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m1,m2

|j1j2;m1m2ihj1j2;m1m2| = I, (1.1)
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$WhaKÙÑÿb�vû1/��*ø'zÙÃ$W��Ñ˙KÙÑø'ÿ��ŸÃ_/zcÿb⇢

|j1, j2;m1m2i =
X

J,M

|j1j2; JMihj1j2; JM |j1, j2;m1m2i, (1.3)

|j1, j2; JMi =
X

m1,m2

|j1j2;m1m2ihj1j2;m1m2|j1, j2; JMi. (1.4)

ÿbÑ˚p�⌘ÏöI:@◆ÑClebsh-Gorden˚p�,(⌦1/$ƒ˙KÙø'ÿbÑÈ5C⇢

S
j1j2
m1m2JM

= hj1j2;m1m2|j1j2; JMi (1.5)

9n`Ô�⌘Ï�,÷Ÿ*⌅*CG˚p:ûp⇥ 1éÿbÑzc'�⌘Ï c§'⇢
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J,M

hj1j2;m1m2|JMihj1j2;m0
1m
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2|JMi = �m1,m0

1
�m2,m0

2
, (1.6)
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hj1j2;m1m2|JMihj1j2;m1m2|J 0
M

0i = �J,J 0�M,M 0 . (1.7)

\:�*yä≈µ�R��aˆ:⇢ X

m1,m2

|hj1j2; JM |j1j2; JMi|2 = 1. (1.8)
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 (j1, j2)
J
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X

m1m2

hj1j2;m1m2|j1j2; JMi�j1m1
�
j2
m2

=
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j1 ⌦ �

j2
⇤J
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(1.9)

WIGNER’S 3J ∞˜
:Ü⌃CG˚p-⌅*“®œ⌅⌃0Ù†˘��e3j∞˜⇢

✓
j1 j2 J

m1 m2 M

◆
=

(�1)j1�j2�M

p
2J + 1

hj1j2;m1m2|j1j2; J �Mi (1.10)
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m1 +m2 +M = 0 (1.11)
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◆
= (�1)p
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◆
(1.12)

v- p = j1 + j2 + j3⇥
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J 0 J
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0

◆
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(�1)J�M
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p
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(1.13)

✓
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�M 0 M
0

◆
=

(�1)J�M
M�MM 0

p
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(1.14)
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⇣Ñ&�ha:⇢

|(J1J2J12)J3; JMi (1.15)

,(⌦�Ÿ/J12åJ3$*“®œÑ&�ha�⌘Ï⇣e„d&��6�’˛€LÖÔ�Œ�ó0��zèhaKÙ
Ñÿbs˚�$e„&Ñ∆ÇÇ↵⇢

|(J1J2J12)J3; JMi =
X

M12M3

hJ12M12J3M3|(J1J2J12)J3; JMi|J12M12J3M3i

=
X

M1M2M3

hJ12M12J3M3|JMihJ1M1J2M2|J12M1 +M2i|J1M2J2M2J3M3i
(1.16)
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0
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0
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(1.17)

$*haKÙ�ö_X(�*zcÑÿb⇢

|(J1J2J12)J3; JMi =
X

J23

hJ1(J2J3J23); J |(J1J2J12)J3; Ji|J1(J2J3J23); JMi (1.18)

⌦✏U:Ñÿb˚p�_1/$*zèhaÑÖÔ�vv�ùVz-component�9nŸ*˚p�⌘ÏÔÂö
IRacah˚p⇢

hJ1(J2J3J23); J |(J1J2J12)J3; Ji =
p
(2J12 + 1)(2J23 + 1)W (J1J2JJ3; J12J23) (1.19)
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h(J1J2J12)J3; JM |J1(J2J3J23); J 0
M

0i =�JJ 0�MM 0

X

M1M2M3

hJ12M12J3M3|JMihJ1M1J2M2|J12M12i

⇥ hJ1M1J23M23|JMihJ2M2J3M3|J23M23i
(1.20)
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h(J1J2J12)J3; JM |J1(J2J3J23); J 0
M

0i = (�1)J1+J2+J3+J
p
(2J12 + 1)(2J23 + 1)
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J1 J2 J12

J3 J J23

�
(1.21)

⇢«Ÿ$Õ��ÑöI�⌘ÏÔÂó06j˚påRacah˚pKÙÑÿbs˚⇢
⇢
a b e

d c f

�
= (�1)a+b+c+d

W (abcd; ef) (1.22)
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CHAPTER 3: CRCb✏⌃∫

ÇUh:�*�BÑ�
⌘ÏñHŒ$SÑ≈b˙—�_1/ÕîM��°(œÇUÕ∞⌃M�˝Í $*üP8⇥ SÑ≈bÙ†�
B�⌘ÏÇˆ�®∫⇥˘é�*yöÑ(œ⌃M�mass partition �⌘Ï�(xe⌥∞⇥v��Ñ÷<�˘î
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1. x „hÜ–*yöÑ(œ⌃M⇥

2. p � t „hÜŸ*�/Æ9ÿ/v⇥

3. Ip Â  µp„hÜÆ9Ñ;ÍÀÂ ïq⌃œ⇥v{<⇥

4. ⇠/ÖËÑP⌥⇥

↵b⌘⇤QŸ7�*�⇢(œ⌃M:x�t*S˚Ñ“®œåvïqÚÂ⇥Ÿ7�*��îÂ1��Ñ“®œ⇣⌃
&��⇣�F∞(⌘Ï  *“®œÑ⇣⌃�s$*ÍÀ⇣⌃å�*¯˘–®ÑhS⇣⌃⇥Ÿ1X(&�ÑH�Ó
ò⇥ $ÕØ˝Ñ&�zè�,�Õ/H⌃$*ÍÀ&�6�çåhS⇣⌃&��,åÕ/H⌃–*ÍÀåhS⇣
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«(,åÕ&�zè€L&�⇢
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↵ (Rx)
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⌘
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↵

h
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⇣
R̂x

⌘
⌦ �
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i

Jp

⌦ �
xt
It (⇠t)

�
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1
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⌘
X
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(3.1)
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⇣
R̂x

⌘
⌦

h
�
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Ip

(⇠p)⌦ �
xt
It (⇠t)

i

S

i

JtotMtot

⇥  
Jtot
� (Rx) /Rx

⌘
X

�

|xpt : L (Ip, It)S; JtotMtoti Jtot
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⌘
X

�

|�; JtotMtoti Jtot
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(3.2)

$Õπ’öIÑÑ⌘‚˝pX(�*ÿb�vû,(⌦1/�*˙ÿb��(0@◆ÑRacah˚p⇥

 
Jtot
� (Rx) =

X

↵

h�|↵i Jtot
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Jtot
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X

�

h↵|�i Jtot
� (Rx) (3.3)
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ÿb˚p:⇢

h↵|�i =
q
(2S + 1)(2Jp + 1)W (LIpJtotIt; JpS) (3.4)

˘é�*��ÇúÂ ˙öÑ“®œå⌃œ�vÔÂh:�˚⌫Ô˝(œÑ⌃MKå⇢

 Mtot
Jtot

(Rx, ⇠p, ⇠t) =
X
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 Mtot
xJtot
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X

↵
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CHAPTER 8: EIKONAL METHOD

DYNAMIC EIKONAL METHOD

P. CapelI∫—U˙@◆Dynamical Eikonalπ’ª°óÕî*b⇥˙,Ñ⌃∫⇤QÇ↵⇢

˘ée⌅Ñ98�⇤Qv$S”Ñ1coreåfragmentÑ⇣⇥98ÖËÑÍ1¶1ÖË»∆�œœ⇢

H0 =
p
2

2µcf
+ Vcf (r) (8.1)

¯îÑ,Å�/⇢
H0�0 = E0�0 (8.2)

 SÑ»∆�œ:⇢

H =
P

2

2µ
+H0 + VcT

✓
R� mf

mP
r

◆
+ VfT

✓
R+

mc

mP
r

◆
(8.3)

∞(⌘ÏÛÅB S»∆�Ñ,Å�H = ET ��(eikonalÑ—<Gæ⇢

 (R, r) = e
iKZ ̂(R, r) (8.4)

v-K/¯˘–®Ñ‚p⇢
h̄
2
K

2

2µ
= ET � E0 (8.5)

Ë✏0
P

2

2µ
=

�h̄
2

2µ
�R (8.6)

⌃v\((eikonal—<Ñ‚˝pb✏⌦�fl�TâMbÑsb‚ùV�,ó0¶��Ñõöπ↵⇢

h̄
2

2µ
�R ̂+ ih̄v

@ ̂

@Z
= (H0 + VcT + VfT � E0)  ̂ (8.7)

v-Êπ,åy/‡:…n…ØÑå6'(⇢˙eÑy�v-Ñv/¯˘–®Ñ�¶⇥(eikonalÑF∂↵�œxÑ
hSÇı/ÅvÕÅÑ��,�⇤QhS´Å'0mÚ��,⇢TâÊπÑ,�*å6¸py��ˆ�eÖ©Ñ�
ˆÙ{<Ñÿœ⇢

t = Z/v (8.8)

ó0�*�+ˆø@Ùø–®Ñõöπ↵⇢

ih̄
@ ̂

@t
= (H0 + VcT + VfT � E0)  ̂ (8.9)

 flÑeikonalπ’�«(Ü@◆›Ì—<�s⌃⌦✏ÛπÑH0Ù•ˇb⇣E0Œ��¶��Ñ‚˝p·≥�*ÄU
Ñ�6Æ⌃π↵�v„:

 ̂(R, r) ! exp

"
� i

h̄

Z Z

�1
(VcT + VfT ) dZ

0

#
�0(r) (8.10)

F/ŸÃÑDynamical Eikonalπ’/«(p<π’ªB„�10.9 ⇥6��(⌥∆ÑTÈ5π’B„Õî*b⇥

;”eÙ�@◆Ñeikonal;ÅÑ—</
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2. Í˝⌅⌃✏“¶Ñc⌅�‡:vGæhSÑÙø'�Æ✏Ñ®œ9ÿÇÙéhSπ⌘⇥

*bÑ°ó�ùV⌥∆ÑTÈ5π’�s9'c⌅ÑTÈ5:⇢

Tfi =
⌦
e
iK·R

�0(r) |VcT + VfT | (R, r)
↵

(8.11)

9'4¬ÕîÑTÈ5:⇢
T

0

fi =
D
e
iK·R

�
(�)(r) |VcT + VfT | (R, r)

E
(8.12)

Â9'c⌅:ã��(KMó0Ñ+ˆõöπ↵°óTÈ5⇢

Tfi = ih̄v

⌧
e
iK·R

�0(r) | eiKZ @

@Z
 ̂(R, r)

�

⇡ ih̄v

Z
dRe

�iq·b @

@Z

D
�0(r) |  ̂(R, r)

E (8.13)

ŸÃGæÜ�®œÑ9ÿœÇÙé�¶�⇧ÙhS�ŸπS∞(

q = K �Kẑ (8.14)

H˘zπ⌘€LÔ⌃��e
S0(b) =

D
�0(r) |  ̂(R, r)

E

Z=+1
� 1, (8.15)

˙∞��/1é�(z:�‡wÑπLaˆ⌅� 

 ̂!t!�1 �0(r) (8.16)

Ÿˆ⇡� ÙÔ⌃´¶�Ü$Õ�i↵ÑÍ Ò˘ÑË⌃�ÔÂ�:Ò�^˝pÑÒ�^ÿb⇢

Tfi = i2⇡h̄v

Z 1

0
bdbJ0(qb)S0(b) (8.17)

˘é9'4¬Ñ«↵�:+;Å(éS‡P���9n��ÑTÈ5�ó09'4¬Ñ°ób✏⇢

Tfi = i2⇡h̄v

Z 1

0
bdbJ0(qb)S(k, b) (8.18)

v-ÑS‡PÑb✏:⇢
S(k, b) =

D
�
(�)
k (r) |  ̂(R, r)

E

Z=+1
, (8.19)

v-Ñ�(�)
k /ÖË»∆�œÑfiÌ,Å�⇥

P. CapelÑdynamical eikonal/�* S!ã�v;ÅS∞(�° Ù•�(›Ì—<⌅⌃ÖËÑÍ1¶��
/�(�BÑp<π’�˘+ˆÑõöπ↵€LÜ⌅⌃⇥F/Ÿ�9€�˘ûE°ó”úÑqÕv�'⇥÷ÏÑ
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CHAPTER 11: SHELL⇢,f`�(

�(SHELL⇢,˘pn€Lp<–ó
⌘ÏG0Ñ�*Óò/�∞(Ú ��Ñconfiguration↵Æ⌃*bÑ'✏�⌘Ï�Å˘*bpn€Lø'ƒ��ó
0�c˝åûåpn‘ÉÑ⌃∫°ó”ú⇥=û0shell⇢,Ñπb�⌘ÏÑÓò/⇢∞( ÂrÑ°ó”úáˆ�
Ÿõáˆ˝/$⌫Ñb✏�,�⌫/“¶�⇧˝œ�,å⌫/˘îÑÆ⌃*b⇥⌘Ï�Å˘ŸõÂráˆÖÑ,å
⌫€L˚÷�6�€Lø'ƒ�Ñ–ó�K��˙�*∞Ñáˆ�Ÿ*∞Ñáˆ_/$⌫Ñ<✏⇥,�⌫ÕÁ/“
¶�⇧/˝œpn�,å⌫›XÜKM°óÑø'ƒ�”ú⇥Ÿ*˚°˝øw0⇢«shellscriptå⇣⇥wS„�Ç
↵⇢

#!/bin/bash

# define the file used in the calculation
file1="first.dat"

file2="second.dat"

file3="third.dat"

file4="fourth.dat"

# define the coefficients
a1=0.662984782641309

a2=0.28382012095799534

a3=0.242814631411232

a4=0.3668004756824534

# define the output file
outfile="result.dat"

paste $file1 $file2 $file3 $file4 |

awk -v a1=$a1 -v a2=$a2 -v a3=$a3 -v a4=$a4

’{printf "%.1f %.7e\n", $1, a1*$2+a2*$4+a3*$6+a4*$8}’ > $outfile

˘⌦Ñ„�€L�õ„ ⇥ñH,�LöIÜŸ*⇢,/�(bashŸ*„ he„ }‰Ñ⇥v!ÔÂ⇢«Ã�
˜Ñb✏�˘s⌃Å⌅⌃Ñ€*áˆ€LöI�ŸÃ‡:€*áˆå⇢,⌅(��*ÓU↵�Ù•(�W1}�_
ÔÂ�(⌥∆ÑÓU<✏˘⇢,@(ÓU↵v÷áˆ9ÃÑáˆ€L˚÷⇥K�(shell⇢,ÃöIÜ€*˚p�Ÿ
õ˚pÔÂè*∫ÅBè✏nö⇥'•@ÔÂöI�»ì˙áˆÑáˆ��ÔÑI∆Ç⇥���Â/Ÿ*⇢,Ã�
8√Ñ�e⇥

ñH/paste}‰�Ÿ*}‰⌃⇢ä€*pnáˆí⌫(�wb⇣2*4=8⌫Ñáˆ�v⌃ÉÏ(6h&⌃î�⇥G
p⌫/“¶�⇧˝œ�vp⌫/Ö⌅⌃ÑÆ⌃*b⇥“\”/�*°S&˜�ÉÔÂ⌃⌦�*}‰Ñì˙\:↵�*
}‰Ñìe⇥Ÿ*k⌫Ñpnhè:´ eawk}‰-⇥

˘éawkÌÂ�‘-v‘  yÔÂ(e ✓ awk ÿœÑ<⇥ŸÃ�‘-v a1=$a1‘ h:⌃ shell-⌘ÏKMöIÑÿœ
‘$a1‘ Ñ< ✓Ÿ awk -�: ‘a1‘ Ñÿœ⇥ ( awk -⇢« ‘-v‘ ÔÂöIÿœ�v�( ‘$‘ &˜e∑÷–*yö
ÑWµ⇥ãÇ�(Ÿ*ãP-�‘$1‘ h:œLÑ,�*Wµ�‘$2‘ h:œLÑ,å*Wµ�ùd{®⇥� ‘a1‘, ‘a2‘,
‘a3‘, ‘a4‘ ⇡/1 shell ⇢, ✓Ÿ awk Ñÿœ�(e°óœL-Ñ∞<⇥

;”eÙ�Ÿ*ÌÂÑ\(/⌃1 ‘paste‘ }‰�vÑ€*áˆ-œLÑ,å*Wµ€Lø'ƒ��vì˙
0 ‘$outfile‘ -�v-œLì˙ÑÖπ:$*Wµ�,�*Wµ›Y�M✏p�,å*Wµ�(—f°p’ì
˙⇥ Ë✏�( shell - ✓Ÿ awk Ñÿœ�ÅÂ ‘-v‘ �4�v�( ‘=‘ ⌃ shell Ñÿœ�åÿœ<⌃î��Ç ‘-v
a1=$a1‘⇥( awk -�(ÿœ⇡��Å�( ‘$‘ &˜�Ù•�(ÿœ�sÔ⇥�( shell -�(ÿœ⇡�Å†⌦ ‘$‘
&˜�Ç ‘$a1‘⇥
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Figure 11.1: Caption

Figure 11.2: Caption
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