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Standard Model

"Hidden Sector

3. Pseudo-scalar: Axion
(a/fo)FF, (Ouaffa)]"

4. Vector: dark photon
U(1)x
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1. A new U(1) gauge boson acting like photon (), AL Ft f
2. Dark: No charge under SM gauge groups

3. SM particle without charge under new U(1)

No direct interaction with SM particle (1), x U(1)y
L= —%YWY HY — —XWX + 3, Y, + X, - — S X Y

(,
Y ANNNNANNN\ Y Dark photon: massless or massive

1. Renormalizable dimension 4 operator

2. Enlighten : dark photon interacts with SM particles
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Rewrite in the canonical form to identify sunjin0810@ibs.re kr

physical gauge boson (remove mixing term)
Holdom 1986, Foot&He 1991

a. Redefined X with no coupling to j», ---dark

=\1-¢&Y, X,=¢,+X,

A A A A A

£a:_iXWX O 0 (L o (Xﬂ—ﬁ M)

b. Redefined Y with no coupling to j» ---no dark
T A 9
Y, =Y, +eX,, X, =vl-eX,
£y = — 1%, X — L7y gt (V-

/ /
\/1 €2 X>+»7X\/1 €2 X

Which one is the correct one to choose? 8/22
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WZI/X’UJV — > Not gauge invariant sunjin0810@ibs.re kr

o/

How to contract index a

1. triplet scalar Y% <X > =y 2. Higher order
gauge singlet 1V, X""2° Wi, X (H e H)
non-renormalizable dimension 5 non-renormalizable dimen-6

Generate the Kinetic mixing from renormalizable theory?
5

—d

k + p; T Py
a Y urya
W X ‘ W/W XHY
P bf 9/22
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New effect-mass mixing

1. Additional scalars: New doublet and singlet

2. New broken modes: EW and U(1) symmetry

¢, : (1,2,1/2)(0), ¢, : (1,2,1/2)(1), ¢, : (1,1,0)(1)
A

=%,|D,¢, > Dy = 0, +igTW,, +ig'Y¥, +igx0,X,)¢,

scalar
2 2 osw(l—e)
mz m; /o2
2osw(d-€¢) 2 4 2 2.2 1-2¢
Z J1—0o2 X Z W 1—02

o\ g Vv?
New scalars introduces a new mass mixing pattern,

Mass mixing _ _ 1/28x V)

which is clearly distinct from Kinetic mixing 10/22
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1 1 1 20) ~
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Z. interactipn — .
+35m ICA,J — sp— W Z,|—|co i Xu) X interaftion
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{ CP conserving X, Y ®
CP violating Y X/w _ e,ﬂéaﬁ 0o (YH Xﬁ) e

2. Non-Abelian
Lx = —ZXTr (W, )XW —BTr(1W,,5) X

~SEX (s Fy o Zy +ig(W W = W W) (o5 + 50
_g_XX“V [<3WF;W + CWZlu/)ZO + 29<WM—WI;I_ B W;W’/—)@E T ZO)}
CP violating non-Abelian Kinetic mixing

Fuyuto, He, Li, Michael, 2019vfe,
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Renormalizable CPV non-Abelian kinetic mixing effect?

¥

New fields generate the operator from loop order

N\ Scalar: No generate CPV due to tensor  ::
Fermion: SU(2), multiplet ~
30 + o
v Z oz
Lepton triplet

Type-1II seesaw model [ = -

20
|

fu £ h=030(-a)
W X l

AN EDM 14/22
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10—25
Neutron EDM upper bound
rereeeerenereneeeneaeensnenenenesnsnnnenenn JAL SLB X 1070 [ Cm]
-26
10 The bands ranging from low to high
correspond to my, from 300 to 600 GeV.
10—27
W\ —=
n2ELD
= dn \)
; Electron EDM upper bound :
o |de] <1.1 X 1072° [e cm] _— dn M
S 20 T L e B azans
de M
arXiv:12084507
10-31 Case I: Bxvs/A=Bxvs/A=5/N2 x 10~4
axy=0, mx= 60 GeV
Case ll: Bxvs/AN=5x 1074, Bxvs/A=0
10732 axy =102, myx =60 GeV

10—3 i i i " i 10- L N " i 11101—1 100
Vzlle 15/22
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Z. couplings
@) -@ys)f + &, =E-20s5. &, =1

2SWCW

2 2\ |
1 —¢ (1—¢)
f=of [ eots oSy + 0 OSywCw ~ | + o232 _
Sv gv<0 V=0 N & WAT-R T 20-mp

2
gy = gA<c9+S9\/_>NgA l+o W(— —5 T -
1 — 62 2(1 —79) l -7

Special cases General case
No Kinetic oc=10
No mass c =0 Z. boson phenomenology

No mixing c =1 16/22
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Observable Experimental data Our work (my > my) sunj in0810 @ibS.I’C.kI'
g5 —0.0366 +£0.0010  —0.03814 =+ 0.00022

d —0.0367 + 0.0023 5 5

95 —0.03817 + 0.00047 Al — ) 6 Sy 1 2
7 ~0.50204 £ 0.00064  ~0.499784 0000084 Sy = T Mz T o )( —€)
A —0.50120 £ 0.00054 w

g —0.50111 + 0.00035

g4 0.266 -+ 0.034 0.19106 + 0.00026

g4 0.519+0.028 0.499784 + 0.000084

g9y —0.387005 —0.34629 =+ 0.00017

g4 —0.52740 0% —0.499784 4 0.000084

Br,:,- (3.3658 + 0.0023)%  (3.38080 + 0.00091)% :

Br,:, (3.3662 + 0.0066)%  (3.39090 + 0.00091)% Fit results

Br,., (3.3632 + 0.0042)%  (3.39094 + 0.00091)%

Br,; (12.03 +£0.21)% (11.5862 %+ 0.0074) % € o mx
Bry;, (15.12 £ 0.05)% (14.8783 £ 0.0015)% —1.37 + 0.46 0.074 + 0.021 275 + 33
BT (czsui)2 (11.6 + 0.6)% (11.5891 + 0.0074)% i 0583 ~0.043
BT (421554 0B)/3 (15.6 + 0.4)% (14.9390 + 0.0015)% 1 0.488
P, —0.144 £0.015  —0.15176 + 0.00090 1

P, —0.142 £ 0.015 y2/dof =19.75/16 = 1.23

P, —0.1515 4 0.0019

P, —0.90 + 0.09 —0.93627 + 0.00022

P, —0.923 + 0.020

P, ~0.670 £0.027  —0.66708 + 0.00059

my (GeV) 80.4028 + 0.0067 80.408 + 0.019 17/22
p 1.00038 =+ 0.00020 1.00003 =+ 0.00015
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. .SD ,___ —_
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| | Lepton collider searches
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1. The dark photon provides a compelling portal
between the visible and dark sectors.

2. Various mixing mechanisms—such as Kinetic,
non-Abelian, and mass mixing—can occur in dark
photon models.

3. CP violation is explored in conjunction with
relevant phenomenological implications.
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(a) (h) (e)

By at one loop level No Z-X mixing Barr-Zee
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Two loop(dominant) d, ~ 0 Cancel
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l 26“”0‘5pxapwﬁewue}y — —X‘“’WG

Bx _
CP conserving X = 3m99xzRe(miYF, )

X [f(mb m27pW7pX> + f(m27m17pW7pX)]

~

CP violating BTX = #ggxxflm(mm f*g)

l X [f(my, mo, pw,px) + f(mo, my, pw,px)]

M =~ Mo < ‘m12| ~ m

Bx /A~ ggxxs|YE |sind/6m*m < 5sind x 1074
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Common region to satisfy the constraints simultaneously
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as = 4S%VC%/62 1 — SVzV al = — o252 m)z(/m%
1 —mg/m3 1 —m3/m2 |~ V(1 —m3Imd)?
1 — 2m2/m> 2 4y2
U=4 4 2 20 _ X Z + - )2 —
a wewe ( (1 —=m§/m2)?2 1 —mg/m3 p=1+ w2 I+ aly,
‘ Non-Abelian

as cqaT al
Ami, = mici | — +— +
2(ct, —sq)  (cg —sq)  4s3,

2 2\ 2.2 2 2

2
= m .
W my—md(=1+2s3) Ve —s3 12
1. Only abelian m) x> m,

2. Non-abelian ™) Positive contribution




