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E1039 Polarized Target

() Target material




So Far Accomplished

Rotation/Modification of Magnet

Fridge Repairs/Modifications

Design Build Target Insert (second one under construction)
Redesign/Build NMR for VME (low noise cold system)

Machine 2 nose pieces with beam window

Production of some material (50% for proton 5% of deuteron)
Automated Microwave Control system (ready for beta test, but PS?)
Integrated Cryocontrols (ready for beta test, need all variable in DS)
Fully integrated target run (several test runs)

Target Annealing system test



POLARIZED TARGET SUBSYSTEMS

Original design by S.Penttila, Oxford Instr.
kept at LANL storage since ~2000

Feasibility study
shipped to UVA in 2013

1st cooldown 06/2013

Rotation of the coils
shipped to Oxford Instruments

new configuration, 2nd cooldown
dB/B < 10~* on 3d grid, 5T over 8cm

Back to UVA
3rd cooldown, rotated coils test

magnet is in a very good shape




POLARIZED TARGET SUBSYSTEMS

Fridge modifications
replaced separator can

cleaned heat exchangers oxide/corrosion

leak checked
refitted run and bypass valves

installed new LHe channel
installed 8 temperature sensors

manufactured new nose, 10mil window




Recent Modifications
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POLARIZED TARGET SUBSYSTEMS

New insert
four 2.7x2x80mm long target cups
NH3, C disk, empty
six NMR channels (3 per cup)
microwave horn for full cup volume
temperature sensors
He3 bulb line
copper thermal barrier

carbon fiber enclosure




POLARIZED TARGET SUBSYSTEMS

New NMR system developed by LANL

followed general Liverpool design

Q-meter as double wide VME module

1 analog / 1 digital boards, crate controller

16 bit ADCs/DACs, modern RF electronics
USB/Ethernet interface, LabView based DAQ

LANL NMR system tests at UVA
1st NMR cooldown 2014 (total 3 cold tests)

04/2016 full comparison to Liverpool Q-meter
sighal/noise ratio - waiting for results




NMR System

New LANL-NMR checked

Compares to UVA-Liverpool
Cold LANL-NMR
Compares to Cold UVA-Liverpool?

Cold NMR QMeter
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20W EIO attenuate down to mW
scale: Mixer and Power meter

Mixer has 10 mW damage
threshold

F—D (140 GHz), right angle bend

Cavity size adjustment allows an
additional 1.5%

Measure power at EIO and
measure at helium evaporation
(10 I/s per Watt)
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Microwave Setup




Motor Control

™~

This is the main microwave
controller VI.

Can be run in automatic
mode or manual mode.

First we should do the
frequency calibration by
moving the motor
manually.

— M= experiment or in simulation
mode.




Simulation

Actual steady state vs fit
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* Written in LabVIEW to work with stepper motor | //ﬁ\\
— Can also be run by itself to produce data of \

* Implements model : \ //
— Parameters a and f calculated from frequency \ 7-/




Simulation

Advanced parameters (physical constants

This is the main microwave

and debugging) ) )
simulation controller VI.
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POLARIZED TARGET SUBSYSTEMS

Pumping system
designed and built by Oerlikon

target heat load ~1.4W
p-wave:~1W, beam:~0.37W
3 roots (7000), 1 rotary vane (840)

' ﬁ'ﬁr;|
i

requires 100L LHe per day
14000 m3/hr pumping capacity

Construction and tests

first assembly at LANL spring 2015
tested and shipped to FNAL

assembled and tested 10/2015



POLARIZED TARGET SUBSYSTEMS

—_— & Py ® ® ® .
Target material

Production
dedicated setup to produce NH3 beads

NH3 gas slowly frozen above LN2 bath
~1000 g is needed for 2 yr run
~450 g currently produced

purchased three LN2 dewars for storage

Pre-lrradiation
creates paramagnetic centers for DNP

14 MeV electron beam under LAr bath

routinely done at NIST (Gaithersburg)
time consuming, trained manpower

~100 g irradiated and ready for experiment



Target Material

Successful material for DNP characterized by three measures:
1. Maximum polarization
2. Dilution factor
3. Resistance to ionizing radiation

-

Material Butanol Ammonia, NH; Lithium Hydride, 7LiH
Dopant Chemical Irradiation Irradiation

Dil. Factor (%) 13.5 17.6 250

Polarization (%) 90-95 90-95 90

Rad. Resistance moderate high very high

Comments Easy to produce Works well Slow polarization,
and handle at5T/1K but long T,



Radiation Damage and Recovery
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Maximum Polarization decays as a function of dose

Heat material (Anneal) to allow radicals to recombine

Done by heat wire around target cell raising to 80-100K for

20-60 minutes

Needed at 4Pprotons/cmz (about every shift)

Once exhausted (40 Pprotons/cmz2) need target material
replacement



Sources of Uncertainty In
Polarization

Changes in DF/Packing Fraction
Field Drifts (Magnet/Power supply)
Enhanced Measurement errors
TE Calibration errors

Nuclear Instruments and Methods in Physics Research A 728 (2013) 133—
144



Polarization Calibration and

Measurement
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Uncertainty in Polarization

Procedural errors
can be to be pretty small:
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Full System




Test Full System

Final preparations and run

made test target insert, practiced installation

target ladder target cup

test insert

p-wave horn

NMR coil - temperature sensor

getting cold

4He vapour
pressure sensor

p-wave line — separator fill magnet fill —

LHe level
probe

pump

LHe fill NMR line — ' D mperature readout LNZ fill



The main cryocontrol VI

CryoControls This contain all monitoring for the target
including the pressures, flows, valve
position and He level probe reading.

This also include buttons to access the
flow, pressure and valve position controls
next to their reading.

This main VI check whether the devices
are connected to correct ports and
function continuously.

Graphics shows where these readings are
from.

Logs all the readings to a text file
~each second.




Cryogenic Performance

Test results
Fridge performance

separator and nose fill
~1hr to fill the nose after a night on standby
very stable, very little attention required
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Sensor data

Data

Fridge Sensors
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Results of All the Work

Test results

Polarization
polarized fresh NH3 both positively and negatively

took extensive TE measurements
alternated UVA and new LANL NMR systems
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Target Personnel

» Target Experts (On call for all target systems, should be
within 20 mins of experiment):. Need at least 5 to cycle
on month long shifts

--No Training Materials for this, see me--

« Target Operators (Maintain polarization and cryogenics,
move target position, Monitor Target Alarms, Check
sheet and Target Log, Contact Target Expert as
needed): Need about 50 to cover 4
months of running

--Training Materials will be available from UVA--



Still to Come

Secondary pressure/temp sensor (3He bulb-Just test)

Additional Fridge Modifications for ease of target change-out (Just test)
Cold NMR system optimal signal to noise for Deuteron/Neutron (Just test)
Maximize number of target cells equipped with cold NMR (Probably 3)
Remote Control for Microwave (Ready for Testing)

Cryosystem auto-control (Close to finished)

Annealing system (Still deciding which one)

Material purchase and irradiation (ND, ~$40K)

Making material and doing the irradiations (only 500g done out of 2.6kQ)
Couple more cooldowns coming up soon for testing what is mentioned



Results of Cooldown

* There is a power restriction (think we got it)
» All coils are doing about the same

» All cell location are doing about the same
« Warm NMR seem OK

» Polarization multiple cells/coils ~85%
 All functionality tests went well

e System runs smooth but uses lots of LHe (~17 SLM
with vacuum 7X10"-7 tor)



Initial Run: Central Top Coll
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Still to Come

Secondary pressure/temp sensor calibration (3He bulb-Just test)
Infrastructure for target changes

Cold NMR system optimal signal to noise for Deuteron/Neutron
Configure one stick with 3 active cells 2 cold-NMR one warm
Remote Control for Microwave (further testing)

Cryosystem auto-control (further testing)

Annealing system (testing needed with temp sensors on insert)
Material purchase and irradiation (ND, ~$40K)

Making material and doing the irradiations (only 500g done out of 2.6kQ)
Lots of work on radiation protection for equipment (motors, etc...)

Lots of work on setting up full cryocontrols and target variables data flow to run and test
all at once

Need more cooldowns coming up soon but where?
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Microwave Profile

Infinite Free Space
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Microwave Studies
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arget Insert Sensors
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Liquid Helium and Nitrogen Level

4 iTC_monitor.vi

E= TR XS

File

Edit View Project Operate Tools

= [@n

Window Help

LN2

' 81.2721

LHe

: 75.5879

LN2_units
%

LHe_units
%

Sensor data

[ 110~
105+

100

95-

90 —

85—
80
751
70—
65|
60|
551

Data

50
45—
40-

35-]
30—
25-
20-
15-]
10|

5]

0

5-
08:50
06/11

!
10:53
06/11

1 i

12:56 14:59

06/11 06/11
Time

!
17:02
06/11

!
19:05
06/11

Autoscale time

C B

Show last (min) 5 minutes

15 minutes 30 minutes 1 hour Add1 hour

::: 615 [ 5 minutes ][ 15 minutes ] [ 30 minutes ][ 1 hour ][ Add 1 hour

Refresh y scale

(= |

[ |5 Refresh y scale

YN A
FiHe [

O3
g
Ors
Cre
Or7
Crg

Serial port

L[coms |

] STOP

Mote: Error codes are
assigned negative
numbers and status

codes are assigned
positive numbers,

MNumeric
109660

e




Refrigerator Sensors
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Microwave Control VI
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Automated Frequency Control

Hz grapherwvi

File Edit View Project Operate Tools Window Help

GRAFH-
ER

0.016-

1 1 1
19:22:57  19:28:57  19:34:57  19:40:57  19:46:57  19:52:57
06/11 06/11 06/11 06/11 06/11 06/11

Time

i i i i 1 i
140185 14019 140185 1402 140205 140.21

Frequency

7 ]

] = [l

SIBHAL

> [?]
Eventnum Polarization  Frequency Rate Data points ~ Data output file i
1528761177 |51.8044 14019 00173879 63 % C\Users\ptgroup'\Desktop\Motor controller\ E
Graph ti |
Polarization vs time Plot0 Frequency vs time Plot 0 ragh e seae
55+ Time scale (min)
’:,' 30
1 minute
5 minutes
£ - 10 minutes
E E 140.195- 30 minutes
= g
3 R | R el aadaaagas 1 hour
Add 1 hour
Graph polarization scale
- - ] i = - - ] Autoscale polarization
19:28:57  19:34:57  19:40:57  19:46:57  19:52:57 19:22:57  19:28:57  19:34:57  19:40:57  19:46:57  19:52:57 CD
06/11 06/11 06/11 06/11 06/11 06/11 06/11 06/11 06/11 06/11 06/11 06/11
Time Time Min polarization
; 7
Rate vs time Polarization vs frequency Plot 0 m
Max polarization
55 /
1.000
50 ‘ =
Scale for positive
&5 Scale for negative
40 Focus on current
5
‘m 0.024- ‘E 35- Focus range
5 3- 40100
o
Advanced controls




Magnet PS control




B main.vi

Fle Edt View Project Operate Tools Window Help

Cryocontrols

=

‘ilil
il

CryoControls

Lrswart| ¢ [2] . |5 mainvi ;- level_probe.vi

Backfil
Pressure

(Torr)

Sep.
Pressur
(Torr)
0

|@W10_mutm.uiﬁoﬂtm

Main
Fld

He4 Pressure
(Torr)
o @

He3 Vapor
Pressure (Torr)

0

MKS 946 Status

Writing to file
<4

Vacuum
Pressure (Torr)

L]

[(wEPFPBEE G =om =



Pop-up Controls

=181

File Edit View Project Operate Tools Window Help

5 level_probe.

File Edit View Project Operate Tools Window Help NER
PROBE

I>DE

RunvI QL Level o

Mode

Mator
Connected Log Data?

8 MANUAL * ] @

Motor Enabled

=

4 AUTOMATIC

# of Turns Open
0

10-]
0y 1
34653.49637 34658.4963

t ]
Error DC . “ _l

100+
80|
60 -
TargetL t o
20|
F -]
Set # of Turns Open (Man) iy
- -0
0

60~
-80-]

Enable Advanced Controls
100~

1 I
70795.398601 70600‘39864

Amplitude

=

35

Valve Position DC m

ILC/,]

0.5-]
0=}

[7start| B i main.vi Heiz level_probe.vi Heg TTM10_monitor.vi Front ... |ﬁ.) E»] ﬂtl’ EI Q [y 8:11PM B



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55

