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T = 3/2 channel of 3-Nucleon Forces

Energy (MeV)

» Important roles for Neutron-rich nuclei, Neutron matter, etc. ...

» Total isospin channel of 3NFs is limited to 7= 1/2 for d+p. ﬂ
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. .
3NF Study via p-*He Scattering

@
[ Measurement of p+He system (£, > 65 MeV) Observables
"~. Approach to iso-spin dependence of 3NFs (7'= 3/2 3NFs) . Cross section,
. . Analyzing powers, |
N, First Step from few to many nucleon systems . Spin correlation coefficients.
“~. Theory in progress...
up to 30 MeV
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M. Viviani ef al., PRL 111, 172302 (2013). A. Deltuva and A. C. Fonseca, PRC 87, 054002 (2013).



Measurements of proton-*He Scattering

o——d) E,-6570,100MeV

Reported in “AW et al., Phys. Rev. C 103, 044001 (2021)” for 65, 70 MeV,
“AW et al., Phys. Rev. C 106, 054002 (2022)” for 100 MeV.




Experimental Setup @RCNP, ENN course

Vacuum Chamber yBi|
ENN Course
QM9-ENN
BM5-ENN e
Polarized *He Target \ R Beam Line Polarimeter

(Beam Monitor)
* Beam Pol. : 45%

* Analysis Reaction : d-p elastic scat.

' Method: AH-SEOP
| Target cell: GE180 glass

' 3He gas: 3 atm, ~2 mg/cm?

5m

Typical pol.: ~40%

BM : Bending magnets
QM : Quadrupole magnets

Proton Beam
(100 MeV, 30 nA) 7
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Experimental Setup Around the Target

1t op view Left Detectors

AE-E detectors
(pla.+Nal(TI) scinti.)
Qlab = 35°-135°

» to F.C.

E p, - Beam pol.  py, : Target pol.

+ A, Ay, : Analyzing power

Pol. 3He Target

Polarized Cross Sections

Right Detectors L* = Lo (1 + pyAy + poy Aoy + PypPoyCy.y)
R"™ = Ry (1 — pyAy 2368 pOyA()y +pyp0’ycy,y)

Spin observables are extracted from scattering asymmetry.




Experimental Results
&
Discussion




Spin Correlation Coefticients C,, @100 MeV
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*Calculations : A. Deltuva, private communications

' CD-Bonn : Realistic NN potential

i CD-Bonn+A : Coupled channel potential with A-isobar
—> Effective 3NFs

INOY 04 : reproduce 3N binding energies

v" Date are compared with the calculations
based NN potentials.
(total angular momentum : j <4)

v Large A-isobar effects are predicted.

v The A-isobar effect improves the agreement
with the data.
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A-Isobar Eftects for Differential Cross Sections

» The effects of the 2N dispersion and those of 3, 4NF effect are
singled out separately. A A A

- 2N Dispersion : 2N interaction including A-isobar
- 3, 4NFs : Effective 3, 4NFs by taking into account A-isobar




A-Isobar Eftfects for Differential Cross Sections

» The effects of the 2N dispersion and those of 3, 4NF effect are
singled out separately. A A

- 2N Dispersion : 2N interaction including A-isobar
- 3, 4NFs : Effective 3, 4NFs by taking into account A-isobar

p+He @100 MeV
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A-Isobar Effects for Scattering Observables

» The effects of the 2N dispersion and those of 3, 4NF effect are

singled out separately. A A A
- 2N Dispersion : 2N interaction including A-isobar
, o , N N N N N NJ|IN N
- 3, 4NFs : Effective 3, 4NFs by taking into account A-isobar
2 0.2
~ @100 MeV
g v" Contributions of dispersive effect and
T effective 3, 4NFs are comparable.
2 v" Effects of 3, 4NFs are enhanced at 100 MeV.
= 02 (At 65 MeV, the A-1sobar effects are mostly
- — CD BonntA } from the 2N dispersion.)
Lo CD Bonn+A (3N+4N)
RS CD Bonn+A (disp.) *
_04 ¢ exp.data *
: C,,, expands the knowledge of
ca v b b b b b v gy y’y
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nuclear interactions with the A-isobar.
O [deg]
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Summ ary Tokyo Tech

Study of 3NFs for p-*He elastic scattering at intermediate energies (E/4 > 65 MeV)

“§, First step from few-nucleons to many body
N, Approach to total 1so-spin 7'= 3/2 channel of 3NFs

Measurement of C, , for p-"He elastic scattering at 100 MeV

. Precise data of C,,, with wide angular range. Exceuem too] f;
. Comparison the data with the predictions based on NN potential 3NF study or

v Calculation (with A-d.o.f.) improved the agreement with the data
v’ Different properties from d-p scattering system

—> The possibility of exploring the 3NFs in p+3He, which are not accessible in d+p.

' Future Plan

1
I
1
: d-p scattering : Complete set of spin correlation coefficients :
: - Determination of 3NFs based on yEFT from d-p scattering data i
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TOMOE Project

D Determination of YEFT 3NFs from d-p elastic scattering ]

Experiment: Theory:

Measurement of spin correlation coefficients Chiral Effective Field Theory (EFT)
for d+p f
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TOMOE Project

D Determination of yEFT 3NFs from d-p elastic scattering 1

Experiment: Theory:
Measurement of spin correlation coefficients Chiral Effective Field Theory (EFT)
for d+
L | 2N Force 3N Force
pol. d-pol. p Elastic Scattering @RIBF LO
@ay A ] }
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