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« MLifirst observed by |. Tanihata et al. at Berkley in 1985 L.V. Chulkov, Nuovo Cimento 111A (1998) 791.
1 | | | 1 1 I
* Nuclear radii predicted by R = RyAs i
« Tanihata noted an RMS radius similar to 48Ca and | H [”
valence neutron radius like 208Pb! 3L /
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B. Jonson, Phys. Rep. 389, 1 (2004). A
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« To understand the "Li system, we want to first know the details of the °Li + n interaction

« 10Liis slightly more illusive — being neutron unbound

 The unbound G.S. J®assignment is not pinned down

« Suggested to have s-wave resonance with p-wave first excited state due to intrusion of 1s4,, level
« Many studies have problems coming to a consensus on the s/p-wave resonance

M. Thoennessen et al., Phys. Rev. C 59 (1999) J. A. Caggiano et al., Phys. Rev. C. 60 (1999)
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Low-lying Resonances in 1L
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Use TexAT to study broad resonances of 1°Be

T=2 IAS of 0Li with °Li(p,p)
R-matrix calculations show strong

enhancement to XS in both channels

Future - TexNeut array together to study broad
resonances of 19Be T=2 IAS of 10Li with

9Li(p,p) and °Li(p,n)

70

60

H U
o O

T T T
’\

do/dQ [mb]
w
o

]

II \ _———
’ ‘

I

= N
o O
T T

k)
\
-
/
/

________

o

Seo
-~
-
----

—— p-elastic ]

(p.n)

0 1 2 3 4
CM Energy [MeV]

Texas A&M University TPC Workshop May 18, 2023

21.21/27?;2

14.43/2-;3/2

IAS

05 2%?
02 1%
0 1/27%2| -0.025|0 3/2;3/2/19.64]
101 Li+n 9 Li+p
1 1
i I i
| P |
1
_6.8 [0 3/251/27]
. - 9
°Li(p,p) and °Li(p,n) e ke
Study °Be T=2 IAS
0 0%1
IOBe



Experimental Setup AM | TEXAS AsM

RNV oS Ll Y.

A beam ’Li was delivered to MARS from the K150 Cyclotron

« Using a cryogenic 180 target the 7Li(180,160)3Li reaction was used to produce °Li

» Reaction product were refocused and passed through a Wein (ExB) filter and a dipole (D3)
- Remaining contaminants include the ™/, triplet — °Li, ®He, and ®H at Bp 1.117 Tm

Coffin
le || Target
D1 < / Chamber
Slit 2h © 0 N
SW1
/ Sw»
Slit 1 QY ox

Momentum Achromat Recoil Separator [R.E. Tribble, et al., NIMA 185 (1989).]
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TexAT-TPC

Designed for TTIK with RIBs

« 260 Torr isobutane (C4H4() provides large
proton target thickness Pressure tuned to stop
6.65 MeV/u °Li in the active region lonization

Chamber

Segmented Si-Csl at forward lab angles

Incoming
Beam

224 x 240 mm? active
area MicroMEGaS

Texas Active Target Time Projection Chamber (TPC) [E. Koshchiy et al. NIMA 957, 163398 (2020).] 6
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Selection of °Li Events
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3H and He beam contaminants and
pileup were a major issue — NO IC

« Pulse height analysis is usable to
remove the contaminants and pileups

9Li scattered before

HG

HG
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Selection of Protons Events
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Protons are selected in two energy regimes
Low energy ID in MM-Si dE-E
High energy ID in Si-Csl

+ Csl waveforms fit to increase dynamic range
 Si-Csl events are time correlated
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Tracking [ | TEXAS AsM

Coums

S| E [MeV)
>

Tracking gives us E-loss COM reconstruction and E-loss

2 0
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* e~ drift velocity is calculated using Garfield++ based code
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Li(p,p) Future

« Convert c.m. spectrum to Cross Section
« Fit and compare to R-matrix analysis

* Use TexNeut array with TexAT to study broad
resonances of 19Be T=2 IAS of 0L with
9Li(p,p) and °Li(p,n)

The isospin decomposition:
121) = CF [3/2 3/ /27 2) + G 132 Y/ /2 Y /2)

2 2 Fg Clg 2 2
[P=5c; =» L="70 =» L=30
n n
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Solid organic crystal
Compared to other contemporary PSD organics
« Extremely bright, fast, and exquisite n/y PSD
* Not volatile, flammable, or toxic,
* Very bright - up to 35,000 y/MeVee
» Exceptional PSD (comparable or better)
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6-crystal Pseudo-bar

Tot PSO 747 Total B _run747 (Ch0_E_runT4750 88 Ch1_E_nn74750 88 outd)
hPSD1___|

07 Entries 20339 )
Crystals are optically coupled together (EJ-550 / EJ-560) to produce a ool St it
position sensitive pseudo-bar
« Read out conventionally from both ends by PMTs _ n
* Position given by L + R energy and time y
« Total energy is best reconstructed by E; + E o2
Energies give discrete position spectrum shown by e N ety — tp [PS]
an uncollimated 2°7Bi source = Ve
e . -
. = : _
2 O, ool ,
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Detector Characterization

Analysis and characterization of position and PSD modules was performed on 6 x (2x2x2 cm?3) bar
« Energy calibrated with 13’Cs + 207Bj
« PSD evaluated using 2°2Cf

« CAEN 1730 500 MHz
waveform digitizer

o
o™

Position FOM
o
(2]

By stepping through increments 0.4 B
of 50 keVee the PSD and position - & C3-ca
distributions are evaluated Bl

o
o
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2 ' g : . 0.2 ¥ G5

Hn — H~ | : ) ~— P

FOMPSD — R N 905 i Y08 3 0.0 ‘ ‘ ] &6
2-355(0 n+to fy) Erom [MeVee] Erom [MeVee] Erom [MeVee] 0 S0 100 150 200 250 300 350 400

Energy Threshold (keVee)
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Detector Characterization

Timing resolution is also important

« Detected coincident 511 keV y-rays from 22Na with a
fast CsF + pseudo-bar in both detector PMTs

* Analogue DAQ with QDC and TDC
« CsF timing resolution was determined simultaneously

2000 - 2.50
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: 0 = -2 E-by-E (>300 keVee) /
600 PB PMT en . » 5 ‘5 3
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Counts

AL

log1O(E /E ) [a.u.]

6000 -4000 -2000 0 2000 400 6000
At [ps]

Characterization results were published in NIM

Pseudo-bar design was expanded upon...
*  2x2x2 cm3 cubic crystals and EJ-550 -> EJ-560
*  Modular construction with, u-metal shields,16-gauge hypodermic needle tubing truss rods, and Delrin endcaps

D.P. Scriven et al., Nucl. Instrum. Methods A 1010, 165492 (2021)
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Data Acquisition System
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Wash. U. ASIC-based NSCL DAQ*
» System utilizes charge integrating ASICs
« Signals are integrable over 3 gates + T

Detector Array
Current through a load R.

» 256 channels (expandable to 512)

Trigger in coincidence, Transfer event

XLM

~\ LA ||

/

VME

handle event logic wp- digitally for

storage
NIM

4 4 }

1
Constant-Fraction

TDC

Discriminator chips <*——
8x32ch CAMAC
L. ASIC l /
Pulse Shape Discrimination
16x16¢h
70ns Delay
16x16¢h
Amplify Split ] OR
16x16¢ch LOGIC =

separate Left/Right PMT paths
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SPLITTER | C |
- Sample integration gates
Gate Control
W, Wg We Dp Dg D¢

[
;Nﬁ 7CE an% J

Enable

A T

Multiplexed with other chips and sent to
4 channels of one VME pipeline ADC

External Logic

G.L. Engel et al, NIMA 612, 161-170 (2009).
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Data Acquisition System
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GET
ASICs
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[ao | 2 i
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Successfully coupled the data
streams for two separate DAQs
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The same ’Li primary beam from the K150 allowed us to study the following reactions by changing the
contents of TexAT and/or the MARS* production target:

* Li(p,n) on a thin solid CH, target and isobutane TTIK mode
* SHe(p,n) with isobutane in TTIK mode (future G.S.)
* 9Li(p,n) with both isobutane and CO, in TTIK mode (future G.S.)
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o) % s Chamber 16 b 75
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W «, Slit 1 Qv Q st Layer 6 (z=88.7 cm)
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o 8r
@
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Momentum Achromat Recoil Separator
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Calibrations
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DAQ characterization was performed using a pulser 5 s | ezems T T~

. . . . 8 = =

« The ASIC chips exhibit a compressive non-linear = s =
response in A, B, C gates Cwf E

- Response is near linear in the low range - E

» Used to set offsets for both integration gates - g

) | hChannelAgate - = =
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Calibrations

252CCf used to verify the ASIC system and place position and PSD cuts

Position cuts are made on every bar

PS

0.2

0.15p%

0.05

D cuts are made on every crystal

e hPSDECrystal_b35_c3
}_: ;e Entries 122490

Aok Mean x 643.9
Mean y 0.1151
Std Devx 848.7
Std Devy 0.03865

PSD for a single crystal
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L o ’Lazz""RU,_;z
Time is calibrated for every crystal and PMT individually (576) lE—by—E = — —
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8p2 + 2m, g, * 1.644 MeV

Pbeam =
2pncos(6;,) P
% 6000 — ’Li(p,n) Full Spectrum
2 O
D m B Bekgmd Subtracted
Ex = —2eam P 4 17.2544 MeV 5000 x
27n'7Li myp; + my B Background
4000 -
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1000~ |
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/\/ 21 215 22 225 23
e g Ex [MeV]
N © ©
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Experiment
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TexNeut Future

* Optimize optics/understanding of light partitioning w/
optical simulation

« Use ASIC PSD_T chip timing
« Add SiPMs to reduce position threshold

» Upgrade/Expand the system with Organic Glass
Scintillator from Sandia after OGS characterization

» Si+Si telescope replacement in TexAT

TexAT + TexNeut:
« Continue analysis of °He(p,n) to benchmark

* 9Li(p,p), °Li(p,n) — structure of 19Li through IAS in
0Be ?Be(p,n) (IAS of 13Be) to compliment
previous '?Be(p,p) measurement

Texas A&M University TPC Workshop May 18, 2023
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Simulated mono-energetic neutrons incident on 1x1x0.1 m3 array

in Geant4 with 1 m flight path Jof
* Included MENATE R* n-scattering cross sections -
« Scintillator crystal size 5-100 mm :
« Neutron energies 1-30 MeV o
« Extracted FWHM and angular reconstruction " |
‘oog s ey ‘I"‘m"- “./ 1
Toiniiw MeV) 1 5 10 15 20 25 30 T e
Voxel Size (mm) 5 10 20 30 50 100 107} e
lo Timing (ps) 0 100 200 500 1000 4 10Mev
g —A— 15 MeV
i —— 20 MeV
E ¢ 25 MeV
Results indicate that 2x2x2 cm? crystals yield good T, = al e
reconstruction =00 .
()]
« resolution of ~100s keVs &
« angular resolution less than 1°

20 40 60 80 100
Voxel Size per Side [mm]
*B. Roeder, EURISOL Design Study, Report: [10-25-2008-006-In-beamvalidations.pdf, pp 31-44] (2008).
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Readout Schemes

Wavelength shifting slabs
* To optically multiplex crystals using EJ-282 WLS
« Specular film + Teflon wrap - ——
« Coupled to Hamamatsu R1450 PMTs | |

| Mo x 783
[Meany 7383
| St Dev x 614
[SwDevy 6185

10°

o STV YOS N  T S T ——.

o ~Yotal PSD Cho Total_PSD_middie Total PSD_Chi
- Entries 1105778 Entries 1658427 s‘r;lm 1 52::89';’
045— Mean x 769.8 Mean x 556.6 m:: X
ot = Mean y 0.1677 Mean y 0.1872 y 0.155
04— Std Dev x 530.3 Std Dev x 397.2 ggmx 4873
“E StdDevy  0.03393 StdDevy 003951 Y 003437
035
03f
025 ; 10
02E 10
0.15F
0.1F
E 1
005 1
o T . P I | FIP ST Vel I 0 T T O T S W
0 5000 6000 4000 5000 4000 5000 000
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