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Texas Active Target

  

 

  

Beam

Detectors:  Si         (58 total);
                  CsI(Tl)  (58 total);
Micromegas: 1024 channels

Si

CsI(Tl)

          Field Cage;
Micromegas detector 

E. Koshchiy, GR, E. Pollacco, et al., 
NIM, A 957 (2020) 163398
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Past TexAT experiments Resonance scattering  
 Resonances in 9C - 8B(p,p) 
 Clustering in 14O - 10C(α,α) resonance elastic scattering 
 Clustering in 18Ne - 14O(α,α) resonance elastic scattering 
 Structure of 13Be - T=5/2 IAS in 13B through 12Be(p,p)
 Structure of 10Li - T=2 IAS in 10Be through 9Li(p,p) and 9Li(p,n) 

 Transfer reactions  
 Structure of 12B(g.s.) - 12B(d,3He)11Be  
 Search for excited state in tritium - 1H(6He,4He) 

 Fusion reactions 
 8B+40Ar fusion

 β-delayed charged particle emission 
 (12N,β3α) - Hoyle state 
 Search for Efimov effect in 12C below the Hoyle state.  

 Neutron-induced reactions 
 12C(n,n’)12C(Hoyle) 
 16O(n,α)12C



The role of neutrons in carbon 
nucleosynthesis 
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Triple-alpha reaction and neutron upscattering
• Three alphas produce Hoyle state in 12C (through 8Be(g.s.)) 
• Hoyle state can be de-excited by: 

• gamma cascade 
• electron-positron pair 
• neutrons + Hoyle scattering 
• protons + Hoyle scattering  
• α+Hoyle scattering   OR    decay back to 3α
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Measuring time-reversed reaction
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TPCs and neutron beams
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TPCs and neutron beams
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Typical 12C(n,n2)Hoyle event

Identifying Hoyles with TexAT

Observing 12N  
decay with TexAT

J. Bishop, et al., NIM A964 (2020) 163773.

J. Bishop, et al., PRC 102 (2020) 041303.

J. Bishop, et al., PRC Letter 103 (2021)



 14

12C(n,n2)Hoyle reaction XS
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J. Bishop



Clustering in 18O-18Ne mirrors
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Clustering in 18O  
Molecular-type configuration

“Shell model” configuration

α-cluster configuration

Cartoon is borrowed from W. von Oertzen, et al., EPJA 43, 17 (2010)  



Excitation functions for 14C+α 
E. Johnson, et al.,  
EPJA (2009)

M. Avila, et al., PRC (2014)



Levels in 18O  



14O

18O 18Ne

14O+α14C+α

17O+n

17F+p

8.04 MeV

6.22 MeV

5.11 MeV
3.92 MeV

18O 18Ne



  

 

  

Beam

Detectors:  Si         (58 total);
                  CsI(Tl)  (58 total);
Micromegas: 1024 channels

Si

CsI(Tl)

          Field Cage;
Micromegas detector 
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Clustering in 18Ne

3He(12C,14O)n
14O
50 MeV,  
104 pps,  

95 % 



α

  

 

  

Beam

Detectors:  Si         (58 total);
                  CsI(Tl)  (58 total);
Micromegas: 1024 channels

Si

CsI(Tl)

          Field Cage;
Micromegas detector 

14O+α experiment: event selection



14C+α excitation function 14O+α excitation function



Scattering feature in 0+ wave in A=18
18O 18Ne

0+ scattering feature  
at 9.9 MeV

0+ scattering feature  
at 9.8 MeV





Comparing the 6+ states in A=18

11.69(5)  6+

θ2 = 0.23(1)

12.57(1)  6+

θ2 = 0.38(8)

11.1  6+ θ2 = 0.20

13.0  6+

θ2 = 0.28

Cluster Nucleon  
Configuration  
Interaction Model 
(CNCIM)

Splitting is due to 
strong  
configuration mixing  
(0p)2(1s0d)2  and 
(1s0d)4

18O 18Ne

11.8(2) 6+

θ2 = 0.30(7)

12.4(2) 6+
θ2 = 0.56(26)

[11.23(8) 6+]
θ2 = 0.04(3)



Comparing cluster 1- states in A=18

9.19(2)  1-

9.76(2)  1- θ2 = 0.46(4)

θ2 = 0.20(1)

10.8(3)  1- θ2 = 0.29(4)

18O

9.08(2)  1-

9.57(2)  1- θ2 = 0.51(5)

θ2 = 0.21(1)

10.58(3)  1- θ2 = 0.15(5)

18Ne

alpha-cluster structure of 18Ne
M. Barbui, A. Volya, E. Aboud, S. Ahn, J. Bishop, V.Z. Goldberg, J. Hooker, C.H. Hunt, H. 
Jayatissa, Tz. Kokalova, E. Koshchiy, S. Pirrie, E. Pollacco, B.T. Roeder, A. Saastamoinen, S. 
Upadhyayula, C. Wheldon, G.V. Rogachev

https://doi.org/10.48550/arXiv.2206.10659

M. Barbui

https://arxiv.org/search/nucl-ex?searchtype=author&query=Barbui%2C+M
https://arxiv.org/search/nucl-ex?searchtype=author&query=Volya%2C+A
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Highlights
• The first detailed, large-scale comparison of cluster 
states in mirror pairs was performed. 

• A direct link between cluster structures in A=18 
mirrors was established. 

• Evidence for a systematic difference between the 
mirror systems - the states with larger total widths 

also get large alpha-core(g.s.) SF factor.



Structure of 13Be
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1s1/2

1p3/2

1p1/2

13Be 

1d5/2

2s1/2

Is the N=8 magicity breaking in 13Be?

8

Naively the g.s. and first 
excited state in 13Be should be 
5/2+ and 1/2+  

15C and 17O are “good” 
examples of N=9 nuclei 

However: 

11Be (N=7) has 1/2+ g.s., 
followed by 1/2-, so should the 
g.s. of 13Be be 1/2- with 1/2+ 
filled? 
Should there be more low-lying 
states in 13Be?

 32



1/2+

5/2+

Yu. Aksyutina et al. 
Phys. Lett. B 718 
(2013) 1309

G. Randisi, et al.  
Phys. Rev. C 89,  
034320 (2014)

1/2+

5/2+

5/2+

B.R. Marks, et al.,  
Phys. Rev. C 92,  
054320 (2015)

1/2+

5/2+
5/2+

All results are from break up 
at high energies 
Interpretation is challenging 
No conclusive spin-parity 

assignments
 33

Y. Kondo et al.  
Physics Letters B 690 (2010) 245



Structure of 13Be through T=5/2 states in 13B

We studied 13Be through 
the T=5/2 IAS in 13B, 
populated in resonance 
elastic scattering 12Be+p 

12Be+p  excitation function 
measured 

The T=5/2 states dominate 
the 12Be+p excitation 
function

 34

How well does this work?
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All R-matrix 
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TRIUMF

  

 

  

Beam

Detectors:  Si         (58 total);
                  CsI(Tl)  (58 total);
Micromegas: 1024 channels

Si

CsI(Tl)

          Field Cage;
Micromegas detector 

TexAT

12Be+p experiment

500 pps of 12Be beam at 60 MeV



 37

5/2+

1/2+

12Be+p

T=5/2

T=5/2

Converting to 13Be energies:

1/2+

5/2+

0.6 MeV

2.3 MeV

SF=0.2

SF=0.4
energies are with respect to the 12Be+n threshold 

TexAT measurements at TRIUMF

C. Hunt



1/2-(1) T=5/2 0                     0.436083   l=1

1/2+(1) T=5/2 0.1788           0.283016   l=0

3/2-(1) T=5/2 1.7761            0.0914305  l=1

5/2+(1) T=5/2 1.7819           0.480836  l=2

5/2+(2) T=5/2 2.0454           0.211212   l=2

5/2-(1) T=5/2 2.3707            0.000506811 l=3

Shell Model with FSU Hamiltonian Experiment

1/2+(1) T=5/2    0.0           0.2(1)   l=0

 

5/2+(1) T=5/2    1.7           0.4(1)  l=2

0hω and 2hω configurations are 
mixed in these SM calculations 



Highlights
• Excitation function for 12Be+p resonance elastic 
scattering is described by  T=5/2 resonances ONLY. 

• Ground state appears to be 1/2+, but low SF 
indicates that N=8 is not a shell closure.  

• The role of configuration mixing is significant. 
• More states of negative parity may be present and 

consistent with the data (but not required).
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Summary
A wide range of experiments with exotic beams 
can be performed using active targets.
First measurements with neutron beam in active 
target indicate that neutron upscattering is not as 
important in carbon nucleosynthesis as was 
believed previously.
A study of clustering in A=18 mirror system 18O - 
18Ne reveals similarities, but also curious 
differences
The first observation of the T=5/2 states in 13B 
shed light on the 13Be structure.
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Structure of light exotic 
nuclei

 42



Theoretical advances

S. Pieper, et al., PRC 70 054325 (2004)
K.M. Nollet, PRC 86 (2012) 044330

P. Navratil, et al. PRC 82, 034609 (2010)S. Binder, et al., PRC 98 014002 (2018)
LENPIC collaboration

0 180

n+d
135 MeV



A=9 T=3/2 iso-multiplet 
Where is the 2s1/2 shell? 
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We used Active Target detector TexAT to 
populate resonance in 9C in 8B+p scattering  

Now is a short technical detour…
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A=9 T=3/2

3/2-

1/2-
5/2-

GR, et al.,PRC 75 (2007) 
 014603

2s1/2?



A=10 T=2  iso-multiplet - what 
is the ground state? 
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Very little was known about 10N  
Possibly a state observed at 2.6 MeV above p-decay 
threshold. [A. Lepine-Szily, et al., PRC 65 (2002)] 
Odd-odd psd-shell challenge to both experiment and 
theory.

Structure of 10N

A. Lepine-Szily, et al., PRC 65 (2002)

3/2-⊗1/2- = 2+; 1+

3/2-⊗1/2+ = 1-; 2-

11Li



Structure of 10N
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Structure of 10N
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Nordheim rule?
1.
2.

N(1p3/2) x N(2s1/2) 

2-

12N

1-1.8 MeV

1.2 MeV 2-

12B

1-2.6 MeV

1.7 MeV 2-

10B

1-6.9 MeV

5.1 MeV 2-

8B

1-17 fm

-3.2 fm 2-

14B

(1- )
0.7 MeV

g.s. 2-

14F

1- 0.5 MeV

g.s.

2-
10N

1- 1.3 MeV

g.s. 2-
10Li

1-??

g.s.

X. Mao, et al,  
PRC 102 (2020) 024309
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Evidence for 1p1/2 - 2s1/2 shell 
degeneracy in 13Be 
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TexAT “Hoyle” Publications

J. Bishop, et al., NIM A964 (2020) 163773.

J. Bishop, et al., PRC 102 (2020) 041303.

J. Bishop, et al., PRC Letter 103 (2021) L051303.

J. Bishop, et al., Nature Communication 13 (2022) 

2151
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Structure of 9C

8Li

0

0.98

2+

1+

8Be

16.92

16.63

0

2+; 0 & 1

2+; 0 & 1

0+; 0

9Li

0 

2.69

4.30

3/2-

1/2-

5/2-

4.06
8Li+n

9Be

14.4

0 3/2-; 1/2

3/2-; 3/2

 1/2-; 3/2

5/2-; 3/2

16.98

18.65

16.89
8Li+p 

1.66
8Be+n

5/2+; 3/218.50

9C

0

2.22

3.55

3/2-

1/2-

5/2-

1.30
8B+p

4.3 5/2+

8B

0

0.77

2+

1+

? 
2s1/2 

?



 55

Direct measurement of fusion with TPC 

Valdir Guimarães

Juan Zamora
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Direct 8B+40Ar fusion 
measurement Yurii  

Penionzhkevich
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Direct measurement of fusion with TPC 

UFF - Universal Fusion Function
x =

Ec.m. � VB

~!

F (x) =
2Ec.m.�F

~!R2
B J. Zamora, V. Guimarães, GR, 

et al., PLB (2021)   
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Fusion 8B+28Si – INFN-Italy 
(alpha multiplicity - model dependent  

Fusion suppression above barrier ?Fusion 8B+58Ni – ND - USA 
(proton multiplicity – model dependent) 

Fusion enhancement below barrier ?

Direct measurement of fusion with TPC 
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Tracking in TexAT

d=x cos θ+ y sin θ

Hough transform





… and now back to: 
A=9 T=3/2 iso-multiplet 

Where is the 2s1/2 shell? 
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Structure of 9C
GR, et al.,PRC 75 (2007) 014603

K.W. Brown, et al., PRC 95 (2017) 044326

p+8B X. Mao, et al, PRC 102 (2020) 024309
GSM
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Structure of 9C
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Structure of 9C
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J. Hooker, GR, E. Koshchiy, et al.,
Phys. Rev. C 100, (2019) 054618
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Structure of 9C
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IAS in 9Be 
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IAS in 9Be
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8 AsAd boards - 2048 channels 
2 CoBos, 1 MUTANT 

GET is used to read out ALL channels -  
microMegas (1024); Si - (256); CsI(Tl) - (64)
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First light!  12C beam - 50 MeV 

x (mm)

z (#)

FIRST EVER BEAM EVENT IN TexAT 
August 14, 2017 19:54:03
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nodenodenodenodenodenodenodenode 8

master users
Data never transferred to/from master,  
only results (histograms, of example) 

Data transfer between nodes  
minimized automatically by Spark software

TexAT designated Cluster architecture  
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With existing 8 node / 120 cores cluster 260 TB of  
data can be ALL analyzed in few days


