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Abstract
In models with extended Higgs sectors, Higgs-boson-mediated Lepton Flavour Violation (LFV)
can naturally appear. We study the physics potential of an electron-photon collider on searching
LFV processes e− γ → ℓ− ϕ (ℓ = µ, τ ; ϕ = H, A) where H and A are extra CP even and odd Higgs
bosons, respectively, in the minimal supersymmetric standard model and the effective two Higgs
doublet model. The production cross section can be significantly large for the maximal allowed
values of the LFV coupling constants under the current experimental data. Present experimental upper bounds on the effective LFV coupling constants would be considerably improved by
searching these processes, which would be better than MEG and COMET experiments and also
those at LHCb and SuperKEKB. Moreover, one can separately measure chirality of effective LFV
coupling constants via these processes by selecting electron polarizations.
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Lepton Flavour Violation (LFV) for charged leptons is, if it exists, a clear signature of new
physics beyond the Standard Model (SM). Various new physics scenarios such as supersymmetric
extensions of the SM can naturally predict observable phenomena of LFV, whose details would
relate to fundamental flavour structures at very high energies. Hence, experimental detection of
LFV phenomena cannot only provide an evidence of new physics, but also its detailed information
can be used to distinguish new physics models. Phenomenologically there are two kinds of LFV
processes; i.e., the gauge boson (γ, Z) mediation and the Higgs boson mediation.
LFV coupling constants in association with Higgs bosons can appear in models with extended
Higgs sectors. In supersymmetric extensions of the SM whose Higgs sectors have at least two scalar
isospin doublet fields, LFV Yukawa interactions can be radiatively induced from slepton mixing [1,
2]. Flavour mixing between “left-handed” sleptons may be induced by the quantum effect via the
neutrino Yukawa coupling constants in the minimal supersymmetric SM with heavy right-handed
neutrinos (MSSMRN) when flavour blind structure is assumed at the grand unification scale [1].
In a general framework of supersymmetric SMs, not only mixing between“left-handed” sleptons
but also that between “right-handed”sleptons can be considered [2]. Such a difference in patterns
of LFV in various models can be studied by measuring effective LFV parameters in the Yukawa
interaction as well as those in the effective LFV gauge interactions.
The effective LFV parameters have been tested at the experiments for rare decay processes of
muons and tau leptons, and their upper bounds have been obtained [3–5]. They are expected to
be improved at PSI MEG [6] and J-PARC COMET [7] experiments via rare decays of muons, and
at CERN LHCb [8] and KEK super-B factory [9] via rare decays of tau leptons. In addition, high
energy collider experiments at the CERN Large Hadron Collider (LHC) [10], the International
Linear Collider (ILC) [11] and the Neutrino Factory [12] can also be useful to search Higgs-bosonmediated µ–τ and e–τ mixing [5, 13–15].
In this letter, we discuss the possibility that a high energy eγ collider, which can be realized as
an optional experiment at the ILC, can be a powerful tool for measuring Higgs-boson-mediated
LFV parameters in two Higgs doublet models (THDMs) including Minimal Supersymmetric SMs
(MSSMs). We consider the processes e− γ → ℓ− ϕ (ℓ = µ, τ ; ϕ = h, H, A), which contain the LFV
couplings of e− ℓ+ ϕ, where h, H and A are neutral Higgs bosons. Advantages of these processes
turn out to be the following. i) The total cross sections for e− γ → τ − A (e− γ → µ− A) can be
√
about 10.6 fb (7.3 fb) for the collision energy of e− e− system to be see = 522 GeV (471 GeV),
where mA = 350 GeV, tan β = 50 and allowed maximal values of the LFV parameters under
the constraint from the current experimental data are taken, where tan β is the ratio of vacuum
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expectation values for the two Higgs doublets. ii) These processes are basically background free.
Therefore, the current upper bound on the LFV parameters in the effective Yukawa interaction
can be improved by several orders of magnitude by assuming moderate properties for eγ colliders.
iii) Information of the Higgs-boson-mediated LFV couplings can directly be extracted. Produced
Higgs bosons can be reconstructed by tagging its decay product bb. iv) The use of polarized
beams for incident electrons makes it possible to discriminate the chirality of the LFV parameters,
thereby we may be able to distinguish scenarios for more fundamental physics models.
The effective Yukawa interaction for charged leptons is given in the general framework of the
THDM by [4, 5]


R
Llepton = −ℓRi Yℓi δij Φ1 + Yℓi ǫL
ij + ǫij Yℓj Φ2 · Lj + H.c.,

(1)

where ℓR i (i = 1–3) represent isospin singlet fields of right-handed charged leptons, Li are isospin
doublets of left-handed leptons, Yℓi are the Yukawa coupling constants of ℓi , and Φ1 and Φ2
are the scalar iso-doublets with hypercharge Y = 1/2. Parameters ǫX
ij (X = L, R) can induce
LFV interactions in the charged lepton sector in the basis of the mass eigenstates. In Model II
THDM [16], ǫX
ij vanishes at the tree level, but it can be generated radiatively by new physics
effects [2].
The effective Lagrangian can be rewritten in terms of physical Higgs boson fields. There are
eight degrees of freedom in two scalar doublets Φ1 and Φ2 . Three of them are absorbed by massive
gauge bosons via the Higgs mechanism, and remaining five are physical Higgs bosons. Assuming
the CP invariant Higgs sector, there are two CP even Higgs bosons h and H (mh < mH ), one
CP odd state A and a pair of charged Higgs bosons H ± . From Eq. (1), interaction terms can be
deduced to [2, 5]
LeLFV = −


mℓi
R
κL
i1 ℓi PL e + κ1i ePL ℓi
2
v cos β

× {cos(α − β)h + sin(α − β)H − i A} + H.c.,

(2)

where PL is the projection operator to the left-handed fermions, mℓi are mass eigenvalues of
√ p
charged leptons, v = 2 hΦ01 i2 + hΦ02 i2 (≃ 246 GeV), α is the mixing angle between the CP

even Higgs bosons, and tan β ≡ hΦ02 i/hΦ01 i. The LFV parameters κX
ij (X = L, R) relate to the

original parameters as [1]

for ǫX
ij tan β ≪ 1.
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ij
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=
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FIG. 1: The Feynman diagrams for e− γ → ℓ− ϕ (ℓ = µ, τ ; ϕ = H, A).

Once a new physics model is assumed, κX
ij can be predicted as a function of the model parameters. In supersymmetric SMs, LFV Yukawa coupling constants can be radiatively generated
by slepton mixing.Magnitudes of the LFV parameters κX
ij can be calculated as a function of the
parameters of the slepton sector. For the scale of the dimensionful parameters in the slepton
2
−7 [1, 2]. In the MSSMRN
sector to be of TeV scales, we typically obtain |κX
ij | ∼ (1–10) × 10

only κL
ij are generated by the quantum effect via the neutrino Yukawa couplings assuming flavour
conservation at the scale of right-handed neutrinos.

Current experimental bounds on the effective LFV parameters κX
ij are obtained from the data
of non-observation for various LFV processes [17]. For e–τ mixing, we obtain the upper bound
from the semi-leptonic decay τ → eη [4];
2
|κL
31 |

+

2
|κR
13 |
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for tan β & 20 and mA ≃ mH & 160 GeV (with sin(β − α) ≃ 1). The most stringent bound on
e–µ mixing is derived from µ → eγ data [18] as
4 L 2
2
−4
|κ | + |κR
12 | . 4.3 × 10
9 21
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2
for tan β & 20 and mA ≃ mH & 160 GeV (with sin(β −α) ≃ 1). The upper bound on (4/9)|κL
21 | +

2
|κR
12 | is expected to be improved at future experiments such as MEG and COMET for rare muon

1–2 at LHCb and SuperKEKB
2
R 2
decays by a factor of 102–3 , while that on |κL
31 | + |κ13 | is by 10

via rare tau decays [6–9].
We now discuss the lepton flavour violating Higgs boson production processes e− γ → ℓ− ϕ (ℓ =
µ, τ ; ϕ = h, H, A) in eγ collisions. The Feynman diagrams for the sub processes are depicted in
FIG. 1. The differential cross section is calculated by using the effective LFV parameters κX
ij as
√
db
σe− γ→ℓ− ϕ ( seγ )

2 + 4z 2 ) − 16z m2 /s
GF αEM m2ℓ βℓϕ |κi1 |2 η− (η+
ℓ eγ
√
,
(6)
2
4
d cos θ
cos β
η−
16 2seγ
q
where we have neglected the mass of electrons, z = (m2ℓi − m2ϕ )/seγ , βℓϕ = λ(m2ℓi /seγ , m2ϕ /seγ )
i

=

with λ(a, b) = 1 + a2 + b2 − 2a − 2b − 2ab. The functions are defined as η± = 1 + z ± βℓϕ cos θ
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FIG. 2: The production cross section of e− γ → τ − A as a function of the center-of-mass energy
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R 2
data in Eq. (4) in both figures. In the left figure, the result with a set of the typical values of |κL
31 | and |κ13 |

2
R 2
−7
in the MSSMRN is shown [(|κL
, 0)] for the polarization of the incident electron beam to
31 | , |κ13 | ) = (2 × 10

be Pe = −0.9 (dashed), +0.9 (long dashed), and Pe = 0 (dotted). In the right figure, the result with a set of

2
R 2
−7
(|κL
, 1 × 10−7 ) is shown in the general framework of the MSSM for Pe = −0.9 (dashed),
31 | , |κ13 | ) = (2 × 10

Pe = +0.9 (long dashed), and Pe = 0 (dotted).

where θ is the scattering angle of the outgoing lepton from the beam direction. The effective LFV
parameters |κi1 |2 can be written by


2
R 2
|κi1 |2 = |κL
i1 | (1 − Pe ) + |κ1i | (1 + Pe )




cos2 (α − β) for h



× sin2 (α − β) for H ,





1
for A

(7)

where Pe is the polarization of the incident electron beam: Pe = −1 (+1) represents that electrons
in the beam are 100% left- (right-) handed.
At the ILC, a high energy photon beam can be obtained by Compton backward-scattering of
laser and an electron beam [19]. The full cross section can be evaluated from that for the sub
process by convoluting with the photon structure function as [19]
Z xmax
√
√
dx Fγ/e (x) σ
be− γ→ℓ− ϕ ( seγ ),
σ ( see ) =

(8)

xmin

where xmax = ξ/(1 + ξ), xmin = (m2ℓ + m2ϕ )/see , ξ = 4Ee ω0 /m2e with ω0 to be the frequency of
the laser and Ee being the energy of incident electrons, and x = ω/Ee with ω to be the photon
energy in the scattered photon beam. The photon distribution function is given by [19]


1
4x
4x2
1
× 1−x+
−
+
,
Fγ/e (x) =
D(ξ)
1 − x ξ(1 − x) ξ 2 (1 − x)2
5

(9)

with


8
4
D(ξ) = 1 − − 2
ξ ξ



ln(1 + ξ) +

1
1 8
+ −
.
2 ξ 2(1 + ξ)2

(10)

We note that when sin(β − α) ≃ 1 and mH ≃ mA (In the MSSM, this automatically realizes for
mA & 160 GeV) signal from both e− γ → ℓ− H and e− γ → ℓ− A can be used to measure the LFV
parameters, while the cross section for e− γ → ℓ− h is suppressed.
In FIG. 2, we show the full cross sections of e− γ → τ − A as a function of the center-of-mass
energy of the e− e− system for tan β = 50 and mA = 350 GeV. Scattered leptons mainly go into the
forward direction, however most of events can be detected by imposing the escape cut ǫ ≤ θ ≤ π−ǫ
where ǫ = 20 mrad [20]. The cross section can be around 10 fb with the maximal allowed values
for |κ31 |2 under the constraint from the τ → eη data in Eq. (4). The results correspond that,
assuming the integrated luminosity of the eγ collision to be 500 fb−1 and the tagging efficiencies
of a b quark and a tau lepton to be 60% and 30%, respectively, about 103 of τ − bb̄ events can be
observed as the signal, where we multiply factor of two by adding both e− γ → ℓ− A → ℓ− bb and
e− γ → ℓ− H → ℓ− bb. Therefore, we can naively say that non-observation of the signal improves
the upper bound for the e-τ mixing by 2–3 orders of magnitude if the backgrounds are suppressed.
2
R 2
In FIG. 2 (left), those with a set of the typical values of |κL
31 | and |κ13 | in the MSSMRN are

shown for Pe = −0.9 (dashed), Pe = +0.9 (long dashed), and Pe = 0 (dotted), where we take
−7
2
R 2
(|κL
31 | , |κ13 | ) = (2 × 10 , 0). The cross sections are sensitive to the polarization of the electron

beam. They can be as large as 0.5 fb for Pe = −0.9, while it is around 0.03 fb for Pe = +0.9. In

2
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−7
−7
FIG. 2 (right), the results with (|κL
31 | , |κ13 | ) = (2 × 10 , 1 × 10 ) in general supersymmetric

models are shown for each polarization of the incident electrons. The cross sections are a few
times 1 fb and not sensitive for polarizations. Therefore, by using the polarized beam of the
2
R 2
electrons we can separately measure |κL
31 | and |κ13 | and distinguish fundamental models with

LFV.
In FIG. 3, the full cross sections of e− γ → µ− A are shown for tan β = 50 and mA = 350

2
R 2
GeV. Those with the maximally allowed values for |κ21 |2 = |κL
21 | + |κ12 | from the µ → eγ data

in Eq. (5) can be 7.3 fb where we here adopted the same escape cut as before discussed [22].
This means that about a few times 103 of the signal µ− bb̄ can be produced for the integrated
luminosity of the eγ collision to be 500 fb−1 , assuming tagging efficiencies to be 60% for a b
quark and 100% for a muon, and using both e− γ → µ− A and e− γ → µ− H. These results imply
that eγ collider can improve the bound on the e-µ by a factor of 102−3 . Obtained sensitivity can
be as large as those at undergoing MEG and projected COMET experiments. Because of the
different dependencies on the parameters in the model, µ → eγ can be sensitive than the LFV
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FIG. 3: The production cross section of e− γ → µ− A as a function of the center-of-mass energy
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in both figures. In the left figure, the result with a set of the typical values of |κL
21 | and |κ12 | in the MSSMRN is
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(dotted).

Higgs boson production for very high tan β(& 50) with fixed Higgs boson mass. We also note that
rare decay processes can measure the effect of other LFV origin when Higgs bosons are heavy.
Therefore, both the direct and the indirect measurements of LFV processes are complementary to
each other. In FIG. 3 (left), those in the MSSMRN are shown for Pe = −0.9 (dashed), Pe = +0.9

−7
2
R 2
(long dashed), and Pe = 0 (dotted), where we take (|κL
21 | , |κ12 | ) = (2 × 10 , 0). They can be as

large as a few times 10−3 fb for Pe = −0.9 and Pe = 0, while it is around 10−4 fb for Pe = +0.9.
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In FIG. 3 (right), the results with (|κL
21 | , |κ12 | ) = (2 × 10 , 1 × 10 ) are shown in general

supersymmetric models in a similar manner.
It is understood that these processes are clear against backgrounds. For the processes of
e− γ → τ − ϕ → τ − bb̄. The tau lepton decays into various hadronic and leptonic modes. The
main background comes from e− γ → W − Zν, whose cross section is of the order of 102 fb. The
backgrounds can strongly be suppressed by the invariant mass cut for bb̄. The backgrounds for
the process e− γ → µ− ϕ → µ− bb̄ also comes from e− γ → W − Zν → µ− bbνν which is small
enough. Signal to background ratios are better than O(1) before kinematic cuts. They are easily
improved by the invariant mass cut, so that our signals can be almost background free. A detailed
simulation study will clarify this observation.
We have discussed the processes e− γ → ℓ− ϕ (ℓ = µ, τ ; ϕ = H, A). Many new physics models
can violate lepton flavour in the scalar sector. Cross sections for the lepton flavour violating
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Higgs boson production production at the eγ collider can be substantial for the maximal allowed
values under the current experimental data. Measurements of these processes can significantly
improve the present upper bounds of the LFV Yukawa coupling constants. Expected precision of
the e-µ-ϕ (ϕ = A, H) measurements at the e-gamma collider can be better than those at MEG
and COMET experiments. For e–τ mixing, its experimental reach is much greater than those
at LHCb and SuperKEKB. In addition, chirality of the Higgs boson mediated LFV coupling can
be measured separately. Therefore, the eγ collider can be an useful tool to measure the Higgs
associated LFV. Detailed phenomenological study will be elsewhere [21].
Acknowledgments
This work was supported, in part, by Japan Society for the Promotion of Science, No. 18034004.

References
[1] F. Borzumati and A. Masiero, Phys. Rev. Lett. 57, 961 (1986); J. Hisano, T. Moroi, K. Tobe,
M. Yamaguchi and T. Yanagida, Phys. Lett. B 357, 579 (1995); J. Hisano, T. Moroi, K. Tobe and
M. Yamaguchi, Phys. Rev. D 53, 2442 (1996);
[2] J. Hisano and D. Nomura, Phys. Rev. D 59, 116005 (1999); A. Brignole and A. Rossi, Phys. Lett. B
566, 217 (2003), Nucl. Phys. B 701, 3 (2004).
[3] K. S. Babu and C. Kolda, Phys. Rev. Lett. 89, 241802 (2002); A. Dedes, J. R. Ellis and M. Raidal,
Phys. Lett. B 549, 159 (2002).
[4] M. Sher, Phys. Rev. D 66, 057301 (2002).
[5] S. Kanemura, T. Ota and K. Tsumura, Phys. Rev. D 73, 016006 (2006).
[6] T. Mori et al., ”Search for µ → eγ Down to 10−14 Branching Ratio”. Research Proposal to Paul
Scherrer Institut. See also http://meg.web.psi.ch/.
[7] D. Bryman et al., ”An Experimental Proposal on Nuclear and Particle Physics Experiments at JPARC 50 GeV Proton Synchrotron”. Research Proposal to J-PARC.
[8] P. Bartalini et al. [LHCb Collaboration], Nucl. Phys. Proc. Suppl. 98, 359 (2001).
[9] A. G. Akeroyd et al. [SuperKEKB Physics Working Group], arXiv:hep-ex/0406071.
[10] ATLAS

Collaboration,

http://atlas.web.cern.ch/Atlas/;

CMS

Collaboration,

http://cms.cern.ch/.
[11] A.

Djouadi

et

al.

[ILC

Collaboration],

arXiv:0709.1893;

See

also

http://www.linearcollider.org/cms/.
[12] NFMCC Collaboration, http://www.cap.bnl.gov/mumu/; Y. Kuno and Y. Mori, ”NufactJ Feasibility
Study Report”.
[13] K. A. Assamagan, A. Deandrea and P. A. Delsart, Phys. Rev. D 67, 035001 (2003).

8

[14] S. Kanemura, K. Matsuda, T. Ota, T. Shindou, E. Takasugi and K. Tsumura, Phys. Lett. B 599, 83
(2004); E. Arganda, A. M. Curiel, M. J. Herrero and D. Temes, Phys. Rev. D 71, 035011 (2005).
[15] S. Kanemura, Y. Kuno, M. Kuze and T. Ota, Phys. Lett. B 607, 165 (2005).
[16] J. F. Gunion, H. E. Haber, G. Kane, and S. Dawson, The Higgs Hunters Guide, Perseus Publishing,
Cambridge, MA, 1990.
[17] M. L. Brooks et al. [MEGA Collaboration], Phys. Rev. Lett. 83, 1521 (1999); U. Bellgardt et al.
[SINDRUM Collaboration], Nucl. Phys. B 299, 1 (1988); B. Aubert et al. [BABAR Collaboration],
Phys. Rev. Lett. 96, 041801 (2006); Y. Miyazaki et al. [BELLE Collaboration], Phys. Lett. B 648,
341 (2007); B. Aubert et al. [BaBar Collaboration], Phys. Rev. Lett. 95, 191801 (2005); K. Abe et
al. [Belle Collaboration], arXiv:0708.3272.
[18] C. Amsler et al. [Particle Data Group], Phys. Lett. B 667, 1 (2008).
[19] I. F. Ginzburg, G. L. Kotkin, S. L. Panfil, V. G. Serbo and V. I. Telnov, Nucl. Instrum. Meth. A 219,
5 (1984).
[20] D. A. Anipko, M. Cannoni, I. F. Ginzburg, K. A. Kanishev, A. V. Pak and O. Panella,
arXiv:0806.1760.
[21] S. Kanemura and K. Tsumura, in preparation.
[22] If 10 mrad for the cut is taken instead of 20 mrad, the numbers of events are slightly enhanced; 10.6
fb to 11.0 fb (7.3 fb to 8 fb) for the τ -ϕ (µ-ϕ) process.

9

