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> Proton scattering experiment at RCNP
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Motivation
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Extracted transition strength for 12°Sn with
nuclear resonance flourescence
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B. Ozel, Ph.D.-Thesis, Cukurova University, Adana, Turkey (2008)
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Open questions TECHNISCHE
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» various models concerning the PDR > strength of PDR propably depend

» qualitative agreement on collective on the thickness of neutron skin

motion .
> experimental progress opens new

» different theories return different opportunities

quantitative results » case study of tin isotope chain
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Comparison Theory vs. Experiment
Summed BE1 strenghts
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Comparison theory vs. experiment
Centroid Energy
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Inelastic proton scattering CECHNISCHE
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> coulomb excitation
» nucleon-nucleus scattering

» polarized proton scattering
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Coulomb Scattering
Classical
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do 2 . —4 0
(@) =75 (3)

1 212262

with a =

dreg 4E
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Coulomb Scattering
Relativistic (1)
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O'(E Z/O',y.,r)\ nME dE,Y
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Coulomb Scattering
Relativistic (1)

1

O’(E Z/O',y.,r)\ nﬂ-)\E dE,Y

Photon numbers are:

Z?a 1
npp~ — ———

~ Qﬁ (3780 () + (% + Vg (€) +7°2(9)).

(go () +7°a (5)) )

The argument of g, adiabaticity parameter

_wb with w = E, /h

Vo
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Coulomb Scattering
Relativistic (2)
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E.Wolynec et.al, Phys. Rev. Lett. 42 (1979) 27
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Nucleon-Nucleus Scattering (1)  ECHNISCHE
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Protons may excite resonances:

isoscalar non-spin-flip (AT =0, AS = 0),
isoscalar spin-flip (AT =0,AS =1),
isovector non-spin-flip (AT =1, AS = 0),
isovector spin-flip (AT =1,AS =1).

vV v v v
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Nucleon-Nucleus Scattering (2) ECHNISCHE
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Vip(rip) = V< (rip) + VE(rip) L5+ VT (rp) Sip -

central term V€, spin-orbit term V> and a tensor component V7
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Nucleon-Nucleus Scattering (2)
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Vip(rip) = V< (rip) + V5 (rpp) [-S+ VT (rip) Sip -
central term V€, spin-orbit term V> and a tensor component V7

relative angular momentum

—

Wy

relative spin =0+
spin-orbit operator
tensor operator Sp=30;-to,-t—aci-0,, P=T7/|F

Pauli spin matrices

T

A W L ™l
5 .
L

For small angles — small momentum transfer g < 1 fm ™!, spin-orbit and tensor
part of the interactio are small compared to the central interaction
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Nucleon-Nucleus Scattering (3) CECHNISCHE
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Vip(rip) = Vo (1ip) + Vi (1ip) G - G + V£ (13p) Ti - 7 + Vi (1) G G - 7

500 T T T

400 | 1 » small momentum transfer
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W.G. Love and M.A. Franey Phys. Rev. C24 (1981) 1073
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Nucleon-Nucleus Scattering (3) S~
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Vip(rip) = Voc(rip) + Vac(rip) gi - 0p + VTC(r,-p) i Tp+ Vacr(rip) 0i - OpTi " Tp

500 T T T
400 1 1 » small momentum transfer
-1
A g<1lfm
S 300 f v 1 . .
2 Interactions with
T 0l | > 7; -7, — isospin-flip transitions
= N — . . ..
> » ;- 0» — spin-flip transitions.
100
.
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W.G. Love and M.A. Franey Phys. Rev. C24 (1981) 1073
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Nucleon-Nucleus Scattering (3) CECHNISCHE
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Vip(rip) = Voc(rip) + Vac(rip) gi - 0p + VTC(r,-p) i Tp+ Vacr(rip) 0i - OpTi " Tp

500 T T T
400 1 » small momentum transfer
—1
A g<1lfm
S 300 f v 1 . .
2 Interactions with
= o o . . . .
T 0l | > 7; -7, — isospin-flip transitions
5 » J; -0, — spin-flip transitions.
100
h 0 o0 00 200 » measurements with E=300 MeV
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W.G. Love and M.A. Franey Phys. Rev. C24 (1981) 1073
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Polarized Proton Scattering (1)
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Nucleon-nucleon scattering amplitude in PWIA:

M(Q) =A+ BO’iﬁUpﬁ + C(O’,‘;, + O'pf,) + EO’,‘@,(Ipa + FU,'FA,(IPFA,.

17.11.2009 | TU Darmstadt | Anna Maria Heilmann | 15



Polarized Proton Scattering (1)
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Nucleon-nucleon scattering amplitude in PWIA:
M(q) = A+ BO’;;,UF,;, + C(O’,‘;, + O'p;,) + EO’,‘@,(IP@, + FO’,'FA,(IPFA,.

amplitude coefficients consists of isoscalar and isovector terms: A = Ag + A, 71 -7
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Polarized Proton Scattering (1)
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Nucleon-nucleon scattering amplitude in PWIA:
M(q) = A+ BO’;;,UF,;, + C(O’,‘;, + O'p;,) + EO’,‘@,(IP@, + FO’,'FA,(IPFA,.

amplitude coefficients consists of isoscalar and isovector terms: A = Ag + A, 71 -7

1 1 1
M(q) = A+ §(B+E+ F)oi-op+C(oi+0p)- A+ §(E—B)5,-p(61)+§(F—B)5ip(b)
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Polarized Proton Scattering (1) R~
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Nucleon-nucleon scattering amplitude in PWIA:
M(Q) =A+ BUiﬁO'pﬁ + C(O’,‘;, + O'pf,) + EO’,‘@,O’F,@ + FO','FA,O'pFA,.
amplitude coefficients consists of isoscalar and isovector terms: A = Ay + A, 71 - 72

1 1 1
M(@) = A+ 5(B-+ E+F)Gi-Gp Cloi-+0,) -t 5(E~ B)Sp(@)+ 5 (F~ B)Si(p)

In the PWIA the T-matrix for the NN scattering is given by

T = (fIM(q)e %77} .
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Polarized Proton Scattering (2)
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T = <f|l\/l(q)e""7'?|i>.
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Polarized Proton Scattering (2)
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T = <f|/vl(q)e—"‘7'?|i> .
From the T-matrix to cross section and polarisation transfer:
do Tr(To;To;)

1
— = ZTr(TTT D; =
aq 27T, I T (T
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Polarized Proton Scattering (2)
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T= <f|M(q)e‘i‘7'?|i>.

From the T-matrix to cross section and polarisation transfer:

do 1 Te(To;Tlo;)

= ~Tr(TT! Dj = —-2-"
aq 27T, I T (T

For spin-flip transitions under 0°:
Dsy = Dis =0, (1)
s — Dy B =) X3~ 8220
(1B, + Fi) X3 +|B.PX

b, _ (CHBE+IRP) X + BLXE

(B +1FP) X3 +BX?

X7, X.: spin-transverse and spin-longitudinal form factors
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Polarized Proton Scattering (3)
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>

For spin-flip transitions under 0°:

Dss = Dyy = -+
Dif=---
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Polarized Proton Scattering (3) S~
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3 — (Dss + Dyn + Dr1)
4
At forward angles total spin transfer
s _{ 1 spinflip }
1 0 non-spinflip
From PT measurements the spinflip and
non-spinflip cross sections can be

z:

>

For spin-flip transitions under 0°: extracted
Dss = Dyy = - - do do
— (AS=1)=X{—=),
e i @s=1=x(g)

S?Z(As_mzu_z)(i‘;)_
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Summing-Up: Inelastic Proton Scattering CECHNISCHE
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> Nucleon-Nucleus Scattering
> Coulomb Excitation
» Polarized Proton Scattering

nonspin-flip cross sections — E1 excitations
spinflip cross sections — M1 exciations
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RCNP facility
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RCNP facility
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295 MeV
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high resolution

degree of
polarization: 70%
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Targets
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» tin foil isotropically enriched to 98.39 %
1205rl

» thickness 6.5 mg- cm~
> further targets: 12C, 298Phb

2
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Spectrometer ha" TECHNISCHE
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Spectrometer Grand Raiden TECHNISCHE
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Properties:
> total deflecting angle 162°

> high momentum resolution:
p/Ap ~ 37000

» momentum acceptance +2.5%

» dipole magnet for spin rotation

" D1 (DSR) for polarization

measurements

~ Focal plane
J—— detectors $
\

RSN
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Detector system of Grand Raiden
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. Carbon Block Hodoscope
Plastic .
Scintillator
Scinitillator \ N Scattered
Particle

Primary Beam

Focal Plane Polarimeter

» momentum and trajectory of

» nonspin-flip excitations — E1
scattered protons

» spin-flip excitations — M1
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» 14 days of measurements
» Scattering angles of 0° and 2.5°
Online spectra from (p,p/) reaction at 0° of 129Sn:

1800 [
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2500
1400
|
£ 2000 - fa00
5 ]
8 £
(% 31000
o
1500 |
800 |
1000 = €00
400 [
500 [~
\ 200 F
D“““X‘J““""“"l‘"L" 0 TN T I T T T S A S 8
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Excitation Energy [MeV] Excitation Energy [MeV]
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Reconstruction of scattering angles
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» Sieve-slit placed in front of GR
» Al = f(©, YY) dominated by ©
» Bl = f(©, Y) dominated by Y

Image at the focal plane

: B

10 ¢ " » -
T (# % &% 9
._E_.O_--F.i -
- e &% B B =
I L

10 % « = ¥

- 0

(C]

Reconstructed image

={|- # £ » t
. |
=% 5
- *___‘
T %
3 0 1

AlT%]
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High resolution correction - horizontal direction CECHNISCHE
UNIVERSITAT

DARMSTADT

B, [deg]

8, [deg]
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Determination of the background
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vertical position of protons
projected on vertical focal
plane

Gates on Y
» central region:

true + background
» side region: background

Counts
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120Gn(p,p’)-spectra
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Comparison with v,7 experiment
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> 12OSn(,Y',y/) 500 T T T T 20 T
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Comparison with v,7 experiment
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> IZOSn(,y',Y/) 300 T T T T T

data from
B. Ozel

200

Counts

100
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Comparison with v,7 experiment
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Comparison with theory
RQTBA
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Comparison with theory
QPM and RQTBA
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Comparison with theory
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Comparison with theory
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Comparison with theory
QPM and RQTBA
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Comparison with theory
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|
Outlook
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extraction of the differential cross section

analysis for 2.5°

another measurement with longitudinal polarized beam
identification of M1 excitations possible

comparision with theoretical models

vV V.V v v .Yy

better understanding of the pygmy dipole resonance
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|
Outlook
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extraction of the differential cross section

analysis for 2.5°

another measurement with longitudinal polarized beam
identification of M1 excitations possible

comparision with theoretical models

vV V.V v v .Yy

better understanding of the pygmy dipole resonance

Thank you for your attention
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Setup of nuclear resonance flourescence
measurements

4 TECHNISCHE
UNIVERSITAT
DARMSTADT

HPGe-Detektoren
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Systematics of the neutron skin

TECHNISCHE
H H H UNIVERSITAT
in the Sn isotope chain UNIVERSITAT
VOLUME 82, NUMBER 16 PHYSICAL REVIEW LETTERS 19 ApriL 1999
o3 3219
. F
E
=~ 02 - % | FIG. 3. The difference of the neutron and proton root-mean-
a r - .
= E square radii as a function of the mass number of the Sn
NA“‘ 02 isotopes. The full squares with error bars show the present
7] E results. The previous experimental results measured in p,p
' ooss B reaction [5] and by using the GDR excitations [6] are shown as
N L open circles and squares with error bars, respectively. The open
NAG C * and full stars show the theoretical results of Angeli et al. [19]
= 01 Eox and Dechargé et al. [21], respectively.
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