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M (p1,p2) = i hla MZg"+b (0p5 — p1 - p2gh’)+b P p1 ypo,]

a=1, b="5b=0 for SM; a, b terms: CP-even; b term: CP-odd.
In general, a, b, b complex ‘“form factors”, from loops.
2 2 ~
In an “effective field theory” 6 operators %HHWWWW, %HHWWWW,

natural size: a, b, b~ 0(1617T2 ~ 1).
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e (p1) et (p2) — e (q1) et (q2) h(g3)
via both Zh (Bjorken/Higgs-strahlung) and ZZ (Fusion).

e Recoil mass, regardless the Higgs decay mode:

(p1+p2—q1—q2)2 =m?

e Distinctive m 4 — spectrum:
Bjorken process and Fusion can be separated.
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Cross section rates:
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Cross section rates:
Z h Bjorken process: o o L

Z 7 fusion:ll I o X log
For instance: for /s = 500 GeV, m; = 120 GeV
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Such as CP-odd observables:

cosbly ~z-qy, costp~z-(q1xq2), sinf_~(zZxq-)- (q1 % q),
where ¢+ = q1 £+ ¢>.



Angular distributions for the asymmetries: Im(b) ~ 1
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Asymmetries versus c.m. energy:
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AB(ZZ) [—+] 0.21 0.16 0.19 0.13
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e Even qq, gg only CP eigen-state in c.m. frame
e Directions of ¢ and ¢ randomly symmetrized.
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T he naive triplet product variables:
(P x PF) - 2

will NOT work, because the above o o o



Must find new variables suitable to LHC!
O1 Ep;—p} or E;—EE,
pT=\/p§+p§, ETZ\/]O%—FW%

It is CP-odd but T-even.




Must find new variables suitable to LHC!

Olzp;—p{ﬂ or E;—EE,

P — \/pg% ‘|‘p§, b = \/p%—l—m%

It is CP-odd but T-even.

Oz = (P X pF) - 2 sgn((py — PF) - ),
It is CP-odd and T-odd.



Must find new variables suitable to LHC!

O1 Ep%l_—p% or E;—EE,

P — \/pg% —|—p§, b = \/p%—Fm]Qf-

It is CP-odd but T-even.

Oz = (P X pF) - 2 sgn((py — PF) - ),
It is CP-odd and T-odd.

Note that a CP-odd+T-even ~ sind§ (a CP-conserving strong phase);
while a CP-odd+T-odd ~ cos§.



Angular asymmetries at the LHC: Re(b), Im(b)
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Energy asymmetries at the LHC: Re(b), Im(b)
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Integrated luminosity needed for 1, 3, 50

pp — ZH — 0T0~ bb
p.p—I" 7 jj (Vs =14TeV)
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Final remarks:

e New sources of CP-violation is needed.
Higgs sector BSM is likely the place.

e Genuine CP-odd observables important.

e ILC: Good opportunity to search for CPv,
reaching b ~ 103,

e LHC: Very challenging, but possible (only recently),
reaching b ~ 0.25.



