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Doubly magic nuclei
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s1/2 0.54
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f7/2

208ph(d, p)209Pb

1325n(d’p)133Sn




do/dQ (mb/sr)

10

—
=]

13ZSn(d, p) 133Sn

10

— 2f,, (0.86) K
----- 3p,, (0.55)

—2fyy, (1.22)
% 092

— 2, (0.9)

..... 3.0'”2 .(1'1).

— 2fgy (1.1)
DR 08

0 20 40 60 80 100 0 20 40 60 80 100
By (deg)

Table 1| Properties of the four single-particle states populated by the
1325n(d,p)1335n reaction

E, (keV) I Configuration S C*(fm™H

0 7/2 2Snge ® V72 086+0.16 0.64+0.10
854 3/2” Sne @ Vp3, 092+018  561+086
1,363 + 31 (1/27)  P%¥na®@vy,  11%03 2.63+0.43

2,005 (5/27)  PSng @ vy 11+0.2 (9+2)x107*




A distorted wave (DWBA) versus adiabatic (ADWA)
[ combined method for transfer reactions

[ adiabatic finite range

A transfer and breakup: CDCC versus Faddeev

d transfer versus knockout (recent Ar(d,p) data)




DWBA: distorted wave Born approximation (1st order)
includes deuteron g.s. only (no breakup)

ADWA: adiabatic wave approximation

takes into account deuteron breakup to all orders

(present implementation neglects remnant and
uses zero range approximation)

[Johnson and Soper, Phys. Rev. C 1, 976(1970)]




adiabatic distorted wave approximation (ADWA)

Tz@lAB\Av\lpd

proton deuteron
distorted wave distorted wave
U,(R) U, (R)=U,(R)+U,(R)

Nucleon Optical potentials




adiabatic distorted wave approximation (ADWA)

T :<Zf(_v‘|pd )?i¢:>

What about the overlap
function?



overlap function
Lyp5(r) = (@7, (50)| D], (Ea. 1))

spectroscopic factor (S5,,):
norm of overlap function



"Be(3/27,g.5.)

(7P Li(37)|"Be(3/27, g.5.))
Sp =19.143 MeV|| ; A
‘ SLi(37)

| m Microscopic overlap from
Argonne 9- and 8-body
wave functions (Bob
Wiringa et al.) Available
o ,.; P s+ for afew cases
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rv = Tse = fitted, ay = as, = fitted, Vi, = 6.0

[Wiringa et al.,, ANL 2007
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v (T, +Via + 5)¢n|j (r)=0 A

nucleons feels mean field generated by core nucleons V,,
» specific n,l,j and separation energy
 assumptions about single particle parameters



Same radial dependence at large distances:

| (r) —"=R K h(xr) g (r)—cR @K h (i)

Extend that assumption within the range of the interaction:

IAB (r) = Anl' nlj (r)
INPC200




S (spectroscopic factor) — volume property
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C (asymptotic normalization coefficient) — a§ymptotic property

{s.p. wavefunction)” (fm™)




th e
From sub-Coulomb transfer reaction obtain ANC O (b) =C Tout

From higher energy transfer reaction obtain SF consistent with ANC

" (b) = (ST, (b) + CT,,)°
C? =39b?

Probe (MeV/nucleon)
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The overlap function for ?C — n+'*C in arbitrary units. The
radial sensitivity of the *C(d,p)'”C cross section is represented
by the colored bars for different beam energies.




* (d,p)@ 2 MeV

C? =Sb*
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ev. € 77, 051601R (2008)
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DWBA: distorted wave Born approximation (1st order)
includes deuteron g.s. only (no breakup)

ADWA: adiabatic wave approximation

takes into account deuteron breakup to all orders

(present implementation neglects remnant and
uses zero range approximation)

[Johnson and Soper, Phys. Rev. C 1, 976(1970)]

how good is the approximation?
is it adequate for experiments at ISOL facilities?
is it adequate for experiments at fragmentation facilities?



effective potential for incoming deuteron including breakup

Zero range: Finite range:
Johnson and Soper Johnson and Tandy

evaluation of the transfer amplitude
zero range

finite range
Tys = Do [ ARG A(ENGFNG (B || T =< 03 xpn[Vap| ¥ >

or local energy approx (Buttle and Goldfarb Proc. Phys. Soc 83, 701)

[Nguyen, EN'ana Jonnson, Phays. Rev. € (2010)in press)




Target |y (MeV)|A(LEA)|A(FR-JS) A(JT-JS)
2¢ 4| +5.6% +5.5% -1.04%
2¢ 12| +2.6% +2.9% -4.31%
2¢ 19.6| +11%| +12.5% -4.23%
2c 56 -37% -27% -12%
B Ca 2| +6.5% +6.3% -3.52%
BCa 13| +4.9% +3.8% -6.22%
BCa 19| +5.0% +4.0% -4.13%
B Ca 56|  -5.2% -6.5% -18.6%
“9Ga 12| +4.3% +4.7% -5.49%
SOKr 11| +4.8% +5.5% -5.63%
07y 2.7 +6.2% +7.3% -1.68%
A 11| +5.4% +5.0% -5.56%
1249y 5.55| +6.1%| +10.6% -2.8%
124gn 33.3| +2.9% +4.6% -4.38%
1249 700 +5.1% -28.7% -20.8%
208 P, 8 +6.1% +7.2% -0.96%
208p 12| +5.7% +8.8% -6.11%
208p, 200 +5.2% +4.5% -6.56%

[Nguyen, EN'ana Jonnson, Phays. Rev. € (2010)in press)
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[Nguyen, ENranaiJohnsoen, Phys:

Rev. € (2010) 1n press]




until recently best reaction theories for (d,p)
consider breakup to all orders but transfer to first order.

is this a valid assumption?
when is it a valid assumption?

need full Faddeev calculation
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[Jenny Lee et al, PRL 104 (2010) 112701]
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Hong, 2010]



34 33
0 Ar(p,d) #*Ar__ rapp
: ———. FADD-KD
—-—- FADD-E
e) — ADWA-FR ﬁfe/.
é 10 [ T T T T T T T T i / ba:
g 1| - %Ar(p,d) PAr
I ———- FADD-KD
—-—- FADD-E
) £5R —— ADWA-FR
% 1 - [ 1 ! 1 ! 1 ! 1
1 1 1 — 46 45
0o 20 40 60 g Ar(p’d) Ar —— FADD
0 (degrees) “_g ——— FADD-KD
—-—- FADD-E
. — ADWA-FR
0 r

' ' | ' G
0 20 40 60 80 T
0 (degrees) 2

T

e — ]

0 (degrees)

[EN, Deltuva, FHong, 2010]



Pray-
7y
TABLE II: Estimates of theoretical errors in the extracted

spectroscopic factors due to approximations in the reaction
model as well as experimental errors.

Errors Eth(34Ar) Eth(BGAr) Eth{%Ar)
Optical potential| 8 % 7 % 4 %
Faddeev 6 % 19 % 11 %
Experiment 10% 10% 10%
Total 14 % 23 % 15 %

[EN, Deltuva, Fong, 2010}



Transfer reactions and combined method
» one benchmark with (n,y) but many applications with future experiments
« finite range effects can be very important at intermediate energies

Testing CDCC against Faddeev
* disagreement needs to be better understood... new formalism?

Transfer reactions compared to knockout
« uncertainties in reaction theory have been quantified
* results move toward agreement
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