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The Standard Model confirmed to high precision
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New physics involving dark sectors

» empirical evidence for new physics, neutrino mass and dark matter,
does not necessarily point to an origin at short distances

» significant attentions paid to many extensions involving dark sectors
(e.g. dark photon, axion(-like) particles, mirror models, etc.)

P can involve new light degrees of freedom at or below the EWV scale



Dark Sectors with light new particles

Dark sector = all new particles are neutral under SM symmetries

Effective Lagrangian at the EWV scale
[Le Dall, Pospelov and Ritz, 1505.01865;

L=Lgy+LnNp SO, Pospelov and Ritz, 1 905.xxxxx]
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Lnp=Lir+ Z —Od
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describes IR new physics involving short distance contributions from
light dark sector particles possible UV physics
Ayy > my,

Lir =€eB"F, — (AS+ AS*)H'H — YNLHN + Luidden

possible renormalizable portal interactions v all other interactions
v only neutral particles

F’ : dark photon v any complex structure allowed

S :singlet scalar

N : neutral lepton (heavy neutrino)



EDMs as a probe of dark sectors

» A good precision observable is Electric Dipole Moments (EDMs)
(cf. 1505.01865 for other precision observables, hadronic flavors and EDMs, LFVs, lepton g-2,...)

EEDM:—Z.%?EO'“V”%@DFMV — /H:—dw gﬁ

non rel.
e.g.) recent progress in an electron EDM observation at the ACME experiment

2
100 TeV
d,<1.1x107®ecm ~ - - m, - -
1672 Ay

(ACME collaboration,V.Andreev et al, 2018) d, ~ 1078 ecm

SM predicts

EDMs can probe high-energy scale (UV) physics
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(ACME collaboration,V.Andreev et al., 2018) de ~ 10_38 ecm

SM predicts

EDMs can probe high-energy scale (UV) physics

One question:

Can sensitivities of EDM observations be high enough to probe dark
sector new physics? In other words, what is a maximum EDM
contribution from dark sector new physics!?
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Vector and scalar portal (Dark Barr-Zee mechanism)
2 Lhidden = Y5 S?ﬁi%w (y : dark fermion)

2 electron EDM induced via “dark EDM”

OF,,

m2,

2 i !
deN4x1033e-Cm(1Gev>( - ) ( O ) e : e
T 10—4 10—3

[Le Dall, Pospelov and Ritz, 1505.01865]
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—Lrip = ASHTH + YNEHN -+ )\NSNi”}%N

[SO, Pospelov and Ritz, | 905.xxxxx]



N ew contr I b U tl on [SO, Pospelov and Ritz, 1 905.xxxxx]

—Lip=ASH'H +YNyLHN + AnSNiysN

(* assume Dirac neutrino)

2 Let’s estimate the expected EDM
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It is close to the current bound: d, < 1.1 X 107® ecm @ACME
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(* assume Dirac neutrino)

2 Let’s estimate the expected EDM

d e
LEDM = —i?e éO‘“V”Y5€FMV

y)
0,0 100 GeV A
d, ~ ezz'ﬁheg' W;e Ay ~4-107% ¢ - cm X Y - <—N)
(167[ ) mNP 10_3 mNP 1

It is close to the current bound: d, < 1.1 X 107® ecm @ACME

In our calculation,

» take weak decoupling limit, i.e. utilize only Goldstone bosons

? ’t Hooft - Feynman gauge



Size of the induced electron EDM

0,0> = 1072, Ay = 1 (maximum CP violation)

_ 2 _ 2
28 |
10 Yv m,
Comy my
10_29 |
30 | d,<1.1x107"ecm
10 e
(ACME collaboration,V.Andreev et al., 2018)
0.1
mn/myy
2 two regimes: mg << my; and mg = my
2 mild decoupling as m, — oo, like top quark non-decoupling in FCNCs
2 significant suppressions for m, < my, in both cases
2 resonant behavior for mg = my



Sensitivity plots

L\

maximum CP violation assumed

2 current bound:

d,<1.1x 107 ecm

(ACME collaboration,V.Andreev et al., 2018)

? neutrino mixing bound -
CHARM, DELPHI, ALEPH,
EWPD

2 scalar mixing bound - L3

The EDM observation at the
ACME already provides the
best sensitivity to neutrino
mixing for large mn
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Summary and Conclusion

examine (electron) EDMs from dark sectors
» several mediation channels
> arise (@ 2-loop or more

? largest contribution from singlet portal

singlet portal contribution:

» a combined mediation by a heavy neutrino and a singlet scalar
? never considered so far

» maximum value: d, ~ 107 ¢ - cm

? a good sensitivity to neutrino mixing for large singlet masses

Thanks a lot for your attention!!




Back up



EDM via neutrino portal 7

a minimal seesaw model W W
_ T MY NEN.
Lir =Yp,LHN; — M7 N;N; + h.c. R @ — « @ 2
b Major ana neutrino [Archambault, Czarnecki and Pospelov, 0406089; Le Dall,

: Pospel d Ritz, 1505.01865; Ng and Ng, 9510306
» mass matrix for (v, N, N,) ospelov and Ritz g and Ng ]

0 mp, mp,

mn, . Dirac masses, M. : Majorana masses
M= | mp, M Z A
mp, € Mo mp, € <M,
2 2
le - sz
my, ~ Y
2 2 2 2

de ~ (3-107% e - cm) M = (M, + M,)/2

4 2
b GeV 0, ~ my, IM

If we allow considerable tuning, it reaches a maximum value

de ~ 10-33 ecm



EDM by dark Barr-Zee mechanism

Lip = GBWF[W — ASHTH — Yy S1)irys1) [Le Dall, Pospelov and Ritz, 1505.01865]

Topology of the diagram is well studied

» EDM is generated via “dark EDM” operator

. - LF
wa’wj”)%wF/:V — Yot 51 mQMV (my. : dark photon mass)
A/

» EDM “radius” (or Schiff moment)

1

5 1 -
Lo = T 2w0M’V5¢DF/ﬂ/
/ : :
ela’Y, m,, : dark fermion mass  my : singlet scalar mass
ra ~ ’3‘ 5 5— X 62«9h1n(mfb/m%) v o N
167 VM M4 € : gauge kinetic mixing 6, : scalar mixing

Assuming 0’=x and YS=1, the effective EDM radius translates to the electron EDM:

1 GeV e \2( 0y
2,2 —33
de ~ (Zame)r; ~4-107"? e - cm X ( ) (10—4> (10—3)

My




Calculation procedure

? calculate the electron self-energy in a
general EM background field

? expand its CP-violating part in terms of a

P—q—]ﬁ/Q///—'—\\\ P—q+k/2
o | X
/ \
/ k+ \
p | ‘P
> L > l > \ >
q+k/2 q—k/2

electron covariant derivative P, = p, +¢eA,

M = @Eez(P)we

» extract the EDM contributions using the following relations:

. 1
PuB)=icF  PP= PP+ _e(F o)

In the end, we obtain

; . d4ked
M = = d e (F - o) 510 X/ g * (k. q)
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