurs at small impact distances b ∼ 1/mc ∼ 0.13 fm.

the heavy quark can contribute to charm production
at threshold. Although the higher-twist subprocess
cross sections are suppressed by powers of 1/m2

c , they
have much less phase-space suppression at threshold.
Thus charm production at threshold is sensitive to
short-range correlations between the valence quarks
of the target, and higher-twist multi-gluon exchange
reactions can dominate over the contributions of the
leading-twist single-gluon subprocesses.
One can determine the power-law dependence of

multi-parton heavy quark production subprocesses us-
ing an operator product analysis of the effective heavy
quark theory. The heavy quark photoproduction cross
section can be computed through the optical theorem
from the corresponding cut diagrams of the forward
Compton amplitude. Such diagrams factorize into the
convolution of two factors: a heavy quark loop dia-
gram connecting the photons to the exchanged gluons,
times the gauge invariant matrix element of a prod-
uct of gluon field strengths 〈p|Gn

µν |p〉. Because of the
non-Abelian coupling, a single field strength can cor-
respond to one or two exchanged gluons. For heavy
quark masses, m2

Q & Λ2QCD the heavy quark loop
contracts to an effective local operator, so that the
field strengths in the matrix element are all evalu-
ated at the same local point. The minimal gluon ex-
change contribution (n = 2) gives the leading twist
photon–gluon fusion contribution. Since 〈p|Gn|p〉

Fig. 2. Two mechanisms for transferring most of the proton
momentum to the charm quark pair in γp → ccp near threshold.
The leading twist contribution (a) dominates at high energies, but
becomes comparable to the higher-twist contribution (b) close to
threshold.

scales as (Λ2QCD)
n−1, each extra gluon field strength

connecting to the heavy quark loop must give a factor
of (1/m2

Q). (Higher derivatives in the matrix element
are further suppressed.) Thus one pays a penalty of
a factor (Λ2/m2

Q) as the number of exchanged gluon
fields is increased. However, as we shall see, the sup-
pression from the multiple gluon exchange contribu-
tions are systematically compensated by fewer powers
of energy threshold factors, so that at threshold multi-
gluon contributions will dominate. A similar effective
field theory operator analysis has been used [4] to esti-
mate the momentum fraction carried by intrinsic heavy
quarks in the proton [5,6].
In this paper, we will use reasonable conjectures for

the short distance behavior of hadronic matter inferred
from properties of perturbative QCD and effective
heavy quark field theory to estimate the behavior of
the reaction cross section.
The effective proton radius in charm photoproduc-

tion near threshold can be determined from the fol-
lowing argument [7,8]. As indicated in Fig. 2(a), most
of the proton momentum may first be transferred to
one (valence) quark, followed by a hard subprocess
γ q → ccq . If the photon energy is Eγ = ζEth

γ , where
Eth
γ is the energy at kinematic threshold (ζ ! 1), the

valence quark must carry a fraction x = 1/ζ of the
proton (light-cone) momentum. The lifetime of such
a Fock state (in the light-cone or infinite momentum
frame) is τ = 1/'E, where

(1)'E = 1
2p

[
m2

p −
∑

i

p2i⊥ + m2
i

xi

]
(

Λ2QCD
2p(1− x)

.

For x = 1/ζ close to unity such a short lived fluctua-
tion can be created (as indicated in Fig. 2(a)) through
momentum transfers from valence states (where the
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• Kinematics near threshold → Talk Meziani

Large |tmin|, up to 2.2 GeV2

Large longit. momentum transfer x1 − x2 = ζ

• Reaction mechanism near threshold

GPD-based description at t ∼ 1–2 GeV2

and large skewness: Two-gluon form factor
Frankfurt, Strikman 02

Hard scattering mechanism, cf. high–t FFs
Brodsky, Chudakov, Hoyer, Laget 01

Can be tested with JLab 12 GeV!

• Theoretical questions

Behavior of two–gluon form factor?

Correlations in nucleon LCWF?



Run Group B
Spring-2019 Run, 7 Feb — 25 March

• Target: 
ρ = 0.163 g/cm3 (23.6 K, 1200 mbar), unpolarized LD2

L = 5 cm, d = 2 cm

• Beam

•Trigger
RGA trigger without FT
at 50 nA: 13.5 kHz event rate

• Inbending torus field for negatively-charged particles 

10.2 GeV
10.6 GeV

HWP IN
HWP OUT

Pav(10.2 GeV) = 87.5%
Pav(10.6 GeV) = 85.7%



Run Group B
Spring-2019 Run, 7 Feb — 25 March

Summary
• Collected Data

• 237 production runs (35 nA, 50 nA)
• low-current runs, empty-target runs
• 9.7 B events at 10.6 GeV, 11.7 B events at 10.2 GeV
• PAC days (according to ABUs: 21.8); *significantly less for J/ψ

• Data Processing Status
• First round of preliminary calibrations completed: calibration runs: 6164, 6233, 

6328, 6420, 6489, and 6515
• Pass0 cooking mostly done with COATJAVA 5.9.0, hipo3
• Ongoing pass0/v6 cooking done with COATJAVA 6b.2.0, hipo4

• Regular news, plans, reports
• RGB meetings: Fridays, 8:30 am; JLab F224-225, BlueJeans ID: 237353330



Run Group B
Example Timelines, pass0/v5

50 nA
35 nA

trigger firmware fixed

trig. v3

trig. v5
trig. v8-v10

Electron Trigger changes:
trig. v5: EECAL+EPCAL > 250 MeV 
trig. v3: EECAL+EPCAL > 300 MeV

N(e-)/Ntriggers



Run Group B
Example Timelines, pass0/v5

50 nA35 nA
trigger firmware fixed

trig. v3

trig. v5

trig. v8-v10

Electron Trigger:
trig. v5: EECAL+EPCAL > 250 MeV 
trig. v3: EECAL+EPCAL > 300 MeV

Muon Trigger:
trig. v3: 40 MeV < EECAL; 10 MeV < EPCAL

trig. v2: 40 < EECAL < 120 MeV; 10 < EPCAL < 60 MeV

trig. 
v2

N(π+)/Ntriggers



Run Group B
Example Timelines, pass0/v5

Edep ~ 10 MeV

FTOF p1a, Path-Length Corrected Edep, neg. tracks, 11° < θ < 23°

Edep ~ 11.7 MeV

FTOF p1b, Path-Length Corrected Edep, neg. tracks, 11° < θ < 23°



Run Group B:
Example Timelines, pass0/v5

FTOF p1b, σ(tv-tRF), π± and e- tracks

σ(tv-tRF) ~ 170 ps



Run Group B
Example Timelines, pass0/v5 vs pass0/v6

CTOF(tv-tStart), negatively-charged tracks

(tv-tST) > 200 ps

CTOF(tv-tStart), negatively-charged tracks

pass0/v5

pass0/v6

(tv-tST) ~ 185 ps



Run Group B
FTOF Mass Distributions, Positively-charged tracks

M2 (GeV2)

Run 6489 Run 6489



Run Group B
Central Neutron Detector

RGB: neutron detectors performances 

Photons 

Neutrons 

Background (reproduced by MC) 

Pions 

Protons 

Data from RGB run 6489 

(MeV)& (MeV)&

CND CND 

BAND 
BAND 

Higher edep 
cut enhances 
neutrons � peak at 

expected 
position 
(3.3 ns) 

from Silvia



Run Group B
Backward-Angle Neutron Detector (BAND) Performance

from Florian
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Events
•1 full day of running at 50 nA
•electrons in FD, DIS kinematics (Q2 > 2 (GeV/c)2 and W > 2.2 GeV)
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ADC cut: > 1 MeVee

ADC cut: > 6 MeVee



Run Group B
Backward-Angle Neutron Detector (BAND) Analysis

from Florian

Events
•1 full day of running at 50 nA
•electrons in FD, DIS kinematics (Q2 > 2 (GeV/c)2 and W > 2.2 GeV)
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Run Group B
nDVCS Analysis

from Silvia

Event selection

• Runs 6164, 6215, 6240, 6289, 6310, 6489 (~2.5% of the whole spring 
run), COATJAVA 5.9.0

• PID: e’nγ detected (EB)

• Kinematic cuts: Q2>1 GeV2, p(e’)>1 GeV/c, θ(e’)>5.5°, p(n)>0.35 GeV/c

• Preliminary «spectator» and «DVCS» cuts on IMX(ed→e’nγX), missing 
energy, missing momentum, Eγ>2 GeV

• nDVCS+BH simulation: GENEPI + GEMC 4.3.0 + COATJAVA 5.9.0



Run Group B
nDVCS Analysisfrom Silvia

Electron kinematics 

Neutron kinematics 

Photon kinematics 
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Run Group B
nDVCS Analysis

from Silvia

Analysis with CD neutrons 

RGB data 
nDVCS + BH simulation 

~2000 events 
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Very Preliminary



Run Group B
Upcoming in 2019

• New RGB Proposal submitted to PAC: Quasi-Real Photoproduction on Deuterium (F. 
Hauenstein, W. Phelps, S. Stepanyan)
• proton-antiproton photoproduction off neutron
• coherent di-hadron photoproduction off deuteron
• remaining 69 days of RGB
• modification of muon trigger

• RGB Fall Run
• Scheduled 1 Nov — 19 Dec 2019
• Run Plan to be finalized in July. 

• Most likely will take some data with reversed torus field
• Beam current no larger than 50 nA
• Beam energy, hopefully > 10.2 GeV

 


