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Significance of Coulomb
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Coulomb dominates!
—
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Treatment of Coulomb: Coordin_
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Coulomb potential: v (r) =
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Treatment of Coulomb: Coordinate space

Iy Zye?

Coulomb potential: VE(r) .

Screened Coulomb potential:

lim VE(r) = lim VO(r)&(r, R)

R—o0 R—o0

where £(r, R) is a damping function
R is screening radius
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Treatment of Coulomb: Momentum space (Conventional)
# A. Deltuva et al., PRC71, 054005 (2005).

VR — yN L yR

with V&: Nuclear Potential
VE. screened Coulomb Potential
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Treatment of Coulomb: Momentum space (Conventional)

# A. Deltuva et al.,, PRC71, 054005 (2005).

VB = yN 4 yR

with V&: Nuclear Potential
VE. screened Coulomb Potential

Two potential formula — TI(R) = TlN R4 TlR

TR _, f®
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Treatment of Coulomb: Momentum space (Conventional)
# A. Deltuva et al., PRCT1, 054005 (2005).

VR — yN L yR

with V¥: Nuclear Potential
VE. screened Coulomb Potential

Two potential formula — TI(R)

TR _, f®

Re-normalized Coulomb scattering amplitude:

fl(C) — lim k.R) fl(R) kR — lim f(R)(k)

R—o0 R—o0

where ¢(k, R) is the renormalization phase factor.
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Treatment of Coulomb: Momentum space (Conventional)
# A. Deltuva et al., PRCT1, 054005 (2005).

VR — yN L yR
with V¥: Nuclear Potential

VE. screened Coulomb Potential

(R)

Two potential formula — T}, = TlN R4 TlR

TR _, f®

Re-normalized Coulomb scattering amplitude:

fl(C) — lim k.R) fl(R) kR — lim f(R)(k)

R—o0 R—o0

where ¢(k, R) is the renormalization phase factor.

Problem: As R — o0, ¢(k, R) — co = fU9 (k) will not converge!!
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New method to handle coulomb in momentum space
# A. M. Mukhamedzhanov et al., PRC86, 034001 (2012).

v Separable potential: V" (¢, q) Z hui(d') Miij haj(q)
t,j=1
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New method to handle coulomb in momentum space
# A. M. Mukhamedzhanov et al., PRC86, 034001 (2012).

v Separable potential: V" (¢, q) Z hui(d') Miij haj(q)
t,j=1

v/ Construct a coulomb distorted potential:

12

dp'p
28%w.pa) = [ U B Vit!) 5, )
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New method to handle coulomb in momentum space
# A. M. Mukhamedzhanov et al., PRC86, 034001 (2012).

v Separable potential: V" (¢, q) Z hui(d') Miij haj(q)
t,j=1

v/ Construct a coulomb distorted potential:

12

dp'p
28%w.pa) = [ U B Vit!) 5, )

where, Po ¢ incoming momentum
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New method to handle coulomb in momentum space
# A. M. Mukhamedzhanov et al., PRC86, 034001 (2012).

v Separable potential: V" (¢, q) Z hui(d') Miij haj(q)
t,j=1

v/ Construct a coulomb distorted potential:

d
Z (p, pa) —/ ];pz Ve ) 5,8

where, Po ¢ incoming momentum

Vi(p,p') : separable potential
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New method to handle coulomb in momentum space
# A. M. Mukhamedzhanov et al., PRC86, 034001 (2012).

v Separable potential: V" (¢, q) Z hui(d') Miij haj(q)
t,j=1

v/ Construct a coulomb distorted potential:

d
27 (p,pa) —/ g]; Vilp: ) ¥, ()

where, Po ¢ incoming momentum
Vi(p,p') : separable potential

1/)5; (') : coulomb wave function
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Approach to test new metho_

dp p'?
Z5C(p,pa) = /WVz(p,p’) P ()
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Approach to test new method

dp/p/2
25%w.pa) = [ B E-Vitor) vEL )

v ¢g; . (p'): Study functional behaviour
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Coulomb wave function | pca ()]

# A. M. Mukhamedzhanov et al., PRC86, 034001 (2012).
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Coulomb wave function [¢5 (p')]: Functional Behaviour

p+12C @ E.,, = 10 MeV:
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Coulomb wave function [¢5 (p')]: Functional Behaviour

p+2%Pb @ E,,, = 8 MeV:
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Coulomb wave function [¢5 (p')]: Functional Behaviour

p+2%Pb @ E,,, = 8 MeV:
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Artificial singularity at low momenta is because of wrong expansion
of hypergeometric function!!
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Coulomb wave function [¢)§ (p)]: 2 Definitions
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Coulomb wave function [¢)§ (p)]: 2 Definitions
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Approach to test new method

dp/p/2
25%w.pa) = [ B E-Vitor) vEL )

v z/Jg;l (p'): Study functional behaviour
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Approach to test new method

dp/p/2
25%w.pa) = [ B E-Vitor) vEL )

v z/Jg;l (p'): Study functional behaviour
v Vilp.p'):
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Approach to test new method

dp/ p/2
25%w.pa) = [ B E-Vitor) vEL )

v wliz (p): Study functional behaviour

v Vi(p,p'):

@ Realistic Case: Separable potential
(Provided by L. Hlophe & Prof. Elster, OU).
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Approach to test new method

dp' p”* )
25%w.pa) = [ B E-Vitor) vEL )

v 1/}1?;1 (p): Study functional behaviour

v Vilp,p'):

@ Realistic Case: Separable potential
(Provided by L. Hlophe & Prof. Elster, OU).

© Demonstration:

2#12 Zl ZQ 62

Vp,p) = - —4——="-"""_ —+ Yamaguchi form
2 12 2
« « ﬁ
Vl(pvpl) - = o b ?l(g) (Where’ 6 = rAr /+ )
pp 2pp
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Approach to test new method

dp'p'” :
25%w.pa) = [ B E-Vitor) vEL )

v 1/}1?;1 (p): Study functional behaviour

v Vilp,p'):

@ Realistic Case: Separable potential
(Provided by L. Hlophe & Prof. Elster, OU).

© Demonstration:

2#12 Zl Z2 62

V(p,p) = — m —  Yamaguchi form
2 /2 2
Vilp.pf) = - LeLo ) (where, £ = pé’pp>
v D= pa 0 2
P p
ZP% (Paspa) = /%QVz(pa,p’) ¥S ()
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Integrand: Functional Behaviour

Vi(pa,?') — Yamaguchi form

/2
L) = 55 Vilpa#) vy, )

p+12C @ By, = 10 MeV:
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Integrand: Functional Behaviour

Vi(pa,?') — Yamaguchi form

/2
L) = 55 Vilpa#) vy, )

p+28Ph @ B, = 8 MeV:
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Behaviour of Integral

Integral:

00 dp/p/2 "o .
0 W(paap)wpal(p)

272
Vi(pa,p’) — well-behaved function

1#6; ,(p") — contains singularity!
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Behaviour of Integral

Integral:

% p/2 v o
| onZ 1(Pa, P') Uy ()
Vi(pa,p’) — well-behaved function

1#6; ,(p") — contains singularity!

oo dp/p/2 Da—A Pa+A [}
/ 92 Vi(pa, ') wg;l(p’) = / ..... —I—/ ..... —|—/ .....
0 0 Pa—A PatA

- TORUS g us oerarmentor
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Behaviour of Integral

Integral:

00 dp/p/2 "o .
0 W(paap)wpal(p)

272
Vi(pa,p’) — well-behaved function

1#6; ,(p") — contains singularity!

oo dp/p/2 Da—A Pa+A [}
/ 92 Vi(pa, ') wg;l(p’) = / ..... —I—/ ..... —|—/ .....
0 0 Pa—A PatA

Regular

- TORUS g us oerarmentor
COLLABORATION ENERGY TORUS Annual Meeting June 11-12, 2013 12



Behaviour of Integral

Integral:

00 dp/p/2 "o .
0 W(paap)wpal(p)

272
Vi(pa,p’) — well-behaved function

1#6; ,(p") — contains singularity!

Irregular (containing singularity)

oo dp/p/2 Da—A Pa+A [}
/ 92 Vi(pa, ') wg;l(p’) = / ..... —I—/ ..... —|—/ .....
0 0 Pa—A PatA

Regular

- TORUS g us oeparmentor
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Regularization: Gel’Fand-Shilov M_

[

dp’
A (P = pa Fiy)inatt b

© ORUS o =] = = = 9Dae
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Regularization: Gel’Fand-Shilov Method

Pa+A Da+A /
¢(p _pa) /
..... . d,
/a—A - Pa—A (P = pa +iy)matl b
Pa+A [¢(p/ —Pa) = ¢(Pa) — (P = Pa +17) ¢/(pa):|
= dp’ .
/pQA P (p' — po + iy)matl
# 22D ()1 — (- i)
¢/(P<x) - \1—ing - \1—ing,
+m[(A+w) Mo — (=A +iy) " ]

- TORUS g uvs oeparmentor
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Finally, what we want?

° lSC(poupa)

9 dp/p/2
lec(poupa) = /() 2 W(pavp/) gal(pl)

2
Pa—A Da+A [e%S)
B
0 Pa—A Pat+A

- TORUS g uvs oerarmentor
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Finally, what we want?

° lSC(poupa)

9 dp/p/2
lec(poupa) = /() 2 W(pavp/) gal(pl)

2
Pa—A Pa+A [e’e]
- / +/ +/
0 Pa—A PatA

e How to estimate A? — Vasily’s talk
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Finally, what we want?

° lSC(pompa)

oo dp/p/2
lec(poupa) = ‘/() 92 W(pavp/) gal(pl)

Pa—A Pa+A ]
0 Pa—A PatA

e How to estimate A? — Vasily’s talk

o Dependence of Z7(p,, pa) on A
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Vi(pa,p’) — Yamaguchi form

Vasily’s Estimation of A: 1076
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Dependence of Z°(pg, pa) on A

o

Re[% Rel. diff.]

o

Re[% Rel. diff.]

o

X

o,

&

p+12C @Q Egy, = 10 MeV:

Mathematica Results
Vi(pa,p/) — Yamaguchi form

Vasily’s Estimation of A: 1076
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Dependence of Z°(pg, pa) on A

Mathematica Results

Re[% Rel. diff.]

Re[% Rel. diff.]

p+2%Pb @Q E,, = 8 MeV:

Vi(pa,p/) — Yamaguchi form

Vasily’s Estimation of A: 1076
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r 1 = oy — 6l o---0---0---9
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E L 1&gl / ]e°F
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Finally, what we want?

o Z7%(Pas Pa)

00 dp/p/2
25 0apa) = [ B Vilpar) 050
0

Pa—A Pat+A [ee]
[ e
0 Pa—A PatA

e How to estimate A? — Vasily’s talk

e Dependence of Z7(p,, pa) on A
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Finally, what we want?

Vi(pa,?') — Yamaguchi form |
b lSC (poévpoz)

00 dp/p/2
25 0apa) = [ B Vilpar) 050
0

Pa—A Pa+A )
[
0 Pa—A PatA

e How to estimate A? — Vasily’s talk

e Dependence of Z7(p,, pa) on A

o Z7%(p,pa)
12

“dp'p
lec(Pvpa) :/0 W‘/Z(Pvp,)iﬁpcaz@/)
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7Z7%(p, pa): Mathematica Results B

Vi(p,p') — Yamaguchi form

oo dp/p/2
Z5wm) = [ Vit v

p+12C @ E,, = 10 MeV:
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7Z7%(p, pa): Mathematica Results B

Vi(p,p') — Yamaguchi form

oo dp/p/2
Z5wm) = [ Vit v

p+208Pb Q@ E., = 8 MeV:

N ~

o T T o

v T o8k B
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Approach to test new method

dp' p”* )
25%w.pa) = [ B E-Vitor) vEL )

v 1/}1?;1 (p): Study functional behaviour

v Vi(p,p): Study in progress!

Q| Realistic Case: Separable potential
(Provided by L. Hlophe & Prof. Elster, OU).

© Demonstration:

2#12 Zl ZQ 62

V(p,p) = — m —  Yamaguchi form
2 12 2
‘/l(pap,) = 7%]?(5) (Where, 6 = p;;)p,)
v P = Pa 0 2
P p
lec(pompa) = / o2 Vl(pa,P/) 1/}5‘;1 (p/)
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