
1.4 Study of CP -mixture and spin 25

With the current luminosity of about 25 fb�1 at 7 and 8 TeV, both ATLAS and CMS experiments expect more
than 2� separation between the minimal spin-2 model and SM Higgs boson [49,50,51,52,53]. This translates
to close to 10� separation at high luminosity. LHC expectation in CP studies comes from dedicated analysis
of the H ! ZZ⇤ decay [49,50,51,53] by CMS and ATLAS collaborations and as well as individual studies [56].
The CMS experiment quotes 0.40 expected error on fCP with present statsitics [50, 51], which translates to
±0.07 and ±0.02 at 300 fb�1 and 3000 fb�1, respectively. These results scale well with luminosity and
cross-section and match those reported in dedicated studies. The fCP measurement in particular remains
statistics limited.

The spin study at e+e� is based on TESLA TDR studies [57]. A threshold scan with a luminosity of 20
fb�1 at three centre-of-mass energies (215, 222, and 240 GeV for mH = 120 GeV) is su�cient to distinguish
the spin-1 and spin-2 hypotheses at 4� level. This study has been recently updated [58] to include the Higgs
boson mass and luminosity and energy scenarios. The typical probability for most exotic scenarios is smaller
than 10�6. This study is based on assumption of 250 fb�1 at 250 GeV and 20 fb�1 at each of three energy
points below.

Table 1-22. List of expected precision of spin and CP -mixture measurements. Spin significance is quoted
for one representative model of minimal coupling KK graviton JP = 2+

m. For various e↵ective couplings,
precision is quoted on CP -odd cross-section fraction, such as fa3

defined for H ! ZZ⇤. Target precision
is estimated to be < 10�5 for the modes with pseudoscalar coupling expected to be suppressed by a loop
(ZZH and WWH), while it is estimated to be < 10�2 for fermion couplings and vector boson couplings
suppressed by a loop for both scalar and pseudoscalar (ggH, ��H, Z�H). Numerical values are given where
reliable estimates are provided, � mark indicates that some studies are done and measurement is in principle
possible, and ? mark indicates that feasibility of such a measurement could be considered.

Facility LHC HL-LHC e+e� e+e� e+e� µ+µ� �� target
Energy (GeV) 14,000 14,000 250 500 other ? 126 (theory)
R Ldt (fb�1) 300/expt 3000/expt 250 500 other ? ?

spin-2+

m ⇠ 10� �10� >10� >10� � � >5�

... ... ... ... ... ... ... ...

ZZH 0.07† 0.02† 0.0008 0.00005 � � < 10�5

WWH � � � � � � < 10�5

ggH ? ? – – – – < 10�2

��H – ? – – – < 0.01 < 10�2

Z�H – ? – – – – < 10�2

⌧⌧H ? ? 0.01 0.01 � � < 10�2

ttH � � – � – – < 10�2

µµH – – – – � – < 10�2

bbH – ? ? ? – – < 10�2

† estimated only in H ! ZZ⇤ decay mode.

The CP mixture study at an e+e� collider was shown based on 500 fb�1 at the centre-of-mass energy of 350
GeV and mH = 120 GeV [57]. An estimated uncertainty of 0.038 on the amplitude mixing parameter ⌘ is
expected to be achieved. A recent study [56] compares expected performance of an e+e� collider and LHC.
Precision on CP -odd cross-section fraction of 0.036 (0.044) is obtained at 250 GeV (500 GeV) scenarios.
However, these fractions correspond to di↵erent fCP values in the H ! ZZ decay, due to di↵erent relative
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