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Ab initio calculations of light nuclei tells us that Pion
Exchanges are most important for forming nuclei

¢
X4

The pion exchange interaction includes the central
| force and the tensor force with same strength.

 80% of attraction is due to pion
* Tensor interaction is particularly important
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Ab initio calculations of light nuclei tells us that Pion
Exchanges are most important for forming nuclei
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The pion exchange interaction includes the central
force and the tensor force with same strength.

 80% of attraction is due to pion
* Tensor interaction is particularly important
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The importance of pion is clear in deuteron
|
50— S=1 and L=0 or 2
100 |- TE A 1 1 +
< [ |centa _ Binding of deuteron (1)
1) ———————————————————————————————————
= o Energy —2.24 [MeV]
== = Kinetic 19.88
-100 (SS) 11.31
-150 |tenlsor 1 ] 1 1 ] (DD) 857
000510 15 20 25 30 35 40
r [fm] Central —4.46
(SS) ~3.96
0-45 (DD) ~0.50
0.40 —
035 Tensorc —16.64
> 0.30 (SD) —18.93
= 025 (DD) 2.29
= 0.20 — —
0.15 ~1.02
= 010
0.05 P(D) 5.78 [%]
0.00 . _
Radius 1.96 [fm]
(SS) 2.00 [fm]
(DD) 1.22 [fm]
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Evidences of tensor forces in nuclei
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Change of magic numbers

9,
L4

Magnetic moments of doubly-magicx1 nuclei

)
X4

(s1/2)? and (p1/2)? mixing in 1Li neutron halo

/
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THEORETICAL PREDICTIONS

W. Horiuchi and Y. Suzuki,
PRC76, 024311(2007)
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THEORETICAL PREDICTIONS

1. W. Horiuchi and Y. Suzuki,
:= AV18 PRC76, 024311(2007)
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(P,D) SCATTERING

= SUITABLE TO PICK UP HIGH MOMENTUM NEUTRON =
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K. Sekiguchi et al.,
PRL 95 (2004) 162301
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(P,D) SCATTERING

= SUITABLE TO PICK UP HIGH MOMENTUM NEUTRON =
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: , Reaction at backward occurs by
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160 REACTION AS AN
S1p T XAMPLE
J P —e0—ee— | °
P -9900-00-00-
_ O 9@ 00— O O
P2 - 900000 00- 0000 000 — 090000 0000
gs 1/2- 3/2- 1/2+ 3/2+ 5/2+
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160 (p,d)'>0O REACTION AS AN

EXAMPLE
ds/2, s1/2 @
P2 —@@ oS —00@ 00— O O
P2 990900 0000- 0000 000 — 090000 0000
gs 1/2- 3/2- 1/2+3/2+. 5/2+

o 160____

P —@-@—@-O—
P -9000-00-00-
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160 (p,d)'>0O REACTION AS AN

EXAMPLE
ds/2, s1/2 @
P12 —@@ oS —00@ 00— O O
P2 990900 0000- 0000 000 — 090000 0000
gs 1/2- 3/2- 1/2+3/2+. 5/2+

oo

Tensor interaction in 190

° .

160) AL=2, AS=2
S12 = — p_n paII'I ye.s
00— n-n, p-p pair: no 9000
P -0000-00-00-
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AT 45 MEV
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F16. 2. Energy-level diagram of O displayed beside a deuteron energy spectrum from the *O(p, d) %O reaction
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DATA AT RCNP

H.J.Ongetal arXiv:1205.4296
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Transition to 1/2+ is as strong as the transition to the ground state.
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http://arxiv.org/abs/1205.4296
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using the Dirac phenomenological
potentials. (by K. Ogata)
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potential.
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The dashed (dotted) curve represents the
ratios of the 1p3/2 (1d5/2) and 1pl1/2,
obtained by zero-range CDCC-BA
calculations with finite-range correction
using the Dirac phenomenological
potentials. (by K. Ogata)
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5.00 by Woods-Saxon pot.
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obtained by zero-range CDCC-BA
calculations with finite-range correction
using the Dirac phenomenological
potentials. (by K. Ogata)

Wavetuncions are from Wood-Saxon
potential.
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Study of channel spin S of correlated pn pair

at high relative momentum (P, )

Start from 4He, because of its simplicity.

11
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e Method: (p,dp) measurement

' S
Initial = “Correlated
( v pn pair”
| o
| P P
' 2\
“He (0%)

Study of tensor correlations in *He via the *He(p,dp) reaction

O
Recoil-free O \

(spectator)

“Residual
pn pair”

O

inal d

P

v v —— - -.--.,.-.q—-.—-——-l.

The excitation energy of residual nuclei (E;™)
can be determined by missing mass method.

G i

E;re'=-2.2 MeV 0=E.*<1MeV |
Residual Deuteron Continuum i
pn pair State State
S=1(J=1% S=0 (J =0%)
l (J-conservation) l
Correlated @
pn pair

“We can identify
the spin of correlated pn pair

II)

1%

o — o  ——— — ———— — ———— . e

13%E3H14HAKEH



Expected observation

Mt B B b B b R R R B e b b B bl B R L B B b B B Bl B L R B B b B b L R B B B b B b B R R B b b B B R R B e b B B B L R R B B b

“He momentum distribution

— Variational Monte Carlo
Schiavilla et al., PRL 98, 132501 (2007)

S=1 fraction in pn pairs

N(pn; S=1) N(pp)

N(pn; S=1) + N(pn; S=0) N(pn)

' N
if L=0
pn:(S=1, S,=+1, T=0)
(S=15i5i=10% T=0)
(S=1, S,=-1, T=0)
(S=0,S,=0,T=1)
| pp: (5=0,5,=0,T=1) |

=0) (fm®)

Pnn (3,Q

1-N(pp)/N(pn)

maybe Coulomb ?
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Experimental Setup

WS course in RCNP
Beam : proton 392MeV 10nA
Cryogenic Target (by Sagara Gr.):

‘He gas at 2atm & 10K
[Aramid window 12.5mm x2]

")
ST 1.
28 |
k0 » 1
1

"Tensor region” can be covered.

. . v » » . Y - Y
pate g Aan g AR s f-u"f N LA VA TR e e

- )

IThis is not
e data ) |

Measurable
at RCNP (@L. l!ﬂl !

- oA - RN - LEN e
¢ My o

1-day Test Exp. last June
for 315MeV/c.
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d°01,/d04dQ,dE ,dE
(ubsr ?MeV~?)

An observed spectrum

Mt B B b B b R R R B e b b B bl B R L B B b B B Bl B L R B B b B b L R B B B b B b B R R B b b B B R R B e b B B B L R R B B b

A spectrum at Pr;=315 MeV/c

4He(p, dp)
+

éxlO

—4 -2 0 2 4 6 8

Residual pn relative energy (MeV)

RESULT

— S=1:100 (+0/-2) %
—5=0: 0(+2/-0)%
c2/ndf=4.2

“Dominance of S=1 suggests
strong tensor correlation at P,,=315MeV/c. ”
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Experiments at GSI

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

= p(°He, d)°He and p(°Li, d)°Li reactions at (0 degree
scattering angle.
= at200A,500A and 800A MeV

= 160Q+p -> 150+d at 0 degree scattering angle
= at 800A and 1200A MeV

= (Sl is only the place where such beams and high resolution
spectrometer are available!

16
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Momentum distribution in °He and °Li

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

plk) [fm”]

z & 8 10
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Productio

Target: Be&

Experimental Set up

Experimental Setup for p(°He, d)°He reaction
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An important development for future

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
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An important development for future

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

Tagging of >107 secondary beams

1
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Multi-Pixel Photen Counter

19
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OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

Tagging of >107 secondary beams
MPPC can count 10%/s per
Fiber scintillators

19
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An important development for future

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

Tagging of >107 secondary beams
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Kinematics of p(°He, d)°He reaction
near 0 degrees with 800A MeV
incident

Yield estimation
Under the assumptions;
1. The incident secondary beam: 107 /s

2. The target thickness: 12 x 1022 /cm2 (15 mm
thick)

3. Cross section: 10 pb/sr

4. The solid angle: 1 msr (assuming the opening
FWHM=32 mrad from Terashima’s calculation

The detection rate of deuterons is ~0.7 /min or
1000 /day

Angle of deuteron in the Lab. [degrees]
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w
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Pis Histogram
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Pts
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Beam time request

Bt B b B B L R B B B b b B b B R R L B b B B B B R R B b B L

ﬁﬁﬁﬁﬁ

b L L R R B B b b B B B L R B B b B B L R L L B B b

—— —— —— e~ ¢ —— -.--.,.-.q—-.—-——-l.

| Primary beam | Secondary | Time necessary for Measurement time sub-Total

' [MeV/nucleon] Beam setup [days] [days]

|

!

5 Li 250 6He, SLi 1 4 5

l
i 524 ®He, °Li 1 4 5
i 810 °He, °Li 1 4 5
°Li 200 0.5 0.5 1
°Li 500 0.5 0.5 1
°Li 800 0.5 0.5 1
Contingency 3
Total 21 days
Requested

21
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For proton beam experiment 1°0O(p,d)!>0O
at 0 degree

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

= Estimated yield of relevant deuteron with ~).5 g/cm ice
target is ~0.5 /s for 108 /s incident beam. 10h of
measurement gives enough statistics for all states (3/2-, 1/2-,
and 5/2+)

= In total a few days of beam on target is enough.

bl
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Summary
Tensor forces plays important roles for binding nuclel.
It also contribute to changes of orbitals in new ways.
Tensor forces can not be included in a mean field model in a
explicit way.
Effects of tensor forces depend strongly on configurations of
nucleons.

One of the direct method to see tensor forces effect is to
observe high-momentum components of nucleons in nuclei.

The experiment at GSI will provide essential information on
the importance of tensor forces in nuclei
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