nvestigation of the trineutron in pionless EFT

Shung-Ichi Ando

Sunmoon University, Asan, Republic of Korea

2016 JAEA/ASRC Reimei Workshop, Inha U., Inchon, Korea, Oct. 24-26, 2016 —p. 1



Outline

* Introduction: Tetraneutron and trineutron
* Trineutron in pionless EFT

* Summary

2016 JAEA/ASRC Reimei Workshop, Inha U., Inchon, Korea, Oct. 24-26, 2016 —p. 2



1. Introduction

Recent result from RIKEN exp. suggested a formation
of tetraneutron around the threshold.
K. Kisamori et al.,PRL116,052501(2016)

Recent theoretical works reported difficulty of its

formation.
See, e.g., Hiyama et al., PRC93,044004(2016)

For trineutron both experimental and theoretical works
have been reporting negative results of its formation.

Though it is unlikely to see a formation of trineutron in
pionless EFT, we may study it for study of the tetraneutron
system in the future...
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Halo/Cluster EFT

e Effective Field Theories (EFTs)

* Model independent approach

* Separation scale

» Counting rules

» Parameters should be fixed by experiments

* For the study of three-body systems the unitary
limit can be chosen as a first approximation.
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Unitary limit and limit cycle

Three-body systems in unitary (asymptotic) limit
e If an interaction is singular, the system exhibits
cyclic singularities, so called limit cycle.

e It is necessary to introduce a counter term for
renormalization.

Efimov-like bound states
Infinitely many three-body bound states (whose

energies B(") appear, for three-boson case,

n—nx

B(n) _ (6—27r/30) KJZ/m,

where sy ~ 1.00624 and e7™/$0 ~ 22.7.
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No Efimov effect with P-waves

Impossible because of negative probability
Y. Nishida, PRA86,012710(2012)

Applicable at small range of the cutoff values
E.Braaten et al., PRA86,012711(2012)

Formation of unphysical bound state
C.A. Bertulani et al, NPA712,37(2002)

We expand the effective range corrections in the
P-wave dressed dineutron propagator.
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2. Trineutron in pionless EFT

Trineutron system for J7 = %i states including 'S
and 3 P, two-neutron interaction are considered at
leading order.

Three-body contact interactions for the J™ = %i
states are introduced to make a bound state and
study the limit-cycle-like divergence in the system.
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Effective Lagrangian

_ nf{w.aJr(”'ii_aTnJr...,
Lstnn) = osdl [iv -0+ (v iq); — + AS} ds — Ys [dl (nTp(lso)n) + H.c.] NI
Lpnn)y = Upd;r, [iv -0 + Ch (Z?jbn_ o + Ap} dp — Yp [d;; (nTP(SPO)n) + H.c.] e
Lin = —mny? %nmldsn — 4?:577, h(A)an};dpn NED
where

—
p(tSo) — —ilag, pCPy) — —i10'25"' _iD — D 7
2 2 2mn,
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Two-body parts: S-wave

Dressed dineutron propagator for S-wave

— - L =+ A =+

Renormalized dressed dineutron propagator

. 1
Ds(po,p) =

1 1 -
Lo + 1% — e
mnn

with

aAnn — _18.5 :l: 0.4 fm.
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Two-body part: P-wave

Dressed dineutron propagator for P-wave

l Renormalized dineutron propagator for ! Py channel

1

Dy(po,p) =
— . 5 .\3/2
alp %rp (%p Mn PO ’LE) (%p Mn PO ’LE) /

where a, and r,, are the scattering volume and effective momentum for 3 Py channel. a,,
and r, are fitted by using phase shift for np channel up to £ = 160 MeV:

ap = —6.52+0.00 fm3, 7, = 7.274+3.71 fm~ L.
Then we expand it as

L 9 1 5

1 3/2
Dp(p()?ﬁ) = Qap — §aprp (ZPQ - mnPO) - CL?) <4p — MnpPo — 7/€> .
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Three-body parts: J™ = 1' channel

where

=  —4r [Kss(p, K E) 4 2 (A)}

A2

Y

2 A
‘|‘—/ dll2 |:Kss(p7l5E) +
0

s

g(A)] t(l, k)
AL L omE A

ann

1 2412 4+pl—mE
Kss(p,l; E) = 2_1n <p2 2 - ) '
pl p* 4+ 14 —pl —mE
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Three-body parts: J™ = = channel

1
2

W7 TENETE
RS RAs L)

27
mnTrp

Wmln T /A dlI2 [Kpp (p, I; E) + h(A)] D ( nll z) oL, k)

1/ /dll2 Kps(p,l; E)D (
MnTp

a(p, k) -

[Kpp(p, k; ) + h(A)]

f) b(l, k),
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b(p> k) —

Kps (p7 la E)

K (p,1; E)
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—27 Ksp(pak;E)
MnTp
1/ / dlI’Ksp (p, 1; E) Dy ( ,f) a(l, k)
mnrp
2 7-(—) I
z dll K5 (p,1; E)Ds 2,0) b(l, k),
7T 0 n

p? + k2 . <p2+k2+pk—mnE>
pk p? 4+ k2 —pk —mpE

_|_5 |:1 p2+k2—mnEl (p2+k2+pk—mnE>}
— |1 - n
2 2pk p2 + k%2 —pk —mpFE
1 (p + 12 + pl — E)
= —In
p 2412 -pl—mnFE
_|_1 [ D —|—l2—mnE1 (pQ—I—lQ—I—pl—mnE)]
Il R n 7
21 2pl p2 +12 —pl —mpFE

1 |:1 p2‘|‘l2_mnE1 (pQ—I—ZQ—I-pl—mnE)]
= — |1- n :
2pl 2pl p2 +12 —pl —mpFE




Numerical results: J™ = 1™ channel
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Numerical results: J™ = = channel
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Summary

The trineutron system was studied in pionless EFT
at LO.

J™ = 17 state does not exhibit the limit cycle, but

JT = = state does. In addition, p-wave interaction

IS more attractive than that of s-wave in the
asymptotic cutoff region. At small cutoff value,
however, the both interactions are repulsive, and
no bound state is formed.

It seems that there is no systematic way to deal
with the p-wave dressed dineutron propagator.

No— DN
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