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Text:

At  the  Faculty  of  Mathematics  and  Natural  Sciences,  Department  of  Physics,  is  a  joint

appointment  with  the  German  Electron  Synchrotron  (DESY)  a

W3-­S-­Chair  of  "Theoretical  Particle  ─  development  of  theories  beyond  the

Standard  Model"

to  be  filled  as  soon  as  possible.

DESY  is  one  of  the  leading  centers  for  Astroparticle  and  Particle  Physics.  The  research

program  of  particle  physics  includes  a  strong  involvement  in  the  LHC  experiments  and

basic  research  in  the  field  of  theoretical  particle  in  the  Standard  Model  and  possible

extensions.  The  Institute  of  Physics,  Humboldt  University  is  also  involved  with  two

professorships  at  the  LHC  experiment  ATLAS.  The  research  interests  of  the  working  groups

in  the  field  of  theoretical  particle  physics  ranging  from  mathematical  physics  on  the

phenomenology  of  particle  physics  to  lattice  gauge  theory.

Candidates  /  students  should  be  expelled  through  excellence  with  international  recognition

in  the  field  of  theoretical  particle  physics  with  a  focus  on  the  development  of  models

beyond  the  Standard  Model.  Is  expected  to  close  cooperation  with  the  resident  at  the

Humboldt  University  workgroups.  In  addition  to  the  development  of  possible  standard

model  extensions  and  phenomenological  studies  of  experimental  verification  to  be  carried

out.  Place  special  emphasis  send  the  Higgs  physics.  It  is  expected  that  he  /  she  maintains

the  scientific  contacts  between  DESY  and  the  HU  and  active  in  the  DFG  Research  Training

Group  GK1504  "Mass,  Spectrum,  Symmetry:  Particle  Physics  in  the  Era  of  the  Large

Hadron  Collider"  cooperates.  He  /  she  should  be  at  all  levels  of  teaching  in  physics  at  the

HU  participate  (2  LVS)  and  will  have  the  opportunity  to  acquire  outside  of  a  creative

research  program.

Applicants  /  inside  must  meet  the  requirements  for  appointment  as  a  professor  /  to

professor  in  accordance  with  §  100  of  the  Berlin  Higher  Education  Act.

DESY  and  HU  aim  to  increase  the  proportion  of  women  in  research  and  teaching  and  calling

for  qualified  scientists  urgently  to  apply.  Severely  disabled  applicants  /  will  be  given
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Projekt C6: Scattering amplitudes: Symmetries and Interrelations in maximal Supergravity and Yang-Mills [2/8]

path integral

Theory Observable

L = 1
4 Fµ⌫ Fµ⌫ + i ̄D/ + |Dµ�|2

� V (�) +  ̄LŶ � R + h.c.

Quantum field theory: language to formulate fundamental physics 

field content & symmetries

‣ Perturbation theory (on-shell approaches & multi-loop technology)

‣ Non-perturbative approaches (lattice field theory & AdS/CFT)

‣ Dualities and hidden symmetries in gauge theories and gravity

‣ Effective Field Theories (particle physics & gravity)

Recent innovations    Rethinking QFT!⇒

Need for high-precision predictions in Standard Model & class. Gravity
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1) Train next generation of quantum field theorists providing a broad 
methodological background in QFT.


2) Further develop QFT innovations                                                               

3) Innovate applications in particle physics & gravity

4) Foster synergies between research branches involved
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Figure 1: The main subfields of this RTG 2575 Rethinking Quantum Field Theory and their connectivity.

tive methods and dualities. These include lattice field theory and the AdS/CFT duality.

Hidden Symmetries and Dualities: Unraveling hidden algebraic structures and dualities in QFTs,
thereby clarifying their rôle in the quest for quantum gravity.

The research agenda of this RTG is to work on these challenges by questioning and improving the founda-
tions and traditional methods in QFT as well as quickly transferring advances made in one sector of our fields
to another. In short, together with our doctoral and post-doctoral researchers we will rethink quantum field
theory.

The research program of our RTG is structured in the six main subareas 1) Scattering amplitudes, 2) Phe-
nomenology, 3) Lattice field theory, 4) AdS/CFT correspondence, 5) Gravitational waves and 6) Mathematical
aspects, cp. figure 1. They reflect the expertise of the researchers involved and lead to challenging and timely
projects at the doctoral and postdoctoral level as discussed below. A recurrent theme of our research is the
cross-fertilization of these subareas by transferring innovations from one area to another based on common
interests of the groups involved, thereby providing an added value of the RTG. The interconnections of our
subfields are sketched graphically in figure 1.

More than ten years after the Higgs boson discovery, contemporary particle physics is in a somewhat para-
doxical state between the data emerging from the LHC and lower-energy flavor experiments on the one hand,
and from cosmological and astrophysical observations on the other. Whereas earth-bound experiments con-
tinue to be in full agreement with standard model (SM) predictions, space-based observations clearly demand
the existence of physics beyond the standard model (BSM) in the form of dark matter, dark energy and addi-
tional sources of charge-parity violation. Today, many popular BSM scenarios at low energies (minimal super-
symmetry, extra dimensions, Higgs compositeness) are now close to being ruled out. Hence, new physics is
either very different to the way speculated so far, or appears at energy scales too high to be probed by direct
particle production at the LHC. The consequence is a paradigm change in the search for new physics. For
one, in order to extract the maximum of knowledge from the present (and future) collider experiments, driving
the theoretical predictions for standard model processes up to highest precision is mandatory. This allows us
to be sensitive to the fine discrepancies appearing in virtual contribution from BSM particles in SM processes.
Consequently, there is a large demand of computing observables at multi-loop orders in perturbation theory
and for growing multiplicities. This core area of QFT has seen dramatic progress in recent years: On the one
hand through efficient on-shell and recursive methods to construct integrands and on the other hand through

perturbative
QFT approaches

non-perturbative

and dualities
hidden symmetries
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‣ Worldline QFT developed: State-of-the-art post-Minkowskian 
results for spinning black holes  

pQFT methods for high-precision gravitational wave physics

‣ Plans: Effective one body for PM, radiative & spin effects 
in post-Newtonian expansion   postdoc⇒

Double copy:

‣ Embedding in Double field theory &  -algebras discovered L∞
‣ Effective Field Theories  

Gravity = (Yang-Mills)  (Yang-Mills) ⊗

‣ Plans: Homotopy algebras, EFT positivity constraints

Ref. [5] to relate GBAS amplitudes back to pure gluon amplitudes, our results suggest that the lowest-order YM amplitudes encode all higher orders of a specific effective field theory relevant to the open bosonic string (see      ). , eµ⌫̄ ! Aµ 1 Ā⌫̄ , . . .
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‣ Wilson line correlators: Perturbative results and analytical bootstrap

Defect Conformal Field Theories

Phenomenology

‣ New: Heavy-quark correlators

Lattice Field Theory

‣ 2d supersymmetric  -models on the latticeσ
‣ High-precision predictions: Isospin breaking & 

radiative corrections (QCD+QED)
‣ New: Multibaryon physics

‣ Effective Field Theory
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Recommended font sizes:
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Body text: not smaller than 28pt
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First advisor: Agostino Patella Second advisor: Jeremy Green

Tetraquarks and Dibaryons From Lattice QCD

Doctoral researcher: Andres Stump Start of PhD: 10/23

First advisor: Agostino Patella Second advisor: Jeremy Green

Tetraquarks and Dibaryons From Lattice QCD

Quark Model

Particles are characterized by various quantum numbers
(e.g. parity P , total angular momentum J , isospin (I , I3), strangeness S, . . . )

The quark model is a classification scheme for hadrons in terms of quarks that uses these
quantum numbers. In its simplest version:

–Mesons are bound quark - antiquark states (qq̄)

–Baryons are bound states of three quarks (qqq)

Hadron Multiplets

u, d and s form approximate flavour SU(3) symmetry

Use representation theory of SU(3) to group hadrons into
multiplets

E.g. mesons are grouped into a singlet and an octet

3⌦ 3̄ = 8� 1

Throughout particle physics, the quark model is used to de-
scribe strongly interacting states. Figure 1: Meson octet

Exotic Particles

Many more types of states allowed in QCD than in simplest quark model (exotic particles)

E.g. glueballs, tetraquarks, hexaquarks (dibaryons), . . .

Some Interesting Exotic Particles

T+
cc(3875) tetraquark (ccūd̄):

–Observed at LHCb [1, 2] (Figure 2)

d⇤(2380) dibaryon (uuuddd, JP = 3+):

–Observed by WASA-at-COSY Collaboration [3]

H dibaryon (uuddss, JP = 0+):

–No hard evidence for its existence
Figure 2: T+

cc signal in D0D0⇡+ mass
spectrum [2]

Lattice QCD

Framework to compute QCD quantities from first principle at low energies:
Discretized QCD path integral on lattice in finite volume

Lattice regularizes UV divergences by cutting o↵ high frequencies

Get lattice QCD path integral (in Euclidean space-time)

hOi =
1

Z

Z
D[ , ]D[U ]O[ , , U ] e� D[U ] �SG[U ]

Calculate fermionic part of integral using Wick’s theorem
⌦
 (x)  (y)

↵
F
= D�1(x, y)

Figure 3: Spinor fields and
gauge links on the lattice

For gauge field part use Markov Chain Monte Carlo (MCMC) methods
(Boltzmann weight det(D[U ]) e�SG[U ])

Hadron Spectroscopy

Compute energy E of hadrons from spectral decomposition of correlator

Cij(t) = hOi(t)O
†

j(0)i = Aij e
�tE

⇥
1 +O

�
e�t�E

�⇤
(1)

Oi all carry quantum numbers of particle of interest

Excited states exponentially suppressed with �E (energy di↵erence to first excited state)

Example: Pion Correlator

O⇡(t) =
X

x2⇤3

e�ip·x (d�5u)(x, t)

Compute pion correlator using Wick’s theorem

(x, t) (y, 0)

u

d

Figure 4: Pion correlator

C⇡(t) =
X

x,y2⇤3

e�ip·(x�y)
⌦
tr
⇥
�5D

�1
u (x, t,y, 0) · �5D

�1
d (y, 0,x, t)

⇤↵
G

Distillation Method

Inverting Dirac operator D is hardest part in lattice QCD calculations

Using non-local interpolators (e.g. meson-meson) is di�cult

! Use Distillation method (Laplacian Heaviside smearing) [4]

Laplacian Heaviside Smearing

Timeslice-to-all method (i.e. allows sums over full spatial lattice at source)

Use projector V (t)V (t)† to define smeared fields

 sm(t) = V (t)V (t)† (t)

Matrix V (t) contains N lowest eigenvectors of covariant Laplacian �(t)
(i.e. eigenvectors with smallest eigenvalues)
! V (t) is a 3|⇤3|⇥N matrix (N ⌧ 3|⇤3|)

For constant smearing radius, scale N / a3|⇤3| [5]

V (t)V (t)† is projector to subspace spanned by these eigenvectors

Compute D�1 exactly in this subspace (4N ⇥ 4N matrix called perambulator):

⌧ (t0, t) = V (t0)†D�1(t0, t)V (t)

Advantages:

Can reuse perambulator ⌧ (t0, t) for di↵erent calculations

Smearing increases overlap with ground state in spectral decomposition (1)

Pion Correlator (using distillation)

C⇡(t) =
⌦
tr
⇥
�5�(t) · ⌧u(t, 0) · �5�(0)

†
· ⌧d(0, t)

⇤↵
G

(2)

with mode doublets �(t) (N ⇥N matrix)

�(t) =
X

x2⇤3

V (x, t)†e�ip·x V (x, t) (3)

Position Space Sampling

Local Interpolators

Want to also use local tetraquark and hexaquark interpolators (besides non-local ones), e.g.

OT (t) ⇠
X

x2⇤3

e�iP ·x(ccūd̄)(x, t) OH(t) ⇠
X

x2⇤3

e�iP ·x(uuuddd)(x, t)

Mode doublets � (see (3)) become rank 4 or rank 6 tensors

Computational cost of tensor contraction scales with N 5 or N 7

! Extremely expensive for reasonable N (e.g. N = 32)

Solution: Position space sampling

Using a Sparse Grid

Don’t compute �, instead use smeared propagator (flavour f)

D�1
f, sm(t

0, t) = V (t0) ⌧f(t
0, t)V (t)†

Now, only sum over sparse grids ⇤̃3, ⇤̃0
3 ⇢ ⇤3

! Utilize spatial correlation of correlator Figure 5: Sparse grid

E.g. for pion correlator (2) get

C⇡(t) =
|⇤3|

2

|⇤̃3||⇤̃0
3|

X

x2⇤̃3

y2⇤̃0
3

e�ip·(x�y)
⌦
tr
⇥
�5D

�1
u, sm(x, t;y, 0) · �5Dd, sm(y, 0;x, t)

⇤↵
G

Properties:

+No longer scaling with high power of N

�But now we get scaling with # points on sparse grid as |⇤̃3||⇤̃0
3|
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PHYSIKALISCHES KOLLOQUIUM 
Referent: Dr. Peter Marquard 

DESY Zeuthen,  
Germany  

Thema: Precision Quantum Field Theory 
(Vorstellung für Habilitation) 

Zeit und Ort: Dienstag, 1.12.2020, 16:40 Uhr 
Online-Meeting: BBB / Zugang mit Browser (Firefox oder Chrome)  
 
Teilnehmende mit ZIH-Login erreichen den Raum über folgenden Link: 
https://selfservice.zih.tu-dresden.de/l/link.php?m=54619&p=4a9ca2cf 
 
Teilnehmende ohne Hochschul-Login erreichen den Raum über folgenden Link: 
https://selfservice.zih.tu-dresden.de/link.php?m=54619&p=b872e393 
 

Leiter: Prof. Dr. Dominik Stöckinger 

Kurzfassung: We present an overview about how multi-loop calculations can be used to determine 
fundamental parameters of the Standard Model and study their behaviour. We show 
examples how these methods developed for particle physics can be applied to other 
areas of physics such as gravitational waves. 

Biographie: Peter Marquard obtained his PhD from the University of Freiburg in 2003. Afterwards, he spent 
time as postdoc at Durham University and the KIT. Since 2013 he is staff member in the theory 
group at DESY in Zeuthen. 

 

  Departures: Kreimer, Sommer, 
Schulze, van Tongeren, Uwer
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3y 3.5y 4y 4.5y

5

2

3

131
5

completed estimated

‣ Statistics of cohorts 20-23:

    10 PhDs completed 

    10 in 2nd or 3rd year

      7 in 1st year   

‣ Future careers of 10+2 graduates: 

    (4+2)x Postdoc positions, 2x RTG Startup funds, 4x private sector

‣ Grades: 4x scl, 6x mcl

‣ Started 04/20 with the pandemic! Delayed hiring and on-boarding

     processes

‣ 0 drop outs 

— status as of March 2024 —
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J. Weber

A. Spiering

G. Uhre 
Jakobsen

K. Haddad

G. Mogull
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Spokesperson: Prof. Dr. Jan Plefka

Proposed funding period: April 1st, 2020 to September 30th, 2024

April 10th, 2019
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April 10th, 2019
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Qualification Program
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‣ Weekly young researcher seminar
Self organised by doctoral researchers w/o PIs!           

‣ Monthly QFT colloquium
Bridges different research fields of RTG
So far: 18 invited speakers in past 4 years 

‣ International workshop or school                        (1 mandatory) 

• Type A/A+: Introductory

• Type B: Advanced topics in QFT                                       (2 mandatory)

• Type C: Academic training, soft skills, computing         (2+1 mandatory)

‣ Lecture courses 

NEW
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Annual retreat
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4 days in the fall outside of Berlin: 

‣ External guest lecturer  (past: Henn, Reffert, Wiese)

‣ Seminars of 2nd year PhDs & Posters for all others

‣ Careers beyond science talks

‣ Fosters interactions within RTG
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‣ 4 weeks, fully immersed in host group

‣ Engage in small scale projects or sub-projects in larger collaboration

Doctoral students gain insight into new research fields 
guaranteeing a broad education in QFT

‣ 23 internships completed

‣ 3 joint intern/host group publications emerged!

So far: 

Internship in neighbouring research group (1 mandatory) NEW
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Supervision & career advancement
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‣ Dual advisor concept 

‣ Career development plan (CDP) 

‣ Regular informal meetings with primary advisor 

‣ Biannual CDP meetings with both advisors 

‣ Mentor

Doctoral researchers:            

Doctoral 
researcher

Primary 
supervisor

Secondary 
supervisor

Mentor

NEW
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‣ Interviews on RTG research topics aimed at MINT students

‣ 10 episodes published including animations

‣ Flanked by Instagram, Tik-Tok teasers


‣ Completely student driven!   see videos in poster session 

‣ To be continued!

⇒

Outreach: YouTube channel
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