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Positron Anomaly

Positron Anomaly
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Positron Anomaly

Contradiction with IGRB
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Interaction vertex parametrization

Interaction vertex parametrization

We started by choosing the simplest decay vertices:

L=XU(a+b)V and L= X,V (a+ by°)V

Two-body decay Three-body decay

Suppression of the photon yield is achieved by
o(X —> e ety)
o(X — ee’)

— min where a and b are fixed parameters.
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Interaction vertex parametrization
Decay into identical positrons
Double charged Dark Matter particles model was also considered

Lc = XC(a+ by + X*(a+ by?)yC.

X > etet X* —> e e

We assume that there are no particles X* in the DM sector.

Similar models of heavy double charged DM particles are proposed, for
example, in arXiv:1411.365 and arXiv:astro-ph/0511789
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Interaction vertex parametrization

Independence of photon yield on model parameters

For X — e~ e™(y)

L=XU(a+ b5V

L= X, Uy (a+ by®)¥

4 (a* + b?)m%

IMI3 body 2 (a% + b*)m%
|M|%3 body) (32 + b2)F(k17k2al) (32 + bz)G(kl,kg,/)
o(e"e™) 2m? 4

For X — ete™(v)

L=XVC(a+ bW

L= XVCOu + X*WOwcC

lin) = X|0)

L =XV (a+ by°)V

IM? (2 body) 8 (a* + b?)mj 16 b?m3
IMI%; poay) | (3% + D?)F (K1, ko, 1) b2G(ky, k, 1)
aletely) Fllake) Glkakal)

o(eTeT) 52 6
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Interaction vertex parametrization

Difference of scalar coupling £ = XW(a+ by°)V in comparison with
vector one £ = X, W~"(a + by>)V
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Derivative in the interaction vertex

Derivative in the interaction vertex

Class of interaction vertices which depend on the decaying particle
momentum was considered.

v i @, YOu) (P 0p)...
L=Uyh(a+ bt & XV Lo=Uat(a+ bw
m

)XW

L= Wyk(ay® + bM)Xﬂl
m

Such approach makes it possible to achieve an effect on the photon yield
by the parametrization of interaction Lagrangian.

P
(X > ete™) = a(p )" (a + b%) v(p2) = @(p1)A* (a + b%)v(pz)
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Derivative in the interaction vertex

For example, for vertex £ = Wk (a + by a”))X v

0Br(ete=r) , (2% + B)m(m? — 2mw + 2w?) log (| 52 |) — 8Eaw(a®m + 2b%w) &
ow -F 4m2m3w(2a2 + b2) o
1

However, this vertex does not lead to a significant result. Moreover, the
class of such vertices is bounded and their extension to arbitrary
polynomials f(p) is impossible since:

pp=p*=m?
pp
S td o

m

ppp

+o+ A +B'y Cy5p—z+Dy5%

f(p)=a+ bl +c =
m
—a+b—+c+d +o+ A+ By +C7 +D'y

—(at+c+.)+(b+d+.. )m (A+C+.. )5+(B+D+...)75%

Thus f(p) can only be a linear function of j.
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Consideration of loop contributions

Consideration of loop contributions

The dependences of the coefficients a and b on the decay energies can also
be achieved by considering the loop processes.

a—>F1(\/§), b_)F2(\/§)
The following processes were considered

e

Corresponding interaction Lagrangians of such models are follows:
Lo =X0(a+1by°)0+n0(c+idy°)0+nV¥
La=X0(a+iby)0+n0(c+idy)V+n* W(c+idy®)d
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Consideration of loop contributions

The Passarino and Veltman reduction procedure was used for one-loop
integrals, described in detail in https://arxiv.org/abs/1105.4319.

such procedure

This procedure consists in reducing single-loop integrals to a linear
combination of standard scalar integrals:

qu 1 ,/’_ ‘\\\
Am=|—F———-%5 = e 1 a
o(m) f (2m)P (g2 — m2) pz;mzY\ J
atp
dPq 1 4 )

Bo(p; m1,mz2) =

P (@ —matpP—md) LTV

dPq 1 o7
_ e « lqgip
(27’I’)D did>d3 N

Co(p1, p2; m1,m2, m3) = J

di = ((q + I_i pk)2 — m,2)
k=1
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Consideration of loop contributions

Bubble vertex

(g + p1)
X(pr) --- == n(p2)

0(q)

The functions Ag, By, Cp depend quadratically on their arguments. Hence
the loop contribution to (X — eTe™) and (X — ete ) turns out to be
the same.

5 [ Tr((a+ 575)(@ + m)(c + idy®)(§ + By + m))
N J (2m)P (62— m?)((q + p1)2 — m?)

_ J dPq 4m?(ac — bd) J dPq  4(q? — p1- q)(ac + bd))
Sl emP(@-m)(a+p)2—m?) ") 2m)P (¢ — m?)((q + p1)? — m?)

2
= 4m?(ac — bd)Bo(p1, m, m) + 4(ac + bd) (Ao(m) + m?Bo(p1, m, m) — %Bo(pl, m, m))
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Consideration of loop contributions
Triangle diagram (two-body decay)
e~ (p)

#(q)

X(pa) ~——-—--—~ (g — p1)

g+ py)

et (pa)
S)J dPq  i(G+ mi)(a+ iby®)i(§— P — P2 + m3)(—i)
(2m)P (¢ — m2)((q — p1)2 — m3)((q — p1 — p2)? — m3)

o dPq f(q) — if2(q)° . _ S
— i) [ b I ) d=(a- L e

(c+ id75)]v =

+2bcd (4(q — pr — B2) — mums
fa(q) = b(c? + d?)(m1(d — B — B2) — m3d) + b(c? — o)

~2acd(4(a— B — 2) + mams)



Consideration of loop contributions
Calculations (X — e*e™)
The following vertex factors should be integrated:
Fu(@) = Ha) (2 + ) (ma(§ — Br — B2) & mad) + Hiwy (2 — 02)((G = 1 — p2) & mums )+
+2 Hiz) cd((g — p1— F2) Frmma)  rae {H(s) H )} = {a,b}

Let's define the following vector integral

cH( ) J qu qt
) y mi, mz,m =
Proper M M2 M) = ) 2m)P (g2 — m2)((q + p1)2 — m2)((q + p1 + p2)? — m2)

From Lorentz-invariance of this integral it follows that

CH(p1, p2; my, ma, m3) = pi Ci(p1, p2; m1, m2, m3) + py Ca(py, p2; m1, mz, m3)

qu q © S S i H
(om0 dichds WC =—-p1C1 - p2C2 = a(p1)yuCHv(p2) =0

Thus the first term of vertex factors does not contribute to the two-body
decay

14 /23



Consideration of loop contributions

Fi(@) = Hizy(c® = d2)(a(@ — B — B2) & mums ) +2 Hiz)cd(8(a — Br — B2) T mams )

2

) d’q 44=q> _( d%q g4
(27T)D didad3 (27r)D didads

+ m2Co(py, p2; m1, mz, m3) = Bo(p2; ma, m3) + m3Co(p, p2; m1, m2, m3)
dPqg 1 gog+
<d1Co(P1,P2: my, mz, m3) = J TP By (po; m27m3)>

(27)P dods
dPq 4(g—pL— p%)
(27)P didads

= d1Co(p1, p2; m1, m2, m3)+

2) a(p1) v(p2) = /Piz = 0/ = U(Pl)(Bo(Pz; mz, m3)+
+ m3Co(p1, p2; m1, m2, m3) + 2(p1 - p2) Ca(p, p2; m1~m2-m3))V(P2) =

= l7(P1)<Bo(P1 + p2; m1, m3) + m3Co(p1, p2; M1, ma, m3)> v(p2)

1
3) G = or ) ((m% —m? —pf)Co + Bo(p1 + p2; m1,m3) — Bo(p2; mz, m3)>

= Fy = Higy(c? = dz)(Bo(ﬁ; mi1, ms) + (m3 £ mims)Co(p1, p2; mi, m27m3))ir

+2H(T) (Bo(ﬁ: my, m3) + (m5 F mim3)Co(p1, p2; m1, ma, ms))
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Consideration of loop contributions

=iM= iﬁ(Pl)(Fl(\@) - sz(ﬁ)Wf’)V(Pz) Co(p1, p2; m1, ma, m3) ~ F(s)

Loop vertices leads to a complex dependence of the decay width on the
decay energy +/s. Corresponding vertex factors are follows:

Fi(\/5) = a(c? — dQ)(Bo(\E; m1, m3) + (m3 + mim3)Co(p1, p2; mi, m27m3))+
+2bcd<Bo(\E; my, m3) + (m3 — myms)Co(p1, p2; m1, ma, m3)>

Fa(v/5) = b(c® — dZ)(Bo(\ﬁ; mi1, ms) + (m3 — mims)Co(p1, p2; mi, m27m3)>—
72acd(Bo(\E; my, m3) + (m2 + myms3) Co(p1, p2; m1, mo, m3)>

The amplitude's square averaged over the final state polarizations is:

1 m?2
7 D MM = TX(F(V5)? + Fa(v5)?)
A

2 2
a2 (Bo + (mg + m1m3)Co) + b2 (Bo + (m% — m1I113)C0)
2

1
7 LMME = (2 + d?)Pmk
A

16 /23



Consideration of loop contributions

Triangle diagram (three-body decay)

" (p2)

v(p2) +

iM=i n(pl)[v“ (,ilr,/;z] U (;:)qo ﬁl(q)bfbﬁi(q)vs]

o dPq fu(q) — ifka(@)y° [ B+ 1 L
i U(pl)[f (2m)P b1 by b3 ] [(Pz + /)27 ]v(pg),
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Consideration of loop contributions

d*q 11 R .
J- (2m)% bibabs a(c® + d2)<p1(m1 + m3)Ci(ke, p2) + k1m3Co(k17P2)>+

+a(c? — dz)(Bo(ﬁ) + (m3 + mim3)Co(k, p2) + 2(p1 - ) Ca (K1, Pz))i-i‘

+2de(30(\5) + (m3 — mym3)Co(k1, p2) + 2(p1 - /)C1(k1,pz))i,

d4q fAz R N
J 2n)? b1;2b3 =a(c® + d2)<p1(m1 + m3)Ci(ke, p2) + k1m3Co(k1,pz)>+

+a(c? — d2)(Bo(\G) + (m3 — mim3) Co(ka, p2) + 2(p1 - /)Cl(klvpz))i"‘

+2de(BO(\@) + (m3 + mim3) Co(ki, p2) + 2(p1 - /)C1(k1,P2))i,

d*q 1 . N
f (2m)* blljzlb3 =a(c®+ d2)<P2(m1 + m3)Ca(p1, k2) — kami Co(p1, k2)>+

+a(c? — dz)(Bo(ﬁ) + (m3 + mym3)Co(p1, k2) + 2(p2 - 1) C2(p1, k2))iJr

+2bed (Bo(v/5) + (m& — m1ms) Co(pa, k2) +2(p2 - ) Calpr, k2) )1,

d*q  fx R .
f (27)* bibabs =a(c® + dz)(Pz(m1 + m3)Ca(p1, k2) — kami Co(p1, k2)>+

+a(c? - d2)<Bo(\£) + (m3 — mm3)Co(p1, k2) + 2(p2 - 1) Ca(p1, kz))i+

+2de<BO(\/§) + (m3 + myim3) Co(p1, k2) + 2(p2 - 1) C2(p1, kz))i,
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Consideration of loop contributions

An analytical expression of the three-body decay’s square of matrix element
was found

1
T MM = (S d2)2(|M1\2 — MyiMF — MaM3 + \M2|2),
A

> IX{T 12+ 2m2(1 - p1)2(p1 - p2)| Ya|? X{ |2 +2mi(1- p1)*(p1 - p2)|Co(k1, p2)|?

|

Mi)? = a + b2 ,
(M| (p1+N* (p1 + N*

2 o IXFTPPH2mi(- p2)?(p1- p2)|Yal? | 21X [P+ 2m3(1- p2)2(p1 - p2)| Co(p, k2)|?
‘M2| =a + b 2 5

(p2 + 1)* (p2 +1)
s M 32 2m%(p1 . pz)(/ . pl)(/ . p2)<Y1 Y2* + Y Yl* — 4-(,-]_C2>X< — 4C2C1*>
1y = -

(pr+ N2(p2 +1)2
, (1 p2) + (1 p1) (1 p2) + (pr - p2) (I~ (p1 + P2) ) (X" X 4 X5 X,7)
(p1 + N2(p2 +1)?

,2mip1 - p2)(1- p1) (I Pz)(Co(kLPz)Co(Pl, k2)* + Co(p1, kz)Co(kLPz)*)
b (p1 + N2(p2 + 1)? -
2 (P12 + (1 p2) + (1 p) (1 (1 + ) O X * 46 )

(p1+ N2(p2 +1)?

—a

)
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Consideration of loop contributions

-+

X{t =2(1-p1)Ci + Bo(v/5) + Colki, p2)(m3 £ m?),
= =2(1- p2) G2 + Bo(+/s) + Colpr, k2)(m3 + m3)
Y1 =2G + Go(ki, p2) Y2 =2G + Go(pr, ko),
G =G(k,p) G =G(p1 k).
An integration over phase volume was performed numerically using the
Wolfram Mathematica software environment. The PackageX was used to
calculate the Passarino-Veltman functions.
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Obtained results

Obtained result

A lot of work has been done in search of a model for suppressing the ~

yield, the results of which are follows:

Model Result
X0 - ete, X0 5 etey —
X0 —ete” X0 —ete y —
X2+ Setel, X2+ S etety — /s
XZT — etel, X — ete'y — /+
Comparision of X, — e*e™ (7) with X — ete™ (v)

Linear on p vertex a + bp/m

— /Jr

Bubble loop

Triangle loop
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Thanks for attention
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BcnomoraTensHbie cnaiigsi

Conytcreytowue soiumncnenus ("lMysapskosas' anarpamma)

J dq 4(q> —p1-q)(ac+ bd))
(2m)P (g2 —m?)((q+ p1)2 —m?)

dP 1 - dP 1
e e F T B
2>J dPq g2 :J dPq M N
(2m)P (g2 — m3)((q + p1)? — m3) (2m)P (2—m2)((q + p1)? — m3)
+ m%Bo(pl7 m1,mz) = Ao(m2) + m%Bo(pl, m1, ma)
dPq pL-q dPq ¢+ 2p-a+pi—md
3) f @m)P (2 — m2)((q + p)2 — m3) f (2m)P (¢% — m2)( =7m3)
7J dPq pL-q 7J dPq g + p? — m3 _
(2m)P (g2 = m3)((q + p1)? — m3) (2m)P (g2 = m2)((q + p1)? — m3)

= Ag(my) — Ao(mz) — m3Bo(p1, m1, mz) — p3Bo(p1, my, ma) + m3Bo(p1, my, mp)—

_J dPq pL-q Jqu pL-q _
(2m)P (g2 = m2)((q + p1)? — m3) (2m)P (g2 = m2)((q + p1)? — m3)
1 1 m% m% pf

= §Ao(m1) — EAO(mZ) + (7 — 7 — ?)BO(Pl»mlsz)
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