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Where to go in DM searches?

Many models and a wide range of energy scales

LHC → TeV scale

Direct Detection → weak scale (∼ 100 GeV) and below

Indirect Detection → strong constraints to GeV and subGeV DM by measurements of

1 temperature and polarization power spectra of the CMB

2 flux of gamma rays in Dwarf galaxies
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Indirect Detection

Limits from CMB:

dE

dtdV
(z) = 2gρ2

crit(1 + z)6c2Ω2
DM f (z)

〈σv〉
mDM︸ ︷︷ ︸

particle physics

,

last scattering of photons before decoupling

extra free electrons and photons broadening the last scattering surface
→ constraint on DM models

neglect the redshift dependence and take feff to be constant

feff(mDM) =
1

2mDM

∫ mDM

0
EdE

[
2f e

+e−
eff (E)

(
dN

dE

)
e+

+ f γeff(E)

(
dN

dE

)
γ

]
.

In dense regions of the sky:

Dwarf spheroidal galaxies with high DM densities

flux of gamma ray photons observed in a solid angle ∆Ω at the Fermi Large Area Telescope
(Fermi-LAT) is given by:

φs(∆Ω) =
1

4π

〈σv〉
2m2

DM

∫ Emax

Emin

dNγ

dEγ
dEγ︸ ︷︷ ︸

particle physics

×
∫

∆Ω

∫
l.o.s

ρDM(r)2dldΩ′︸ ︷︷ ︸
J−factor

.
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Indirect Detection

Limits from CMB:

dE

dtdV
(z) = 2gρ2

crit(1 + z)6c2Ω2
DM f (z)

〈σv〉
mDM︸ ︷︷ ︸

particle physics

,

feff(mDM)
〈σv〉
mDM

< 4.1 · 10−28cm3/s/GeV. (Planck)

If you now assume 100% s-wave annihilation to individual channel and match relic density
→ many channels excluded
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DM in the sub-GeV range

Weaker constraints for models with:
1 mixture of s- and p-wave mediating WIMP
2 sizable fraction of DM annihilation to invisible particles
3 or WIMP only describing a fraction of all DM
4 Asymmetric DM (ADM)

For 1-3 subdominant WIMP cross-section translates into:

〈σv〉WIMP >
〈σv〉2thermal

〈σv〉limit

For ADM:

2r∞

(1 + r∞)2
f (z)

〈σv〉
mDM

< 4.1 · 10−28cm3/s/GeV with r∞ = Ωχ/Ωχ̄
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But no energy spectra below 5 GeV!
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Particle Physics Part of ID
Bryan R. Webber Fragmentation and Hadronization

Figure 2: Cluster and string hadronization models.

0

0.2

0.4

0.6

0.8

1

1.2

0 1 2 3 4

log10 Mass (GeV/c2)

F
re

qu
en

cy

50 GeV

500 GeV

5000 GeV

50000 GeV

Singlet

Random

Figure 3: Cluster model: mass distribution of qq pairs.

heavy particle suppression without extra parameters, the mass-squared of
a hadron being proportional to its space-time area. At present, the model
still uses extra parameters for pT spectra, and again has some problems
describing baryon production.

598

[B.Webber]
Generation of energy spectra with normal collider procedure

1 Calculation of Hard Process

2 Parton Shower

3 Hadronization

4 Decay to stable particles → γ, e±, ν′s, p/p̄

→ All DM tools in agreement with each other down to 5 GeV DM masses

P.Reimitz subGeV DM Spectra IRN Meeting, Brussels 5 / 12



Processes in the sub-GeV range

Mainly based on measurements of e+e− → hadrons
and the VMD model:

M =
e

ŝ
v̄(pe+ )γµu(pe− )〈X |Jµem|0〉

with

Jµem =
∑

q=u,d,s

eq q̄γ
µq =

1√
2
J I=1,3,µ +

1

3
√

2
J I=0,µ − 1

3
Js,µ

where

J I=1,3
µ = (ūγµu − d̄γµd)/

√
2,

J I=0
µ = (ūγµu + d̄γµd)/

√
2,

Jsµ = s̄γµs .

→ Task: find parametrization for hadronic currents
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Processes in the sub-GeV range

Mainly based on measurements of e+e− → hadrons
and the VMD model:

M =
e

ŝ
v̄(pe+ )γµu(pe− )〈X |Jµem|0〉

with

Jµem =
∑

q=u,d,s

eq q̄γ
µq =

1√
2
J I=1,3,µ +

1

3
√

2
J I=0,µ − 1

3
Js,µ

i.e. for π+π−

〈π+π−|eJµem|0〉 = −e
(
p+ − p−

)µ
Fπ(q2)

π

−

+

π

e+

-

ρ

e ;
[hep-ph/9501251]
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Processes in the sub-GeV range

Mainly based on measurements of e+e− → hadrons
and the VMD model:

M =
e

ŝ
v̄(pe+ )γµu(pe− )〈X |Jµem|0〉

with

Jµem =
∑

q=u,d,s

eq q̄γ
µq =

1√
2
J I=1,3,µ +

1

3
√

2
J I=0,µ − 1

3
Js,µ

i.e. for π+π−π0:

〈π+π−π0|eJµem|0〉 = −eεµαβγqα+qβ−q
γ
0 F3π(q+, q−, q0)

2 H. Czyż et al.: Electron-positron annihilation into three pions ...

G-parity dictates dominance of the isospin-zero com-
ponent of the electromagnetic current , which will be dis-
cussed in a first step. The small isospin-one admixture will
be discussed subsequently. The form factor F I=0

3π is con-
structed under the assumption that the virtual photon
couples to the ω- and φ-meson, whose subsequent transi-
tion to three pions is dominated by the ρ(→ 2π)π chain
(Fig.1) [10]. Taking into account radial excitations of ω,
φ, ρ one arrives at the form factor

F I=0
3π (q+, q−, q0) =∑

i,j

aij · BWVi(Q
2) · Hρj

(
Q2

+, Q2
−, Q2

0

)
, (2)

where Vi stands for either ω- or φ-resonances, and ρj rep-
resents contributions from ρ-mesons. From the PDG [11] it

Fig. 1. Diagrams contributing to the 3–pion current: I = 0
component.

is clear that all ω- and φ-resonances couple to the ground
state of the ρ-meson, whereas there is no indication about
couplings to the higher radial excitations (ρ′, ρ′′, · · · ). This
missing piece of information can, however, be obtained to
large extent from the known e+e− → π+π−π0 cross sec-
tion, as shown below.

For the function Hρ we shall adopt the ansatz

Hρ(Q
2
+, Q2

−, Q2
0) = BWρ(Q

2
0) + BWρ(Q

2
+) + BWρ(Q

2
−) ,

(3)

with

Q2
0 = (q+ + q−)2, Q2

± = (q∓ + q0)
2, (4)

and the Breit-Wigner form factors are

BWV (Q2) =

[
Q2

m2
V

− 1 + i
ΓV

mV

]−1

,

BWρ(Q
2
i ) =

[
Q2

i

m2
ρ

− 1 + i

√
Q2

i Γρ(Q
2
i , mj , mk)

m2
ρ

]−1

,(5)

where Q2
i = (qj + qk)2, and mj = mπj , with i, j, k =

0, ±. We use propagators with constant widths for ω’s
and φ, and energy dependent widths for ρ- resonances as
predicted by P-wave ρ → ππ decays:

Γρ(Q
2
i , mj , mk) = Γρ

m2
ρ

Q2
i

[
Q2

i − (mj + mk)2

m2
ρ − (mj + mk)2

]3/2

. (6)

The couplings aij are taken as real constants and we as-
sume that the isospin symmetry is violated in this com-
ponent only by the π0 − π± mass difference.

γ ρ0 ω

π+

π−

π0

Fig. 2. Diagram contributing to the I = 1 component of the
three-pion current.

The small isospin violating amplitude is mediated by
the I = 1 component of the electromagnetic current and
is based on the 4π current of Refs. [12,13] i.e. we take the
ρ − γ and ρπω couplings from the 4π current and replace
the ω → 3π transition by the isospin violating ω → 2π
decay as shown in Fig.2. This leads to the following ansatz

F I=1
3π (q+, q−, q0) = Gω · BWω(Q2)/m̃2

ω[
BWρ(Q

2
0)/m̃2

ρ + σBWρ′′ (Q2
0)/m̃2

ρ′′
]

, (7)

where

Gω =
1.55√

2
12.924 GeV−1 0.266 m2

ρ gωππ (8)

and m̃ρ = 0.77609 GeV, Γ̃ρ = 0.14446 GeV, m̃ρ′′ = 1.7

GeV, Γ̃ρ′′ = 0.26 GeV, σ = −0.1, where the parameters
are taken directly from [13]. At the present level of ex-
perimental accuracy it is not clear whether the ρ′′ term is
necessary for the description of the 3π current (see below).
However, as it is a prediction coming from the 4π current
we consider its contribution also here.

The coupling gωππ can be extracted from the decay
rate Γ (ω → ππ) (see Eq.(12)). Using the world average
value from the PDG [11] one gets gωππ = 0.185(15). The
total form factor is of course given by the coherent sum

F3π(q+, q−, q0) = F I=0
3π (q+, q−, q0) + F I=1

3π (q+, q−, q0) . (9)

Data on σ(e+e− → π+π−π0), from energy scan experi-
ments [14,15,16,17,18] consist of 217 data points, covering

[hep-ph/0512180]
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Dominant Processes

Channel Parametrization Fit threshold energy [GeV]

πγ SND SND 0.140

ππ Phokhara Phokhara 0.280
πππ Phokhara Phokhara 0.420
ηγ SND SND 0.548
4π’s Phokhara own 0.560
ηππ Phokhara own 0.827
ωπ SND SND 0.918
KK Phokhara own 0.996
ωππ own own 1.062
KKπ own own 1.135
φπ own own 1.160
η′ππ Phokhara own 1.237
ηω own own 1.331
ηφ own own 1.568
pp̄/nn̄ Phokhara own 1.877

Data taken from BABAR , SND, KLOE, BESIII, CLEO, FENICE, DM1/2, ADONE, MAMI,
BLAST, JLAB, Fermilab E760, SLAC, CMD-2/3
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Cross-section fits

0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4
s /GeV

10 2

10 1

100

101

102

/n
b

e + e

mean
envelopes
data

1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50
s /GeV

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

/n
b

e + e

mean
envelopes
data

0.75 0.76 0.77 0.78 0.79 0.80 0.81
s /GeV

102

103

/n
b

e+e 0 +

mean
envelopes
data

1.0 1.5 2.0 2.5 3.0
s /GeV

10 1

100

101
/n

b

e + e + 2 0

mean
envelopes
data

P.Reimitz subGeV DM Spectra IRN Meeting, Brussels 8 / 12



DM Processes

DM current constructed in same way as e.m. current:

JµDM =
1√
2

(
(au + ad )J I=1,3,µ + (au − ad )J I=0,µ

)
+ asJ

s,µ

The matrix element is then:

M = aDMv̄(p1)γνu(p2)dDM
νµ 〈X |JµDM|0〉

For now, take process:

χχ→ Z ′ → qq̄ with mZ ′ ≈ 2mχ .
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Translation of envelopes

show 0.250 GeV gamma and positron case, maybe additional one if done by then
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Summary &Outlook

Summary:

updated fits for e+e− → hadrons

translated e.m. processes to DM processes

closed gap of generating energy spectra in the sub-GeV range for hadronic processes

introducing uncertainties to Low Energy Hadronic Processes

Further work:

spectrum uncertainties for all processes

work on DM model part

make code publicly available

comments and suggestions are welcome!
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