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the aim

• clockwork: a generic way to generate 
hierarchies

• can one solve the SM flavor puzzle with 
clockwork?
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clockwork

• how to get a large hierarchy between 
vEW and MPl

• the clockwork way  
 
 

• can get large hierarchies for q≳1, N≫1
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clockworked fermion

• a chain of vectorlike fermions + one 
chiral node
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clockworked fermion

• gives one zero mode + N massive 
modes
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standard model flavor 
puzzle

• how do we address  
the SM flavor  
puzzle using  
clockwork?
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clockwork flavor

• the flavor hierarchy from zero mode overlaps with the Higgs

• Higgs on the N-th node

• similar to RS with Higgs on the IR brane, fermions in the bulk
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comparison with RS
• unlike RS cannot solve the hierarchy problem and SM flavor 

puzzle at the same time

• in continuum: hierarchy problem solved by large volume not 
due to warping

• proposed clockwork flavor does not have continuum limit

• all nodes gauged by the SM flavor group

• clockwork gears are more closely spaced than KK modes

• no gears for gauge bosons
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comparison with 
froggatt-nielsen

• clockwork resembles FN models

•  identifying λ~1/q
• instead of different chain lengths in FN, in clockwork flavor different q

• also q assumed to be non-dynamical

• in FN λ=⟨Φ⟩/M
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flavor constraints
• corrections due to mixing of zero mode with the gears

• for instance the flavor violating Higgs Yukawas  
 
 
 
 

• also FV Z couplings, corrections to W

• corrections suppressed by zero mode overlaps

• lead to relatively mild flavor constraints from meson mixing

• gives m≳O(1TeV) from Z, H exchanges

• note: no gluon, Z  gears
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searches at the lhc
• clockwork flavor gears can be at ~1 TeV

• how to search for them at the LHC?

• gears Qgear pair produced

• decay  Qgear → Q'gear +H, Z,W; q+H, Z,W
• can lead to modulation in xsec
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conclusions

• discussed a model of flavor based on 
clockwork

• effects in flavor physics under control 
for ~1TeV gears

• gears can be searched for in high pT 
processes

12



backup slides

13


