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In memory of our colleagues ...

We have to recall our colleagues from NSC Kharkiv Institute of Physics and Technology,
who have made valuable contribution to the field of particle and high-energy physics,

and helped establishing cooperation with colleagues from the LHC, 1JCLab, Jefferson
Lab, DESY and other centers

@ Pavel Sorokin: enthusiasm in establishing collaboration with CERN, and
contribution to creation of the CMS computer cluster at KIPT
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In memory of our colleagues ...

* Anatolyi Dovbnya: constant support and contribution to the LHCb program

* Yuri Ranyuk: revealing the history of the institute during years of the “Red Terror” in
the 1930th and 40th, and also for his substantial contribution to the LHCb experiment

* Volodymyr Koval’'chuk: deep knowledge of particle physics, valuable help in
development of various subjects in high-energy physics, and co-authorship in-publications
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Thanks to my colleagues and co-authors

@ Ol’'ga Shekhovtsova: electron-positron annihilation and production of pions

@ Sergiy Ivashyn: hadron production in electron-positron annihilation, applications of
the Resonance Chiral Theory

@ Volodymyr Kotlyar: Monte Carlo simulation of “hard” and “soft” QCD processes
with the program MadGraph5 aMC@NLO

@ Our younger colleagues:
— lvan Truten’: production of top quarks, anomalous dipole moments, future
electron-positron colliders
— Taras Zagoskin: decays of the Higgs boson to fermions, anomalous couplings of
Higgs to Z bosons
— Roman Ovsiannikov: production of strange baryons in electron-positron
annihilation, CP violation, decay of Higgs boson to polarized quarks and leptons

@ Alex Fomin, Igor Kyryllin, Sergiy Fomin: expertise in channeling of baryons in
crystals, contribution to project on magnetic and electric moments of the charmed
baryons at the LHC

I am grateful to all of them !
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Matter-antimatter asymmetry in the Universe

One is a major unsolved problem in physics is matter—antimatter asymmetry in the
Universe.

The Big Bang should have created equal amounts of matter and antimatter.
So why is there far more matter than antimatter in the Universe?

Theoretical models suggest that the early Universe should have produced equal amounts
of matter and antimatter. However, all observations indicate no significant presence of
antimatter.

Antimatter particles share the same mass, spin, as their matter particles, but have
opposite electric charge, baryon number, lepton numbers, e.g. e™, e or p, p, etc.

Matter and antimatter particles are always produced as a pair and, if they come close in
contact, they annihilate one another leaving energy in terms of v quanta

e +e =+, p+B—y+y
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Matter-antimatter asymmetry in the Universe

During the first fractions of a second of the Big Bang, the hot and dense Universe was
full of particle-antiparticle pairs. If matter and antimatter are created and destroyed
together, the Universe should contain only leftover energy. Nevertheless, a tiny portion
of matter — about 10™° — survived, and this is what we see today.
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The challenge in physics is to figure out what happened to the antimatter, or why we
see an asymmetry between matter and antimatter.

Physicists want to solve this problem by studying differences in the behavior of particles and
antiparticles created in high-energy pp collisions at the Large Hadron Collider (LHC).
Studying this imbalance could help us construct a clearer picture of why our Universe is filled

with matter.
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Baryon asymmetry and CP violation

What is the relation of baryon asymmetry to the CP violation studied at the LHC?

CP transformation —

CP-symmetry is the combination of charge conjugation symmetry C and space-inversion
symmetry (or parity) P.

It states that the laws of physics should be the same if a particle is interchanged with its
antiparticle (C) and its spatial coordinates are inverted (or “mirror” reflected =
P-symmetry).
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Baryon asymmetry and CP violation

Why is CP symmetry so important in particle physics, and it is one of the main
objectives at the Large Hadron Collider?

Because it is directly related to the problem of matter-antimatter asymmetry in the
Universe. This was pointed out by Andrey Sakharov in 1967.

“CP Symmetry Violation, C-Asymmetry, and Baryon Asymmetry of the

Universe” e". Journal of Experimental and Theoretical Physics. 5: 24—
27. 1967

It is only 4 pages and 5580 citations!

Alexander Korchin
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Baryon asymmetry and CP violation

Criteria of Sakharov

Cand CP
violation

Baryon Out of
number thermal
violation equilibrium

1. Violation of B: Grand Unification Theories (GUT) and supersymmetric (SUSY)
models via hypothetical massive bosons X.

3. Out-of-equilibrium scenario: the probability of reactions which generate baryon
asymmetry must be less than the rate of expansion of the Universe. Then particles and
their antiparticles do not achieve thermal equilibrium due to rapid expansion, decreasing
the occurrence of pair annihilation.
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Baryon asymmetry and CP violation

2. Violation of CP: some process happens at a different rate to its antimatter
counterpart.

@ In the SM, there is violation of CP due to a complex phase in the
Cabibbo-Kobayashi-Maskawa quark mixing matrix of the weak interaction.
— Parity P violation (and C violation) was discovered in 1956 in the experiment of
Chien-Shiung Wu.
— In 1964 Fitch and Cronin discovered violation of CP, which is called indirect CP
violation.
— In 1999, the so-called direct CP violation was discovered in the decay processes at
CERN, BaBar, Belle and Fermilab.

@ However, effect of this CP violation is much smaller - many orders of magnitude -
than what is needed to explain baryon asymmetry. Some additional sources of CP
violation, much stronger than those in CKM matrix, are needed.

@ Neutrino mixing matrix also has CP violating phase, and may also contributes to
baryon asymmetry, however this is still uncertain.

@ CP violation in processes related to the Higgs boson (in the “Higgs-boson sector”).
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Electric dipole moment and CP violation

Another method to search for additional CP-violation is the search for electric dipole
moment of fundamental or composed particles.

The interaction of electric dipole moment (EDM) d with electric field E is

H=—-dE, c7~§, Sis spin

P: H=—H, T:H=—-H, but CPT: H=H
CP: H=-H = EDM violates CP symmetry
Our studies are related to the search of signatures of CP violation, and other effects
beyond the Standard Model (SM) of particle physics.

Alexander Korchin

Theoretical contribution of KIPT Jan 27th, 2026 11 / 34



QOutline of the talk

@ ¢ New Physics in decays of the Higgs boson to fermions, two-photons,
y y gg p
photon and Z boson. Decay of Higgs boson to off-mass-shell Z bosons and
anomalous couplings

Q © Measurement of anomalous magnetic and electric dipole moments of
charmed baryons at the LHC using bent crystals. Future experiment
ALADDIN

© o Rare decays of B® and B° mesons

© o Production of pair of T leptons on electron-positron colliders and on the
LHC, CP violation. Collaboration with KEKB (Japan) and ATLAS
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Decays of the Higgs boson. Search for effects of possible CP violation and
non-Hermiticity of Yukawa interaction hff

Main properties of the discovered at the LHC boson are consistent with the Standard
model (SM), however the detailed properties of this boson will be further studied at the
HL-LHC and future electron-positron colliders.

In particular, it is necessary to verify whether the Higgs-boson interaction with fermions
is CP symmetrical. There are extensions of the SM with a more complicated Higgs
sector, where some of the Higgs bosons may not have definite CP-parity.

Thus any observation of CP odd or CP violating effects will indicate unambiguously
New Physics (NP).

We studied decays of the Higgs h into various final particles: two photons, photon and Z
boson, two fermions, two Z bosons with the emphasis on possible effects of New Physics.
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Photon polarization parameters

The decay widths I'(h — ) or ['(h — ~ Z) is not very informative. We suggested to
measure the polarization states of the photons.

If two photons in the decay h — ~+ originate from one source (Higgs boson), their
polarizations are correlated [L. Landau 1948, C.N. Yang 1950].

CP=+1 cP=-1

7 h 7 hl h 7

There are 3 parameters of polarization< which characterize polarization: & — degree of
circular polarization, &1, &3 — correlation of linear polarizations of two photons.

In the SM 5125220, 53:—1

Deviation from these values would mean physics beyond the SM. How to measure &;?
We assume that interaction of Higgs h with fermions f, for example top quark, includes
scalar and pseudo-scalar parts

m = .,z
Ly ==Y “Lh(arff+ibfysf)
f—tq ¥ N —
4 CP even CP odd

with parameters ar, br. In the SM ar =1 and br = 0.
Alexander Korchin Theoretical contribution of KIPT Jan 27th, 2026 14 / 34



How to measure polarizations?

The circular polarization & can be measured in the decay

h—~Z = ~ff

z ,
-

i

Spin-correlation parameters &; and &3 can be found in a more complicated process in
which virtual photon decays into lepton pair.

h—=~"Z =00 Z >0t ff

Distribution over dilepton invariant mass and azimuthal angle between planes of decay
~v* — €4~ and Z — ff allows one to find both & and &;.

A. Korchin, V. Kovalchuk, Phys. Rev. D 88 (2013) 036009

A. Korchin, V. Kovalchuk, Acta Phys. Polon. B 44 (2013) 2121
A. Korchin, V. Kovalchuk, Eur. Phys. J. C 74 (2014) 3141

A. Korchin, V. Kovalchuk, Ukr. J. Phys. 62 (2017) 557
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A non-Hermiticity of Yukawa interaction

In the SM, the Lagrangian describing interaction between the fermions and the scalar
Higgs fields, Lus, is called Yukawa interaction, and it is supposed to be Hermitian.

However, unlike the other interactions in the SM, which are naturally Hermitian, the
Yukawa interaction has “acquired” Hermiticity, which may not be necessary.

We studied this aspect in the Higgs decay to the pair of 7 leptons. Main attention is
paid to observables which are sensitive to non-Hermiticity of the h f f interaction, and
can be measured at the LHC.

We have shown that:
@ The final 7 leptons are longitudinally polarized due to:
(i) CP violation in the Higgs sector,
(ii) complex couplings ar or/and br, which means non-Hermiticity of Lps.
@ Besides, there is a non-zero transverse spin-spin correlation term which is also CP
violating but does not require non-Hermiticity.

Unfortunately, the direct measurement of lepton polarization is difficult. We suggested
studying decay to 7~ 77 pair with their consequent decay in the lepton channels

h—=71 4+ sy + 0, +vr+p v, +0r

A.Yu. Korchin and V.A. Kovalchuk, Phys. Rev. D 94 (2016) 076003
A.Yu. Korchin and V.A. Kovalchuk, Acta Phys. Polon. B 53 (2022) 2
R.T. Ovsiannikov and A.Yu. Korchin, Int. J. Mod. Phys. A. 39 (2024) 2450039
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Conclusions to Part 1

© We proposed studying polarization parameters in the Higgs decays
h—~Z — v ff, and experiments for their measurement

@ The forward-backward asymmetry in the process h — ~ f f is zero in the SM,
therefore asymmetry in ete™ and p" ™ pairs is a sensitive probe of the CP
properties of the Higgs boson interaction with top quarks.

@ A possible CP violation and possible non-Hermiticity of the Higgs-boson
interaction with fermions is investigated. The clear signature is the lepton or quark
longitudinal polarization.

@ We studied two-step process h — 777 — u~ D,v- p v, 07 and proposed muon
asymmetries, which take nonzero values only for CP violating and non-Hermitian
Yukawa interaction.

© To clarify the CP properties of the hZZ interaction, we also considered the decay
h— Z*Z* — f fL i f> and obtained additional constraints on the hZZ couplings.

| hope that measurement of these observables may be possible after upgrade to
HL-LHC, or on FCC.

117 citations in INSPIRE HEP
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Measurement of anomalous magnetic and electric dipole moments of charmed baryons
at the LHC using bent crystals. Future experiment ALADDIN

Measurement of magnetic and electric dipole moments of leptons and quarks is of
fundamental importance for particle physics.
In general, MDM and EDM have the following form

le|Q g g 1eQn

2m 2’ 2m 2

where g is gyromagnetic factor, Q = +2/3 for quarks u, ¢, t, @ = —1/3 for quarks
d,s, b, and Q@ = —1 for leptons.

For a point-like Dirac particles g = 2, however there are radiative QED corrections for
electron and muon, and QCD corrections for quarks with strong coupling constant
as ~ 1.

We cannot measure magnetic and electric dipole moments of the quarks because of the
color confinement. However, it is possible to measure MDM/EDM indirectly by studying
baryons or mesons.

Alexander Korchin Theoretical contribution of KIPT Jan 27th, 2026 18 / 34



Magnetic moments of charmed baryons

There are baryons, called charmed (“4apigni”), which include the charm quark c. This is
a quark, which is sufficiently heavy with mass m. = 1273 MeV and electric charge
+§|e|. These baryons contain also light quarks up, down, strange:

A =ude, I =uwue, T = udec,

¥2 = dde, =F = usc, =0 =dsc, Q°=ssc

It turns out that in a quark model the MDM (and similarly EDM) of some of these
baryons are equal to the MDM (and EDM) of the charm quark, namely

2/3le| g

Hpap = H=p = H=0 = He = ome 2

Measuring MDM/EDM of baryons would allow one to obtain information about the
charm quark.

However, the main problem is how to measure these characteristics of particles which
live so short time, for example, 7a, ~ 2 x 1073 s?

@ Lifetime of ultra-relativistic particle increases due to large Lorentz factor
v = E/m ~ 10 for TeV-energies.

@ Precession of spin in external magnetic and electric fields.
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Schematic layout of measurement

rotation axis

The gradient of the inter-plane electric field of a silicon bent crystal reaches the maximum value
about 5 GeV/cm. This corresponds to the induced magnetic field in the rest frame of moving

particle B* = 'y(% x E) ~ 103 Tesla , if the particle moves with relativistic energies a few ~ TeV.
Then the distance the particle passes in the crystal before decay, and the spin rotation angle are

L=~71p v~ 10cm, and @Mzey(gg‘ —1)

Halo T

Tungsten__—»— ZT"V
Target \ e Protong
Crystal 1 \

150 prad
pr Crystal 2 x
15 mrad
. LHCb
Concept of experiment
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International cooperation in this project

Any direct measurement of MDM/EDM of short-lived charmed baryons, beauty
baryons, and also 7 lepton, will be the first one.

Co-authors and colleagues taking part in this project on its different stages:

@ 1JCLab, Orsay, France: A.S. Fomin, A. Stocchi, P. Robbe, S. Barsuk, E. Kou,
L. Burmistrov, A. Natochii

@ NSC KIPT and V.N. Karazin KhNU: M.F. Shul’'ga, S.P. Fomin, L.V. Kyryllin, M. Liul
@ Taras Shevchenko NU of Kyiv: O.A. Bezshyyko
@ CERN, INFN Roma, ltaly and IJCLab: W. Scandale

A.S. Fomin, A.Yu. Korchin, A. Stocchi et al. JHEP 08 (2017) 120

A.S. Fomin, A.Yu. Korchin, A. Stocchi et al. JHEP 03 (2019) 156

A. Yu. Korchin and V.A. Kovalchuk, Int. J. Mod. Phys. A 35 (2020) 11n12, 2050060

A.S. Fomin, S. Barsuk, A.Yu. Korchin et al. Eur. Phys. J. C. 80 (2020) 5, 358

D. Mirarchi, A.S. Fomin, S. Redaelli et al. Eur. Phys. J. C 80 (2020) 10; Eur. Phys. J. C 83
(2023) 11, 1053

and many talks at Conferences and Workshops during past years
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Planned experiment ALADDIN at the LHC

ALADDIN = An Lhc Apparatus for Direct Dipole moments INvestigation

Schedule and organisation

Active collaboration of accelerator and experimental physicists about 50 people:
CERN, IJCLab, INFN Genova, INFN Milano, INFN Milano Bicocca, INFN Padova, INFN
Pisa, UCAS, IFIC Univ. of Valencia, Univ. of Bonn (other institutions have expressed
interest). Proto-collaboration for Lol being finalised

v Series of topical workshops: 1st, 2nd, 2rd workshoo

View of the IR3 regicn identified for the experiment

i3 [mementum IRT [Eetatron
commation) collimatian)

1RZ (ALKE W (LHCD,
je mecton Bl injaction B2

Db RLATLAS)
-

i)

It is comforting that in this ambitious project some ideas from our publications
can be used !
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Rare decays of B° and B° mesons

@ Study of rare decays of B mesons, which are induced by Flavor Changing Neutral Currents
(FCNCQ), like quark transitions bottom — strange, bottom — down, charm — up,
presents an important test of the Standard Model (SM).

() (3) (3
up charm top
Ve | Vis ~4x 102 Vb, Vig ~4 x 1073
S ) L o Mt
dow strange bottom

B9 V¥ ¥

Six flavors of quarks: upper with charge +2/3|e|, and lower with charge -1/3 |e|.

@ FCNC transitions occur only on the loop level and therefore branching ratios
(=probabilities) of these decays are very small, < 107°.

Therefore, studying FCNC is excellent method to search for New Physics.
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What can we study in quark transition b — s + 7

Observation: in the SM, the photons, produced in the transition “bottom” to ‘strange”
quark, i.e. decay b — s + ~, are mainly left-handed polarized with helicity A\, = —1:

—
/ b oz
AN e
— 4

spin J,=1 spin J.=-%

However, direct measurement of photon polarization is difficult, therefore one can use
lepton pair production b — s+ 7" — s+ £7 4 £~ via the decay of mesons
B® = bd, B® = bd (quantum numbers J* = 07), for example

B 5 K40 "+ 07 - K +at +0 0
where ¢ = e, i, and quantum numbers of K*® are J¥ =17,

@ Experimental programs on B-factories: BaBar (SLAC, Stanford, USA); Belle
(KEKB, Super-KEKB, Tsukuba, Japan); detector BES Il (Beijing
Electron-Positron Collider, China)

@ Extensive program at the LHCb
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Lepton pair production in the Standard Model

This decay goes via the quark transition b — s+ ¢ 4+ ¢, but mechanism is complicated

. [ o K
: By kB . K K"
B A 3 b w 8 B g 4,5t H
W 5,51 w w
"
Zy 5 L
n ¥ " mn

We included and calculated contribution from additional mechanism

st ot
B ¥ if.."‘_
B B B : e

B 5 K®°+V o5 K +at+ut +u~,
where V = p0(770), w(782), ¢(1020), J/i, %(2S), (3770), (4040), v (4160) and
1)(4415) are the neutral vector mesons, decaying into the same lepton pair:

SM

Ve +ef, Vopu +pt
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Conclusion to Part 3

The contribution of the vector mesons p(770), w(782), $(1020), J/v, ¥(2S), ...
to various observables in the rare decay of B®, B® mesons was studied and
calculated.

(~]

(4]

The calculations of various observables were compared with data from Belle
(KEK), CDF (Tevatron), LHCb (LHC). Resonances considerably modify the
branching ratio, and the main contribution comes from J/¢ = c¢¢ and (2S) = cc
mesons composed of charm quarks.

@ The vector-meson contribution may imitate effects of New Physics, search for
which is one of the goals of high-energy experiments.

A.Yu. Korchin and V.A. Kovalchuk, Phys. Rev. D 82, 034013 (2010).
A.Yu. Korchin and V.A. Kovalchuk, e-Print: arXiv:1111.4093 [hep-ph].
A.Yu. Korchin, V.A. Kovalchuk, D.O. Lazarenko, Prob. Atom. Sci. Tech. 57, 166 (2012).
A.Yu. Korchin and V.A. Kovalchuk, Eur. Phys. J. C 72, 2155 (2012).

Alexander Korchin Theoretical contribution of KIPT Jan 27th, 2026 26 / 34



Production of pair of 7 leptons on electron-positron colliders and on the LHC.
Magnetic and electric dipole moments and CP violation.

7 lepton is particle from the lepton family £~ = (e™, u~,77), which has mass
m, = 1777 MeV and lives only 2.903 x 1073 s. Neither magnetic, nor electric dipole
moments of 7 have been measured because of this short lifetime.

Magnetic Dipole Moment (MDM)
Experiment

In 2003 DELPHI collaboration at LEP2 obtained the limit on a-
ar = (—0.052, +0.013),
and in 2024, the CMS Collaboration at the LHC in pp collisions at /syy = 13 TeV determined
_ +0.0032
a- = 0.0009199932
which is the most stringent limit on 7 magnetic moment to date.
Theory
In the SM, magnetic moment of 7 is calculated with high accuracy [A. Keshavarzi et al. (2020)]:
ar|sm = 0.001177171(39)
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Magnetic and electric dipole moments of 7

Effects of New Physics (NP) for any lepton are proportional to mg. They can arise, e.g., due to
new heavy particles in the loops, then

aglnp ~ m%//\z, A is the scale of New Physics

Effects of New Physics for the 7 lepton can be enhanced compared to the muon by a
factor of m2/m?, ~ 280.
Electric Dipole Moment (EDM)

Theory Y. Yamaguchi, N. Yamanaka (2021)

SM + long — range correlations : dr|spicorr. = 7-32 X 10738 ecm
Experiment Belle Collaboration at /s = 10.58 GeV (2022)

Re(dr) = (—=0.62 +0.63) x 10~ 7 ecm,
Im(d;) = (—0.40 +0.32) x 1077 ecm
are ~20 orders of magnitude (!) larger than the SM prediction.

Extremely small SM value of EDM is not reachable in experiments. Therefore any
observation of 7 EDM in experiments will be indication of CP violation beyond the SM.
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Weak dipole moments

Weak anomalous dipole moments

At high energies of the LHC or future colliders the Z-boson interaction with 7 lepton (in
general, with any lepton) becomes important

Interaction of Z boson with 7 lepton contains in addition to SM couplings, also weak
. . . . _(weak) (weak)
magnetic and electric dipole moments: a7, dr

Experiment ALEPH (LEP at CERN), 2003

[Re(a )| 0p < 0.96 x 1073, [Im(al"**))|exp < 2.23 x 1073,
[Re(d"®))|0p < 0.76 x 1073, [Im(d ™)) |p < 1.69 x 1073,
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Spin effects in production of 77~ pair

Including information on the spin of final 77 pair can help get access to New Physics, in
particular, to the electromagnetic and weak dipole moments.

Consider quark-antiquark, or electron-positron annihilation to a pair of polarized 7 leptons
g+g—1 +717, or e +et s 41t

The cross section is

do 1 3 3 3

USRS L VLD SRS SLEEY

i=1 j=1 ij=1
15 coefficients r;j(s, #) and unpolarized cross section carry all the information on
underlying physics.
There are 6 elements which are 7= and 77 polarizations:
P = (r1a, roa, ra), P+ = (ra1, raz, raz) = (—ria, roa, —raa)

and 9 elements of spin-spin correlations:

rni r2 rs
rij = —hn2 r22 ra3
rns —nr3 r33
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Spin effects in production of 77~ pair

We also consider v production of 7 pairs, because such experiments are performed in
heavy-ion or proton-proton collisions,

in particular, in ultra-peripheral Pb+Pb scattering at the CMS and ATLAS:
PbPb — Pb(y+~ — 7~ +7") Pb

with almost real photons.

Similar experiments are also planned at future lepton colliders, and Super Tau-Charm

Facility (China) ine™ +e" — e +et +77 +77:

dQ(")”}/—)T T+)~1(1—|—Jz:1rW S S+)

with 9 elements of spin-spin correlation matrix r('”)

Alexander Korchin Theoretical contribution of KIPT Jan 27th, 2026 31/ 34



Spin correlations in gg — 7 77 = p v, pt Iy

Example of an observable in proton-proton collisions, which are sensitive to spin
correlations and anomalous dipole moments

The final 7 leptons decay to p mesons:
Tf—>p7+1/7——>7r7+7r0+1/-,—, T+—)p++l7-,——)ﬂ'++ﬂ'o+17-,—

and then we can use the so-called acoplanarity angle v (based on LEP suggestion, 1997).

48000 T T T T r 48000 . T T T
H oo 2yt gty H oo 2y esE gty
46000 —o— Tauola (no pol) + TauSpinner -] @6000- —— Tauola (no pol) + TauSpinner -
- Tauola (no pol) + TauSpinner (®=0.1) ~——a—— Tauola (no pol) + TauSpinner (X=0.1)
~——¥—— Tauola (no pol) + TauSpinner (¢=-0.1) ——¥—— Tauola (no pol) + TauSpinner (Y=0.1)
P 44000 3 44000~
xt 42000 tﬁ* 4 42000 PoCs E
#% 0% g; Tepit t JEUTEIE:
0 - 1 40000 F1 4 40000 +TET 4 R S m o e
pe? *‘ <+ }:& e + +++‘°‘i++++ +y - ++45§ + B
380001 4y ot - 38000+ RN RS 4
. L L | | | | L L L | | | |
60002270 1 z e T ) 1 z 3
pTp frame v [rad] v [rad]

Energy of pp collisions is /s = 13 TeV, and m,, = 65 — 150 GeV.
Middle: dependence on phase shift between vector and axial-vector couplings Z77
Right: dependence on weak dipole moments

There are effects of weak magnetic and electric moments in the acoplanarity angle
distribution which can be used in measurements at the LHC.
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Conclusions to Part 4

@ Formalism for description of spin effects in the final 77 pair in the processes
q§ — 7 7" and vy — 777" is considered.
It is prepared to work with Monte Carlo generators: TauSpinner for
pp — 777 ... at the energies of the LHC or CLIC, and KKMC for e~ e™ — 77+
at Belle (KEKB).
Presently our results for 77 production near Z-boson pole are used in the ATLAS
analysis.

@ Contributions from magnetic and electric dipole moments of 7 are included on top
of precise calculation in the Standard Model, where electroweak radiative
corrections are taken into account.

@ Several observables, sensitive to anomalous moments of 7-lepton, are proposed for
measurements at the LHC.

Sw. Banerjee, A.Yu. Korchin, Z. Was, Phys. Rev. D 106 (2022) 11, 113010

Sw. Banerjee, A.Yu. Korchin, E. Richter-Was, Z. Was, Phys. Rev. D 109 (2024) 1, 013002

A.Yu. Korchin, Acta Phys. Pol. B Proc. Suppl. 17, 5-A20 (2024), 1-10

Sw. Banerjee, A.Yu. Korchin, E. Richter-Was, Z. Was, Yu. Volkotrub, Phys. Rev. D 111 (2025) 013006
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Conclusions

History of search for effects of CP violation on colliders

L = raChH rHCH LEHCH.

1956 1964 1973 2001 2013 2019 2025 7
P violation CP violation CKM CP violation Direct CP Direct CP Direct CP
{in mixing) mechanism in mixing iolation in iolation in iolation in
in neutral and decay in BY decays D" decays baryon
Kaon decays B" decays decays

CP violation in baryon decays: Nature 643 (2025) 8074, 1223-1228,
LHCb Collaboration: Roel Aaij, ..., and LHCb group from KIPT

Thank you for attention!
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