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Lightning strike above the LOFAR detector in the Netherlands. (Montage: Danielle  

Futselaar, www.artsource.nl)  

It is still unclear what exactly happens when lightning develops. 

Based on high-resolution data of the LOFAR radio telescope, an 

international team of researchers has now discovered needle-

shaped structures that might shed light on the discharge pro-

cesses. Essential foundations for measuring lightning with the 

world’s largest antenna array were laid at KIT. The so-far un-

known “lightning needles” might help to explain why lightning 

does not always discharge at once, as was thought for a long 

time, but can strike several times within seconds. The scientists 

have now published their results in Nature (DOI: 10.1038/s41586-

019-1086-6).   

When ice crystals collide in a thundercloud, they are charged electri-

cally. Winds may separate the crystals, such that parts of the cloud 

are charged positively, whereas other parts are charged negatively. If 

the resulting electric field becomes too large, a violent discharge 

takes place, which we perceive as lightning and thunder. Discharge 

starts with a small volume of air in which electrons separate from air 

molecules. This ionized air, also called plasma, is electrically conduc-

tive. The plasma propagates in the form of branched channels until it 

hits the Earth and charge stored in the clouds is discharged in the 

Nature: When Lightning Strikes – The LOFAR Radio 

Telescope Is Watching Closely 

Lightning Still Is a Poorly Understood Phenomenon – LOFAR Radio Telescope Measures So Far  

Unknown Structures and Discharge Processes – Research at KIT Has Laid Technological Foundations 
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Further materials: 

 

Videos of lightning development in 

radio light:  

 

https://drive.google.com/file/d/1cIYqDi

Q811Swm0nkroYVtfB4wwsF_sBW/vie

w  

 

https://drive.google.com/file/d/1lZVco-

jzkjyEKBJP4Ddpyc8_ow-uy1tC/view 
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form of lightning. Information about the exact processes taking place 

in these channels and about the recently discovered “lightning nee-

dles” is provided by high-resolution data derived from lightning 

flashes. Scientists have collected these data with the Dutch radio tel-

escope LOFAR (Low Frequency Array).  

The recent observations made by the LOFAR research team reveal 

that positively and negatively charged plasma channels behave dif-

ferently during lightning initiation. This seems to be due to the needle-

shaped structures that have now become visible for the first time. 

They lead away from the positively charged channels in perpendicular 

direction, are about 100 m long, and have a diameter of less than 5 

m. The scientists assume that the charge of a positive plasma chan-

nel is not discharged entirely during a lightning strike, but that part of 

the charge returns to the thundercloud via the needles. The stored 

charge could then initiate further discharges. This would explain why 

lightning does not discharge at once, as was thought for a long time, 

but can strike several times within seconds.  

“The LOFAR data allow us to detect lightning propagation at a scale 

where, for the first time, we can distinguish the primary processes,” 

says Dr. Brian Hare of Groningen University, who is the first author of 

the publication in Nature. LOFAR consists of thousands of antennas 

distributed across Europe – an array primarily developed for astro-

nomical observations, which meanwhile is also being used to meas-

ure cosmic rays. The signals triggered by cosmic particles in the at-

mosphere are stored in buffers at the individual antennas and then 

read out for detailed analyses. “The underlying technology, pioneered 

and advanced at KIT, is now also used for measuring and storing ra-

dio signals emitted by lightning,” says Dr. Tim Huege of KIT’s Institute 

for Nuclear Physics and member of the “LOFAR Cosmic Ray Key Sci-

ence Project”. 

When measuring lightning flashes, LOFAR reaches a spatial accu-

racy of up to 1 meter and typically records 1 signal per microsecond. 

The resulting high-resolution 3D films allow studies of lightning initia-

tion at unprecedented levels of detail. KIT’s research has largely con-

tributed to reaching such a high precision in lightning observations. 

The foundations for measuring cosmic particles and, hence, for a 

more detailed investigation of lightning was laid by experiments car-

ried out with the digital antenna array “LOPES” (LOfar PrototypE Sta-

tion) until 2013 as part of the KASCADE-Grande particle detector ar-

ray on the premises of KIT.  
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Videos: (credits: Stijn Buitink (VUB, Brussels) and Brian Hare (Uni-

versity of Groningen)): 

Video 1: Slow motion of a lightning that forms within 0.2 s and spans 

about 5 km in all directions. The yellow points indicate current, the 

white points past radio signals. 
 

https://drive.google.com/file/d/1cIYqDiQ811Swm0nkroYVtfB4wwsF_

sBW/view  

Video 2: Close-up of a plasma channel persisting for 0.1 s and span-

ning 400 m. One of the newly discovered needle-shaped structures is 

colored in red. 
 

https://drive.google.com/file/d/1lZVco-jzkjyEKBJP4Ddpyc8_ow-

uy1tC/view  

 

Original publication in Nature: 

Brian Hare, Olaf Scholten et al. Needle-like structures discovered on 

positively charged lightning branches. Nature, 18 April 2019, 

https://www.nature.com  DOI: 10.1038/s41586-019-1086-6 

  

KIT Center Elementary Particle and Astroparticle Physics (KCETA)  
http://www.kceta.kit.edu/english/index.php  
 
      

Being “The Research University in the Helmholtz Association,“ 

KIT creates and imparts knowledge for the society and the envi-

ronment. It is the objective to make significant contributions to the 

global challenges in the fields of energy, mobility and information. 

For this, about 9,300 employees cooperate in a broad range of dis-

ciplines in natural sciences, engineering sciences, economics, 

and the humanities and social sciences. KIT prepares its 25,100 

students for responsible tasks in society, industry, and science 

by offering research-based study programs. Innovation efforts at 

KIT build a bridge between important scientific findings and their 

application for the benefit of society, economic prosperity, and the 

preservation of our natural basis of life. 

 

 

This press release is available on the internet at 

http://www.sek.kit.edu/english/press_office.php. 
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The photo in the best quality available to us may be downloaded un-

der www.kit.edu or requested by mail to presse@kit.edu or phone +49 

721 608-21105. The photo may be used in the context given above 

exclusively. 

 

This year’s anniversary logo recalls the milestones reached by KIT 

and its long tradition in research, teaching, and innovation. On Octo-

ber 1, 2009, KIT was established by the merger of its two predecessor 

institutions: the Polytechnic School and later University of Karlsruhe 

was founded in 1825, the Nuclear Reactor Construction and Opera-

tion Company and later Karlsruhe Research Center in 1956. 
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