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Physics Motivation

¢ Halo nuclei

(Pictures are taken from WIKIMEDIA and other websites)
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®He — first halo produced
11Be — one neutron halo

111j — famous Borromean nucleus

How to study halo nuclei ? >
What is the property of this “halo” ? -2
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Features:

i) weakly bound
ii) large size

iii) short lifetime

Transfer reaction, elastic scattering, break up, ...
Spectroscopic factor, ANC, ...
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Outline

¢ Theoretical framework of transfer reaction
e What is transfer reaction
e Theoretical approximation

e ADWA calculation of 1°Be(d,p)''Be
e Influence of the description of n-1°Be bound state
e ANC extraction from the peripheral part

e Conclusion and prospects

JiechengYang ECT* workshop @ Trento Mar 2018



Theoretical Framework

Transfer reaction

e Transfer up to several nucleons between
the projectile and target

e A powerful tool to selectively populate
states with a strong single-particle character

¢ (d,p) reaction

Some history of deuteron stripping reaction

Ref: Pang’s seminar,ect Trento,2016

Plane wave approximation Including spin-orbit effects FR-ADWA
Ernest O. B.Buck & P.E. Johnson &
Lawrence Hodgson Soper
Phys. Rev. 45, Phil. Mag. 6, Phy. Rev.C1.3
66(1933) 1371(1961) (1970): 976

J.Horowitz & A.M.L. % G.R. Satchler Johnson &
Messiah 5 Nucl. Phys. 55, Tandy,
Phys. Rev. 92, 1(1964) Nucl. Phys. A235
1326(1953) " (1974) 56
Possibly first (d,p) measurement DWBA used ZR-ADWA
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Theoretical Framework

(d,p) reaction

* Mathematical description

Transition amplitude (post form) T(pB,dA) = ((b(‘)(R’,r’)|Vpost|‘I’(+)(R, r))

Interaction term Vpost = Va(r) + Upa(Rc) — Upp(R")

do  Haalbps k_p

= T(pB,dA)|?
a0~ 2mh)zk, | B AA)l

Differential cross section
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Theoretical Framework

Final state (™)

o) = $expp(R") with ¢p = [SE 1Y 2ha0na(r) + ¢5

two—body approx

[S5al"2@na(r') xpp(R)

e Bound-state wave function

/

— 00 l=0
Pna(r’) = bnle_n’H%(Zkr’)/r’ — byjexp(—kr")/r’, in which b, ; is the single-particle ANC (SPANC)

e Overlap function

!

r —® . . .
[SE YV 2@ua = 15,(r") — C,]-W_UIH%(Zkr’)/r, in which C;; is the ANC

In the single-particle approach, the spectroscopic factor § = S,’fA, which is

always obtained by S(Z—g)th = (Z_Z)exp

e Relationship between

..........................................
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Theoretical Framework

3-body solution ¥+ o
.............................................................................................. gls
VO, R) = (IS5 ) + [ depiCer " (e, R N 2
A B(A+n)
______________________________________ o oo
J DWBA | ADWA i CDCC
i Adiabatic approximation: i discretize continuum into
~ (+) : ' : i
YO (r,R) = Pon (M) xas (R) | Replacing all the continuum i bin states
i states by one state i w®) (r, R) = Z prn,i(r)Xc(z;?i(R)
L e i
Ug4: Omit all except elastic part i Effective d-A interaction (zero-range) ! Three-body equation
in the 3-body wave function i Uga= Unpa + Upa i turned into Coupled-
E Phys. Rev. C 1, 976 (1970). E Channel equations

e Connection with the Faddeev formalism
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Theoretical Framework

e Comparison --- ADWA versus Other methods

T[T I T[T I [TTT T[T TTT 111
2> % @ - EDEC E
20 &= o-—0 GDEE2
15 E —— FAGST = . :
- P Fig. 1°Be(d,p)''Be computed with Faddeev, CDCC and ADWA:
1m0 x L =
 |E! E (a) Ed =21.4 MeV, (b) 40.9 MeV, and (c) 71 MeV
0 Ei | z Ref: Upadhyay PRC 85, 054621 (2012)
= 8 & (b) =
3 4PN -
s 5|5 E a. For this reaction at low energy, ADWA is in good
§||||| SV ] agreement with the CDCC and the Faddeev-type
2<§_' o AL results.
£ e i b. For the reactions on °Be, ADWA performs just as
2 &2 - well or even better than CDCC.
DN "
1 D\o% .
o L - '

0 10 20 30 40 50 60
6 (degrees)
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ADWA Calculation

e 10Be(d,p)!Be

o50Mev “Betn
Ex=0.32MeV 1/2- 1p1/2 ® °Be(0+)
__» Ex=0.00MeV 1/2+ 251/2 & 9Be(0+4)
e
d(*)+10Be p+1lBe(*)
ADWA model

e Fresco: program developed by lan Thompson to perform reaction calculations

JiechengYang ECT* workshop @ Trento Mar 2018



Calculation of °Be(d,p)'Be

o 10Be(d,p)''Be (g.s) at different energies

w
o

JT(SF=0.85) at 21.4MeV —— JT(SF=0.75) at 18MeV =——

Potential choice

25 Gomez — — Schmitt(2012) @
Schmitt = = -
n_lOBe : Woods-Saxon form 2 expdata at 21.4MeV :-@-!
d-1°Be : Johnson & Tandy (CH89) 15
n-p : Reid soft core 0
Rest : CH89 g
=
\é 80 1 1 1 | 1 1 1 | 1 1 1
Ref: Schmitt et al, PRL 108,192701 (2012) o
Gomez et al, PRC 92,014613 (2015) 2 70 JT(SF=0.93) at 15MeV —— JT(SF=0.91) at 12MeV ——
= Schmitt(2012) el Schmitt(2012) @

60
50

40

¢ Successfully reproduce the 30
calculation results and good

agreement with experimental .
data obtained
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0 What the reaction is sensitive to with respect to the description of the halo nucleus 11Be?
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Calculation of °Be(d,p)''Be (g.s)

e Description of n-1°Be: 2s1/2 ) 1°Be(0+)

* Nine sets of Gaussian potentials developed
to help study the peripheral characteristics

-@nalr)

of the reaction
2

Vir)=-V,- exp;—:OZ

ro (fm) V,(MeV) b1/ i
Vi 0.4 1314.6 0.601 i Scaling by by
V2 0.6 592.3 0.632 ~
V3 0.8 337.8 0.664 s
V4 1.0 219.2 0.697
V5 1.2 154.4 0.732 :;“‘
V6 1.4 115.1 0.769 E
V7 1.6 89.3 0.807 |
V8 1.8 71.6 0.846
V9 2.0 58.8 0.888
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Calculation of °Be(d,p)''Be (g.s)

e E,=21.4MeV Peripheral part: 0-7deg except 0.4, 0.6fm

40

& 30 [N ]
= o L B
pa £ i
£ . 2 o 4
= Scaling by by ; 3 | ]
. - S 20 —
g L » | ]
5 M g ]
i g L, .
b i ]

60

Bc.m. (deg) 6. m. (deg)
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Calculation of °Be(d,p)''Be (g.s)

¢ E, = 18MeV

Rry/1.4fm

Bc.m. (deg)
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Calculation of °Be(d,p)''Be (g.s)

¢ E, = 15MeV

LI L N L NN N N N [N NN R RN TN NN RN NN B BN RN R N RN LI R BN |

03 F
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Calculation of °Be(d,p)''Be (g.s)

° E,=12MeV

JiechengYang

Rry1.4fm

Bc.m. (deg)

Lowering the energy, the reaction becomes more and more

peripheral, mostly at forward angles.
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ANC extraction from peripheral part

e Extract the ANCs with the experimental data at peripheral part

x2analysis

2 . do th /1.2 do exp2
Xzzz(cu Gi"/batj — (g )

i

52

l

Cjj(fm-1/2)

i represent all the data points in the peripheral region

C;; is the ANC obtained by minimizing the X2

[ ! Y., =0.786(ab initic) & ===

am L | : 21.4MeV —a—i
[ ! , 18MeV —v—i -
%Ei i i }gng : :

ok P
SN L
06 | 21 4Mev ﬁlSMeV | 1sMev | 1aMev 1

| f !
rg(fm)

e The peripheral area of this transfer reaction is always found at forward angles;
e When the incident energy decreases, the scaling by b,?llj works better which means
the reaction exhibits a more pronounced peripheral property;

e The ANC obtained for the g.s of 'Be ((;;=0.785

+0.029
—0.030

fm=1/2) shows perfect agreement

with the one given by ab initio calculations (0.786 fm-1/2). Ref: PRL 117, 242501 (2016)
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Calculation of °Be(d,p)'Be (ex.s)

e Description of n-1°Be: 1p1/2 @ °Be(0+) TS TR TR s RS

e Similar method used to study the
excited state of 11Be

Pnalr)

ry (fm) V,(MeV) by

V1 0.4 869.4 0.068

V2 0.6 387.3 0.085

V3 0.8 218.4 0.100

V4 1.0 140.2 0.114 -

V5 1.2 97.7 0.127 l ANC extracted

V6 1.4 72.1 0.140 o6 _ | Tcp1f2=°-129(§§iié[‘ﬁ‘§ $ ﬂ

V7 16 55.4 0.152 i M ]

a1 w0 o RS 1

V9 2.0 35.8 0.177 S o _{ﬁ ﬁﬁﬁ {ﬁ i ﬁ
e The ANC obtained for the ex.s of 11Be 01 f fﬁ :

is 0.13670:002fm=/2 while the ab initio . : 1 1 1

method gives 0.129fm1/2,
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ANC extraction from peripheral part

e Optical potentials for the entrance channel d-1°Be
a.Johnson & Tandy (CH89) pot
b.Johnson & Tandy (KD) pot

A example at 12MeV

80 LN B . S A S A RN EN AN S S AN R S B N RN N S N NN N R LI LI T
1 I ! I Cs1/2=0.786(ab initio) = = = 1
CHBD. e 09 I I C'=0.755 = = = -
KD —e— ] - : : 121.4MeV +—a—i ]
i I I 1 18MeV —+— ]
60 - [ | ! | 15MeV —e— ]|
— | 4 1 1 1 12MeV +—e—
% KD>CH89 1 L ;"ﬂ-ﬂT‘ _____ NP o O % (8 G .
o) a0 1
E o i
& 40k E ! -} E-: -ﬂj} 'H;F ]
g q:;" 0.7 |- f i i i g
=} L E I I I 4
T n t : i
I I I .
2 f ~ il | ]
| of b b ]
:21.4|v|evil 18MeV i 1 15MeVi | 12MeV ]
0 i
0

ro{fm)

e ANC extraction is sensitive to the optical potential choice.
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Transfer to the first resonance of 11Be

e Description of n-1°Be: 1d5/2 @ 1°Be(0+)

e Bin description for the overlap function

148

111111111111111111111111

o frad

dM= |17 gp(Rour)dk

e Relation with ANC (PRc 59.6 (1999): 3418)

Clzj X F 0.9l - 1l - l1.1 1.2 1.3l - l1.4l - l1.5l 1.6
E /MeV

ry (fm) V,(MeV) r(MeV)
Vi 1.0 303.86 0.0364
V2 1.2 209.29 0.0595
V3 1.4 152.22 0.0904 <
V4 1.6 115.14 0.1294
V5 1.8 89.67 0.1771
V6 2.0 71.42 0.2340
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Variation with different energies

e Transfer to the first resonance of 11Be
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Conclusion and prospects

Conclusion

e Brief review of the theoretical framework of transfer reaction
e ADWA calculation performed for 1°Be(d,p)*'Be
e Spectroscopic study of this reaction

e Influence of the description of n-1°Be bound state

e ANC extraction from the peripheral part
e |nvestigation at lower energies and forward angles for transfer reaction can ensure us

the peripherality of the reaction and is the best way to obtain a reliable ANC from

experimental data

e When the incident energy decreases, the scaling by b,%lj works better

e The peripheral area of this transfer reaction is always found at forward angles

e The role of the y width in the resonance can be analogous to the effect of the square of
the ANC on bound states.

Thanks for your attention!
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