.gt;f_fé;gon Lab

Target Group

Run Group C Update

Chris Keith
JLab Target Group

\\“N""'ﬁ,“ U.S. DEPARTMENT OF

ENERGY Jeff;?son Lab

OThomas Jefferson National Accelerator Facility
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RGC overview

Hall B— Run Groups HALL B

E12-06-109 Longitudinal Spin Structure of the Nucleon Kuhn A 80 Polarized NH;

target ND.
E12-06-109A DVCS on the neutron with polarized deuterium target Niccolai (60) ngH It s
E12-06- 119(b) DVCS on longitudinally polarized proton target Sabatie A 120 185 sector) 1 c

Forward tagger
E12-07-107 Spin-Orbit Correl. with Longitudinally polarized target Avakian A- 103 S. Kuhn
E12-09-007(b) Study of partonic distributions using SIDIS K production Hafidi A- 80
E12-09-009 Spin-Orbit correlations in K production w/ pol. targets Avakian B+ 103 Experimental Hall A FY-2021 FY-2022 FY-2023

SBS Nucleon Form Factors (GMn, Gen-RP, WAP) |
SBS Nucleon Form Factors (Pol. He3 Target) |

Experimental Hall B

Heavy Photon Search [-———

| Electronsfor neutrinos —
RGC is scheduled to run May 2 — Dec 20, 2021 = > —
* Originally approved for 185 PAC days = H—— —

CaFe 0

« PAC48 Jeopardy reduced to 120 (focus on DVCIS) | = =
|

Schedule Contingency

« 8 weeks for target installation and commissioning d
I Eta Radiative Decay /]
° 30 PAC days FT_ON | Short-Range Correlations R

Pion Polarizability

« 90 PAC days FT-OFF EDETICELE ——

—rnnlled Accelerator Down (SAD) e @ @@ @@ =@

21GeV/pass —————————
1.82 GeV/pass ]
1.96 GeV/pass [ ]
CAL 2021 CAL 2022

Figure 1 — Experiment schedule summary
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RGC schedule

Goal: Support the hardware and software integration of RGC into CLAS12

Task Force RG-C Polarized Target

PI V. Burkert

Member: R. Miller (equipment integration), N. Baltzell (software & slow controls),

embers R. De Vita (simulations), C. Keith (Target Group)
Tasks/Subtask 2020 2021
asks/Subtasks
Nov_ | Dec [ Jan [Feb[Mar [apr [ May [ Jun [ sul [ Aug [Sep | Oct RGC Task Force (V Burket t, Pl)
1. In coordination with RGC team and Target Group develop an integration plan to install and operate
a longitudinally polarized target in CLAS12 | d .t . f . d 4 O N .t H t h h | . .t

1.1 Define Hall B Configuration M1.1 e n I I e ~ I el I l S I n e p u n C I S
1.2 Buffer Dewar M1.2
1.3 Define power requirements M1.3 1 . Ta rg et
1.4 Space requirements IM1.4 .
1.5 Polarized target installation M1.5.1 IM1.5.2 | M1.5.3 2 . B e a I I l | I n e

2. In coordination with RGC team define beam line components and special requirements
2.1 Raster magnets repair, test PS, install, M M
loperational, s;stcm tested V21 M2.1.2 213 214 3 . S I I I l u | atl O n S
2.2 New Moller shield M2.2.1 2.2.2 IM2.2.3 | M2.2.4
2.3 Forward Micromegas M2.3.1 [M2.3.2 M2.3.3 M2.3.4 [M23.5 4 . F E & DAQ
2.4 Moller shield FT=IN/ON M2.4.1 M2.4.2 M243
2.5 Fast Shut Down system (EP) M2.5.1 M2.5.2 5 . S | OW CO n t ro | S

3. In coordination with RGC team define and support the experiment related simulations, monitoring, and .

reconstruction framework 6 Trl g g er

3.1 Simulate Effect of Moller shield M3.1.1 M3.1.2 M3.1.3 (M3.1.4 *
3.2 Simulate physics reaction w/ background (SN,CD) IM3.2.1 7 D O C u m e n t a ti O n

4. In coordination with RGC team define the integration of RGC FE and DAQ into CLAS12 framework °
K.1 Read back of raster position into DAQ IM4.1.1 M4.1.2

4.2 Other FE readout specific to RGC IM4.2.1

5. In coordination with RGC team check the integration of slow controls into CLAS12 framework
5.1 Define and implement Slow Controls needs

for RGC beyond normal CLAS12 operation | | |M5'1‘1 l | | | ‘MS.].Z ‘ ‘ ‘
6. In coordination with RGC team define and support the integration of the RGC trigger into CLAS12 framework
6.1 Define special trigger needs for RGC
loperation

M6.1.1 M6.1.2

Roughly half of these have been completed
o s e o [ (the ones not in BLACK)

lare specific to RGC operation KlaHH]
7.2 Checkout operation of all CLAS12
detectors prior to beam operation and

7.3 Provide “On Call” support by Hall B
technical team for equipment operation before M7.3.1
land during experiment

M7.2.1

Color code: Red/Blue/Green in order of decreasing priority (red is max)
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RGC beamline

CLAS12-NOTE 2020-001

Raster magnets have been installed on Hall B beam line.
Tests with powers supplies scheduled for next week.

Hall B Spiral Raster - User’s Manual

==

= Fernando J. Barbosa
£ 3 F
_ JLab
238 & BL 5 February 2020 2. Connections
™ 2.1 Experimental Setup
( 1. Introduction Connect the raster driver as follows (fig. 2), using RGS8 type coaxial cables:
= 2. Connections
2.1 Experimental Setup
o 2.2 W rm Di; ics S [ cH2 [ 'Y magnets |
3. Controls
3.1 Re Control B ) )
3.2 Raster Configuration & ( 120vAC 120 VAC

3.3 Commands
3.4 Front Panel Control

\Q‘Q lliss

- ﬁ ‘ 11 ‘E i ) “’“'V?j_k :m’_—aéggg.. N
| [ B - df measured —k : S

Sufficient for raster radius > 1 cm B e

New raster driver developed by |
Fast Electronics Group (F. Barbosa).

The Keysight 335228 recovers from an AC power interruption into the default factory setting and
will need to be re-configured, remotely or locally, for spiral raster operation. It is recommended that a
re c

Requires EPlCS inte rface & UPS be used to ensure continued and reliable operation.
implementation of beam FSD

Credit: V. Lagerquist, E. Pasyuk, F. Barbosa
4 June, 2021 CLAS Collaboration Meeting 4



RGC beamline

FT.ON S

Occupancies in R1 Drift Chamber
with rastered beam are high.
Operate with 6 mm raster radius and half luminosity.

FT-OFF

Newly-designed Moller cone for

RGC (“ELMQO") reduces R1

Dependence on raster size T L occupancies by 2.5x
, _ | Design seems mostly optimized.
= Strong dependence of DC occupancies on raster size £
. Occ%ancies with 0.9 cm raster are 5x higher than RGA in R1, 2x in R2 TungSten cone out tor procurement°
and R3 Procurement of other parts
expected in August
0.3 cm raster s O6cmraster 09cmraster Nominal ELMO ELMO, with tungsten
g 14 e I - e 14 | reglonZoccupney: 1.32% Configuration ®  region 1 occupancy: 2.15 % reduction pipe ®  region 1 occupancy: 2.13 %
(E‘ b 4 region 3 occupancy: 1.78 % ? P 4 region 3 occupancy: 2.12% ; r 4 region 3 occupancy: 266 % - 6 -
g 12: 2 “ g s °\° L u region 2 occupancy: 0.80 % O\o L u region 2 occupancy: 0.78 %
8 E & & E 1 g ipancy. X g ipancy.
8 5; 8 o 8 55 — e % 5; A region 3 occupancy: 2.09 % % 5; A region 3 occupancy: 1.98 %
I I 5 ¢ g ¢
r_H++ —— 4:7 e 4: — S [ =] L
; — S | . 8 4 3 4
=  e—— e —— e (] - o r
’ ! : Se:tor ! : : ! ° Secstar : : ! : Se;tor 3; 3;
L o — r—e
< L N L S —
? clasy 2f — * 2 P— *
r —— r — A ——A—
Credit: R. Devita, V. Lagerquist - i
L ! - — |
i ——n —a———— s » —8—
0:\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\ 0:\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\
1 2 3 4 5 6 1 2 3 4 5 6
Sector Sector
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RGC polarized target
Latest tests in the Target Lab, April 2021

(it's starting to look like a real polarized target)

. o § ;

NOT SHOWN
‘ g * James Brock
| Qs S me T = *  Chris Carlin

: TS * Tsuneyo Kageya
Iy Liquid h PR ke T, Chris Keith
?'a:s“\{, L el ‘— « Victoria
I - Lagerquist
* Pushpa Pandey
+ Xiangdong Wei

R,
James Maxwell
at NMR console

~ 5T magnet
. - _
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RGC polarized target

— Three Goals -
Loading and unloading of multiple target samples
High polarization of “standard” DNP target materials

Accurate measurements of polarization w/ new JLab NMR System

4 June, 2021 CLAS Collaboration Meeting



RGC polarized target

Electrical feed-thru
(1 0f 4)

Vacuum flange

= Gear head connection
@j to stepping motor
E——

TS

a

The long, horizontal geometry of the RGC MR cals
target makes loading and unloading of the
ammonia samples very tricky.

E
In the original 6 GeV polarized target, the T
samples were attached to a ~0.8 m long 80 cm . >2'.?g’i?rﬁ"eﬁ'pms
stick that was inserted vertically into the =
bath of superfluid helium.

)| ND3

For the RGC target, this stick would need to

=<
be 4 m long and inserted horizontally. Target col <l o
i | Emoy
6 GeV polarized 5 st
target insert for CLAS Mock-up of similar
insert needed for
RGC polarized target
4 June, 2021
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RGC polarized target

We intend to load and unload target samples in a rather novel manner...

The sample is placed into an internal bath for liquid helium that is then
moved to the in-beam position and cooled to 1 K

-
[

Helium vapor (gray) ——|
NMR c0||

LHe fill | NMR electronics
Microwave cavity tube
S ‘E ] v
\

O | Beam
window

Outer vac. can /N‘ , ‘ ‘ I Waveguidle_-

Microwave

Helium pumping tube generator
1K refngerator ) )

I% To refrigerator pumps

4 June, 2021 CLAS Collaboration Meeting




RGC polarized target

We intend to load and unload target samples in a rather novel manner...

The sample is placed into an internal bath for liquid helium that is then
moved to the in-beam position and cooled to 1 K Credit: James Brock

AT

C L

Nl
\ L_]_J F[

4 June, 2021 CLAS Collaboration Meeting 10




RGC polarized target

Preloaded ammonia “cartridges” are placed into the sample insert in
the retracted position via a dedicated loading port.

The sample is then moved into the center of the microwave cavity and NMR coil.

il

[
L]

AT

C L

(-]
\ L_]_J F[

I% To pumps
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RGC polarized target

The sample insert is fill with 1K LHe from the refrigerator and the
ammonia is dynamically polarized.

Ready for beam!

-
il

=TT

-——— R —
=1

s o pumes
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RGC polarized target

The sample is unloaded and replaced by a fresh sample in the same manner.

Repeat as necessary... —

-
il

AT

| —
=]

I% To pumps
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Loading & unloading of target samples

Start w/ the cheap and easy stuff

Progress to material that is expensive &
melts (or sublimates) at non-cryogenic
temperatures

At each step:

Calibrate NMR with thermal equilibrium
polarization (<1%)

Measure maximum polarization and
polarization rate

RGC polarized target

Two-part epoxy + TEMPO
Sample #1

Inexpensive, easy to prepare & handle
Moderate polarization

Two-part epoxy + TEMPO
Sample #2
One-year old - (does it still work?)

Frozen Butanol + TEMPO
Inexpensive, difficult to prepare & handle
High polarization

Frozen d-Butanol + TEMPO
Expensive, difficult to prepare & handle
Low polarization

Irradiated NH3 (UVa)
Expensive, very difficult to prepare & handle
High polarization

X2



RGC polarized target

Target Loading and Unloading
* Retraction of 1K bath of supertluid
* Replacement of cold target samples
* Insertion and cooling of bath

X 2 T

ATRN

Target sarﬁple cells (®2J x5 cmZ)

- - -

Sampl in bath

Frozen butanol beads

4 June, 2021 CLAS Collaboration Meeting 15



Loading & unloading of target samples went quite well

RGC polarized target

+ Total time from cold sample = cold, fresh sample is less than 30 minutes
« Sample temperature kept below 100 K

—

frGTPTI2Bath 1T

"TGTPT12:Bath 2.T
|

—

—_—

. —

1
2021-04-18
14:20:00.00

Y axis: |linear |auto |untiled X axis: |10 minutes

1
2021-04-18
14:40:00.00

v

TGT:PT12:Bath_1_T
@:1.4646

TGT:PT12:Bath_ 2T
@:1.4647

A few lessons we learned
*  We dropped one sample inside the refrigerator (epoxy, easy to retrieve)

* We need a stronger helium purge

«  Wait longer for liquid nitrogen to drain from target cell

4 June, 2021

CLAS Collaboration Meeting




Stable and accurate NMR

* Measure & replicate the thermal equilibrium (TE)
polarization signals used to calibrate the NMR systems

Our CW-NMR system is a simple LCR
circuit tuned to the nuclear Larmor
frequency.

Sweeping RF through the resonance
frequency generates the LCR circuit

response (“"Q-curve”)...

4 June, 2021

RGC polarized target

Phase Signal

Voltage ——»

ST N

\ / LCR Q-curve

<
\

Frequency ———

Percent

What the signal should look like...

CLAS Collaboration Meeting

17



RGC polarized target

Stable and accurate NMR

* Measure & replicate the thermal equilibrium (TE)
polarization signals used to calibrate the NMR systems

Our CW-NMR system is a simple LCR
circuit tuned to the nuclear Larmor
frequency.

Sweeping RF through the resonance
frequency generates the LCR circuit
response (“"Q-curve”)...

... with the NMR signal superimposed.

A tiny TE calibration signal
buried inside the Q-curve.

4 June, 2021 CLAS Collaboration Meeting
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RGC polarized target

Stable and accurate NMR

* Measure & replicate the thermal equilibrium (TE)
polarization signals used to calibrate the NMR systems

Phase Signal

Our CW-NMR system is a simple LCR
circuit tuned to the nuclear Larmor ’ M h
frequency. ) |

oy
Sweeping RF through the resonance
frequency generates the LCR circuit
response (“Q-curve”) with the NMR - —
signal superimposed. N\

What it looked like when pwéoplewused
their cell phones

4 June, 2021 CLAS Collaboration Meeting
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Stable and accurate NMR
* Measure & replicate the thermal equilibrium (TE)
polarization signals used to calibrate the NMR systems

RGC polarized target

B JLab Polarization Display

Run Tune Baseline Magnet TE Analysis Event Explorer

Status NMR Controls . Polarization
Polarization
e Temp (K): 0 16
3He Temp (K): 0 v - 1 . 70/0
. . . Bath Top (K): L _ 1.3
Unacceptable levels of noise limited e —
. . . . uWave Freq (GHz): 0 4
NMR Settings 0.2
the precision of NMR calibration % 0.017982
1" . 7} Main Flow (slpm): Freq:ve\g?: 207.ﬁMHz +400.0 kHz 0.4
measurements (aka “TE signals”) s o Y || o
Magnet Current (): [0 Calibration Constant -0.94 1; 04/18/2021
Target Position: = 14 16:10:50 UTC
, -1.6
Test Item: Baseline: 04/17/2021 14:42:53 1:55 12:00 12:05 12:10 1215 12:20 12:25 Plot Range (min): E
Raw Signal Baseline Subtracted Fit Subtracted
0.024 ‘
8.06 o | 1
1| 4 i
s ST |
8.064 7 \ 0025 W‘Mh 0000 | h‘ ’|\”\ ﬂ‘ \’d ‘ J |‘|‘ ! Ul‘ w
/ \ N ‘\4\ ! M LI J | m h\ w | iJ
WL . nied

4 June, 2021 CLAS Collaboration Meeting

8.07 \ 0.026 \ I
/“\\ -0.000 ﬂ ‘ ’ !
8.072 ‘MM ‘ ‘
(L A |,

8.0 ([N -0.0002 Q

\ \r “T"'MM\' ‘
8.076 A 0.027

207 207.2 207.4 2076 207.¢ 207 207.2 207.4 2076 2078 207 207.2 207.4 2076 207

Finished ev

Other sources of spurious noise, unidentified

20



Stable and accurate NMR

* Measure & replicate the thermal equilibrium (TE)
polarization signals used to calibrate the NMR systems

RGC polarized target

B JLab Polarization Display - [m] X
Run Tune Baseline Magnet TE Analysis Event Explorer
Status NMR Controls R Polarizati
Polarization
4He Temp (K): 0.00022 ]
3He Temp (K): . 0.0002 / 0 . OO/O
. . . Finish
: 0.00018
Despite the noise, we did manage w00
. Bath Bottom (K): 0 0.00014 Signal Area
to a Cq u I r'e TES On ep OXy a n d UWave Freq (GH2): 0 R setngs 0.00012
. . uWave Power (mW): 0 e 00001 '0 002804
L 8e-05 "
butanol samples, albeit with poor
1 O O/ Separator Flow (slpm): 0 — 4e-05 Timestam p
~ - Sweeps per Event 5000 2e-05 /
dccura Cy/ (o Magnet Curent (4): [0 Calbration Constant |-0.05 0~ 04/17/2021
Target Position: 0 o 2605 — 01:25:50 UTC
Test e 0 = 702500 212530 2k PlotRange (min):

Baseline: 04/17/202101:19:32 2

4

:22:00  21:22:30  21:23:00 21:23:30  21:24:00  21:24:30

James Maxwell’'s new NMR software R Spl Bascine Subraced

-0.003

package (Python) worked great! o ““'“”\ P
. . . . 4 \ -0.0032 ,"“’" 0
* Highly intuitive 1
) 7 07 / \ 0.0033 Wi =
i / i 0.0034 : 0
S|9n|flca ntly faster L N §
* Nice analysis features |/ o
-8.086 // \\ o ,v."""y 6e-05
soss| ! \\ o . 2 7e-05

Fit Subtracted

Finished event at at 01:25:50 UTC. Event took 99s. Running sweeps...

4 June, 2021 CLAS Collaboration Meeting
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High Dynamic Polarization

* Two-part epoxy + TEMPO

7 JLab Polarization Display

Finished event at at 17:29:38 UTC. Event took 9s. Running sweeps...

- a X
Run Tune Baseline Magnet TE Analysis Event Explorer
Status NMR Controls Polarization
Polarization
4He Temp (K):
0.8
3He Temp (K): 47 40/c)
.
Bath Top (K): 0.6 ' r
Bath Bottom (K): e Jv\f A \ \{— - Signal Area
uWave Freq (GHz): S '
NMR Settings / I
uWave Power (mW): 0.2 -
i) Proton4.87T / 0.504198
Main Flow (slpm): Frequency: 207.38 MHz £ 400.0 kHz
RF Power: 200.0 mV 0
Separator Flow (slpm): 0 ‘ Timestamp
Sweeps per Event 500 o
Magnet Current (A): .
Calibration Constant -0.94 04/17/2021
Target Position: Unlock 0.4 17:29:38 UTC
Test Item:
Baseline: 04/17/2021 14:42:53 15:05 10 15 520 525 1330 PlotRange (min):
Raw Signal Baseline Subtracted Fit Subtracted
7.9% 0.03
[N - 0 -
/ VN\\" anan 7
7.998 A ’{ ‘“\ 0.028 | - \ [
AR\ | \ 0.002 ‘i
-8.00 v \ '
Y \ \ 0.026 \
8.002 ~ { \ 0.004 \
p, \ \ ‘
f \ 0.024
8.004 / { \ \
,/ \ \ -0.006 \‘
-8.006 / \ f ‘\.\ 0.022 | |
/ \ -0.008 |
8,008 ‘,/ \f \\ 0.02 . |
/ \ |
80| {/ \ 0.0 |‘ |
\'| o0 | |
som2| \/
/ 0.012 \f
°n1a 0.018
207 207.2 207.4 207.6 207.¢ 207 207.2 207.6 207.8 207 207.2 207.4 207.6 207.¢

4 June, 2021
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* Glitches in the polarization growth

RGC polarized target

curve are due to cell-phone noise
We eventually reached +56%
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RGC polarized target

High Dynamic Polarization
* Two-part epoxy + TEMPO

B JLab Polarization Display - a X
Run Tune Baseline Magnet TE Analysis Event Explorer

Status NMR Controls . Polarization
Polarization

4He Temp (K): 0 u.o

e B — \ _45 3% Reverse the polarization:
Bath Top (K): 0 0.4

Bath Bottom (K): Signal Area +56% 9 _45% in 13 minutes

uWave Freq (GHz): 0
NMR Settings

e ome e B 0 \ 0.482138

Main Flow (slpm): 0 Frequency: 207.38 MHz  400.0 kHz
RF Power: 200.0 mv

Separator Flow (slpm): 0

0.2 -
Sweeps per Event 500 \

Calibration Constant -0.94 \‘\ 04/ 17/ 2021
Target Position: 0 — 0.4 ~ 1 19:05:11 UTC

Test Item: 0

Timestamp
Magnet Current (A): 0

Baseline: 04/17/2021 14:42:53 1440 335 1250 @55 15:00 Ts:.05  FlotRange (min): |

Raw Signal Baseline Subtracted Fit Subtracted

0.012
8.008 0.026

‘r\ I
8.01 / \ I
8.012 / \ 0.024 0.01 '1 “
8.014 f \ [
8.016 [ 0.022 0.008 |1
8.018 / A

Rt 7 T 0.02 | ‘|
8.022 / \ 0.006 |

8.024 4 N ‘
A \ 0.018 ||

8.026 - |
/ 0.004 |
-8.028 / \

-8.03 v N 0.016 s |
8.032 va \ gt 0.002 |
8.034 / 0.014 / \
8.036 /

8.038

0.012
207 207.2 207.4 207.6 207.¢ 207 207.2 207.4 207.6 207.& 207 207.2 207.4 207.6 207.¢

Fini 90511 UTC o5 Runni
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High Dynamic Polarization
* Two-part epoxy + TEMPO

Run  Tune  Baseline

Status

4He Temp (K): 0
3He Temp (K): 0
Bath Top (K): 0
Bath Bottom (K): 0
uWave Freq (GHz): 0
uWave Power (mW): 0
Main Flow (slpm): 0
Separator Flow (slpm): 0
Magnet Current (A): 0
Target Position: 0

Test Item: 0

8.016
8.018
-8.02

Magnet

TE  Analysis  EventExplorer

NMR Controls

[ ] [

NMR Settings

Proton4.87T

Frequency: 207.38 MHz  400.0 kHz
RF Power: 200.0 mV

Sweeps per Event 500
Calibration Constant -0.94

Unlock

Baseline: 04/17/2021 14:42:53

Raw Signal

8.022
8.024
8.026
8.028
8.03
8.032
8.034 v
8.036
8.038 /
8.04

8.042 /
.04
.04

0.

0.

0.3

0.016

0.014

0.012

0.01

0.008

0.006

0.004

Polarization

Polarization

1

2

-46.3%

Signal Area

0.493009

Timestamp

BN 04/17/2021

T 19:54:04 UTC

15:25

15:30 15:35

Baseline Subtracted

155 Plot Range (min): E’

Fit Subtracted

15:45 15:50

0.012

0.008 | {
0.006 [
0.004 -

0.002 f

207 207.2

207.4 207.6 207.¢

Finished event at at 19:54:04 UTC. Event took 9s. Running sweeps...

207

207.2 207.4

207.6

207 207.2 207.4 207.6 207.¢

4 June, 2021
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RGC polarized target

Remove sample from ‘fridge then
put it back:

-> Consistent polarization
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RGC polarized target

High Dynamic Polarization (one-year old)
* Two-part epoxy + TEMPO

— - m]
Run Tune Baseline Magnet TE Analysis Event Explorer

Status NMR Controls - Polarization

Polarization
4He Temp (K):
0.03
0.9%
.
Finish
st Top (0 | N 002
Bath Bottom (K): 0.01

(\Af Signal Area
uWave Freq (GHz):

5
0
0
0
0 N -
NMR Settings
uWave Power (mW): 0 -0.01 V '0 . 0092 58
0
0
0
0
0

Proton4.87T

Frequency: 207.38 MHz  400.0 kHz -0.02
RF Power: 200.0 mV

Main Flow (slpm):

Separator Flow (slpm): -0.03 Timestamp

Sweeps per Event 500
Calibration Constant -0.94 o0 04/ 17/ 2021

23:56:57 UTC The one-year old epoxy sample
Baseline: 04/17/2021 14:42:53 19:30 19:35 5:40 5:35 15:50 555 PotRange (mn): [0 | . .
Raw Signal Baseline Subtracted Fit Subtracted dl d n O t p O Ia rIZe, p ro ba b ly du e to

el RS degradation of TEMPO.
TN

\
-7.99 7 \
7,992 / \ 0.048 0
7.994 / ‘\ 0.047 \\
7.9% /
/ 0.046
-0.0001

Magnet Current (A): |

Target Position:

Test Item:

-7.998 7
\ 0.045
8.00 \ L
\
8.002 \ 0.044 l ﬂ
\ -0.0002 y
-8.004 \ 0.043 ~
8.006 \
0.042
207 207.2 207.4 207.6 207 207 207.2 207.4 207.6 7% 207 207.2 207.4 2076 207

Finished event at at 23:56:57 UTC. Event took 9s. Running sweeps...
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RGC polarized target

High Dynamic Polarization
* Butanol + TEMPO

B JLab Polarization Display

- a X
Run Tune Baseline Magnet  TE Analysis Event Explorer
Status NMR Controls - Polarization
Polarization
4He Temp (K): 0 2.9
3He Temp (K): et - ’ o/
o . — 87.2%
] | o~
Bath Top (K): 0 ,/
2.7 17
/
Bath Bottom (K): 0 / Signal Area
2.6 /
uWave Freq (GHz): 0 /
NMR Settings 2.5 o~
Wave P w): 0 -
uWave Power (mW): P 's /\_/ 0.792 102
Main Flow (slpm): 0 Frequency: 207.38 MHz £ 400.0 kHz /
RF Power: 200.0 mV 2.3
Separator Flow (slpm): 0 / Timestamp
Sweeps per Event 500 22 O
Magnet Current (A): 0 :
Caliration Constant -1, 100251 04/18/2021 utanol reacne -+ (o)
ition: 2.1 /
Target Position: 0 T / 21:50:59 UTC
— . .
Test Item: 0 0 5
Baseline: 04/18/2021 20:09:15 17:00 17:15 17:30 17:45 Plot Range: (min): I n a b O u t O ‘ , , I n u tes
Raw Signal Baseline Subtracted Fit Subtracted
8.07 o 0.004 0 =< ;
\ /
8.072 ﬂp/ \\ 0002 ; -0.002 \ 1
p, 0 \ ]
5074 / \\ \ oo 0.004 “ J
. |
-0.006
8.076 /,/ \\ 0.004 ||
8.078 7/ \ -0.006 0.008 “ ‘
5.08 / | \ 0,008 0.01 \ ’
-0.012
son2| /) \ ‘ \ .01 | |
0.012 -0.014 { ’
8.084 \ |
0.014 0016 i
8088 \ -0.016 |
5.088 \ o -0.018 l‘ )
} -0.018 0.02 il
-8.09 .02 v I
-0.022 v
8.092 -0.022
207 207.2 207.4 207.6 207 207 207.2 207.4 2076 207.8 207 207.2 207.4 207.6 207.¢

Finished event at at 21:50:59 UTC. Event took 9s. Running sweeps...
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High Dynamic Polarization

Butanol + TEMPO

B JLab Polarization Display

Finished event at_at 22:33:31 UTC. Event took 9s. Running sweeps...
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RGC polarized target

Reverse polarization to -75%
in about 30 minutes



High Dynamic Polarization

Deuterated-butanol + TEMPO

7 JLab Polarization Display

- 25%

Finished event at 20:39:36 UTC. Event took 79s.
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RGC polarized target

Measuring the TE signal of d-butanol was
hopeless (<0.1%)

Polarization can be estimated by the
relative heights of the two peaks
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High Dynamic Polarization

 Irradiated NH3 (courtesy of UVa)

7 JLab Polarization Display
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Finished event at at 01:36:10 UTC. Event took 9s. Running sweeps...

CLAS Collaboration Meeting

RGC polarized target

* No serious attempt to measure TE
signal of ammonia sample.
Polarization equilibrates too slowly.

» Use same NMR calibration constant for

butanol (not a good idea...)
» 75% in ~40 minutes
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RGC polarized target

The latest test of the polarized target for CLAS12 went mostly ok

4 June, 2021

1K refrigerator continues to work well (high performance, low LHe consumption)
Target loading and unloading went well

We're getting reasonably good dynamic polarization
NMR electronics and software show great promise

NMR noise is a serious problem (James and Hai are on it!)

CLAS Collaboration Meeting
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RGC polarized target

The latest test of the polarized target for CLAS12 went mostly ok
« 1K refrigerator continues to work well (high performance, low LHe consumption)
« Target loading and unloading went well
«  We're getting reasonably good dynamic polarization
«  NMR electronics and software show great promise

« NMRToTseTsTserousprobferderres-arcHHeatare-orth— | Problem solved!

BEFORE AFTER
AN
j M M // \ Cell phone (and other) noise sources have
oty \\ been significantly reduced.
\ Currently equivalent to Liverpool Q-meters.
. Further reduction expected.
N\ ssu
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RGC schedule

Remaining work for Polarized Target
* In-beam sample containers & bath I Oct. 2021

*  Thin superconducting shim coils
. Thln—.walled vacuum chamber I Dec. 2021
« Fabricate lower half of target cart

Installation in Hall B expected to commence March 7, 2022

« Eight weeks to install & commission the polarized target (1st time)

Work on the beamline and on other systems is well underway
Simulations with background are ongoing

We expect to be ready for beam on May 2, 2022!



