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Study of pair vibrations
as an elementary nuclear mode
using the (a,®He) reaction

Masanori Dozono
Kyoto University
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Nuclear matter

Pair condensation

Gauge symmetry breaking (U(1))
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Nuclear matter vs Finite nuclei
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New idea : Paur' fleld s‘ra’rlc polar'lzablll‘ry

- Static polar'lzablllty pair BY M Matsuo (N"gam)
for Py = Pog + Ppyy ! field . |
2
oo SP ((.U) "61 1.5
- J 55 > R =
X p, = 2M_f — 2/0 dw gw g L0
2 0.5 —
° oo
- Pair energy curvature 00 L LA A
o[  ~85%: s0
E 1;_ 85 80
1 a U : 70
C Ceond = —— o o : :Z
ap - 0.6
% H £ Data up to Ex ~ 20MeV | 4o
‘ = O-4§— . 30
o & .,.| |:s needed 20
cf Hellman-Feynman theorem N TNt T TR

Excitation energy [MeV]

- Higgs ~ Pair vib.
- C can be evaluated from systematic data for pair vib.



Exper'lmen’ral a’r‘remp'l's for' ngh Iymg PV

Sn(p 1') at 42MeV

- 120Gn,208Ph(p,t) at 50,60MeV B. Mouginot et al., PRC 83, 037302 (2011)

- 1205n(p,t)!18Sn at 35MeV

G.M.Crawley et al., PRL 39, 1451 (1977)

1205p(p, +)!118Sn
at 35 MeV
60015 y
L g
SO $ E=13.6+0.1 MeV
5::)0= 2 =1.5+0.4 MeV
S 400 T~
a 3 0 T
w E* [MeV]
& 300
% C M. de Napoli et al.,
© 2001 Acta Phys. Pol. B
C 4,437 (2014).
100}
o.J.LMI — ' 2 : g

M. de Napoli et al., Acta Phys. Pol. B 4, 437 (2014).

Existence of PV at ~13MeV
is indicated but not conclusive...

D 4

A more efficient tool
Is required




(a 6He) reaction

A probe to hlgh Iylng palrlng modes

- L=0 transfer matching —> Increase population of high-lying O modes

70~
- 120Sn(4He,5He)118Sn(15MeV)
:- 60—
S &
5 - 50—
£E .
S 3 “
25
= C 2 2 _
N E = L}, = kR.(kR. —27)
& E | Red: 4He+120Sn
“k Blue: 6He+118Sn
o1 v v v 1w v by b b b 1

60 80 100 120 140 160 180 200

Beam energy [MeV]

- Sharp diffraction pattern of
angular distribution
(due to strong absorbed feature)

—> Reliable J= assignment
using MD analysis

10=
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j E | 120Sn(4He,5He)118Sn(15MeV)
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Test experiment @ CYRIC (Tohoku)

- 1205n(a,bHe)!18Sn - 6He detection
- Target : 1205n, 3mg/cm2 - Si x 3 + VETO of elastic
- Beam : a, 100MeV, ~1nA - PID (AE-E method)

(L=0 Matching at E~15MeV) o @ @ - 8 — 180 with 0.6° step

'Si detector

120Sn target

scattering i Pl N
a beam
chamber

-




1205n(a,%He)!'8Sn at 100MeV  120Sn(p,t)!18Sn at 35MeV

| £, =100MeV X3 ] M. de Napoli et al.,
15F @,,=8.2—17.4° - Acta Phys. Pol. B
= = | 4,437 (2014). |
= | Pai - 3
< - ail" 600(— w i
— Trot. % =
- ' C. & € E=13.6+0.1 MeV
1.0 500 ¢
2 I r=15:0.4 MeV
& S 400 T~
n 5, 9 10 T )1;2“ ]Wl:f T 15 ’
Ll = [MeW
a & 300 B=0.772T
g E=13.5 MeV % 505597‘
5 0=0.5 MeV © 200{— :fg:ggﬂ
- ‘ B=0.546T
100H
T ST SO T SO T ST Wi oClinand WM s A e
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E* [MeV]
Excitation energy E, [MeV]

We found a clear peak at ~13 MeV
—> Effectiveness of (a,tHe)



Ex spectrum

120Sn(a,éHe)!18Sn at 100MeV

Cross section [A.U.]

1.0

| E,=100MeV | 3
1.5

: Pair
| rot.

v

B0, =8.2—17.4°

E=135 MeV -
6205 MeV

..................................................

2 4 6 B8 10 12 14 168 18
Excitation energy E, [MeV]

Transition strength

HFB+QRPA by Matsuo-san
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| pair rot.

1206n —»> 1189

Excitation energy [MeV]

Candidate for high-lying PV ?



Comparison with DWBA results

- Normalization factor : Determined by g.s.
—> Exp. data at 13.5MeV is consistent with DWBA prediction

1205 (*He,%He)!'8Sn at 100MeV

- —
 E_=0.0MeV . E, =13.5MeV ,
— - ® exp. - ® exp. -
m 1071 — calc. calc. 7
> : (pair—rot.) ("GPV") ]
& .
— _
q 10
C )
3 ]
\ w
O 1073 T 5
hd /
10~4 d. 1

L 4
10 15 20

Candidate for high-lying PV ?
Further measurement is needed
(Especially forward-angle data)



Planed experiments at RCNP

a beam : 60~120MeV

- Sn target : A=112-124 Grand Raiden spectrometer
- 3~10 mg/cpz AT -

- Reaction : (a,tHe)
- 6He detection with Grand Raiden

- Ex=0—20 MeV
- 6=1—10° DSR

_-—--~ A
—

- 6rand Raiden spectrometer
serves as a separator from 6He |

' Q1-F.C. — gk
huge BG events (beam' eIGS'l'IC) Focal Plane Detectors (GR=2.5.4.5° ) I

f I
Scattering Q

- BG6-free measurement /E; e
for the forward angular region o 1‘



Summar'y

ngh Iymg pair vnbr'a'rlon is a key
to understand the mechanism of pair-condensation

- To probe high-lying PV, we devised (a,®He) reaction

- Test experiment @ CYRIC showed
effectiveness of (a,éHe) reaction

- 1205n(a,tHe)!185n @ 100MeV
- Clear peak @ 13MeV in 1185n

- New experiment using GR spectrometer is planed at RCNP
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