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Introduction and Motivation

» Only small number of neutron MO T Fe
halo nuclei have been identified pHae \oa HjijI]
» Most of them are neutron-rich N £ { ]
light isotopes of He through C BC ]
z1 3 - 1n-Halo
» Until now, the heaviest 1n-halo =

nuclei are ¥ Mg and "

» 1n-removal reactions on C and Pb targets revealed: [Nakamura et al., 2014]
3"Ne deformed nucleus with a significant P-wave halo component

= %'Ne offers a prototype to study deformation-driven halos and
understand emergent properties in heavier-near-drip-line nuclei
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Introduction and Motivation NIVERSITAT

» One-neutron halo nuclei are valence neutron
exotic nuclear states '

» Degrees of freedom: tightly /)

’

bound core and a loosely bound

/
/8, =0.15*%18 Mev
valence neutron /" ©n ~0.10

,” [Nakamura et al., 2014]
%0Ne-core

» In general: valence neutron /
bound in a low-¢ wave

» Quantum numbers determined:
3

S = 57 [Nakamura et al., 2014]

Eq = 0.792 MeV
[Shamsuzzoha Basunia, 2010]
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T ? i § + ?2
L=c"|i0g+—|c+nl [iOg+=——1|n i0 Al
or 2mc e o 2/77,, o T |1 o+ 2Mnc ! e

-9 [(c@, na) Ty 02 ¥ H.c.} ,

1/)

where M,. = m, + m, (total mass of neutron and core)

Feynman rules:

—_—— _ S = = =

Y
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Full Dimeron Propagator

Full dimeron propagator:

Dress bare propagator with a geometric series of dimeron self-energies

= Dyson equation:

Dsg(po. P) = ,
P 0 (po — P/ (2Mye)) + A — X + e

6 2
where p= reduced mass

5 —M92M( p/2Mnc)<§/\PDs_\/ 2#( p/2Mnc)— >
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Scattering Amplitude:

UNIVERSITAT
Renormalization DARMSTADT
o
N 5
I 7
///
P g o PR3 (N (B <A, ),
Ozlot p !p = aa _3 _3
" (7671'2A . 3212 2 /\p2 . I',OS) 271'277 _ ™
g ®g u-g 2 (QR)
AR =
6 PP+ (X0 (B % B), ), A N
H —exf 3wy 2 3 g (9"
R) 2 2/ 2P P
n(d")” (")
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Matching

L e 3PP §(Sie (B <), ),
TP, p) = — R)2
K —erf  3m ,02 ip3 - M
2 2
w(d) () = 6l
2 r 61
2530+ (50 (B < 7)) TP
_ 6_7'(' Spp aa T3 Zl / (p p)/ , /142 (QR)
K (—al1 + %‘pz I',D3)
Note:
a; = scattering volume
ry = P-wave effective momentum
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Effective Range Parameters

Determine effective range parameters by using measured observables:

» Demand a pole in the amplitude at E = —S, = —~?/(2u)
(v > 0 = binding momentum)

n o 3)
> |——+-p"—ip =0
(a1 2 p=iy
2
:>a1=—27
Y (ry +279)

» Assuming only A/g? to be fine-tuned (shallow P-wave state)
[Hammer and Phillips, 2011]

= P-wave effective momentum r; ~ M,,; (breakdown scale of the theory)

= scattering volume a; is enhanced by 1/(M2M,;)

September 20, 2018 | Institut fir Kernphysik, TU Darmstadt | Wael Elkamhawy | 8 /QA



4 TECHNISCHE
UNIVERSITAT
DARMSTADT

EM Interaction — Minimal Substitution

Photons are included via minimal substitution:

0, —D,=0,+iegA, (e>0)

» § is the charge operator acting on a ¢ or n field
» gn=0
> gc = g.c with g, = 10 for Ne

» Gauge-invariant operators involving Band E might contribute to
electromagnetic observables within our power counting scheme
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Scalar Component of EM Current

(0,9) 2
iA = (7 (B o |ms(B) = .

B B

i -\ = , 1 /4rx oo
= i1 Geol ) V471G Yoo (85) T5f, — 1QCe2(0) 51/ -0 D Yau(85) TEYY
M

Iimo Geo(q) =1 (Charge conservation given by gauge-invariance)
q—

lim Ges(g) =1 = Q (this limit defines Q)
q—0
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Electric Form Factors

Monopole and Quadrupole Form Factors

2 2 2
Geo(q) = [1 + J_ M arctan <£)]

r yaln|
1 Qo 2 0 2 yq
Geo(q) = = 2vyq+ (y°q° — 4~°) arctan | —
= Qslnly? ( ) 2y
with y = My _ ] £ binding momentum
Y=m, 31 7~ g

and estimate P-wave effective momentum: r; ~ M

» Consistency check: Iim Ggo(Q) =1 v
q—0

2
> lim Ge(q) =1=|0=2 T~ Qe[0.17,0.28] efm?

90 39|
5> %)
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Electric Form Factors

Charge and quadrupole radii are defined by expanding the form factors in g

1
GEO(q) ~1-— 6< réo >q2 + ...
1
GEZ(q) ~1-— é< réz >q2 + ...

Now compare to the expansion of the calculated form factors:

Charge & Quadrupole Radii

52
= <y > =2 = /< r&, > €[0.35,0.46] fm
2v|ry
32
:><r,§2>=5—y2 = 1/< g >=0.30fm
Y
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Correlations

195 | [ [ [ [ 1
2 _ by
> <Tleo >= 2v|n| 1 —
& 075 | -
2 £
Y Grot S
| 4 = [}
Q 3v(n| S
0.5 [— ]
P 025 |- -
= Q=ﬁq,;e<r,§0 >
0 | | | |
0 0.2 0.4 0.6 0.8 1
2 2
< rgg > [fm]
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Correlations

o
o
\

2 2
< rgo > [fm7]
o
o
\

3y% 1
< 1Ep >= 104S, 01 [
n
0.05 [
0
0

S, MeV]
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Vector Component of EM Current

Contributions to (74 (58')| Ji |75(P)) due to minimal substitution:
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Vector Component of EM Current

(m (') Ji Im5(B))

_ I 1 [ar on | (B +P),
= (/qtotGEo(q)\Mﬂ-qo Yoo(ea)Tg9ﬁ+ IOng(q)§ ngz YzM(ea)T§%> (2Mnc)k
M

+ipumGui (9 \/E Z\/_ 2 Gl Yimik(€g) [ i B]T
;
+ioyGus(9) \/E Z V2 Cillion Yame(€3) [ 5 5}

Note:

For J = 1/2 the electric quadrupole and the magnetic octupole moment is not
observable!
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Magnetic Form Factors

Octupole Form Factor

3 _
Gus(q) = 2(1_71)%3 [2”/(1 —9)q+ ((1 = y)?q® — 49?) arctan <(1 zvy)q)}

= Geoly — (1 = y)]

Octupole Moment and Radius

1 _ 2
oy = LR (05, —14] pyfm?

10v67|r|

3(1—y)? 1
<f|\2/|3>=(TMy)§ = /< Igs > =8.95fm
n
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Correlations

200 [—
NE 150 [—
A
B1—yP 1| g wof
2 o
< gz >= 10‘u S_ v
n
50 [
0
0

S, MeV]
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Nuclear Deformation

Ryet = Ro [1 + 52Y201/N‘

where R, = equilibrium radius,
N = volume normalization constant

= Quadrupole moment:

1 1 /167 3
Q(3/2)=EQO —\|—-—Ze R5 3,

5 5 4r Compare to EFT result
ey = V.
1 2 B, = 0.53
—Ze 52 < Igp >
us
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» Effective Lagrangian

» Scattering Amplitude
» Renormalization

Summary and Outlook

» Electric and Magnetic Properties
» Correlations
» Nuclear Deformation

Outlook

» Matter Radii
» Coulomb Breakup
» Improvement of Power Counting

= Incorporation of Additional Field(s)
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Thank you for your attention!
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