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In the QCD DSE approach, it is the diquark that causes 
such a different behavior for the u and d quarks.

The Lab’s current plan for the 
A1n-A target

• In general, use a large single-chamber convection cell with 
as much Transversity hardware as possible.

• Use the same coils (in a rotated orientation). The 
Transversity vertical coils are not currently part of the plan.

• While the oven and its immediate surroundings must be new, 
use many aspects of the existing target ladder.

The current plan for the A1n-A target is to make maximal use of the equipment used 
during Transversity.  This plan is more or less in keeping with with “Option  3” from 
the email that Jian-Ping and I sent to Bob Michaels, Thia and Javier on June 27th, 

2012. That plan includes, among other things:
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Options proposed to Bob/Thia
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From: Gordon D. Cates <cates@virginia.edu>
Subject: A1n target options

Date: June 27, 2012 5:21:50 PM EDT
To: Robert Michaels <rom@jlab.org>
Cc: Javier Gomez <gomez@jlab.org>, Thia Keppel <keppel@jlab.org>, Jian-Ping Chen <jpchen@jlab.org>, Bogdan Wojtsekhowski 

<bogdanw@jlab.org>

Dear Bob,

Jian-Ping and I are very conscious of the budgetary challenges that the lab
is facing, and would like to present you with an idea that might allow the 
Hall A A1n experiment to remain in the running for early (first?) running.

The idea, quite simply, is to consider what can be accomplished using either the
Transversity target (as is), or with only minor modifications.  The minor modifications
we have considered would be the minimal changes required to incorporate the
new convection-style cells.

In option 2 and 3 in the table below, we assume that A1n would run using a cell
nearly identical to "Protovec-I", a test cell that has already been built and fully
characterized.  We note that plans are already underway to incorporate Protovec-I
into the existing Transversity Setup for testing.

         Option                                    Cost           Performance      
------------------------------------------------------------------------------
1)  Transversity target as is            200K          1/3 Luminosity
2) Trans. w convection (minimal)   300K           1/2 Luminosity    
3) Trans. w convection (full)           375K           2/3 Luminosity   
4) Double-pumping ch. w conv.     0.5-1.0M      Full Luminosity  

Option 1 represents a target identical to what was used for Transversity/d2n
with no changes, and would deliver performance better than what we proposed
in 2006 when the PAC first approved the experiment, but well below what
we presented when we came up for beam-time allocation.  In option 2, 
the only change would be accommodating  the convection-style cell into the 
existing target ladder.   This would be a minimalist approach in which very few
target cells would be built, and full laser power would not be required.  In option
3, a full complement of target cells would be constructed (allows the selection
of the best performing cells) and five lasers plus one spare is assumed. 
Given budgetary constraints, and the need to make progress toward 
both A1n experiments (Halls A and C) and the SBS GEN experiment
(not to mention SBS SIDIS), we advocate going with option 3. 

An important point to stress here is that we are able to project the 
performance of using Protovec-I (half the scale of the proposed target)
because we  have already completed simulated-beam tests.  We use
the most conservative interpretation of our tests in the above projections.

We close noting that Al Gavalya and Robin Wines have seen the above numbers, 
and don't see them as unreasonable for a first rough guess.

Best regards,

Gordon and Jian-Ping

_____________________________________________________________
Gordon D. Cates, Jr.                                                          Department of Physics            
Professor of Physics and Radiology                               University of Virginia
Phone: (434) 924-4792                                                    382 McCormick Rd.
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In the QCD DSE approach, it is the diquark that causes 
such a different behavior for the u and d quarks.

The choice of the cell design

a) b) c)

• Currently, our magnetic-field studies are of option a).

• Our design of choice would probably be option b).

• The current plan is option c).  This is essentially the design 
of Protovec-I, which has already been bench tested.
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In the QCD DSE approach, it is the diquark that causes 
such a different behavior for the u and d quarks.

Expected performance of the chosen 
cell design
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Spin-up while inducing spin relaxation
equivalent to beam current of 50 - 63 µA,
and convection speed of 6 cm/min.

Saturation polarization = 49%

• Our one-and-only simulated beam test suggests that the 
Protovec-I design will deliver at least 50%.

• Calculations suggest something higher, perhaps 
approaching 60%, but I would not hold my breath.
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In the QCD DSE approach, it is the diquark that causes 
such a different behavior for the u and d quarks.

Convection-based cells
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b)

The test shown on the previous slide was performed with a gas velocity in the target 
chamber of roughly 6cm/min, the speed at which we imagine running.
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In the QCD DSE approach, it is the diquark that causes 
such a different behavior for the u and d quarks.

What about the effect of the 
magnetic field on performance and 

polarimetry?

a) b)

Thus far, we have only studied a configuration that uses the two largest Transversity 
coils (instead of the two smallest), and with a large two-chambered cell.
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In the QCD DSE approach, it is the diquark that causes 
such a different behavior for the u and d quarks.

Effect of magnetic field on 
performance.
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a) b)

The magnetic field and magnetic-field inhomogeneities in the region of one of the 
pumping chambers.  The gradient components shown are relevant to longitudinal 

relaxation, and are around five times higher than those during Transversity.  Such 
gradients would cause relaxation at a rate of around 1/60 hours.
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Calculated gradients, relevant 
to AFP losses, are shown above.

Gradients relevant to AFP losses
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While the configuration studied 
was not that of the current plan, 

the size of the gradients is of 
considerable concern.

On the good side, a Protovec-I cell 
will be much more compact (and 

sample better parts of the field).

On the bad side, the studies shown 
were with coils that are larger than 

those that are the current plan.
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Measuring AFP losses with applied gradients

Using the x-gradient coils shown at above, we have studied AFP losses as function of 
field gradient.  At 0.1G/cm, losses were on the order of 10% per flip, or 20% per AFP 

measurement. Some improvements may be possible by increasing rf power.
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In the QCD DSE approach, it is the diquark that causes 
such a different behavior for the u and d quarks.

Vertical field components when using BigBite 
By component
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a) b)

The use of two symmetric field clamps, each energized using 
two coils, can greatly reduce vertical field components.

a) b)
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In the QCD DSE approach, it is the diquark that causes 
such a different behavior for the u and d quarks.

Work toward metal cell components
We will soon be filling and testing our 

first cell with gold-coated OFHC 
copper and glass to metal seals.  

Previous tests included 
O-rings that were either 

leaking, or outgassing. 
Old cell is shown at right.  

1/T1 = 1/6.3 hours
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In the QCD DSE approach, it is the diquark that causes 
such a different behavior for the u and d quarks.

Metal end windows

Rather than use an entirely metal target 
chamber as originally planned, we are planning 

on beryllium end windows.  We are nearly ready 
to order the first prototypes from Materion.

Custom made for us by Larson Glass, 
is a  GE180 to 7052 Transition glass 

to copper seal.  The GE-180 is resized 
by Mike Souza at Princeton before 

being sent to Larson.

GE-1807052 Transition Glass
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Summary

In the QCD DSE approach, it is the diquark that causes 
such a different behavior for the u and d quarks.

•Focus now should be on establishing the requirements on the 
magnetic field, which presently may be marginal.

- Some design work is taking place, so time is of the essence!

•AFP loss tests will help take uncertainty out of magnetic-
field decisions.

•Upcoming test of gold-coated cell will be interesting.

•More simulated beam tests of Protovec-II will help in better 
predicting performance during the experiment.

•Some design work is taking place, 
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