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Polarized Target - Apollo

Polarized Target 
for CLAS12

Solid Ammonia / 
Deuterated 
Ammonia Targets

Improved Target 
Cell Loading

New NMR System

Ammonia          
POLarized 
LOngitudinally

Target Status



Dynamic Nuclear Polarization

Material
(Free Radicals)

Low Temperature
(1K)

Magnetic Field
(5T)

Microwaves
(140 GHz)

Monitoring (NMR)

Pproton   > 90%

Target Status

To achieve hyperpolarization via DNP, target samples 
must be very cold, in a strong magnetic field, and 
irradiated with microwaves.



Target Overview
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Magnetic Field
(Fine Control)



Previous cooldowns used 
loose equipment racks. 
Final design will have a 
single packaged ‘Target 
Cart’

Target Status Testing in the EEL



Target Cart

Target Status Testing in the EEL



Refrigerator easily 
reaches required 
temperature and 
maintains it while 
under heat load.

30 minutes

30 K

5 K

50 K

10 K

Heat Exchanger 
Temperatures

Heat Shield 
Temperatures

Most recent test successfully incorporated a capacitance level probe for 
automated PID running. System automatically controlled helium flow rate 
to change / maintain cryostat temperature.

Target Status Refrigerator



As material takes beam, it depolarizes and eventually needs to 
be replaced. Previous experiments required partial 

disassembly of target to do so. Apollo will use a trolley system 
to transport target cell away from cold bath, minimizing 

downtime. The prototype trolley was successfully tested last 
cooldown. The updated model is ready for upcoming cold test.

Target Status Trolley Mechanism



Target Status

Completely new NMR 
system!

Previously developed 
new Q-meter and cold 
tank circuit.

New bespoke DAQ 
system: Upgraded from 
old National Instruments 
DAQ to custom board 
with FPGA firmware.

Many times faster 
communication to RF 
supply.

New NMR System



Target Status New NMR System

New software has 
been developed 
using python.

Will be tested 
during upcoming 
cool down.

Complete suite of 
NMR utilities.

No proprietary 
components.



Next StepsTarget Status

Upcoming 
Cooldown:



Beamline - Raster Magnets
Models of the raster magnets have been analyzed to confirm a 
maximum raster radius of ~1 cm is achievable. The magnets are 
currently being inspected and tested by the magnet group.

RGC Status



Beamline - ELMO Møller ShieldRGC Status

New engineering 
drawing is 
complete and 
awaiting review. 

Lead portions will 
have stainless-steel 
case around them, 
and stainless-steel 
internal structural 
partitions.

Cone material will 
be Tungsten 
92W-NiFe.



RGC Status Simulations

It was discovered that 
simulations involving 
the rastered beam 
were inadvertently 
over-rastering and 
scraping the target 
cell walls due to finite 
width beam. 

Reducing the 
simulated raster 
radius to compensate 
has improved 
occupancies.

V. Burkert



RGC Status Simulations

Additionally, errors with 
the geometry of the thin 
windows were discovered 
and corrected.

Simulations for pDVCS 
with beam background 
and varying raster 
positions are now 
underway in order to 
check the variation of 
tracking efficiency.

SIDIS simulations, as well, 
are currently being rerun. S. Niccolai



SimulationsRGC Status

S. Niccolai



Task ForceRGC Status

RG-C taskforce run by Volker 
Burkert has been greatly 
beneficial in ensuring the 
completion of task list items in 
a timely manner.

See: Hall B Group Round Table 
Meeting Minutes: February 24, 2021



Wrap-Up
● Initial tests with polarized target successful 

● Tests continue in the EEL building

○ Replacing prototypes with beam ready components (thin 
windows etc.)

○ Addition of magnet shim coils

● Raster control being finalized

● ELMO design vetted and fabrication should start soon

● Simulation issues resolved

● On track for run in 2022
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