Anexos

A. Produccion de pares en DSR



i1~ Solve[Refine[e”2-p~2+al /Mxe~3+a2/Mxexpr2-mr2, e € Reals&&e > 08&p > 0] = 0, e]

outfJ= {{e»—i— (213 (—M2+3p2alo(2)>/ 301

3al

“2M3+27mPMal? +27Mp?al? +9MpZal a2 +

1/3
Ja (-M+3p2ata2)’ <—2M3+27m2Ma12+27Mp2a12+9Mp2a1a2>2) ) "
1

7(—2M3+27m2Ma12+27Mp2a12+9Mp2a1a2+
3.213m

4 (M 3prata2)’ (-2M3+27m2Ma12+27Mp2a12+9Mp2a1a2)2)1/3},

+((1+j«/§) (-M2+3p2a1a2))/

{EQ_Bal

[3 223 0 (—2M3+27m2Ma12+27Mp2a12+9Mp2a1a2+

1/3
\/4 (—M2+3p2a1a2)3+ <—2M3+27m2Ma12+27Mp2a12+9Mp2a1a2>2) ) -
1

T(l—j «/3) (—2M3+27m2Ma12+27Mp2a12+9Mp2a1a2+
6 27 al

Ja (-M+3p2ata2)’ <—2M3+27m2Moz12+27Mp2a12+9Mp2a1a2>2)1/3},

+((1-j\/§) (-M2+3p2a1a2))/

{EQ_Bal

[3 223 0 (—2M3+27m2Ma12+27Mp2a12+9Mpzo<10t2+

1/3
\/4 (_M2+3p2a1a2)3+ (_2M3+27m2Ma12+27Mp2a12+9Mp2a1a2)2) ) _
1

T(l+]’1 «/5) (—2M3+27m2MO(12+27Mp2a12+9Mp2a1a2+
6 27 al

\Ja (-M+3p2ata2)’ <—2M3+27m2Moz12+27Mp20c12+9Mp2a1a2>2)1/3}}

In[-]= M=a*x€;
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- Refine [Normal [

M
Series[- — - (2'/3 (-M2+3p2a1a2))/ (30(1 (—2M3+27m2Ma12+27Mp2a12+9Mp2a1a2+
3al

1/3
\/4 (-M*+3p’ala2)’+ (—2M3+27m2Ma12+27Mp2a12+9Mp2a1a2)2) )+
1

—(—2M3+27m2Ma12+27Mp2a12+9Mp2a1a2+
3231

1/3
4 (-M+3p?ata2)’ (—2M3+27m2Ma12+27Mp2a12+9Mp2a1a2)2) ,
{M, Infinity, 1}, {e, 0, 2}]], p>08&a > 0]

1)13 3 p W aR? - (-1)23 3 p Wl

Out[~]=

3M? ol
(—(—1)1/3\/§a p/-Mo1? - (- )2/3\/§a2pm)62 1
6 M2 p2 ol +M
[1(7< 1) prod s (-1)22p2od - (- )1/3p2a2+(—1>2/3p2a2)+
2
1(7( 1) a%a1+ (-1)*at a1 e
2
n-]= € = 13
o= (-1)2 3 p - aa? - (-1)22 3 p /- a1?
= Simplify|[ +
3M?2 ol
(- (-1)¥* V3 atp VoW aa? - (-1)** V3 atp VW aT) &
6 M2 p? al +M

(—(-( 1) p2at+ (-1)*3p2al- (- )1/3p2a2+(—1)2/3p2a2)+
%(-(- ) atars (-1)*2a%a1) € J]
az(—BMpalz—Bim)—sz(211\/W+Mpotl(ocl+oz2>)

6 M2 pal
az(—3Mpa12—3i\/W)—3p2(21'1.\/W+Mpa1(a1+a2))

6M2pal

Out[~]=

Inf+]= Refine[

bl

M>08al>08&a2>0]

a? (3M?al-3Mpal?) -3p? (-2M*al+Mpal (ol +a2))

Out[~]=
6 M2 poal

a? (3M*al-3Mpal?) -3p? (-2M*al+Mpal (al+a2))

Inf[]:= Simplify[ ]

6 M2 pal

2Mp?+a? (M-pal) - p? (ol +02)

Out[«]=

2Mp
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Esta es la expresion de la energia E (p).
nop= e[p_sMm_] i= (2xMxpr2+Mxm~2-p~3x (al+a2)) / (2xMxp);

Ecuacion de conservacion del momento para obtener p (el momento del electrén/positron) en
funcidn de k (momento del fotdn).

m-1= Clear[e];

- A=Me*x€3 C=WE}
Lado izquierdo de la ecuacion.
nf-}- Refine[Normal[Series[k-c-ylxe[k, 8] xc/M+y2xk*c /M, {M, Infinity, 0}, {e, 0, 2}11,
me > 0&&k > 0&& w > 0]
ouf-]- k-€ew
Lado derecho de la ecuacién.

1= Refine[Normal[Series[2xp+ (¥1+vy2) xe[p, a]l xp /M, {M, Infinity, 1}, {e, 0, 2}]],

me>0&&k>0&&w>0]

p? (vy1+y2) + %me2 (v1+v2) €

outf-]= 2P +
M

1= Solve[k-w=2%p+pr2x (yl+y2) /M, p]

_1- AVM+k yI+ky2—y1w-—y2 w 14 AVM+k yI+ky2—y1w-—y2 w
M M
Out[+]= {{p% }, {p% }}
o, x2 o, x2
M M M M

Elegimos la segunda que es la positiva.

“1+ AVM+k yI1+k ¥2-¥1 w-y2 w

i1 Refine[Normal[Series| ” ;/: > {M, Infinity, 1}, {e, 0, 2}]],
+
M M

me>0&&k>e&&w>0]

k-w (v1+v2) (k—w)z
2 8M

Out[~]=

1= mome = (k-c) /2-k"2x (y1+¥2) / (8%M);

Ecuacion de conservacion de la energia.
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mnf-}- Refine [Normal[Series[e[k, O] + c, {M, Infinity, 1}, {e, ©, ©}]1], me > 0&&k > 0&&w > O] -
Refine [Normal [Series[e[k, @] + ¢, {M, Infinity, @0}, {€, ©, 0}]], me > 0&_&k > 0&& w > 0] +
Refine [Normal[Series[e[k, @] + c, {M, Infinity, 0}, {e, 0, 2}]], me > O&&k > O0&& w > O] ==
Refine [Normal [Series [2 % e[mome, a] + Bl « (e[mome, a]l) "Z/M + B2 % mome"Z/M,
{M, Infinity, 1}, {e, 0, 0}]], me > 08k > 08&w > 0] -
Refine [Normal[Series[2 » e[mome, a] + 81 » (e[mome, a]) A2 /M+ B2 +mome~2 /M,
{M, Infinity, @}, {e, 0, 0}]], me > 08k > 0&&w > 0] +
Refine [Normal [Series[2 « e[mome, a] + 31 % (e[mome, a]) ~2 /M + 32 + mome~2 /M,

{M, Infinity, @}, {e, 0, 2}]|], me > 08k > 0&&w > 0]

k? (ol +o2) k201 -k2a2+k2B1+k2pB2-k2yl-k2y2 2me?e?
Ou[//:k77+€w::k+ + —cw
2M 4M k
= € = 1j
k? (al + a2 “k2al-k?a2+k?B1+k2B2-k2yl-k*y2 2me?2e?
Inf+]:= Simplify[k—¥+ew== k + +kBL+K B ¥ L1 " —ew]

2M 4M k

8me2 k2 (a1+o<2+/31+/32—y1—7{2)
out[+]= + =8w
M




B. Fotoproducciéon de piones en DSR



nop= @[p_s M_] i= (2xMxpr2+Mxm~r2-p~3x (al+a2)) / (2%Mxp);
= a=mpxe; b=mpixe; czwx*e;
in-1= momp = mompi «a /b;

mnr-1= Refine [Normal [Ser‘ies [momp + mompi + y1 x e[ momp, a] * mompi /M + Y2 x momp x e [mompi, b] /M,
{M, Infinity, 1}, {e, @, 2}]], mp > @& mpi > 0R&k > 0&&w > 0]

mompi? mp y1+mompiZmpy2 | 1 . . 2
mompi mp o +3 (mp mpi 1 +mpmpiy2) e
"

outf-]= mompi +
mpi M

n-)= € = 13

mompi? mp y1+mompi?mpy2 . 1 . . 2
mompi mp —L”—Lu—mpi +3 (mp mpi ¥1 + mp mpi ¥2) e
+

Infe]= Simpli-Fy[mompi +
mpi M

2Mmompi (mp +mpi) +mp (2mompi? +mpi%) (y1+y2)

Out[«]=

2Mmpi
2M i i 2 2 1+y2
- Solve[k-w == mompi (mp +mpi) +mp (2mompiZ?) (¥1+¥2) , mompi ]
2 Mmpi
_1_&_\/(_1_1@ 2 4 (_mexi mpy2 2) (k—w)
mpi mpi Mmpi Mmpi

outf+J= {{mompi BN

1,

-y J(-1- %)2-4 (-md_ma2) (i)
mpi mpi Mmpi Mmpi

{mompi - 1}

) (mgll + mglz)
Mmpi Mmpi

n-1= Clear[e€];

Inf]:= Re-Fine[

1y ) e () e

Normal[Series| » {M, Infinity, 1}, {e, 0, 2}]],

2 (axl + aIZ)
Mb Mb

mp > @ &&mpi > 0 &&k > 0 8&&w > e]

Mmpi (717 mo_ M)

k mpi mpi mpi mpi € w
Out[~]= + - A +
mp + mpi 2mp (¥1+v2) mp + mpi
_ Kmpmpi? (y1+y2) | 2kmpmpi? (y1+y2) ew _ mpmpi? (y1+y2) e?w?
(mp-+mpi)> (mp+mpi)> (mp+mpi)?
M

nr-]= € = 13
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. mp . mp+mpi

. k mpi Mmpl(_l_mi+ mi)

. P p p

= Simplify|[ + -
mp + mpi 2mp (¥1+¥2)

_ K2mpmpi? (y1+2) + 2kmpmpi® (y1+y2) ew _ mpmpi® (y1+y2) e? w?
mpi € w (mp+mpi)?3 (mp+mpi)?3 (mp+mpi)?3 ]
+

mp + mpi M
mpi (M (mp +mpi)? -mpmpi (¥1+v2) (k—w)) (k-w)

Out[«]=

M (mp +mpi)>
Definimos el momento del pion a partir del del fotdn incidente.

n-1= Clear[e€];

In[-]= mompi = (b*M* (a+b)"2* (k—c) -a*b”2x (71+72) *k"Z)/(M* (a+b)"3);
inr-1= momp = mompi «a /bj

n/-1= Refine [Normal[Series[e[k, a] + ¢, {M, Infinity, 1}, {e, 0, O}1],

mp > 08& & mpi > 0&&k > 08&&w > 9] -
Refine[Normal[Series[e[k, a] +c, {M, Infinity, 0}, {e, 0, ©}]1,

mp > 08& & mpi > 0&_&k > 0&&k w > O] +
Refine[Normal[Series[e[k, a] +c, {M, Infinity, 0}, {e, 0, 2}]1,

mp > 0&&mpi > 08&&k > 0&&w > 0] =
Refine [Normal[Series[e[momp, a] +e[mompi, b] + 31« e [momp, a] » e [mompi, b] /M+

B2 » momp + mompi /M, {M, Infinity, 1}, {e, @, 8}]], mp > 08&&mpi > 08k > 08&&w > 0] -
Refine [Normal [Series [e[momp, a] + e [mompi, b] + 1 e [momp, a] + e [mompi, b] /M +

B2 » momp + mompi /M, {M, Infinity, @}, {e, @, 8}]], mp > 08&&mpi > 08k > 08&&w > 0] +
Refine [Normal [Series [e[momp, a] + e [mompi, b] + 1 e [momp, a] + e [mompi, b] /M +

B2 » momp + mompi /M, {M, Infinity, @}, {e, @, 2}]], mp > @8&mpi > &k > 08&w > 0]

k? (al+02) mp2e?

outf-}= k - + rew =
2M 2k
1

k+ —————————(-Kk?mp* ol - k* mpi® ol - k?> mp? o2 - k? mpi? o2 + 2 k* mp mpi B1 +

2M (mp +mpi)?

mp? + 2 mp mpi + mpi?) e?
2kzmpmpiﬁzf2k2mpmpiy1—2k2mpmpiyz>+( ) Cew
2k

n-]= € =13
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k2 (al + a2) mp2 e?
1= Simplify |k - + +EW ==
P Y 2M 2k

1
k+ ——————— (-k*mp? al - k? mpi? a1 - k? mp* a2 - k? mpi* a2 + 2 k? mp mpi B1 +

2M (mp +mpi)?

(mp? + 2 mp mpi + mpi?) €2

2k
2k?mpmpi (ol +02+Bl+pB2-y1l-¥2) (mp+mpi) (2mpmpi+mpi®-4kw)

Out[~]= + ==
M (mp + mpi) k

2 k? mp mpi B2 - 2 k? mp mpi 1 - 2 k* mp mpi ¥2) + ~ew]
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