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. Introduction
Many observation indicate the existence of dark matter
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One motivation to consider new physics ToDAY
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Some anomalies in B—KOI*I- decay process
O Lepton universality in b—sl*l": Ry, Rg-
BR(B" = K'u"u")

R
 BR(B*—=K'e'e

(R =1, (R¢)™ =0.745£0.09+0.036

[R. Aaij et al [LHCb] PRL 113, 151601 (2017)]
~2.4 o deviation from the SM
BR(B— K u'u’)

R ;
BR(B— K e'e")

K*

P 1 (R 0.660%) ;0 £0.024  (2m,)* <q* <1.1GeV?
( K*) - b ( K) - +0.113 2 2 2
0.685% 10 0047 1.1GeV? <q’ <6 GeV

o S. Bifani, CERN seminar, April 18 (2017
~2.4 o deviation from the SM 5. Bifan seminar, Apni 18 (2017)]

Indicating lepton non-universality from new physics contribution
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O Angular distribution in B—K*u*y- (K*—K1r)
[S. Descotes-Genon et al, JHEP 1301, 048 (2013); LHCb JHEP 1602, 104]
The deviation in anqular distribution
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<> The relevant effective interaction terms

4G, ¢
Hﬁfj" - \/— (4e )2 thvts
X [Ci (Ey“PLb)(l )/Ml) + (Ci )'(?y“PRb)(Z_yul) +C! (?y“PLb)(l_y‘uysl) + (Cf0 )‘(Ey“PRb)(l_yMysl)]

Or

o 524G €y sy“Pb)(1
E [ny(sy PXb)(lyMPYl)]

off \/’ (4 )2 th " ts

{cd,cl.c,} : Wilson coefficients

% Indication to BSM from global fit: C.‘*") ~ -1

% Ry, Rk data can be fitted with Wilson coefficients for electron

P’ data prefer non-zero BSM contribution to Wilson coefficients for muon

We thus prefer muon coupling than electron
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We consider Z’ exchange to generate the effective int.

) U(1)u-1 (ike) gauge symmetry [ Ly ba: charee 1)

L., Tr : charge -1

\)
M ‘CM(Z')‘ ~1
Z’ 9
2
M 4G, e : thV[: Cg,iiSM) _ 0.00;3
b 2 (4m) TeV

v Tree level coupling

v Z couplestopupand 1, notto e
v" Flavor changing b—s

v We consider one loop level coupling

v' DM propagates inside a loop

Our model explains b—sl*lI- anomalies and DM
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We consider Z’ exchange to generate the effective int.

T L,, Mg : Ch 1
» U(1)p-1 (-like) gauge symmetry [LS T“RR: c%a?;gee-1 }
s u

‘Cg“z‘)‘ -1

\ 4

4G, & « usy|  0.003
V.V CM( )| o
b I M \/E (4.7'[)2 th " ts~9,LL T€V2
l v" Tree level coupling
4 Other possibility to get relevant Z’ interaction )

Ex)
» U(1),, (-like) symmetry with quark — vector like quark mixing
[W. Altmannshofer, S. Gori, M. Pospelov, I. Yavin, PRD 89, 095033 (2014)]

» Quark flavor dependent U(1) model
[A. Crivellin, G. D’Ambrosio, J. Heeck, PRD 91, 075006 (2015)] /

Our moderl explains b—sI'T-anomalies and DMV
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» U(1),, (-like) gauge symmetry with Z, odd particles

VLQ Scalar
Qa | X
SUB)c|| 3 |1 — _
st@). 2 (1] ®Wp -LDf,0,P0 x+hc :Yukawa coupling
U(l)y = |0
UL)p—r|| 9= | = (Q;: SM quark doublet)

Exotic Z, odd particles

X : DM candidate interacting with Z’

The extra U(1) is spontaneously broken by VEV of SM singlet scalar ¢

_ "
(p _—
» — < > \/5 Q,: U(1) charge of ¢

_ 14,1

—
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Z’-b-s coupling via loop effect

Z, odd particles propagate inside loops

The sum of loop diagram is finite

fﬂ qxg

CSL(Z') E ]C3a~fa2 loop (Ma’mx)

a=1,2,3

V.V.aG, n..

(X+Y -D)(Xm, +Ym.)+ XM +(Y + Z)m;,
(X +Y -1)(Xm, +Ym)+ Xm_ +(Y + Z)M

(M, mx)=dede25(1—X—Y—Z)L0g

loop

[ M, : VLQ masses, m, : mass of X ]




2. Our model
Relic density of DM

v" DM pair annihilate into SM fermions via Z’ exchange
(We don’t consider coannihilation with VLQ)

X~ Som

N
N

N
/ 7 We assume Higgs portal interaction
7 . is much smaller than Z’ interaction

A Fon

** Relic density

1.07x10°

Je(x M J(x)[GeV]
_ - )
—X

f :mz ds.[|s — 4m)2( (ov,,)K, (
X m

Qh* ~

X

Jx)=[d
()=, d 16m’ 2K, (x)
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Numerical calculation estimating Cy, and Qh?

Some constraints are also taken into account

v" Meson — anti meson mixing

- — —>— — ]

v b—sy RN

/

We run free parameters in our model

fe[1073,1], mz e [200,3000] [GeV],

m, € [1,2000] [GeV], M, € [1000,3000] [GeV].

Additional requirement : 7, <1.2xM,

Observed relic density is required

0.11<Qh*<0.13




3. Results

Results for C4 and Z’ - DM mass relation
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v Cy~-1 can be obtained for m,. below ~ 2 TeV when g’ =0.1

v DM mass is around half of Z’ mass; resonant annihilation is required

v For larger g’, heavier m.. is possible




3. Results

Z’ production cross section at the LHC

v' Lagrangian Z

LD [gbs (E)/“PLb+h.c.) + g‘ﬁy‘ﬂu]Z'M

The g, coupling induced at one-loop level

|:> Couplings to other quarks can also be induced at one loop level

EX) {9, Db .pssscc}={0-1, 0.002} : 0, » ~1.0x103pb (M, =500 GeV)
BR(Z' —PH)~BR(Z'—1T) ~BR(Z'—wv)~0.3

» Safe from current experimental constraint by the LHC data
arXiv:1706.04786 (ATLAS)

More parameter region will be tested with more integrated luminosity




Summary and Discussions

O A Model for explaining b—sl*l- with U(1) ,(-like) symmetry
v" Models with Z’ boson
v Flavor violating b-s-Z’ coupling from one-loop diagram

v" DM propagates in loop diagram
O Consequences of our model

v Cq4 Wilson coefficient to explain b—sl*l-anomalies
v Relic density of DM
v' Z' physics at the LHC

Thanks for listening !
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M-Mbar mixing form VLQ box loop

3
Amg ~ Y flofa1 [ Fo2Gios[my, Ma, M)
a,b=1

<348 x 1071 [GeV], (4)

TS G —
e . e e — )

Amp, ~ Z fafa £3, FraG it [my, Mo, My
a,b=1

< 3.36 x 10713 [GeV], (5)
3
Amp, ~ Y f3,farfhy FiaGrog[my, Ma, M)
a,b=1

<117 x 107 [GeV], (6)

3
Amp ~ Y flfarfl, fr1 Girgmy, Ma, My

a,b=1
< 6.25 x 1071° [GeV], (7)
Gggz(ml m25m3)

_ meM / X[dX] 8)
- 3(4m)? Xm?2 +Ym2 + Zm2’




VLQ-DM contribution to b—sy K N
: oS3 (Mo my) |

Qem My, 2ad 3a as My

Fb—)s‘y 12(4 )4 (mb +m ) ; 36(]”2 _ m2 )4

F(mq,m2) = 5m$ — 2Tmim3 + 2Tmim5 — 5m$
— 12m5(—3m% + m3) In(my /msy), (9)

Constraint from experiments

BR(b — s7) = < 3.29 x 1074,

Tiot &~ 4.02 x 10712 GeV.




