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Motivation

Astrophysical Improtance

- Alternate break-out path from the hot CNO cycle to the rapid proton burning (rp-process).

- One of the most important (a,p) cross sections in Type | X-ray bursts that can produce a significant

change (7 %) in calculated luminosity. R. Cyburt et al. (2016)
. Cyburt et al.
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Motivation

Previous Studies

EX(18Ne) [MeV]
1o3§6. T -6‘.Sq - — -7‘.Sq — -?q — » A. Kim et al.
- : ' : — Direct measurement using Si telescopes

» Blackmon et al.
— Time-reversal reaction: "H(17F,a)140

* Hu et al. (AZURE parameter)
— Indirect measurement of 17F + p scattering

| & A.Kimetal.
: : : | T Blackmon etal.
.,,. ............ E"""""";—AZURE ......

= |_arge discrepancies in measured and

O s T T T T s 3 35 calculated cross section
E... ("*O+a) [MeV]
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Experimental Setup

CRIB

CNS Radio-Isotope Beam Separator TexAT chamber

FO target: H,; gas (20K, 80 mm, ~500 Torr)

Primary beam: 14Né+
- 8.40 MeV/u
- 3100 enA
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: Secondary target / detector
Q Q ¥ :TexAT_v2
F3 - He:CO3 (20:10), 300 Torr

£ -

Secondary beam: 1408+
- 4.66 MeV/u

— 3 MeV/u, 105 pps after thin scintillator
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Texas Active Target TPC (TexAT)

Csl wall

« Consist of ...

lon chamber

- Field cage

- Micromegas

- GEM Window
- Silicon detectors B " Field cage
- CsI(Tl) + PIN diode Micromegas
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TexAT_v2 Upgrade

e Goals

- Larger solid angle coverage
- Higher energy and position resolution
- Endure high beam intensity (~10° pps)

— Measure low-energy protons!

&7 ® U rad ed OintS
///\ g P9Y P

S - New field cage: width optimization, gating grid

b 8
e
o~

™

- New detector arrays: X6, Csl(Tl) + SiPM

- Beam monitor

¢ -
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TexAT v2

New Field Cage

- Field cage made with PCB, 50um gold-plated tungsten wire and 100M() resistors

- Cathode modification: Cu plate = Au-plated tungsten wires + PCB

- Width optimization: to bring the side X6 detectors closer to the reaction vertex

- Gating grid: to handle beam intensity ~105 pps
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TexAT v2

New Detector Arrays

- X6 silicon detector

improved position and energy resolution
(< 1 mm position, ~1% energy resolution @ 5.5 MeV a particle)

- GCsl(TI) + Silicon photomultiplier (SiPM)
enhanced energy resolution thatn Csl(Tl) + PIN diode
(8% energy resolition @ 5.5 MeV a patrticle)

‘ 25mm
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TexAT v2

Beam Monitor

- 5um scintillator foil + SiPM provides beam signals
- Reliable direct measurement of beam intensity up to 105 pps

- BM x Si trigger to reduce random backgrounds
(80% dead ime — 20% dead time with 300 ns coincidence gate)

Havar window

Beam

Thin
Scintillator
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Experimental Setup

CRIB

CNS Radio-Isotope Beam Separator TexAT chamber

FO target: H,; gas (20K, 80 mm, ~500 Torr)

Primary beam: 14Né+
- 8.40 MeV/u
- 3100 enA

Il

Il /
| =
/

—~—

F1 Two PPACs

en filter :
J o= = mmmmm=-= &
: Secondary target / detector g §
Q Q w1 . TexAT v2 i
Secondary beam: 1408+ F3 ¥ - He:CO,(90:10),300 Torr 1§

- 4.66 MeV/u | S pp———
— 3 MeV/u, 105 pps after thin scintillator
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140 Beam Production

FO gas cell target: Hy gas (90K, 80 mm, 500 Torr)

. -- Primary Beam: 14No+
1 1 - 8.40 MeV / u
I I - 3100 enA
I
Double achromatic
System I
' Q
Bp p— B ] : -~
q 1 F1 /
I /\/\
: > Beam after the beam monitor
I
' Energy 39.112 MeV

Intensity | 1.07 x 10° pps

Secondary Beam: 1408+ F3 140 Purity 50 . 70%
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140 Beam Production
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LILAK: An Analysis Toolkit

Low and intermediate energy nuclear experiment analysis toolkit

* A workflow-based analysis structure with sequential data processing and a flexible toolkit of pre-defined
methods.

* LILAK enables transparent data flow and ensures a reproducible, step-by-step analysis.

Event loop g SN . e e e e e
Output file
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Pulse Shape Analysis

Pulse Extraction

1 . Find and fit pulse signal from the given channel buffer using input pulse
data by detector.

Pulse Analysis

N 1500 [~
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Reaction Identification

140 —

- == Kinematics (Ecm Vs Z)
- automatically obtained

Kinematics (Eqet Vs 8 / 2)
+
Manual track check
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Reaction Identification

- Standard energy loss technique

dE/dx [arb.]

dE/dx vs Eqdet = proton / alpha
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« Kinematics

Convensional TTIK analysis

: assume p0

Active target TPC analysis

: Z, 0 from track
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Counts /400 keV
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Excitation Function
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Summary

A direct measurement of the 14O(aq,p)1’F cross section was performed at CRIB, CNS, due to its
significance in Type | X-ray bursts and the current lack of precise data.

TexAT_v2, a type of active target TPC upgraded from CENS, is utilized.
A task-based analysis toolkit, LILAK, was developed and implemented.
Events from 140(q,p) reactions are selected using energy loss and kinematic calculations.

The cross section is calculated using the yield from each detector and the beam analysis.

The astrophysical implications of the 14O(a,p) reaction, based on the cross section derived from
this research, will be studied.
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A. Kim

Direct measurement @ CRIB

I 1“O beam

PPACa PPACD

Beam, PSD SSD
stoppler

150mm 40mmi
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Blackmon

Time-reversal reaction measurement @ HRIBF

17F beam — polypropylene (H) target
Measure alphas in coincidence with 140 recoil
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Hu

Proton eleastic scattering @ CRIB
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AZURE Calculation

TABLE II. Resonance parameters adopted in the calculation of the *O(a, p)'’F reaction rate.

Hu et al. (2014)

E, MeV)? E..s MeV)? J" I'y (eV) I') keV) I') (keV) I' (keV) wy (MeV)
5.153+0.01 0.039 3~ 4.3 x 10722 1.7¢ <15 3.0 x107>7
6.150+0.01 1.036 1~ 3.94+1.0° 37.8+1.9° 15.9+0.7¢ 53.7 +£2.0° 1.2x1072
6.286 = 0.01 1.172 3~ 0.34% 20 4+ 15¢ 20+ 15¢ 2.4 x107°
7.051+£0.03 1.936 4+ 22.6 £3.2° 90 + 40" 90 4 40" 2.0x10~*
7.35+£0.02 2.236 2t 40 4+ 30! 70 4+ 60' 70 4+ 60° 2.0x10~*
7.62 +0.02 2.506 1~ 1000 4 120¢ 72 + 20! <2t 75 £+ 20° 3.0x1073
7.94 +0.01 2.826 3~ (11 £6.6) x10°¢ 35+15¢8 9.0+£5.68 554208 6.2 x1072
8.11 £0.01 2.996 3~ (6.3 +3.9) x10°® 20 L+ 48 4 138 30 3.5 x1072

“From Hahn et al. [25].
®From Fortune [68].

dFrom present work.
*From Fortune [40].
fFrom Harss et al. [35].
EFrom Almaraz-Calderon et al. [39].

1°*0(°He,n) ®Ne, >C(1*C,°He) !®Ne, and 2ONe:(p,t) ¥Ne reactions
14C(6Li,d)180
‘From Bardayan et al. [37]. VF(p, p)'"F*

elastic scattering of '"F+p
Reexamine Almaraz-Calderon

p( 17F,a') 140

160(*He,n)

Korea-China joint workshop
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Wiescher et al. [1] assigned J* = 5~ to this level on the
basis of mirror states in 0. Hahn et al. [2] observed such a

level at E, = 8.11 £0.10 with I' < 30 keV. We measured
Wiescher et al. [1] adopted a state at E, = 7.915 MeV

as J®" =17. Hahn et al. [2] reported this level at E, =
7.92 +0.02 MeV with T' = 70 & 20 keV via the *°Ne(p, 1)
reactionand at £, = 7.94 4+ 0.01 MeV withI" = 40 £+ 10keV
via the '°O(*He,n) reaction. We adopted the average of their
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E., Calculation

Lab Frame
M162 + k£, + M26'2 = M3C2 + E; + M462 + E, (Energy conservation)

\/ 2ME; = \/ 2MLE, cosO + \/ 2M,E, cosg >Q4A0mentum conservation)

1
4

(My— MDE| +2 cosO\/MM;E5\/E) + [MyQ — (M5 + M) E5] =0

a b’ C

/ 2 M
ﬁ _ —b'+ \/b _ac (-- Positive, Real) Loy = E, :
1 a Ml + M2
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Forward Detector Array

« Measuring charged particles (i.e. proton, q, ...)

+ Si (50 x 50 mm?2) + CslI(TI) (50 x 50 x 40 mm3) with PIN diode

el i — =) B " Punch-through energy
50mm ' 1 iy ) B o | e, o - 300um: 6.109 MeV
— S A i * - 500um: 8.239 MeV

s o 1 T - 625um: 9.383 MeV
l gs o20+/-108 . _ 1000um: 12.325 MeV

- |1 ————— N 5 2 A ) =4

D 4 o e A S L b 7 0

MSQ-25 (TexAT)
forward angle coverage
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New Detector Arrays

Csl(Tl) + SiPM

X6 detector

Korea-China joint workshop 30 2025.07.04 Chaeyeon Park



New Detector Arrays: X6

» 8 resistive strips (junction) + 4 non-resistive strips (ohmic)
— improved position and energy resolution

+ Leakage current, depletion voltage and energy & position resolution test

- 241Am is used as radiation source (5.5 MeV a particle) for position resolution,
and Ap < 1 mm are identified

- Energy recorded with a 4-alpha source , and resolution was measured < 70 keV
AE/E ~ 1% (FWHM, junction)

hWaveFormbyEvent(EvtNo=1365)

CZ-’ 3500 ;ﬁw— - o e -
£ - 7
g— 3000 ;— . ;
£ 2500 ()]
3 - = 6 " s )
2000 = CJ hhmﬂ. e iasid WK el e AT L]
1500 AN Wmtﬂ-ww-
X6 detector = B B Aoy Ay S, 30, S Ky AR i LUK
1000 — e . .
(manufactured by Micron) b : :
i o st it 4

YYIY'I!'!]!I Il‘!l'YlYYIY'lll!l

gt ____ 3 A ohaerngen s wA PRV e,
/ T 3500 — P _ .
ok / E - g .
~ / & 3000 :
v 8 E 2
/ £ 2500 —
3 -
2000 — L
- 1 .
1500 —
1000 — :
g Oll 1 1. 1 l'lllll 1 L.l 1 llllllllil 1
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0" L position (mm)
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200 300 400

o
—_
o
o
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New Detector Arrays: Csl(Tl) + SiPM

v

 Csl(Tl) + Silicon photomultiplier (SiPM) oS S,
- short rise time (~0.5us) ,
: : &
- large signal height = no preamp for GET £
Al
- sample test done (241Am, 137Cs sources) '
- enhanced energy resolution (6%) SiPM ”
(8)
(Hamamatsu) N\
Charge terminator PCB
“"Fa-source test -
= : "E(CAEN V1725SD digitizer) A
s oeenet : : o E_ 6.2% Kurtosis 2,693
00:I I I500 I I1000 I 1500 2000 2506 = I30|O(; l 3510(; = :IOIO(; = |l4500
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Micromegas

« Micro-Mesh Gaseous Structures
- Use multiplexing technigque for reducing the number of total channels

- Central region (pixel) + Side region (strip & chain)

Micromegas +GEM foil SIDE CENTRAL SIDE
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Effect of Gating Grid

Accumulated waveforms from...

The first quarter of Micromegas The second quarter of Micromegas

— 30
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Grid: e 3 ) € I
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— Reduce amplitude of beam region signal
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PID on Focal Planes
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Hough Transformation

450
400 &
350
> 300 ;
250F
’ p////
200F 7
E,/”\I\\Q | | | |
1500000~ 30 0 50 100

X

Transform Center

Image space
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Line-fitting with Typical Events

SideXvsTime SideYvsTime

Z (MM Y)
- Y = beam axis
X (MM X)

Strip (X axis)

300 350

timebin
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350
timebin
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MM'Y

RealZvsRealX_det27
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Reaction Idendification

dE ADCvalue

(a,p)/ (a,a)

dx

cf) Energy loss calculation

3
2.5

2

W 15
A —®

1

0.5

o990 9o o @ 2
0

0 5 10 15 20
E

—&— Proton —e— Alpha
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fired MM channel Distance traveled on the channel [mm]
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dE/dx [ADC/mm]
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Reaction Idendification

- Red: 140 kineamtics calculation

- : 14N kinematics calculation if 140

A  Element Z q ’ A  Element Z q
14 0 8 u & 14 N 7 7 &
B* decay & Stable &
Energy 4.66343 MeV/u Energy 3.57506 MeV/u
Brho ® 0.54494 Tm Brho o 0.54494 Tm

Find Ejab, O1ab of 14N(a,p) with the same Bp
— Calculate E., as it is 14O(a,p)

Korea-China joint workshop

140 / 14N

< T 7

o " 140(a,a) run -

= L —16
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Reaction Idendification

Kinematic subtraction

- Use kinematics between detected energy and ejection angle of light particle.

140(a,a) run

S‘ 30~ 24
) B . —22
> b Calculation | _,
"q'j B —18
Ll-jj 20— —16
B —i14

15— 12

_ 10

10— 8

B 6

5:— 4

_ 2

00 1 I2IOI | I4|OI | 1601 | 18|01 | l1(|)ol | I1£0I | I1£|lol | I1éol | 1180 O

Angle [deg]
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Center-of-Mass Energy Determination

» Convensional TTIK » Active target TPC

Z — Ecm Eget & 6 = Ecm

]
’
=
Q
-
N
l
o
=
-
@)
3
Edet

low Z = high Ecm narrow O

Beams Beams

— Beam energy straggling is treated
as an uncertainty.
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Calculated Ecm vs Vertex Z
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Tracking Efficiency
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Excitation Function
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Error Propagation
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Low Ecm new resonance (Hu)

(b) State at 6.85 MeV. It 1s very interesting that a shoulder-
like structure around E. ,, = 2.93 MeV was observed by both
telescopes as shown in Figs. 3(a) and 3(b). This 1s possibly Ex(mNe) [MGV;
a new state at £, = 6.851+0.10 MeV. Both J” =0~ and 10° e 6 6.5 / ,7; ——

LN L LN L L L R R B L

0% resonances can reproduce the observed shape as shown in
Fig. 3(d). Because of the small energy shift for the negative-
parity states in this excitation energy region [59], such a state 1s
possibly the analog state of 180 at E, = 6.880 MeV (07) [64].
In fact, Wiescher et al. [19] predicted a J* = (0~ state in
I8Ne, analog to the 6.88 MeV state in 120, at 6.85 MeV with a
proton spectroscopic factor of C*S » = 0.01. However, another
possibility still exists.

A A Kimetal
I Blackmonetal. |...
¥ Harss et al.

from Harss et al. [35]. Based on the suggestion of Fortune,
Almaraz-Calderon et al. thought that their large number might
be attributed to an unknown state at E, ~ 6.7 MeV in *Ne.

AZURE
In fact, a hint of a weak state 1s observed at E, ~ 6.8 MeV —— AZURE res |
(see Fig. 6 in Ref. [39]). As discussed above, such a state at | ;ALY?) 1.95

b, . I xpt. Data

E, = 6.85 £ 0.10 MeV was also observed in the present work. ‘ .
Therefore, we conclude that very likely a new state around » 2 2.5 3 3.5
6.8 MeV exists in '*Ne. Since this state was populated in the di- Ecm.(TO+a) [MeV]
rect '*O(a, p)!"F reaction, it should have a natural parity. Thus,
it is also possibly a candidate for the J* = Q7 state, abandhead =cl0|E 38 + #E 16:9
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Low Ecm new resonance (Wiescher)

3 8.28
4
2 8.2\ |
AR
—(34") 7 98— ~. ,;.gg\_
+ o — It R —
I e 1 | ~ (152" ) —— 7,71 —
|- 7.62 S
4_ 7.11 o ~ (2t ) —— 7,06 —
0 6.88 N
e
3 6.40 | '\,
et o BN b
|~ 6.20— T — === L _____ & ===
2 553 |
s 3,__ , g.gz\_: ------ 5.45 —
: ot~ 5:26, \\ (2‘,3-)_ 55— 5.114
3 " 5.10° (2*3°)"  5.09” '40
+Q
0* 4.59
I~ 4.46 I 4.52
ot zon. | ”3.922
0! 3.63 — g: ggg— F+p
3 3,55 58—
4 3.37—
+*
2 198 ——0 | e yru
0* 0*
I8 I8
0 Ne

TABLE 1
T = 1 ANALOG STRUCTURE OF '®0 AND '®Ne
C2s E (**Ne)
E.('*0)
JN0) EXPERIMENTAL Experimental Theoretical Calculated Experimental J*(*®Ne)
3= sssiisisiisiinii 5.098 0.03* 0.02° 5.037 5.075 P
5.099
- S 5.260 0.35° 0.05° 4.308 5.141 ¢ S
0.13° 3:.191 .
0.04¢ 5.154
5.055°¢
D™ piitiidbiiibiidtits 5.336 0.16* 0.14° 4.526" 4.590 0~
0.18° 4.550°
U™ sissssaspsnnsgains 6.198 0.03* 6.125
PO 6.404 <0.04¢ > 6.306 6.353
0.02° 6.356
P 7.114 0.13* 0.17° 6.860 6.294 (47)
0.15¢ 0.44° 6.820
L i bbb 7.618 0.05¢ 7.526 7.062 1=, 27
0.30 7.069
BT eoiis s nansenmaness 7.866 0.01# 7.840
U= Jisssssisimiiins 8.038 0.01¢# 7.995 7915 1=, 27
0.1 7.915
-, A 8.126 0.01% 8.086
BT s e 8.216 0.01¢% 8.209
SR b b 8.287 0.01¢ 8.269

* From '’O(d, p)'®0O;

Li et al. 1976.

® Engeland and Ellis 1972.

¢ Sakuda et al. 1979.

4 Calculated from the experimental observed level width.

® Nero and Adelberger 1981.
" Double Thomas-Ehrman shift AE(*"O-'"F) = 370 keV (Adelberger and McDonald 1970; Rolfs et al. 1973).

® Adopted value.
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140 + a Channels

P, = 3.10 MeV
Athres — 51 14 |\/|eV
a + 140
2P+thres = 4.522 MeV " P: = 0.459 MeV
p+p+ 10 Po thers = 3.923 MeV
p+1F

160
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counts / 50 keV

45

40

35

30

25

20

15

10

his E 6

Illlllllllllll|Illl|llll|llll|llll|llll|llll|||

L1 1 1

his E 6
Entries 2185
Mean 5.325
l Std Dev 2.132

(a,a) Yield

IlllnIllllIIlllllllllllIllllllIllllIllllIllll

T

il

o

1

-

3

de’/ 2 (MmbYsr)

o

3 &

2 3 4 5 6 7 8 9 10

Ecm

“Ofaa) at 180°

A. Kim Dissertation

51

2025.07.04 Chaeyeon Park



counts / 50 keV

his E 6
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counts / 50 keV

S. Bailey et al.

* Ex = Ecm + 4.415
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