
A1n/d2n ERR – Reply to Committee Final Report

A1n/d2n collaboration

July 8th, 2019

We thank the ERR committee for carefully reviewing the status of our preparation for the 
running of the 12 GeV A1n and d2n experiments in Hall C.  In the following we will provide 
answers to the ERR final report dated April 4, 2018, with a focus on recommendations and 
comments that we feel need to be addressed. 

This version incorporates some editorial corrections and clarifications to the April 4, 2018 
submission.

The font/color coding is as follows: 

black italic+bold: committee charges 
black: committee comments and recommendations as in the final report 
blue: answers 

Charge Item 1. What are the running conditions for both experiments? Please state clearly the
maximum current being used and the target dimensions.

Findings:

Both  experiments  will  use  an  optically  polarized  3He gas  target  40  cm in  length,  with  an
approximate gas density of 12 amagat (amg). Additional measurements will be made using an
array of solid targets and a “reference” gas cell filled alternately with vacuum, H2, 3He, and N2.
The maximum beam current for the gas targets shall be 30 uA, and up to 60 uA for the solid
targets. Both experiments will utilize the maximum beam energy available, assumed to be ≥
10.5  GeV, with some ancillary measurements made at 2.2 GeV. As the experiments do not
share kinematic settings, they cannot take data in parallel with one another. The experiments
will be arranged to minimize the number of spectrometer movements. In general, the luminosity
from this configuration will be significantly better than that in the original PAC30 proposals,
but  lower  than  the  PAC36  updates.  To  compensate,  the  A1n  experiment  will  reduce  its
proposed 2.2 GeV beam time in favor of additional statistics at its highest kinematic settings.

Comments:
1. Is it safe to do only one transverse asymmetry measurement on the ∆ resonance in Fall 2019? 
That is, is it safe to assume nothing in the machine will change for the Spring 2020 run?

Answer:  We believe this applies to all calibration runs using the 1-pass beam, including optics 
calibration, Delta resonance, and 3He elastic runs.  Yes it is necessary to repeat these 
measurements with 1-pass (see answer to comment 2 below) beam in the Spring 2020 run, given 



that there will be significant change to the target during the 2019 X’mas shutdown (target 
rotation and cell change).

2. Depending on the schedule, there could be a conflict between the 1-pass calibration runs of 
A1n and d2n and the experiment in Hall A. Can the elastic and ∆ calibrations be measured at 2-
pass rather than 1-pass, without unacceptable penalty?

Answer: We performed calculations for both 1- and 2-pass beams. Unfortunately even at the 
smallest angle of 8.5 degrees, the elastic e-3He cross section drops by factor 1000 from a beam 
energy of 2.1 to 4.2 GeV, and the asymmetry is also smaller.  This makes it impossible to carry 
out the elastic measurement (for which the goal is to extract the product of the beam and the 
target polarization PbPt from elastic asymmetry as a confirmation and cross-check of the Moller 
and the target polarization measurements).   Similarly, the goal of the Delta transverse 
asymmetry measurement is to provide the definition for the sign of the transverse asymmetries. 
This requires high rates and thus also has to be carried out with the 1-pass beam.

Given the significant changes planned for the x’mas shutdown (target rotation, cell change, 
kinematic setting changes), the 1-pass calibration run requirement for Spring 2020 run period is 
the same as for Fall 2019, that is, approximately 3 calendar days for each run period.

We understand that given Hall A will be running at 1-pass throughout both run periods and that 
scheduling the 1-pass run for Hall C requires coordination between the two Halls.  We believe a 
solution can be found to meet our requirement and also allow optimization of the run plan for 
both halls.  

3. The factor 1.15 allocated to account for beam ramps-up, fiducial cuts, etc. seems on the low 
side. Ramps-up might by themselves already contribute to a 15% overhead, possibly more. Are 
the periodic bleedthrough measurements accounted for in the run schedule?  These might be 
integrated with only a slight penalty into trip recovery by delaying experimental beam restoration
on an occasional basis, perhaps only by tens of seconds.
Answer:
a) The 1.15 factor was used to amplify the calculated statistical error, thus it corresponds to a 
30% beam time overhead effectively.  We hope this is enough to cover at least the statistical loss 
due to beam ramp-up. Event loss due to fiducial cuts can be minimized.

b) Re “Periodic bleedthrough measurement”: We will collect data on bleedthrough. Existing data
from 12 GeV runs shows up to nA level bleedthrough with the new laser system, and thus will be
at the 1E-3 level.  We will carry out bleedthrough measurements at the beginning of the run 
period, and periodic measurements depending on how significant the contamination is (varying 
from once per run period to possible daily measurements in the worst case). 

4. Bearing in mind that solid targets, even cooled to cryogenic temperatures, may be melted by 
high beam currents. We strongly endorse a thermal analysis to determine the maximum beam 
current permitted for each target (see Item 2a, Recommendation 3).



Answer:  The solid targets we plan to use are a multi-foil carbon, a single-foil carbon, and a 
double-hole carbon target. Silviu has carried out thermal analysis of the carbon targets, see 
details in Appendix B. His results show that a 60uA current on the multi carbon foil position may
cause the temperature of the solid target holder to reach the melting point, while 30uA is 
perfectly safe.  Therefore we have set 30uA to be the maximum current on all solid targets.

We would like to run beam up to ~45uA for brief periods for our beam current calibrations, but 
this will be done with no target in place.

Charge Item 2: What is the operational status/performance requirements of the equipment 
needed by the experiments. Precisely:

a) 3He target – Provide the targets configuration needed, performance requirements and status

Findings:

The primary target is a polarized 3He target 40 cm in length and approximate density of 12 
amg, with an average in-‐beam polarization of 55 – 60% at a maximum current of 30 uA and 
ramp rate of 0.5 uA/s. The required target polarization uncertainty is ΔP/P <= 3%, and density 
uncertainty Δ(rho)/(rho)<= 2%. An upgraded, “Stage I” convection cell design shall be used for
the experiments, comprising a glass (not metal) target cell connected to a glass optical-pumping
chamber via two glass tubes.  The in-beam lifetime of a cell is expected to be about 1 month 
based on past experience. A single, prototype cell has been constructed and successfully tested. 
Three additional cells have been produced with one suitable for the experiment, and two more 
are  currently under production. Up to five more may be procured in the future.  Sufficient 3He 
gas is on hand. The majority of the optical pumping equipment (lasers, magnets, etc) and 
electronics for target polarimetry (AFP, pNMR, Rb-‐EPR) is also on hand, along with spares.

Comments:
1. The decision to utilize the stage-I target upgrade design for these experiments is sound and 
should henceforth be considered “frozen”. We remind the collaboration that any substantive 
changes to the target design shall require approval from JLab management.

Answer: We understand and appreciate the reminder.

2. While synchrotron radiation was negligible in the 6 GeV era, it may be far more problematic 
at 12 GeV. Because a vertical bending magnet is used to bring the beam to the HMS/SHMS 
level, low-energy polarized photons will be incident on the target cell with a different energy 
spectrum from the usual Bremsstrahlung created off beam line windows.  Can Jay Benesch 
provide the energy spectrum for a 10.5 GeV beam and its polarization?  Then can its possible 
influence on target heating, radiation and depolarization be assessed?

Answer: Jay has done calculations using the code (by Valeri Lebedev) to estimate the energy 
loss due to SR in the chicane. The results are: 15.8 keV and under half a Watt (for 30uA beam), 
for both magnets.  The vertical fans of SR will be collimated by the 22 mm inside-height beam 



pipe through the unpowered, 1m long horizontal bend dipole which follows. After taking into 
account the 30 mm ID, 4 m beam pipe which follows the magnets, about 300mW will get to the 
target, which is about 0.3% of the laser power that polarize it (90W). The effect on the target 
heating, radiation and depolarization should therefore be negligible.

3. Mechanical vibrations on the Hall C pivot are not known, nor is there a plan to 
measure/address them. They may preclude the possibility of water calibration of the NMR 
directly in the hall.  Should they be addressed in order to retain the option of doing water 
calibration of the NMR directly in the hall?

Answer: We do not plan to do water calibration for the NMR in the hall. NMR will be calibrated 
by EPR in the hall. Water calibration will be done in the target lab before running to provide a 
cross check of EPR. (EPR would not change from the target lab to the hall because it depends 
only on the temperature of the target cell’s pumping chamber, which is determined mostly by the
laser power and is kept the same between the hall and the target lab.)

4. If the beam position fast feedback temporarily fails, what could be the amplitude of the 60 Hz 
beam position fluctuation on the target?  What about slow beam drift?  is it acceptable, 
remembering that the beam position may not be exactly at the center of the target, that the raster 
is larger than at 6 GeV while the cell diameter remains the same, and that the beam characteristic
size may sometimes reach 300 microns or more?  This is in the context of possibly having 
significant beam halo impinging on the target walls, damaging the target or at least increasing 
significantly the radiation damage to the cell (including the pumping chamber).  Experience with
Hall D feedback is that it is often found to be off, letting the beam wander at the several mm 
level.  Will FFB be interlocked with FSD?

Answer: 
Re: slow beam drift: 
Fast feedback (FFB) locks the position at entrance and exit to the hall arc.  Slow feedback locks 
the position on the BPMs on the diagnostic girder.  Full span variation on the A and C BPMs 
were measured to be +-40 microns in Y and +-25 microns in X around the set points in the slow 
lock in late April (see https://logbooks.jlab.org/entry/3574638).

Re: amplitude of the 60 Hz beam position fluctuation on the target:
BPMs are beam-synced and thus can not see 60-Hz fluctuation.  The 60-Hz fluctuation in beam 
position was measured only in Hall D for the 12 GeV era, but Hall D has very different beamline
from the other three halls (there is a 80m free flight of photons before the noise is measured) and 
thus their results cannot be used to deduce what we have in Hall C. So far no data is available for
Hall C for the 12 GeV run period. We will measure this in Hall C in summer 2019, which takes 
only a minute. 

Re: Will FFB be interlocked with FSD? 
FFB will not be locked to FSD; only beam loss indicators will. If the beam wanders enough due 
to hit the side of the cell due to 60 Hz, ion chambers will trip off the beams. Slow locks prevent 
integrated centroid motion beyond 100 um.

https://logbooks.jlab.org/entry/3574638


Re: possible beam hitting target walls and damaging the target: 
We agree that if the beam size reaches 400microns in sigma, it will cause problems to the target 
(full halo will be about 8mm for a 5mm-radius raster while the target cell i.d. is 11mm). 
Therefore we have adopted a double carbon hole target design to make sure that the beam is 
aligned properly with the target. For a detailed schematic of the target please see Fig.1 below.

In addition to the above method(s), we are developing a collimator (basically a thick beam pipe) 
that will replace a short section of the beam pipe just upstream of the target. Its I.D. is sized to 
ensure that excessive beam drift, or beam halo, can be seen by the ion chambers before it can 
damage the target cell. Design and drawing for the collimator has been completed as of June 
2018. The collimator will be fabricated, and installed along with other beamline items needed for
the target installation/accommodation (See also answer to Charge item 6, Comment 1).

Recommendations:
1. Complete a detailed thermal and stress analysis of the target entrance and exit windows under 
the anticipated maximum beam current and ramp rates.
Answer: Silviu Covrig has performed thermal analysis on the target, including density effect. 
Steve Lassiter performed a quick study on the stress with a simplified approximation. 
Preliminary findings are summarized in Appendix A. 

2. Complete an analysis of the local reduction of 3He density along the path of the beam.
Answer: This was investigated and is not considered to be a problem for 11 GeV running.  See 
also Appendix A.

3. Provide lists of solid targets and corresponding maximum currents.
Answer: Please see Fig.1 below for a schematic drawing of the target setup. There are three solid
targets: multi carbon foil, single carbon foil, and a double-hole carbon. The maximum current for
all three targets is 30uA, with or without raster. The maximum current was determined by 
Silviu’s thermal analysis.

 

4. Provide a list of the work remaining to prepare the 3He target for installation in Hall C, and an
estimate for completion.  A highly detailed, day-to-day list is not necessary.

Fig. 1: A schematic drawing of the target design for both A1n and d2n experiments.



Answer: below please find a draft list of milestones related to the polarized 3He target:
1) Engineering and Design:
      i) Main design completed (March 2017)
     ii) Installation design completed (Feb. 2018)
2) Major Components:
      i) Long (110m) optical fibers x10 on site
     ii) High power lasers         x6 on site
          will order 3 more in FY18 as spare for A1n/d2n (these three have arrived and tested), then 
3 more in FY19 for GEn in Hall A
    iii) 4-to-1 fiber combiner, ordered in Feb. 2018 (4 months delivery)

3) Target cells: total need 5 good cells, will make 10 cells (Gordon, UVA)
      i) Prototype x 2: fully tested
     ii) Production cells: Currently have four cells usable (polarization 40% or higher) but not 
ideal (55%). Re-gained experience. W&M group joined cell production. Will continue 
production+testing at 1-2 cells/month. in progress
     iii) One water cell already at JLab, another one to be filled at W&M. One reference cell at 
W&M and two more will be made (existing reference cell from 6 GeV will be spare).
4) Polarimetries:
      i) EPR calibration constant kappa_0 to higher temperature
           UVa group and  W&M group nearly complete
      ii) EPR system working done
           improvements and test with new oven nearly complete
      iii) pNMR working at JLabwith protovec with Scope I done
            cross calibrate with AFP NMR done
            make it working with DAQ/Lock-in done 

  refinement ongoing to reduce systematic uncertainties
       iv) cross calibrate EPR, NMR with water NMR nearly complete
5) Full target cell characterization:
      i) Spin-up/spin-down/Polarization AFP loss tests done
      ii) Pressure broadening measurement of density done
      iii) re-establish wall/window thickness measurements done
      iv) Cell#1 full characterization done
       v) First 5 cell characterization done
      vi) Next 5 cell characterization October 2019
6) Target field direction measurement (field compass) (Wolfgang, UKY)
      i) Complete setup test at Kentucky nearly complete as of June 2019.
      ii) Test at JLab target lab Oct. 2019
7) Reference cell system              (Todd, W&M)
      i) Complete checking design and components done
8) Full system ready for installation July 2019

b) Laser system – Provide the laser system configuration needed, the operation and safety 
(including documentation) and status.



Findings:

The polarized target will utilize narrow-‐width diode laser arrays system similar to those utilized
in the most recent Hall A experiments. New lasers and optical fibers are on hand, and will 
provide more power to the target than in the past. Conduit for the optical fibers has been 
installed in Hall C.

Comments:
1. An approved Laser Operational Procedure (LOSP) is required prior to operation in Hall C.
Answer: The target OSP along with the LOSP have already been completed and approved, 
including necessary hazard analysis.  The full documents can be found at 
https://misportal.jlab.org/mis/apps/mis_forms/operational_safety_procedure_form.cfm?
ENTRY_ID=75795

2. How will the laser power density on the pumping cell compare to the 6 GeV design? To avoid 
more frequent target changes, efforts should be made to maintain or even lower the power 
density, paying mind to the increased volume of the pumping cell, and its (presumed) thicker 
walls.

Answer: The pumping power now is 90W narrow-band laser which is the same as the 6 GeV 
running, while the volume of the pumping chamber has increased from 1.5L (6 GeV) to 3L (12 
GeV stage-I). The wall thickness of the pumping chamber is about the same. Therefore the laser 
power density on the pumping cell has indeed decreased compared to the 6 GeV design.

c) Moller and Compton beam polarimeters - Demonstrate that polarimetry is expected to 
provide a precision of ΔPb/Pb < 1%. If the above elements are not already operational, what are 
the completion/commissioning schedules, tasks and user commitment?

Findings:
A more relaxed requirement for the beam polarization uncertainty, ΔPb/Pb < 2%, was presented 
at the ERR.   This is expected to be provided by semi-frequent Møller polarimetry measurements
alone, as the workforce to commission and operate the Compton polarimeter will not be 
available (contrary to what is presented in the experimental proposals). A 12 GeV upgrade to the 
Hall C Møller polarimeter, along with an anticipated error budget, was presented. While the 
Møller has yet to be utilized since the upgrade, there are plans to test it during the spring 2019 
SIDIS run.

Comments:

1. The review committee feels that, without Compton polarimetry, achieving ΔPb/Pb<2%, will 
be challenging. If the Compton is truly off the table, alternative online methods for monitoring 
the short-term stability of beam polarization in the hall should be pursued.

Answer: Both A1n and d2n have determined that the beam polarization should be measured to a 
precision of dP/P=3%, comparable to the expected precision of knowledge of the target 
polarization.  This level of precision is readily achievable with intermittent polarization 
measurements with the Hall C Møller polarimeter. 

We feel the polarimetry requirements for both experiments are modest enough that the required 

https://misportal.jlab.org/mis/apps/mis_forms/operational_safety_procedure_form.cfm?ENTRY_ID=75795
https://misportal.jlab.org/mis/apps/mis_forms/operational_safety_procedure_form.cfm?ENTRY_ID=75795


precision can be met with the Hall C Møller polarimeter alone.  Monitoring the time dependence 
of the polarization with the Møller polarimeter and by monitoring the relevant accelerator 
parameters will be discussed further below.

2. Commissioning of the Møller polarimeter during the fall 2018 beam period is critical,  and 
should receive high priority.

Answer: We fully agree.  Unfortunately Moller commissioning did not happen during the Fall 
2018 beam period because of the unexpected beam down time.  A plan is in place to test the 
Moller in mid July 2019 using a 4.8-GeV beam.

Recommendation:

Provide the maximum value of the beam polarization uncertainty that can be tolerated by each 
experiment, and demonstrate how this will be achieved.

Answer: As stated above, both A1n and d2n have determined that the beam polarization should 
be measured to a precision of dP/P=3%, comparable to the expected precision of knowledge of 
the target polarization.  This level of precision is readily achievable with intermittent polarization
measurements with the Hall C Møller polarimeter.  

Møller measurements will be made relatively frequently at the start of the run (2-3 times a week)
until the level of beam polarization stability is ascertained.  Eventually, it is likely the frequency 
of polarization measurements will decrease.

Prior to the Q-Weak experiment in Hall C, all previous experiments using polarized beam relied 
only on the Møller polarimeter for beam polarization information. These experiments included 
G0 (Forward and Backward angle runs), the Resonance Spin Structure Experiment (RSS), GEp, 
and SANE, among others.  The precision of the beam polarization measurements for these 
experiments ranges from 1-2%, generally speaking.  As noted during the ERR, the precision of 
the Møller polarimeter is expected to be dP/P ~ 0.75% (this includes an extra contribution from 
the extrapolation of the Møller measurements taken at ~ 1-2  μA to the higher currents of the 
main experiment).   During the ERR, concern was expressed about tracking the time dependence 
of the polarization using just the Møller polarimeter. 

The large body of polarimetry data from earlier Hall C experiments has shown that the beam 
polarization as measured in the experimental hall can change with time due to two main factors:

1. Changes at the source:   

Changing conditions at the polarized electron source can result in beam polarization changes.
Such changes include spot moves, cathode heating and re-activation, and changes in quantum
efficiency.  

Spot moves typically result in polarization changes of 1% or less and are easily checked by 
making Møller measurements just before and after the spot move (this is a common practice 
in Hall C).  Photocathode heating and reactivation can result in larger polarization changes 
(several percent) – however this is an uncommon procedure. If it does occur, again, special 
Møller measurements can and will be taken to track changes at the photocathode.

In the past, we have also observed some dependence of the beam polarization on 
photocathode quantum efficiency (QE). Figure 2 below shows Møller data from the GEp and



GEp-2gamma experiments at several beam energies– all Møller measurements have been 
precessed back to the injector.  This dependence was rather gradual, and really only became 
significant below quantum efficiencies of 0.2%.  During Q-Weak Run-2, a larger laser spot 
was used at the photocathode and seems to have reduced this QE dependence greatly, to the 
extent that there was no detectable QE dependence. In any event, the QE will be tracked (via 
daily measurements in the injector) and compared to Moller measurements to ascertain what, 
if any, QE dependence persists in the 12 GeV era.

2.  Changes in beam energy:
Due to precession of the electron spin direction between the source and the experimental hall, the
degree of longitudinal beam polarization can change due to shifts in the beam energy.  For 
experiments at low energy (Q-Weak for example, EBeam~1 GeV), this is a negligible effect.  At 
higher energies it is necessary to keep track of the beam energy and correct for any changes in 
the spin precession.  This is the procedure that was followed for earlier, 6 GeV experiments in 
Hall C. Figure 3 below shows the polarization as measured by the Møller polarimeter during the 
SANE experiment at 4 and 5 pass (4.7 to 5.9 GeV) – the Wien angle was not fully optimized for 
all energies/time periods.  The time dependence of the polarization for SANE was determined by
tracking the beam energy and QE.  A fit was done to the accumulated Møller data accounting for
the energy and QE dependence – the parameters of the fit were: 1) the degree of (maximum) 
polarization at the source, 2) a scale to the overall beam energy and, 3) a small correction due to 
possible linac imbalance.  The second plot below shows the residuals between the fit and the 
Møller measurements.  The results of this fit were then applied, run-by-run, to the SANE data 
set. An uncertainty of 1.5% was assigned to the beam polarization for that experiment.

Fig. 2: Moller data from the GEp and GEp-
2gamma experiments at several bam energies



Fig. 3  Polarization as measured by the Møller polarimeter during the SANE experiment at 4 and
5 pass (4.7 to 5.9 GeV) – the Wien angle was not fully optimized for all energies/time periods

At higher energies, the effect of spin precession will be larger, so the potential sensitivity of 
polarization to beam energy will also grow.  The relative beam energy can be tracked at the ~10-4

level.  If the Wien filter is set to optimize the polarization in Hall C, this results in an uncertainty 
of less than 0.1% on the degree of longitudinal polarization.  If the Wien filter is set to deliver 
90% of maximum available polarization, the uncertainty grows to 1.6% - still acceptable in the 
context of the A1n/d2n experiments., although this is probably close to the limit of what is 
acceptable.



Charge Item 3. Are the polarized target running configurations affected by the spectrometer 
fields? If yes, have the fringe field effects been properly mitigated?

Findings:

Field gradients at the target pivot, after correction by an existing compensation-‐coil design, are 
believed to be marginally acceptable for both the target’s average polarization and the loss 
incurred during AFP reversals of the polarization. A TOSCA model of the pivot area and with all
spectrometer configurations is currently underway. This model, bolstered by a field map of the 
pivot area, will guide the scheme for further reduction of the field gradients.

Comments:

The committee endorses a plan to perform an in-‐situ field map on the target pivot prior to the 
execution of the experiments.

Recommendation:

The TOSCA field maps with all salient features of the Hall C target pivot should be completed 
and a scheme to reduce the resulting target field gradients to acceptable levels should be 
demonstrated.

Answer: TOSCA field map with the Hall C target as well as the SHMS bender magnet was 
performed by Steve Lassiter for the highest momentum (7.5 GeV/c) and smallest angle (12.5 
deg) of SHMS. It is believed this should be the worst-case scenario.  The existing compensation 
(or “gradient”) coils were utilized, which includes two pairs of “transversity coils” in the 
horizontal plane and one pair of “original GDH” coils that are the same size as the main 
Helmholtz coils.  The field map was then analyzed by Gordon Cates and Vladimir Nelyubin with
a focus on the resulting field direction, effect of the field gradient on the target spin relaxation 
time, and on the target polarization loss during an AFP (polarimetry measurement).

1) field direction: it was found for both longitudinal and transverse target spin direction settings, 
the actual target field differs from the designed direction by about 1 degree.  This is not a 
problem, as long as the actual field direction is measured in situ (which is in the plan).

2) effect of field gradients on the target spin relaxation time:  Previous data show that the 
relaxation from field gradient can be characterized as 1/T1=1/139 hours for

|∇⃗B x|
2
+|∇⃗B y|

2

B z
2 =10− 5cm−2. We found the gradient at our setting to be below this value 

throughout the target cell. Compare to the typical cell lifetime of 40 hours, this is a negligible 
effect.

3) effect of field gradients on the target polarization loss during AFP (polarimetry measurement):

previous data show that the AFP loss per flip varies from 0.5% at |∇⃗B z|
2
=10−3G2cm−2to 5% at

|∇⃗B z|
2
=10−2G2cm−2. Our calculation shows that the gradient is expected vary from 10-3 G2cm-2 

to 5x10-2 G2cm-2 within the target chamber volume. This gives an AFP loss of no more than 6% 



per double flip, which is a livable condition. 



Charge Item 4. Has the entire beam line, spectrometers, detector configuration been defined, 
including ownership, maintenance and control during beam operations?

Findings:

Ownership  of  the  beam line  components  is  shared  between the  Accelerator,  Engineering,  and
Physics divisions and is detailed in a document link provided at the review.  Hall A/C and   Physics
Division  Support  Groups  have  responsibilities  for  the  detector  and spectrometer  systems.  The
experimental collaborations are responsible for the installation (with Hall C support) and operation
of the polarized 3He target.

Ch  arge  Item  5.    Are  the  responsibilities  for  carrying  out  each  job  identified,  and  are  the
manpower and other resources necessary to complete them on time in place?

Findings:

With the exception of the Compton polarimeter (see item 2c), the collaborations did a good job
identifying  the  workforce  and  other  resources  necessary  to  stage,  operate,  and  analyze  the
experiments.  If it  is determined that the Compton is necessary to meet the requirements of the
experiments, additional workforce (at least in part from the collaborations) will be required.

Answer:  We find it is not necessary to address review findings associated with charge items 4 and 
5



Charge  Item  6.  Are  the  beam  commissioning  procedures  and  machine  protection  systems
sufficiently defined for this stage?

Findings:

Jay Benesch provided a series of weblinks describing Accelerator procedures for delivering beam
to Hall C, measurements of the beam energy, and set-‐up procedures for the fast raster and ion
chambers. He also reported that multiple FSD inputs are available for use with the polarized target.
To avoid beam hot spots associated with a square raster pattern,  the experiments will  utilize a
circular,  fast raster with a diameter of 6 mm. This will  reduce the power density on the cell’s
entrance and exit windows to approximately that of the 6 GeV era experiments.

Comments:
1. Given that the target cell diameter is unchanged from the 6 GeV design, while the beam raster
and intrinsic size are increasing, the cell seems somewhat more prone to damage from beam mis-
steering. Careful consideration should be given to incorporating some beam position feedback into
an FSD. The tritium experiments accomplish this with a combination of tight collimators upstream
of the target and ion chambers surrounding it.

Answer: We are pursuing a few methods to protect the target glass cells from beam heating: 
a) an upstream collimator; 
b) a double-hole carbon target to check the beam position and alignment; and 
c) the usual target-related FSD.

In more detail:
a) The three one-meter beamline chicane dipoles (two vertical, one horizontal) provide a 22 mm 
square collimator of sorts ending 4.3 m upstream of the pivot. An additional collimator will be 
placed at the center of the superharp girder to remove the beam halo. This collimator will be 
positioned at about 200cm upstream from the pivot. Design file haysg_JL0059798-
MODIFIED_PERHARP_GIRDER.pdf (available on request) demonstrates a ~25 cm region (item 
10) in the middle of the girder where we will install a collimator spool piece. Halo wandering into 
that would trip target ion chambers. As mentioned in our answer to charge item 2 comment 4, 
design and drawings for this item were completed in June 2018.

b) The double-hole carbon target was described earlier.

c) The planned target-related FSD includes: target motion, cooling jets and raster, as well as the ion
chamber(s).

2. It is understood that the beam energy fluctuations should be well controlled by the time the
experiment runs. Nevertheless, what fluctuation is tolerable for the two experiments, keeping in
mind that it will be monitored? For example, does a 10 MeV fluctuation need to be corrected, e.g.
for kinematics determination purpose, or can it be ignored in the analysis? (We understand that it
will be corrected for beam polarimetry, so there is no need to address this aspect in the reply.)



Answer: A good knowledge of the beam energy fluctuation is important for d2n. A fluctuation at 
the 10-3 level can be tolerated by the experiment.  The beam energy fluctuation is less an issue for 
A1n.

3. Is the requirement that the beam characteristic stays below 300 um critical for the target safety? 
If so, should periodic harp scans be scheduled and accounted in the beam time request?

Answer: A beam size larger than 300 microns will be a problem. We are already pursuing a few 
options to protect the target from the possible large beam halo and mis-steering (see answers to 
previous questions).  Therefore we will carry out periodic harp scans to check the beam size.  It is 
worth noting that such checks are part of the routine procedure after beam optics changes and 
extended downs. And it is usually a fast procedure so should not impact the beam time request. 

Recommendations:
None. The recommendation presented at the closeout session to provide a more detailed response 
to this charge item is rescinded.



We find it is not necessary to address review comments and recommendations to charge items 7 
through 9

Charge Item 7. Are the radiation levels expected to be generated in the hall acceptable? Is any 
local shielding required to minimize the effects of radiation in the hall equipment?

Findings:

Simulations were made using the Monte Carlo FLUKA package to estimate the radiation levels 
expected from a 30 uA, 11 GeV beam on a 30 cm long, 12 amg 3He target. A total of 1700 beam 
hours were simulated and the levels at the site boundary were found to be only 6% of JLab’s 
annual budget. The simulations also indicate that shielding the target electronics with a 
combination of lead, plastic, and steel, will reduce the neutron equivalent dose to less than 1011 

MeV-‐neutron-‐equivalent, about two orders of magnitude below levels where electronic failures 
occur.

Comments:
The committee feels that the collaboration has taken this charge item seriously and has done an 
admirable job addressing it.

Charge Item 8. Has readiness for expedient analysis of the data been demonstrated? What is the 
projected timeline for the first publication?

Findings:

Both collaborations plan to provide three graduate students for data analysis. Target operation and 
analysis will be shared between the collaborations. The A1n experiment, which relies only on the 
measurement of asymmetries is expected to be the more expedient analysis. An 18-‐ month timeline 
to the first publication was presented. The d2n/g2n experiment requires extracting polarized cross 
sections from the data, and so will be somewhat more difficult. Here again an 18-‐month timeline to
the first publication was presented.

Comments:

Because both experiments are essentially extensions of 6 GeV measurements and because the Hall 
C spectrometer systems should be well understood by the time of the polarized 3He experiments, 
the data analysis of the experiments should progress in a relatively smooth manner.

Charge Item 9. What is the status of the specific documentation and procedures (COO, ESAD, 
RSAD, ERG, OSP’s, operation manuals, etc.) to run the experiments?

Findings:



Drafts of the COO and ESAD were available for the review. Safety and operation documents for 
the Møller polarimeter were also available, as was an OSP for the polarized 3He target (although 
the related THA was not). Nor were RSAD or ERG drafts made available, either.

Comments:

At this stage of the game, the collaborations appear to be in pretty decent shape, but the reviewers 
remind them that all necessary paperwork must be completed before the experiments can 
commence.



Appendix A   polarized 3He target thermal stress study

In this appendix we give a brief summary of the thermal study on the polarized 3He target, 
performed mostly by Silviu Covrig and with assistance from Steve Lassiter on the resulting stress. 

A.1 We first benchmark the simulation using the 6 GeV transversity running condition. And we 
found the simulated temperature to agree with available data (measured by RTDs on the cell) to 
within 5 degrees.  We also found, as seen in Fig.A1, that cell temperature and pressure stabilize as 
quick as 2 seconds with each ramping for each 2uA beam current increase. This indicates that for 
the 11 GeV running condition, a ramping speed of 1uA/2 seconds or 30 uA/1 minute is feasible.  

Fig. A1 Benchmarking the simulation: Simulation for the 6 GeV transversity running condition – 
40cm target, 15uA beam, 3x3mm square raster, ramping rate 15uA/30sec. Simulated 
temperature agree with available data to within 5 degrees.



The 3He density effect (vs. z position along beam, beam on cooling jet on) for the 6 GeV 
transversity running condition is shown in Fig. A2 below. 

Similarly, the temperature profile is shown in Fig. A3.

Fig. A2, 3He density effect for 6 GeV running condition

Fig. A3: temperature profile on the target cell window, beam on
colling jet on and after it ramped up to 15 uA.



A.2 We then studied the 11 GeV running condition.  While there will be density effect, we do not 
expect it to be a big problem for running.  Similarly for the faster ramping speed (see previous 
section).  The most concerning is then the thermal stress on the target cell windows. 

The temperature profile of the target cell window for a 10 liter/min helium cooling jet is shown in 
Fig. A4. As one can see that the peak temperature is at 651 K, higher than the 6 GeV running. 

We do not yet have data on the mechanical properties of glass GE180 (material of all our target 
cells planned). Instead if we use data for Pyrex glass, and if one assumes that the stress varies 
linearly with the pressure on the wall, then preliminary analysis shows that the stress from 10 atm 
and beam heating would be equivalent with the stress induced at room temperature (no beam 
heating) and 24 atm on the walls. 

Thermal simulation and the relevant stress analysis for the 11 GeV running is still underway (for 
example, increasing the cooling flow from 10 to 20 liter/min, and optimizing the jet orientation).  
Given the preliminary finding described above, we plan to bench test the cell windows up to 25 
atm at UVa.  Meanwhile we will search for GE180 mechanical data (not trivial given that this glass
type has been discontinued).  If GE180 is mechanically stronger than pyrex, then bench-testing 
windows up to 25 atm will be sufficient to ensure the target safety.   In the unlikely case that, if 
GE180 is not as mechanically strong as pyrex, bench testing the cell window with a high power 
laser may be necessary to find out the maximum temperature (gradient) it can withhold.

Fig. A4 Temperature profile on the target glass window, 11 GeV 
running condition, beam on raster on cooling jet at 10 liter/min. 



Appendix B solid (carbon foil) target thermal stress study

Thermal effect on the carbon foil target was studied.  We provide the maximum temperature for 
each target type below:

Table with maximum temperatures in the optics targets for jet volume rates of 10 l/s and 20 l/s and 
beam currents (rastered) of 30 uA and 60 uA is given below.  Here “Optics” means maximum 
temperature on the carbon foil and “frame” means maximum temperature on the carbon foil holder:

cooling at 10 liters/min
30 uA, single foil position, Optics 402 K, frame 353 K
30 uA, multi foil position , Optics 527 K, frame 506 K
60 uA, single foil position, Optics 503 K, frame 416 K
60 uA, multi foil position, Optics 697 K, frame 658 K

cooling at 20 liters/min
30 uA, single foil position, Optics 394 K, frame 352 K
30 uA, multi foil position, Optics 468 K, frame 446 K
60 uA, single foil position, Optics 467 K, frame 385 K
60 uA, multi foil position, Optics 594 K, frame 552 K

The currently planned high density plastic material for the foil holder has a melting point of 520-
570K. The above results therefore limit us to set the maximum beam current for carbon target to be
30 uA.  We will also use a 20 l/min cooling flow to be safe.
 
There are two minor changes that apply to the simulation described here: First, because of 
modifying the single to the double-foil carbon target, the beam position for the multi-foil position 
is 1/16" lower than this simulation.  However, from the simulated temperature profile, we see that 
the temperature change is no more than 10-20 deg for a 1/16” drop in vertical direction. 
Second is the effect of an unrastered beam. However, because the melting point of carbon itself is 
very high, the only concern is the effect of the beam heating on the frame. In this case, an 
unrastered beam will cause a lower maximum temperature on the frame. Therefore there is no need
to repeat the above simulation (for neither the new beam position nor the unrastered beam) as long 
as we use a max current of 30 uA and a cooling flow of 20 liter/min. 


