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Transfer reactiongQ-value considerations

Considera+A— b+B

e Energy balance (in CM frame):

EL+ MaC? + MaC? = ELy + Myc? + Mac?

o Qg value:

Qo = MaC? + MaAC? — MpC? — Mgc?

P -
Ecm = Etl:m + Qo

@ Qp > 0: the system gains kinetic energy (exothermic reaction)
@ Qp < 0: the system loses kinetic energy (endothermic reaction)
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Transfer reactiongQ-value considerations

Example:d+2%Pb— p + 2°%Pb

d *“Pb

QO =+1.7 Me

209

p*t Pb

Qo = Mg + M(?*%®Pb)c? — Myc? — M(*°Pb)c? = +1.7 MeV
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Transfer reactiongQ-value considerations

Example:d+2%Pb— p + 2°%Pb

d *“Pb

QO =+1.7 Me

209

p*t Pb

Qo = Mg + M(?*%®Pb)c? — Myc? — M(*°Pb)c? = +1.7 MeV

O Qo > 0: the outgoing proton will gain energy with respect to thddeat deuteron.
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Transfer reactiongQ-value considerations

Example:d+2%Pb— p + 2°%Pb

d *“Pb

QO =+1.7 Me

209

p*t Pb

Qo = Mg + M(?*%®Pb)c? — Myc? — M(*°Pb)c? = +1.7 MeV

O Qo > 0: the outgoing proton will gain energy with respect to thddeat deuteron.

For a transfer reaction, th@ value is just the dference in binding energies of the
transferred particjeluster in the initial and final nuclei:

Qo = b(f) — (i) = 3.936— 2.224= +1.7 MeV
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sfer reactiongQ-value considerations

If the transfer leads to an excited state, r@aluewill change, and hence the kinetic
energy of the outgoing nuclei.

o
+
N}
)
o
(o
>
QO

L -

x

Energy balance:

EI:m:Ei:m"'Q:Eicm"'QO_EX

O If we knowQp we can infer the excitation energids,j measuring the final kinetic
energy of outgoing fragments.
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What we do observe in a transfer experiment?

Example:d+2%Pb— p + 20%Pp

a 19 20
I ds, k % Db (dp) ™ Pb
40001 dy, E4=18 70 MeV #,=33%°
972

2000+ l

J"iz iy A

I |

Proton eneqy MeV

e ———
=

[l The proton energy spectrum shows some peaks which refleextitation energy
spectrum of the residual nuclei8°pb).

[0 The population probability will depend on theactiondynamics and on thetructure
properties of these states.
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What we do observe in a transfer experiment?

We would like to infer other properties besides excitatinargies:
@ Angular momentuni parity of populated states.
@ Information on the internal structure of these states.
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What we do observe in a tr

We would like to infer other properties besides excitatinargies:

@ Angular momentuni parity of populated states.
@ Information on the internal structure of these states.

U
|SPECTROSCOPY
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What we do observe in a transfer experiment?

We would like to infer other properties besides excitatinargies:
@ Angular momentuni parity of populated states.
@ Information on the internal structure of these states.

U
|SPECTROSCOPY

The excitation function spectrum does not provide in gdr@raugh information to
extract these properties. What additional informationwaruse....?
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What we do observe in a transfer experiment?
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O Angular distributions of transfer cross sections are vesgstive to the internal

structure of the populated states
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DWBA modelspace

x
==
d+°Be*
- E
| ad%ge  p¥iBe

U In a transfer calculation, the modelspace will contain e&belonging t
different mass partitions, and hence tg#éient internal Hamiltonians.

ISOLDE Nuclear Reaction and Nuclear Structure Course A. Mt U¥  Universidad de Sevilla 10/48



Transfer reactions
O®00000000

DWBA method for transfer reactions

o Transfer procesga+ Vv)+b — a+ (b+V)
~—— S~——

@ Full Hamiltonian:
@ Prior form: ¢, = {£,&, 1)

H = Tk + Ho(&) + Va(R, 1) = Tr + Ha(é, 1) + Hp(¢") + Vap + Uap
N— —— e e

Ha(éo) Va(Rr)

o Postform:&; = {£,£,1'}

H = Tr + Hy(&s) + V(R 1) = Tr + Ha(¢', 1) + Ha(€) + Vay + Uap
R e

Hs(6p) Vp(R"r’)
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Reminder of the exact transition amplitude

Exact scattering amplitudé;,(6) = —(us/27h%)T 5., With

7.}2051 ff (= )*(Kﬁ, Rﬁ)q);:(fﬁ)(vﬁ - Uﬁ)'{’(KJr{z(Rmfa)dfﬁdRﬁ

o ¥(R,,£,): exact WF
> ((¢): nteral (pro}- trget WE for fna sate
° Xﬁ (Kﬁ, Rp): distorted wave generated by auxiliary potentia!

lIJ(+)(R(Y,§(,) =2, dXa Rn@(,(ga)+fw(e) cb (g(,)+Zf,j”(9) R d>ﬁ(§ﬂ)

n>0

incident elastic transfer
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Evaluation of scattering amplitude in Born approximatiganeral case

o Define auxiliary potentials in entrance and exit channdlgR.), Us(Rg)

[E — &y — -’I\—Rn - Ua(Ra)]/\/((:)(Km Ra) = 0
|E -85 - Tr, - Us(Re) | xS (K, Rp) = 0

o Retain only elastic component\fbﬁ) (Born approximatioj

PO Ra &) ~ X (Ko, Ri)Du(E0)

o DWBA scattering amplitude:

Ty = f f X5 (K R)D(E5) (Vs — Up S (K o Ra) o (£4) dE5dR
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The importantd, p) case

Post-form DWBA transition amplitudeds = Vi + Upp

TR = f f 5 (K py R)D3(E5) (Vo + Upb — Up§ (K g, R) 4 (£,)dsdR’

o For medium-magheavy targetstyp ~ Upg = Vpn + Upp — Ups = Vpn(r)
9 Internal states and internal coordinates:

Dy (€e) = @d(r)du(€’) & =1{&,r1)
Dp(ép) = (£',17) &=1{&,1"}
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(d, p) case: parentage decomposition of target nucleus

O We need to evaluate tleverlap integral
[ @ e )

O Use theparentage decompositi@fiB — b+ n

Dp(¢,1") = Codu(€)eon(r) + { other components of b

= f d¢’ ¢(&',r)p(E") = Coron(r’)

O CEn = spectroscopic amplitude

O IC5? = S, = spectroscopic factor

O ¢pn(r’) usually approximated by a bound state wavefunciom@lative to the core
b.
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Examples of parentage decompositions

© Double-magic nucleus plus a single nucleon:

°Bi(g.5))9/2- ~ |P°Pb(0)) ® Iv1h, 2>]9/2*

O almostsingle-particle conﬁguratior%Sj ~ 1).

@ Deformed core plus an extra nucleon:

["'Be(gs)yz = o [["°Be(0)) @ v2si)|, . +B|Be(2)) @ [vids)s)]

o b e b
with [al? + |82 +... =1

@ The spectroscopic factor reflects the occupation numbesiwfie-particle level
so it can be even larger than 1!
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Scattering amplitude and cross sections

O In post form:

Tap = Cpy f f X5 (Kpy R)@in(r”) Von(r) x4 (K a, R)gpn(r)dr'dR’

2

d_(T — Halp |CB |2
dQ),, ~ (mhd2 "

f f X5 (K R)inr) Vo) 1 (K g, R)pn(r)r dR’

ICE |* = S5, = spectroscopic factor

U In DWBA, the transfer cross section is proportional to thedarct of th
projectile and target spectroscopic factors. Comparing data with DWB
calculations, one can extract the values fif S
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H(*'Be *°Be)H example

I''Be) = o |'° Be(0Y) ® v2s1,2) + 3 [1° Be(2") @ vids)2) + . ..

O In DWBA:
o(0) eclof?; o (2") ec B
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H(*'Be *°Be)H example

I''Be) = o |'° Be(0Y) ® v2s1,2) + 3 [1° Be(2") @ vids)2) + . ..

O In DWBA:
o(0) eclof?; o (2") ec B

Fortier et al, PLB461, 22 (1999)

(]
I 6 MeV fo £ n/
250 | 1 IH(“BE\IOBE)zﬂ 1 lds/zi*/p
a0 b M\.‘ oBe)erzr 25,15 /25,
ok 1 3,421‘45\1‘:- s (singles) 1p, \ J‘lpu‘z -
ool . ,,ﬁ,_ o i 1py —0-0 1z §
) = HPLS
wf” W V\{ £ g
1 e
o ! 6 MeV g

(coine, with *H)

number of counts

C.M. angle (deg)

facal plane position (channel)
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Prior form and pogprior equivalence

@ Exact transition amplitude iprior form:

f;;ior - 27Th2 ff‘{’( )*(Rﬁ’r[f)(v Ua)/\/(ﬂ(Kou Ro)®o(é0)dédR, |

o DWBA approximation:‘Pf{Z(Rﬁ, rg) = Xﬁ)(K R op(r’):
@ For a (d,p) reaction:

T (0) = = s CE1 [ "K' R Vi) Vo + Us ~ U115 (K. RIGRr

@ In either the exact case, or under DWBA:

prlor(9) =f°°(6) | (postprior equivalence)
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General case: parentage decomposition of projectile agdttatates

Integral in internal coordinates = {£,&',r')
/_/H/\,_/%
f Dp(&p) Pal(ée) dép = f Da(£",1")pa(€) DS, 1)¢p(&”) dede"dr’
N—— —_— —
dép

So, we need to evaluate tbeerlapintegrals
[ose.rmerse and [ onenso

Parentage decompositiors(, C5. = spectroscopic amplitudes):

DA(E, 1) = Clada(€)dupadr) + O
(¢, 1) = CE pp(€)pugon(r’) + OF
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Parentage decompositions (continued)

Using the parentage decompositiong'of> a+vandB - b+ v

f DA 1) al)E = CEpalr)

f DY 1)on(E)0E = Cht (1)

Three-body DWBA transition amplitude

Tha = CipCla f f X5V (K R)gdr) (Vs — Up) x$ (K, R)pa(r)dR'dr .

0 So,do/dQ « |CE |?|C{? (spectroscopic factoys
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Spectroscopic factors: ular momentum considerations

o We need to evaluate:
f d da(&)dac.r) and f A2’ Bo(E )Pl 1)

@ SinceA = a+ v we can use the parentage decomposition:

Aen = Cle@ e e,

]

o ¢ Si(r): wavefunction of the valence particle) (elative to the core.
° C[ = spectroscopic amplitudes
° SJ IC¥? = spectroscopic factors
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Spectroscopic factors: angular momentum considerations

o We need to evaluate:
f d da(&)dac.r) and f A2’ Bo(E )Pl 1)

@ SinceA = a+ v we can use the parentage decomposition:

or'(E 1) = ) C @ @ ernn)],,

]

o ¢ Si(r): wavefunction of the valence particle) (elative to the core.
° C[ = spectroscopic amplitudes
° SJ IC¥? = spectroscopic factors

O The spectroscopic factor gives the probability of findingttucleon v in the
configuration/sj bound to the core in the state with spin
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DWBA transition amplitude

@ Using the parentage decompositionsAcandB:

f 3 (E5)D(E0) déde’ = CICLT 1 (1Y 5k(r)

@ Three-body DWBA transition amplitude

T ey [ [ KRG () (Vo - Ui (K. RugreR

@ Differential cross section:

da—aﬁ Haolp s] ’sjf Kf
do (27rh2)2 S K;

. 2
f f 5 (K ReT () (Y = U (K, R)ggl(n)dR dr’

O In DWBA, the transfer cross section is proportional to thedarct %S‘SI,J,
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Prior form of the transition amplitude

Exact transition amplitude iprior form:

prlor

Ba T zﬂhz ff‘{l( )*(Rﬁ’ rﬁ)(V - U(Y)X(+)(K(Y’ Ra)(Da(fa)dfadRa 9 |

DWBAapproximation:‘Pf{z(Rﬁ,rﬁ) Xﬁ)(K R upu(r’):

fprlor(e) 27Th2 Cgvff (- )*(K R)@p () (Ve — Ua)gaav(r))((Jf)(K,R)der

In DWBA:

pnor(e) _ fpost(e)
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Beyond DWBA: CCBA formalism

In presence of strongly coupled excited states in the Iratifinal partition, the CC
and DWBA formalisms can be combined CCBA

: 10

: d+ Be* —
O~

: d+°Be p-l-llBe

..............................

Exact scattering amplitud@dst forn): (8 + @)

7—;2“: ff)‘é_)*(Kﬁ’ RB)CDZ,(fﬁ)(VB—Uﬁ)"P(K?(Rmfa)dfﬁdRﬁ

————
1

f\/
P (Ra£a) ~ PEE(R. €) = ¢o(E)x0(R) + Xins0 6n(Exn(R)

ISOLDE Nuclear Reaction and Nuclear Structure Course

A.MtM  U¥ Universidad de Sevilla
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Beyond DWBA: CCBA formalism

When there are strongly coupled excited states in the lioitiinal partition, the CC
and DWBA formalisms can be combined CCBA

Ej: 12Yb(p,d)Ascuitto et al, Nucl Phys. A226 (1974) 454

P

W2 r-d

PO

— 2
{R) (Aa=1)

bDwBA

% W — ¥
g
3 s/ s5r2-
2 2"
% S w2 et g / 327 reg
P vz
(@

vz~ por=0*
(LY ia-i

(a-1y
MULTISTEP PROCESSES MULTIPLE INELASTIC SCATTERING
DE-EXCITATION _ PROCESSES)
L ccea )

Fig. 1.

of explicitly included in a DWBA analysis and those in
a CCBA analysis. The multistep processes (for simplicity we show a single route) are predominantly
determined by it while the di ion

inclastic coupling.

depend on the strength of the
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Beyond DWBA: CCBA formalism

When there are strongly coupled excited states in the lioitiinal partition, the CC
and DWBA formalisms can be combined CCBA

[ 8yio : iy
Yb(p.d) 172 [521] 17 Mev
100 k-
/,H\\. —
F A N, 5/27 76 keV
A ', \a.mj_':_"m
(& e
1000 ‘ ' 7
E '2yb(p.d} wa [521] 17 Mev ok T W
: T
7/27 230 kev
F=0.78
100k ‘N.._H
B} (ye
3 E
2 EE
E 3 i i
s N 3727 67 kev l h
o 10 ' ~. F-052
bt o1 &
b | L]
i / /27 247 kev
r % F=0.72
r : 3 el .
CEGEE: ./ LEGEND:
= cc .
F ----Dwea .
r . 1 i

s n 1 ] 0.4 L~ L ¢
o* 30°  80° 90° 120®  150*  180° o7 30° &0° ol f2g*  150°  180°
fem Bem.
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Transfer reactions with exotic nuclgi
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Transfer reactions with weakly bound nuclei

o DWBA approximates the total WF by the elastic channel andrass that
transfer occurs in one step (Born approximation).
@ For weakly bound projectiles (eg. deuterons), breakup isn@ortant channel
and can influence the transfer process.
M

_ 11
d+°Be p+'Be
° ‘I"”(R r) includes breakup components, but these are lost when we thak
DWBA approximation ¥ ~ x{(K 4, R)¢q(r)) = need to go beyond DWBA
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Adiabatic approximation

e Fora @, p) reaction¥{)(R, r) is a solution of

[Tk + Ha(r) + Upo + Unp — E]¥}) = 0

o At sufficiently high energiesH > ¢) we can make thadiabaticapproximation:

Ha(r) = Tr + Von(r) = &4

o POR,1) = PENR, 1) = y3R. 1)galr)

[Tr + &d + Upp + Unp — EY34(R, 1) = 0

O (still complicated; depends parametrically dh
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Zero-range adiabatic approximation (ADWA)

o For the transfer matrix element, we need o‘lﬂ&d)(R, r) for small|r|

@ Zero-rangapproximation y3%(R,r) ~ y3(R, 0) = x}XR)

[Tk + &4 + USR) - ElxiXR) = 0| (Johnson-Soper)

U(R) = Upp(R) + Unn(R)

@ Or, withfinite-rangecorrections :

UJT(R) —

<‘/7pn(r)|vpn(unb + Upb)|‘/7pn(r)>

(Johnson—-Tandy)

<¢pn(r)|vpn|¢pn(r)>
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Extracting structure information from transfer reactions

Example:d+2%Pb— p + 2°%Pb

208P b

Single-particle energy (MeV)

ISOLDE Nuclear Reaction and Nuclear Structure Course A.MtM  U¥ Universidad de Sevilla

Shi 156
dase 1‘ 247 ds/z
;I 972
'H x|
l 2o ‘
x 10] ‘ slﬂ_: !l -
I ﬁ ! |,f;2 Qg2
| l | sz c;,?g f
\ 1 lL Ae o, 120 175 A
A T %o TEhe W o
Phys. Rev. 159 (1967) 1039
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Extracting structure information from transfer reactions

_ P%Pb(dp)* P .
20l Mev | [ 248 MeV

. f oL R\dyz * Jod. A
w 3 N e
~ N \\; d ¥
Q SR N Sy 3/2
E . o/ ] o fN ! \\ g
Lo;/ " iop Jloo] \ N
i
= A \Jerz 4 } F e

dosda
r=3
]
J
@
78
o
7
/ ;E/j
‘/
B
g

v A, Tl / ; ‘3'\\ ]
— ,/’” ﬁ, ¥‘\\ e i\s/z'\ TN,
" H““//'/‘,\“' O 014}“ 'h\ 40.5:’/ tete B

20 o a0 80 20

O Angular distributions of transfer cross sections are vesgistive to the
single-particle configuration of the transferred nuclgoes ¢n(r)
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Transfer example

Physical example’®Fe(d,pj’Fe atEy = 12 MeV

Qo

p+ Fe

ISOLDE Nuclear Reaction and Nuclear Structure Course A. Mt U¥  Universidad de Sevilla 33/48
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Transfer example’®Fe(d,pf’Fe

DWBA scattering amplitude:

fOWEA (g)i—>f = <X(_ 57Fe¢57Fe|Vpr|0r/ posil/\/ d- 55Fe¢d>

27rh2
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Transfer example’®Fe(d,pf’Fe

DWBA scattering amplitude:

f DWBA (g)i—>f = <Xp 57|:e¢57Fe|Vpri0r/poSllX((;)SGFe(ﬁd>

27rh2

9 yd-sere: Xp-sre- INitial and final distorted waves
@ ¢q: projectile bound wavefunctionq(— n)

9 ¢si: final (residual) wavefunction @reFe)

@ Cj, C: initial / final spectroscopic amplitudes.

9 Vyriorpost transition potential in PRIOR or POST form

ISOLDE Nuclear Reaction and Nuclear Structure Course A. Mt U¥  Universidad de Sevilla 34/48
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Transfer example’®Fe(d,pf’Fe

DWBA scattering amplitude:

fOWEA (g)i—>f = <X(_ 57Fe¢57Fe|Vpr|0r/ posil/\/ d- 55Fe¢d>

27rh2

Vprior = Vn-sere + Up-s6re — Ud-s6Fe
—_————

Vpost = Vp-n + Up_sere— Up_57Fe
———
remnant

remnant
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Transfer example’®Fe(d,pf’Fe

Essential physical ingredientsin a DWBA calculation:

o Potentials (5):
o Distorted potential for entranaghannel (complex)d-+*Fe

¢ Distorted potential for exithannel (complex)p+°'Fe
o Core-core interaction (complex):->¢Fe
e Binding potential for projectile (realp+n

¢ Binding potential for target (real)1+°¢Fe

@ Spectroscopic amplitudes: C;,Cy
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Transfer example’®Fe(d,pf’Fe

Physical ingredient®ptical and binding potentials (NPA(1971) 529)

System Vo o o
(MeV) (fm)  (fm)

Wy

(MeV)

r a e
(fm) (fm) (fm)

d+%Fe 90 1.15 0.81
p+5657Fe 479 125 0.65
p+n! 7215 0.00 1.484
n+%%Fe B.E. 1.25 0.65

21.0 134 0.68 1.15
115 125 0.47 1.15

U(R) = —Vofwg(R) + 41 a Wy—~ deS(R)

1

wslR) = 1+ exp(@)

1Gaussian geometri/(r) = —Vo exp[-(r/ag)?].

ISOLDE Nuclear Reaction and Nuclear Structure Course

A. MtV

Optical potential (MeV)

T
I d+*Fe optical potential

Vo RV, (R)

WyR)

W,=21 MeV/, =1.34 fm, 2=0.68 fm

V,=90 MeV, (=115 fm, 3=0.81 fm |

Uy

|
10 15
R (fm)

Universidad de Sevilla
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Transfer reactions
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Transfer example’®Fe(d,pf’Fe

Spectroscopic factors:

GO Z Alé’JSJ G "D[Sj(r)]JM

]
In our example:

@ d=p+n: Mostly 1s configuration with spectroscopic factor 1.
o 5'Fe=%%Fetn
P'Fe; 9912 = a|PFe;gs @ In; 2p1)|,, +B[PFe; 2) @In; 2pso)]

+
1/2- 1/2-

e «a,p,...: spectroscopic amplitudes
o |al?, |B/%, .. .: spectroscopic factors
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Transfer reactions
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Transfer example’®Fe(d,pf’Fe

Post and prior equivalence:

20 T T
56, 7 i
Fe(d,p)r’ Fe. ]

— POST: RNL=4 fm
0 PRIOR: RNL=20 fm

N
3]
T

do/dQ (mb/sr)
=
o

O Post and prior give identical results, provide that the paeters are adequate for
convergence.
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Transfer example’®Fe(d,pf’Fe

Dependence with binding energy:

. 56 7 1
— Fe(d,pjFe_ |
i os ]
40—~ _ .
—~ [~ N ]
— ~ N
(22 NN — S.=7.646 Me 1
o AN n
£ 30r RN . 525,646 Me .
= AN S,=3.646 Me 1
S NN —. S=1.646 Me 1
3 20r NN ~ $=0.5MeV ]
S [ 'ﬁ;‘\\.\ ]
i NN 1
10+ LN 5
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Transfer example’®Fe(d,pf’Fe

Dependence with beam energy:

20—

———
[ 56Fe(d,p?Fe 1
15 ]

0inel (mb)

0, I R |

0 20 30 a0
Incident energy (MeV)
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Transfer example’®Fe(d,pf’Fe

O Due to orbital and momentum matching conditions there isgimal Q—value
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Transfer reactions
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sfer example>®Fe(d,p¥’Fe

Dependence with beam energy

e E > V,: diffractive structure, forward peaked.
@ E <« V. smooth dependence with backward peaked.

[N
Q
T

©

T,
| PRI BT

do/dQ (mb/sr)

[N
o,

-3 n n T ' | ' ' ' ' | L L L L | L L
107g 50 100 150
8. m. (deg)
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Transfer example’®Fe(d,pf’Fe

Selectivity of¢:

a
o

56Fe(d,p§7Fe

N
o

WNFRO

w
(@)

N
o

do/dQ (mb/sr)

=
o

o
o
[N)
o
N
o
[e2]
o
[e]
o
=
o
o
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Transfer example’®Fe(d,pf’Fe

Selectivity of¢:

H.M. Sen Gupta et al, Nucl. Phys
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Transfer reactions

Advanced topic: Coupled-Reaction Channels method
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Transfer reactions

Coupled Reaction Channels

@ Model wavefunction:

¥ = ga&, Np(€ Wa(Ra) + ¢alé)da(€’ T Wp(Rs)
@ Coupled-reaction channels (CRC) equatidhb= E] ¥ = 0

[E — &y — TR - U(Y(R(y)])(rz(Ra)

f dRsK.5(Ra» ReJs(Ry)

|E - & — Tr - Us(Ro) | xs(Ry) f AR, Ko (Ro. R)Ya(Ro)

@ Non-local kernels:
Kep(Rs, Re) = f dédé’dr ¢a(€)gs(&’, r")(H — E)galé, r)gn(€’)

O CRC equations hav e to be solved iteratively due to NL kernels
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Transfer reactions

DWBA approximation from CRC

@ lterative solution of the CRC equations:
[E—&x — Tr— Ua(Ro)] xe(R0)

|E - 5 - Tr = Us(Ra) | xs(Rp)

0
f dRaf K(Y,,B(R(l’ Rﬁ))(ﬂ/(R(Y)

Q

Q

o DWBA scattering amplitude (prior):

R f f D (Rp) (@adel Vororlpado)i (Ra)dR, dr

@ Distorted waves:

|
o

[E — & — TR - Ua(Ra)];a(Ra)
[E - 8[3 - TR - Uﬁ(Rﬁ)]}[g(R[g)

@ Structure form-factor:

Il
o

(PadBlVpriorlpadp) = f dédé” ¢a(€)pa(E, 1" )Vpriordalé, 1) dn(€)
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Transfer reactions

Sub-coulomb transfer

Below the Coulomb barrier:

@ The transfer angular distribution is less sensitive to thgtal angular
momentunty.

@ Less ambiguities due to nuclear potentials (useful to dater spectroscopic
factors).

ANGULAR DISTRIBUTION
Bi%% (d, p) 812" REACTION i

Eq=7.5Mev I

o

0 :-0.203MeV 220
4 0- 039TMeV, /-2
" 0= 1.936Mev, =4

o

5
T

Relative Differential Cross Section

I}
@
T

/ i{* |
L e ¢ I |
20 40 60 B0 00 120 140 160 180

Observation Angle (dagrees)
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Transfer reactions

Brief summary on transfer reactions

@ Inclusion of transfer couplings in the Schrodinger equatjives rise to a set of
coupled equations with non-local kernels (Coupled Reast©hannels)

e If transfer couplings are weak, the CRC equations can bedafvBorn
approximation= DWBA approximation

o The DWBA amplitude is proportional to the product of the peudjle and target
spectroscopic factors.

@ The analysis of transfer reactions provide information on:

@ Spectroscopic factors.

Quantum number for single-particle configurations(j).
Binding interactions.

Reactions mechanisms.

¢ ¢ ¢
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