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§ Introduction



How to find/constrain new particles?

* Direct production

e Indirect searches

* Rare processes in the SM.
EDM

Flavor violation

* Effects by unknown particles easily appear.



§ Dark photon and light vectors



Dark photon

e Massive vector A’ interacts with the SM only
through the kinetic mixing [Holdom (1986)]

* Gauge boson of broken U(1), symmetry
* All SM particle are not charged under U (1),
* Unspecified origin of mass
* The tiny kinetic mixing
Lo ~ EF'WA\'“V
induces
* Line ~ €Ay Jom



Light Z’ boson

» Light gauge boson Z' interacts with small
gauge coupling
* Gauge boson of U(1)y symmetry

* Well-motivated example :
e U(1)p_; : SM symmetry, neutrino mass, GUT...
* U(1)p : Forward-backward asym., ...

* Some SM particles are charged under U(1) x
* Mass generated by Higgs mechanism
* The tiny gauge coupling
° D,LL :aﬂ-l—..._qugXXM
* The charge gy depends on model
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Searches
 Dark photon [Figs. from Fabbrichesi et al(2021)]
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§ Models



Symmetry and particles

° Gauge Sym SU3)c SU2), U(l)y| U(l)x
Qp| 3 2 5 |srHts
e SU3)xSU2); X ol s ) P
Uy x U(D)x di,| 3 1 -1 |-leg+d
¢ X — XHY + (B - L) LEL 1 o _% —%CEH—I
* gy — 0 :dark photon e | 1 T N
* xy=0:U1)p_1 V| 1 10 1
° xH — _2 - U(l)R Dy 1 2 % 5TH + To
. 2 1
* Particle content ;

e RH neutrinos for

To eliminate the mass mixing

; bet Z and Z'.
anomaly cancellation et

To generate the mass of the extra geuge boson
X and Majorana masses for RH neutrinos



Lagrangian

1. 1. )
L ange = — ZWWWW _ ZBWB’“’ _ ZXWX‘“’ n SIZEBWXW

Lyikawa = — y”@@’u}% — ydé@zd}z — yefqb@R — yyf@VR

1 —
— §y”RVg<I>XVR + H.c.

‘CHiggs = ‘Duq)l‘Q + ‘Duq)g‘Q + ‘Duq)X‘Q o
V= V(Cl)li CI)ZJCDX)

Mass eigenstates by resolving the kinetic and
mass mixing.



§ Favor changing rare meson
decay



Light X = (A’ or Z’) boson
« Modes

« B~ K- (X171 +\ +\\ +\\

e K-> (X ->vw) P

e Onshell X { J
d—>—\ wr e d—>—\ \.w+

* Loop induced flavor changing vertex
LD div" (Co.a;xrPr + Ca.a, XLPL X,d;,
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§ Results



Comparison with experiments
e B~ 5 K~ (X = [7I*)
+ SMBr(B~ = K~I"I*) = (6.5 + 0.5) x 10~7
*  EXp[PDG=Babar,LHCb,Bellell ave.] 4.7F0:2 X 1077
*  ExpiBellenn2021)] 5.991073 x 1077

 We apply Br(B_ - K (X - l_l+)) < 0.5x 1077

e« KT ->m (X - vv)
e SMBr(K~ »n"vv) =(7.73 £0.61) X 10~ 11

»  EXp[E949, NA62 ave] 1.14F039 x 10710

* Weapply Br(K~ - 7 (X - v¥)) < 0.83 x 10710



Dark photon

. BellellI (2021)
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§ Summary
* MeV-GeV mass dark photon and other vector
boson

* New constrains from rare meson decay
B meson decay and Kaon decay
* Unexplored region changed
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