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 Transfer reactions

E− Kx +Kb +KA +Vxb +UxA +UbA( )⎡
⎣

⎤
⎦ Ψ3B

(+)ΦAφa = 0
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bound (a)

B

Need to solve (neglect anti-symmetrization)

a	

A	
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B	
x	

Ψ3B
(+) = full 3-body x+b+A wavefunction
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(−) ~ 1

kxR
Ylm e

πη K2l+1
8R
aB

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟

d3σ
dΩbdΩcdEb

→ const.

Sl c ~ e
−πη

(Trojan horse)

G. Baur, Phys. Lett. B 178, 135 (1986)

kx → 0 (η→ 0)

surface-dominated  x+A 
w.f. 

Typel, Baur, Ann. Phys. (NY) 305, 228 (2003)
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Trojan horse method: quasi-free kinematics  

Quasi-free mechanism

b acts as a spectator: small 
contribution to the reaction

n),Li(H      with  ),p(Li 727 αααα

no-screening

Lattuada et al,  
Ap. J. 562 1076 (2001)

Same reaction, using 3He (filled circles) and 
deuteron (open circles) as Trojan horse.

Pizzone et al, PRC 83, 045801 (2011)
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 Inclusive Non-Elastic Breakup Cross Section (INEB)

dσ
dEbdΩb

=ρb (Eb ) σR
x

INEB dens. states

imaginary part opt. pot.

Ichimura, Austern, Vincent, PRC 32, 431 (1985) – post form

Ψ3B
(+) = E−Kb −Ub −Kx −Ux + iε( )

−1
Vxb φbxχbx

(+)

!10

a	

A	

b	

c	

C	

B	
x	
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Gx
(+) Ex( )= Ex −Kx −Ux + iε( )

−1
Ex = E−Eb

Px +Qx =1, PxQx =QxPx = 0

Px
2 = Px , Qx

2 =Qx

open x+A channels
closed compound x+A channels

Consider the scattering  x+A with dynamics governed by Hx 

Structure of Wx



C.A. Bertulani,  DREB2018, Matsue June 6, 2018 !12

Structure of Wx



C.A. Bertulani,  DREB2018, Matsue June 6, 2018

Ex − PxHxPx − PxHxQx

1
Ex −QxHxQx

QxHxPx
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟Px ΨxA

(+) = 0

!12

Exact but useless!

Structure of Wx



C.A. Bertulani,  DREB2018, Matsue June 6, 2018

Ex − PxHxPx − PxHxQx

1
Ex −QxHxQx

QxHxPx
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟Px ΨxA

(+) = 0

!12

Exact but useless!

Structure of Wx

• Average over CN states 

• Define optical  x+A open channels  

• Split Px into          (elastic breakup of b+x+A)  +         (all 
open non-elastic direct channels)   

Px
(0) Px

(D)



C.A. Bertulani,  DREB2018, Matsue June 6, 2018

Ex − PxHxPx − PxHxQx

1
Ex −QxHxQx

QxHxPx
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟Px ΨxA

(+) = 0

!12

Exact but useless!

Structure of Wx
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• Define optical  x+A open channels  

• Split Px into          (elastic breakup of b+x+A)  +         (all 
open non-elastic direct channels)   

Px
(0) Px

(D)

Ex −Hx
(eff ) −Hx

(eff )Px
(D)Gx

(+),DPx
(D)Hx

(eff )( )Px ΨxA
(+) = 0
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ImHx
(eff ) Im Hx

(eff )Px
(D)Gx

(+),DPx
(D)Hx

(eff )⎡
⎣

⎤
⎦

Gx
(+),D = Ex − Px

(D)Hx
(eff )Px

(D) + iε⎡
⎣

⎤
⎦
−1

Spectral decomposition
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d2σb
INEB,(D)

dEbdΩb

=ρb Eb( )
kx
Ex

ρx
(+)IAV Wx

D ρx
(+)IAV

!14

V
0,f( ) = Px

(0)VPx
(D)

All interactions coupling the ground to direct inelastic states
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!15

Consider a particular        channel, i.e., x+A y+B

elastic breakuppropagation of xtransition to y channel
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