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Abstract

The experiment E11-003, aimed at measuring the beam-spmnastry for the DVCS reaction on the
neutron, was proposed at PAC 37 and approved. This documarites an update on the work that has been
done, particularly on the technical side, since the prdpeaa submitted in December 2010. Issues raised by
the TAC and the PAC are also addressed.

1 Summary of proposal

Measuring Deeply Virtual Compton Scattering on the neu{re®VCS) is one of the necessary steps to com-
plete our understanding of the structure of the nucleonrimgeof Generalized Parton Distributions (GPDSs).
n-DVCS allows to operate a flavor decomposition of the GPRkmays a complementary role to DVCS on a
transversely polarized proton target in the determinatibine GPDE, the least known and least constrained
GPD that enters Ji's angular momentum sum rule. To starttperiemental program of DVCS on the neutron,
we propose to measure beam-spin asymmetries (BSA) for n®¥€— env(p)) with the upgraded 11-GeV
CEBAF polarized-electron beam and the CLAS12 detector. sEmsitivity of this observable to the GRDis
expected to be maximal for values @)?, z 3) which are attainable only with an 11-GeV beam ([1], Fig. 2).

For the detection of the recoil neutron, necessary to enthareexclusivity of the reaction after having
detected the scattered electron and the DVCS photon, weoasgracting a scintillator-barrel detector to be
placed in the Central Detector, between the CTOF and thaaiolenagnet (the n-DVCS neutrons are in fact
expected to be emitted mostly at backward angles). The @egutron Detector (CND) will be made of three
radial layers of scintillator paddles (48 paddles per [gyeoupled two-by-two upstream with semi-circular
light guides and read downstream by photomultipliers mlasetside of the high magnetic-field region and
connected to the bars via 1.5-m-long bent light guides {rigour GEANT4-based simulations, calibrated with
measurements in cosmic rays carried out on a prototype, ghaivthe efficiencies and resolutions obtainable
with this detector, as well as its photon-rejection capiédsl, match the requirements of the experiment.

In order to provide an accurate mapping of the n-DVCS beamagymmetry over the available 4-dimensional
(Q?, xB, —t, ¢) phase space, we request 90 days of running on a liquid deutéarget with the maximum
available beam energy, 11 GeV, and 85% of beam polarizakiaure 2 shows the expected sensitivity of the
extracted asymmetry to different values of the GE[Jparameterized, in the VGG model [2], by the quarks’
total angular momentd,, and.J;), for one of the 49)2-z 5-t bins for which we will extract the) dependence
(in 12 ¢ bins) of the BSA.

2 Technical updates on the CND

Since the submission of the proposal, a lot of work has beeredaout at the test lab of the IPN Orsay in order
to choose and dimension the constituent elements of the @Xigress has also been made on the mechanical
design and on the integration with the other elements of th&S12 Central Detector.

2.1 Choice of PMTs

Tests with cosmic rays on our prototype of the CND (1 radigéta2 azimuthal coupled bins), following the
same experimental procedure described in the proposalpgte 27), were performed to compare the timing
resolutions that can be obtained using two kinds of phottiptigrs from Hamamatsu: R2083 - that was used
for the tests described in the proposal - and R9779, a new PMdhws sold at 1/3 of the price of the R2083.
The results are shown in Fig. 3. The resolutions obtainet thi¢ R9779 were at most 10% worse than for
R2083.

We have rerun our GEMC-based Monte-Carlo simulations tiywkow such a change in timing resolution
would affect the performances of the detector in terms ofig@aridentification and resolutions. The results
indicate a negligible impact on the performances of the CilBquipped with the R9779 Hamamatsu PMTs
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Figure 1: Side-view drawing of the Central Neutron Detector

(see Fig. 4, illustrating the photon/neutron separatigrabdities of the CND for the two PMTSs). Therefore,
they will be adopted.

2.2 Tests of shieldings in magnetic field

The purpose of the 1.5-m-long light guides of the CND is tagpiihe light from the scintillators to the photo-
multipliers, which will be placed out of the region of high gmetic field. However, some stray field persists
even in this region, and the photomultipliers need to beddie The two plots of Fig. 5 [3] show the value and
the angle of the magnetic field produced by the CLAS12 sotkasia function of position. The average mag-
nitude of the field that will be present at the location of th¢TR of the CND will be 215 G, and its direction
will be at an anglé# ~ —70° with respect to the beam direction. Considering that the akithe PMTs will be

at around37° (Fig. 1), the magnetic field will be roughly perpendiculaittdn these conditions, a cylindrical
shielding made up by a layer of mu-metal and one of mild s&edéé{ mm thick) is quoted in the literature
as the optimal solution [4]. Some preliminary tests havenbreeently carried out, using a solenoid magnet
available at the Linear Accelerator Laboratory (LAL) of fiesay Campus, in order to determine the thickness
of the mild-steel shielding. An R9779 phototube was shigldéh a cylindrical 1-mm-thick layer of mu-metal
and two different thicknesses of mild-steel cylindricalkedting (2.5 mm and 5 mm), and then placed inside the
magnet, at its center. Light from a LED was sent onto the ptadtmde via an optic fiber, and the amplitude of
the output voltage of the tube was recorded on a digital loscibpe as a function of the value of the magnetic
field. Due to the limited space within the magnet and the sizbe@ phototube, the maximum relative angle
between the field direction and the PMT axis that could betesias30°. The results, summarized in Fig. 6,
while showing little effect for &0° variation of the angle between the field and the PMT axis, tpoithe need

of using the thicker shielding in order to sustain a 215-Glifi¢lowever, as in our measurement the field was
roughly parallel to the axis of the tube — configuration forigththe cylidrical shielding is supposed to be less
effective [4] —, these results are a worst-case scenarioreMweasurements are planned for the end of this
month with a different setup to test the effect of perpendictield and determine the optimal thickness of the
shielding.
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Figure 2: Beam-spin asymmetry for n-DVCS, as a functiomofor < Q* >= 2.75 Ge\?, < x5 >= 0.225,

< —t >=0.35 GeV?, andAQ? = 1.5 GeV?, At = 0.3 GeV?, Axp = 0.15, A¢ = 30°. The points illustrate the
error bars expected for our experiment. The curves aregireds by the VGG model [2] for different values of
the quarks’ orbital moment4, and.J, that, in this model, parametrize the GPD J, = 0.1 and.J; = 0.1 for the
solid line,J, = 0.3 andJ; = 0.1 for the dashed lineJ,, = 0.3 and.J; = 0.3 for the dotted line, and,, = 0.3 and
Jy = —0.1 for the dashed-dotted line.

2.3 Mechanical integration

As pointed out by the TAC, given the limited space availahlthe Central Detector of CLAS12, a central issue
is the mechanical integration of the CND with the other setedtors. As shown in Fig. 7, the old design of
the solenoid magnet did not allow to place the light guidethefCND at a sufficiently high angle in order to
avoid mechanical interference with the CTOF. Also, the CT80iRtillator bars were too short and thus their
light guides blocked the way for the CND ones.

The following modifications (Fig. 8) have been proposed ® rtianufacturer of the solenoid in order to
solve this problem:

e increase the opening angle of the magnet at the backwardfide30° to 41°,
e shortening of the length of the inner cylinder by 6.5 cm,
e move the cryogenic pipe from the side to the top of the magnet.

All the proposed modifications have been accepted by therfaéh charge of the construction of the
magnet. The CTOF group also agreed to increase by a few atetisnthe length of their paddles: the final
design of the CND, with no more mechanical interferenceshasvn at the bottom of Fig. 9.

Table 1 summarizes the plan for the construction of the @eNutron Detector.

3 Issues raised by the PAC
3.1 AT background

In the proposal, the background coming fremr’(p) events, in which one of the two decay photons escapes
detection, was quantified, and the procedure to subtracistdescribed. However, the issue of the contamina-
tion to the sample afny events coming from thAVCS channel on the protoad — eA*~(n) — ennty(n))
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Figure 3: Timing resolution for each PMT (“direct” - D - andéighbor” - N -, the blue points are obtained with
the R2083 and the red ones with the R9779) as a function obkitipn along the scintillator bar.

16

Layer 2
1.4

12

-

0.8
0.6

0.4
t Neutrons - R2083
Photons - R2083 Photons - R9779

0 e b b b Lo b Lo b b b
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Momentum (GeV)

0.2

Figure 4: Results of CND simulationg:versus momentum for neutrons and photons as a function ofentum,
for the two different PMTs tested. The error bars are defiss3dawhereos is the fitted gaussian width of ea¢h
peak. Blue: photons, R2083; red: neutrons, R2083; purpletgns, R9779; green: neutrons, R9779.

was raised by the PAC. The cross section for this channefagtrexpected to be of the same order of magnitude
as the one for n-DVCS, as Fig.10 illustrates for one typiga¢inatics. In order to quantify the contamination
from AVCS events, Monte-Carlo studies have been performed, tsnfpllowing procedure:

e aphase-space generator for thie— eAtyn — enmtyn final state was run, foR? > 1 GeV?, W > 2
GeV;

e for each kinematic point produced by the generator, both7tfad (dQQdedtfﬁgdWmdQﬂ) and 4-fold

(m) differential cross sections were computed, using the mmg¥anderhaegest al. [5], and
saved in the output ntuple;

o for each kinematic point and for each final-state partidcie, ELAS12 acceptance was computed using
the CLAS12 Fast MC code, and also saved in the ntuple;

e the events for which one electron, one neutron and one plastdno positive pionsvere in the CLAS12
acceptance were considered accepted.
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Figure 5. Absolute value in Tesla (left) and orientation egcees (right) of the magnetic field of the CLAS12
solenoid as a function of the position (radial and longitad)i. The three triangles indicate the position of the
three PMTs for one azimuthal segment of the CND.

Summer 2011 Completion of tests of shieldings in magnetic field
Fall 2011 Construction of one sector (2bins, 3 radial layers)
Tests of DAQ in cosmic rays with this sector
2012 Purchase of scintillators and light guides

Polishing, wrapping
Completion of mechanical design and purchase of mateniah&chanics
2013 Purchase of PMTs, of their associated equipment, and efect
2014 Assembly, shipping to JLab and installation in the CentredeRtor

Table 1: Timeline for the construction of the Central NentEetector.

Figure 11, showing as a function of momentum for*s before (black) and after (red) acceptance cuts,
demonstrates how the majority of the's escaping detection are emitted at low momenta, bel®00 MeV.
It is important to remind that the current version of FastM€S hot been updated yet with the parameters of the
central tracker in its final version (SVT plus MicroMegas)s@, here we have conservatively assumed to veto
fully identifiedr s, while in the actual experiment we will reject all tracksgiag through the Central Tracker,
without requiring PID, and this should considerably redtiee minimum momentum of vetoed particles and
thus the contamination. However, even within these apprations, the results of this work are reassuring.
The acceptance fahVCS (requiring detection afny andno ™) is in fact more than a factor of two smaller
than the one for n-DVCS, as it is shown in Fig. 12, where 3 nuth@ave been used to evaluate £¢CS part,
as described in the caption, giving good agreement. Figgishaws the invariant mass of the~ system for:

e n-DVCS simulated events (black), after acceptance cutightex by the 4-fold differential cross section,
calculated using the code [6] described in the proposa) fidge 15)

e AVCS simulated events (green), after acceptance cuts, weeidty the 4-fold differential cross section
coming from the model of Ref. [5].

As a “ballpark” cross check, they missing mass of thAVCS simulated phase-space events after acceptance
cuts is also plotted (red), renormalized to the height ofitfi/CS peak and then rescaled by a fac8yi5(x 0.5)
accounting for the relative cross sections (Fig. 10) anépatances (Fig. 12) of the two reactions. The results
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Figure 6: Amplitude (in mV) of the otput voltage of the R9778I'P as a function of magnetic field (in Gauss),
for two different orientationsi = 0° andé = 30°) of the phototube in the field and for two different thickness
of the mild-steel shielding (2.5 mm and 5 mm). The blue arnogidates the absolute value of the field produced
by the CLAS12 solenoid at the position where the PMTs of thé&Q@Nll be placed.

between the “accurate” method (green) and the “ballparle’ @ed) differ by about a factor of two. By cutting
on theen~ missing mass at 1.05 GeV (cut chosen in the original propoda contamination fronAVCS
events is between 1% (red) and 4% (green). This estimaté ¢eunse, model dependent, and may vary as a
function of the kinematics. However, it hints to the factttttee AVCS background will be much smaller than
the ¥ one (estimated, in the proposal, to be around 15%). Neveseas for ther” background, we plan to
evaluate and subtract theVCS background by extractingl — enn™~y(n) events from our data (requiring,

in this case, the detection of the"), and computing by Monte Carlo, for each 4-dimensional thie,ratio of
acceptances for the topologies with and without detectedNamely, the number cAVCS events to subtract
will be given by:

NMC + (szxBa_ta(b)
Nen T Qzaw 7_t7¢ = g;:t(;' Q27x ) _t’(b X e
() (@2 = 0) = Newe (@5, ~40) X w0553

(1)

3.2 Check of the effects of Final-State Interactions

Another comment of the PAC pointed to the necessity to etalthe effects of Final-State Interactions. This
will be definitely pursued via the comparison of the asymiastand cross sections for the DVCS reaction on
the bound proton in the deuterium targetl (— epvy(n)), that we will extract from our data, and on the free
proton ep — ep), that will be measured in another dedicated experimenw{itj CLAS12.

3.3 Neutron detector: efficiency and calibrations

The need to cross-check in an empirical way the neutrorctieteefficiency of the CND determined by Monte-
Carlo simulations was emphasized by one of the PAC readarse $he CND will be installed in the Central
Detector from the start of the CLAS12 experimental program,will be able to achieve this by measuring
theep — enn™ reaction using the data taken during any experiment on pra@et with an 11-GeV beam.
Following the method described in [8], we will select #e— en™ X events and cut on ther™ missing mass

6



Figure 7: Schematic drawing of a side-view of the CLAS12 @aridetector, with the old solenoid and CTOF
design: the mechanical interference between the CND (itedray) and the CTOF (in blue) is shown by the red
ellipse.

Figure 8: Old design of the CLAS12 solenoid (left). On théntjghe modifications required to insert the CND in
the Central Detector are shown in red.

around the neutron peak to ensure the exclusivity okthe; enn™ final state. The kinematics of the neutron
will be therefore determined. We will then check, for e&éh, p,,) bin, whether or not a neutron was detected
in the corresponding sector of the CND. The ratio, for each bf detected neutrons to the total number of
events will give us the efficiency.

Finally, energy and time calibrations for each of the 144dbesl of the CND will be performed during the
experiment using real data, selecting charged particleectdel and identified by the Central Tracker and the
CTOF.
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line) andAVCS on a proton target (dashed line), in the" decay mode, as a function of, for —t = 0.4 Ge\~,
Q? = 2.75 GeV?, ¢ = 80°.
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Figure 11: In black: polar angle versus momentum for the ylecaof the A* in theed — eA™~n final state,
simulated according to phase-space distribution. In ré&ér the acceptance cuts for the n-DVCS channel have
been applied, using the CLAS12 Fast Monte Carlo code.
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reactions.

10



