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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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Which SMEFT fits
I’ll be mostly commenting about the work done in these papers
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A global view on the Higgs self-coupling at lepton

colliders
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Abstract: We perform a global effective-field-theory analysis to assess the precision on

the determination of the Higgs trilinear self-coupling at future lepton colliders. Two main

scenarios are considered, depending on whether the center-of-mass energy of the colliders is

sufficient or not to access Higgs pair production processes. Low-energy machines allow for

∼ 40% precision on the extraction of the Higgs trilinear coupling through the exploitation

of next-to-leading-order effects in single Higgs measurements, provided that runs at both

240/250GeV and 350GeV are available with luminosities in the few attobarns range. A

global fit, including possible deviations in other SM couplings, is essential in this case to

obtain a robust determination of the Higgs self-coupling. High-energy machines can easily

achieve a ∼ 20% precision through Higgs pair production processes. In this case, the impact

of additional coupling modifications is milder, although not completely negligible.
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On the future of Higgs, electroweak and diboson

measurements at lepton colliders
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Abstract: LEP precision on electroweak measurements was sufficient not to hamper the

extraction of Higgs couplings at the LHC. But the foreseen permille-level Higgs measure-

ments at future lepton colliders might suffer from parametric electroweak uncertainties in

the absence of a dedicated electroweak program. We perform a joint, complete and consis-

tent effective-field-theory analysis of Higgs and electroweak processes. The full electroweak-

sector dependence of the e+e− → WW production process is notably accounted for, us-

ing statistically optimal observables. Up-to-date HL-LHC projections are combined with

CEPC, FCC-ee, ILC and CLIC ones. For circular colliders, our results demonstrate the

importance of a new Z-pole program for the robust extraction of Higgs couplings. At lin-

ear colliders, we show how exploiting multiple polarizations and centre-of-mass energies is

crucial to mitigate contaminations from electroweak parameter uncertainties on the Higgs

physics program. We also investigate the potential of alternative electroweak measure-

ments to compensate for the lack of direct Z-pole run, considering for instance radiative

return to these energies. Conversely, we find that Higgs measurements at linear colliders

could improve our knowledge of the Z couplings to electrons.
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Higgs Boson studies at future particle colliders
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Abstract: This document aims to provide an assessment of the potential of future collid-

ing beam facilities to perform Higgs boson studies. The analysis builds on the submissions

made by the proponents of future colliders to the European Strategy Update process, and

takes as its point of departure the results expected at the completion of the HL-LHC pro-

gram. This report presents quantitative results on many aspects of Higgs physics for future

collider projects of sufficient maturity using uniform methodologies.
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Hypotheses-Limitations
• For EFT fit, no Higgs exotic decay considered 

• SMEFT vs HEFT: SU(2)xU(1) linearly realised 

• LEFT truncated at dim-6 level 

• Only CP-even dim-6 operators have been included 

• No 4 fermion operators (except the one that contributes to muon decay and then 
affects GF) since they are better constrained outside Higgs processes 

• No dipole operators (chiral suppression in production, contribution only to 3-body 
decays). Top dipoles could be relevant but neglected in our analyses. 

• Flavour assumptions 
‣ flavour universality: 19 independent parameters + 5 SM inputs 
‣ flavour diagonality: 31 independent parameters + 5 SM inputs 

working at linear-level in the EFT effects,  
mostly at LO (except for h3 effects in single Higgs processes)



Christophe Grojean SMEFT fits for ee colliders EF01-04 Meeting, Sept. 24, 20204

Future Directions - I

• Higgs couplings at high-energy (relying on STXS?) 
1. off-shell gg → h* → ZZ → 4l (Higgs BRexo, top EW couplings, CP violation…) 
2. boosted Higgs: Higgs + high-pT jet 
3. VH at large invariant mass (double differential distributions sometime needed to restore 

BSM/SM interference) 

• High pT distribution**: “energy helps accuracy” (☞ beware of EFT validity) 

1. BSM effects often grow with energy 
2. study of poorly populated phase space regions with smaller systematics

Our global fit focused on inclusive measurements 
They don’t do justice to richness of kinematical distributions accessible  

at either leptonic machines (thanks to clean environment) or high-energy hadronic machines 

**some pheno projections were implemented in our SILH fit: di-fermions prod., ZH(bb), WZ 
at high-invariant mass but no full EFT analysis available yet
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Future Directions - II

• Consider HEFT setups? Which expansion parameter? Which BSM scenarios do we want to test? 
Generically, HEFT doesn’t predict that κi~1.  

• Estimate EFT uncertainties (NLO, dim-8 effects, linear vs quadratic…), NP in backgrounds, 
theoretical constraints (positivity, analyticity) 

• Explore more flavour scenarios (and make connection with flavour data) 

• Full-fledged EFT analysis of diboson data (away from TGC dominance assumption) with 
statistically optimised observables 

• More combined Higgs and top analysis 
1. effects of top dipoles or 4 fermion ops. with tops 
2. constraints on top EW couplings from their NLO effects in Higgs and diboson processes 

(particularly relevant for low-energy colliders below ttH threshold) 

• Don’t forget correlations 

• Provide more BSM interpretations, i.e., match to different models/UV dynamics. Which physics 
hypotheses do we want to test? Which consequences for cosmo?


