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" The MANY Collaboration (111) A

Contributions to this IAEA TM:

e C. Guerrero, Status of and perspectives for the study of (a,n) reactions at CNA
HISPANOS by means of activation and time-of-flight

e A. dela Rada, Innovative analysis technique of neutron time-of-flight spectra,
validation, and first results in (a,n) reaction studies

o A. Tarifefo, Status and perspectives of thick target measurement of (a,n)
reactions using the miniBELEN detector

e N. Mont i Geli, Preliminary results from thick target measurements of the
2’Al(alpha,n)?°P reaction cross-section using miniBELEN-10A

e L.M. Fraile, Measurement of Al(a,ny)P thick-target yields and total Al(a,n) yields
by activation

e R.Santorelli, (a,n) neutron yields for rare-event search experiments: a
collaborative effort to understand the backgrounds
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" MANY (o,,n) at CNA HiSPANOS

HiSPANOS is a “recent” facility:
e 2013-2015: explotation of continuous neutron beams

Maxwellian neutron spectra generation”, Nuc. Inst. and Met. A, 727 (2013) 1-6

e 2017-2019: commissioning of Li(p,n) epitermal neutron beams
M. Macias et al., “The first neutron time-of-flight line in Spain: Commissioning and new data
for the definition of a neutron standard field”, Radiation Physics and Chemistry 168 (2020)

108538

e 2019-2022: commissioning of fast (d,n) neutron beams
M.A. Millan-Callado et al., “Continuous and pulsed fast neutron beams at the CNA HiSPANoS

facility”, Radiation Physics and Chemistry (accepted)
=> Today

e 2022: First tests on (o,n) neutron production
=> Today

J. Praena et al., “Measurement of the MACS of 181Ta(n,y) at kT=30 keV as a test of a method for
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The HISPANOS neutron facility at CNA
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(The HiSPANOS neutron source @CNA

® HiSPANOS is the first Accelerator-
based neutron source in Spain and it

is installed at the the 3 MV Tandem
Accelerator.

® Operates since:

® 2013 in continuous mode
® 2018 in pulsed mode

=
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{The HiSPANOS neutron source @CNA A

General Continuous mode
® 1H, °H up to 6 MeV ® Upto 10 uA

® 4He up to 6 MeV Pulse mode

] ® 1-2 ns pulse width
® 32,5 kHz - 2 MHz
® 1- 4 m flight path

T A
) ]

Al + Ti dummy target

Be target + 1
Cu backing

Quasi-monoenergetic

2H(d,n)3He 3,27 0,0 D/Ti 546 ug/cm? 30 mm ST monoenere
“Be(p,n)°B -1,85 2,06 ucpoguzl:\;l;;nv
Be 500 pm 25 mm _
pelanE e > o Ay
’Li(p,n)’Be -1,64 1,88 uCpO:(:IZl:\;IJLnV
Li 500 pm 25 mm
Continuum

U 8
\ Li(d,n)®Be 15,03 0,0 up to20 MeV J
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" HiSPANOS comissioning for FAST neutrons

R

] Neutron Production
* Thick Be and Li targets. D/Ti thin target.

* ¢ Dummy targets

# Detection
* 2”x2” EJ-301 from Scionix (n/g PSD) = Monitor

* 2”x2” EJ-309 from Scionix (n/g PSD)
* Angle mapping (from 0 to 120 deg)
* Distance mapping (from 100 cm to 400 cm)

~ Acquisition System
* CAEN V1751 4/8 Channel 10 bit 2/1 GS/s digitizer

* CoMPASS software
* ORTEC 439 digital current integrator

Background substraction

+ 10 cm thick lead block.

* Shadowbar: 20 cm diameter and 50 cm length PE bar

J
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/Neutron detectors

Fast neutron commissioning: TADEO detectors
e EJ-301 from Scionix

e Pulse Shape Discrinmination (PSD) capabilities
e 2”x2” cells

8301 Liquid scintillatof |

Lot # 200814-301

(o,,n) commissining: MONSTER detectors

e EJ-301 from Scionix
e Pulse Shape Discrinmination (PSD) capabilities
* 5cm x 20 cm (diam.)
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(n/y Pulse Shape Dicrimination (PSD)
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(Background: neutron scattering
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" Validation of monoenergetic heutron beams

R
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Monoenergetic beams from 2H(d,n) reactions:
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Ey (2] E. AE/E D ®,, (n/cm?/s)
(MeV) (deg)|(MeV) (n/sr/pC) Continuous Pulsed
15 120 22 5% 4,5(0,4)-10° 100(10) 4,0(0,4)
1,5 90 | 28 7% 27(0,3)-10° 60(6)  2,4(0,2)
1,5 60 | 35 8% 4,1(0,4)-10° 90(9)  3,6(0,4)
1,5 30 | 42 7% 1,2(0,1):10° 270(30)  11(1)
L5 0 | 45 7% 26(0,2)10° 590(20)  23(2)
20 0 | 51 8% 3,1(0,3)-10° 680(30) 27(3)
30 0 | 61 7% 3,7(0,4)10° 830(30) 33(3)

u‘g‘ C. Guerrero, IAEA TM on (a,n) Reaction Nuclear Data Evaluations and Data Needs (11/2023)


http://www.google.ch/url?sa=i&source=images&cd=&cad=rja&docid=e8yrRIirUsEL4M&tbnid=FBwJ_plUBxmCrM:&ved=0CAgQjRwwAA&url=https://www.estiem.org/default.aspx?PageId=771&ei=35AkUp3wAZGf7Abk34HgCg&psig=AFQjCNHF6gdxSkhJhB_vHcQsVhEVtEVmnQ&ust=1378214495156181
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=&url=http%3A%2F%2Fwww.cna.us.es%2F&psig=AOvVaw0gDYcCgCYXIG8-U_PkW_F2&ust=1568188999046422

2ViTn
Validation of “broad” neutron beams
Broad neutron beams from Li(d,n) and Be(d,n) reactions:

| 1
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Test experiment on %’Al(a,n)

Facility

Experimental set-up
(detectors + DAQ) — Validated for H induced reactions
Measuring strategy

=> let’s see for (o,n)
Analysis strategy
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/Experimental set-up A
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[ToF measurement:

MONSTER |
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" ToF measurement: the pulsed o beam

: 3 1 Thick Be target
EXCITEd Siates STFUCTUFES ....... E - Be + ShadOW bar

—— Clean Be(d,n)

s

The buncher is designed only for “H”

counts/uC
=

...... Thick Li target ) . e as
| tisshadowoar | Bunching “He () requires a modification

L Cleantion by the manufaturer (NEC): ongoing.
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y-flash.
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What can we do as of now so far?

I I]IIIII T IIIT[||

~0 564080 80 100'120 140 160 180 200
time-of-flight (ns)

|
no
o

I
‘ﬁ
-
Q
(%]
>
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" ToF measurement: data analysis (I)

10*

Counts

2’Al(o,n)@5,5 MeV & 60°
Rep. rate: 500 kHz

Beam current: ~5 nA
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o —— Gamma flash

—— Meutron response

20

PR ' P PR ' R N
40 60 80 100 120
ToF (ns)

A

x10~

»a) Direct ToF to E, conversion (as before) b) Inverse problem / deconvolution
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- Runs over y-flash and “fits” the measured ToF distribution
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ToF measurement: data analysis (Il)

N

B 2’Al(a,n)@5,5 MeV & 60°
Strategy:
10°E - ToF measured simultaneously with CNA’s &
o DA CIEMAT’S DAQs.
§ - —— Neulron response - Analysis and spectrum deconvolution made
i independently by CNA and CIEMAT for
10° internal cross check and comparison.
T o => Results presented herein correspond to
40 20 0 20 T04Fo(ns) 60 80 100 120 CNA’s analisis.
A
| . . .1
o ) Direct ToF to E, conversion . b) Inverse problem / deconvolution
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(ToF measurement: results @ 5,5 MeV

Very good agreement in both absolute value and neutron energy
with the only experiment available in the literature.

o The effect of not having a perfect bunching:
x10 1) does not seem very large
50 Jacobs and H. Liskien (1983) 2) seems posible to be corrected for

b) Deconvolution

‘7> L
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= 40
\(i)/ |
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s L .
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/ToF measurement: results @ 5,5 to 8,5 MeV
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Foreseen upgrades
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" New buncher (2024) A

8 MHz

E Acceleration
il
Q
Injection /. /. @.\@E W
energy 26
(J) e A | ¢
! : ~ - - ] Deceleration

N~ ‘H:148mm
N\ 1H:210 mm %r
ci \r‘? /)

J=59 keV | J=72 keV

1H 210 mm

2H 148 mm

3 elements buncher ordered to NEC: “He 105 mm 116 mm
- Optimized for 'H, ?H and *He at 72 keV
- Expected end 2024
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" New ion source (2025)

Current: ALPHATROSS

e RF-charge exchange ion source

e He current ~2-3 pA

The Alphatross source is a compact, reliable source of light

negative ions. A positive RF source injects immediately into

a compact rubidium charge exchange cell.

Liquid cooled
| Rb baffles|
Acceleration
and focusing
| | | | | Air cooling 100MHz RF Ouerlz bottle

s
—He)  Plasma --:mm

'Jg

vapor

BERE

s
Charge exchanger

Soon: TORVIS
e Toroidal Volume lon Source

* He current ~20 uA
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/Summary, conclusions and outlook

N

At the CNA HiSPANoS facility both Thick Target Yield (TTY) and double differential

energy and angle cross sections measurements are feasible through activation and
time-of-flight.

The current buncher produces o pulses with up to ~30% unbunched...
=> “Deconvolution” algorithm allows accurate E_ reconstruction

First 2’Al(a,n) measurement with LaBr; & a CIEMAT’s MONSTER module
Results from CNA’s analysis:

e TTY: Good E_ dependence but a factor of 1.9 overestimation (to be studed).
* o(E,,0): Good agreement with data at 5,5 MeV, nice data at higher energies

(o,,n) TOF measurements feasible already
Room for improvement

=> new buncher by end of 2024
=> Higher intensity (x10) ion source in 2025

EC-Horizon-APRENDE

.,E,,0) of Al and Be (a,n) reaction up to 9 MeV
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