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|. Coulomb Scattering (L-S equation): EM force
t(p.p'z) =VE(p,pY)+ | V(P "G, (z:p (P, " 2)p " dp”

integral kernel diverges at p=p" =k; z=k?/2m
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Il. Three-body equation (AGS-equation). Nuclear force

X(9,9%E) = Z(9,9%E)+ [Z(a,9",E)7(E;a")X(@",qE)q " dq"

Z(9,q";E) > 7(E;q") > w0
at E=q"=p"=0 oc 1/(E+eg-q™2I21)



Kernel of AGS (Alt-Grassberger-Sandhas)
equation

t(E,q”)

—
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General particle transfer Feynman diagram

Alt, Grassberger, Sandhas, 1968,
Reduction of the three-particle collision problem to multi-channel
two-particle Lippmann-Schwinger equation,  Nucl. Phys. B2, 167-80



b) Born term of the quasi two-body equation:
9.(P)9,(p)A-6,5)7,
(E+¢g,)—q*/2u

at p=p'=0, £_=(£L+¢g,)=0, g=0
(Q2T: quasl two-body threshold )
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Divergence problem is independent of the two-
body binding energy: &g (7 0)



Introduction of the GPT potential:

Cop=—219,0)9,0)-5,)%R,  -1<R,<I
For E_, <O
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we adopt a statistical average

with respect of o a =1/m_
n-2..—ac
e .
p=2 GPT-potential
Jo,
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Euler Integral of the 2" kind



V,a'

V(r)= —, GPT-Potential
r(r+a)
( e—(n—l)r/a a =T
V a1 r<<a:Vv(r)-V, =V,
0<n: = ' '
r(r+a) a" ™
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index: (n-1)/a=uxu = n=au+l=pu/m +1
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Confinement potential \




GPT-potential: below the 3BT with parametes a, n.
V,,V, are potential depths. 0<n gives pion exchange

y n << a GPT-potential a<<r
Index
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GPT-potential: with parametes a and n. V,_,V_' the
potential depths. n <0 < gluon exchange (g-q int.)

n << a GPT-potential a<<T

0 V. /r Q) r+a)ar] V. Va

1 Vv, /r Q) ¢ +a)/a’ | V, r/a?
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The second order perturbation formula for the N-N in-
teraction 1s given by using momentum conservation at
vertexes for the nucleon and meson momenta q,. g, and
k. by using the meson energy wy = \/ k% + m2, and the
initial two-nucleon energy Eq,

o Z { < 0|Hy,.zlm ><m|HYy, |0 >
* T Eo — [E'(q1.92) + wk]

+ (1e2)}, 1)



T'he historical method adopted a statzc approximation to
introduction the OPEP with 0 = Eg = E’(¢1, q2) assum-
ing A =my /My = 0.14703 is small.

We neglect the nucleon-recoil effect by the meson creation
and annihilation. Therefore, the static approximation of
Eq.(4 ) becomes

I'I-"TQ ~

{< 0| Hy,.lm ><m|H), [0 >

k
n (1H2)}. (2)
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This equation gives the Yukawa potential or the OPEP
by the formula:

VT(r) = Q" (r: Q)E ) 1 (3)
N
2 3 3
Q" (r:2) = ‘}f—{51+02+(1+ + )312}
3 Myt Mar?
;912 p— 3 (0.1 | T)gJQ . T) — J71 *~ 09. (_1)
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I. Three-Body Problem in hadron systems

GPT-potential on the Riemann sheet

Energy plane I
. ’TT /I/ Q2T
A ﬂq/_b

1--;--4----%---

_ i Potential depth and
n=4 n=3 n=p ngonf the range between
Potential Cut 3BT . _

singular points n are

V,a"t V,a’® V,a’ Vea VY, depend on the
re+a)"  r(r+a)® r(r+a)? r(r+a) r exchange particles
V,'(r+a)"™t Vv (r+a)’ V,'(r+a)* Vv, '(r +a)’ V,'(r +a)* V, (r +a)
a"r a’r a‘r a’r a’r ar

"The right hand cur (from n=1(Q2T) to +infinity (black line). The left hand cut
i(from n=1 to —infinity ) light blue line. The 3-body break up cut (from n=0( 3BT)
ito +infinity) Integral contour (small red line on the Riemann sheet) goes down
ito the unphysical 2" Riemann sheet (small red dotted line) . The negative
iindexes n<0 belong to the unphysical 2"d sheet. The GPT-potential
icorresponds a quark-quark interaction which has a confinement potential.
EFurthermore, particles on unphysical sheet could not be observed.



Lefthand-cut is started from Q2T to -infinity. The pinching singularity occurs, then the
equation can not be solved. In order to solve the equation, the long range force is

truncated between n=1~n=2.

Zmaq, Integral contour

In thi ion, | i i i
n this region, long in the dispersion theory

range force and
non linear forces
are truncated.

/ B QRT 3BT e q

Contour path
of the AGS
equation | such as;

Alt, Grassberger, Sandhas, 1968,
Reduction of the three-particle collision problem to multi-channel
two-particle Lippmann-Schwinger equation,  Nucl. Phys. B2, 167-80



In order to calculate the break-up scattering, Cahill-Sloan adopted the righthand cut
from the 3BT to +infinity and they defined a moving pole for Q2T. The long range
force was also truncated. This method derive wrong scattering length, cross section

and three-body force.
Zmg

B A Q2T 3BT i

Right hand cut
IS truncated

Usual contour path L ong range force is
of 3-body break up truncated
Faddeev calculation,|such as

Cahill-Sloan 1971, Theory of Neutron-Deuteron Break-up at 14.4MeV,
Nucl. Phys. S165, 161-179.



Cahill-Sloan 1971,
Theory of Neutron-Deuteron Break-up at 14.4MeV, Nucl. Phys. S165, 161-179.

Im&"

| Moving poleD i &
() (6)

Fig. 2. Integration contours in &£ plane. The dacthed line refers to the contour on the next sheet
reached through the branch cuts, which are shown by thick lines.



Il Atom-molecular systems:
A) n=1 by the GPT relation:

V(r)=V,/r"=V,/r causes an ionic bond.
B) n>2: V(r)=V,/r" causes acovalentbond,
C) u=5m, n=5+1=6 V)=V, /r"=V,/r°
g=6m, n=6+1=7 V)=V, /r"=V,/r’
5m, and 6m, transfer generate the VVan der Waals
potentials, although they were traditionally

Introduced by some sophisticated methods.
These are simply given by the GPT method !,

III Long- & Short Range Three-Body Force Potential



Let us define a three-body force by a kind of continued fraction.

3-Body Force Potential: 2
(3-identical) &

V x
TV, A —1
3-Body Force Potential
for channel-1= channel-2
1
12

e bo + (V23 _1'|_V31_l

for channel-2 = channel-3
23 — 1
o bo + (V31 _1"|_V12_1

for channel-3 = channel-1 2
31 1 / 2

V3BF — 22

bo + (V12 _1"|_V23_1 3

I\)H N
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Three-body nonlinear long and short range forces could

be joined by the GPT potential.
The linear interactions are satisfied only for the intermediate
region, but in a very long and a short range regions
nonlinear forces could be required.



Summary

1) A Coulomb scattering problem by the L-S equation can
not be solved by the pinching singularity at the threshold.
By the same way, the three-body AGS equation has a
pinching singularity at the Q2T. Both singularities come
from a long range property of the interaction.
H—OEELDEEIE R TIL, Lippmann—Schwinger
FHIERDOEEIZFH 1T pinching-singularity JEZ2 F50) D 1=

21T, —F, NFAVZRDIAEREELIZHELTE, 3(RAGSA

PR E2EBEQ2T)T, EEDHEEE £9 5,
MEBELFHBELIEERARTOUYILIZERLTLNA,

2) By smoothing the singularity of the AGS equation, a general

particle transfer (GPT) potential a™1/[r(r+a)"!] is obtained,
where the Euler integral of the second kind was done
with the weight function: "2 e-2° (by a=1/m_ ).

CORBETHEFORZERE#ET smoothmgé‘—‘d’é a=1/m._

EL, o 2ea0 DEHEHNTI-FES \(T'f7—?"$§'&) =9 HE
RToiw)Lix avYr(r+a)™l] : GPT-potential




3)We found a relation between the index number and
the masses of the general particles:

n=u/m_+1
PR FDHE N EZNE= v DERIE

n=u/m_+1

4)In the atom-molecular systems, the basic mass is an
electron. Therefore, the above index number and the
mass relation is given by using the electron mass
Instead of the pion mass in the hadron system:
n=u/m.+1
n=1 corresponds to y=0, which is the photon exchange

lonic bond. 1<n means covalent bond, n=6,7 are the
Van der Waalls potentials.
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5) If we take negative n, GPT potential becomes a confinement
potential: [r(r+a)] I"*/ (a I"*1r), Poles of the confinement
potential appear in the second Riemann sheet or the
unphysical plane, therefore the generated particles can not
be observed.

n ZzRIZEDE, FALAOHRTI VI

[r(r+a)] N+ (a I+l NI B,
O, RToov)LOBAIEYER)—<UEICER N,
A RCRLF(FXAIE [SH DTG ?

6) In the hadron three-body problems, the generation of the
mesons, and the quark degree’s of freedom lead four-, five-,
Six- body problems. Therefore, a linear three-body problem
by the Faddeev equation is only allowed in a special region,
and another many body effects is taken into account to a
nonlinear three-body force (3BF) potentials.
NFOVIERBRETEAVY U DER, 77 —V7BEHEDOREIZLY
4,5, 6... AEEEGY, BERIAMBEELTRYIRZ HERH I
Rotd, FEEMEBRIEIANELTERYAEND,




7) A part of the truncated long range potential is represented by a
long range 3BF potential, while the truncated short range
potential is given by a short range 3BF potential. Historical
3BF potentials (NLO, N2LO, N3LO, N4LO...) are relatively
Isotropic, however the GPT-based 3BF potential has an angular
dependence.

UISn-RToov LD REME D ITRIEHMIENELTIREERE
HNIX5EEEE 3K HELTFaddeev AIER I2#2Y AL, GPT-3/4 77
&, BEAEKRFEZHELHEEDIAE A (NLO, N2LO, N3LO,
N4LO...)ZMIET 52 &ITIEd . mINMNTA—EZD3A N (51 H) T,

Sl CE I AN ERBUSITIN- (e

8) A new method of three-body Faddeev equation is integrated
from a Q2T, while traditional one was done from the 3BT.
3{AFaddeevAIZEX D

FLWVEE: Q2THhniEsmL, B - RIBHESANZRRY AL,
PEEDAHE:3BTHBIESD, ChldBorromeanR LM ERALELN?
HONDEKRKNWEGYEEDHEIRT oHETLVEL?




Thanks for attention !
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