"rtN" scattering (no isospin)

Square the matrix element

(- Remove ["Global S xm
(* invariants; Q and A *)
Qdp3 = ST * (pldp3 + p2dp3) ~UI * (pldp3 -p4dp3)
Qdpl = SI * (pldpl +p2dpl) - UI # (pldpl - p4dpl)
QdQ = SIA2%s+UIA2%u-2#SI UL« (pldpl-pldp4 + p2dpl - p2dp4)
A=SIx*xM-UIxM

: There are no symbols matching "Global +". >

ouel= (pldp3 +p2dp3) SI - (pldp3 -p4ddp3) UI
ourgl= (pldpl + p2dpl) SI - (pldpl - pddpl) UI
out4l- s SI?2 -2 (pldpl - pldp4 + p2dpl - p2dp4) SI UI +u UI?

ousl= M ST -MUI

nel= (* replacements =x)
replacementsl = {p1dp1 - MA2, p2dp2 »mA2, p3dp3 » MA2, p4dpd » m/\2}
replacements?2 = {
p2dpl -» pldp2,
p3dpl -» pldp3, p3dp2 -» p2dp3,
p4dpl - pldp4, p4dp2 - p2dp4, p4dp3 - p3dp4}
replacements3 = {
pldp2 » (s -MA2-mA2) /2,
pldp3 » (MA2 +MA2-t) /2,
pldp4 » (MA2 +mA2-u) /2,
p2dp3 » (mA2 +MA2-u) /2,
p2dp4 » (mA2+mA2-t) /2,
p3dp4 » (s -MA2-mA2) /2}
replacements4 = {t 52 +*MA2+2+mA2-s -u}

Out[6]= {pldpl - M?, p2dp2 - m?, p3dp3 - M2, p4dpd - mz}

ouf7= {p2dpl - pldp2, p3dpl - pldp3, p3dp2 - p2dp3,
p4dpl - pldpd, p4dp2 - p2dp4d, pddp3 - p3dpd}

out[8]= {plde - E (—mz -M? 4+ s) , pldp3 - E (2 M2 —t) , pldp4 - l <m2 + M2 —u) ,
2 2 2

p2dp3 - l (m2 + M? —u) , p2dp4 - i (2 m? —t) , p3dp4 - £ (—mz - M? +s)}
2 2 2

out[9]= {t92m2+2M2—s—u}
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In[10]:=

Out[15]=

In[16]:=

Out[16]=

Out[17]=

Out[18]=

out[19]=

out[20]=

out[21]=

In[22]:=

Out[27]=

In[28]:=

Out[28]=

MsqgAOl = 2 * Qdp3 * Qdpl - QdQ » p1ldp3 + QdQ * MA2;
MsqgAO0 = MsgAO0 /. replacementsl;
MsgAO = MsgA0 /. replacements2;
MsgAO = MsqgA0 /. replacements3;
MsqgAO0 = MsgAO0 /. replacements4;

Expand [MsgA0]
4 2 4 2
m* ST M* ST 1
—m?M?>SI?+ —— +2M?sSI?- —sSI?u+m* SIUI +2m?M? STIUI -
2 2 2
. m* UI? s o, MuUI? 5 , 1 5
3M*SIUI-sSTIuUI+ -m“ M* UI“ + +2MuUI“- —suUI

2 2 2

MsqgA2 = AA2 *xpldp3 +AA2 *x MA2
MsgA2 = MsgA2 /. replacementsl
MsgA2 = MsgA2 /. replacements2
MsgA2 = MsgA2 /. replacements3
MsgA2 = MsgA2 /. replacements4
Expand [MsgA2]

M? (MSI-MUI)? +pldp3 (MSI-MUI)?
M? (MSI-MUI)? +pldp3 (MSI-MUI)?
M? (MSI-MUI)? +pldp3 (MSI-MUI)?

M* (MSI-MUT)?+ — (2M°-t) (MSI-MUI)?

M2 (MSI-MUI)2+

N RN

(-2m*+s+u) (MST-MUT)?

1 1
—m?M? ST +M* S1%2+ —M? s SI?+ —M?SI?u+2m?M? SIUI -
2 2
4 2 2 2 2 7772 402 Lo PR 2
2M*SIUI-M*sSIUI-M“SITuUI-m*M°UI°“+M UI“+ —MsUI“+ —MuUI
2 2
MsgqAl =A*M*2 *Qdpl +A *Mx* 2 » Qdp3;
MsgAl = MsgAl /. replacementsl;
MsgAl = MsgAl /. replacements2;
MsgAl = MsgAl /. replacements3;
MsgAl = MsgAl /. replacements4;
Expand [MsqgAl]
—2m?M? s1?+2M* 812 +2M2 s ST +4m?M? SIUT -
AaM* STUI-2M2sSTIUI-2M2SIuUI-2m?2M2UI?+2M UI?+2M2uUI?

Msq = Expand [MsgA2 + MsqgAO0 + MsgAl]

4 2 4 2
m* ST 7M* ST 9 1 1
—4Am?M? 81?2y ——— + —M? s 812+ —M?ST?u- —s SI?u+
2 2 2 2 2

m* STUTI+8m?M? STUT-9M* STUTI-3M? sSIUI-3M>SIuUI-sSIuUT+
4 2 4 2

m? UI 7MAUIZ 1 9 1

— 4m*MUI?+ ———— + —M? s UI®+ —M?uUI?- —suUI?
2 2 2 2 2
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factorize M? ; the cross section

9= Kss = Expand[(Msq /. UI »0) /SIA2]
Kuu = Expand[(Msq /. SI —» 0) /UIA2]
Ksu = Expand[ (Msq /. {UIA2 ->0, SIA2-50})/ (SI*UI)]

m* , o, TM* 9M’s M?’u su
oute9l= — — 4 m* M* + + + - —
2 2 2 2

m* .., TM* M!s 9M’u su
out30)= — — 4 m*® M° + + + - —
2 2 2 2 2

oupie m* +8m?M? -9M* - 3M? s -3Mu-su

np2)- factorl =gAhd/ (2+*MA2) x (4 *xMA2) /s;
do[S_, U_] := factorl *
(Kss/ (s-MA2)A2 +
Kuu/ (u-MA2)A2 +
Ksu/ (s -MA2) / (u-MA2)) /. {s >SS, u->TU}

4= Clear([s, u]

do[s, u]
1., [m*+8m?M-9M -3M*s-3M* u-su
outssl= —2 g
s (—M2+s> (—M2+u>
ﬁ_ 2 a2 7 M4 IM? g Mzu_ﬂ ﬂ_ 2 an2 7 M4 M2 g 9M2u_&
5 4mM+—2 I 2, 2 4mM+2+—2 + 5
(—M2+s>2 <—M2+u>2

Numerical calculations

6= (# Numerical calculations =x)
Nreplacements = {g» 1.0, m-> 140.0, M-» 940.0}
£[p_, 6_] :=do][
(Sgrt[pA2 +MA2] + Sgrt[pA2 +mA2]) A2,
(Sgrt[pN2 +MA2] -Sgrt[pA2 +MA2])A2-2%xpA2* (1 +Cos[6])] /. Nreplacements
£[100, Pi /2]
oupsel- {g>1., m—->140., M- 940.}

outzgl- 0.000147172
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no)- LogPlot[{£[100, ang »Pi /180],
£[500, ang « Pi /180],
£[1000, ang + Pi /180]},
{ang, 0, 180},
PlotStyle » {Blue, Purple, Red},
Frame -» True, AspectRatio-» 1,
FrameLabel » {"angle [degrees]", "cross section"}]
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Extreme relativistic limit (m -» 0 and M - 0)

n40:= test = Msq;
test =test /. Mm>0,M>0,SI->1/s, Ul >1/u};
test =test /. {s>4*pA2,u->-2pA2 (1+Cos[6O])};
A[th_] :=test /. {&->th};
LogPlot[A[th], {th, 0, Pi}]

Out[44]=




