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Lepton Flavor Universality

e Tau decay [A. Pich, arXiv:1310.7922]
BR(t™ - v,e77,) = (17.818 £0.041) %

. i BR(z™ — v,u77,) = (17.392 £ 0.040) %

. '
. e,
H—‘V,VL\\X// g BR(t™ - v,u"1D,)
— = 0.9761 = 0.0028

w99 BR(i~ — v,e7T,)

¢ Z boson deca)’ [“Z decay modes”, pdg.Ibl.gov/2012]
- - BR(Z — ete™) = (3.363 £0.004) %

BR(Z — u*u~) = (3.366 £ 0.007) %
7 BR(Z - 777) = (3.370 £ 0.008) %

e MU ,T

+ B,:B,:B,~1:1:1
—
where B, = BR(Z — I7]")

Lepton Flavor Universality for VWeak interaction
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B-meson Anomalies

* B-meson decay to K*

The measurement is the ratio of the branching fractions of

P decay to muon and decay to electron.
A
bt e, BR(B — K*u"u™)
J\."J\':l\rx_, K *
T BR(B = K *ete™)
g 2
e 2 5 L
p— 1 2 SM predictions for Ry
B K*
SM
E 4 i RZ. ~ 1
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B-meson Anomalies

* B-meson decay to K*
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The measurement is the ratio of the branching fractions of
decay to muon and decay to electron.

_ BR(B— K*u*u7)
K7 BR(B - K *eter)

SM predictions for Ry

RM ~ 1
[LHCb Collaboration, arXiv:1705.05802]

But, Experiments result differs from the SM prediction

0.66 t0-1l(stat) =+ 0.03(syst R 0.045 GeV2 < q2 <1.1 GeV2
Exp -0.07 Y
R — ’

K 0.69 +011(stat) + 0.05(syst), 1.1 GeV? < ¢% < 6.0 GeV?

2.1 — 236 0.045 GeV? < g2 < 1.1 GeV?

Deviations from SM at 5 )
24 — 2506 1.1 GeV* < ¢ < 6.0 GeV
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B-meson Anomalies

* B-meson decay to D*
The measurement is the ratio of the branching fractions of
7 decay to tau and decay to muon/electron.

SM predictions for R

j,},«-«-r;’lf:‘\\r BR(B — D *11,) .
W= bt Rp« = —  withl=e,pu
& BR(B — D *lv))
b 7>—’JJ—>— ( l

R =0.260 = 0.010
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B-meson Anomalies

* B-meson decay to D*

The measurement is the ratio of the branching fractions of

_m decay to tau and decay to muon/electron.
&
L;r"- \"'\k\\ BR (B - D*7t ﬁr) .
nr—’jff l RD* = — with [ = e, u
5 BR(B — D * 1))
K’Jk'
( . J > : -
¢ ( SM predictions for Ry,
B D*
SM_
7 < 7 Rp: =0.260 £0.010
[EP) Web Conf., DOI:10.105 |/epjconf/201817501004]
g 0.5 :_I 2 B;uar'. Pxim:);m;xuz'(zu:'z) L A‘Xl = ]'0 ci)nt'our's n l_“ ‘
Z LHCh, PRLIIS 118050015 A B ; Experiments result differs from the SM
045 Belle, PRD94,072007(2016) T 3 9 ;
o Belle, PRL118,211801(2017) R(D)~0.300(8) HPQCD (2015) 3 el i
o LHCb, FPCP2017 RDY=0.29%11) FNALMILC (2015) W0
04 :_ N Average R(D*)=0252(3) S. Fajfer ct al. (2012) _: " : Exp .
; ] | e REP =0.310 +0.015 % 0.008
035 4o = 3362 0.027
0.3 E_ . —f A\mktl . . .
: ‘ l | [E— ER The combined derivation between the
0.25 '-_ . ”:(“Z‘Irvlnr“1 4‘l (2012) . . .
: % measurement and the SM prediction is
02 ! s L ; “.m\ : P, about 4.1¢
0.2 0.3 0.4 0.5 0.6 0.2 0.3 ;
R(D) R(D*)
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New Physics for B-anomalies

. . o + —_
* Effective Hamiltonian for b — su™u [Bernat Capdevila et al, arXiv:1704.05340]

where Oq, = (Sy*P b)(iry,p), O1r0, = GY*PLD) (Y, ys10)
= (Sy"Prb)(iry, 1), Olou = Sr*Prb)(iwy,ysit)

4G,
 off, bosytu- = — =V Vb Z

\/_ Ar

In the SM, the wilson coefficients are given by Cgé” = CSM 4.27 and CSM CSM ~ 0
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New Physics for B-anomalies

. . o + —_
* Effective Hamiltonian for b — su™u [Bernat Capdevila et al, arXiv:1704.05340]

4G,
 off, bosytu- = — =V Vb Z

where Oq, = (Sy*P b)(iry,p), O1r0, = GY*PLD) (Y, ys10)
= (Sy"Prb)(iry, 1), Olou = Sr*Prb)(iwy,ysit)

\/_ Ar

In the SM, the wilson coefficients are given by Cgﬁ/’ = CSM 4.27 and CSM CSM ~ 0
3
For CNP CNP CMD 0 case, the best-fit value is given by
2 i
1 -~ LNEAéI’%%S v~ 111 while taking [—1.28, — 0.94] with 1o
. @ = ou ’ and [~ 1.45, — 0.75] with 20
s For CQZ[P Cf\(/)’z CNP Clj(\)fi 0 case, the best-fit value is given by
-2 V-A structure
VP — _0.62 while taking [—-0.75, — 0.49] with lo
P 2 0 12 3 R and [—0.88, — 0.37] with 26

NP
Coy
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New Physics for B-anomalies

* Effective Hamiltonian for b — ctv [Hyun Min Lee, DOI:10.2266 | /AAPPSBL.2018.28.2.02]

4G where C,, =1 in the SM with V_, ~ 0.04

H =—V,C.(Cr"P.b) Ty, P
eff, b—ctv 5 bCon(CY*PLD)TY, Prry) by charged current W~ interactions.

The wilson coefficient for the new physics contribution should be AC,, = 0.1 while taking [0.072, 0.127] with 1o
and [0.044, 0.153] with 26
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New Physics for B-anomalies

* Effective Hamiltonian for b — ctv [Hyun Min Lee, DOI:10.2266 | /AAPPSBL.2018.28.2.02]

4G where C,, =1 in the SM with V,, = 0.04

H =—V,C.,(cy*P, b)(zy, P
off. b=erv oCa(Cr PLOYTY, Pre) by charged current W™ interactions.

The wilson coefficient for the new physics contribution should be AC,, = 0.1 while taking [0.072, 0.127] with 1o
and [0.044, 0.153] with 26

e Effective cutoff scale

Ry« anomaly and Ay Rp« anomaly and A

4G 1 4G
Lyry, e’"CNP =—Lv,AC,

1
Ay 2 T A, T V2

Best fit for CSLP — Cf\(’)]; —0.62 (V - A structure) Best fit for AC,, = 0.1

Ag ~ 30 TeV Ay ~ 3.5 TeV
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New Physics for B-anomalies

* Effective Hamiltonian for b — ctv [Hyun Min Lee, DOI:10.2266 | /AAPPSBL.2018.28.2.02]

4G where C,, =1 in the SM with V,, = 0.04

H =—V,C.,(cy*P, b) Ty, P v
off. b=erv oCa(Cr PLOYTY, Pre) by charged current W™ interactions.

The wilson coefficient for the new physics contribution should be AC,, = 0.1 while taking [0.072, 0.127] with 1o
and [0.044, 0.153] with 26

e Effective cutoff scale

Ry« anomaly and Ay Rp« anomaly and A

4G 1 4G
Lyry, e’"CNP =—Lv,AC,

1
Ay 2 T A, T V2

Best fit for CSLP — Cf\(’)i —0.62 (V - A structure) Best fit for AC,, = 0.1

Ag ~ 30 TeV Ay ~ 3.5 TeV

—> For explaining Ry and R« anomalies, we considered singlet and triplet scalar leptoquarks.
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Leptoquarks Model

* Singlet Scalar Leptoquark

1
Lagrangian for an SU(2); singlet leptoquark S; with ¥ = + 3

ZLs, = _AU(QC);’(iUz)ab Slij + hc. where (iaz)ab - <—(1) (1)>

After integrating out the leptoquark S, we obtain the effective Hamiltonian relevant for b — crv,

s Msdys (e — (c
ey, =~ 5 ((c )RTL> <DTL (b )R> + h.c. i

2
mg,
*k
_ A543

2
2mS1

() (pas) + he

by using Fierz identity
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Leptoquarks Model

Singlet Scalar Leptoquark

1
Lagrangian for an SU(2); singlet leptoquark S; with ¥ = + 3

ZLs, = _AU(QC);’(iUz)ab Slij + hc. where (iaz)ab - <—(1) (1)>

After integrating out the leptoquark S, we obtain the effective Hamiltonian relevant for b — crv,

AEA
M _ 33723 C — C R(D")
%b—»crv,_ 3 (c )RTL 78 (b )R + h.c. 10 >
$1 > >
ﬂ/* ﬂ B 7/_,.~// '/////
33423 _ o
= — b;ytc (1/ 7,7 > + h.c. P
2m§1 ( L L) TLiu*L . o>
Lo , U i
by using Fierz identity o e

3
—<
=

". S gives rise to the effective operator for explaining
the Rj. anomalies and the effective cutoff scale Aj,.

R(D') (20)
R{o'h (10)

Thus, for mg 2 1 TeV, we need

13*3123| > 0.4

10° 10*
msg, (GGV)
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Leptoquarks Model

* Triplet Scalar Leptoquark

Lagrangian for an SU(2); triplet leptoquark S; where (¢, ¢,, ¢;) forms an isospin triplet with
4 1 2

Ih=+1,0,—1land QO =+—,+—, ——.
3 © 3737 3

a
.5253 = - Kl-J-(QC) CI)abLIljj + h.c.  where @, , =
Ri

[\/5453 —m]
—py =24,

After integrating out the leptoquark ¢, we obtain the effective Hamiltonian relevant for b — su™u~

Ry *
2Kk K +
S3 _ KKy (7 _ .C v
- = =) ((s )RﬂL) (M (b )R) + hc | s
KKy — _ (;” -
== m3 (brrsy) (mnm) + hc "
! ™eg
by using Fierz identity 1
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Leptoquarks Model

* Triplet Scalar Leptoquark

Lagrangian for an SU(2); triplet leptoquark S; where (¢, ¢,, ¢;) forms an isospin triplet with

T.=+1,0,—1and Q +4+1 2
=+1,0,-land Q=+, +—,—=.
3 3737 3

[\/5453 —m]
—py =24,

After integrating out the leptoquark ¢, we obtain the effective Hamiltonian relevant for b — su™u~

a
.5253 = - Kl-J-(QC) CI)abLIljj + h.c.  where @, , =
Ri

R *
2kE K ‘
S _ 32K22 o _ i c -
%bisﬂﬂt_ - m2 <(S )R/“tL> (/"L (b )R) + h.c. 10
1
K35Kp) /

2

= — (Brr¥s;) (;TL}/#,ML> + h.c. 1
M, =

by using Fierz identity

% 2
(Ix"32 k22[)
\

_.
=

. ¢, gives rise to the effective operator of the (V —A)
structure as favored by the Ry anomalies and the

effective cutoff scale Ay .
1()_1203 10*

% mg, (GeV)
K| 2003

Thus, for my > 1 TeV, we need

The 3rd IBS-KIAS Joint Workshop / Feb. 12,2019




Constraints

* Flavor Structure for Leptoquark couplings

For mg. ~mg 2 1 TeV,
3 1

0 0 0 0 0
0 A3 A33 0 K32
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Constraints

* Flavor Structure for Leptoquark couplings

For mg. ~mg 2 1 TeV,
3 1

* K35k | 2 0.03 to explain Ry anomaly
0 0 0 0 0
0 A3 433 0 K33
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Constraints

* Flavor Structure for Leptoquark couplings

For mg. ~mg 2 1 TeV,
3 1

*

%
K32K22

1%

A3has

2 0.03 to explain Ry anomaly

2 0.4 to explain Rp. anomaly
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Constraints

* Flavor Structure for Leptoquark couplings

For mg. ~mg 2 1 TeV,
3 1

*
* K3,K22

/1;3/123

17

2 0.03 to explain Ry anomaly

2 0.4 to explain Rj: anomaly

*
* \/ K33K23

R \/‘/1%/12;‘ 2 0.4 to explain rare meson decays

[A. K. Alok et al, arXiv:1703.09247]
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Constraints

* Flavor Structure for Leptoquark couplings

For mg. ~mg 2 1 TeV,
3 1

*

%
K32K22

/1;3/123

2 0.03 to explain Ry anomaly

2 0.4 to explain Rj: anomaly

——

£
K33K23

~ \/ A543 2 0.4 to explain rare meson decays

—

%k
K32K23

. :
43423 | to explain rare meson decays

[A. K. Alok et al, arXiv:1703.09247]
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Constraints

« (§—2), and BR(t — puy)

We discussed the deviation in — 2). to get a sizable 1,, coupling.
(8 )” 8 32 Piing [A. Crivellin et al, arXiv:1703.09226]

For the singlet scalar leptoquark, Yukawa couplings for (g — 2), with an additional Yukawa coupling.

L5 2 =24 (), (i0%) Sy Lj =2 (u€), S ex + he.

l
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Constraints

(& —2), and BR(7 — uy)

We discussed the deviation in (g — 2), to get a sizable 43, coupling.

9 page

[A. Crivellin et al, arXiv:1703.09226]

For the singlet scalar leptoquark, Yukawa couplings for (g — 2), with an additional Yukawa coupling.

L5 2 =24 (), (i0%) Sy Lj =2 (u€), S ex + he.
Chirality-enhanced effect from top quark contributes (right diagrams)

adt = iRe[C”]
U 4 2

BR(t — puy) = arm; <|C23| + |CL23|2>

2564T

N N. m2
where C/ = - —m /131/1“ 7+ 4log
k 12m¢ mg

Cl=C (2= 24y 2y = 2y

The 3rd IBS-KIAS Joint Workshop / Feb. 12,2019
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Constraints

« (§—2), and BR(t — puy)

The current experimental bounds

Aag, = a“t — a®™ =288(80)x 10!,  BR(t — uy) <4.4x107®
[PDG(2016), DOI:10.1088/1674-1137/40/10/100001]  [BaBar Collaboration, arXiv:0908.2381]

As2 =Az3=1, A33=0 As2 =A33=0.1, A33=0
10g 32 3 33 10 32 =A33 33
- BR(t — uy)
1 F
107"
A3
1072
. L = BR(r-py)
S, | Aay(20) -3 L Aay(20)
10 Aa:(un 10 E Aay(10)
10—-4 y s g a4 g gigf 2 . gy g gy o 10-4 N N N NSRRI | . . oy iyt gty
10° 10* 10° 10° 10* 10°
miq (GeV) miq (GeV)
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Constraints

* Flavor Structure for Leptoquark couplings

For }’nS3 ~ mSI Z 1 TeV, /132 = /133 = 1, K23 == Ol case

* K}k | % 0.03 to explain Ry anomaly

* 1/ |A5423| R 0.4 to explain Rp. anomaly
* \/ K35Ko3
* \/ K35Ko3

Q

\/ A543 2 0.4 to explain rare meson decays

A},493| to explain rare meson decays

2
—

0 0 0 0 0 0
0 1 1 0 K32 K33
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Constraints

* Flavor Structure for Leptoquark couplings

For ms3 ~ mSI Z 1 TeV, 132 - 133 - 1, K23 - 01 case

* K}k | % 0.03 to explain Ry anomaly

j

A543 | 2 0.4 to explain R« anomaly

* ~ * i
KKy | & \/ A543 2 0.4 to explain rare meson decays

*
gy

>
—

* ~ * i
KKz | ~ \/ A},493| to explain rare meson decays

0 0 0 0
A=10 0 2016/, k=0
0 1 1 0
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Constraints

* Flavor Structure for Leptoquark couplings

For ms3 ~ mSI Z 1 TeV, /}132 - 133 - 1, K23 - 01 case

* K}k | % 0.03 to explain Ry anomaly

A5A23| 2 0.4 to explain Rj. anomaly

ﬁ

* \/ KKz | R \/ /1;‘3/123‘ 2 0.4 to explain rare meson decays

£ ~ ® 1
* \/ KKz | &~ \/ /132/123‘ to explain rare meson decays

0 0 0 0
i=10 0 2016/, k=10
0 1 1 0

0

K22
> 1.6
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Constraints

* Flavor Structure for Leptoquark couplings

For ms3 ~ mSI Z 1 TeV, 132 - 133 - 1, K23 - 01 case

* K35k | 2 0.03 to explain Ry anomaly

ﬁ

A5A23| 2 0.4 to explain Rj. anomaly

* ~ * i
KKy | & \/ A543 2 0.4 to explain rare meson decays

*
gy

>
—

* ~ * i
KKz | ~ \/ A},493| to explain rare meson decays

0 0 0 0 0 0
A=10 0 >0.16] , k=10 >5.6%x 107 0.1
0 1 1 0 > 1.6 > 1.6

The 3rd IBS-KIAS Joint Workshop / Feb. 12,2019



12 page

Leptoquark Portal Dark Matter

* Singlet Real Scalar Dark Matter

Lagrangian generalizes the Higgs portal interactions to those for leptoquarks (S, = S 3) .

1 1 1 1 1
Zs=1D,S0* —mZy|So) + E(aﬂS)Z - EmSZS2 - Z/1154 — L1 Sppl* = 51352 N 5/1452|H > = 25| HI? IS0l
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Leptoquark Portal Dark Matter

* Singlet Real Scalar Dark Matter

Lagrangian generalizes the Higgs portal interactions to those for leptoquarks (S, = S 3) .

1 1 1 1 1
ZLs=1D,S ol —my|S017 + E(aﬂS)2 —~ EmSZS2 —~ Z/1154 — L1 Sppl* = 5/1352 N 5/1452|H > = 25| HI? IS0l

* Direct Detection Bounds S-----@---- 8§
Spin-independent cross section for DM-nucleon elastic scattering is given by 3 E
HA 2
Os_N = Zfo+(A=2)f) (A S S
=N TmzAZ2 ( d n)
S . S
on = /14mp’n Z P4 fPN l3mp” p.n .'l SLo !
pn 2 Tq 9’ TG 108m2 3\"LO )/ TG \ /
h q=u,d,s LQ L /!
9 9999999:8999999 g
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Leptoquark Portal Dark Matter

* Higgs Data in Collider

The bound from invisible Higgs decay,

22 2 I'(h—SS
T (h— SS) = R S BR (h — SS) = LA > 55) < 0.24
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Leptoquark Portal Dark Matter

* Higgs Data in Collider

The bound from invisible Higgs decay,

1212 Am? I'lh—>SS

F(h—8S)=—2—,[1-22  BR(h—SS) = ( ) oo
mm, m? Tpsy+T (k> SS)
The diphoton signal strength for gluon-fusion production is given by
ol(gg —h olh—vyy
Ro, = ( ) , Ry, = ( ) D My =Rk, = 1'10+8'§;
c(gg—h), o(h=17)g, —0.
AAAAAA ) A TEETHET g
A | A |
feeEsE % SLQ | T 5< SLQ
’ \‘:’\/\/\/\/\/\, Yy i JUULQSULQL g
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Leptoquark Portal Dark Matter

* Higgs Data in Collider

The bound from invisible Higgs decay,

22 2 I'(h—SS
T (h— SS)= R S BR (h — SS) = LA > 55) < 0.24

The diphoton signal strength for gluon-fusion production is given by

O'(gg—>h) F(h—>gg) » F(h—>yy)

R = ’ _
0'<gg — h)SM I, - BR (h — gg)SM v [, - BR (h — yy)

g8

SM
In our model, as far as | 45| < 10, the decay rate into a diphoton or a digluon can be ignored,

but the diphoton signal strength is modified by the enhanced total decay width of Higgs boson
due to the invisible decay mode

The 3rd IBS-KIAS Joint Workshop / Feb. 12,2019



Leptoquark Portal Dark Matter

Indirect Detection Bounds

DM annihilations into hh, WW, ZZ, tf, bb from Higgs portal (or quartic coupling) are constrained
by Fermi-LAT, HESS and AMS-02

10

107"E

A3=0.2, A5=1, mLQ= 1 TeV

= Fermi-LATW'W

-~ HESS WW

-2| o
10 r— i e AMEWW
E ¥ cmee Hea WY
E: X i
\ ——— XENONIT
- \
3 =3 HlggeH.mM
107°F Rl 5 —— Rello, S.geS,
C ——— Rello, S.geS;
10-4 aaasal l e |

aaaasal
10°
ms (GeV)

L P 102

ot i

10°

14 page

A3=10/\4. A5=1, Ma=1TeV

10¢
1
107"}
1072
B ’,:' e AMI WW
I \\\ '/' Rt B
3 " —— = XENONIT
10 r ---- plgg +H e
E —— Rello. 5,55,
3 ——— Rollo, 5,55,
10—4 ljllll A A AAlAlll A A “““13 11“14 AAAL
10 10? 10 10 10°
ms (GeV)
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Leptoquark Portal Dark Matter

* Indirect Detection Bounds (Cascade Decay)

I5 page

If mg > my 5, dark matter can annihilate into LQs and LQ decays into quark and lepton in cascade decay.

BRs ’ BRs ' BRs g
B(|t+ + b, |* B(lér + s |®) | B((I7 + bv, )* (67 + sv..) + h.e.)

(1 25(1

B(bhjip) . B(ssjip) ' B(bsjiy + h.c.)
(1-1~)* 291 —7) ¥ -7

s || B fe 4 M'J_.J B éji + sv, %) B tin + by )" (éa + sv,) + he.) \‘A//

(1—+)? 2v(1 — 4) .

B(ttv,v,) nll"l”"":':'l l"”‘]_;:";"l' fh l«'.' S;:Q

p= ).333/().333 - /’.:33) and y = A'.:::/(xf: + xf:) IS /

S LQ -7

q

The 3rd IBS-KIAS Joint Workshop / Feb. 12,2019



I5 page

Leptoquark Portal Dark Matter

* Indirect Detection Bounds (Cascade Decay)

If mg > my 5, dark matter can annihilate into LQs and LQ decays into quark and lepton in cascade decay.

" + ‘ N
O : B(lte+4 fal‘)v. o0 3| + sy, |7) B3 bin 4+ by ) (e 4 svy, ) 4 h.c.) %

B(tti, v, ) [ B(cev,v),) [ B(tcv,vy, + h.c.)

3(|i7 + b, |?) | BB . B((t7 + buvy )* (6T + svy ) + h.e.)
o (1 = 3) 25(1 -3 I 7 .
B{bhjip) B(ssjip) B(bsjiy + h.c.) S ‘SL‘Q >
i ~ 12 - - \\
- N
’ <

p= )..f_;/()._f3 + /’.:33) and y = K}:Z/(K;: + xf:) S ]

. Sl /133>>123 07‘,5%1
_ 1 1
B(iree): BOTL,) : BTy, + hoc)== i1

. S3:K32>>K220r7/%1

B(bbji) : B(itip) : Bbbo,v,) : BiEbEv, + h.c):BFtmy,) =1:

N
N
N | —
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Leptoquark Portal Dark Matter

* Indirect Detection Bounds (Cascade Decay)

If s > My, dark matter can annihilate into Lgs and Lg decaxs into ﬁuark and IeEton in cascade decay.

Ag—A‘;, /\5—1, f"|_Q—1 TeV
10 - >
. =5 e
- P -
e -
- i -~
a” - -
- - o -
e - -
3 B i " i -
e - -
3 - -
9 e e -
— - -
’ - -
| i <SR I -
-
_________
- oo
- -
>l -
\\ _____
..........
-
>
-
1 -

o
-
-
-
-
-
o
>
-
-
>

-
o
P
-

-
"
-
o
-

= Formi-LAT bb, S, o=S,

= Fermi-LAT 1T, §, =S,

10 ! E ] e Fermi-LAT bb, S, =S,
F | essses Fermi-LAT i, S,o=S,
[ == XENON1T
| — ReliC, S\ o=S,
Relic, S, =S,
10-2 3 l 4
10 10

B(bbjip)

ms (GeV)

: B(ftiiu) : B(bb,v,) : B(fbiiv, + h.c):B@Ftmw,) = 1:

As=10Ag, As=1,

Mg = 1TeV

10;

|

=
-
-
2
>
- -
o >

- -
- >
»” S
-

-
-
-
-
-
-
-
>
-

= Fermi-LAT bb, S, =Sy
e Fermi=LAT 1T, S o=S,
...... Fermi-LAT bb, S a=S;
------ Fermi-LAT pji, S, o=S,
memme XENONIT

— Relic, S =8,

Relic, S, =S,

16:<
10°

ms (GeV)
1

The 3rd IBS-KIAS Joint Workshop / Feb. 12,2019

.Z.E.

& |

104

I 1
1



Conclusion

We have proposed Leptoquark models to explain Ry * and R, * anomalies.

We discussed the constraints on scalar leptoquark models, due to rare meson
decays, muon (g —2), and BR(z — uy) . And we considered flavor structure

for leptoquark couplings.

We considered the scalar dark matter with leptoquark portal. And we discussed
bounds about direct detection (XENONIT), indirect detection (Fermi-LAT, HESS
and AMS-02) and collider data.
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Constraints

* Rare meson decays and mixing

Effective Hamiltonian relevant for b — suT

\/EaemGF

T

%B—)EI/E - - ‘/th;X; Z C£ (EyﬂPLS) (EyﬂPLVl>

!
I — M ILNP
where C; = ;" + C;.

We calculate the C"F by using right diagram's couplings.

CLNP _ _ (’1’3'?/121 4 ’<§ki’<2j> /1
v 2 2
ZmS 1 2m¢2 \/Eaem GF th V;X;

The ratio of the branching ratios are given by

2
SM ILNP
BR(B — K*uvp) 2 I‘CL +C |

Backup

[A. K. Alok et al, arXiv:1703.09247]

RK*I/ =

BR(B—>K*1/17)|SM_3 3 |C£M|2
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Constraints

* Rare meson decays and mixing

Comparing the experimental bounds on BR(B — K *vD)

BR(B — K *vp) < 2.7x 107 [Belle Collaboration, arXiv:1702.03224]
BR(B — K *vD) | = (9.19 + 0.86 + 0.50)x 1076 [A.]. Buras et al, arXiv:1409.4557]

lgnoring the imaginary part of C:*", we get the Ry., bound as

—10.1 < Re(C-NPy < 22.8
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Constraints

* Rare meson decays and mixing

Comparing the experimental bounds on BR(B — K *vD)

BR(B — K *vp) < 2.7x 107 [Belle Collaboration, arXiv:1702.03224]
BR(B — K *vD) | = (9.19 + 0.86 + 0.50)x 1076 [A.]. Buras et al, arXiv:1409.4557]

lgnoring the imaginary part of C:*", we get the Ry., bound as

—10.1 < Re(C:¥Py < 22.8

We considered the necessary flavor structure for leptoquark couplings.

Flavor structure for leptoquark couplings is given by the following,

0 0 0 0 0 0
A=[0  An A, k=0 Kn Ky
0 A3n A33 0 K3 K33
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Constraints

* Rare meson decays and mixing

From Ry. anomaly,

T

\/Eaem GF th V;l;

~ (20 TeV)? < A%~ (30 TeV)?

0 0 0 0
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Constraints

* Rare meson decays and mixing

From Ry. anomaly,

T

\/Eaem GF th V;l;

~ (20 TeV)? < A%~ (30 TeV)?

Taking into account k3, and k,, satisfies the Ry, bound on its own easily nevertheless on 1,, =0

0 0 0 0
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Constraints

* Rare meson decays and mixing

From Ry. anomaly,

T

\/Eaem GF th V;l;

~ (20 TeV)? < A%~ (30 TeV)?

Taking into account k3, and k,, satisfies the Ry, bound on its own easily nevertheless on 1,, =0

Ignoring the mass splitting generated within §; and S;, So, we get m, = m, =m, = mg,

AEA,. KEK,.

3i/2 3iK2

i r0 = Ady| &
2mz  2m?2 3i4

S b>

Ko
K3i%2)

0 0 0 0
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Constraints

e LHC searches

Collider productions channel (pair & single)

Pair production Single production

Decay branching ratios of Leptoquark and LHC bounds on Leptoquark masses

LQs BRs MLQ min BRs M L,Q min

S B(tr/bv;) = 58 | 1.22TeV(by;) [32] || B(er/sv;) = 5(1—58) [ 950 GeV(v,j) [33]
S3(¢1) B(bjz) = v 1.4 TeV [34] B(31) =1—1 1.08 TeV (ji7) [35]
Sa(¢o) || B(ta/bw,) = 5y | 1.45TeV (tn) [36] || B(ci/s7,) = 5(1 —7) | 850 GeV (aw,jj) [37]
Sa(o3) B(ip,) =7 1.12TeV [38] Bler,) =1—7 950 GeV (7,7) [33]

where f = /1323/(/1323 + /1223) and y = K§2/(K§2 + K222)
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Constraints

e LHC searches

Collider productions channel (pair & single)

Pair production

Single production

Decay branching ratios of Leptoquark and LHC bounds on Leptoquark masses

B(ey,)=1—~

LQs BRs a MLQ.min Y BRs M [,Q.min

S, B(i7/bv,) = 38 [11.22TeV(bv;) 32| B(e7/sv7) = (1 — B) | 950 GeV(vyj) [33]
S2(d1) B(bi) = v 1.4TeV [34] B(si) =1—1 1.08TeV (jij) [35]
Sa(¢o) || B(ta/bw,) = 57 N’W B(ci/sv,) = 5(1 —7) | 850 GeV (aw,jj) [37]
Ss(ds) || B(tm,) =1 .12 TeV [i.égy

950 GeV (7,.5) [33]

decay to b-quark

where f = /1323/(/1323 + /1223) and y = K§2/(K§2 + K222)
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Constraints

e LHC searches

Leptoquark couplings vs. mass plot (decay to b-quark)

K32—mLQ at 13TeV (K22=5 6x 10-4) /\33-ml_0 at 13TeV (/\23—0 16)

[ Ry Anomaly
~——— Single Production
[ Pair Production

0‘.5 1?0 1f5 270 2f5 3I~0 075 1:0 1?5 ZjO 2:5 3'(;
myo[TeV] myo[TeV]
Ry * anomaly Rp* anomaly
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