
http://amdimp.impcas.ac.cn/ zhuxiaolong@impcas.ac.cn

Revisit the mysterious 3.5 keV line at the laboratory

Xiaolong Zhu 
Institute of Modern Physics, Chinese Academy of Sciences (Lanzhou)

June 20, 2024   Volos, Greece



http://amdimp.impcas.ac.cn/ zhuxiaolong@impcas.ac.cn

Outline

• Introduction

• Experimental setup

• Results

• Summary



http://amdimp.impcas.ac.cn/ zhuxiaolong@impcas.ac.cn

Dark matter detection: an unidentified 3.5 keV X-ray
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Three subsamples:
(Perseus, 
Centaurus+Ophiuchus
+Coma, and all others)

XMM-Newton spectrum
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Dark matter detection: an unidentified 3.5 keV X-ray

The distinguished line emissions spectral for 
CIE and charge exchange
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SXV SXVI
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The Astrophysical Journal Letters, 837:L15 (2017)

Hitomi Constraints on the 3.5 keV Line in the Perseus Galaxy Cluster

Important spectral lines:
sulfur and argon
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Dessert et al., Science 367, 1465–1467 (2020)
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The Astrophysical Journal, 964:185 (2024)

The story of the 3.5 keV line is still not over.
Dark Matter or Charge Exchange？
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Nuclear Inst. and Methods in Physics Research B 460 (2019) 224–229

EBIS+COLTRIMS at IMP in Lanzhou
Highly charged ions 

at solar wind velocity
H+, He2+, Cq+, Nq+, Oq+, 
Neq+, Siq+, Sq+, …… 
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EBISCOLTRIMS
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Nuclear Inst. and Methods in Physics Research B 460 (2019) 224–229
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EBIS: electron beam ion source Silicon drift detector@ Amptek

S15+, S16+

Silicon drift detector

X-ray

Nuclear Inst. and Methods in Physics Research B 460 (2019) 224–229

Energy resolution@5.9 keV
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No gas injection
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A peak appears at the ionization limit

Near 3.5keV line observed for SXVI
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Observation of strong X-ray radiation 
near the ionization limit of Ar17+ ions
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SuperEBIT electron beam ion trap at LLNL
Argon and Phosphorus
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Isolated peak observed near 3.5 keV
it comes from the charge exchange between  S16+ and neutrals

Possible sources of S15+

spectral lines in EBIS:
1. Electron Ionization 

excitation of S14+

2. Electron excitation of S15+

3. Charge exchange between 
S16+ with neutral

Injection 
gas

Resolution
FWHM (eV)

C. Shah et al. CS2 150@5.9keV

Present Exp. H2S 127@5.9keV
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COLTRIMS：n-resolved charge exchange

IMP, Lanzhou, China
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S11+ - S15+ @ 20q keV Only few n population
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COLTRIMS：n-resolved charge exchange

The captured electron like to populate into higher principal quantum 
number n in slow highly charged ion collisions

Introduction Experimental setup    Results Summary

Xiaolong Zhu et al 2024 Chinese Phys. B 33 023401
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Expectations: H2 q=16,  nOBM  8.5

Introduction Experimental setup    Results Summary

Scaling Laws:
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• Hydrogen-, helium-like ions capture electrons to higher principal quantum 

numbers n, and the emitted spectral lines form a peak near the ionization limit 

• Measurements of the hydrogen-like sulfur-ion spectral lines support the idea 

that the 3.5 keV line comes from charge exchange

• n-resolved charge-exchange experiments indicate that the captured electron 

typically populates into a higher principal quantum number n for the single 

electron capture in slow highly charged ion with neutral collisions


