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Dark photon:
* A new U(1) gauge boson acting like _ _ _
photon.  (Q,A’ fﬂ/“’ f No direct interaction
. Dark: No charge under SM gauge groups. with SM particle

« SM particle without charge under new U(1)

—

ULy xU(l)y L=-3Y,Y" —1X, X"+ 1Y, + %X,

pr—

Massless
Dark photon —

Massive

—
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Kinetic mixing:
9 X, P

 Renormalizable: dimension 4 operator

* Enlighten : dark photon interacts with SM
particles

Gauge group: SU(3) X SU(Q)L X U(l)y X U(l)X
L= _iYWYW ~ iXWXW T j)%Yu T jg(Xu — gAY

Rewrite in the canonical form to identify physical guage boson
(remove mixing term) 5
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Remove mixing scheme:

X does not coupling to SM current j}, Y does not coupling to dark current j%
A A/ B
Y, =v1-¢Y, Yu_YH—I_EXu
. 67 —
XH_EYM+XM XM V1 EX/JJ
_ 1y vw 1y v 1y Yy 1V Vi
Lo=-1%,Xmw 17V Ly=—1K% K —1yr ¥
o ;Y w1
—l_jYMl_EQ H —l_]X /_I—EQXM
.u % € ~ 'H» & / _ € % /
T Jx (X“ 1—€? Yu) T Jy (Yﬂ @Xﬂ)

Massless Nucl.Phys.B 953 (2020) Massive ’
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</ Dark photon mixing model

The simplest kinetic mixing:

Gauge group: SU(3) X SU(Q)L X U(l)y X U(I)X

1 . . o~ - 1. - s
L =— ZX;’WXW — EX;WY”” — ZY;WY”” + jbY +jEX!
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Mass mixing:

¢ - (1,2,172)(0), ¢, : (1,2,1/2)(1), ¢, : (1,1,0)(1)
1

1 | ,

EW symmetry breaking U(1) symmétry breaking ‘

& scatar = Zi| D, © Dy = (0, +ig'YY, +igT,W,, + igxQuX,)d,

scalar
. 1 2gx V22
H SWZ IWS — SWA I sz Mass mixing €= ;7;
“ oS 1—e
Lmass ( ) mzZ mQZ \/v‘;( 0'2 )
2 E o
XI“' 2 osw (1—e¢) 2.2 1-—2¢

2
L m2 v TMZo0 Sy 12 .
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Mass mixing: (A (1 =0 fs —eofls
7! | = 069-!-89\/0—13_—% —394—09% 7
U = \x/
1 nv 1 Hv ]' v

+Ferm (Au_se W 7| o Xu) Z Interaction

v1i—o2 " v1-—g?
_ oS oS
o ([ + 00 257 ) 2 (o0 225 ) o
1 1
+5% | s Z,+c X, .
JX(em K ’ ]._0'2 ﬂ') 11
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2 7\ |
l1—¢€ (1-¢)
F =g/l co+s il + 25 il ~ gl 14 0252 —

5 5 (1 —¢)? +1—€
V1 — 62 2(1 —72)2 1 -—72

l only kinetic mixing ¢ = ()

Z boson phenomenology

12



Z couplings:

2 l—e (1-¢? ]
~ 5 2 _
€ = 1 case NgV[1+6SW(1—F2 2(1-72)2>

_ (1 —e€)? 1-¢€
1+ 0%2 | — +
[ ”W< 21—m2 T 1-1

(ﬁ’\ (1 —50 -7 —Co /2 \ (A\
7' | = | 0co+so 725 —so+ o 7Z ﬁ 9 — O
\X’) \0 S L Co L / \X}

The effect of kinetic mixing in Z coupling are

No miXing with Z ‘ fully cancled by mass mixing.

13
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Z-tau coupling modification:

1 1—-¢ (1 —¢)? 1—¢
f— | —_ 2 252 _ 2201 _ o2

1 1-¢ (1 —¢)?
f— _ 2.2 _
=Ty |1te W(l—i‘Z 2(1—;;2)2)

Experiment data:

Vector and axial-vector Z decay to tau tau
g"’, = —0.0366 = 0.0010 Br(Z —» t%t7) = (3.3696 = 0.0083) %
= —0.50204 £ 0.00064 P(Z)=-0.144£0.015

A. Hayrapetyan[CMS] 72023
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Z to tau t%tslo ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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20 errors : 20 errors :
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« Conclusion
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* The dark photon model with kinetic and mass
mixing Is constructed by introducing additional
Higgs doublet with vev and U(1)x charge.

* The mixing ratio parameter modifies Z coupling to
further affect its phenomenology.

* The relevant constraints can be satisfied within
3sigma error simultaneously.
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Thanks!
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