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* The SM predicts only one Higgs boson, with spin-parity 0*

Higgs CP nature

pseudo experiments

CMS-HIG-13-002

— CMS data
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 Run 1 constraints from H-VV excluded a pseudoscalar Higgs

\s=7TeV,L=5.1f6" \s=8TeV,L=19.7 ft’

1 The VBF H- 4l + VBF H -1 1 studies from Run2
[CMS-PAS-HIG-17-034] placed tight constraints
on a CP-odd anomalous coupling in HVV

1 » However a CP-odd coupling in the Yukawa
Interactions is not excluded yet

The possibility of a small CP-mixing
IS still open and could appear in
fermionic decays




CP measurementin H-1T

« CP-mixing may appear in the H- 1t t coupling at leading order:
- L,y=— n‘z‘ k.(cos¢p, TTt+sind, Tiyst)h
- SM prediction:¢ = 0
« To measure ¢_we need to look at the spin correlation of tau decay
products:
=




The acoplanarity angle

» To access the spin correlation we need to
measure the angle between the 1 decay
planes

 In the Higgs rest frame this angle would
be preferably either O or 1t in the case of
pure CP states

» The Higgs rest frame is generally not
accessible at LHC
=> the ZMF of the charged decay
products is used instead

Higgs rest frame



@ The acoplanarity angle

» To access the spin correlation we need to
measure the angle between the 1 decay
planes

 In the Higgs rest frame this angle would
be preferably either O or 1t in the case of
pure CP states

» The Higgs rest frame is generally not
accessible at LHC
=> the ZMF of the charged decay
products is used instead

Angle convention:
Right hand rule
with respect to 1
direction of flight

Higgs rest frame



T branching ratios

Number of prongs
(charged decay products)

0.1 %

Main exclusive decay channels

- al1(1260) resonance
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The acoplanarity angle

Each plane is identified by 2 vector: A

- One is the the momenta of the charged decay
product (1t,p*,e%,a,)

— The other is chosen depending on the decay
channel:

* 1 Prong: IP vector
* 1 Prong + 1°: momenta of the 1°s

« 3 Prong: vector connecting PV and SV




The acoplanarity angle

Each plane is identified by 2 vector: “A
- One Is the the momenta of the charged decay .
product (1t*,p,e*,a,) s

- The other is chosen depending on the decay
channel:

* 1 Prong: IP vector
* 1 Prong + 1% momenta of the 1°s

« 3 Prong: vector connecting PV and SV

The acoplanarity angle is thus reconstructed,
but how do we extract the CP-mixing angle?




CP mixing angle

“Determination of the Higgs CP mixing angle in the tau decay channels

at the LHC including the Drell-Yan background”, S. Berge et al.
. : 0.3
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. CP angle at generator level

Boost reference vector n™"in ZMF
of charged decay products

Use transverse components with
respect to the charged prong
momenta in that frame:n " =

¢ =arccos(ni -ni )
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Tau 1 decay mode: T - 1O
Tau 2 decay mode: T - 1T
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No cuts are applied for these gen level studies
Results at reconstruction level will be shown later




Tau 1 decay mode:
Tau 2 decay mode:

+ + 0
T - T +T
+ + 0
T - TU +T1
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The 11° momenta is boosted in the ZMF
of the charged .

The acoplanarity angle is calculated in a
similar way.
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Tau 1 decay mode: 1 - [ Tau 1 decay mode: T - e
] + + ) + + 0
Tau 2decay mode: 1T - Tt Tau 2 decay mode: T - T +T0
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3 Prong channel

Tau 1 decay mode: T - TU

Tau 2 decay mode: T - a, inclusive

arbitrary units
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The spin correlation changes depending on
the polarization of the a, meson.

A categorization based on the a, polarization
Is thus currently being developed.




CMS Experiment at the LHC, CERN

Data recorded: 2012-Aug-24 11:46:25.076941 GMT(13:46:25 CEST) I I l h C | I I I I l ‘ |

Run / Event: 201625 /815118889

Isolated muon with
p, > 20 GeV

Veto for other leptons
with p. > 10 GeV

Hadronically decaying
tau with p_ > 20 GeV

March 28. 2019 Andrea Cardini: CP measurementin H—-1TT
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A cut on m. is used to reduce the W+jets bkg Both plots show a good data / MC agreement
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As expected, the backgrounds appear flat, while a modulation can be seen for the signal.



Summary and prospects

* Gen level studies look promising for the measurement
of the CP-mixing angle

« At reco level the good Data/MC agreement is a good
starting point for the measurement

03

Higgs rest frame

e '\2"’:',-\ @24 « The studies will be carried on at reco level in
PV Y FE (N v 1 the most sensitive channels to maximize the
S B K ' \\."'**f ivi
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Machine Learning could prove decisive
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Quick recap for 3-prong

* The 3-prong channel is y
dominated by the a, resonance \

« However the a, meson has spin Y/ .
1 = L and T polarization have Q /ue*
opposite spin correlation with a, a,
the T
\ \
A categorization based on the / \
a, polarization may be needed B T . DI

to study the spin correlation




a, — 3TI

normal to the 1t decay plane in the a, f.o.r.
(it coincides with the a, spin)

a, rest frame

direction of motion of a,

cos B = 1| 1ig,




Polarization measurement

— — >< -
cosP = 3(711 p2)
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3 Prong channel

Tau 1 decay mode:

Tau 2 decay mode:

* |
T - a, transv. pol.

+ +
T T

Tau 1 decay mode:
Tau 2 decay mode:

I

* | |
T - a, long. pol.
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Polarimetric vectors '

// N : / ““

* The polarimetric vector are computed by a routine in TauSpinner (whic is
part of the TAUOLA tool)

* Using these vectors it is possible to define define 2 interesting observables:
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“Monte Carlo, fitting and Machine Learning for Tau leptons”, Vladimir Cherepanov, Elzbieta Richter-Was, Zbigniew Was
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