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Need to solve (neglect anti-symmetrization)

E-(K, +K, +K, +V, +U_ +U, )W ®,¢,)=0

“P(+)> = full 3-body x+b+A wavefunction
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Trojan horse method

Measuring
A+ (btx) — b+c+C

vV +
X

A+x — C+c

‘ Fermi motion
(astrophysics) (before)
= TS, 2 (oophysics
X C ki I C E

(Trojan horse)

d’o - mmm_kKk ET (
dQ dQ dE, () 10 K,
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Post-form DWBA
(+) (-) ( )
leXA(I) > < X

T <Xb Vbx

x§+)¢a>
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Trojan horse method
Post-form DWBA

(+) (- ) (-) (+)
T <Xb leXA(I) > < X Vbx Xa (I)a>
surface-dominated x+A AN
O 1y \ean SR
W.f. X k R Im 21+1 q
k, =~0(n—0) = o B
Slc ~ :\’e—nh/.
3
d'o > const.  (Trojan horse)

= | dQ dQ dE
C b
G. Baur, Phys. Lett. B 178, 135 (1986)

Typel, Baur, Ann. Phys. (NY) 305, 228 (2003)

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



Trojan horse method: quasi-free kinematics

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



Trojan horse method: quasi-free kinematics

ad .= =~ Quasi-free d()- 5 dOHOES
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s C Quasi-free mechanism

b acts as a spectator: small
contribution to the reaction

A virtual 2-body reaction
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Inclusive Non-Elastic Breakup Cross Section (INEB)

Consider the reaction

A+ (btx) — b+c+C

d 7N b

dens. states

INEB
/

do x
dEbde = pb(Eb) Or C
o= Vo)) b ()= )

Imaginary part opt. pot.
Ichimura, Austern, Vincent, PRC 32, 431 (1985) - post form

‘111;3)> - (E -k, -U -k -U+ ie)_l Vo ‘¢bXX£;)>
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- 0 (r)=GO(E)(x|V.,

0,%.")
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Inclusive Non-Elastic Breakup Cross Section (INEB)

- PV (r)=GO(E ) (% [Viu |61 )
GV (E,)=(E,-K,-U, +ie) E =E-E,

Structure of W,

Consider the scattering x+A with dynamics governed by H,

open x+A channels

N
PX +QX - 1’ PXQX - QXPX - O
PX2=PX’ Q)2(=QX
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Structure of W,
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1

E-PHP -PHQ
X X X X X X XEX_QXHXQX

Exact but useless!
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E-PHP-PHQ 1 QHP |P
X X X X X X XEX_QXHXQX X X X X

Exact but useless!

* Average over CN states
* Define optical x+A open channels ‘W(+)>

e Split P, nto P(O)(elastlc breakup of b+x+A) + P(D)(all
open non- —elasuc direct channels)
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EX o PXHXPX o PXHXQ QXHXPX)PX

’ EX o QXHXQX

Exact but useless!

* Average over CN states

* Define optical x+A open channels ‘W(+)>

open non- —elasuc direct channels)

e Split P, nto P(O)(elastlc breakup of b+x+A) + P(D)(all

-
E — H¢O _ geHp®GH.DpD) e
X X X X X X X
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Structure of W,

WX = ImUX — WfN n W}?
/ T
Tm M Im[H(eff)P(D)G(+),DP(D)H(eff)]

-1
GO =[E, - PP HIP® 4 e
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Structure of W,
/ I
Tm M Im[H(eff)P(D)G(+),DP(D)H(eff)]

_1
GO =[E, - PP HIP® 4 e

X

Spectral decomposition

ImGS)’D =—n2f dk,,
D

(27)

3 XED)) 6(Ex B EkD) (X;D)
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-)

d2G NEBAD) ( K ‘
b . (+)IAV D
=P, Eb <pX WX
dE, dQ, )E

(+)IAV
Pl )
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Inclusive Non-Elastic Breakup Cross Section (INEB)

-)

d2G NEBAD)

aEd0, " (E, )%z<p§+m W,

(+)IAV
Pl )

All interactions coupling the ground to direct inelastic states

% o o () )

Vo=

(E.-E)

(0

P(O)VP(D)
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Inclusive Non-Elastic Breakup Cross Section (INEB)

d2c NEB.(D) " 1K |
d(];idgzb =—TtP, (Eb)E: 2(2753 5(E ~E )<Xi~ )(kf)‘v(o,f) pLIAY
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Inclusive Non-Elastic Breakup Cross Section (INEB)

d2c NEB.(D) " 1K | 2
dCI;Zde =—TtP, (Eb)E: 2(2753 5(E ~E )<Xi~ )(kf)‘v(o,f) ot )IAV>

Consider a particular X+A channel, i.e., Y1B

d2 G NEB(D)

dEbdQZdEdey =0y (B, e, (B, ) 5

X

2
(-) (+) (-) (+)
> <Xy (k ) (x,y) (Xb ‘VXb a >
\ )
|
transition to y channel propagation of x elastic breakup
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The Trojan Horse formula

Assume factorization

N

and define S _(r )=
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X (e ) =% ()1 (

(e (1), (51,

(+)
(b k,)

)
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The Trojan Horse formula

Assume factorization xi”(rb,r) Xl(;)( )XS)(

N

and define Sb (l‘X) < (b kb)( )q) (r r, b) E;)kb)
d2OINEB,(D) k .
b _ X (-) (+)
=) dEbde =Py (Eb)E_X <Xy V(X,y)sb (rx) X
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The Trojan Horse formula

Assume factorization XS)(l’b»l’ ) X](;)( )XS)(I’X)

X )

N

and define S (r )= < (bkb)( r,)o,(r,.r)x

d2G™NEB«(D)

k A
b x|/ ny ) (+)
m) =Py Eb <X V(x, )Sb (r Xx >
dE d€2, ( ) E V7 Y
Approximation: maximum survival Sb(rx) ~ 0, (rb)

probability for b
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The Trojan Horse formula

Assume factorization XS)(l’b»l’ ) X](;)( )XS)(I’X)

X )

N

and define S (r )= < (bkb)( r,)o,(r,.r)x

dzo,INEB,(D) ( )k . R " 2
b X - +
=Py Eb _<X V(x, )Sb(r Xx >
= {E dQ, E N [0
Approximation: maximum survival Sb(rx) = (I)a (rb)

probability for b

d2GNEB(D) dz (THM)

‘ : b K(THM) (I)(k ) (x+A—y+B)
dE dQ,  dE dQ, 0, O
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