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A Simple Functional Form for the Reno-Quigg (Anti)Neutrino Total Cross sections

The differential cross section for neutrino nucleon scattering, given by Halprin and Oakes
(DUMAND ‘78 Workshop, pg. 43), includes the effect of the W propagator;
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where x and y are the Bjorken scaling variables, and B =(Mw)?/(s = 2ZMNEv).
1. Total Cross Sections

a) Neutrinos

I choose an approximate form of q(x) = 1-x, q (x)=0, and find a simple functional form for
the total cross section;

o = [(GMw)22r =5,468 x 10-38cm?][(1+ $)In(B-! +1) - 1] (eq. 2)
It is easy to verify that that at low energy (large B),
[(1+ B)In(B1 +1) - 1] = Bl = (s = 2MNEy)/(Mw)?

and at high energy (small ),
[(1+ Bin! +1) - 1] = In(B-1= 2MNEv/(Mw)?)

I use this as a comparison function for the Reno and Quigg Neutrino total cross section that I
scaled from their Fig.1 (PR D37, 657(1988)). My Fig.1 is the ratio of their cross section to
mine. The scatter of the points is caused by my inaccurate reading of their figure. The
agreement up to 3 x 104 GeV is made better if I use a slightly higher value of 90 GeV for Mw
in the evaluation of B. The constant in front of (eq. 2) is for Mw = 80 GeV. Note that the
departure from unity above 3 x 104 GeV is a straight line on this log-log plot and suggests
that I multiple my simple function (eq.2) by the factor (Ey/Ep)023 above Ep =3 x 104 GeV.
Fig.2 is the result and shows exceptional agreement, Fig.3 is my resulting neutrino total
cross section vs energy which I label Sig"0.23".

Quigg, Reno, and Walker in their earlier paper (PRL 57, 774 (1986), Fig. 1) show that above
Ep, the contribution of the ocean quarks dominates over the valence quarks, and the neutrino

and anti neutrino cross sections become equal.
b) Antineutrinos

For antineutrinos it is more complicated. Fig. 4 displays the Reno Quigg anti neutrino cross
section divided by my corrected function [factor (Ev/Ep)0-23,above Ep = 3 x 104 GeV ]. There

are two regions of disagreement. The first, from 10 to 103 GeV, showing that my number is a
factor 2 too high. Thus, in this region, I multiply my corrected function by 0.5. The second
region, from 103 GeV to 105 GeV, is again a straight line on a log-log plot and a correction

factor, (Ev/Eqa)0-1505 is applied between By = 103 GeV and Ep = 3 x 104 GeV. Fig. 5, again
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the ratio, shows this function gives very good agreement. Fig. 6 is my antl neutrino total
cross section vs energy.

2. Differential Cross Section, do/dy.

a) Neutrinos
On integrating (eq.1) over x, with my crude approximation, q(x) = 1-x, q(x)=0,1 get;
2 2
do _G7GB=Mw) E] 1+ 3
o Ly ) (cq.3)

The integral of this over y, of course, yields (eq. 2).
Fig. 7a displays (1/Ey)do/dy, again modified by the factor (Ev/Ep)0-23, above Ep =3 x 104

GeV. It agrees well with Fig.3 of Quigg, Reno, and Walker for energies up to 106 GeV.
Figures 7b,c,d are the ratio of their values (Reno) to mine (MLS) versus y for neutrino

energies, 104, 106, and 108 GeV, resp.
Fig. 7e is a log-log plot of my do/dy that emphasizes the behavior at low y.

b) Antineutrinos

I multiply (eq. 3) by (1 - y)? to get a similar expression for the anti neutrino differential cross
section. However, when I integrate it, I get a term,

Lina +2)ay
Y B

which, Gradshstein/Ryzhik say, “... cannot be expressed as a finite combination of
elementary functions.” Therefore, I give up on antineutrinos.

3. Total (CC+NC) Cross Sections
a) Neutrinos
Fig. 8 is the ratio of Reno-Quigg’s (CC+NC)/CC total cross section on a log-log plot. The

fitted line through their calculations is shown. Thus to obtain the total (CC+NC) Neutrino
Cross Section using my simple modified (eq.2), one multiplies it by;

1.293 [Ey /(Eg=10 GeV)]0.01145.

b) Antineutrinos

Fig. 9 is the same as Fig. 8, but for anti neutrinos. Thus to obtain the total (CC+NC)
Antineutrino Cross Section, one multiplies my correction factors of section 1 (b) by;



4, Summary of (Anti)Neutrino Cross Section Parameterization Factors*

Total Neutrino CC
[(1+ B)In(p-1 +1) - 1] 10 < Ey <Ep=3x 104 GeV
[(1+ B)In(B-1 +1) - 1] (Ey/Ep)0-23 Ey > Ep

For Total (CC+NC), multiply all above by 1.293 [Ey /(Eo=10 GeV)]0.01145.
Total Antineutrino CC

[(1+ B)ln(B-l +1) - 1]0.5 10 <« Ey<Eg=1x 103 GeV

[(1+ BIn(B-1 +1) - 1]0.5 (By /Ey)0-1505 Ea< Ev<Ep

[(1+ B)In(p-1 +1) - 1]0.5 (Bp /Eg)0-1505 (Ey/Ep)0-23 Ey> Ep, CORRECTED
For Total (CC+NC), multiply all above by 1.335 [Ey /(Eg=10 GeV)]0-00612

Differential Neutrino CC, do/dy

[y -1-By-2ln(ypl+1)] 10 < E, <Ep=3x 104 GeV
[y-1-By 2 In(yp! +1)] (Bw/Ep)0-23 Ey> Ep

* These factors must be multiplied by [(GMw)2/2n =5,468 x 10-38 cm?] 1o obtain cross
sections, where My = 80 GeV.
Recall that, B =(M'w = 90 GeV)2/(s = 2MNEy).
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(1/E)dSig/dy E-38 cmsq/GeV

® (1/E)dSig/dy E-38 cmsqg/GeV
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QuiggTot/QuiggCC

— —y = 1.2931 + 0.01145log(x) R= 0.95989
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