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Gamow-Teller transitions

B-decay: . Fermi (F) decay: ‘ ]/€> — ‘T\L>
Nucleus AL=0,AS=0,AT=1
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/>c Neutrino
Gamow-Teller (GT) decay: ‘ V€> _ ‘TT>

n=>p AL=0,AS=1,AT=1 -
Our experiment: : :
Charge-exchange reaction / Outgoing triton

Fixed -

3He2* beam Sn-target Access to GT/F-transitions
140 MeV/u > with all kinds of Q-values

n=>p

! \ Recoil Sb-nucleus
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The Gamow-Teller Observable

We are interested in the strength of the GT (or F) transitions:

1 1
BGT) = 37— (Uflor|¥) P B(F) = 77—

(W) |

These can be extracied frog#the differential cross section of the reaction.

v(r)

Measuring B(GT/F) gives information about the
nuclear wave functions.

Neutrons

-

=

Exp. data on B(GT/F) leads to a better
understanding of the underlying nuclear structure.
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116,122Gn = 116,122G|

H N Insufficient GT-data.?
BN M Ends at

n Il . Sn/Sh/Te- p process
B W m Cycle’.

I process

stellar burning

—— Knowledge on
B(GT) helps us
understand
nucleosynthesis!#>

Big Bang

L neutrons

protons
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= Need B(GT) for Ovpp-decay models*
=> neutrino = Majorana ??
=> Hints to GUT & SUSY?%34
= Matter/antimatter asymmetry explanations®
=» neutrino mass might be constrained to meV*

For understanding the evolution of the
universe, we need to understand:

=>» Nuclear structure

=>» Nucleosynthesis

=>» matter/antimatter asymmetry
=>» Neutrino nature
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synthesized known galaxy St ren C] t h S.
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Experimental setup

Focal plane detectors:
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Grand Raiden
Spectrometer
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Triton track

Trigger signal

=» Reconstruct the track

by fitting a line
(X.y.0,9)

Qi / LowEtrlton
4 pos. \’ - DSR

coordinates y 7”,"

Focal plane
detectors

exchange
(°He,t)
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140 MeV/u
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Extraction of the cross section
6000 — 3He+-peak 116Gh |AS

Analyze the data peak-by-peak
=>» For each peak, split E* in bins of

04000 — the scattering angle o
= _
g 3000
o L
2000 — 1oSbg.s. GT(?) states of

_ Q-value = 4.76 MeV {_A_\ interest W

1000 ZJ k 'J
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Extraction of the cross section

Sn-target ol = (e—ebeam)2 + ((I)—d)beam)2

Vertical angle ¢
Horizontal angle 6

» Scattered triton (Ex)
Scattering angle a

SHe-beam
140 MeV/u

EEEEEEE
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Counfts 4
My

E* [MeV]
‘ Bins of 0.3 degrees 3]
- in scattering angle o

E* [MeV]
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Extraction of the cross section

1

= Fit Background + Gauss with tails: f(x) = C e_fz(m;“) : (1 + Aer—1) 4 Beb(“_w))
= Compute area: ~ Co = Convert to absolute nr. of counts.

400 — No 0
[ a=0°-03° wwf 0 =0,3°-0.6°
'2 300 = _g 800 f Area do- S Q
3 5 _ | — . .
[=] o 500
O 200 (¥]
A, € m 2e
100 = 200 /]\
= o — —  Detector
Energy [MeV] E [MeV]
s Y 1000 neray e acceptance
g 1000 g 800 <
§ 800 § 600 DeteCtor -
. a0 Efficiency
200 L 200 _ Ta.rg et
Jmam—— e —— — This example: IAS-state  thickness
86 8 X
Energy [MeV] Energy [MeV] near 8.2 MeV of Sn-116 Integrated

o =0.6°-0.9° a=0.9°-12° (AS=AL=0, AT=1) beam charge
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Charge exchange: ** || Q-value =4.76 MeV
116 _
Results °Sn  ar-1 N
Nuclear theory: ga000/™
10 — AS =1 (IAS=0) Sl Other states
E (when AL=0) 2000 |- 1635p g.s. = Same trick
~  Ground state AL=0 1000~

=» Gamow-Teller

9 Wlre W

Fermi-state (IAS) ]
itafion Ehergy [MeV]

AL=0

€

IIIIIII

<«—-PWBA: AL given by
Sph. Bessel function

N
Gamow-Teller state \ , Jo)
4

Spin-dipole state

—h
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Q-value = 1.59 MeV
1225h |AS

Charge exchange: 10000

Results 122Sn  ar-=1

8000

o 2 °F

0 10 Nuclear theory: S 6000 _ _

o = AS=1(IAS=0) & + region of interest

.§. - (when AL=0) 40001 \

- B AL = 0 =» Fermi state (I1AS) 2000 -

;,% B AL = 1 =» Spin-dipole ground state oJ 1

&) 2 4 6 8 10 |12

Q 1 = [Excitation Energy [MeV]

n -

0 n

8 N

B : Spherical Bessel

© AL = 1 = Spin-dipole staté function > AL

"GC: 107 = AL = 1 9 Spin-dipole state c "\ o)

o B AL = 0 = Gamow-Teller state - ()

= ~ | AL=0 I-) Gamow-TFIIer state - _ \\

Q 0 1 2 3 4 \><://7<:
Scattering Angle [ded] L~
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Outgoing plane Nuclear Interaction

Obta| N | N g B (G T/F) wave (—dep. potential

Asymp. behaviour of scattering exp:
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W) = fla)- %gﬂ*fw DWBA:
_M A
3+ a) = ——(P|V|V
H fla) = S (@IV]w)
1228n
SHe?* .) Distorted wave:
Incoming plane
N do 1 f(a)? wave + scattered wave (f(«)-dep!)
U(i) = etk df Compute V from Franey
& Love interaction: Phys.
Exp. Physicist: Rev. C 31, 488 (1985).
FOLD-package: Solve f(«a) by numerical
J. Cook etal., iteration
+ Phys. Rev. C 30 1538 (1984) > Compute do

R. G. T. Zegers et al., —
Phys. Rev. C 74 024309 (2006) )
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S A Extrapolate from fit: d_U . do
daObtalnlng B(GT/F) ol 7l
dQ mb/st Eikonal approximation:

10— do
- —| =K-NP.|J,.|* B(GT/F)
- dQl| _, | }
B q= Y A
] Unit Cross section: Calculgte
through theory, or use
Procedure under PRL 99 202501 (2007)
1= developement!
- > Fit DWBA-result
- (norm. only)

Observable
of interest!

Data from 122Sn=>»122Gp |AS
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0 1 2 3 4 5
Scattering Angle [deg]
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Conclusions

=» Angular distributions of the cross sections of the low-lying states of
116,1225n(3He, t)116.122Sh were measured for the first time.

= Gamow-Teller states were identified through AL=0, AS=1, AT=1
=>» We are now comparing our results to DWBA-calculations.

= We will extract B(GT) / B(F) from those comparisons.
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