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Motivation

Motivation

We have been working with some process and reactions in
supersymmetric models where the gravitino is very light (LSP)
and then a good dark matter candidate. Recently we computed
the 3-body stop decay (f; — b+ W + ) where we use the
MATHEMATICA power to handle the huge traces that appear in
the scattering amplitudes.
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Motivation

El—>b+W+\IJM

Figure 1. top diagram Figure 2. sbotom diagram Figure 3. chargino diagram

Lorenzo Diaz-Cruz & Bryan Larios-Lopez, EPJC (2016) 76:157.
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Motivation

Considering just one channel (chargino), we obtained for the
chargino | My, |*.

L -
i (25 Pus;) (V2 sin() ~ UR2 cos() (UR2 cos() + Vi sindg) - v, Aa)) ¥ +
TeX3 = £rxdlem, (Erx32+ £rxdd+m, bredd) " (5,4 £.5) (Vi - U2 o 20+ VI8, A -

el 05 (V2o + Vi2 o - (Vi2 st - Ui2eonF) (PP, +5.5)

+55)-

3 (2608 Vizsin)? - Vizsing) - izeos ) 7 e
G = (7)50+ ,5) (V009 - U2 o) U2 onf) + Vi) v ) 5 -
(Py5.+ PiS;) ((Vi2sin(f) - Ui2 cos(g) (U2 cos(B) + Vi sin(B) - v, Au)) G3)° - » e 5
2 (e Ve - i) U 1. +.5) -

L . o
A (Ucos + iz~ (Vi2 s~ Uizeos ) (1P, .5~ (750 .5 (V009 - U2 o) 2o V2 -, Ac) O
(£5i+ P,5) (Vi2 sin(8) - Ui2 cos(B) (U2 cos(f) = Vi2 sinlB) ~v; Ax)) (57 + (o + Vi2 s - Vi - i) 1, +55)
| (75, ,5) (V809 - U2 o) (V2o + V2389 -, ) o
(R s+ Vi2 i) - (Vi2sin) - Ui2os ) PP, +5,5) - (Vo + V2 9 - Vi - Uiz ) (10, +5.5)
3y, 7,820 P.5) (ViR i) - U2 con) U2 con + V2 -, M) s +

(P Si+ Py (Vi2 sin®) = Ui cos(8) (U2 cos(8) = Vi2sin®) = v; Aa)) U + o)+ Vit - i st - Uiz o), +5.5)

(Ot + Vi - Vi - ), 55) 11180 5 A~ A+ V-,
3y (o + Vi - Vi i - Uon) 0,8, 5.5
(715 P,5) (Vi2sin() = Uiz o) (U2 o) + Vizsin) = v, ) 05 + T 815 (V- 2 2+ V2 A
2 (e + Vi) - V2 - Uos) .5 - £ (o + Vs - st - 5.5,

o (150 15) (V2500 U o 2 Vi) - ) o
(P51 1) (Vi2sin) - Ui os(B) (U2 o9 = VizsinG8) vy ) (1 - Bt in e s AAR]
#4 (Ui2eos(By + Vizsin(B) - (Vi2sia(B) - Uiz cos A7) (PP + 5.5,) - 80 5OV - U U2 VR, )

(U2 o+ VY - (V2 U2 ) 1P +5.5)

+ 2 sin(8) - Ui cos cos() = Vi2sin(®) - Au)) (1~ !
| () Ues Vi))
S (o V2 - (Vi - Cieos ) P 5.5 1 (2o Vi - Vi) - Uo7, +5,5)

505 (Vi) U2 ) U2 V2t -, )
(P S+ P18 (Vi sing ~ Ui cos(A) (Ui2 cos(B) + V2 sin() —v) Au)) (2F + (=N Tt i

)

(P S+ P, (Vi2 sin(B) ~ U2 cosB) (U2 cos(8) + Vi2sia8) - v; A)) U + 0 (VR Vi - V2 - Ui .7 +55) -

(2o + Vit - (V2 - Ui o)

55)-
5

' . .
%o 71 (((Uiz cos() + Vi2sin(@)? - (Vi2 sin(F) - Uiz cos(8)) (P;P; (854 2.5 (Vi2sitf) - U eon() (U2 on() + Vi) -, Au))

(95415 (Vi i) - U2 cos U2 os) + V2 v, )

07 (U Vi - v - ) 18 5,

P gravitino/goldstino in the f



Motivation

(752 P15) (V25005 - U2 o) T2+ Vi2 s )=

i
N o (2o - Vi Vi Vi) P Py 5.5)
(7,5 P,5) (V2 i808) - U2 con(0) (U o) + Vi2sin8) v, A} +

(ry8.+1i5) (Vs
i 5
£ g (200 + Vi2 i - Vst Uizeos ) (P, +5.5) -

(5, 15) (Vi2sia) ~ Ui2costs) (Ueos) + Vi2sing) v, ) +

,

3 2 (2cop  Vi2 s - Vs - U2 o) . +5:5)
(5151 (V20 U2 o 2+ Vi) -, A 7~

o (o + Vi ¥~ Ui Py 5.5 -

'
(Ve + Vs - V2~ o) P+ 55)
(65, £,5) (V2120 - Ui2cos9) (2cosh + Vi2sin) — \‘A..n].

(8,54 2.5) (Vi) - Ui2con) U2 s+ V29—, Au) 57+
'

2 (2 V2’ - Vi U2 o) PP +515)

S § 4 (e + Vi2siB) - Vi s - U2cos @) [+ 5:) +

o) (7.7, +5:5) +

(150 P (V2 i) UiZ o) (U2 o)+ i2 o8 ;) 7 -

(e + Vi2s? - i - U2 o) 1., +5.5) - 5,
'

2 (s + Vi - V2 -

(5= P15 (Vising) - Uiz cos) (Uizcosh +Vi2sing) —v; ) 45

75+ 2.5) (V009 ~ U2 cos) (U2 o) + Vi2sn8) v, A ) fy -

(U v 24 -2, .5)
2 (2o + Vi2 ) - (V2 )~ U2 (P, 5,5+

(715 (V200 U st Vi), )
Srm,

(7,5 15) (Vi) - Ui2cong) (U2 s +Vi2sia) s A 5 +
'

(U2 o+ Vi2 i = (Vi ()~ U2 costf07) (P Py :5) =

.
(s + Vi s - (V25 - Uiz o) £, +5.5)

(6,54 ) (V2si) - Uizeos9) Uos)  Vi2siog#) -, &)+
4 (i2eo+ Vi’ - (Vi) - U2 o) P, +5.5) - (8151 £,5) (Vsint) - Uizcos ) (Ui2eos) + Vi2sit) v, ) 1~
'
o2z vizsg? - (2sin - U2eos ) i 515)
(815, .5 (Vi) - Ui2cos) Ui2costB) + Vi2sin) v, ) 6

'
(o
(P15 P15 (V28 - U2 con) (U2 o)+ VE2 () -, A )) 0

2cos?) (1 +5:5) -

e vt

65+ P.5) (Vi) UiZ o) (U coh + V2 o) -, As) 5 + (e Vi Vs e 1,55
(6,5 £25) (Vi) - U2 o) Ui2cos) + Vi2sis) v, ) o

1+ Vi2sF ~ (V2 505~ U 1P, 5:5)

8 Uiz
*m

'
Fy 2. (((Ui2 cost + Vi sin(f))* - (Vi2 sinB) - Ui cos()Y’) (P, P + 5:5)) =
(P P, (Vi2sin8) - Ui2 cos() (U2 cos(h) + VIZsind) —v; Au)) 4 +

(P58 P15) (V253808 - Uiz cos) (U20s9) +Vi2 i) v ) =

N
% iy (U205 = V2 o~ Vi2siol) - Ui2cosF) [ £y +5.5))+

22+ Vi - (Vi2sin) - U2 o) (7 5.5) -
(1510 05) (V00 - Ui2 o) (U2 o + V2 -, ) 4~ :
R((ien Vizsng? - (Vs - U2 o) (7 P+ 5.5) 5 (581 i) (Vi i)~ Ui2costB) (Uid o) + Vi2sin )~ ;)
- ~ fymg {((U2 cos(f) + Vi2 sin(B)* ~ (Vi2 sin(g) - Ui2 cos(A)) (P P, + 5;5) +
(8, £.S) (Vi2sin() - Ui cos() Uiz cos() + Vi2sin(8) ~v; Au)) (0 3 Himg (2o (Y - (V2 sing) Uiz eos() i)

8 (Py8:+ B, ((Vi2 sin(B) - Ui cos(8) (Ui cos(B) + Vi2 sini)) v, Ay )} +
g (26 Vi - (V2 - 2o 7 5.5 " i % i < ) )
o (025"~ 2 ) U2 1 55+

. A

g

(7S P15) (Vi 5009 ~ U2 con) (U2 o)+ Vi2sn8) -, ) fo—
AR

S (et Vizsins? - (V2 s - U2 eos ) (7 5.5




Motivation

Motivation

There are several promising search channels (in SUSY models)
to find new physics at both lepton and hadron colliders but, we
learned with the last process (t; - b+ W + \TJM) that it is neces-
sary to implement new calculations methods. In order to learn
how to compute scattering amplitudes efficiently and then ap-
ply the new methods to some reaction with spin-3/2 particle, we
revisited the monophoton plus mising energy (ete™ - v G G).
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The spinor helicity formalism The spinor helicity formalism (SHF) (a pragmatic point of view)

The spinor helicity formalism (a pragmatic point of
view)
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The spinor helicity formalism The spinor helicity formalism (SHF) (a pragmatic point of view)

The SHF is based in the following observation

Fields with spin-1 transform in the (3, 3) representation of the
Lorentz group.

So we are able to express 4-moments of any particle as a biespinor:
Pu = Paa

Paa = puo'ga (1)

ol = (I,5), 6" = (I,-5)
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The spinor helicity formalism The spinor helicity formalism (SHF) (a pragmatic point of view)

We also know that: u,(p)as(5) = 5(1 + s75)(—p) with s = +, para
s = —, tenemos:

u-(p)u-(p) = %(1—75)(_,)) :( 8 b )

u () ( o )

and ¢, is a two component spinor that solves the Weyl equation.
a explicit formula for this spinor is the following:

be :( —sin(g)e_i‘z’ )

cos(g)

where

also @-(p) = (0,¢%), and |  paa = —Gady;
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The spinor helicity formalism The spinor helicity formalism (SHF) (a pragmatic point of view)

The key of the SHF is to considerate ¢, as the fundamental
object and express the 4-moments of the particles in terms of

ba-
Notation

If p and k are two 4-momentos and ¢,, ~, their corresponding
spinors, we can define the following products of spinors:

[pk] = ¢"Ka = s (P)u- (k) = —[kp] 2)

similarly, we also have

(pk) = d3r"* = a_(P)us (k) = ~(kp) (3)

Bryan Larios 3 body Stop decay with LSP gravitino/goldstino in the f.s.



The spinor helicity formalism The spinor helicity formalism (SHF) (a pragmatic point of view)

Polarizations 4-vectores

@ The contraction with v matrix is as follows: :

£4000) = s ab K= Rl ) )
<“,;><|k]<q| o)k @

£-00.0) = sl I = e ()
[“,;]<|k]<q| + lq) kD). ©)
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The spinor helicity formalism The spinor helicity formalism (SHF) (a pragmatic point of view)

Before to start with our computation, | will show all the formulas
that are needed to compute the scattering amplitudes:

[if] = ~[5], <l|’Yu|J] = [j|’7u|i>7
(i) = [i]", (vl g 1kl (1] = 2(ik)[ 1]

(ab)(cd) = (ac)(bd) + (ad){cb),

(i) (5] = (ig)(ig)" = Wig)I*,

(i7)[J1] = —2k; - kj = sij,
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Computing the amplitudes with SPH
Monophoton signal in LSP gravitino production

Eer »7@@

Using the SUSY QED model constructed by Mawatari and Oex|
(arXiv:1402.3223v2), and applying the SHF we will compute
the scattering amplitude for the e*e~ — v G G reaction. It is
important to mention that the cross sections for this reaction
has been computed numerically, so it is interesting have an
analytical result.
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Computing the amplitudes with SPH
Monophoton signal in LSP gravitino production

Feynman Diagrams

SP gravitino/goldstino i



Computing the amplitudes with SPH
Monophoton signal in LSP gravitino production

Eer »7@@

We have 5 Feynman diagrams each on them with 5 external
(massless) particles, each particle have two helicity states (=),

in principle we need to compute 2° helicity amplitudes for each
diagram.
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Monophoton signal in LSP gravitino production

Feynman Diagrams

Ampb(-1, 1, -1, -1,
1,1, -1, 1, -1
1,1, -1, 1,1
Ampb(-1, 1, 1, -1, -1

Ampb(1, 1, 1, -1, -1
Ampb(1, 1, 1, -1, 1
Ampb(1, 1,1, 1, -1)
Ampb(1, 1,1, 1, 1)

Al-1,1,1, -1, 1)
Ampe(-1, 1, 1, 1,
Ampe(-1, 1,1, 1, 1

Ampc(1, -1, -1, -1,

Ampc(1, -1, -1, -1, 1
Ry -1,1,0,00
Ampe(1, -1, -1, 1, 1

Ampe(1, 1,1, 1,
Ampe(1, 1,1, 1

Computing the amplitudes with SPH

Ampa(-1, -1, 1, 1,
Al-1, -1, 1,1, 1]
Ampa(-1, 1,

Ampa(l, -1, 1,
Ampa(1, -1, 1, -1,
Ampa(l, -1, 1,1, -1
ampa(l, -1, 1, 1, 1

Ampa(1, 1,1, -1, 1
Ampa(1, 1,1, 1, -1
A1, 1,1,1,1)

Ampd(1, 1, 1,

Figure: All the helicity amplitudes

1,1

A[1; 171, 15°1)
A1, 2,2, 1,8




Computing the amplitudes with SPH
Monophoton signal in LSP gravitino production

Eer »7@@

One of the several and marvelous advantages of the helicity
amplitudes is that it is easy to identify the symmetries as well
as the null helicity amplitudes. We already know that the terms
(zy] and [zy) are zero, a small program could help us to find
which helicity amplitude is zero.

AS aaraans ® (00 (2)¢y, (B)dun, (D)@, (5)va, (4)),  (6)
AL, (0:(2)F_(3)gu-(1)us (5)v-(4)), (7)
A~ [54)=0. (8)
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Computing the amplitudes with SPH

Monophoton signal in LSP gravitino production

Counting helicity amplitudes

0 0 0 Al-1, =1, =1, =1, =1) | (A[-1, -1, -1, -1, -1]
0 0 0 0 Al=2; =2, =1, =1, 2
0 0 0 0 ]
0 0 0 At=2s=2;=25252) 0
0 0 0 AetaEtat =) 0
[ 0 0 [
0 0 0 0 Al-2, -1, 1,1,
0 0 0 Al-1, -1, 1,1, 1) Al-1, -1, 1,1, 1)
0 0 0 0 [
Al=2525=27=142) L o e e e § 0 0
0 0 ) 0 0
0 0 0 0 0
0 0 0 0 0
Al-1, 1,1, -1, 1] 0 o 0
0 0 0 0
0 A AmATIAT 1 0
0 an 1 0 0
0 ) 0 0
A 25=1) 0 o [
0 0 0 0
0 0 0 0
0 o 0 0 0
Al -1, 2,2, =2 a A7ad7 1 0 0
0 0 0 0 0
0 0 0 AL, 1, =1, =1, =1) Ald, 2, =1, =1, =1
] 0 0 0 Al 3, =2, =2, 1
0 0 0 0 [
0 0 0 Afdidii=1z7) 0
0 0 0 AL, 1,1, -1, -1) 0
0 0 0 [ 0
0 0 0 0 -
0 0 0 ATRTATATA) FRbFRATIA

Figure: Counting helicity amplitudes
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Computing the amplitudes with SPH

Monophoton signal in LSP gravitino production

We started our problem with 160 helicity amplitudes, but just
looking at the possible helicity states of the external particles
we found that there are only 28 helicity amplitudes to compute.
Because the charge conjugation symmetry we really need to
compute half of the final helicity amplitudes. Af the end, just
the 10% of the work will be done and without the help of any
machine if you desired.
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Monophoton signal in LSP gravitino production

Computing the amplitudes with SPH

The total squared amplitud is as follows:

M= 3 [Axorsrans |

perm

= 2(|~/4i—+——+|2 + |_A,++,+|2 + |~f‘L++++|2

AP+ A

" |2 + |-A———++|2

+ AP +]A

++ |2 + |Ai——+++|2) (9)
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Computing the amplitudes with SPH

Monophoton signal in LSP gravitino production

Each partial squared helicity amplitude is as follows:

AL, 2 =228 (B 9Em,, )83, +4C2%s3,  (10)

523
+4(B - 2Em,, ) Cs23524)
|.A |2 _ 802534815834 (11)
—t—t| T T
523
|~A—++++|2 = 8E25§4512535 (12)
|_A _____ |2 = 2D2834812835 (13)
[ 2D2534512335mi0 (14)
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Computing the amplitudes with SPH

Monophoton signal in LSP gravitino production

A 1|* = 242534595515

|~A——+——|2 = |A———++|2

A= 2D23§4312354m3(0

AL, = 2(845825815A2 + D?s3,519535

— AD(s34515))

where we have to remember that:

Sij = —(pi+pj)2 J
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Conclusions

Conclusions

Conclusions

@ We compute analytically the total scattering amplitude for
the reaction e*e™ - vG G.

@ It was show that the SHF is a powerful method, in fact it is
much more economic than the traditional approach.

@ With the complete result, it is possible to compare the
cross section with the numerical results.

@ From this point, we can now start do physics.
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Thank you very much for
your attention.
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