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Elli Pomoni

The Group

U-H As of 2016, Joerg Teschner

® iti holds joint professorship on

[ 8 Quantum Geometry

Joerg Teschner

Noether SN 2+3 postdocs
and 2+5 PhDs



Funding

Particles, Strings,

and the Early Universe
Collaborative Research Center SFB 676

Marie Curie
s Actions

Research Training Group 1670

MATHEMATICS INSPIRED BY STRING THEORY AND QUANTUM FIELD THEORY



Funding

In preparation: Transregio in Mathematical Physics
with Uni HH, HU +TU Berlin, Potsdam U

Topics:

« Geometry
 Integrability
 Amplitudes

Submission planned for Dec 2016

DESY scientists Pl s in 6 projects

SAGEX - MC network on Amplitudes to be submitted



Events

Gauge Theory, Integrability, and Novel

SIMONSCENTER ] '
Symmetries of Quantum Field Theory

FOR GEOMETRY AND PHYSICS

3 month program in 2014

, String nc]
e
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STRING STEILKURS - PART II

Advanced Topics in String Theory
20-31 July 2015 , Universitat Hamburg & DESY

The course i divided into a preparatory st week an
Y

Loctures:

Intermediate lovel (15t weok)

in sup
symmetry and string

(* 'To be confirmed)

The registration form and further information can be found at the

rtpa: //1adico. desy.da/aveat/ESK1S

Organizatice:

C. Arutyusov, R Bo merus, J. Techner
ey Croup

DESY

Notkestrase 8

Hamberg 236777 Hamburg

vo Resarch Cenire 6
Particles, Strings, and
the Early Universe

STRING STEILKURS - PART 1
“Introduction to String Theory™

29 March - 02 April 2016
Universitat Hamburg & DESY

The course offers two series of introductory lectures on String Theory and
mmetry. Knowledge in Quantum Field Theory and General
ity is assumed.

Lectures:
E. Pomoni:
V. Schomerus: Introduction to String Theory

Group Theory, Supersymmetry and Supergravity

stration form and further information can be found at the following URL:

httpa://indico.desy.do/ovant/SSK16

Organization:

Volker Schomerus (volker.schomerus@desy.de)
DESY, Theory Group

Universitit Hamburg

Notkestrage 55

99607 Hamburyg

WOLFGANG-PAULI-CENTRE
FELD OF PER

ACOMPETENCE

WPIER [, [ i b

WPC Miniworkshop on Holography

19 April 2016
DESY Hamburg, Germany
20Q seminar room (bldg. 90)

Program:

09:30-11:00 h:

Holography for strongly correlated systems
Volker Schomerus (DESY)

11:30-12:30 h:

Holegraphic matter at finite chemical potential
Artatos Donos (Durham University)

14:30-16:00 h:
Effective field theories in ultra-cold atom systems
Ludwig Mathey (Univeraity of Hamburg)

16:30-17:30 h:

A holegraphic model of quantum Hall transitions
Andrel Parnachev (TC Dublin)

VR Sak ALty Aeande Lerareain.
Liatody My Ve Schomerss

http://www.wpc-hh.de cul ]




ECOLE DE PHYSIQUE

des HOUCHES
Session CVI

UNIVERSITE
Grenoble
Alpes

INTEGRABILITY: FROM STATISTICAL SYSTEMS TO GAUGE THEORY

June 6 - July 1, 2016

s:m direction: (Durham U), G. Koeehomaky (T Saciay). N. Nekrasow (SCOP Siony Brook/MES Buses sur

P. Dorey
Yvetie). V. Schomerus. (DESY), O, Serban (0T Sactay)

Couwrses

8. Baaso (ENS Park)
F. Gaster (Owlord U)

N. Gromov (King's Colege)

P. Fendley (Oxiord U )

J. Jacobsen (ENS Paris)

C. Kristjansen (NBI Copentingen)

0. Kosower (P51 Saclay)

. Lukyanov (Rugers U.) and K. Zarembo (No
A. Okounkor (Conmeia U )

V. Postun (MES Bures sur Yvetie)

L Rastel (Siony Brock U)

G. Semencel (Brtsh Cokurrbia U)

J. Teschner (DESY) and V., Rychkov (ENS Pars)
P. Vieira (Poriraner hstiute)

Registrason

Comelation Suncsicns in Ned SYM
Iitegrabity in condensed mame

Sohstion 10 e Ned spectral protiem

itegratie boundanes ans dstects

integrabity in statisical systerms and spin chains
0007 15 Ned SYM and intigrabiity
rod.cton 1o ampitde

Witegrabiity in 20 fekd Heories and sigma models
Random pantions i gaupe and s heory
Locakzason and Ne2 supersymemenc Seks Teory
roduction 10 Ne2 SUISY gauge heorios

The ASCFT cormesgondence
Conbormal fd thacry in two and higher Simansions
integrabisty. ampitudes and Wiscn loops

AppRcations must reach the Schaol betore February 22nd, 2016 in Gr0er 15 ba considered by the selection commizes. The 48 cost

Per paricpant. inchudng housing, meals and e book of
rumbae of students. AN pracical inkrmaton and the
[ honen wi-grenotie . One can also contact the Schoo! at

locture notes. 15 1500€. Wo shouks be able 10 provide Snancial ad 10 &

form can bo found n the Les Houches webste:

-

Events

Record participation

The school wil foous 0n the appications of integrabidty % problems in quantem fleld thecry. Partculsr emphasis wil Be ghven 1
the exact soRson of planar Ned super-Yang Mils Tecry and ts felation with s¥iey Becry 08 the cne hand, and the exact
t0n Of e low-00engy PHyScs of Ne2 super-Yang-Mils thacries on o cthar, bt Inks wih cther domains wil ako be
explored. The purpose of the schodl is 10 bring Wogether young researchers and spociaksts Iiom stasstcal physics, condensed
matier physcs, Gauge and sring thecry and 15 sterutaty of tse aceas.

(240)

Les Houches is & village kocated i Chamonix valey, n the French Alga. Established in 1951, e Phiysics School is stused st
1150 m above 560 level In raural SETORNGENGS, WIth Lreatheaking virws 0 the Mont-B1anc mountain range.

Les Houches Prysics School ks affilated with Université Joseph Fourier Grenoble | (UJF) and is fnded by Mo LUF, the
Centre National de fa Recherche Sckenttque (CNAS) and the Drecton des Sciences de ka Matére of Commissariat 8 Erengie
Avmique (CEADSM)

Host of StringMath 2017 + School



Network: GATIS - GATIS+ 0

<< (. =

EU Funding until Dec 2016

7‘"‘\,__‘_ L __,,/

Currently sighing of MoU between 15 partners

_ 10 nations
Includes: Mentoring program

Yearly fellow workshop

Common website



Science

highlights



Introduction: Gauge Theory

... IS universal framework to describe nature

..................




Questions

Is string theory more efficient ?

Hidden symmetries manifest
Can one access low energy physics directly ?

Rather than through microscopic description



Strings and High Energy Scattering

Strings too soft ?

T © Buzzle.com

2 - 2 gluon scattering in planar N =4 SYM

Gluon Regge trajectory computed:
 with standard' techniques to 4 orders
« at strong coupling through holography

* NLLA through integral eqn. for any k!
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= vacuum energy of spin chain Q 6



Strings and High Energy Scattering

2 - 4 production amplitude in planar N =4 SYM

* In (N)LLA using BFKL technology

« at strong coupling through holography

 N\LLA by BCS equation for any k!

[Bartels, Kotanski, Sprenger, VS, 2010-]

Sums infinite no of Feynman diagrams (also in QCD)



Strings and Gauge Theory

Extensions to string based precision calculations with

higher multiplicities

less SUSY

Wilson coefficients

In collobaration with J. Bartels, S. Moch & E. Pomoni,
+ 2 postdocs, 3 PhD students



Supersymmetric Gauge Theory

Special observables can be computed non-perturbatively

for a large class of theories

e.g. Wilson loops, (Higgs)

effective potential Jorg Teschner Editor
| New Dualities of
Supersymmetric
Gauge Theories
many scalars, rich &) Springer

spaces of vacua



Supersymmetric Gauge Theory

New results on quantization of _—
spaces related to 2D surfaces < l

—

space of constant curvature metrics..
[Aghaei, Coman-Lohi,

Teschner]
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[Isachenkov, Mitev, Pomoni]

Ongoing work Pomoni, Teschner with 1 postdoc, 3 PhDs



Conformal Field Theory

Scale invariant/conformal field theories describe

Infrared behavior of many quantum systems

often strongly coupled

QCD depending on no

of fermion flavors

Heisenberg spin chain
depending on spin S
[Haldane]




Conformal Bootstrap

Program to provide direct access to infrared physics
for large class of models (with and without SUSY)

Designed in early 1970s [Polyakov] [Ferrara et al]
[Mack]

Atomic physics: Wigner's theory of symmetries +

eqns for (dynamical) reduced matrix elements

Relevant theoretical background was not developed

Recent numerical studies of dynamical eqns provide

results for critical exponents with record precision



Conformal Bootstrap

Relevant input from group theory of conformal symmetry
related to study of 1D solvable Schroedinger problems!

Poeschel-Teller -> Calogero, Sutherland, Moser

(early 1970s)
[Isachenkov, VS]

Opens the door for analytical computation

of critical exponents in d > 2 (e.g. 3D Ising)

In addition pursue implications of conformal bootstrap on
dynamics of supersymmetric field theories
2 postdocs, 1 PhD student



Concluding Remarks

Group maintains a research profile with strong links to

High Energy Physics

Mathematics \——/F. .

uuuuuuu

Condensed Matter

Well embedded into local and international environment
healthy and stimulating

Relation with Mathematics is consolidated

There are new opportunities with CondMat



