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Improved
rates

for neutron
production

reactions are
key for
understanding
the

S-process

- Main Candidates
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Indirect studies
of

BC(o,n)**0

%0Q(n,n)**0, best
constraint on energy of
14* threshold state
(about 160 keV wide)

o transfer reactions for
ANC or width of
threshold state

Global R-matrix
analyses (also can
include BC(a,0)3C data)

Also well studied by the
applied community
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3 4 5 6 7
Eee(MeV)

of deuterons from the

“Li("*C,d)"70O reaction at 8 MeV (7.72 MeV effective energy after
energy-loss corrections) of *C beam at 144° in c.m.

Le

al et al. (2016)
—_—

| ! I !

Cierjacks et al.| |
— SAMMY Fit

16Q(n,total)

| " |

B I +  Danon (RPI)
— : — SAMMY Fit 1

4000 I I 6000
Energy (eV)



(8/m)!/2

N =N
a{ov) AT (e T) 37

] oEexp(—E/kgT)dE,

0
1107 o |
-8 Conjecture |
= Ix10 J _
a ) €= = =1y 2Ne(o,n)»Mg T,=03
go 1x107F I3
O 10| il Jaeger et al. (2001)
State of the = 10
110
measurements: 2 I
-12 Y
— [V
S 1x107°H* I -
= Gamow
% 1><10_14_ window I
K |
1x107°F I
-16 I II I | I
X100 ~§ 6 0.8 1.2 14




[

-
a0 = o W
k L]

t *Mg(n, v)
- R-Matrix

[

Capture yield (x 10%)

o

Massimi et al. (2017)

+ 5Mg(n,y) and e\
(n,total) at n_ToF 5 | *R":f‘: )
(CERN) .° 50 100 150 -26:nx 50
6M ( ) d ( ) Neutron energy (keV)
2
: : . g(y,y)ana (y,n) at 170
-H = v N
Indirect studies GEE N R | : =1
i o +T ? = -
Of * o transfer at RCNP 60 - ) 7 3 =i
and TAMU 30 =% g
2Ne(o,n)>Mg |GG (Mol sl ..
/ Failure to make 2Ne(°Li.d)Mg Longland et al. (2009)
correspondence ook
between resonances : ! = I
observed in (a,n) 1500f- )
reaction! e | ) L
S 1000} ) S Talwar et al. (2016)

5007* ‘ 5 E: © ‘ §
B 3 ~g ®

200 -100 0 100 200 300 400
Focal Plane Position (mm)




Uncertainty of

22Ne(o,n)*»>Mg
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BC(a,n)**0, can extrapolate with R-matrix, but lower energy
measurements are practical and will add further constraint

22Ne(a, n)>Mg, must be measured, indirect methods have failed

Where can these be measured?
CASPAR, LUNA MV, JUNA

Neutron background reduced by perhaps 3 orders of magnitude from
surface levels

Low energy
studies:
Underground
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structure is unknown,
interferences unknown
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Light elements
are a problem:

lower Coulomb
barrier
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* Advantages
- High efficiency
* 4T coverage

- Disadvantages
* No energy information

MeaSUI’Ing |OW - Hard to distinguish signal from
energy (a,n)

background

- Hard to separate ground state from
excited state reactions

reactions:
3He counters

* Can couple with y-ray detectors to
measure excited state reactions

* Hard to measure simultaneously
+ Complicated subtraction

* Finding that previous measurements with
these detectors have unaccounted for
uncertainties

Courtesy of Sasha Falahat
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- Advantages

* Energy information without time-
of-flight

* Can cut out low energy background
.  Well defined far geometry or close
Measuring low oy
ener oL N * Angular distributions can be
gy ( ’ ) measured

reactions: o
isadvantages
Deute ratEd - Spectrum unfolding required
: : * Only high
Scintillators (1 MeV), PD hreshold

* Energy resolution is about 0.5 MeV
- Digital DAQ extremely helpful ($$)

* Positive Q-value with wide energy
spacing



* Stilbene detectors (hydrogen based)
- SeeVan der Zwan and Gieger (1970’s)

* Expensive
* Delicate

* Deuterated Benzene (EJ-315)
* More durable

Types of

* Better light response

detectors

* Deuteron collision kinematics gives “peak”
that helps with spectrum unfolding

 Neutron [ y-ray pulse shape discrimination
down to about 1 MeV neutron energy

* Febbraro et al. (2015) NIM




Example:2°B(a,n)*N run at Notre Dame

* Must characterize a Large 1*B(a,n) cross section
detector response matrix 13C(a,n) background from trace amounts
- Must do calibration runs -
over a wide range of " > Unfolded spectrum
neutron energies . g = £ 0517 KoV
- 13C(a,n)**0 - " S ao )
S - 7Li(p,n)7Be - ; e
p e Ct rU m 100 " — Unfolded
foldi - GEANT4 or MCNP | USRI N A D BN i
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* Deuterium gives “peak”  «F
at highest energy E Raw spectrum
* Once itis doneitis fairly *F
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changes B e [ e

) ] Light Response (MeVee
Courtesy of Qian Liu © ponse { )



Pulse Shape

Discrimination
calibration
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Recent
experiments at
ND:

11B(a,n)*>N
with
3He counter

- 5U accelerator
* 0.55t0 2.0 MeV
* 99%-+ enriched 11B

* 3He counter with

* PhD project of

target on tantalum
backing

20 helium tubes

Qian Liu at ND

Left to right: Ed Stech, Michael Wiescher, Stephanie Lyons
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— R-matrix fit
Wang et al. (1991) --- Cal Tech

Notre Dame data

Some kind of background in Cal Tech data
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Left to right:
Michael Wiescher,
BeccaToomie, Mike

Rece Nt Febbraro, and Qian

Liu

experiments at
N D: - 5U accelerator
1OB(OL, n)14N " 55% HPGe

" * EJ315 0N
Wlth rotating arm
deuterated

liquid
detectors
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Preliminary

0
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Will also add *4N(n,total), (n,n), (n,p), and (n,a) data




* gopen channels
© °B+a,, o,

R-matrix fits: o e PP Py
5N compound - =Ced,

nucleus

* Initial attempts have been challenging
* Not as much data in other channels
* No 33N+n data




* ¥O(a,n)*°Ne (re: Peter Mohr's HF comparisons)

* 5Mg(a,n)28Si, 9Be(a,n)*2C

Future work

- Array of neutron detectors to improve measurement efficiency of
angular distributions

- Combine with Hagrid LaBr, array (Kate Jones, UTatK) for
measurement of excited state y-rays
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