Measurement of 4’Al(a,ny)3°P thick-target yields
and total 2’Al(a,n) yields by activation
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Two sources: a plasmatron (HVE-358) source
for gaseous substances and a negative

sputtering (HVE-860C) source for (almost) any
element from solid targets.

HVee tandem

5 MV maximum terminal voltaje
Cockroft-Walton acceleration
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Maximum of (Z+1) x 5 MeV beams, minimum energy below 300 keV with decent ripple.
Terminal voltage was originally calibrated using 11 different nuclear reactions. Recalibration was required after
replacement of faulty diodes (2013), about 0.3% deviation found.
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I I I Beam pulsing via chopper and buncher

Pulsed beam installation and commissioning foreseen within window APR-
JUN 2024

Technical meeting held between to prepare the commissioning of the
pulsed beam.

Proposal for commissioning with alpha beams before April 2024, for
execution soon after installation

First experiments July 2024
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Interest of (a,n) reactions:

nuclear technologies
dark matter searches
neutrino physics

nuclear astrophysics

Experimental (a,n) cross sections exist in literature, but...

cross section data available in the EXFOR database show large
discrepancies, not compatible with the declared uncertainties.
spectroscopic information is available only for a limited number of
isotopes.

Libraries: JENDL-AN-2005 and the TENDL series show important
differences
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Nuclear astrophysics
- sources of neutrons for the slow neutron-capture process
- radionuclide production by energetic solar particles

- nucleosynthesis of light r-process nuclei in n-driven winds
- optical potentials

ABUNDANCE RELATIVE TO SILICON=10°
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The origin of heavy elements in the solar system

Abundance peaks: n capture along valley

of stability = s-process
* slow neutron captures
* 50% of the isotopes above Fe

CAPTURE CROSS SECTION (mb) AT kT = 30keV

[Rolfs & Rodney]
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Figure 4. Theoretical ®Ga(a, n) "?As, 3*Se(a, n) ¥Kr, **Sr(w, n) *’Zr, and '*°Mo(c, n)
193Ru reaction rates using the alpha optical potentials: global alpha optical potential

time : 7.465e-03 s, T': 5.116e+00 GK, p : 4.764e+05 glcm_3 (GAOP) [36, 53], phenomenological fit of McFadden and Sachtler (MS) [54], three
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Activation cross section measurement of the
100Mo(a,n)!Ru reaction for optical potential studies Measurements by

Thick target yield
[reaction/projectile]
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nstitute for Nuclear Research, Bem square 18/c, H-4026 Debrecen, HU
2University of Debrecen, Egyetem ter 1, H-4032 Debrecen, HU
3Diakonie-Klinikum, D-74523 Schwiibisch Hall, Germany

Cross sections of a-induced reactions for targets with masses
A =~ 20-50 at low energies
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Fig. 20. Cross sections of the *°Ca(a, n)*3Ti, *°Ca(a, p)**Sc,
and *°Ca(a, v)**Ti reactions. The experimental data have been

: s 100 103 : ;
Figure 3. Preliminary '““Mo(a,n)!'"’Ru thick target yield results compared to taken from [70,82,50]. The additional dash-dotted line shows
theoretical predictions calculated using the Talys 1.8 code (red line), Non Smoker the StM calculation for the (a,) reaction. Further discussion
code (blue dashed line) and a simple transmission model calculation (green dotted see text.

line).
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TABLE L. Isotopes for each (a, n) cross sections are catalogued in the EXFOR and JENDL databases

Isotope EXFOR JENDL | Isotope EXFOR JENDL || Isotope EXFOR JENDL T ALYS (TEN DL) VS

“Li Yes Ye Li Y Yes *Li Y No

aieciog] (ol ciionll B7e it 2 Bcn evaluated data (JENDL-AN-
"N Yes VYe o v No o B Yes .

Y Ya Yol ve Ve e ve oo 2005) show differences

“.\1; \ \ ”.;l; Y \ “.:u: \ \

Al Yes Yos i Y Yes i Y Yes

s Yes Yes 3ip Y No g Y No .

e | e N | e N Yields are relevant but the
“Ca Yes No BSe \ No i Yes No

e B e e 1 energy distribution of

*Ni Yes No N Y No 2N Y No
VN Ye No [[%u Ya N [ % ve N neutrons depends on cross-
“Zn Yes No “Zn \ No 8Zn Y No . .

il P section details

Ge Yes No TAs \ No 765 \ No

Sy Yes No Sy Y No “Nb Y No

“Mo  Yes No || Mo Y No || '*Mo Y No .

M ve N |WAs e N |ewg ove N Angular correlation effects
i Yes No 121G,  y No 123gh, No

e S B B NN W B N NN are (generally() assumed to

evaluations/nuclear data and simulate yields be negligible.
(https://tendl.web.psi.ch/tendl 2019/talys.html)
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Measurement o

MOTIVATIONS
 Reference reaction: benchmarking

 Test new beamline at CMAM
* Develop and optimize new setup
* Crosscheck measurements:
direct neutrons®, gamma rays and activation

* Neutron measurements with MINBELEN at CMAM described by Nil Mont et al. yesterday
MANY November 2023
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Gamma-detector array
for Alpha-induced
Reaction Yield
measurements

LaBr;(Ce) based array

HPGe detectors

Monitoring neutron detectors
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10
10° = PMTs spectra for 60Co and 137Cs
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Measurements

Productos de la reaccién | Q-value (keV) | Threshold (keV)

# Energy range from ~3-15 MeV.

3TP 4+~ 9668.60 0 _ o
3057 + 2372.04 0 # Online measurements and activation
2TAl+ 0 0 .

Bpr g STTORN 503440 # Decay measurement when possible
¥Gi+ d -6012.59 6904.52

- O, 2498 min4
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Gamma-ray identification at 15 Me
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Activation measurements

# Activation measurements

Comparacidn Yiekds MANY

Implantation and decay (511 keV gated)

3w
a0l ‘
ol
ot =
o B 3
o
oF- -

* Using decay of 511 keV when possible Measurements available up to 14 MeV

e Using total rate (activation + decay)
* Using activation time
HPGe seems to work fine

LaBr;(Ce) array
MANY November 2023
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(’.;’/ - Preliminary total 2’Al(a,n) yields from activation
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ZTAl (a,ny) *P Reaction yields
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(,. N Prompt gamma-ray measurements
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Spectrum while current=cte

R hact
§ élTl E:nn zomu:g
10’:— l
"N
ATt Vb “wyf [
‘°’E_ A R ! ‘wl&m
1400 1600 1800 2000 2200 2ao%(kev)
1973 keV

Counts

Spectrum while current=cte

hact

= ——— HPGe Calbrado

—— Spectrum while currentscte

Mean
Std Dev

Entries 2.018814e+07

3130
219

2997 & 3047 keV
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[, 9T Preliminary 2’Al(a,ny)*°P thick-target yields

L.M. Fraile

# Gamma yields LR, TR
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_ momentym Pe P Py Py ) I:l
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Cross sections of a-induced reactions for targets with masses 5724 6 48/7 36/7

A =~ 20-50 at low energies 7/2" I 200/21 648/77  200/33
/2! 10 400/33  1620/143 320/33 980/143

Peter Mohr!»2-2

! Diakonie-Klinikum, D-74523 Schwibisch Hall, Germany Interference terms between states of same parity
2 TInstitute for Nuclear Research ATOMKI, H-4001 Debrecen, Hungary

1/2-3/2 —4
1/2-5/2 O
1/2-7/2 -8
3/2-5/2 —-12/7 —72/7
3/2-7/2 72/7 40/7
E,*2.83 MEV Eq* 4,42 MEV

Analysis of Angular Distributions in the C''(«,n)O'" Reaction*

J. P. Sanrrer,t Aremeo A, Kxavs, Jr.$ aso J, R, Rossen
The Rice Instilule, Houston, Texas

(Received September 4, 1956)

6L, * B-05R-102-QIR+Q5R

From the study of the angular distributions in the CP{a,n)('* reaction, angulir um t
have been obtained for thirteen states of the compound nuclens, OY, Some relative parity assignme nts were
made on the bisis of interference effects.

Eq*2.69 MEV Eq* 463 MEV
Ol * LR +025R 412, Jogt

a(0)~2_, Z(IJIJ 1/ 2v)*P,(cosh).

C.M DIFFERENTIAL CROSS SECTION
(ARBITRARY UNITS)

Specific case for 0" g.s.

N T 60
CENTER OF MASS ANGLE
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(A Preliminary angular information
L.M. Fraile
le—7 ZTAl (@,ny) *P Angular correlations
20 le—6 21l (a,ny) *°P Angular correlations
as 16
40 » 14
o 35 T o . l
= 30 ! | v L R J 7 [
25 - * =z 10 1 @
* & *
201 08 - } }.
157 ® B43keV @65 Mev | 06 4 +
-100 -0.75 -0.50 -025 000 025 050 075 100
Epeary = 6.5 MeV cos(8) it ® (6774694+708) keV @ 6.5 Mev ||
. A -100 -0.75 -050 -0.25 000 025 050 075 100
! .: cos(8)
: W 2Al(a,ny)*P
T R R 7 OO 7~ Sizeable differences as a function of angle
2TAl(a,a'y)?7Al Work ongoing...
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# Commissioning of CMAM beamline and gamma detection setup

# We face issues with reproducibility of beam focussing, positioning, stability
# New target system with movable faces

# Current monitoring seems to be fine

# Bunching coming soon

# Re-measurement of 27Al(a,n)3°P reaction by activation

- measurement during activation and decay consistent (online + decay)
# (alpha,n gamma) measurement

- gamma yields (thick target)

# Dead time effect might be relevant at high energies

Analysis almost ready (Odette Alonso-Sanudo)
Paper being drafted

Instrumentation and methods should be described in a technical paper
MANY November 2023



