Program

static const G4double fTable[47][2] ={

{0.02,21.5},
{0.03, 20.0},
{0.04, 18.0},
{0.05, 15.6},
{0.06, 15.0},
{0.07, 14.0},
{0.08, 13.5},
{0.09,13.},
{0.1, 12.2},
{0.2, 9.25},
{0.3, 7.0},
{0.4, 6.0},
{0.5, 4.5},
{0.6, 3.5},
{0.7, 3.0},
{0.8, 2.5},
{0.9, 2.0},
{1.0, 1.7},
{1.2, 1.2},
{1.3, 1.0},
{1.4, 0.86},
{1.5, 0.7},
{1.6, 0.61},
{1.7, 0.52},
{1.8, 0.5},
{1.9, 0.43},
{2.0, 0.42},
{2.1, 0.3},
(2.4, 0.2},
{3.0, 0.13},
{3.08,0.1},
{3.1, 0.09},
{3.3, 0.08},
{3.5, 0.07},
{3.8, 0.06},
{4.0, 0.051},
{4.1, 0.04},
{4.8, 0.03},
{5.0, 0.024},
{5.1, 0.02},
{6.0, 0.013},
{6.5, 0.01},
{7.0, 0.009},
{7.1, 0.008},
{8.0, 0.006},



{9.0, 0.0032},
{10.0,0.0025} };

G4LPhysicsFreeVector* BarkasCorr = new G4LPhysicsFreeVector(47, 0.02, 10.);
for(size_t i=0; i<47; ++i) { BarkasCorr->PutValues(j, fTable[i][0], fTable[i][1]); }
BarkasCorr->SetSpline(true);

size_t N = BarkasCorr->GetVectorLength();
std::vector<double> left(N - 1);
std::vector<double> right(N - 1);
constexpr G4double eps = 1.0e-6;
std::vector<double> left_diff(N - 1);
std::vector<double> right_diff(N - 1);
for(size_ti=0;i<N-1;i++)
{
G4double x1 = BarkasCorr->Energy(i);
G4double x2 = BarkasCorr->Energy(i + 1);
G4double h = x2 - x1;
G4double C=h*h / 6.0;
G4double y1 = BarkasCorr->Value(x1);
G4double y2 = BarkasCorr->Value(x2);

G4double v1 = BarkasCorr->Value(x1 + h * (1.0 / 3.0));
G4double v2 = BarkasCorr->Value(x1 + h * (2.0 / 3.0));
vl-=(2.0/3.0)*yl+ (1.0 /3.0) *y2;

v2-=(1.0/3.0) *y1 + (2.0 / 3.0) *y2;
vl*=-27.0/(20*C); //vl=5*M1+4*M2
v2*=-27.0/(20*C); //v2=4*M1+5*M2
G4double M1 = (5.0 *v1-4.0 *v2) / 9.0;

G4double M2 = (-4.0 *v1 + 5.0 *v2) / 9.0;

left[i] = (-2.0*M1*C-M2*C-yl +y2) / h;
right[i] =(M1*C+2.0*M2*C-yl +y2) / h;

left_diff[i] = (BarkasCorr->Value(x1 + 2.0 * eps * h) -
BarkasCorr->Value(x1 + 1.0 * eps * h)) / (eps * h);
right_diff[i] = (BarkasCorr->Value(x2 - 1.0 * eps * h) -
BarkasCorr->Value(x2 - 2.0 * eps *h)) / (eps * h);

}

for(size_ti=0;i<N - 2; i++)
{
G4cout <<i<<"\t";
G4cout << right[i] <<" (" << right_diff[i] <<")" << "\t";
G4cout << left[i + 1] <<" (" << left_diff[i + 1] << ")" << G4end];
}
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Formulas description.

To calculate derivatives of cubic spline at its knots analytically we can do the following.
On interval [x, xi+1] cubic polynomial y(x) could be set by:

y(x) = M;C(b® — b) + M;1,1C(@® — a) + by; + ayisy, (1)
where M; = y”(xi),
a=(x—x)/h,
b = (Xi+1 —x)/h,
C = h?/6,
h=x;4,—x;>0.
Atpointx =x;:a=0,b=1,=>y(x;) =y;.
Atpointx = x;,.:a=1,b=0,=>y(X;41) = Vi1
a =1/h,
b= —-1/h.
First derivative:
M;C(1 —3b%) + Mi,1C(3a® — 1) — y; + Yisq

y'(x) = n
v T2MiC =M1 C =y + iy
y (xl) - h ’
, _ MC+2M; 1 C =y + Vi
y (xi+1) - h .

Second derivative:
y"(x) = M;b + M;,,a.
y'(x) = M;,
V' (xi41) = Miyy.

So, function y(x) and y”(x) in form (1) is automatically continuous at points x;. Let’s
choose intermediate points on (X, Xi+1):

X' =2+ g (ia — x7) (a=1/3,b=2/3)
X'y = %+ 2/q (i1 — X7) (a=2/3,b=1/3)
For these points
y(x') =— 10/27 M;C — 8/27 M;1C + 2/3 yi + 1/3 Yit1

y(") = - 8/27 M;C — 10/27 M1 C + 1/3 yi + 2/3 Vi1

If we can calculate values y(x;)) and y(x';)), we can calculate M; and Mi:1 and,
correspondingly, y'(x;) and y'(x;41).



