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Nuclear reaction cross section

Consider a beam of projectiles of intensity ®, particles/sec which hits a thin foil of A -4,
target nuclei with the result that the beam is attenuated by reactions in the foil such v, | | /
that the transmitted intensity is ® particles/sec. - - w
The fraction of the incident particles disappear from the beam, i.e. react, in passing . w/
through the foil is given by ' | 'ﬁ_f_x_f_,_,_,_

dd =—-d-ny,-0-dx g L
The number of reactions that are occurring is the difference between the initial and . I i
transmitted flux . l ./ T

DPinitiat — Perans = Pinitiat (1 — exp[—ny, - d - o)) . ..L\ﬁ\\
~ Dipitiar *Np 0 (for thin target) = —"\ B

Example: D, =NV, Ny = ny-A-d

A particle current of 1 pnA consists of 6-10° projectiles/s.
A 1323n target (1 mg/cm?) consists of 5-10'8 nuclei/cm?

6-10%22-1073 g/cm?
1329

45101 [target nuclei]

cm?

Luminosity = projectiles [s1] - target nuclei [cm™2]
Luminosity (projectile — 32Sn) = 3-10%8 [s'lcm-?]

Reaction rate [s1] = luminosity - cross section [cm?]
= projectiles [s1] - target nuclei [cm?] - cross section [cm?]
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Kinematics
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Solid angle: Q = [[ sind d9 do
Q=2m-(1—cosV)

PPAC: 1.626 sr

Hans-Jurgen Wollersheim - 2022 (=



Elastic scattering

Fraunhofer (eft) and Fresnel (right) diffraction

1
Joseph von Fraunhofer Augustin Jean resnel
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Born approximation (quantum description) or classical description: 1 = —
A
0.72+ 2,2, Ay + Ay Aq
half distance of closest approach for head-on collision a = . [fm] n= koo -a=0.157- Z1ZZ :
T Tiap
wave length of projectile A = (k) koo = 0.219-A -|—2A AL T [fm™1]
1 2
—
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Elastic scattering

109} “He + 209Bj
10" 10" E.p = 69.5 MeV
-2
E’iﬂ 4He + 209Bj g 4He + 209B;j g 10
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Rutherford scattering Fresnel scattering Fraunhofer scattering
n=15 n=11 n==6

Transition from classical (optical) picture to guantum picture
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Elastic scattering

SLi elastic scattering @ 88 MeV
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Oscillation in angular distribution — good angular resolution required

S. Hossain et al. Phys. Scr. 87 (2013) 015201
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center of mass system

Scattering parameters

O=r—-2y

® He +2

impact parameter:

b=a-cot—=
2

distance of closest approach:

7]
D=a- [sin‘1%+ 1]

orbital angular momentum:

on

?=kyw b=1n-cot
n-cot—

half distance of closest approach
in a head-on collision (8,,=180°):
072 * lez A1 + A2

a= . [ m]

Tiap A /
asymptotic wave number:

A
koo = 0219 —2— . JA; - Tiap  [fm~1]
A+ A,

Sommerfeld parameter:

T]=k°o'a=0.157-Z1Z2-

lab
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Scattering theory

. ring area: 27h db
rsin 0

solid angle: 27 sinf d@

5000 . : , : :
] 4000 F Rutherford cross section
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angular momentum and scattering angle:

t=b-p=b-V2-m-T ko
f = te

=17+ cot n
do do dQ a* 0 dQ

= . = —"-8SIn —_—

d¢ dQ df 4 2 dbf
d.Q_Z - dao dat
W_ m-Sin ﬂ E—
dﬂ_z ) 6 6 2°sin2% 0
- T - -cosz-smz- 7 >
do a? . _,0 8m-t 0
ﬂzx-sm E T]Z -smz
do 2m
= 2 .,B

d¢ k2

Scattering theory

dORuth/dﬂ (mb/h)

rsin @

ring area: 27h db

solid angle: 27 sinf d@

232 206 S |
Th+206ph o
Elab=1298 MeV Oofoca 7
« |
q}@b -
Q‘§ ]

1(;0 2(;0 3(;0 4(;0

¢ )
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Scattering theory

distance of closest approach and scattering angle:

0 0 a
D=a-|sin"'=+1 sin— =
a [sm 2+] 2" D—a
do do dQ a* 6 dQ
p— . p— .Sln _— ———
dD dQ dD 4 2 d
7]
o _ 0 dD a —Cosy
d_D_ - Ssin d_D —H—E .29
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d__ . 0 025y
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0 8t .6
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do a*> 60 8t .6 2m-a
A A
smi
do
d—D=2n-(D—a)
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14
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X/

¢ impact parameter and scattering angle:

Zy - Zy - e?
b =qa- Cot_ a= L
2 2 Eomn
do a* 6
- = Sln_ — ring area: 2xh db
dQ 4 2
% angular momentum and scattering angle: Solid ans e
6 J2-m-E
f:n.cot— n:koo-a koo= cm
2 h
do 2m
— = _2 L] 4£
dt kZ

¢+ distance of closest approach and scattering angle:
. .0
D=a- [sm‘lz+ 1]

do
d—D—ZTC'(D—Cl)

—
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Summary

¢ impact parameter and scattering angle: 5000 ".

_ 4000 l'll Rutherford cross section J
b=a-: cotE . |

o )

N i 2327Th+206pp
_dO' az ion—4 o ggm \ Eis=1298 MeV

= *Sin g 1000 | .
Q4 2 "
. N
+« angular momentum and scattering angle: Oy (0
B
t = n- cot = [ 2827hH+208pp
2 < ¢l Eip=1298 MeV
=
do 2n £
— =—-1 3
2 cga_
de k% ¥
l- . . . .
< distance of closest approach and scattering angle: e
o N
D=a- [sin_lz + 1] ) 800 bo""c’e@

E 1)

‘Em : Qy 22Th+20%pp
do Sl | Eu=1298 MeV
— =2n-(D —a) 3
dD % ol

n ® 20 22 2
D (frn)
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Elastic scattering and nuclear reactions

X/

¢ impact parameter and scattering angle:

b = . t—
a-co >
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——=—-S8in" "=
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+«+ angular momentum and scattering angle:
= t o
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A k2

0
D = a-[sin‘1§+ 1]

do
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Elastic scattering and nuclear reactions

X/

b=a- t—
aCO2

— 2 cmY
Oreaction = 2TA° * [(1 — COoS 91/4

X/

= te
=1-cots

T

¢ impact parameter and scattering angle:

Oreaction = 73 fgr(egr + 1)

k&

0
D = a-[sin‘1§+ 1]

_ 2
Oreaction — T * Rint ’

1

++ distance of closest approach and scattering angle:

. VC (Rint)

Ecm

R;.: can be measured for E_,>> 0
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Rint = Cp + Ct + 4.49 — W [fm]

C=Ri-(1-R?) [fml R =128-47°-076+08 47" [fm]

i

Nuclear interaction radius: (distance of closest approach)

9
Rp=D=a- [sin-1$+ 1]
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Classification of heavy ion collisions

Elastic scattering
direct reactions

Peripheral collisions

“— Fusion

Grazing collisions ,
Incomplete fusion and

. i deep inelastic collisions
Distant collisions ;

Elastic (Rutherford) scattering
Coulomb excitations

partial cross section vs. angular momentum
'F

do § /f"'
df /}
piat
=]
1=
=t
ak i
&0
v § EL
H QE }|CE
1
’ U
FL
CN i
ECﬁt gf ED gm&x 4’

CN: compound nucleus
FL: fusion-like

D: deep inelastic

QE: quasi elastic

CE: Coulomb excitation
EL: elastic
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