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Baryon asymmetry of the Universe offers one of the strongest hints for physics beyond the Standard
Model (BSM). Remarkably, in the general two Higgs doublet model (g2HDM) that possesses a second set
of Yukawa matrices, one can have electroweak baryogenesis (EWBG) while the electron electric dipole
moment (eEDM) is evaded by a natural flavor tuning that echoes the Standard Model (SM). We show that
eEDMmay first emerge around 10−30 e cm or so, followed by neutron EDM (nEDM) down to 10−27 e cm.
We illustrate a cancellation mechanism for nEDM itself, which in turn can be probed when a facility
capable of pushing down to 10−28 e cm becomes available.
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Introduction. With no BSM physics emerging at the Large
Hadron Collider (LHC), particle physics is in a state of
exasperation. It is not clear whether one can address lofty
issues such as the baryon asymmetry of the Universe,
arguably one of the strongest hints for BSM physics that
calls for the existence of large CP violating (CPV) phase(s)
beyond the Kobayashi-Maskawa phase [1] of SM. The
current frontier is the experimental race to measure electron
EDM, where the bound held by the ACME experiment [2]
has recently been surpassed at JILA [3], giving de <
0.41 × 10−29 e cm at 90% C.L. This is several orders of
magnitude stronger than the current nEDM bound of dn <
1.8 × 10−26 e cm by the nEDM experiment at PSI [4].
However, by using ultra cold neutrons (UCN), nEDM
measurement is poised to improve by two orders of
magnitude within two decades [5], with many experiments
joining the fray.
In fact, the EDM experiments, much smaller than the

behemoth LHC and its associated experiments, pose a
general challenge: since BAU demands extremely large
BSM CPV, can one survive the EDM bounds, especially
eEDM?We explore this theme and promote the general two
Higgs doublet model (g2HDM), where dropping the usual
Z2 symmetry one can have enough CPV for BAU, but the
observed flavor (fermion mass and mixing) hierarchies—a
mystery in itself—allows for an exquisite natural flavor
cancellationmechanism to work for eEDM.We project that
eEDM and nEDM could well emerge in the next decade or

two, and extend the parameter range beyond previous
considerations.
With oneHiggs doublet observed, the two Higgs doublet

model [6] should be a no-brainer. A Z2 symmetry is usually
imposed to enforce the natural flavor conservation (NFC)
condition posited by Glashow and Weinberg [7] to forbid
extra Yukawa matrices of charged fermions. But as first
illustrated by Cheng and Sher [8], the flavor hierarchies
may help alleviate Glashow’s worries about flavor chang-
ing neutral couplings (FCNCs). It was pointed [9] out, even
before the top discovery, that the process to watch, then, is
t → ch. The bound at the LHC, however, has reached the
stringent Bðt → chÞ < 0.00073 [10]. But as stressed in
2013 [11] after the observation of hð125Þ, as the ρtc
coupling is associated more with the exotic H and A
bosons, the tch coupling should be ρtccγ , where cγ ≡ cos γ
is the h–H mixing angle between the two CP-even scalars.
Who would have guessed that Naturewould throw in, circa
2015, the alignment (small cγ) phenomenon from the
purely Higgs sector, to protect t → ch decay.
Having introduced the ρtc element of the up-type extra

Yukawa matrix, it was subsequently shown [12] that
λtImρtt can robustly drive EWBG [13], with top Yukawa
λt ≅ 1 recently measured [1], and with first order phase
transition arising from Oð1Þ [14] Higgs quartic couplings,
where there are a total of 7 in absence of Z2. It was further
inferred with emergent alignment that the exotic scalars are
likely sub-TeV [15] in mass and populate 300–600 GeV,
opening up a search program at the LHC [16–20].
The large Imρtt atOðλtÞ ∼ 1 that drives EWBG brings up

our theme of how to survive eEDM. A typical two-loop
Barr-Zee diagram [21] for eEDM is given in Fig. 1. To
cancel the leading effect due to ρtt and ρee, specifically the
ϕγγ� insertion, one finds [22]
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jρee=ρttj ¼ rjλe=λtj; argðρeeρttÞ ¼ 0; ð1Þ

with r ≃ 0.7, where the first relation follows from a phase-
lock between ρee and ρtt for ϕ ¼ A. Equation (1) is
remarkable in that the ρ matrices seem to “know” the
quark mass and mixing hierarchies in SM.
The purpose of this paper is to show that the combined

eEDM and nEDM effort provides the cutting edge probe of
ρtt-driven EWBG in g2HDM: as the experimental com-
petition heats up, we may first observe eEDM in the
10−30 − 10−31 e cm range, followed by confirmation at
n2EDM at PSI for dn ∼ 10−26 − 10−27 e cm in about a
decade. But as we will illustrate a general cancellation
mechanism for nEDM itself, a more advanced nEDM
experiment may confirm down to 10−28 e cm in two
decades. To unravel the underlying dynamics, the “decadal
mission” [23] with direct exotic scalar search at the LHC,
flavor physics explorations with LHCb and Belle II, plus μ
and τ studies, would be needed.

g2HDM and EDMs. For simplicity, we assume CP-
conserving [15,24] Higgs potential of g2HDM, removing
it as a CPV source without discussing it any further here, so
CPV is relegated to extra Yukawa couplings. As already
stated, Oð1Þ Higgs quartics supply [12,14] the prerequisite
first order EW phase transition for BAU, which is a bonus
in g2HDM.
To clarify the flavor and EWBG discussion in the Intro-

duction, without any Z2 symmetry, there are extra Yukawa
matrices ρf for charged fermions f¼ u;d;l [18,24], which
are complex and nondiagonal,

L ¼ −
1
ffiffiffi

2
p

X

f¼u;d;l

f̄i
h

ð−λfi δijsγ þ ρfijcγÞh

þ ðλfi δijcγ þ ρfijsγÞH − isgnðQfÞρfijA
i

Rfj

− ūi½ðVρdÞijR − ðρu†VÞijL�djHþ

− ν̄iρ
L
ijRljHþ þ H:c:; ð2Þ

with generation indices i, j summed over, L;R ¼ 1 ∓ γ5,
and sγ ≡ sin γ. The A, Hþ couplings are cγ-independent,

while in the alignment limit (cγ → 0, sγ → −1), h couples

diagonally and H couples via extra Yukawa couplings −ρfij,
which can drive BAU. Thus, besides mass-mixing hierarchy
protection [9] of FCNCs, alignment provides [15] further
safeguard, such as for t → ch, without the need of NFC.
Furthermore, the μ212Φ†Φ0 term in the Higgs potential is
eliminated after symmetry breaking by minimization, leav-
ing a unique h −H mixing parameter, η6, which can be
Oð1Þ [15] for small cγ , with H, A, Hþ likely in the
300–600 GeV mass range.
Considering how effective g2HDM evades stringent

flavor constraints, and to address the question “What
makes g2HDM so well hidden so far?”, we guessed a
“rule of thumb” [25] for flavor control:

ρii≲OðλiÞ; ρ1i≲Oðλ1Þ; ρ3j≲Oðλ3Þ; ð3Þ

with j ≠ 1. This allows ρtt ¼ Oð1Þ but ρbb ≃ 0.02.
However, ρdij seems to be an order of magnitude weaker
by flavor constraints.
With complications of transport equations for EWBG[12],

the simplified casewithH;A;Hþ degenerate at 500GeVwas
studied. The ACME experiment [2] taught us the lesson to
keep the weakest ρee coupling in the Barr-Zee diagrams of
Fig. 1, where the exquisite cancellationmechanism of Eq. (1)
was uncovered [22]. The prowess of ACME, however, led
one to illustrate with the timid jρttj ≃ 0.1, which we seek to
extend here.

Results: Interplay of eEDM and nEDM. In our numerical
illustration, we shall keep the degeneracy at 500 GeV, but
explore a broader range of

Reρtt ¼ Imρtt ¼−0.1; −0.2; −0.3; ð4Þ

and follow the numeric ansatz [22] for f ¼ u; c; d; s; b,

Reρff ¼−r
λf
λt
Reρtt; Imρff ¼þr

λf
λt
Imρtt; ð5Þ

where r ≃ 0.71 is a combination of loop functions that is
insensitive [22] to exotic Higgs spectrum.
In Fig. 2 we illustrate the natural “flavor tuning” [22] of

Eq. (1), for ρtt values in Eq. (4) and numeric ansatz of
Eq. (5), where both bounds of ACME [2] and JILA [3] are
shown. We take some liberty in the visual effect of the light
purple band, with left side taken from the red-dashed dϕγe
curve [22], and right side from the red-solid de curve. This
is in part because, though the cancellation point (black-
solid curve sitting in the middle, with final shift from CS
effect [22]) is insensitive to the spectrum [22], there should
be some spread in exotic scalar masses, which we refrain
from exploring.

FIG. 1. A two-loop Barr-Zee diagram for electron EDM with
extra Yukawa coupling ρee on electron line, and top (hence ρtt)
and W run in the gray blob for neutral scalar ϕ ¼ h, H, A.
Neutron EDM has many more contributions, including u- and d-
quark chromo-moments and the Weinberg operator.
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From left to right in Fig. 2, as ρtt strength rises, the
“funnel” is raised, but at 10−30 e cm, the opening of the
funnel is still decent, suggesting a still robust discovery
likelihood, although by 10−31 e cm, it approaches a pin-
point and may no longer seem plausible. In any case, these
plots are for numeric illustration.
Turning to nEDM, besides effects of ρuu and ρdd through

Barr-Zee type diagrams, there are also chromo-moments
and the Weinberg operator, with progressively larger theory
uncertainties. While the classic review of Pospelov and
Ritz [26] continue to be widely cited, it is a bit dated. We
use the more recent formula [27],

dn ¼ −0.20du þ 0.78dd þ eð0.29d̃u þ 0.59d̃dÞ
þ e23 MeVCW; ð6Þ

where we evaluate chromo-moments d̃u;d and the Weinberg
operator CW term [28] by following Refs. [29,30], respec-
tively. A recent discussion on uncertainties can be found
in Ref. [28].
We give in Fig. 3 the scan plot for r∈ ½0.6; 0.8� for same

range of ρtt and exotic Higgs masses as in Fig. 2, showing
both the JILA bound [3] on eEDM, and PSI bound [4] on

nEDM. One survives the PSI bound even for jρttj ≃ 0.3
ffiffiffi

2
p

,
while r ≃ 0.7 nicely illustrates the natural flavor cancella-
tion of eEDM. The follow-up experiment to nEDM at PSI,
i.e. n2EDM [31], plans to reach down to 10−27 e cm
sensitivity within a decade, and should be able to cover
the range illustrated in Fig. 3.
But we should admit that Eq. (5) is nothing but an

ansatz [22] for sake of numeric illustration. The fact is, we
have little knowledge of the actual strength of extra
Yukawa couplings such as ρuu. Our “rule of thumb” of
Eq. (3) is our guess of the “flavor protection” in g2HDM,
which echoes the remarkable cancellation mechanism of
Eq. (1) for eEDM. Taking Eq. (3) literally, it states that
jρuuj ¼ OðλuÞ, with phase unknown. Thus, taking the
usual sense of “an order of magnitude,” we vary

jρuuj∈ ½0.3λu;3λu�; argρuu∈ ½−π;π�; ð7Þ

while keeping other ρffs according to Eq. (5). This
explores the impact of ρuu strength and phase on
nEDM. Since ρtt is in the 3rd quadrant in Eq. (4), in
the convention of Eq. (7), arg ρtt ¼ −3π=4.
A scan plot of the variation of Eq. (7) is given in Fig. 4

for illustration. For negative arg ρuu, nEDM is closer to the
PSI bound (red and yellow scan points), and for the largest
jρttj ¼ 0.3

ffiffiffi

2
p

(right plot), the bound cuts a little bit into the
scan space. But interestingly, for positive arg ρuu, i.e.
opposite the sign of arg ρtt, the blue scan points extend
below 10−27 e cm, which can evade n2EDM of PSI.
Therefore, the scan in Fig. 4 illustrates a general cancella-
tion mechanism that may well be operative in Nature for
neutron EDM. It can be probed, however, at more advanced
nEDM facilities, such as the nEDM experiment under
construction at the Spallation Neutron Source [32] at Oak
Ridge National Lab (ORNL), which utilizes UCN and can
probe down to 10−28 e cm. Although this may go beyond
the next decade, the possibility appears to be covered fully,
as the blue scan points tend to run out by 10−28 e cm.
Thus, if g2HDM is the source of EWBG, the combined

effort of eEDM and nEDM experiments seem poised for
major discoveries in the coming decade or two.

FIG. 2. Cancellation mechanism [22] for eEDM for ρtt values in Eq. (4), cγ ¼ 0.1, and mH;mA;mHþ ¼ 500 GeV.

FIG. 3. Combined scan result for r∈ ½0.6; 0.8� for electron and
neutron EDM for same range of ρtt and exotic Higgs masses as in
Fig. 2, with ρff fixed according to Eq. (5).
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Discussion and summary. This work was actually stimu-
lated by the ability at the LHC to probe top CPV,1 i.e. top
chromo-moments [38]. As this is a new beginning, top
chromo-moment bounds are still rather weak. We realized
instead that prospects for electron and neutron EDMs are
rather good in g2HDM.
We have kept H, A, and Hþ degenerate at 500 GeV and

have not revisited EWBG, but we have checked that features
at 300 GeV are quite similar, where baryogenesis should be
more efficient. The actual parameter space should therefore be
considerably larger. For example, breaking the degeneracy,
onewould need to face precision electroweak constraints [1],
where either one keeps mA ¼ mHþ (custodial symmetry), or
take the twisted-custodial [39] case of mH ¼ mHþ .
We have emphasized as our theme that it is nontrivial that

g2HDM can provide electroweak baryogenesis while
surviving the eEDM constraint, a remarkable feat rooted
in the flavor structure as revealed by the SM sector. With
exotic H, A, and Hþ bosons sub-TeV in mass, search
programs at the LHC [19,20] have started.
For sake of discussion, a study [40] of pp → A=H →

ττ; τμ with ρtt, ρττ, and ρτμ comforming with Eq. (3), found
consistency with current searches [1], but could be prom-
ising at the High-Luminosity LHC. Reference [17] studied
pp → bHþ → btb̄ and considered Hþ → tb̄ constraints,
but there are no experimental results so far on the specific

processes. For a discussion of good flavor probes, see
Ref. [25]. More recently, a global analysis of b → sγ
observables (including inclusive and exclusive b → sγ
decays and CP asymmetries) in g2HDM was carried
out [41]. But since ρbb is rather small in our setup
[Eq. (5)], the b → sγ constraint can be safely ignored.
Ultimately, any BSM theory of EWBG would need to

face the litmus test of surviving the eEDM bound [3].
Wemay sound optimistic in the discovery prospect for eEDM
at10−30 e cm.Note that both the JILAandACMEbounds are
still consistent even with Oð10−29Þ e cm. Considering pos-
sible fluctuations in data, discovery not far below the existing
bound is quite plausible, especially if Nature has already
marked g2HDM up for baryogenesis. A known example is
the ARGUS discovery [42] of B0–B̄0 mixing, which practi-
cally sits right on top the previous CLEO [43] bound.
In summary, g2HDM without Z2 symmetry achieves

baryogenesis but can evade the eEDM bound by natural
flavor tuning. Electron EDM may harbinger a new era,
echoed not long after by neutron EDM; while this does not
prove g2HDM is behind EWBG, it would likely become a
frontrunner. With exotic Higgs search at the LHC, ongoing
efforts at Belle II and other flavor fronts, and with excellent
prospects for electron and neutron EDMmeasurements, the
future looks bright for unveiling what may actually lie
behind baryogenesis.

Acknowledgments. We thank the support of Grants
No. NSTC 112-2639-M-002-006-ASP, and No. NTU
112L104019 and No. 112L893601.

[1] R. L. Workman et al. (Particle Data Group), Prog. Theor.
Exp. Phys. 2022, 083C01 (2022).

[2] ACME Collaboration, Nature (London) 562, 355 (2018).
[3] T. S. Roussy et al., Science 381, 46 (2023).
[4] C. Abel et al. (nEDM Collaboration), Phys. Rev. Lett. 124,

081803 (2020).

[5] R. Alarcon et al., arXiv:2203.08103.
[6] See e.g. G. C. Branco, P. M. Ferreira, L. Lavoura, M. N.

Rebelo, M. Sher, and J. P. Silva, Phys. Rep. 516, 1 (2012).
[7] S. L. Glashow and S. Weinberg, Phys. Rev. D 15, 1958

(1977).
[8] T. P. Cheng and M. Sher, Phys. Rev. D 35, 3484 (1987).

FIG. 4. Scan for eEDM and nEDM using Eq. (1) as in Fig. 3, except varying jρuuj∈ ½0.3λu; 3λu�, ϕuu ∈ ½−π; π�.

1For collider analysis of CPV tt̄h interaction and its interplay
with EDMs, see Refs. [33–36]. See also Ref. [37].

HOU, KUMAR, and TEUNISSEN PHYS. REV. D 109, L011703 (2024)

L011703-4

https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1038/s41586-018-0599-8
https://doi.org/10.1126/science.adg4084
https://doi.org/10.1103/PhysRevLett.124.081803
https://doi.org/10.1103/PhysRevLett.124.081803
https://arXiv.org/abs/2203.08103
https://doi.org/10.1016/j.physrep.2012.02.002
https://doi.org/10.1103/PhysRevD.15.1958
https://doi.org/10.1103/PhysRevD.15.1958
https://doi.org/10.1103/PhysRevD.35.3484


[9] W.-S. Hou, Phys. Lett. B 296, 179 (1992).
[10] A. Tumasyan et al. (CMS Collaboration), Phys. Rev. Lett.

129, 032001 (2022).
[11] K.-F. Chen, W.-S. Hou, C. Kao, and M. Kohda, Phys. Lett.

B 725, 378 (2013).
[12] K. Fuyuto, W.-S. Hou, and E. Senaha, Phys. Lett. B 776,

402 (2018).
[13] V. A. Kuzmin, V. A. Rubakov, and M. E. Shaposhnikov,

Phys. Lett. 155B, 36 (1985); for some reviews see, e.g.,
V. A. Rubakov and M. E. Shaposhnikov, Usp. Fiz. Nauk
166, 493 (1996); K. Funakubo, Prog. Theor. Phys. 96, 475
(1996); D. E. Morrissey and M. J. Ramsey-Musolf, New J.
Phys. 14, 125003 (2012).

[14] S. Kanemura, Y. Okada, and E. Senaha, Phys. Lett. B 606,
361 (2005).

[15] W.-S. Hou and M. Kikuchi, Europhys. Lett. 123, 11001
(2018).

[16] M. Kohda, T. Modak, andW.-S. Hou, Phys. Lett. B 776, 379
(2018).

[17] D. K. Ghosh, W.-S. Hou, and T. Modak, Phys. Rev. Lett.
125, 221801 (2020).

[18] W.-S. Hou and T. Modak, Mod. Phys. Lett. A 36, 2130006
(2021).

[19] G. Aad et al. (ATLAS Collaboration), arXiv:2307.14759.
[20] A. Hayrapetyan et al. (CMS Collaboration), arXiv:2311

.03261.
[21] S. M. Barr and A. Zee, Phys. Rev. Lett. 65, 21 (1990).
[22] K. Fuyuto, W.-S. Hou, and E. Senaha, Phys. Rev. D 101,

011901 (2020).
[23] W.-S. Hou, Chin. J. Phys. 77, 432 (2022).
[24] S. Davidson and H. E. Haber, Phys. Rev. D 72, 035004

(2005).
[25] W.-S. Hou and G. Kumar, Phys. Rev. D 102, 115017 (2020).

[26] M. Pospelov and A. Ritz, Ann. Phys. (Amsterdam) 318, 119
(2005).

[27] J. Hisano, D. Kobayashi, W. Kuramoto, and T. Kuwahara,
J. High Energy Phys. 11 (2015) 085.

[28] K. Kaneta, N. Nagata, K. A. Olive, M. Pospelov, and
L. Velasco-Sevilla, J. High Energy Phys. 03 (2023) 250.

[29] T. Abe, J. Hisano, T. Kitahara, and K. Tobioka, J. High
Energy Phys. 01 (2014) 106.

[30] M. Jung and A. Pich, J. High Energy Phys. 04 (2014) 076.
[31] N. J. Ayres et al. (n2EDM Collaboration), Eur. Phys. J. C

81, 512 (2021).
[32] See the webpage https://nedm.ornl.gov/.
[33] D. Gonçalves, K. Kong, and J. H. Kim, J. High Energy

Phys. 06 (2018) 079.
[34] K. Cheung, A. Jueid, Y. N. Mao, and S. Moretti, Phys. Rev.

D 102, 075029 (2020).
[35] D. Gonçalves, J. H. Kim, K. Kong, and Y. Wu, J. High

Energy Phys. 01 (2022) 158.
[36] K. Enomoto, S. Kanemura, and Y. Mura, J. High Energy

Phys. 09 (2022) 121.
[37] W.-S. Hou, M. Kohda, and T. Modak, Phys. Rev. D 98,

075007 (2018).
[38] A. Tumasyan et al. (CMS Collaboration), J. High Energy

Phys. 06 (2023) 081; 07 (2023) 023.
[39] J.-M. Gerard and M. Herquet, Phys. Rev. Lett. 98, 251802

(2007).
[40] W.-S. Hou, R. Jain, and C. Kao, Eur. Phys. J. C 83, 1112

(2023).
[41] W.-S. Hou, G. Kumar, and T. Modak, arXiv:2302.08847.
[42] H. Albrecht et al. (ARGUS Collaboration), Phys. Lett. B

192, 245 (1987).
[43] A. Bean et al. (CLEO Collaboration), Phys. Rev. Lett. 58,

183 (1987).

DISCOVERY PROSPECTS FOR ELECTRON AND NEUTRON … PHYS. REV. D 109, L011703 (2024)

L011703-5

https://doi.org/10.1016/0370-2693(92)90823-M
https://doi.org/10.1103/PhysRevLett.129.032001
https://doi.org/10.1103/PhysRevLett.129.032001
https://doi.org/10.1016/j.physletb.2013.07.060
https://doi.org/10.1016/j.physletb.2013.07.060
https://doi.org/10.1016/j.physletb.2017.11.073
https://doi.org/10.1016/j.physletb.2017.11.073
https://doi.org/10.1016/0370-2693(85)91028-7
https://doi.org/10.3367/UFNr.0166.199605d.0493
https://doi.org/10.3367/UFNr.0166.199605d.0493
https://doi.org/10.1143/PTP.96.475
https://doi.org/10.1143/PTP.96.475
https://doi.org/10.1088/1367-2630/14/12/125003
https://doi.org/10.1088/1367-2630/14/12/125003
https://doi.org/10.1016/j.physletb.2004.12.004
https://doi.org/10.1016/j.physletb.2004.12.004
https://doi.org/10.1209/0295-5075/123/11001
https://doi.org/10.1209/0295-5075/123/11001
https://doi.org/10.1016/j.physletb.2017.11.056
https://doi.org/10.1016/j.physletb.2017.11.056
https://doi.org/10.1103/PhysRevLett.125.221801
https://doi.org/10.1103/PhysRevLett.125.221801
https://doi.org/10.1142/S0217732321300068
https://doi.org/10.1142/S0217732321300068
https://arXiv.org/abs/2307.14759
https://arXiv.org/abs/2311.03261
https://arXiv.org/abs/2311.03261
https://doi.org/10.1103/PhysRevLett.65.21
https://doi.org/10.1103/PhysRevD.101.011901
https://doi.org/10.1103/PhysRevD.101.011901
https://doi.org/10.1016/j.cjph.2022.02.005
https://doi.org/10.1103/PhysRevD.72.035004
https://doi.org/10.1103/PhysRevD.72.035004
https://doi.org/10.1103/PhysRevD.102.115017
https://doi.org/10.1016/j.aop.2005.04.002
https://doi.org/10.1016/j.aop.2005.04.002
https://doi.org/10.1007/JHEP11(2015)085
https://doi.org/10.1007/JHEP03(2023)250
https://doi.org/10.1007/JHEP01(2014)106
https://doi.org/10.1007/JHEP01(2014)106
https://doi.org/10.1007/JHEP04(2014)076
https://doi.org/10.1140/epjc/s10052-021-09298-z
https://doi.org/10.1140/epjc/s10052-021-09298-z
https://nedm.ornl.gov/
https://nedm.ornl.gov/
https://nedm.ornl.gov/
https://doi.org/10.1007/JHEP06(2018)079
https://doi.org/10.1007/JHEP06(2018)079
https://doi.org/10.1103/PhysRevD.102.075029
https://doi.org/10.1103/PhysRevD.102.075029
https://doi.org/10.1007/JHEP01(2022)158
https://doi.org/10.1007/JHEP01(2022)158
https://doi.org/10.1007/JHEP09(2022)121
https://doi.org/10.1007/JHEP09(2022)121
https://doi.org/10.1103/PhysRevD.98.075007
https://doi.org/10.1103/PhysRevD.98.075007
https://doi.org/10.1007/JHEP06(2023)081
https://doi.org/10.1007/JHEP06(2023)081
https://doi.org/10.1007/JHEP07(2023)023
https://doi.org/10.1103/PhysRevLett.98.251802
https://doi.org/10.1103/PhysRevLett.98.251802
https://doi.org/10.1140/epjc/s10052-023-12277-1
https://doi.org/10.1140/epjc/s10052-023-12277-1
https://arXiv.org/abs/2302.08847
https://doi.org/10.1016/0370-2693(87)91177-4
https://doi.org/10.1016/0370-2693(87)91177-4
https://doi.org/10.1103/PhysRevLett.58.183
https://doi.org/10.1103/PhysRevLett.58.183

