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Abstract
Single differential cross section (SDCS) has been calculated for electron emission in
collision of different Protons energies with Hydrogen atom for electrons emission energies (1-1000
eV). SDCS has been calculated for ground state (n=1) and exited states (n=2, 3). SDCS for n=1
level less than SDCS for n=2, 3 levels at the range of electron energy less than 10eVand SDCS"s
for different levels have the same values at the electron energy more than 10eV. SDCS as a function
to the binding energy (where the binding energy for nth-level for H-atom Eb = 1

in atomic

2n 2

units) has been studied. The SDCS is independent on large principle quantum number and it is
decreasing with impact energy.
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into solid angle dΩ = sin θdθdφ is given

when the energy

by[2]

losses from incident ion transfer to the active

P

electron only, this process is similar to

2
dσ 4Z p
= 2 3 J ( pz )dΩ
dE v p k

Compton scattering[7,8].
P

Compton

P

scattering

describes

by

⋅⋅⋅

(1)

Compton profile J ( p z ) which depends on the

Where Z p and v p is the projectile

state electron momentum density ρ ( p ) and it

charge and projectile velocity respectively,
and the momentum transfer k is given by

is related to the integral of two-dimension of

⋅ ⋅ ⋅ (2 ) .

k = 2 E + 2 Eb

electron momentum density,
J ( p z ) = ∫∫ ρ ( p )dp x dp y

Where E is the energy of emitted electron and

or equivalently a one- dimension of electron

Eb = 1

momentum density along the direction of the

electron, J ( p z ) is the Compton profile of the

scattering vector p z of the incident ion. The

initial state of electron as a function of initial

above equation which is used in much of the

momentum
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direction pz .
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Compton profile is obtained
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2n 2
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energy
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J ( p z ) is given by[9]

impulse

P

approximation. The fundamental scattering

J ( p z ) = ∫ φi ( p ) d 2 p⊥ ⋅ ⋅ ⋅ (3)
2

process considered the impulse approximation
is the scattering a photon (virtual photon)

Where the φi ( p ) is the initial state in

collection of free electron. The impulse

momentum space, p ⊥ is initial momentum

approximation is expected to valid when the

component perpendicular to the incident beam

energy transferred in the scattering process is

direction.

much large than the binding energy of the

So pz is given by

electronic state involved [9,10]. In this work we
P

shall

study

the

p z = k cos θ − K min

P

dependence

of

Single

⋅ ⋅ ⋅ (4 )

Where θ is emission angle of electron

differential cross section for electron emission

and the minimum momentum

on principle quantum number of H atom in

transfer K min is obtained as

proton-collision process.
Atomic unit (  = e = me = 1 ) are used

K min ≈

in this work.

∆E
vp
Where the energy transfer ∆E is given

[11]

by

2. Theory
Single

P

differential

cross

∆E = E + Eb ⋅ ⋅ ⋅ (5)

section

From equation (4)

(SDCS) for electron emission with energy E
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95 MeV/u Ar+18 with Li-atom to check the

dpz
⋅ ⋅ ⋅ (6 )
dθ =
k sin θ

P

P

validity of the program since we have the

The solid angle dΩ = sin θdθdφ .

experimental result of this collision, then this

After applied some substitution in

program is used in this work.

equation (1) and the integral over the azimuth

Fig. 1 shows the energy distribution of

angle give 2π , equation (1) becomes

SDCS of ionized electron in (95 MeV/u Ar18+

4 Z p2
dσ
= 2 3 2π ∫ J ( pz )sin θdθ ⋅ ⋅ ⋅ (7 )
dE v p k

with Li atom). This figure also shows the

P

contributions of 1s-orbital (n=1), 2s-orbital
(n=2), (1s+2s) orbitals and experimental

By using equation (6), the single

result. There are a good agreements between

differential cross section becomes

theoretical

2
dpz
dσ 8πZ p
= 2 3 ∫ J ( pz )sin θ
k sin θ
dE v p k

experimental

results

of

SDCS has been calculated for electron
emission in (100 KeV, 300 eV and 1 MeV/u)

2
dσ 8πZ p
J ( pz )dp z
=
dE v 2p k 4 ∫

taking

Compton profile

⋅ ⋅ ⋅ (8)

proton with H atom and SDCS for electron
emitted form n=1 (ground 1s state) and n=2, 3

the

normalization

∫ J ( p )dp
z

z

of

(exited 2s and 3s states) of H atom. Fig. (2)

= 1 equation (8)

shows the energy distribution for electron
emission in different impact energies. SDCS

becomes
2
dσ 8πZ p
=
⋅ ⋅ ⋅ (9)
dE v 2p k 4

From

and

(1s+2s).

Or

By

P

equation

for n=1 level less than SDCS for n=2,3 levels
at the range of electron energy less tan 10eV
(2),

and SDCS"s for different levels reach into

k 4 = 4∆E 2 by

together value at the electron energy more

using this relation; equation (9) becomes

than 10eV because the transfer energy

2πZ p2
dσ
= 2 2 ⋅ ⋅ ⋅ (10 )
dE v p ∆E

(∆E = Eb + E )
(E >> Eb ) is

Equation (10) is used to calculate the

at high electron energy

approximately equal to electron

energy, i.e. (∆E ≈ E ) .

single differential cross section for electron
emission in ion-atom collision.

SDCS as a function to the binding
energy (where the binding energy for nth-

3. Result and discussion

levels for H Atom Eb = 1

In order to calculate the SDCS for electron

2n 2

in atomic

units) for electron energy 3eV at different

emission in proton –Hydrogen atom collision,

impact energy illustrated in Fig. (3).From this

a computer program has been built and

figure SDCS independent on the principle

applied, at the first, to the collision between
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quantum number n at large n because the

of proton energy in KeV/u at energy of

value of 1

approach to zero, therefore the

emitted electron E=3eV. SDCS decreases

transfer energy in formula (10) (∆E ≈ E ) at

exponentially with increasing of impact

2n 2

energy

of

proton.

large n.
Fig. (4) shows the SDCS for emitted
electron from ground state (n=1) as a function
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Fig(1) Single cross section for electron emission in 95-MeV/u Ar18++Li
P

P

collision from 1s orbital ,2s orbital and 1s+2s compare with experimental data▲[3].
P
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Fig.(2) Single differential cross section for electron
emission in proton + H-atom collision from(n=1,2,3)
orbital for different proton energies
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Fig.(3) Relationship between 1/2n2 and SDCS for electron emitted
P

P

with different energies in 100KeV proton +H atom collision
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Fig. (4) SDCS for ground state (n=1) as a function
to proton energy at electron energy E=3eV .
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ﺩﺭﺍﺳﺔ ﺍﻟﻌﻼﻗﺔ ﺑﻴﻦ ﺍﻟﻌﺪﺩ ﺍﻟﻜﻤﻲ ﺍﻟﺮﺋﻴﺲ ﻟﺬﺭﺓ ﺍﻟﻬﻴﺪﺭﻭﺟﻴﻦ ﻭﺍﻟﻤﻘﻄﻊ
ﺍﻟﻌﺮﺿﻲ ﺍﻟﺘﺘﻔﺎﺿﻠﻲ ﺍﻟﻤﻨﻔﺮﺩ ﻟﻼﻟﻜﺘﺮﻭﻧﺎﺕ ﺍﻟﻤﻨﺒﻌﺜﺔ ﻓﻲ ﺗﺼﺎﺩﻡ
ﺍﻟﺒﺮﺗﻮﻧﺎﺕ ﻭﺫﺭﺓ ﺍﻟﻬﻴﺪﺭﻭﺟﻴﻦ

ﺳﻠﻤﺎﻥ ﺣﻤﺰﺓ ﺣﺴﻴﻦ
ﻛﻠﻴﺔ ﺍﻟﻄﺐ ﺍﻟﺒﻴﻄﺮﻱ-ﺟﺎﻣﻌﺔ ﺍﻟﻘﺎﺩﺳﻴﺔ

ﺍﻟﺨﻼﺻﺔ:
ﺗﻢ ﺣﺴﺎﺏ ﺍﻟﻤﻘﻄﻊ ﺍﻟﻌﺮﺿﻲ ﺍﻟﺘﻔﺎﺿﻠﻲ ﺍﻟﻤﻨﻔﺮﺩ

) (SDCSﻟﻼﻟﻜﺘﺮﻭﻧﺎﺕ ﺍﻟﻤﻨﺒﻌﺜﺔ ﻓﻲ ﻋﻤﻠﻴﺔ ﺗﺼﺎﺩﻡ ﺍﻟﺒﺮﻭﺗﻮﻧﺎﺕ ﻭﺑﻄﻠﻘﺎﺕ ﺗﺼﺎﺩﻡ

ﻣﺨﺘﻠﻔﺔ ﻣﻊ ﺫﺭﺓ ﺍﻟﻬﻴﺪﺭﻭﺟﻴﻦ ﻭﺑﻤﺪﻯ ﻃﺎﻗﺎﺕ ﺍﻧﺒﻌﺎﺙ ) .(1-1000 eVﺣﺴﺐ ) (SDCSﻟﻠﺤﺎﻟﺔ ﺍﻷﺭﺿﻴﺔ ) (n=1ﻭﺍﻟﺤﺎﻟﺘﻴﻦ ﺍﻟﻤﺜﺎﺭﺓ
) . (n=2,3ﻭﺟﺪ ﺑﺎﻥ ) (SDCSﻟﻠﺤﺎﻟﺔ ﺍﻷﺭﺿﻴﺔ ) (n=1ﺍﻗﻞ ﻣﻦ ) (SDCSﻟﻠﺤﺎﻟﺘﻴﻦ ﺍﻟﻤﺜﺎﺭ ﺗﻴﻦ ) (n=2,3ﻋﻨﺪ ﻃﺎﻗﺎﺕ ﺍﻧﺒﻌﺎﺙ ﺍﻗﻞ
ﻣﻦ  10eVﻭﺗﺼﻞ ﻗﻴﻢ ) (SDCSﻟﻤﺨﺘﻠﻒ ﺍﻟﻤﺴﺘﻮﻳﺎﺕ ﻟﻨﻔﺲ ﺍﻟﻘﻴﻤﺔ ﻋﻨﺪ ﻃﺎﻗﺎﺕ ﺍﻧﺒﻌﺎﺙ ﺃﻛﺒﺮ ﻣﻦ  .10eVﺩﺭﺱ  SDCSﻛﺪﺍﻟﺔ ﻟﻄﺎﻗﺔ
ﺍﻟﺘﺮﺍﺑـــــــــﻂ ) ﺣﻴﺚ ﺇﻥ ﻃﺎﻗﺔ ﺍﻟﺘﺮﺍﺑﻂ ﻟﻠﻤﺴﺘﻮﻯ  nﻟﺬﺭﺓ ﺍﻟﻬﻴﺪﺭﻭﺟﻴﻦ

2n 2

= 1

 Ebﺑﺎﻟﻮﺣﺪﺍﺕ ﺍﻟﺬﺭﻳﺔ( ﻭﻭﺟﺪ ﺑﺎﻥ  SDCSﻻ

ﻳﻌﺘﻤﺪ ﻋﻠﻰ  nﻋﻨﺪ ﺍﻟﻘﻴﻢ ﺍﻟﻌﺎﻟﻴﺔ ﻟﻠﻌﺪﺩ ﺍﻟﻜﻤﻲ ﺍﻷﺳﺎﺱ ﻛﺬﻟﻚ ﺇﻥ  SDCSﻳﺘﻨﺎﻗﺺ ﻣﻊ ﺯﻳﺎﺩﺓ ﻃﺎﻗﺔ ﺍﻟﺘﺼﺎﺩﻡ ﻟﻠﺒﺮﻭﺗﻮﻥ.
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