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Motivation

¥Shakarov conditions for baryogenesis
suggest some additional sources of CP
violation.!

¥ One of the unexplored territory for CP
violation to happen Is at the sector of the
newly found Higgs.
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¥ CMS constraintss al < 26 at 95% CL.
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Higgs decay to fermions

¥ Both ATLAS and CMS start to see some
evidence of Higgs decay to a pair of taus.
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CP Property of = 17 1~

¥ Measuring the CP phase ofh 7% T
requires knowledge of the tau spins.!

¥ Unlike in the quark cases, the tau
polarization is not going to be washed out
by hadronization.!

¥ The tau decay is complex enough so its
spin can be inferred from the decay
Kinematics.



EFT Perspective
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¥ In general the coefPcients can be complex.!

¥ After inserting the Higgs vev, one can identify!

¥ And the Higgs coupling to tau
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CPViolationin h— " 1
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¥ There are some indirect bounds on the
phase and overall coupling.
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CPViolationin h— " 1

L oheno $! m, @ | #\%hb(cos" +1$5sin" )!
¥ The tau spin correlation is sensitive to the CP

phaseA.!

¥ The tau spin information is encoded in the
momentum distribution of its decay products.!

¥ We consider the decay of & %¢  with
subsequent decay of — =7’ (26% of BF)



The Amplltude
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¥ Neglect diagram with the neutral pion exchanged.!
¥ Assume all intermediate particles are onshell.!

¥ Neglect the charged and neutral pion mass difference



The Amplitude

Debnel

d+ = Pp+ — Pro+

we can simplify the amplitude to be!
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The Amplitude

Squaring the amplitude !
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The most interesting term Is |
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The Amplitude

At the Higgs rest frame
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E-E- plane Is perpendicular to
the tau velocity




O Variable
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¥ The CP phasé can be o I
determined by observing the vomrt ML H
minimum of the® distribution.!
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Comparison with previous works
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¥ The acoplanarity anglepf) between the decay plane pf andp™ in
the p*p~ rest frame can also be used to distinguish various CP phase;

Bower, et.al. (hep-ph/0204292).!
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ecay products.



ILC

Our O variable requires construction of the Higgs rest frame, hence
knowledge of neutrino momenta is required.!

The neutrino momenta can be reconstructed at the ILC with a twofold
ambiguity

Truth level ® and reconstructed ® at the ILC for A =0
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ILC

¥ We consider ILC 250 GeV with luminosity 1-ab

¥ We assume the SM production cross section of hZ and SM branching ratio of
h—= 1 1.

¥ Detector effect was not included in this estimate.!

¥ The accuracy Is obtained by comparing the O hypothesis with an
alternativeA = 0 hypothesis.
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LHC

¥ At the LHC, the neutrino momentum can not be
reconstructed.!

¥ We employ collinear approximation for neutrino
momental

¥ We consider pp— h j process at 14 TeV LHC with the
Higgs is produced by gluon fusion process.
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LHC

¥ The main backgrounds are Z+jets and QCD.!
¥ We employ cuts:!

leading jet pr > 140 GeV with |'| < 2.5
Er > 40 GeV,

o > 45 GeV,

< 21,
mco|| > 120 GeV,

¥ We assume that the QCD background is 10% of Z+jets.!
¥ Again, pileups and detector effects are not considered.!

¥ We assume 50% and 70% tau tagging efpcidncies.



LHC

hj Zj
Inclusive ! 2.0 pb 420 pb
Br("*"' decay) 6.1% 3.4%
Br("' | # #°%) 26% 26%
Cut e! ciency 18% 0.24%
Nevents 1100 1800
" el ciency 50% 70%
3! L =550 fb' * L=300fb"'"*
5| L = 1500 fb' * L =700 fb'*
Accuracy(L =3ab' 1) 11.5 8.0

Pseudoscalar and scalar hypotheses can be
distinguished at 3 sigma with 550'fassuming 50%
tau tagging efPciency.



Possible Improvements

¥Better reconstruction of tau and Higgs
frames.!

¥ Consider other production and decay
modes.



Indirect vs direct searches
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May indirectly probe the Higgs coupling to the pbrst
generation fermions, if the signal is discovered.



Summary

¥ We constructed a new variabl@, that can be used
to distinguish various CP mixing of T° T~ at

colliders.
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Backup



An UV Completion
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CMS tau measurement
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