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Outline

* Introduction

* Charged Particle Induced Reaction Measurements
- stable beams (example LUNA)
- radioactive beams (examples ISOLDE and GSI)

* Neutron Induced Reaction Measurements

- radiative capture
- n,cp
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PJ Woods, A. Murphy, C.G. Bruno, ...) and n_TOF Collaboration
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Introduction
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Nuclear Reactions

* collision process between projectile p and target nuclei T:
p+T—>e+R or T(p,e)R

* ejectile (e) and recoil (R) may be the sameaspandT
(scattering)

 Examples
- Elastic Scattering: p+T—2>p+T
- Inelastic Scattering: p+ T2 p+T* 2 p+T+y
- Radiative Capture: p+T—2>R* 2> R+y
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Nuclear Reactions

* Energy conservation:
m c?+E_+m.c?+E;= m_c?+E . +mgc’+E
P P T e e R R
E.... kinetic energy

* Q-value of areaction: Q= m,c?+ mc?- m.c?- mgc?

Q>0 ..... exothermic (energy is released)
Q<O0....... endothermic (energy is required)

 Threshold energy (lab) for projectile p reacting with
stationary target T:

En=(-Q)x(1+m,/my)

n_TOF Nuclear Physics Winter School 2024



Nuclear Reaction Cross Section

cross section o = quantitative measure of probability for a reaction to

occur
Dimension: area

Unit: barn (b) = 10-%* cm?

cross sections are energy (i.e. velocity) dependent
In general: not possible to determine reaction cross section from

first principles

N/t
- (Nb/tA)Nt

0}

Differential cross section:

do Ném/t 1
dQ  (Np/tAN, dQ

anda=f3—;dﬂ

N./t... Number of reactions per time
No/tA... Number of beam particles per time per area
N;... Number of target nuclei in the beam

Target area A,
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Reactions with lon
Beams
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Schematic Layout for Nuclear Reaction Experiments
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Beam Requirements and Properties

high intensity
 for stable nuclei, utA-mA currents are possible, corresponding to ~ 1012-
101> particles per second (pps)
* for unstable nuclei, intensities vary greatly depending on isotope (103-
10° pps)
* |ow energy spread
e ideally AE £ 1keV
* easily adjustable energy
* few keV steps often required
* well collimated
* high purity
* small spot size on target
* better definition of interaction point
* good absolute energy calibration

n_TOF Nuclear Physics Winter School 2024



Target Requirements and Properties

* high purity
e avoid background reactions on contaminants
* known and stable stoichiometry (for compound targets)
e appropriate and uniform thickness
* thin enough to let beam pass through (transmission targets)
* thick enough to stop the beam (beam-stop targets)
* anywhere in between
e for solid targets
* evaporated, sputtered, implanted
e with or without backing
» allow for water-cooling if high beam intensities are used
» for gas target
* extended, or jet-like
e with or without containment windows
* recirculation (especially for expensive gases)
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Detector Requirements and Properties

* nuclear reactions are studied by measuring reaction products
* mostly protons, neutrons, a particles, or y rays
» different types of radiation interact in different ways with
* type of detector used will depend on radiation to be measured

» electric signal produced in detector with
amplitude proportional to energy
deposited by radiation

* high efficiency
» good energy resolution R=FWHM/H,
e good solid angle coverage
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Reactions with lon
Beams

Yield measurements and Cross Section
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Reaction Yield

total number of reactions

Yield=
€ total number of incident particles

yield vs bombarding energy = yield curve or excitation function

Yield over slice of target with thickness Ax, assuming o and stopping power €

constant (energy lost by beam small)
Np AXx
AY = — = onlAx
NB <
Eo
With stopping power €(E )=-1/n x dE/dx and particles per volume n
Total yield from integration over all target slices:
dE(x) dx
Y(Ey) = f o(x)n(x)dx = jr o(x)n(x)dx di ) dE()
Y(E,) = %o o(E) dE where AE is the energy lost by the beam
0 o _ap £(E) over the target thickness
-
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for non-resonant reactions or for broad resonances

cross section and stopping power g(E) are almost constant
within small energy region

By

Y(Eo) - f

E,-AE

o(E)
¢(E)

dE =

O( Eeff)

e(E,)

AE(E, )

E. .... energy at which the cross section,
evaluated at this energy, equals the cross

section averaged over the target thickness;
energy at which 50% of total yield is obtained

d—= =
— Beam
- EOi
0]
CENg o
/. -— AE1 N AE2
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for resonant reactions:
vield depends strongly on bombarding
energy and target thickness

@am energy @

target thickness in energy loss
units AE

% of maximum vyield that

can be measured for
AE~> o

o (rel. units)

Y (rel. units)

20 T T T T T T v M 1
; @ 100% 1
15F  AE=5 keV -
F E_=495 keV 1 .
10F ]
: I'=15 keV 50% ]
5L AE=50 keV ]
i E =550 keV 1
ob 2 ]
400 500 550 600

450
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for resonant reactions:

yield depends strongly on bombarding energy and target thickness

thin target thickness AE << T’

yield curve resembles cross section curve

*  maxyield at Eg

*  FWHM = [ of resonant state

thick target thickness

AE>>T

yield approaches flat plateau
*  maxyield at E; + AE/2

* FWHM = AE

ForAE >0 TI'=Ey750 — Eg2s59

2% 1

Yimax = ?; wy

€ stopping power at Eg
A de Broglie at E;
E; resonance energy

o (rel. units)

Y (rel. units)

20

15¢

10F

L
L
.@
I

AE=5 keV

E0=495 keV y

I'=15 keV

T T T T T T

100%

50%

AE=50 keV

E

0=550 keV

450

o =
400

T ™ T T T T T

@ =15 keV—ei | e
v
|
|

75%

50%

25%

yield measurement gives directly resonance strength wy
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Reactions with Stable
lon Beams
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Quiescent burning stages of stellar evolution

* Nuclear reactions in stable (quiescent) burning phases of stars happen energies below
the Coulomb Barrier due to low the temperature T~ 10°- 108 K

= E,~ 100 keV << E,, = tunnel effect

— 1018 barn <o <10°barn

—> average interaction time 1~ <ov>1~10°y, hence unstable species DO NOT

play significant role

* Low count rates (and poor signal-to-noise ratios) require
— long measurements
= ultra pure targets
= high beam intensities
= high detection efficiency

G reducing natural backgrounD

Measurements underground
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170(p,a) Cross Section at LUNA

Laboratory for Underground Nuclear Astrophysics
INFN - Laboratori Nazionali del Gran Sasso (lItaly)
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e p
A.\,A%éner% >

» typical beam intensities 100-200 pA

» expected alpha particle energy E ~ 200 keV
(from 70 keV resonance in 17O(p,a)'*N)

« protective aluminized Mylar foils before each
detector

C.G. Bruno et al., Physical Review Letters, 117, 14 (2016)
C.G. Bruno, PhD Thesis (U. Edinburgh)
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IITIITI T

T T

T 77

Overground natural background
---- Underground natural background
—— On-resonance (71.5 keV)

6, .. .
- JJ\ /\

4!TTITIITI#ITY" n]ﬁ—rrﬁlnﬁfrrmnﬁﬁmnqﬁfrr‘lm

C.G. Bruno et al., Physical Review
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Revised 7O(p,a) rate showed
that a group of meteoritic
grains is produced in massive
Asymptotic Giand Branch stars

M. Lugaro et al,
Nature Astronomy 1,
0027 (2017)
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Reactions with
Radioactive lon Beams
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Explosive burning stages of stellar evolution

* Nuclear reactions in explosive environments (T~ GK) typically
happen at higher energies (near Coulomb barrier) = higher cross
sections

* Reactions on protons and alphas: Measurements in Inverse
Kinematics

CHALLENGES unstable nuclei = short half-lives
— low beam currents

REQUIREMENTS —> Radioactive lon Beam facilities
—> produce and accelerate ions of

interest

— dedicated detection systems
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Radioactive lon Beam Production

Off-Line Production and subsequent installation in accelerator (limited to long-

lived isotopes)

ISOL Technique

Transter

Production 1ubg

Production
Beam

Experiment

ISOL

lon
Source

Thick,
Hot Target Post-

Accelerator

Radioactive
lon Beam

Isotope / Isobar

Accelerator R
Separator
s S'L

In-Flight / fragmentation

Heavy lon

Accelerator ?
Thin,
Production

Target

Fragment
Separator

/1

Radioactive lon Beam

Projectile Fragmentation

Experiment

excellent quality (small emittance)
limited number of species and half lives

* independent of chemical properties

* small half lives possible

* |larger beam spot, poorer emittance

e energies generally too high for nuclear
astrophysical studies

Smith and Rehm, Annu. Rev. Nucl. Part. Sci. 2001. 51:91-130

25
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NUCLEAR REACTIONS mainly X(p,a)Y and  X(o,p)Y

light-heavy nuclei coincidence

silicon strip detector arrays = large solid angle coverage (e.g. TUDA at TRIUMF)

—

* Coincident detection of heavy recoil and light ion (i.e. proton, alpha)
* High segmentation of detectors for accurate determination of kinematics
* |f possible dE-E particle identification

26
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44Ti(a,p) Cross Section at REX-ISOLDE

Important destruction reaction of cosmic y- N
ray emitter 44Ti
44Ti from highly irradiated components of the
SINQ spallation neutrons source (PSI)

* Detection of Proton using AE-E technique

« AE = fraction of energy lost in thin
detector ~ MZZ/E;,

“beamaxis

1or _S2telescope

8 L
3 o e T
E. T -~ 2
a4t (p,p) . T beam axis I A

/ (p,p)
21t / .
m"& L Sp——— .
0 C 1 1 1 1 1 1 1 ]
0 2 4 6 8 10 12 AE
E [MeV] ~ Topm

V. Margerin et al. Physics Letters B 731 (2014) 358—-361 ; V. Margerin, PhD Thesis (U. Edinburgh)
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44Ti(a,p) Cross Section at REX-ISOLDE

T 3L

o ii) 107} . P—
L 102 3 = - ]
9L i = 10 ‘_ -"'j?'/’ —j
o g 1 L — NON-SM.OKER ]
= £ . z = Sonzogniet al.
8 6 Ei 0.1 3 ' ‘; — Presentwork 7

5. 12 Gamow window
3l 10 | '@ E

3

107°F - 1
Ot ! ] ] | | ] 1 ] 1 1 10—4— .

0 2 4 6 8 10 12 14 16 18 3 4 5 6 7 8 9 10

total energy of the particle [MeV] center of mass energy [MeV]

No signal above background
Upper limit suggests lower destruction rate

V. Margerin et al. Physics Letters B 731 (2014) 358—-361 ; V. Margerin, PhD Thesis (U. Edinburgh)
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RADIATIVE CAPTURE

1. heavy recoil detection X(a,y)Y

X(p,7)Y } among the most common reactions

inverse kinematics

—> detection efficiency ~ 100%

BUT: high suppression factors required (10%°-10%)

2. v-ray detection

Radioactive Beam
and Reaction
Radioactive Products

Recoil
Beiﬂ)‘f}%ﬂ Separator

o System
Gas A
Target

—> forward peaked emission (6 ~ 1°)

Radioactive

Beam .

/

>

Reaction
Products

Smith & Rehm (2001)

low efficiency = ~ 4r coverage needed

in nuclear astrophysics

Detectors

v-ray background induced by * beam decay

3. delayed decay measurement for example: °Ne(p,y)2°Na(B*)2°Ne*(a)e0
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REACTION MEASUREMENTS AT ION STORAGE RINGS

Advantages of using inverse kinematics in storage rings:

1. Heavy isotope can be radioactive or stable
2. Gas/jet target and beam species are pure

particle
detection

hydrogen target E108, 2016

particle

detection
E062, 2009

revolving ions
circulating ions

electron cooler " .
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Puzzle of the origin of certain highly
abundant p-nuclei

eg 92:99Mo and °SRu

4
\ ! , B stable isotopes
\ !
\ ' A / -
. ol \
" \ PLOSIVE / 0 M 95 T 06 S 07 Tt 9 Lt 93 M—ﬁ-—ﬁ-—
PERNOVA, - EJECTA E \ \ \
-y i e
N \ < Smd - i\ NN N
N | Bl B-8-8-8-8
~ . \/\'L [/, A \é— \
"~/ REMNANT Y~ /Nh E—
T DommensnaJ [~ N\
2 )[T‘\ -
Neutrons
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Predicted p-process abundances compared to observations

1005 | I I I I I T T T IE
- Se =
= j%Kl” Sn
NS P ]
V. =[f isr ca % :
- | _Pch% i_ ]
0.1~ Ru  §In =
~ Mo 3 -
- i fsn -
OOl PR N TR SRR N (NN S SN SN AN SR SN TR SN SN SR SN N S | | |

80 100 120 140 160 180 200

Mass Number

Arnould & Goriely Phys. Rep. 384,1 (2003)
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Study of %°Ru(p,y)?’Rh reaction with decelerated beams
using the ESR storage ring at GSI

— 5 A Heavy lon Synchrotron
* - "SIS" (2 GeViu for Alg=2)
S |

Fully stripped

%6 Ru***ions
Heavy lon Linac

"Unilac"(11.4 MeV/u)

‘Separator
"FRS"

Experimental
Storage Ring
“ESR"

ions injected
@ 100 MeV/u
reduced to
~10MeV/u

Gas Stripper

Carbon Foil
Stripper



lons cooled and decelerated to ~10 MeV/u in ESR
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Stochastic Cooling

* Used for fast pre-cooling of hot fragment
beams.

* Simon Van der Meer shared Nobel prize with
Carlo Rubbia (1984).

Demonstration of Stochastic
cooling for a single ion.

Taken from Simon Van der
Meer Nobel prize lecture,
1984
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Electron Cooling of the Beam

electron collector
> ; electron gun
high voltago platform 1

=

¢ ion beam :
Transverse beam profile

Electron cooler before/after cooling
1UU T 1 1 71 l LI L B LN R R I B T T

at the ESR

electron beam

—
Q
Q
1
rem
|

. L L l L L L
1272 12.73

Schaottky powaer
o
Q

Ly Y . . 1%.69 1270 .1271.
2 JF Nuclear Physics Winter ¢ Fraquency (MHz)



Physics Today
Physics Today 68, 11, 12 (2015)

Particle storage ring enables a role reversal in
proton capture

PHYSICAL REVIEW C 92, 035803 (2015)

S

First measurement of the *’Ru( p,y )’ Rh cross section for the p process with a storage ring

H, Quadrupole Pocket
target doublet *“Ryu*** MWPC

Ge X-ray
detector Nuclear reaction

ET[e W)
ajodnipenpd

21.5mm

- 0 c“e\




400 —— Experiment at 11 MeV/u

- — Simulation at 11 MeV/u
300- — Simulated for (p,p)

-Simulated for (p,n)
- — Simulated for (p,a)
- — Simulated for (p,7) X

++ . L E i

Counts
N
o
o

| | : : : | _.—h
40 60 80 100 120
X_position (mm)
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124Xe(p,y)1%°Cs particle detectors in Ultra High Vacuum

J. Glorius et al., Phys. Rev. Lett. 122, 092701 (2019)

H, quadrupoles
target s
Y

124 3
Xxe %39
60°

90°
X-ray
detectors

si position

50x50 mm?2

si position

double-sided
silicon strip det.

—— Entries 64209
T Mean x 4.658
““““““ Mean y 8.338
“e | RMSx 3.651
~ /RMSYy 4.281
"] Integral §,421e+04

0 0 0

064209 0
0

... allowed to measure
reactions close to stellar
particle energies

125Cs ions
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Measurements at Stellar Energies

& CRYRING
#: PART OF FAIR PHASE-0

123(uy)
uoljrexy

uol
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NUCLEAR ASTROPHYSICAL REACTION STUDIES USING THE
CRYRING ARRAY FOR REACTION MEASUREMENTS (CARME)

C. Bruno et al.,NIMA Volume 1048, (2023), 168007
J. Marsh, PhD Thesis (U. Edinburgh 2023)
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https://www.sciencedirect.com/journal/nuclear-instruments-and-methods-in-physics-research-section-a-accelerators-spectrometers-detectors-and-associated-equipment/vol/1048/suppl/C

Chamber side Detector side UHV1400 NEG
cable strain relief cable strain relief pump

Actuator arm Kapton cabling Silicon detectors

J. Marsh, PhD Thesis (U. Edinburgh 2023)

This system will be used for high resolution charge particle reaction studies
for nuclear astrophysics including:

|.  Direct astrophysical reaction measurements e.g. (p,a),(a.p)

Il. Indirect reactions probing key resonance properties e.g. (d,p)
First nuclear astro measurement scheduled for Feb 2023 (Ultra-high resolution
study of the 1>O(a, )0, PIs Bruno & Woods)
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Reactions with Neutron
Beams
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FEATURES = no Coulomb barrier

—> neutrons to not lose energy in target — either transmitted

or absorbed/scattered

CHALLENGES = free neutrons unstable, hence stable or long-lived

reaction partners
—> neutron energy cannot be ‘tuned’ in accelerator
= background from scattered neutrons

REQUIREMENTS — |ntense neutron source

= ‘white’ neutron spectrum or spectrum with the
‘right’ energy for the application
—> detection system insensitive to neutrons
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Time-of-Flight technique

applicable to all stable and long-lived nuclei

need pulsed neutron source for E, determination via ToF

measurement of prompt emission after neutron capture, i.e.

prompt y-rays or p,a, etc

Dm_’

measurement of resonance

—»D =10 eV _

n+

properties

main background: neutrons
scattered from the target: 2>
need y-ray detectors

Insensitive to neutron S. =10 MeV (_—>D =100 keV

reaction

A+1X

compound neutron capture reaction

n_TOF Nuclear Physics Winter School 2024
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L

Experimental Area
Beam dump +— detectors Heutrons nTOF

samples

— The n_TOF facility at CERN

g
T ——

CERN
accelerator
complex

|

Neutron source :(r)og)nv?eam
eV/c
Neutron beam Lead

_— 7-10"*ppp
10° angle sp;l:;t:n\

PS

Eur. Phys. J. A (2013) 49: 27

LINAC
reaction 2
neutron — _
Pulsed charged production product E n mc (y 1 )
particle beam  target detector
e -1/2
neutron %
N e — - 9 | _(L/1of)
P » isample V o - 2
: Flight path : C
i i =
v v i
Production time Reaction time Time
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Schematic TOF Spectrum

E, (keV)

0 > TOF (ns)
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Radiative Neutron Capture Yield

sample

Capture Yield Yi(E,):
Probability that reaction takes place 2
0<Y<1

(€S R

Counts

vV Vv

neutrons

v

v Vv

Incident neutrons on sample
detector Efficiency to detect a capture event
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v-ray Detection

Considerations:

e Efficiency to detect capture event €c independent of fluctuations
in cascade

e Good timing characteristics

* low sensitivity to neutrons

Single y’s (Total Energy Detection) Total Cascade detection

* Moxon-Rae
e Pulse Height Weighting

* 4m setup (€=100%)

B\ - P -
ik i: a0 o . .
e BN
- A / 1
7 - : I
N ]
) 4 ] = o 7
;' ot
- Zy
. 4

- % BaFarray
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Total Energy Detection

For y-detection efficiency €, proportional to y-ray energy E, and
small detection efficiency the cascade efficiency &c is
proportional to the excitation energy E; of the nucleus:

& = kEy ) £, = 1-— 1_[(1 — gy,i)
i

) SCzZE%iZZkE%i:kEC
i

i

1) Design detector with &, = KE,, (Moxon-Rae Detectors)

2) Manipulate signals a posteriori to achieve proportionality (Pulse Height Weighting
Technique)

R. L. Macklin and R. H. Gibbons, Phys. Rev. 159, 1007 (1967).
U. Abbondanno and the n_TOF Collaboration, NIM A 521, 454 (2004).
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Neutrons incident on sample - Neutron flux ¢

Determination of ®(E,) using a reaction(s) with a well known cross section.

In some cases, O at a particular energy can be determined with high accuray using the
Saturated Resonance technique:

— Find resonance with capture >> scattering and large cross section
- make target thick enough so no neutron is transmitted

— Close to 100% of neutrons react and cause a gamma cascade
1.05

179Au(n,y) resonance

REON
COO -
3333
@ @ DD
<<
QOO®
=]
o
N =
(18,186,185,

T ng
&
Gg:

1L
neutrons n\v sample
q n _» 095 L
VAVAR

09 +

~ K/}L 085 |
08 -

0.75

Yield

-
—>

detector

0.7

i 1 1 1 1 1 1 1
45 46 47 48 49 5 51 52 53

R. L. Macklin et al. NIM 164, 213 (1979). Neutron energy (eV)
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Neutron Capture Resonances

for a single isolated resonance:

resonant cross section given by Breit-Wigner expression

2] +1 I, [
o(E) = nA? / r

/ (2Jn + D(@Jr + 1) (E — Eg)?* + (Iror/2)?

geometrical factor
oc 1/E strongly energy-dependent term

I',, = partial width for decay via emission of neutron

spin factor
P & = probability of compound formation via neutron

J = spin of Resonance

J, = spin of neutron (1/2) I'y = partial width for decay via emission y-ray

J; = spin of target = probability of compound decay via y-emission
I' = total width of compound’s excited state

=I', +T, +...

Er = resonance energy
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Neutron Capture Resonances

Assuming Oror™~0,+0, Goy
LT
2 y n 03}
Uny(E) =TmA°g
(E —Er)? + (Tror/2)? o2}
r,T r
2 y n y 115 120 12\ 130 135 140 145 150 155
oy, = 0(Ep) = 1A =
Oy (Er) 9 (Tror/2)?2  ° T'ror
Er Energy
I

oo = oror(ER) = 47T7\29 T
TOT

Very good resolution: all resonance parameters (Eg, J, I, I',) from capture and total cross
section measurement
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FWHM (eV)

Resolution Broadening

* Pulse width

* Neutron production target + moderator
* Doppler broadening

* flight path length

* Data acquisition

5 7 ns Pulse Width [ ' ' AU RESONANCE |
1 0 Moderation n_TO F EA R' 1 Doppler Broadening
104 | Doppler and RF
Doppler Broadening A=197 100 L |
10° Total Resolution a [ A ]
c
10? 2
g 10} _
10 b ‘
1 o)
10" f ;
102
0.1k S R .
10-3 11 IIIIIII L4 IIIIIII L 1 IIIIIII 11 IIIIIII 11 IIIIIII 11 IIIIIII 11 IIIIIII — - ' :
2 3 7 5 6 7 1.515 1.52 1.525 1.53 1.535
1 10 10 10 10 10 10 10

Neutron energy (keV)

Neutron Energy (eV)
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Area Analysis

However I'g, >> I',,¢ in most cases
— Analysis yields the Resonance Area

Acapture X ngryrn/FTOT

Can extract resonance parameters when combined with transmission measurement
with a thin and thick sample:

Atransmission,thick X \/nanFTOT

Atransmission,thin X ng I‘n
thin... T~1
thick... T~0
n... areal density
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s-process branching %3Ni(n,y)

Measurement of ®2Ni(n,y) and

branching point ®3Ni(n,y) at stellar
energies at n_TOF

°3Ni is radioactive (t,/,~100 y) = need to F

produce a radioactive target

1) irradiation of ®2Ni at ILL thermal reactor
(high cross sections and neutron flux)

2) chemical separation of contaminantsat
PSI (other elements)

- resulting target: ~100 mg %3Ni, 900 mg ®*Ni
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s-process branching %3Ni(n,y)
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Setup for prompt y-ray detection using scintillation detectors with low neutron sensitivity



s-process branching %3Ni(n,y)

Typical neutron time-of-flight spectrum: neutron energy resolution AE/E~103 at 1
keV - can access individual states for high A
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n_TOF Nuclear Physics Winter School 2024



s-process branching %3Ni(n,y)
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stars (weak component of the s °
process) B
C. Lederer et al., PRL 110, 022501 (2013)

C. Lederer et al., PRC 89, 025810 (2014)
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0.5k

Maxwellian averaged cross section
~2x higher than previous theoretical
estimates + lower 92Ni cross section
than previous data

Abundances produced in a massive
star relative to standard case
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Cosmic y-ray emitter 2°Al

221}& ..+|l;{,'-l-;!'+l |. TT.
o SR I

Galactic latitude

Galactic longitude

Main Origin of 26Al in massive stars (Diehl et al, Nature 439 (2006))

Mainly produced in
convective hydrogen burning in Wolf-Rayet stars followed by ejection by stellar wind

» convective Carbon shell burning followed by ejection from core collapse supernova
» explosive Ne/C burning in core collapse phase of supernova

Key uncertainties for theoretical predictions of abundances: 26Al(n,p) and
26Al(n,a) reaction rates [lliadis et al., Astrophys. J. Supp. 193, 16 (2011)]
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26Al +n reactivities from previous measurements
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C lliadis et al., Ast. J. Supp. 193, 16 (2011)
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n_TOF EAR-2 ATOE

High neutron flux target #1 (2001-2004) target #2 (2008-present)
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26Al(n,p) and 26Al(n,a)

+ +
13.06 9/2 ,11/2

0 TABLEIL Q values and corresponding ejectile
energies for the possible 2°Al(n, o;)*Na and
11 % Al(n, p;)**Mg reactions.
2.94
12 Q value (MeV) E (MeV)
1.81 Po 4.78 4.60
3 p 2.98 2.87
P2 1.85 1.78
T4 o 2.97 2.53
gs. a 2.53 2.16
26 45 (05) 0.89 0.76
- 6
.+.
Es. 5/2 143
Al '
Q [MeV]

de SMET et al PHYSICAL REVIEW C 76, 045804 (2007)
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Silicon Strip Detection Setup: AE - E Technique V/nTO\F

26A] sample

(b)

| 20 Mm and |
{ 50 um SSDs

~

a particle

proton

Neutron

50 um SSD 20 um SSD beam

26Al Target (JRC GELINA): 2.6 107 atoms
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26Al(n,a) measured at n_TOF / GELINA v/nTO\F
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C. Lederer-Woods et al., PHYSICAL REVIEW C 104, L032803 (2021)



AE — E Spectra

Thin Detector
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New n_TOF 2°Al(n,p) stellar reactivities V/nTO\F
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C. Lederer-Woods et al., PHYSICAL REVIEW C 104, L022803 (2021)
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New Run at for high neutron energy 2023 NTOE

... taking advantage of higher flux which allows use of better collimated
neutron beam
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THE END



