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DARK MATTER FERMION PRODUCTION AT LEPTON COLLIDERS
VIA PHOTON - DARK PHOTON - PHOTON EXCHANGE
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Abstract. The dark matter fermion production has studied at lepton colliders via
photon-dark photon-photon exchange, the results show that, the »y production
cross-section at e’e” collider is the same as at u" g collider when the initial

beams are unpolarized or both the initial beams are left- or right-polarized. In case
of mix between both the initial beams are left-polarized with both the initial beams

are right-polarized, the z" 4~ — xy cross-section is very much bigger than the
e'e” — yy cross-section, and the cross-section strongly depends on the
polarization of initial beams.
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1. Introduction

Dark matter (DM) is a special matter kind. The total amount of dark matter should
be around five times bigger than that of ordinary matter. Currently, there are many dark
matter models, such as the Cold Dark Matter model with a cosmological constant
(ACDM) [1] and the vector-fermion dark matter model [2].

The dark photon is a hypothetical hidden sector particle, proposed as a force carrier
potentially connected to DM [3]. This new force can be introduced by extending the
gauge group of the SM with a new abelian U(1) gauge symmetry.

In this paper, we study the process 1l — yy via the exchange of photon-dark
photon-photon when beams 1", are unpolarized and polarized, where 1I” are e'e”

and w4 ; and yis dark matter fermion. Specifically, we evaluate the contribution of
dark photon on the cross-sections when the initial beams are polarized and unpolarized.
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2. Content
2.1. Interaction Lagrangian

The effective interaction Lagrangian of photon () and dark matter fermion ( y)
was given by [4]:
I v
Lint:_Elo-yv(yZ-‘r}/Sdz)ZFy ’ (l)
where F*" =d“A"-3"A*, and u,,d, correspond to the magnetic dipole moment, and
the electric dipole moment of the DMF y .
The effective interaction Lagrangian for the dark photon (V) and photon ()
with respective field strengths V,, and F, is [5]:
1, 1., «
Lint :_Z F;tv _Zv,uv _E uv
The corresponding Feynman rules are
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Figure 1. Feynman rules for the photon couplings with DMF
and y -V —y propagator
2.1. The cross-section of the 1'1” — zy collision

The corresponding Feynman diagrams for the pair production of dark matter
fermion in I",1” collision via ¥ —V —y exchange are shown in Figure 2.
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Figure 2. The Feynman diagrams for the process I'l” - xy
via y -V —y exchange
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For unpolarized 17,1~ beams, the square of matrix element is given by:

4(ap,)a’ (pk,)

ec’

IMIZ{ : } 2(4(p1k2)(p2q)+4(p1q)(p2k2)—
q —m,

_Aap)(Pa)(k,a)  4(ap)a’(Pok,)  4(ap)(k,9)(P,9)

m; m; m;

+4(M—[(plpz)+mf][—%+q—4nq2(kzq)—4[(plpz)+m.2](k2q)]
m, m, m
{842 +d2)(ak,) — 4k + d2)(k)]

+[4( b.p,)+4(P,p,) - 4(qp2)2(qp1) _A(ap)(ap) _ 4@p)(g p,)  4(ap.)(ap,)

2 2 2

m, m, m,
+4[ Z(qpl)fqu) _[(plpz) n mlz][_iz T q_4}] q2 _ 4[(plp2) + m|2]4]
m, m, m

X[ ~8(ut; +d7)(aky ) (k,0)+[4(x; +d7)0” (k) —4(u; —d7)m’ "]

+2£4( PGPk + AP )k, — A IN(E)

;/.

_4ap,)(Piki)(ak,) — A(ap)(P,K,)(ak:) — 4(ap,)(pk)(ak,)

m m m

+4(M§qu) _[(plpZ) + mlz][_iz + q_4]j (qkz)(qk1) - 4[(p1p2) + mlz](klkz)J[ _4(/1;2( + d;)qz]
m, m;,m

4(ap,)(gk,)(p,q)

+2(4( Pk )(P,a) +4(pik )(P.0) -

A(ap,)(pik)a®  A(ap)(ak)(p,9)  4(ap)a’(p.k,)

m; m; m;

+4{—2(qp1)fqp2) ~[(pp.)+ mﬁ][—%+q—4j]q2(qk1) ~(pp,)+ mﬁ](qkl)]wﬂi +d2)(k,0)]
m, m, m

2 2

+(8( 0 Q) (p.) — 8(%3:1 (pa) 8(qp1)n1 (p,0)
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+4[M§qu)_[(plp2) + mlz][_iz +q_4qu4 _4[(p1p2) + mlz]qu
my m; - m

X[_4(,u;2{ + d;)(k2k1)+4(/1;2( - d;)mi
—A(u; +d7) (koK) + 4, —d )M + 4 +d7) (k) —4(u; —d7)m?]. 3

In case of both the 1" and I~ beams are polarized, we have

4(ap,)a’ (pk,)

2 2
My [ =Mee| :(qeﬁj x(4( pik,)(P,0) +4(P,Q)(Pok,) -

_Aap)(Pa)(k,q)  4(ap)a’(Pok,)  4(apy)(k,a)(p,9)

my my my

+4(2(qp_1)§qu)_(plpz)(_iﬂ_j]q (k,0) - 4(p1p2)(kzq)J[8(u,{+d )(ak,) —4(u; +d2) (k)]
m; mm

+[ 4(p,p,)+4(p,p,)— HAPAR) _ A(aP)(P,) _ ARG P;) _ A(Gp.)(p,)

m; m m
+4(M—<plpz)(—%+q—4ﬁqz —4<p1p2)4]
m; m, m

[ —8(xs +d2)(ak, ) (k) +[4(s2 +d2)q* (k k) —4(u2 —d2)m2q’]
4(gp,)(pik,)(gk,)
m’

+2(4( plkz)( p2k1) + 4( plkl)( pzkz) -

_4@ap,)(P.k)(ak,) — 4(ap,)(P,K,)(ak:) — 4(ap,)(p.ki)(ak,)

m, m, m,

[ (ap.)(@p,) (plpz)( 2 +Q_4D(qk2)(qk1)—4(plp2)(klk2)]x[—4(u§+d§)q2]
m; m; - m

4(qp,)(ak,)(p,q)

+2(4( P,k )(p,a) +4(pk)(P,9) -

4ap,)(pk)a®  Aap)(ak)(p,a)  4(ap)a’(p.k,)

m, m, m,

{—Z(Qpl)‘qu) (plpz)[ -z q4Bq%qkl)—4(p1p2)qk1)Jx[4<u§+d§)(kzq>]
m; m;m

+(8( ) p,g) — S (PD) _ &R’ (p,)

m;
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+4[M§qp2)— (plpz)[_%+q_4]J q4 _4(p1p2)q2]
m; m, m,

X[ —4(ss +d2)(kk )+4(u, —d2)m?
—A(p +d2) (K k) +4(u2 —d2)m2 +4(p +d2)(Kk,) — 4wl —d2)m?],

2
. es? 2 q°
MM, :[WJ XA{_mIZ [_W+quz(kzq)_mf(kzq)]

[8(z2; +d7)(ak,) —4(x +d7) (k)]

2
7' 7'

+4[—m.2 (_i+q_4]q2 - mf}[—S(ﬂj +d7)(ak ) (k,0)+[4(x; +d7)0* (koky) = 4(u; —d7)m’q°]

2
7' 7'

+2 x 4(—”1,2 {—i + %J (gk,)(ak,) - mlz(klkz)][_ﬂ'(lu;zz + d}z()qz]

7.

12x 4£—m.2 (—% +q—4]q2(qkl) —-m (qkl)J[4(ﬂi +d)(,0)]
my. m

m,.

2 2
+4(_m'2](_ﬁ + q—4jq4 - mﬁqz][— A +d2) (K k) +A(l —d2)m?
’

~A(e +d7)(k k) + 4, —d2)m? + 4 +d ) (kk,) — (e —d7)m’] (4)
2 2 .
and |MLR| :|MRL| =M ;M =0.
From the square of matrix elements above, we evaluate the differential cross
section (DCS) as a function of cosé by the expression:

=iM[, )

do 1 [K|
dcosd 647zs A

The results are shown in Figure 3 for e'e” — yy .

Here we choose m=0, 0G; m, =01068MeV; m =30MeV ;

m, =10°GeV; 4, :%, 2,=2310°Gev; d =;Li, Ay =2,26.10°GeV [4];
] d
£=10"2[5], /s =3000GeV (CLIC).

We see that the DCS is unchanged when cosé changes from —1 to 1 in the cases
of the e",e” beams are unpolarized, and as well as left-polarized or right-polarized.

Therefore, the direction to collect ¥, y is the same for direction to the e*,e” beams.
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Figure 3. The DCS as a function of cosé

Next, we proceed to evaluate the total cross section of these colliders as function of
mass center energy Js, itis shown in Figure 4.

The cross section increases while /s increases from 200GeV to 3000GeV for the
e’,e” beams unpolarized, and as well as left- or right-polarized. While, the mixing
cross section decreases, it can see from figure 3.3d. In addition, when the e*,e” beams
are left - polarized or right-polarized, the cross-section is twice times as large as the
cross-section when the e*,e” beams are unpolarized. This is shown in figure 3.3a and
figure 3.3b.

For the u"zi~ — yy cross section, we obtained the results the same for the
e'e” — yyx, the cross section when the initial beams are unpolarized or both the initial

beams are left - polarized or right - polarized. In case of mix between both the initial
beams are left-polarized with both the initial beams are right-polarized, from figure 3.2

¢, d and figure 3.3 ¢, d, we can see that the u"z~ — yy cross-section is very much
bigger than the e’e” — ¥y cross-section.
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Figure 4. The cross — section as a function of \/g

3. Conclusions
The cross sections of the process 1"~ — xy depend strongly on the polarization of
initial beams. The direction to collect (¥, ) do not depend on the direction of the

I*,1- beams. The cross section increases when /s increases for left or right-polarized

and unpolarized of 17, I~ beams. The cross-section is very small, however, we maybe
search for DM particles from 17,1™ collisions if interactive energy is large enough.
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