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FCNC in SM

® “Charged currents” induce flavor violating processes
at tree level, while FCNCs are induced at loop level.

—q, dr, di 'L'/zm’. Vs Vb
—(ur, cp, tp)¥* W Voku + h.c., VekM = VEVE — | Vea Ves Vi

/) - pn
v bL, Via Vis Vi

0.97434F 00001 0.22506 + 0.00050  0.00357 % 0.00015
Vory = | 0.22492 =0.00050  0.97351 4 0.00013  0.0411 £ 0.0013
0.0087510-09033  0.0403 4 0.0013  0.99915 + 0.00005

® “FCNC processes” are sensitive probes to a violation of
lepton flavors & universal interactions, due to new physics.
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B-anomalies at LHCDb
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Distributions of B-decays
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® Differential branching fractions & angular distribution are
consistently lower than the SM values.
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Belle |l for B-anomalies

[Philip Urquijo, SUSY 2017 Plenary]
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EFT for B- decays

SM: b W~ 8 1

K % “+
“Penguins” - “Box g
Effective Hamiltonian for b—sl*l-:
- AGp PN 18 ~1F
Heﬂ' —_ \/j ‘tb‘ s 16 ‘ (C,O, +Cl Oi )+hC

Of = (57.PLb)(Ey*f), O = (5. PLb) (Ev*75t)
Oy = (57uPrb)(fy"E), Ofg = (5% Prb) (£v'y -5[)

New physics contributions encoded in Wilson coefficients:
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[Capdevila et al, 2017]

Global fits
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More violation 3k
of LFU? B— D)
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New physics for Rk

New physics for B-meson anomalies:

o . o __
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LO
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Flavor-violating U(1)’ Leptoquarks New scalars/fermions
in loops

== ‘“‘this worlk”

[Review: D’Amico et al,
1704.05438]



Minimal flavored U(I)’



Flavored U(I)’

Anomaly-free U(l)’ with SM fermions only:
Ul)p.-r,, U(1)p,—r, and U(1);__p. »flavor non-universal

Anomaly-free U(l)” with 3 right-handed neutrinos: U(1)g_;
» flavor-dependent U(1)p—r, i=1,2,3
with one right-handed neutrino per each generation

Flavored U(1)’ for B-meson anomalies
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U(I)" charges
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Q =y(L, — L;)+ x(Bs — L3)
[L. Bian, S.-M. Choi,Y.-|. Kang, HML, 2017]
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V1R . heutral RH2 RH3 Scalar sector



B3-L3 from clockwork

o [U(l)p]N*I clockwork with third family localized

at different sites from first two families.

N—2 N—1 [Giudice, McCollough, 2016;
A A A AT A HML, 2017]
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B-meson anomalies

Z’ interactions in interaction basis:
1 1
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Flavor violation in physical basis:

UL = 1 and DL — VCKM

! 1 rny / 1 P 1./ /
» gZ'Z,,(gl't O’ +[§r d;ﬁ,”I‘fiijLPLd;J-i- §;1:b",-‘“'PRb
0
0 ) Vekm =
1

AHQH,E)—?§;L+[1._

Pt = VC‘T.KM(

_ 4Gk
VoLl

oo O
= R R -

Vavi

NP ~p
NP Ol

|Via|?
VisVid
VipVid

).

ViaVs ViaVw )

V. 2

VisVie
|Vis|?

ct

NP

817y7r20' 7

30’em

(

mzr

)

2

Bottom-quark transition induced by CKM mixings.




Bounds on quark couplings

Quark couplings:  zgz

® Meson mixing and decays: V[ < 0.15(0.30) x CPYl, = 0.74(1.48)

G ; m ﬁ
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BY { >,Z,< } BY
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® |LHC dimuon searches: MadGraph5_.aMC@NLO -+ NN23LO1 PDF

Z b e
gz J TS — b etc
’ bb fusion !

pp — Z'3, and pp — Z'jj.

7T, vl :  additional signatures of the model.



Bounds on lepton couplings

Lepton couplings:  yg9z

® Tau decays
BR(7 — pv; 1)
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£’ Decay BR

BR(Z'-up), my=500GeV
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Bounds on Z’ mass

a(pp~>Z')xBR(Z'-u* u”)(fb), mz=500GeV a(pp~>Z)xBR(Z'-»u" 1™ )(fb), g-y=1
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® | HC dimuon constrains B charges much smaller
than L charges; tau decay/neutrino trident searches

are complementary.



Flavor violation from
extra Higgs



Quark mixing

Two Higgs doublets H| , H, needed for quark mixing:

yh (H)) y&(H;) 0 vl (H1) yi(Hi) hiz(Ha)
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h3 (Ha) hip(H2) y33(Hi) 0 0 yh(H)

tv tu

Flavor-Violating couplings fixed only by tanf :
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Quark Yukawa couplings

Neutral Higgs bosons: b-quarl flavor violating

""""""""""" . Crivellin et al, 201 5;
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Quark Yukawa couplings

Charged Higgs boson: b-quark flavor violating

— L3 =b(\ P, + Al Pp)tH™ + b()\” P+ N Pg)cH™ + A bPLuH ,+ h.c.
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Lepton mixing

SM lepton matrices “diagonal”
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» —hy =- v é.os b ejeiht v ::os 15 ee H+ Jv R A
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Three singlet scalars @3 for RH neutrino masses
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» correct neutrino masses and mixings
from RH neutrino masses

[Fritzsch et al, 201 1]




Extra Higgs bosons

[L. Bian, HML, C.B. Park, 2017]

Scalar potential with two Higgs doublets H, , H; and singlet S
V(Hy,Hy,S) = pi|Hy|* + p3|Hs|* — (uSH{H, it h.c.)
+A1[Hi|* + Xo| Ho|* + 2Xs| Hy |*| Hy|?* + 2X\4(H H,) (H}H, )
+2|S|* (k1| Hy |* + ko Hal*) +m|S|” + As|S|".
= > SSB of electroweak and U(I)’

vl,;::\/%%f}; (Extra singlet VEVs determine Z’ mass)

Extra scalars mix with SM Higgs and themselves.
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Riggs data and unitarity
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B-physics bounds
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Anomalies in Rp” are not accommodated in our model.



Riggs production
at LHC



Neutral Higgs production

Gluon fusion b-quark fusion ~ Standard channels
gg — H bb — H for single Higgs
| production
b-quark associated production [Altmanshofer et al, 2016;

L. Bian, HML, C.B. Park, 2017]
» New d,s-fusion contributions
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Neutral Higgs production

103 T
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Neutral Higgs decays
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Heavy Higgs searches
do not have enough
sensitivity for our model yet.




Charged Higgs production

bg — tH~ :Standard channels for charged Higgs

b H~™ b
} ’ \
g {

u;g — bHT wu; = u, c. : New u,c-fusion contributions
| [L. Bian, HML, C.B. Park, 2017]
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Charged Higgs production

tang =1 tanp = 0.5
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Flavor-violating production is comparable to standard one
and it can be dominant for small tanf .



Charged Higgs decays
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Conclusions

B-meson anomalies can be explained due to anomaly-
free U(1)’ interactions with heavy flavors.

Z’-couplings in our model are constrained by meson
mixing/decays & LHC dimuon searches as well as tau
decays and neutrino trident production.

Flavor violating couplings to bottom quark and modified
Yukawa coupling to top-quark lead to new production
and decay channels for heavy Higgs bosons have at LHC.

Smoking-gun signatures for LHC are dijet (w/ b-jet) and
hh for neutral heavy Higgs and b+VWh for charged Higgs.



