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Positron anomaly

Positron fraction
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Tension with gamma data
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Possible ways of gamma
suppression
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I Possible DM interaction types

We consider two-lepton decays of unstable DM

DM particle X can be:

@ Scalar:

gsaalar = XEZD

Pseudoscalar:

_ INS)
‘ 2L scalary® — X 7/”)/ w
Vector: Axial vector:

A vector — Ef)/#wX,u gvect9r75 — E7#75wXﬂ
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I Parametrisation of interaction Lagrangian

The idea is to use different combinations of vector and
pseudo-vector coupling, or scalar and pseudoscalar, to

understand which coupling constants must be chosen in
order to suppress a photon.

929 scalar — X E(a + 575)¢
girector — E,)/,u(a + bfYa)X,uw

Then suppression of the photon will mean that:

og(X = ete ) .
= min
g(X — ete) 7125




Calculations for scalar DM
particle

The calculations were made manually. For verification, the Wolfram
Mathematica FeynCalc package was used.

Two-particle decay: X — e+ e-

e-

N ﬁscaiar — X@(UJ =+ 575)1,0

k2 e+ hf[ — ﬂ(a ‘|— b’}/5)’U

= (> + V)Tr(kiks) = 4(a® + b?) (k1 ko) o125



Calculations for scalar DM
particle

Three-particle decay: X — e+ e-y

k1

1Y

k2

wi(a + by°) (ks + D)y euns | wy e, (ky + 1) (a + by°)vs

M = (k‘g -+ Z)Q (k’g -+ Z)Q

s (R (Ral)  (kiks + ki) (ki + Rol) (ki) (ko)
M =10 )t~ m 02t 12 T (D1
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Calculations for vector DM
particle

z’!;fﬁcﬁﬂ'}“ — @’}“u((l + b’}’S)X;,zw
Two-particle decay: X — e+ e-

M = u_lﬂi/#(a i 675))(;1@2

4(a® + b*)(m?*(kiks) + 2(pk1)(pks))
2

Three-particle decay: X — e+ e-y

M|* =

ary*(a + by°) X (ka2 + 1177 e,v2 4 a1y’ e, (ky + D)v*(a + b7%) X v

M= (ko + 1)? (ko + 1)2

M2 = 16(a + b2)[...]
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Preliminary conclusion

The considered cases do not allow suppressing FSR.

o(X = eTe )
g(X — ete)

That is we obtained that ratio

does not depend on the parameters a and b In interaction
Lagrangian

One of the possible solutions, which we elaborate now, may

be connected with double charged DM particle decay to two
positrons
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I Two-positron decay model:

Double charged DM particle decay to identical particles
(positrons) can be described in one of the simple cases in
the following way:

Lo = X9 (a+ ") + X P(a + by
The second term implies decay X —» e” e-
One can suppose a charge assymetry between X** (X)
and X~ (X)

(X**Y~) - DM candidate
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I Results for scalar DM particle

In this case we can consider only one term in interaction
Lagrangian

Lo = X% (a+by°)y

Two-particle decay diagram

e+
k1 k2

K =
o 1 B 1 13/ 25
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I Results for scalar DM particle

Two-particle decay:

||—EC . | : ﬁc ~ |
M =< kiko| XU (a+ 07")V|p > — < kiko| XU (a + 07°)Up > =

B — | —— — |
=< kko| XULCH A (a + 09°)U|p > — < kiko| XULCH A (0 4+ b7°) T |p > =
= 0" (k)0 (@ + 0y v(ke) — v (k2)C* (@ + by°)v(ky)
Three-particle decay:

jW_Umew%%@+Dm+wwwwg%m_

N 2(ki1)

v (k1)CY (a + by°) (ks + Dy v (ka)eu (D) N

2kl
+’UT(}€1)C’Y°(& +07°) (k2 + D)y"v(ka)e (1)

2(kol)

0 (k) CY Ry + D@ + 0y°)v(ka)eu(l) 0
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I Results for vector particle decay

Interaction Lagrangian:

;Zfidvr__'iﬁiyﬁ(a'+-b7ﬁ))(ﬂd}
Matrix element of two-particle decay:

= — || — — | |
M =< kT v (a + by°) U X, |p > — < kikolT (0 + 0y°) U X, |p > =

= v" (k)Y (a + b7 )o(k2) Xu(p) + v (k)Y (@ + by°) v v(k2) X, (p)
Matrix element of three-particle decay:

M =" (k)Cy'y" (ky + D" (a + by°)u (ks
v' (k1) Oy (a + by )y* (ks + 1)y v (ks
" (k) CY (@ + by°) (ke + 1)y v (K
+0T (k1) Cy O (ky + 1) (a + by )y v (k) X, (p) A (1)
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I Results for vector particle decay

Two-particle decay:

m2(k1k2) —+ 2(]61]62)2

IM|? = 164 ;
m
Three-particle decay:
16(a’® + b?
‘M‘QZ ( ;_ )F(klak27lum)
m
The ratio of decay widths:
N 2
HX = erer) = G(a,b) =14 ’ >0 atb - ia

(X —ete) a’
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Conclusion

We considered possibility to suppress final state photons yield in DM
particle decays.
In the considered e* e modes, we did not find such a possibility.

We suggest a new DM model with double charged DM particle which
perhaps has such suppression due to Pauli exclusion principle.

We plan to investigate this possibility
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TpéxyacTUYHbIN pacnaa B
FeynCalc pna ckanapHoro X

5LoadTARCER = SLoadPhi = False;
Needs ["FeynCalc "];

SP[kl, k1] =SP[k2, k2] =mA2;
SP[l, 1] = @;

SP[p, Pl MA23

Ma = PD[k2 +1, m] *SpinorUBar[kl, m].(f+h+GA[5]).(65[k2+1] +m).GA[a].SpinorV[kZ, m] +
PD[kl+1, m] # SpinorUBar[kl, m].GA[a].(G5[kl+ 1] +m).(f +h=+GA[5]).5pinorV[k2, m]

MaC = ComplexConjugate[Ma] /. {a » b, b~ d}

Maz2

FermionSpinSum[Ma = MaC] = (-MT[a, b]) /. m= © // Contract;

res = Ma2z /. DiracTrace - Tr /. m= 8 /. El » M - EZ - EZ // Simplify

aikl, m.y2.(y- (K1 + 1)+ m).(h3° + flov(k2, my @kl m.(hy® + f)(y-(KZ+1)+ m).y®ovik2, my
+
(k1 + Iy* — m? k2 + Iy* — m*

(¢ (K2, m)).(f—hy°)(y-(KL + 1)+ m)3P (e (KT, m)) (¢ (-KZ, m))pP.(p-(R2+ 1)+ m)(f - hy®).(¢ (KT, m))
+
[Ii:l+t']|‘2—.iirit"Z [k2+:'}2—m2

2 __ 1 [ [P 2 __ i
5 [kl-?][kz-?]—z 5 E[kl-kﬁ+kl-f][kl-k2+k2-r]+ 5 [kl-r][kz-f]
ikl + Iy (k1 + y* (k2 + 1) (k2 + [y

16(f* + %)
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AByX4yaCTUUYHbIN pacnaj B
FeynCalc pna BektopHoro X

Needs ["FeynCalc "]

SP[kl, k1] = SP[k2, k2] =m~2;
SP[1, 11 = ©;

SP[p, p] = M" 25

Ma = SpinorUBar[kl, m].GA[a].(f + h+GA[5]).SpinorV[k2, m]

MaC = ComplexConjugate[Ma] /. {a - b}
Ma2z = FermionSpinSum[Ma « MaC] &« (-MT[a, b] + (FV[p, a] *FV[p, b]) /M*2) /. m=> © // Contract;
res = Ma2 /. DiracTrace - Tr /. m> 0 /. El - M - E2 - EZ // Simplify

mkl, m}.?”.[h?E +Ji'r]|.[".r (kZ2,m)
; e Tt R
[qﬁ[—kz,m}].[f—h? }I."f‘ ¢ (k1 , m))

4(f% +h*) (M (k1 -K2)+2(K1-p) (k2 p))
M?
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TpéxyacTUYHbIN pacnaa B
FeynCalc pna BektopHoro X

$LoadTARCER = $LoadPhi = False;
Needs ["FeynCalc "];

SP[k1, k1] = SP[k2, k2] =mA2;
SP[l, 1] = 0;

SP[p, Pl = M*2;

Ma = PD[k2+1, m] *SpinorUBar[kl, m].GA[a].(f +h*GA[5]).(GS[k2 +1] +m).GA[b].SpinorV[k2, m] s
PD[k1l+1, m] « SpinorUBar[kl, m].GA[b].(GS[kl+1] +m).GA[a].(f+h=GA[5]).SpinorV[k2, m]

MaC = ComplexConjugate[Ma] /. {a » c, b~ d}
Ma2 = FermionSpinSum[Ma «MaC] « (-MT[b, d]) #« (-MT[a, c] + FV[p, a] «FV[p, c] /M*2) /. m-» @ // Contract;
res = Ma2 /. DiracTrace - Tr /. m> 0 /. El - M - E2 - E3 // FullSimplify

akl, m.y?.(y- (KT + 1)+ m).y%.(hy® + f).ov (K2, m)  a@kl, m.y®.(hy® + f)(y- (k2 + 1) + m).y".v (K2, m))
+

k1 + 12 - m? k2 + 12 - m?

(¢ (-K2, m)).(f - hy°)yC.(y- (KT + 1)+ m)3%.o (KT, m)) (¢(-K2,m).5%.(y-(R2+1)+ m).(f - h9°).5.(¢ (KT, m))
+
k1 + 1Y - k2 + Iy° - m?

1 1
k1 +1? k2+1

l 2 2 — a2
Flﬁ(f“ +h°)|-2 - [M2 (ki-k2 ) +(k1-K2) (M~ (k1-T+k2-T)+(I-p)(k1 -p+k2-p)+2(kl-p)(k2-p))-(ki-p-k2-p)(ki-p)(k2-T)-(ki-T)(k2 p))+

z(lﬁ-ﬂ(.\fz k2-T)+2(k2-p)(I-p))+ 22 (k2-1)(M* (k1-T)+2(K1-p)(I-p))

9

kl + )" (k2 + 1y
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COMPOSITE DARK MATTER FROM
STABLE CHARGED CONSTITUENTS

COMPOSITE DARK MATTER FROM STABLE CHARGED CONSTITUENTS

M.Y. KHLOPOV
Moscow Engineering Physics Institute, Moscow, Russia;
Center for Cosmoparticle physics “Cosmion”, Moscow, Russia;
APC laboratory 10, rue Alice Domon et Léonie Duquet 75205 Paris Cedex 13, France

Heavy stable charged particles can exist, hidden from us in bound atomlike states. Models
with new stable charged leptons and quarks give rise to realistic composite dark matter sce-
narios. Significant or even dominant component of O-helium (atomlike system of Hed nucleus
and heavy -2 charged particle) is inevitable feature of such scenarios. Possible O-helium ex-
planation for the positron excess in the galactic bulge and for the controversy between the
positive results of DAMA and negative results of other experiments is proposed.

Ccblifika: https://arxiv.org/abs/0806.3581
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MaTtpuyHble 3/1eMeHTbl B TeoOpUuun c 3apAagoBoO-
COMNpPAXXeHHbIM CMUHOPOM

I e | ——¢ . |
M =< klkg\XlIf (a+ by’ )llf\p>—<k1k2\XlIf (a+b0y")¥lp > =
I = N

=< kiko| XU O (a + b’}fs)\llf\p > — < Félkg\XlifTCTyn(a Y)W p > =
= 0" (k1)C" " (a + 0y")u(ks) — 0" (ko) O (a + by )u(ka)

— L . i L | ‘
M =< kol | XU, (a4 by") U U A" WA, [p > —

== ——
— < hkal| X T, (a+ b7 T T UaALlp > +

—
| | |
I ) 1

———
+ < kol | X0, (a + by°) U U A WA, p > —

— < kol | X0, (a4 byP) iy U U A W4A, Ip > =

= vy (k) (ky + DECE AR (a + b7 ) apvs(ka) (1) —

—vg (ko). (s + DECE AR + 07 asvs (e, (1) +
+ 0t (B2) Clvma(@ + 09%)an (ko + Dpevfva(ka e, (1) — .

—vf (k1) Cl i (a+ 09 )ap (R + Duevlyva(ka) e (1)
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