
U(1)B3−3Lµ Gauge Symmetry as the simplest description of
b → s anomalies

Rahul Srivastava
Work Done in Collaboration with

Cesar Bonilla, Tanmoy Modak, José W. F. Valle
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The b → sµ+µ− Anomalies

Several decay modes measured by LHCb show anomalous behavior
compared to SM expectation

RK =
B → Kµ+µ−

B → Ke+e−
, RSM

K = 1

Rexpt
K = 0.745+0.090

−0.074 (stat)± 0.036 (syst) , 1 ≤ q2 ≤ 6.0 GeV2

R∗K =
B → K∗µ+µ−

B → K∗e+e−
, RSM

K∗ = 1

Rexpt
K∗ =

{
0.660+0.110

−0.070 (stat)± 0.024 (syst) , 0.045 ≤ q2 ≤ 1.1 GeV2

0.685+0.113
−0.069 (stat)± 0.047 (syst) , 1.1 ≤ q2 ≤ 6.0 GeV2

Anomalies also observed in angular distribution P ′5 of B → K∗µ+µ−

Similar anomalies in other decays involving b → sµ+µ− such as
Bs → φµ+µ−
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Effective Field Theory Description

b

s

µ

µ

These transitions can be described by the an effective Hamiltonian,

Heff = −4GF√
2

e2

16π2
VtbV

∗
ts

∑
i

(Ci (Λ)Oi (Λ) + C′i (Λ)O ′i (Λ))

where C(′)i = C
(′)SM
i + C

(′)NP
i .

Relevant operators required to account for the anomalies are of the
restricted type,

O9 = (sγαPLb)(¯̀γα`), O′9 = (sγαPRb)(¯̀γα`)
O10 = (sγαPLb)(¯̀γαγ5`), O′10 = (sγαPRb)(¯̀γαγ5`) .
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Global Fits

Global Fit of Effective Couplings1

1Taken from: B. Capdevila et.al; arXiv:1704.05340
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UV Completion

Two simple options

Add a leptoquark

Add a Z ′ boson
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What Kind of Z ′ Boson

b

s

Z ′

µ

µ

The Z ′ boson should satisfy following criterion

Violate Lepton Flavor Universality: Must not couple democratically
all charged lepton, in particular to e and µ
FCNC in quark sector: Should induce FCNC in b → s transitions
No dangerous FCNC: Should not induce large FCNC in highly
constrained processes like µ→ 3e or in K systems e.g. K 0 − K̄ 0

oscillations
Should be consistent with other flavor, precision and collider
constraints
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What Kind of Z ′ Boson
Gauged B − L Symmetry

B − L is the simplest symmetry one can think of.

Under B − L:

All Quarks (left+right) ∼ 1
3

All Leptons (left+right) ∼ −1

Anomaly cancellation: Needs addition of right handed neutrinos
νi,R ; i = 1, 2, 3

Two solutions:

νi,R ∼ −1: Know since antiquity
νi,R ∼ (−4,−4,+5): Recently discussed2

Not Good Type of Z ′:

Couples Democratically to Charged Leptons
Doesn’t induce FCNC

2E.Ma, R.Srivastava; arxiv:1411.5042; E. Ma, N. Pollard, R. Srivastava, M. Zakeri;
arxiv:1507.03943
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What Kind of Z ′ Boson
U(1)X Symmetry + Vector Quarks + Vector Leptons

Don’t charge SM particles under the new U(1)X i.e. All SM
particles ∼ 0 under U(1)X

Add Vector Quarks + Vector Leptons transforming nontrivially
under U(1)X

Can achieve desired Z ′ properties by mixing of the vector fermions
with SM fermions3

Can have other interesting implications like Dark Matter stability4

3Fig from: D. A. Sierra, F. Staub, A. Vicente; arxiv: 1503.06077
4D. A. Sierra, F. Staub, A. Vicente; arxiv: 1503.06077
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What Kind of Z ′ Boson
U(1)µ−τ Symmetry + Vector Quarks

Is there other anomaly free gauge symmetry possible with SM
particle content: Yes! U(1)li−lj ;i , j = e, µ, τ ; i 6= j symmetries

U(1)µ−τ a good candidate symmetry; All quarks + e ∼ 0,
Lµ, µR ∼ 1, Lτ , τR ∼ −1

By construction Z ′ couples preferentially to only µ, τ

What about coupling to quarks?

Have to add additional vector quarks transforming nontrivially

FCNC is generated through mixing between SM quarks and the new
vector quarks5

U(1)µ−τ very popular: Quite a few variants of the theme developed
5Fig from: W. Altmannshofer, S. Gori, M. Pospelov, I. Yavin; arXiv:1403.1269
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By construction Z ′ couples preferentially to only µ, τ

What about coupling to quarks?

Have to add additional vector quarks transforming nontrivially

FCNC is generated through mixing between SM quarks and the new
vector quarks5

U(1)µ−τ very popular: Quite a few variants of the theme developed
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