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Scientific Motivation
● The Higgs mechanism is responsible for generating 

the masses of the elementary particles in the SM.
● Mild changes induced by quantum corrections.
● Mass of the Higgs boson itself is greatly destabilised 

by quantum effects → Higgs fine-tuning problem.
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Scientific Motivation
● Largest correction to the Higgs boson mass comes 

from the top quark.

● This leading correction can be controlled if there exist 
new particles with properties similar to those of the 
top quark.

● Two main classes of solutions to                              
the Higgs fine-tuning problem                                 
are SUSY and compositeness.

Solving the HIggs Fine-Tuning Problem with Top Partners
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SUSY solution
● Every SM particle has a hitherto unobserved   

superpartner with similar properties but with                   
a spin that differs by half a unit.

● Cancellation if 
● Scalar Higgs boson related to fermion

→ Higgs boson mass protected by

   chiral symmetry.
● The new particles that remove the dominant source of 

fine-tuning are the superpartners of the top quark, the 
scalar top squarks or stops.

● Mass difference between top and stop cannot be too large.
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Compositeness solution
● The Higgs boson is a composite pseudo-Nambu-

Goldstone boson (pNGB) from spontaneous breaking 
of a global symmetry in a new strongly coupled sector.

→ Higgs boson mass is protected by a Goldstone shift  
   symmetry.

● The new particles that remove the dominant source of 
fine-tuning are vector-like top quarks.
– spin 1/2,

– carries colour charge,

– its right and left components have the same 
quantum numbers (“vector-like”, i.e. not chiral).
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Direct stop searches
● Stop searches in both RPC and RPV SUSY.

JHEP 04 (2021) 174 Phys. Rev. D 102 (2020) 032006 

https://link.springer.com/article/10.1007/JHEP04(2021)174
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.032006
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Organization and Objectives
● So far, no signs of SUSY or compositeness at the LHC.
● Not too much room left for minimal models with a 

light top partner.
● Look beyond minimal

(the SM is not minimal...)
● Main objective of the SHIFT project:

– Widen the searches for physics beyond the 
SM that solves the Higgs fine-tuning problem.

● Three different and complementary tracks: 

– Direct searches for the scalar top squarks in SUSY;
– Direct searches for the vector-like top quarks in 

compositeness models;
– Indirect searches for top partners which are not 

kinematically accessible at the LHC energies.
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Organization and Objectives
● Construct non-minimal simplified

– SUSY models for direct searches for stops.
– compositeness models for direct searches for 

vector-like quarks.
● Quantify ATLAS' current sensitivity to these models 

and, if still viable, search for them with Run 2 and 
early Run 3 data.

● Construct optimal observables for indirect searches of 
top partners and use them in analyses of Run 2 and 
early Run 3 data.
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Non-minimal models CH

● Current searches for vector-like top quarks (t’) assume 
decays exclusively to SM particles: 

● Introduce an additional (pseudo)scalar S:
● Possible e.g. in 2HDM (Type-II) and Composite Higgs Models.
● See talks by A. Banjeree and D. Buarque Franzosi.
● Next step to search for such models with ATLAS data.
● L. Panizzi ATLAS short-term associate. 

https://indico.cern.ch/event/1064847/contributions/4598151/attachments/2350227/4008618/top_partner_partikeldagarna_21.pdf
https://indico.cern.ch/event/1064847/contributions/4598157/attachments/2350221/4009295/CHLag.pdf
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Non-minimal models SUSY

● Current searches for   assume LSP                                    
is stable     or massless gravitino (  ).

● Phenomenology changes if GM with multiple hidden sectors   
(                            ).

● Look at EW production of charginos                                 
and neutralinos.

● Next step is to search for such models in data.
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Non-minimal models (2)

● Proposed multiphoton +          search more sensitive than 
existing diphoton +          search. 
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Indirect searches
● Even if top partners are too heavy to be directly  

produced at the LHC they can enter loops and alter 
various observables e.g. in top and Higgs sector.

● Extract constraints on EFT operators. See talk by X. Lou.
● Study how kinematics of HH events change by BSM 

particles in loops, using simplified model by L. Panizzi.

H. Brännström master thesis

https://indico.cern.ch/event/1064847/contributions/4598371/attachments/2350214/4008695/Partikeldagarna_211122.pdf
http://www.diva-portal.org/smash/get/diva2:1571789/FULLTEXT01.pdf
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Nordita Program
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Nordita Program

April 2021
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Nordita Program

April 2021
October 2021
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Nordita Program

April 2021
October 2021 April 2022 (?)
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More Information

www.fysik.su.se/shift

http://www.fysik.su.se/shift
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Backup Material
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We are here

The Grand Plan
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Indirect leg
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