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{Reaction mechanisms -4 (Capture reactions) ]

Capture reactions : a special case of compound-nucleus (CN) reactions

a+A > C—> (B+b)+(D+d)+...

a+A > C — C+y

Capture reaction (via compound nucleus formation)



Reaction mechanisms -4 (Capture reactions)

a+A > C—> (B+b)+(D+d)+..

TA* s T]7T
Oy = D> @+ DTS s
P QD@+ &y

probability that a will cross the surface of A to form a compound state of C
having spin J. It depends on the orbital momentum of a

probability that b escapes from a state of the compound nucleus C with spin J.

sum of probabilities over all exit channels i.

If y emission then T from Giant Dipole de-excitation (GDR)

If particle emission then T from Optical Model Potentials (OMP)

CN is excited to continuum => Ts have to be averaged

TaA = Z fp(Ea"I) TciA (Ea) dEa
I

Nuclear Level Density (NLD)




Reaction mechanisms -4 (Capture reactions)
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Giant Resonances in nuclei
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Cross section measurements (The activation technique)

- - - 40cm—>§< 80(2m4’§
Reaction Irradiation time i |
sample irradiation SIS @ o mica
L (ideally tioq = 3T45) ; insulator Wallef saaimg
y - Ey insulators 4 (infout)
i . ] / \ E
2 eam; m
Qll ') . 2l |
DCC&Y - copper
> collifator F+300V SSB PP
+p (m) 4 measurements o=5mm detector block P T ™
= . pump 200 E NV L B
m3 collimator  anti-scatterer —) P (L=25 Mev)
=59 ¢=3mm ¢ =3.5mm LR é
Target P e ) w800 [ S50 T,
(An Zy) = . T+300V  4inch ports z . "
rotating base plates to Current 2 600k Bligles
(@s.) 0 Pa & 5 (at different levels) Integrator © o b
Produced s r |2 g E=25 N{GV
e y G
nucleus P IR . . . Eo oy el Now ot
o : The irradiation chamber at INPP/Demokritos A W
Ty,
2
0 (gs.) Ep (keV)
“Final”
nucleus C.- A
o= :
. Harissopulos — — - . — n—i ﬂyAt
Demulﬂ‘isfv:'l:ud:ri:stro‘érnup eff v IV -No-e Al : (l —€ /Itm) : (1 —€ ﬂVAt) Z{CDI e ( ) }
LR relec 82 83 Kr i=l
: ;il;;;"‘l' . 97 3;, ]05 _I_ T T T T I T T T T ‘ LI T I T T T T [ T T T T I T T T T | T T I_—
575 o 123 i | I - Brug,  "Br E=4MeV 3
-2.15 I =
-7.69 -4.36 2.65 0.8  Q_(p.n) (a) .
82 7
104 I MBI‘ —
m Br “Br ]
m —
— - —
1.2 527 6.14 6.33 7.50 870 Q_(p.g) g L i
I I I I 2 . .
287 'Wc‘" 359 AH» \i‘ -%SNH oy e U ]0 E_"rﬁ =
1 ! :: :_ ?1 0.5 -uh !llhf‘;:] E %2 5
80 Se [ 2, i
49.61 (%) 2 =
S E
25100) C 200 250 300 m
136, |99.6] AN I A A e by oo by o by oy by
200 400 600 800 1000 1200 1400

As

E (MeV)




Cross section measurements  (The activation technique-1)
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Cross section measurements  (The activation technique-2)
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Cross sections from y-angular distribution measurements -1
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Cross sections from y-angular distribution measurements -1
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Cross sections from y-angular distribution measurements -1
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Cross sections from y-angular distribution measurements -1
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Cross sections from y-angular distribution measurements -1
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Cross sections from y-angular distribution measurements -2

| unresolved entry-state parity:
n ° i
10wy ;TR (0| gyt e e
S _| states
Q-value + —=> MeV entry-state spin;
-vaiue —p—=-— . .
v J-Jp| < JewrRy £ Tr s
) . TARGET : even -odd nucleas
> B Lm0 | L=
=]
2 : discrete = == ==
v - excited
' : states
" o
Target "
Nucleus LEO
s=1/2 _— — TARGET : even-even nucleus
—_— ) ‘ | =0 [ L~
s Jm ¥ | ground state = BT
Compound Nucleus KN -




Cross sections from y-angular distribution measurements -3
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Cross sections from y-angular distribution measurements -4
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Cross sections from angle-integrated y-spectra / 1
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Cross sections from angle-integrated y-spectra / 2
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Cross sections from angle-integrated y-spectra / 2

500
400
2
= 300
QO 200

100

-I-irl /- IDllI

R =

90

Segmented Nal
@ Demokritos

\

Y(p, ) Zr

4 6 3 10
Photon energy (MeV)

Nal(TI)

b

l—>

* {arsct

'Cs (measurements)
s (GEANT4 sim)

“Co (measurements)

"Co (GEANT4 sim.)

12

5 10 5 0 5 1015
Distance d (¢cm)

I 1

I ] s
AN e e A S ] B W SR MRl A

1 5

20

@ DTL-Bochum =

-
gﬁ'

@
=)
<
=3

400

Counts /120 n

[*]
=1
>

Encrgy (MeV)

R=248M

. 2‘M,gq.; YAl
m PAlpy”Si
¥ “Silay)’S

0
05

1.0

1.5

20 25

30

Average multiplicity <M>

3.5

0.35

Abs. sum-peak efficiency €

010 b

Monocrystal Nal
(@ Univ. Bochum

= Mg(py) Al
® Alpy)TSi
*Sifan”S

4 6 8 10
Photon energy (MeV)

entry state

i

P B B
% B,
T,, =809 ms S

90Zr
Y,=F,/(N
Y, = Fy / (Nppo; X

PFOJ

12

0
0+

Y,=F,/(N

PFOJ

9 10 11 12 13 14

Sum-peak energy E_ (MeV)

=¢g,+a-exp(—E;/b)

o1 = (A/N,) (Yror/ €)




Cross sections from angle-integrated y-spectra / 2
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Cross sections from angle-integrated y-spectra / 3
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Typical 41t y-summing (angle-integrated) y-spectra
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Spectra comparison
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Direct cross-section measurement methods for captures

OFF-BEAM IN-BEAM IN-BEAM
activation y-angular distribution | angle-integrated
MEENNIENERS NEENNEINERS NEENNGEINERS
reaction final nucleus an an
to study must be unstable ny y
target enfiched or enriched enriched
natural
If, then If, then If, then
backing low-Z high-Z mostly high-Z
(C, Al Si ..) (Ta, Auy, ...) (Ta, Au, ...)
Barrodl dioe Dlbess large-volume 41t calorimeters
detectors (430%) HPGe (arrays) [ large Nal(Tl) ]
i (€270%) (e~100%)
y rays in most cases up to up to

to detect EY < 2 MeV EV = 15 MeV EY ~ 15 MeV
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