Mandl and Shaw
pages 113 -115; 125 -126; 173

THE MOLLER CROSS SECTION

This is the cross section for electron-
electron elastic scattering.
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The matrix elementis M=M +M, .
The cross section requires |M|?,

= |M,|*+ |M,|*+M M*+M*M .
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$LoadFeynArts = False;
<< HighEnergyPhysics FeynCalc~

Loading FeynCalc from /home/stump/.Mathematica/Appl
FeynCalc 8.2.0 For help, type ?FeynCalc, open FeyncCal

(* scalar products =)
ScalarProduct[pl, pl] =mA2;
ScalarProduct|[p2, p2] =mA2;
ScalarProduct[p3, p3] =mA2;
ScalarProduct[p4, p4] =mA2;

(* Mandelstam variables =)
ScalarProduct[pl, p2] = (s -2mA2) /2;
(s-2mA2) /2;
(2mA2-t) /2;
(2mA2-t) /2;
(2mA2-u) /2;
(2mA2-u) /2;

ScalarProduct[p3, p4]

ScalarProduct[pl, p3]
ScalarProduct[p2, p4]

ScalarProduct[pl, p4]

ScalarProduct[p2, p3]
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IM_t[r2

n7oj- frontTT =eAd / (4% EtA2) / (2m)Ad;
L13 = Tr[GA[u].(GS[pl] +m) .GA[a]. (GS[p3] +m)];
L24 = Tr[GA[u].(GS[p2] +m) .GA[a] . (GS[p4] +m)];
ETT = Contract[L13.L24];
ETT = Simplify[£TT]
ETT = Expand [ETT /. {mA2 > (s+t+u) /4}]

ourral- 8 (8 m* -4 m? (st + u) + s* + u?)

oui7sl- 64 mt-16su+8 2
IM_u|A2

n7el- ErontUU = eAd / (4 »uhr2) / (2m)Ad;
L14 = Tr[GA[u] . (GS[pl] +m).GA[a]. (GS[p4] +m)];

Comment: L23 = Tr[GA[u].(GS[p2] +m).GA[a].(GS[p3] +m)];
) £UU = Contract[L14.L23];
Note that M ? is equal to €00 = Simplify(£UU]

EUU = Expand [§UU /. {mA2 > (s+t+u) /4}]
outgol- 8(8 mt -4 m? (s+1t-u)+ s+ 1?)

M tz with the substitutions
t2ul.e., J R

ouisi]- 64 m*-16st+8 u?




The interference terms,
M, M *+M*M, .
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Interference terms

nss)- ErontINT = -eAd / (4xt*xu) / (2m) Ad;

EINT = Tr[GA[u] . (GS[pl] +m) .GA[a] . (GS[p4] +m) .

GA[u].(GS[p2] +m) .GA[a].(GS[p3] +m)];
EINT = Simplify[Expand[ng] ] :
EINT = EINT /. {u>4+mA2-8-t};
EINT = Simplify[Expand[fINT] ]
compare = Expand[(s-2+mA2) » (-6 *mN2)]

EINT = -8 * compare

outssl- —8 (12 m* - 8 m? 5 + 52)
ouso= 12 m* -8 m? s+ 5%

ous1- =8 (12 mt-8m?s+ 52)

So, the matrix element squared, for
unpolarized scattering, is

Matrix element squared

n[(163:= MTT = Simplify[frontTT * fTT] i
MUU = 8implify[£rontUU « EUU];
MINT = Simplify [2 * ETOontINT % EINT ] ;
Msq = MTT + MUU + MINT

AB8m-2s5u+?) @Bmi-2sr+u?) e (2m?-5)(6m*-5)
+ +

8 m'r® 8 m* u? 4miru

(2))




The cross section
Let's calculate the cross section in the center of
mass frame of reference.
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The center of mass frame of reference
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Plot the CoM cross section; using units of MeV and mb;

nasi- do = (2 %m) f\4/ (64*Pil\2*s) * Msq;
do=doc /. {e—)Sqrt[f-lei*cx]};
temp = Expand[dcr/aﬂz:l

const = (197) "2 %1000 /100 (* hbec=197 MeV.fm ; 1 barn = 100 fmAr2 %)

do = do x const;

am* 12m* 4A4m* 8m® s 1 u
out[a7) + + = e
st? stu su? tu tu s 12

ouzzl- 388090

nsep- (% numerical =)
cs=do /. {a-»1/137};
C8=C8 /. {s->4El1A2,
t->-2% (E1A2-mA2) % (1-cos),
u->-2% (E1A2-mA2) % (1+cos)};
cs=¢cs /. {m->0.511} ;
cs=Cs8 /. {E1+1.30}; (» El » electron energy in MeV =x)
CS = Simplify[Expand[CS]]

29.8668 + 3.05875 cos? + 25.3667 cos?

Out[61]

1. + cos* - 2. cos?

ne2= €tbl = {}

Do[th=0.01%1i;
CrSec =CS8 /. {cos - Cos[th]};
tbl = Join[tbl, {{th, crsec}}],
{i, 1, 314}]

tbl;

ListLogPlot[tbl, PlotRange » {{0, 3.2}, {1, 1xn6}},
Frame - True,
FrameLabel - {“9/7r", "do/dQ in mb"},
PlotLabel -» "Moller cross section for E1 = 1.30 MeV"]

outsare {}

Moller cross section for E1 = 1.30 MeV
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Homework Problems due Friday March 31 10. Mandl and Shaw, Problem 8.6.
Plot a graph of the cross section in the high-energy limit.
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