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Upcoming conferences and summer 
schools attended by us 

June 19 - 25 the Conference on Hyperbolic Probems in 
Malaga, Spain will be attended by Marlies Pirner, Claudius 
Birke, Kathrin Hellmuth and myself. We will all contribute 15 
minute oral presentations. This conference has a long tradition 
(it began in 1986). I co-organized this conference in 2016.  
 During the same week a 
Summer School in the Italian 
Alps taught by Eric Sonnen-
drücker and Lukas Einkemmer 
will be attended by Lena 
Baumann. She will present a 
poster there. 

 

News from China  
 China works on becoming a world leader in 
science. To this end they recruit top scientists to 
China (they recruited Shi Jin) and support their 
research generously. His well funded institute in 
Shanghai (Min Tang is a professor there) unites 
mathematicians with natural scientists from other 
disciplines.  
 More recently he was asked to head a new 
Shanghai Jiao Tong University Chongqing Artificial 
Intelligence Institute that will he established in a 
large new 9 story building.  
 Also have a look at Shi Jin’s new review 
article on asymptotic preserving methods.  
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Paper submitted by 
Kathrin Hellmuth 

   Kathrin Hellmuth submitted 
the paper Kathrin Hellmuth, 
Christian Klingenberg, Qin Li, Min 
Tang: "Kinetic chemotaxis tumbling 
k e r n e l d e t e r m i n e d f r o m 
macroscopic quantities” (2022).  
   For a kinetic equation, 
describing chemotaxis,  

the collision kernel (  and ) is 
determined in this paper from 
measured macroscopic data. One 
needs to design the measure-
ments appropriately (see picture), 
in order to prove that one can 
solve this inverse problem. An 
introduction to this can be found 
here.
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the wonderful Dolomites in the Italian alps, where the 
summer school will take place

KINETIC CHEMOTAXIS TUMBLING KERNEL DETERMINED
FROM MACROSCOPIC QUANTITIES ⇤

KATHRIN HELLMUTH† , CHRISTIAN KLINGENBERG† , QIN LI ‡ , AND MIN TANG §

Abstract. Chemotaxis is the physical phenomenon that bacteria adjust their motions accord-
ing to chemical stimulus. A classical model for this phenomenon is a kinetic equation that describes
the velocity jump process whose tumbling/transition kernel uniquely determines the e↵ect of chem-
ical stimulus on bacteria. The model has been shown to be an accurate model that matches with
bacteria motion qualitatively. For a quantitative modeling, biophysicists and practitioners are also
highly interested in determining the explicit value of the tumbling kernel. Due to the experimental
limitations, measurements are typically macroscopic in nature. Do macroscopic quantities contain
enough information to recover microscopic behavior? In this paper, we give a positive answer. We
show that when given a special design of initial data, the population density, one specific macroscopic
quantity as a function of time, contains su�cient information to recover the tumbling kernel and its
associated damping coe�cient. Moreover, we can read o↵ the chemotaxis tumbling kernel using the
values of population density directly from this specific experimental design. This theoretical result
using kinetic theory sheds light on how practitioners may conduct experiments in laboratories.

Key words. kinetic chemotaxis equation; velocity jump process; singular decomposition; unique
reconstruction; tumbling kernel

AMS subject classifications. 92C17;35R30; 35Q92; 35R09; 45K05

1. Introduction. Bacteria and microorganisms can move autonomously and
react to external stimuli, such as food or danger, which is an important factor in evo-
lution. If the movement is a↵ected by a chemical stimulus, this phenomenon is called
chemotaxis. Chemotaxis phenomena are widely observed among motile organisms
and particularly well studied for Escherichia coli (E.coli) cells. When the bacterial
movement consists of two alternating phases in which they either run along a straight
line or re-orient by changing the direction of travel (tumbling), their movement is
called a velocity jump process.

The kinetic chemotaxis model describes this behaviour statistically [1, 29, 9, 15]:

@

@t
f(x, t, v) + v ·rxf(x, t, v) = L(f)(x, t, v)� �(x, v)f(x, t, v)(1.1)

f(x, t = 0, v) = �(x, v)(1.2)

The equation describes the evolution of the population density of bacteria f(x, t, v)
on the phase space (x, v) 2 R3 ⇥ V during the time interval t 2 [0, T ] with initial
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(a) Initial bacteria density. (b) Bacteria density at time tM .

Figure 4: Experiment: Bacteria are placed on a plate at time t = 0, then they
run for some time until at time tM the measurement M is taken by
counting all bacteria inside the circle. Darker blue stands for a higher
bacteria density.

(a) Forward problem. (b) Inverse problem.

Figure 5: Setup of forward and inverse problem. The aim is to determine the
red quantity.

thus observe the map of initial configuration to the measurements (containing

the unknown model) and try to infer a model parameter, here K, from these

observations, compare figure 5b (right).
In our research, we are considering the inverse problem of determining the

tumbling coe�cient K from such measurements of the bacteria density in space

and time. At first, we studied whether this is theoretically possible at all [6].

This is where our above route planning considerations come into play.
Because inverse problems are usually hard to solve, mathematicians have de-

veloped di�erent techniques to help them. In our case, the so called singular

decomposition technique, which proofed helpful in similar situations [9, 3], can

be applied. It tells us, that by a certain choice of initial data and measurement

method, we are able to observe only that part of all bacteria that tumbled

exactly once until time T . To be precise, for this technique it is crucial, that all

bacteria start at the same point xi in space running in the same initial direction

vi. Then the measurement is taken at a point xm in space after time T . As it

is observed in experiments that bacteria run at constant speed, this is just the
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The measurements:  bacteria are placed on a plate at 

time t = 0 (left picture), then they run for some time 

until at time  (right picture). The measurement M is 

taken by counting all bacteria inside the circle. Darker 

blue stands for a higher bacteria density. 
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Upcoming scientific conferences 
Click the links to check where you might want to participate. 

-  Jan. 10 - June 24, 2022:  Frontiers in kinetic theory: connecting 
microscopic to macroscopic scales - KineCon 2022 , a one semester 
program organized at the Newton Institute at Cambridge University 
with 5 one week workshops in this time 

-  June 12 - 18, 2022: Summer School on "Methods and models of 
kinetic theory" organized by Marzia Bisi (Parma) among others 

- June 19 - 24, 2022 “Numerical methods for kinetic equations” a 
summer school by Eric Sonnendrücker and Lukas Einkemmer in 
the alps in Italy 
-  June 20 - 25: HYP2022: 18th International Conference on Hyperbolic 
Problems, Theory, Numerics, Applications - (formerly HYP 2020), in 
Malaga, Spain, organized by Carlos Pares 

- June 27 - July 1, 2022: Hyperbolic balance laws & beyond, in 
Magdeburg, organized by Helzel and Lukacova  

- July 18 - 22, 2022: When Kinetic Theory meets Fluid Mechanics, in 
Zürich, organized among others by Alexis Vasseur 

- July 25 - 29, 2022: 2nd IST Austrian Summer School in Analysis and 
PDEs, with Felix Otto and László Székelyhidi as lecturers 

- Aug. 22 - 26, 2022: 10th International Conference on Numerical 
Methods for Multi-Material Fluid Flow (MULTIMAT 2021) in Zürich, 
organized by Remi Abgrall and others 

- Sept. 12 - 14, 2022: Nils Henrik Risebro birthday conference in Oslo, 
organized among others by Fjordholm, Holden, Mishra 

- Sept. 26 - 30, 2002: Horizons in non-linear PDEs, a summer school in 
Ulm, organized by Emil Wiedemann and others 

- Oct. 9 - 14, 2022: Computation of hyperbolic and related PDEs: A 
conference in honor of Remi Abgrall, organized by Sid Mishra at ETH 
Zurich on Monte Verità (Ascona, Switzerland) 

- Sept.. 19 - 23, 2022: 12th European Conference on Mathematical and 
Theoretical Biology  in Heidelberg, organized by Anna Marciniak 
(Heidelberg) and others 

- Nov. 7 - 10, 2022: "Numerical Methods for the Kinetic Equations of 
Plasma Physics“ (NumKin 2022) in Garching (near Munich), organized 
by Eric Sonnendrücker 

- Nov. 14 - 18, 2022: Research School on Kinetic Theory, in Luminy 
(near Marseille, France), organized by José Carillo, Markus 
Schmittchen and others 

- March 29 - 31, 2023: 4th European conference on Non-equilibrium 
gas flows to be held in Eindhoven, Netherlands 
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Andrea Thomann was 
o!ered a permanent 

position in France 
    
  Andrea Thomann , 
who did her PhD with us 
in Würzburg and Gabriella 
Puppo in Italy (Andrea 
finished in 2020) on AP 
s c h e m e s , h a s b e e n 
offered a permanent 

INRIA researcher position in France. 
These are research positions at the 
interface of the university and 
industries needing computation. It 
has yet to be decided where she will 
go, but probably to Straßburg (in 
Philippe Helluy's group). 

Workshop on UQ for 
kinetic equations in 

Vienna 
  
  Currently in Vienna there is a 
thematic program on Computational 
Uncertainty Quantification. This week 
there wi l l be a workshop on 
Uncertainty quantification for kinetic 
and t ransport equat ions w i th 
interesting lectures (among others by 
Shi Jin, Qin Li and Li Wang).  
  Yo u w i l l b e a b l e t o fi n d 
recordings of the lectures here (go to 
“Schedule” and scroll down). 
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https://ecmtb2022.org
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