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Theory group: structure and staff
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Collider phenomenology
M.D., J. Reuter,                      
F. Tackmann,  A. Weiler,        
G. Weiglein;
J. Blümlein, P. Marquard,       
T. Riemann

String theory
I. Kirsch, V. Schomerus,
J. Teschner

Particle Cosmology
W. Buchmüller,  T. Konstandin,

 A. Ringwald,  A. Westphal,
NN

Lattice QCD (NIC)
K. Jansen, H. Simma,

S. Schaefer, R. Sommer
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Staff news
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Collider phenomenology

A. Weiler: leave of absence from Sept 2013 to Aug 2015
    for a fixed-term staff position at CERN

P. Marquard: tenure track position in Zeuthen since June 2013
    four-loop calculations, inclusion of masses,  development of     
    methods, high-performance computer algebra

Particle Cosmology
NN: O. Lebedev (5 yr postdoc) → professor in Helsinki
    position in process of being filled

Lattice QCD (NIC)
S. Schaefer will reinforce lattice group starting November
    algorithms for dynamical fermions, small lattice spacings
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String theory

Funding
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Collider phenomenology

Particle Cosmology

Lattice QCD (NIC)

Application for 3rd funding period 2014-18 submitted to DFG

EU Network GATIS
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String theory

Funding
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Collider phenomenology Lattice QCD (NIC)

coordinated by DESY
one postdoc position filled here

EU Network GATIS

major EU computing time awards 
with strong NIC participation

Individual grants
Humboldt Foundation

JSPS (Japan)
Studienstiftung

Joachim Herz Foundation

New EU Network:
The Higgs quest - exploring 

symmetry breaking at the LHC
HIGGSTOOLS

Jan. 2014 - Dec 2017
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Wolfgang Pauli Centre
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• 11-13 Sept: Workshop on 
Nonequilibrium Techniques in 
Cosmology and Condensed Matter

coming up:

• 7 Nov: Pauli Lecture:              
Johannes Henn (IAS Princeton)                                        
From the harmonic oscillator to 
elementary particle physics

• planned for winter term 2013/14

★ Mini-Workshop on AdS/CFT 
and Condensed Matter 
Systems

★ Lecture Series on Topological 
Defects in Phase Transitions
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• 1st GATIS Fellow meeting,                                                                     
London, Feb.

• Monte Carlo Tools for Physics                                                                    
beyond the SM, Hamburg, Apr.

• ECFA Linear Collider Workshop,                                                           
Hamburg, May

• String Pheno 2013, Hamburg, July     

• QCD@LHC, Hamburg, Sept.

• Anomalous Quartic Gauge Couplings, Dresden, Sept

• Semi-inclusive QCD Processes at the LHC, Liebenberg, Oct.

Conferences and workshops
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Hosted or (co)organized
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• lectures and seminars (Berlin, Dortmund, Dresden, Hamburg, Hannover, Postdam) 

★ summer 2013                                                                                                       
Einführung in die Teilchenphysik                                                                         
Theoretical Astroparticle Physics and Cosmology                                         
Introduction to String Theory                                                                                
Seminar on Mathematical Aspects/Methods of Theoretical Physics 

★ winter 2013/14                                                                                                          
Higgs Physics                                                                                                      
Standard Model                                                                                                   
Quantum Field Theory and Introduction to Elementary Particle Theory          
Theoretical Cosmology                                                                                   
Introduction to Integrable Models                                                                                    
Group Theory and Lie Algebras                                                                                     
Theoretische Physik B für Studierende des Lehramts                                       
Workshop Seminar onSupergravity and Inflation 

• schools: lecturing and/or (co)organization                                                                    
School on Computer Algebra and Partcle Physics (Zeuthen, Mar.)                                         
Non-perturbative Renormalisation (Natal, Brazil, Mar.)                                                   
String Steilkurs (Hamburg,  Apr.)                                                                                              
DESY Summer Student Programme (Hamburg+Zeuthen, July/Aug.)                                 
Summer School on Moduli Spaces in Algebraic Geometry and Physics (HH, Aug.)                                                                                                    
Fermilab/CERN hadron collider physics school (CERN, Aug.)                                        
LHCPHENOnet School (Cracow, Sept.)                                                                         
Linear Collider Physics School (Hamburg, Oct.)                                                          
Autumn School on Particle Cosmology (Göttingen, Oct.)

Teaching
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LHC physics discussions: ATLAS, CMS, Theory
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• investigate nature of electroweak symmetry breaking

★ properties of the new particle (couplings, spin, CP)

★ what is the Higgs potential, which dynamics is at its origin?

• search for new physics, construct and test models

★ dark matter

★ baryon asymmetry of the universe → CP violation

★ neutrino sector

★ unification of forces

• precision calculations in the Standard Model and its extensions

★ especially (but not only) in the strong sector

★ precision determination of SM parameters
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after the first LHC runs and the discovery of a Higgs boson
which with present precision looks fairly standard-model like

Particle phenomenology

Particle 
Cosmology

String Theory

Lattice 



M. Diehl Theory, 76th PRC

Activities of the group: an incomplete overview
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Construct and test models
• SUSY scenarios                              

Composite/Little Higgs models                                
GUTs, string inspired models

• test against constraints from colliders, 
cosmology, high-precision 
measurements, ...

★ fit/constrain parameter space

★ phenomenology of simplified 
models

• flavor physics

Precision calculations
• multiloop and multileg calculations

★ development of new methods ↔ 

mathematics and computer algebra

★ apply to strong and e.w. sector

• standard candle processes                              
→ PDFs, αS, quark masses

• factorization, resummation, effective field 
theories → jet physics, ...

• multiparton interactions

•    SUSY at one-loop accuracy and beyond

• Monte Carlo generators

★ WHIZARD (J. Reuter): emphasis on new physics; major upgrade for LHC run II and for ILC

★ GENEVA (F. Tackmann): combine higher-order resummation with fully exclusive Monte Carlo

• HiggsBounds and HiggsSignals; FeynHiggs (G. Weiglein)

• ATOM: Automated Tester of Models (A. Weiler)

• PDF evolution code and parameterizations (J. Blümlein)

Tools for the HEP community
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following slides:
some selected highlights
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HiggsBounds and HiggsSignals
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Programs that use the experimental information on cross section limits (HiggsBounds) 
and observed signal strengths (HiggsSignals) for testing theory predictions

P. Bechtle, ...., G. Weiglein, ..., 2008, ‘12, ‘13 

HiggsSignals: Test of Higgs sector predictions in arbitrary models against   
measured signal rates and masses

Systematic uncertainties and correlations of signal rates, 
luminosity and Higgs mass predictions taken into account

validation 
against
official 
ATLAS 
result:
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Example for combined use of both programs
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Best fit point and Δχ2 distribution from HiggsSignals and LEP exclusion limits in 
the MSSM (mhmod  scenario) vs. LHC exclusion limits

5.3 Example applications of HiggsSignals HiggsSignals User Manual
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Figure 13. ∆χ2 distribution (HiggsSignals and HiggsBounds LEP exclusion χ2 added) in the mmod+
h

benchmark scenario of the MSSM [65]. The excluded regions and contour lines have the same meaning
as in Fig. 12. The best-fit point (indicated by a green star) is found at (MA, tanβ) = (372 GeV, 10.3)
with χ2/ndf = 33.4/48.

close to the one found in the mmax
h scenario.

As a final example, we performed a fit in the low−MH benchmark scenario of the

MSSM [65]. This scenario is based on the assumption that the Higgs observed at

∼ 125.5 GeV is the heavy CP-even Higgs boson of the MSSM. In this case the light

CP-even Higgs has a mass below the LEP limit for a SM Higgs boson of 114.4 GeV [2],

but is effectively decoupled from the SM gauge bosons. The other states of the Higgs

spectrum are also rather light, with masses around ∼ 130 GeV, so that this scenario
offers good prospects for the searches for additional Higgs bosons [12,19]. Since MA must

be relatively small in this case the (µ, tanβ) plane is scanned [65], where only tan β ! 10

is considered. The CP-odd Higgs boson mass is fixed to MA = 110 GeV. Our results

are shown in Fig. 14. The 95% C.L. excluded regions are obtained from the same Higgs

searches as in Fig. 12, except for the red patterned region, which results from applying

the limit from the CMS SM Higgs search H → ZZ(∗) → 4" [45] to the SM-like, heavy
CP-even Higgs boson (see below).

Two distinct best-fit regions are found [65]: The parameter space with µ ∼ 1.8−2.0 TeV

and tan β ∼ 4−5 predicts a heavy CP-even Higgs boson with a well compatible mass value

MH ≈ 126 GeV and SM-like couplings. However, large parts (at low tan β ! 4.9) of this

region favored by the rate and mass measurements are severely constrained by charged

Higgs searches [67]. The second region favored by the fit is located at large values of
µ ∼ 2.6 − 3.2 TeV and tan β ∼ 6 − 7. Here, the masses of the CP-even Higgs bosons

are generally lower. For instance, at the best-fit point at (µ, tan β) ∼ (3070 GeV, 6.0),

we have Mh ≈ 76.1 GeV and MH ≈ 122.8 GeV. For slightly larger (lower) values of µ

(tanβ) we find a steep edge in the HiggsSignals χ2 distribution, because MH becomes

49

best fit point of HiggsSignals
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Higgs production:
probing top partners and the UV stabilization mechanism
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h→ττ
14 TeV, 3 ab-1
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Interpreting the LHC data: Littlest Higgs with T parity
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J. Reuter, M. Tonini, M. de Vries 2013

Higgs and e.w. precision data Direct LHC searches for new particles
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Resummed predictions for Higgs + 0 jet production
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Precision determination of PDFs, αS and mc
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collaboration theory ↔ HERA experimentalists

using combined H1 + ZEUS data
on charm production in DIS:
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Multileg calculations at one loop
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T. Riemann
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Muon anomalous magnetic moment at five loops:
analytic computation
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Multiparton interactions at the LHC
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• several partons of each proton                                                                  
interact in same pp collision

• importance increases with energy

• complex QCD dynamics, esp. due to correlations between partons

• parton spin correlations

★ affect rate and distributions in gauge boson pair prod’n      (MD, T. Kasemets 2012)

★ large spin correlations found in constituent quark models                                           
Q: washed out by evolution to high scales?         (MD, S. Keane, T. Kasemets 2013)

assume maximal longitudinal
spin correlation at Q = 1 GeV
then evolve

degree of polarization

large spin correlations at low scale
can persist up to high scales
depending on parton and polarization type
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Conclusions
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• The theory group is very active and visible        

• vacant staff positions filled or in process of being filled

• strong engagement in networking and teaching

• broad range of research in collider phenomenology

★ Standard Model and beyond

★ closely connected with experiment, esp. with LHC and ILC                                                                           
Terascale Alliance, LHC Higgs Cross Section Working Group, 
ILC TDR, European Strategy Update, Snowmass Process

★ strong connections with cosmology, strings and lattice

★ complementary activities in Hamburg and Zeuthen


