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DESY String Theory Group

Members

Staff: Elli Pomoni (tenured in 07/18)
Volker Schomerus (head of group)
Joerg Teschner (with UHH math) Joerg Teschner Elli Pomoni

Pedro Liendo (EN since 10/18)
Georgios Papathanasiou (5y J-staff)

Craig Lawrie (5y J-staff) from 10/21

Pedro Liendo G. Papathanasiou Craig Lawrie

Postdocs: Apratim Kaviraj, Gleb Kotousovg,,, Fabrizio Nieri,,,, Chengwen Liu, Junchen Ronggy,

PhDs: llija Buric, Aleix Giminezgy, Niklas Henkeg,, s, Jeremy Manng,;, Lorenzo Quintavallegagey

Felix Tellander, Philip Tontsch, Philine van Vlietgy.
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Funding and Networking |

The Center for Mathematical Physics (ZMP)

Mathematical Physicst
Hamburg

QUANTUM UNIVERSE

Research Training Group 1670
S Particles, Strings,
© | land the Early Universe
= ollaborative Research Center SFB 676
g ext ext
v \ 4
2005 2006 2008 2010 2012 2014 2016 2018

Preproposal for SFB: Moduli Spaces, Higher Structures and Integrability to be submitted (Q2 2021)
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Funding and Networking Il

Beyond the SFB 676/RTG 1670/QU EC...
Two DFG funded Emmy Noether young investigator groups — Pomoni (15-21), Liendo (18-23)

Two running EN Applications: Till Bargheer, invited for interview; Fabrizio Nieri (applied w. UHH)

GiF Regular Program: From 6d (1,0) SCFTs to 4d N=1 SCFTS: classification and exact results
with Technion, Haifa (E. Pomoni)

Fm
GATIS+

Gauge Theory as an Integrable System

N

MoU signed in 16/17

by 15 leading
European Institutions DESY String Theory & Zeuthen particle physics

www: gatisplus.desy.de

( “,/ /'~ B A
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Organization of Events

* Higgs Bundles in Mathematics and Physics 09/18

«  WPC Theoretical Physics Symposium 2018 11/18

« Tensor Networks from Simulation to Holography 03/19

* First SAGEX school/String Steilkurs |l 07/19

*  QFT meets gravity, DTW 2019 09/19

«  WPC Theoretical Physics Symposium 2019 11/19

* Young Researchers Integrability School 02/20

« Anti-differentiation and the Calculation of Feynman
10/20

joint WPC/Perimeter
« Tensor Networks from Simulation to Holography

Amplitudes
11/20

«  WPC Theoretical Physics Symposium 2021 11/21

joint event of 2 excellence clusters
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WOLFGANG PAULI CENTRE
ACOMPETENCE FELD OF PIER

HPIERE

Anti-Differentiation and the Calculation
of Feynman Amplitudes

08-13 March 2020
DESY, Hamburg, Germany

WOLFGANG-PAULI-CENTRE

A COMPETENCE FIELD OF PIER

HPIERE & S

Theoretical Physics Symposium 2018

* 7-9 November 2018
L_ DESY Hamburg, Germany
§  Auditorium CSSB (bldg. 15)

STRING STEILKURS - PART I
“Introduction to String Theory”

Speakers:

Tomoyuki Arakawa (Kyoto U)

Chris Beem (U of Oxford)

Ralph Blumenhagen (MPI for Physics, Munich)

April 3 -7, 2018
Universitat Hamburg & DESY

Pl Miranda Cheng (U of Amsterdam)
B Ignacio Cirac (MPI for Quantum Optics, Garchi

Tobias EKfolm (Uppsala U)

Albrecht Kemm (U of Bonn)

The course offers two series of
Supersymmetry. Know

introductory lectures on String Theory and
ledge in Quantum Field Theory and General Relativ-

fivla 3 University of Hamburg Masaki Oshikawa (U of Tokyo)
September 10-14, 2018 Shensei Ryu (U of lllinois)
e Sakura Schaefer-Nameki (U of Oxford)
e Gary Shiu (U of Wisconsin)
E. Pomoni: Group Theory, Supersymmetry and Supergravity Eva Silverstein (Stanford U)
G. Papathanasiou: Introduction to String Theory e singn gtoer ot tom atewt. WASHINGLON Taylor (MIT)
aroa. T your' opics Senthil Todadri (MIT)
prredirecl lmrommn Irene Valenzuela (Utrecht U)
“Ti form and further o found at the following URL: Ouatties 304 Quantm formation Michael Walter (U of Amsterdam)
Bueps: //1ndico. desy. do/evant/SSK18.
Vollue Bchosmarns (volla choemerusCceny.da)
DESY, Theory Group
Universitit
Notlmsisaba 85 [yt ——— >
22607 Hamburg, > —
DEG Research Training Group 1670 ==l http://www.wpc-hh.de [ Fd —1



Science: Scale Invariant Systems

In Quantum Field Theory, String Theory and Statistical Physics
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Scale Invariant Quantum Systems

First example: critical point in phase diagram of water

correlation length diverges cps tend to be strongly correlated
and hence difficult to approach

Today many examples kown in Ferromagnets, Super-

fluids & Superconductors ... conformal window of QCD.

Modern Motivation comes from Gauge/Gravity duality

“AdS | CFT correspondence”

Many examples of supersymmetric CFTsin D >= 3

I.p. maximally supersymmetric Yang-Mills Theory in 4D
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(Super-)Conformal Symmetry

“"Conformal Fourier Analysis” of correlation functions

through decomposition into conformal partial waves

New “chapter’ in group theory, unknown to Wigner ...

We initiated a systematic theory of partial waves for

« superconformal symmetry

JHEP 1904.04852 JHEP 1910.08099 J JHEP 2005.13547
JHEP 2011.14116

 Boundaries & Defects

JHEP 1806.09703 | JHEP 1903.05222 j JHEP 2012.12489

Recently, we uncovered an powerful novel relation

w. Gaudin integrable models [ e Cn 20t
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(Non-)perturbative Dynamics of QFT

From N=4 SYM Theory to QCD

In the context of N=4 SYM theory we explored and advanced
conformal bootstrap, amplitudes and integrability techniques

JHEP 2011.14116 JHEP 2018.04640

JHEP 1912.08254
JHEP 2001.05460

We studied the rich landscape of N=2 superconformal gauge

JHEP 1903.10890

JHEP 2011.04678

JHEP 1906.07166

theories with continuous couplings & vacuum manifolds.

JHEP 1907.04345 JHEP 1811.0197/8

JHEP 2006.01847 JHEP 1906.06351 e

JHEP 2012.00018 JPhysA 1912.00870
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PRL 124(2020)16,161602

Eg.: Cluster algebras’ control the
singularities of Feynman integrals

much beyond N=4 SYM:

PHYSICAL REVIEW LETTERS 126, 091603 (2021)

Cluster Algebras for Feynman Integrals

Dmitry Chicherin®" and Johannes M. Henn®'
Max-Planck-Institut fiir Physik, Werner-Heisenberg-Institur, 80805 Miinch Germany

Georgios Papathanasiou®*
DESY Theory Group, DESY Hamburg, Notkestrasse 85, 22607 Hamburg, Germany

ived 22 Dy ber 2020; d 28 January 2021; published 5 March 2021)

@
‘We initiate the study of cluster algebras in Feynman integrals in dimensional regularization. We provide
evidence that four-point Feynman integrals with one off-shell leg are described by a C, cluster algebra, and
we find cluster adjacency relations that restrict the allowed function space. By embedding C; inside the A5
cluster algebra, we identify these adj: ies with the ded Stei relations for six-particle
massless scattering. The cluster algebra connection we find restricts the functions space for vector boson or
Higgs plus jet amplitudes and for form factors recently considered in A” = 4 super Yang-Mills. We explain
general procedures for studying relationships between alp of ized poly ithmie i
and cluster algebras and use them to provide various identifications of one-loop alphabets with cluster
algebras. In particular, we show how one can obtain one-loop alphabets for five-particle scattering from a
recently discussed dual conformal eight-particle alphabet related to the G(4,8) cluster algebra.

DOL: 10.1103/PhysRevLett.126.091603

— Higgs plus jet amplitudes in

the heavy-top mass limit of QCD
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BPIERE

Eine Partnerschaft der
Universitat Hamburg und DESY

The Wolfgang Pauli Centre

Status November 3, 2020

WPC Task Group: Christophe Grojean, Carmen Herrmann, Karl Jansen, Robin Santra, Volker
Schomerus, Gunter Sigl, Michael Thorwart; Kelly Beernaert, Moritz Habermehl.

WPC Evaluators: Gian Guidice, Robert Myers, Shaul Mukhamel, Hitoshi Murayama, Peter Zoller.

UH

iﬁ . eg e

L2 Y Universitat Hamburg
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Mission of the Wolfgang Pauli Centre

It is the mission of the Wolfgang Pauli Centre to be a leading
centre for theoretical physics that pursues and promotes
interdisciplinary research to address the fundamental
challenges in our understanding of matter, materials and the
universe under one organisational roof.

Profiting from its unique embedding in a large-scale research
center, the Wolfgang Pauli Centre fosters international
cooperation as well as a vivid dialogue between theory and
experiment. With its novel setup it serves as a hub for
scientific exchange between all partners and for educating
and training the next generation.

As a lighthouse for theoretical physics in Science City
Bahrenfeld it also seeks dialogue with society in the region
and beyond.

BPIERE

schaft der 1
U estatHamb urg und DESY

o
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Mission of the Wolfgang Pauli Centre

It is the mission of the Wolfgang Pauli Centre to be a leading
centre for theoretical physics that pursues and promotes
interdisciplinary research to address the fundamental
challenges in our understanding of matter, materials and the
universe under one organisational roof.

Profiting from its unique embedding in a large-scale research
center, the Wolfgang Pauli Centre fosters international equilibrium
cooperation as well as a vivid dialogue between theory and Fte

experiment. With its novel setup it serves as a hub for
scientific exchange between all partners and for educating o
and training the next generation. Phases
As a lighthouse for theoretical physics in Science City
Bahrenfeld it also seeks dialogue with society in the region
and beyond.

Better exploit synergies in TP while maintaining links to experiments

BPIERN

ine Partnerschaft der 1
Universitat Hamburg und DESY




Scientific Structure of the Wolfgang Pauli Centre

The six existing research areas of the WPC
Will be restructured into:

five interdisciplinary scientific pillars

CLUSTER OF EXCELLENCE

o Non-equilibrium Physics V! ADVANCED

IMAGING OF MATTER

o Fabric of the Universe CLUSTER OF EXCELLENCE equilibrium

QUANTUM UNIVERSE Physics

“-1;:ZF.
Mathematical Physi
"afb..rge atica ysncs\ New

Phases

o Analytic Methods

Overarching pillars:

o New Phases and Phase Transitions

o Simulation and Numerical Methods

BPIERN

Eine Partnerschaft der 2
Universitat Hamburg und DESY




Scientific Structure of the Wolfgang Pauli Centre

The six existing research areas of the WPC
Will be restructured into:

five interdisciplinary scientific pillars

CLUSTER OF EXCELLENCE
CUI: ADVANCED

o Non-equilibrium Physics |, xc or marres

CLUSTER OF EXCELLENCE

@) FabI’IC Of the Unlverse QUANTUM UNIVERSE >

o Analytic Methods

-

Overarching pillars:

o New Phases and Phase Transitions

o Simulation and Numerical Methods

BPIERMN

ine Partnerschaft der
Universitat Hamburg und DESY

Fully aligned with equ':'l?b“r'ium
existing structures, Physics
i.p. with clusters
of excellence
New
Phases
WPC implementation

of future strategic goals

AIM <> QU; CDCS, DASHH; HH ¢=>Zeuthen, HGF




The WPC Building

Offices for DESY/UHH theoretical particle physics.

Central facilities will host (ca 1000 m2)

©)
©)

Discussion areas & co-working spaces for members
Thematic Institutes to address key challenges of five
scientific pillars.

Research hotel hosting long term guests (sabbaticals,
Humboldt etc.) and young investigator groups.
Cross-disciplinary training (Masters, PhD, Postdocs)
through lectures, schools; open student area

WPC-Koordinator Biroflache [20m?]

Wissenschaftlicher Konferenzraum fur 150-200 Personen [200m?]
Internationaler Besucherbereich Buroflachen [280m?]
Forschungshotel Sabbaticals Biiroflachen [100m?]

Foyer/Atrium [400m?]

UHH =2 HH (as of 30.10.2019)

BPIERN

Eine Partnerschaft der 3
Universitat Hamburg und DESY




Status and Timeline

Construction costs of 20 Mio Euros
split 60/40 between DESY and UHH

Secured (cut by 1,5 Mio from DESY)

Scientific evaluation (completed)

Cooperation contract (Rahmenvertrag)

Coordination office
Management board

Planning for building

Construction of building

Implementation of governance workgroups
First WPC YIGs are installed Research hostel

Completion of building
Ramp up of guest program

Thematic Institutes

BPIERN

Eine Partnerschaft der
Universitat Hamburg und DESY

Wolfgang Pauli Centre - WPC
Summary of the Review of WPC White Paper

Referees
& Gian Giudice, Head of the Theoretical Physics Department, CERN
©  Shaul Mukhamel, University of California, Irvine, USA

©  Robert Myers, Director, Perimeter Institute, Waterloo, Canada

o Peter Zoller, Research Director, University of Innsbruck, Austria
< Hitoshi Murayama, University of California, Berkeley, USA

Evaluation of the WPC Strategy

The WRC offers a unique opportunity for Germany to creste an international center that will act s a
beacon for scientific innovation and as a pole of attraction for the international community. It will
build on experience with centers for theoretical physics around the world (such as KITP Santa
Barbara, Perimeter Institute, IPMU Tokyo, CERN, GGI Florence and others) but add something new.
Its conception embodies a new vision of research in which theoretical physics plays a catalyzing role
in bringing together different disciplines, ideas and approaches towards the common goal of
advancing science. Today, the scene of theoretical physics is changing as fast as ever and it is difficult
1o predict how the present situation will evolve and which research directions will turn out to be
most successful. The WPC goals and spirit are well adapted to this dynamical situation and are likely
0 become the keys to its future success

The Initial Conditions
Is Hamburg a good location for the WPC?

Creating a successful center with the WPC proposal's ambitions requires preexisting fertile ground,
Fich in research diversity and scientific excellence. There are only a handful of places around the
world where this is possible, and Hamburg is certainly one of them. Hamburg has long been the
home of a i in the physical sciences. As the strategy
paper outlines, there are remarkable opportunities to exploit intersections between the diverse
areas of physics there, e.g., one can envisage interactions between cosmology and condensed matter
on nonequilibrium phenomena, or synergies between gravity and particle physics on both analytic
and numerical computations. In addition, many important connections between fundamental theory
and application are arising today. Therefore, giving a permanent home to WPC and amplifying its
activities is also very likely to give fise to unexpected connections that could well be an important
stimulus to new technologies.

To give a concrete example we can consider the field of quantum optics, in which quantum
information and quantum science come together with quantum many-body physics in condensed
matter and high-energy physics, with strong connections to experiment. Hamburg, together with
theory groups at DESY Zeuthen, provides indeed the unique environment where, within one
attraciive science location, all these elements are present, offering opportunities for interdisciplinary
research based on local strength. In the US the DOE has a strong effort to connect guantum
computing and quantum simulation with high-energy physics, and with existing expertise at Hamburg
University and DESY, one might as well envision and establish a new research direction as e.g
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Backup Material



The Governance Model

Kuratorium

DESY

Management Board

Chair: WPC Coordination
Spokesperson Office

Convener Convener Convener Convener
Pillar 1 Pillar 2 Pillar 3 Pillar 4

WG WG WG WG
Pillar 1 Pillar 2 Pillar 3 Pillar 4

Convener
Pillar 5

WG
Pillar 5

Advisory
Board
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National and International Partners

National Partners complement the scientific spectrum:

o Contribution to working groups
o Organisation of scientific programs
o Scientific collaborations

International Partners

o Share the multidisciplinary approach

o Have a history of collaboration with WPC groups

o Conduct exchange programs for young scientists
(PhD and Postdocs)

First joint WPC postdoc
With Weizmann Instritute hired in 2020

Additional partners can join in the future
(e.g. Universities or experimental collaborations)

BPIERN

Eine Partnerschaft der
Universitat Hamburg und DESY

MAX PLANCK INSTITUTE
OF QUANTUM OPTICS

MAX PLANCK INSTITU'
FOR GRAVITATIONAL PHYSICS

(ALBERT EINSTEIN INSTITUTE )

S

Max Planck Institute for the
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Quotations from Review

I fully endorse the WPC's visionary proposal and | am convinced that the WPC will become an internationally-recognized
center of scientific excellence and a source of inspiration for the physics community and the public alike.”

Gian Giudice, Head of the Theoretical Physics Department, CERN

“The WPC is well conceived and is truly impressive in its scope and broad vision. [....] Hamburg is an ideal place for this
center thanks to the well-established activity in multiple institutions in all five pillars, and to the proximity of unique
experimental capabilities at DESY and the European XFEL.” Shaul Mukhamel, University of California, Irvine, USA

"I wholeheartedly endorse this exciting proposal to expand and enhance the WPC.][...] | can well imagine that this initiative
will raise the WPC to become Germany’s leading institute for theoretical physics and a recognized leader on the world
stage.” Robert Myers, Director, Perimeter Institute, Waterloo, Canada

"l express my strong support for the WPC effort, and | see potential for a unique interdisciplinary environment for
theoretical physics to develop, based on existing strengths in Hamburg.”

Peter Zoller, Research Director, University of Innsbruck, Austria

“Hamburg has a long tradition as a power house in theoretical physics. Now WPC brings not only the local talents together
but also conducts thematic programs that bring in international leaders. In addition, it maintains proximity to experimental
activities. The proposal makes perfect sense, and WPC is poised to become a formidable foe of all the other centers around
the world.” Hitoshi Murayama, University of California, Berkeley, USA



