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Top Pair Spin Correlation

DØ Collaboration, 
PRL 106, 022001 (2011)

• top quark: discovered in 1995 by CDF&DØ
• does the top quark have spin 1/2?
• top quark pair production: top quarks are 
not polarised, but spin of top and anti-top 
quarks are correlated 
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• top quarks have short lifetime: 

• decay before spins can flip
• spin information is contained in decay product
• measure tt spin correlation: consistent with SM prediction for a spin 1/2 particle?
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New physics impact on spin correlations
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• important test of SM and sensitive search for physics beyond
• analyse the whole chain of top pair production and top decay 

SM

e.g. heavy Higgs, DM, … e.g. anomalous EFT couplings

φ0
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tt production density matrix
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Bernreuther, Heisler, Si, JHEP 1512, 026 (2015)

➞ completely characterises spin dependence
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tt production density matrix
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• spin information is contained in decay products

• almost 100% 
analysis power
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tt production density matrix
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determines cross section and kinematical 
distributions independent of top spin 
(e.g. mtt distribution etc.)

• test of QCD predictions
• search for new physics

_ 



- Christian Schwanenberger -Top Pair Spin Correlations at CMS LHCTopWG Meeting

tt production density matrix
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𝓵-

arXiv:1904.05237 [hep-ex]

l-

ν
_

http://arxiv.org/abs/arXiv:1904.05237
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tt production density matrix
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tt production density matrix
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b1±, b2± ≠ 0: P-violation
(=0 in LO QCD)

b3± ≠ 0: P-even, CP-violating
(≠0 through absorptive parts)

longitudinal polarisation transverse polarisation
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tt production density matrix
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longitudinal polarisation transverse polarisation

orthonormal basis:
{k,r,n}

 ➞ independent coefficient functions
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Longitudinal and transverse polarisation
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➞ in agreement with SM

CMS-PAS-TOP—18-006
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Longitudinal and transverse polarisation
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• unfold to top parton level with regularized unfolding method (TUnfold)
• extrapolate to full phase space 

CMS-PAS-TOP—18-006
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Longitudinal and transverse polarisation
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dominant uncertainties 
from JES
(top rest frame 
reconstruction)

➞ in agreement with SM
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tt production density matrix
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spin correlation
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tt production density matrix
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spin correlation
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tt production density matrix
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spin correlation

ck, cr: P-odd, CP-odd
≠0 only in BSM

cnr, ckn: P-odd, CP-even
tiny in SM (absorpt. parts)

ckk, crr, cnn, crk: C-even, P-even
≠0 in LO QCD
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tt cross correlation
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cross correlation

➞ in agreement with SM
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tt spin correlation
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spin correlation

➞ in agreement with SM
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tt spin correlation
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spin correlation

5%
dominant uncertainties from background and top pT modelling 
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tt spin correlation
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spin correlation

➞ in agreement with SM

~2σ
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tt spin correlation
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spin correlation

➞ in agreement with SM

~2σ
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tt spin correlation
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spin correlation

➞ in agreement with SM

~2σ
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tt spin correlation
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spin correlation

➞ in agreement with SM

~2σ

difference to MCs of O(αs2) rel. to LO
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Spin correlation strength
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Search for EFT
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Standard Model 

chromomagnetic 
dipole moment 

95% CL
➞ strongest direct 
constraint to date!

CMS-PAS-TOP—18-006
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Search for Heavy Higgs/DM production

➞ spin correlation variables 
    help significantly!

CMS-PAS-HIG-17-027
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Conclusions

➞ LHC offers new era of high 
    precision that we have just
    entered and might lead to new 
    discoveries
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• systematic analysis of spin 
and polarisation properties by 
spin density matrix exploration

• high precision measurements

• so far the tops are spinning 
as predicted by the SM

• very sensitive searches for 
new physics, such as for EFT 
couplings, heavy Higgs, etc.

“They are spinning, the tops!”



- Christian Schwanenberger -Top Pair Spin Correlations at CMS LHCTopWG Meeting

 

�28

Backup
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Obeservables and coefficient functions
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Systematic uncertainties: polarisation
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Systematic uncertainties: spin correlation
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Total correlation matrix: bins
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• systematic• statistical
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• systematic• statistical

Total correlation matrix: coefficients
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EFT coupling search
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New physics impact on spin correlations
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• important test of SM and sensitive search for physics beyond
• analyse the whole chain of top pair production and top decay 

SM

_ _

“stealth stop”

SUSY

➞ SM spin correlation ➞ no spin correlation

_
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correlation strength:

Polarisation power

dilepton channel promises largest sensitivity

linear extraction:

A=C

in tt ZMF frame-

Brandenburg, Si, Uwer,
Phys. Lett. B539, 235 (2002)
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Charge Asymmetry

NLO QCD • complementary to the LHC

“NLO is LO for asymmetry”
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