
ILD benchmark analysis on WIMP

Ryo Yonamine1, Moritz Habermehl2, and Aleksander Filip
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1 Introduction

The International Linear Collider (ILC) is expected to play a key role to search
Weak Interacting Massive Particles (WIMPs), which is expected from ΛCDM
model. The target process is pair-produced WIMPs, where the presence of the
interaction is detected by the observation of an ISR photon and nothing else.

In this analysis, we use a general approach of Effective Field Theory (EFT),
where we assume the mass of the considered mediator to be well above the
momentum transfer. At the ILC this kind of interaction can be described in a
almost model-independent way with Effective Field Theory (EFT). Instead of
looking at all free parameters (mediator mass (M) and couplings (gf , gχ)) the
process is treated as an effective four-point interaction(

gfgχ
q2−M2 → 1

Λ2 ). Conse-
quently the results in this study is valid only when the mass of the considered
mediator well above the momentum transfer.

We examined the detector and physics performances for two different ILD
models namely IDR-L and IDR-S. This study is based on the earlier study done
by M. Habermehl[1]. The analysis code used in this paper is available at [2].
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2 WIMP Signal and background

We made use of the e+e− → νν + ISR events irreducible background as WIMP
signals, instead of repeating a full chain of the event generation and reconstruc-
tion for several signal hypotheses. We mimicked WIMP signals by reweighing
the e+e− → νν + ISR events as a function of the polar angle (θγ) and the
energy (Eγ) of the ISR photon and took them as WIMP events.

Apart from the e+e− → νν + ISR mentioned above, also e+e− → e+e−

(down the beam-pipe) + ISR can be background. Most Standard Model pro-
cesses either contain jets or charged particles, which makes it comparably easy to
distinguish them from a WIMP event. The other Standard Model processes are
not considered in this analysis because the earlier studies[3, 4] already showed
they gave a minor effect.

3 MC samples

The information of the MC samples used in this note can be found at the links
listed in the Tab. 1.

Model process beam pol. URL

IDR-L

ννNγ
eLpR https://ild.ngt.ndu.ac.jp/elog/dbd-prod/240

eRpL https://ild.ngt.ndu.ac.jp/elog/dbd-prod/240

eeNγ

eLpL https://ild.ngt.ndu.ac.jp/elog/dbd-prod/241

eLpR https://ild.ngt.ndu.ac.jp/elog/dbd-prod/242

eRpL https://ild.ngt.ndu.ac.jp/elog/dbd-prod/243

eRpR https://ild.ngt.ndu.ac.jp/elog/dbd-prod/246

IDR-S

ννNγ
eLpR https://ild.ngt.ndu.ac.jp/elog/dbd-prod/287

eRpL https://ild.ngt.ndu.ac.jp/elog/dbd-prod/287

eeNγ

eLpL https://ild.ngt.ndu.ac.jp/elog/dbd-prod/283

eLpR https://ild.ngt.ndu.ac.jp/elog/dbd-prod/284

eRpL https://ild.ngt.ndu.ac.jp/elog/dbd-prod/285

eRpR https://ild.ngt.ndu.ac.jp/elog/dbd-prod/286

Table 1: MC samples used in this note. There are another set of s5 samples also
in the links listed as IDR-L category (240-246) but we did not use them due to
the fact that they were produced with a wrong BCal background map.
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4 Detector performance

4.1 Photon reconstruction (IDR plot)

The average number of reconstructed photons (Nrec) per generated photon
(Ngen) is shown as a function of the energy and the polar angle in Fig. 1.
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Figure 1: The number of reconstructed photons per generated photon as a
function of the signal photon energy.
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4.2 Events with charged particles
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Figure 2: Comparison between IDR-L and IDR-S models on the transverse
momentum of electrons and positrons in events that fulfill the signal definition.
The colors indicate different origins of the processes; particles that originate
from overlay, daughter particles of a matrix element photon (i.e. photons which
converted into a pair of charged particles) and the remaining particles. Note
that even signal-like process (ννNγ) can have charged particles because of beam-
induced photon-photon interactions. More Bhabha scattering events distribute
at high-energy regions than neutrino pair events. Events with a transverse
momentum of an electron or positron above 0.5 GeV are discarded.
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Figure 3: Same as Fig. 2 but on the transverse momentum of PFOs in events
that fulfill the signal definition. Events with a charged pT above 3 GeV are
discarded.
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Figure 4: Energy of photons in the remaining events after the pT cuts.
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Figure 5: Energy of V0s in the remaining events after the pT cuts.
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Figure 6: Energy of neutrons in the remaining events after the pT cuts.
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Figure 7: Energy of electrons in the remaining events after the pT cuts. Due to
the previous cuts on the transverse momentum of charged particles, the energy
range of the remaining electrons is restricted to lower values and originate from
overlay.
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Figure 8: Energy of muons in the remaining events after the pT cuts. Due to
the previous cuts on the transverse momentum of charged particles, the energy
range of the remaining muons is restricted to lower values and originate from
overlay.
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Figure 9: Energy of pions in the remaining events after the pT cuts. Due to
the previous cuts on the transverse momentum of charged particles, the energy
range of the remaining pions is restricted to lower values and originate from
overlay.
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Figure 10: Sum of the energies of all PFOs in the event, without the signal
photon. Events remaining after the pT criterion are considered.
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Figure 11: Sum of the energies of PFOs except for neutrons and pions in the
event, without the signal photon. Events remaining after the pT criterion are
considered.
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4.3 BCal vetoing (IDR plot)

Number of BCal clusters
0 1 2 3 4 5 6

1

210

410

610

810

1010
 (N>0)γ+N-e+e

 (N>1)γ+Nνν

γ+1νν

preliminary ILD

IDR-L

Number of BCal clusters
0 1 2 3 4 5 6

1

210

410

610

810

1010
 (N>0)γ+N-e+e

 (N>1)γ+Nνν

γ+1νν

preliminary ILD

IDR-S

Figure 12: Comparison between IDR-L and IDR-S models on the number of
BCal clusters. The histograms are stacked. (500 fb−1, no beam polarization).
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5 Physics performance

Fig. 13 shows the exclusion limits for the H20 scenario: 1600 fb−1 each with
the opposite sign polarization combinations P (e−, e+) = (±80%,∓30%) and
400 fb−1 each for the same sign combinations (±80%,±30%), which hereafter
we simply denote by (−−,−+,+−,++) = (10%, 40%, 40%, 10%). For technical
details, see Chapter 7 in [1] (Sec 7.4 for systematic uncertainties considered
here).
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Figure 13: 95% confidence level exclusion limits for different effective oper-
ators with a realistic sharing of the polarization at 4ab−1 of H20 scenario;
(−−,−+,+−,++) = (10%, 40%, 40%, 10%).

√
s = 500 GeV.

6 Conclusion

The candidate plots for IDR would be:
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• Fig. 1

• Fig. 12

• Fig. 13

References

[1] Moritz Habermehl. Dark Matter at the International Linear Collider. PhD
thesis, DESY, Hamburg, 2018.

[2] https://github.com/ILDAnaSoft/ILDbench_WIMP.

[3] Christoph Bartels, Mikael Berggren, and Jenny List. Characterising WIMPs
at a future e+e− Linear Collider. Eur. Phys. J., C72:2213, 2012.

[4] Christoph Bartels. WIMP Search anda Cherenkov Detector Prototypefor
ILC Polarimetry. PhD thesis, DESY, Hamburg, 2011.

10

https://github.com/ILDAnaSoft/ILDbench_WIMP

	Introduction
	WIMP Signal and background
	MC samples
	Detector performance
	Photon reconstruction (IDR plot)
	Events with charged particles
	BCal vetoing (IDR plot)

	Physics performance
	Conclusion

