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Angular distribution method

Capture reactions
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Cross section determination

A A: atomic weight
— —Y  Nj4:Avogadro number
Na$ ¢: target thickness

Y: reaction yield » Y = Y. (Ao);

g1 =

Calculation of (Ay);:
* Spectrum analysis — I (E}, Ef¢*™, 6,
e Corrections ®(0), g,,(0) — I' (E}, E7°%™, 6,,)
* Normalization Q — Y (E}, E/¢*™, OK)
* Fit Y(0) with function:
W(0) = Ap(1 + Xy ayPr(cos 9)),
k=2,4,.




Angle integration method”

* Step |: Experimental determination of the differential
gamma-production cross section
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“L.C. Mihailescu et al., Nucl. Instr. Meth A531, 375 (2004)



Angle integration method”

* Step |: Experimental determination of the differential
gamma-production cross section

da)’ (EY Ebeam BK)

* Step 2: Determlnatlon of the angle-integrated gamma-ray
production cross section

o (EY, Epeam)

“L.C. Mihailescu et al., Nucl. Instr. Meth A531, 375 (2004)



Angle integration method”

* Step |: Experimental determination of the differential
gamma-production cross section

da)’ (E)’ Ebeam BK)

* Step 2: Determlnatlon of the angle-integrated gamma-ray
production cross section

o (EY, Epeam)

* Step 3: Determination of the reaction cross section for
every beam energy

o7 ( E})eam)

“L.C. Mihailescu et al., Nucl. Instr. Meth A531, 375 (2004)



Angle integration

Step 2:

Differential gamma-production cross section:

day
o (

0,) =L cPe(costy) k=0,2,4,..
k

Numerical integration of the differential cross section by
the Gaussian quadrature method:

' do aoy doy,
o, = an 7o (x)dx = an wW; —— (x

xX=cos6, n: number of detectors

Requirement: The sum gives the exact result for
the integral — Calculation of the appropriate w;, x;




Determination of w,, X,

* x; = cos0; equals to the root of the Legendre polynomial P,,
* The weight equals to:

Case of 2
detectors:

Number of Weight Angle
detectors wi 0
n=| 2 55 125
n=2 1.304 31 149
0.696 70 110
n=3 0.936 76 | 04
0.722 49 131
0.343 21 159

z

wi+w, =2

Wy Py (x1) + wyPo(xz) =0
(W1 Py (x1) + waPy(x;) =0

\

Exact approach for

> polyonomials of

degree: < 4n — 2



Determination of w,, X;

* x; = cos0; equals to the root of the Legendre polynomial P,,
* The weight equals to:

Number of Weight Angle
detectors wi 0
n=| 2 55 125
n=2 1.304 31 149
0.696 70 110
n=3 0.936 76 | 04
0.722 49 131
0.343 21 159

Case of 2 | 10° (or 70°) and 150° (or 30°) — P,(cosf) = 0

do do
detectors:| 9y = 27wy a0 (110°, Epeam) + w» 10 (150°, Epeam)




Reaction cross section

Step 3:

The reaction cross section for each beam energy is

calculated using the formula:
N

o(E) = z o, (EY,L; > g.s.)

=1

N:number of transitions that lead to the ground state
0, : gamma-ray production cross-section for gamma-ray
energy £
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Measurements by the
angle integration method
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Future plans
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Conclusions

* Need for fewer detectors
* L ess experimental data to be analysed

* Validation of the angle integration
method for the calculation of capture
reaction cross section




Thank you for your attention




Number of P. =0 Weight Angle
detectors 2n wi 0
n=l 0.57735 2 5474 125.26
n=2 0.33998 1.30429 30.56 149.44
0.86114 0.69571 70.12 109.88
n=3 0.23862 0.93583 76.19 103.8l
0.66121 0.72152 48.61 131.39
0.93247 0.34265 21.18 158.82




Solution of the equation system

For k =2

14
j — (cos0)dcosO = z w, - (cosH,)

IN'aon = 2:

i) =1+ C2P2 (COSBi) +C4_P4_(C030i)

f e 29 (cos®)dcos = w1 —ﬂ Z (cosO,) + w, E 2 (cosOy)
fll ;’; (cos@)dcosO = f {1+ c3P5(c0s0;) + c4P4(cos8;)}dcos® =2+ 0 + 0

o W1(1 + Csz(COSOl) + C4P4(C0801)) + W2(1 + C2P2(C0892) +
Cc4P4(c0s0,))=2 >
w1+ wy=2
wqP,(cos@4) + w,P,(cosO,)=0
w1P4(cosO4) + woP4(cosB,)=0



