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Preliminary

# The standard model (SM) predicts very small CP-violation
in mixing in the B, and B, systems.

+ Hence any sizable measurement of mixing CPV in B
systems would likely be evidence for new physics

* Most experimental data on B, ; processes were consistent
with SM expectations, until recently . . .
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Preliminary

# The standard model (SM) predicts very small CP-violation
in mixing in the B, and B, systems.

+ Hence any sizable measurement of mixing CPV in B
systems would likely be evidence for new physics

* Most experimental data on B, ; processes were consistent
with SM expectations, until recently . . .

» Last May the DO Collaboration at Fermilab announced their
measurement of anomalously large CPV in B, mixing
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D0 measurement
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Evidence for an Anomalous Like-Sign Dimuon Charge Asymmetry

We measure the charge asymmetry A = (N*T — N~7)/(N** + N~ 7) of like-sign dimuon events in
6.1 fb~! of pp collisions recorded with the DO detector at a center-of-mass energy /s = 1.96 TeV at the
Fermilab Tevatron collider. From A we extract the like-sign dimuon charge asymmetry in semileptonic
b-hadron decays: A% = —0.00957 = 0.002 51 (stat) = 0.001 46(sys). It differs by 3.2 standard deviations
from the standard model prediction A%(SM) = (—=2.3%0?) X 1074, and provides first evidence of
anomalous CP violation in the mixing of neutral B mesons.
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where N, " and N, = represent the number of events
containing two b-quark hadrons decaying semileptonically
into two positive or two negative muons, respectively.
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Dimuon charge asymmetry

* We measure C'P violation in mixing using
the dimuon charge asymmetry of semileptonic B decays:

++ —
Here X = anything 1" = N, =Ny
! N,"+ N, BO = B, or B,
— N,**, N,~~ — number of events with two » hadrons decaying

semileptonically and producing two muons of the same charge
— One muon comes from direct semileptonic decay b — 1 X

— Second muon comes from direct semileptonic decay after neutral B

meson mixing: B' —» B —» u X _M,
b
W= 17

In

2010/05/14 Dimuon charge asymmetry - Fermilab Wine & Cheese seminar 6
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More on DO result

+ Both B, & B, were produced in pp — bb at Tevatron

» Consequently both “wrong sign” semileptonic decays
B,— B;— uX and B,— B,—» uX (& their CP conjugates)
contribute to A%

e Example of “right sign” decay B, — X

+ Thus A% = (0.506 + 0.043)a? + (0.494 = 0.043)d’, o

¢ charge asymmetry for “wrong sign” semileptonic decay (q=d or s)
Induced by oscillations
¢ _TBY) = u*X) ~T(BY(D) = u~X)
" T(BY(0 — u7X) + T(BY) — pX)

.. d,
« coefficients of ag;” calculated from other measurements
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Dimuon charge asymmetries
» From B factories at = —0.0047 = 0.0046

s consistent with no CPV in B,-B,; mixing

+ The new DO result A% = —0.00957 = 0.00251 (stat) £ 0.00146 (syst)

then translates into > = —(14.6+7.5) x 1073

sl

#+ This is about 2-sigmas larger than the SM prediction
a SM = (2.1 £0.6) < 10"5 Lenz & Nierste

sl

o indicating anomalously large CPV in B,-B, mixing

# Previously DO also measured a;, directly, but with large error:

as, = —0.0017 * 0.0091
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Dimuon charge asymmetries

+ Comparison of o’ & Ab, .
measurements and SM
prediction for a’°

-0.01 b
B DO A,

- . Standald \flodel
-~ B Factory W.A. "
"B DO B—-D, 1X S
-0.03 - « Preliminary
- Combination
Ai’l—(0506+0043)a +(O494+0043)a Lo b b b B b o 1
-0.04-0.03-0.02-0.01 0 0.01
a

-0.02 -

d
sl

DO

+ Although the new DO data still needs to be confirmed by
other experiments, it may hint at CP-violating new physics
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Observables of interest

» Besides a;}, the relevant observables are the mass & width
differences AM_ & Al',, respectively, between the mass
eigenstates in the B,—B, system.

+ Experimental values

AMSP = 17.77+0.12 ps™' , AT = 0.0621 5057 ps~!

* Theoretically they are related to the off-diagonal matrix
elements M*? and I'}? of the mass and decay matrices,
respectively, which characterize B,—B, mixing

2

(Aﬂ"fs)g — %(APSV = /4 ‘A[slg 2 F_?
AM, AT, = 4 ‘J\EQ 2l cos o, , b, = al‘g(—ﬁ-f?/l“_?)
s 4 M[sl 21 T2 sin ¢,
g = 5 5
1 ‘Afﬁl? + |I12
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Commonly used approximations

* Since Al << AM_ and |I}?] << |M}?|

AM, ~ 2|M2|, AT, =~ 2|T?| cos ¢,
. T2 sing, N 2 |T1?| sing,
a,sl — ‘]\/1912 o Aj\/js
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SM contribution to B,—B, mixing

» It comes from 4-quark operators induced by box diagrams

'\/\/Il/v\,—/ s\ ﬂ)\ ¢t ,/s\

» The t-quark contribution dominates M *.
GEMiy 4o %) 2 2/, 2
fz.mp, npBp, (Vi Vi)™ So(mi/miy)

AF128M
s 1272

+ Recent prediction: 2M!*"™ = 20.1(14£0.40)e™*% ps™! ez e nierste

Kubo & Lenz

+ This is compatible with measurement of AM, ~ 2|M.)?

AM®P = 17.77+0.12 ps™*
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SM contribution to B,—B, mixing

» In general I5* arises from any physical state f into which both B;
and B, can decay

L2 = Y M(Bs = )" M(B: = f)

» The SM contribution to I}? is dominated by A\ wet !/
the CKM-favored b — ccs tree-level processes 5| gw / % | s,
—= J
*+ Recent prediction: 2 |D>%M| = 0.096 £ 0.039 ps~' Lenz & Nierste
Kubo & Lenz

oM = (42+£1.4) x107° = 0.24°+0.08°

» This is compatible with measurement of AI, ~ 2[T!?

COS @,

AP = 0.06270ar pS~'
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Contribution of a new light spin-1 particle

» We consider the contribution to B,—B, mixing from a new light
spin-1 boson, referred to as X.

* Adopting a model-independent approach, we assume X
¢ IS lighter than the b quark
¢ carries no color or electric charge
¢ has a simple form of flavor-changing couplings to b & s quarks

* The effective Lagrangian for b-s-X interactions
Loox = =57, (9v — 9475)0 X" + Heo = —5y,(9. P, + grPr)0 X" + Hec.

gy and g, parametrize the vector and axial-vector couplings, respectively
— + _ 1

Generally, the constants gy, 4 can be complex
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New light spin-1 bosons in other contexts

* New-physics scenarios involving nonstandard spin-1
bosons with masses of a few GeV or less have been
discussed in various other contexts in the literature.

* Their existence is generally still compatible with currently
available data and also desirable, as they may offer
possible explanations for some of the recent experimental
anomalies and unexpected observations.

» Examples
o NuTeV anomaly
¢ muon g-2
e COSMIC ray excesses due to dark matter
o HyperCP anomaly

J Tandean NCTS, 19 Apr 2011
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Contribution of X to M}?

* It is mediated by X at
tree level

J‘/[12’X _

B(m?X —myp,

; m_mSQ_QQ m—i_msQ
_|_(912/_9124)P1LR_|_9V( b ) : A( b ) PQLR

* The 2" and 4th terms would be negligible if m, >> m,.

# The P/s contain bag parameters & QCD-correction factors.

#» Combined SM & X-mediated contribution
M]Z _ M12,SM + M]Z,X
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Contribution of X toT}?

» Since my < m,, the dominant contribution comes from
decays induced by b (b) — s(5) X, such as B, (B,) = nX,
B, (Bs) — n'X, and B, (Bs) = ¢ X.
» It follows that
L% = 3% (M(Bs = fx))" M(B, — fx)

fv =nX, X, ¢X,... for kinematically allowed B; — fy

» Combined SM & X-mediated contribution

12 12,SM 12,X
[;°=1% + I

J Tandean NCTS, 19 Apr 2011
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X contributions toT,?

# Inclusive

p 2 2
F?’X ~ SW‘m);?‘nX {Qv {(mb + ms) + 2m§4 {(mb — ms) — m?X}

+ g4 {(mb — ms)2 -+ ng{} {(mb + ms)g — m%g} }

# EXxclusive

L% o T2 0X) + T2 (0 X) + 1,27 (0X)

9gv |P
FiQX(PX) _ QVW‘JJ( (FB P) 7 FiQX(QﬁX) _
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Constraint from AM,
M;2 _ M;2’SM + M;Z,X

Y

+ Use AMP® = 17.77+012ps™, AM, ~ 2|M?

40t
20}
- i -
= I Y
E 0 E
= ; =
-20¢
—40} | | | 5 | | |
—40 =20 0 20 40 -50 0 50
10°Re gy 10°Re gy,

FIG. 1: Regions of Re g, and Im g, allowed by AM, = 2}11[ 512} constraint for m, = 2GeV (left plot)

and my =4 GeV (right plot) under the assumption g, = 0.

«» If g, =0, Reg,& Img, can be as large as a several times 10>

+» If g,= 0, the limits on g, are a few times stronger

# The other observables provide stricter limits
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+ Use

Stricter constraints

AM AT, = 4|M;?| || cos ¢, | ¢, = arg(—M,*/T )
, 4 ‘]\/[512 I'!2] sin ¢,
sl — 4@[512 2 N ‘F%Q 2
+ For the left-hand sides
AMSP = 17.77+£0.12 ps™, AT = 0.06270 0 ps™*
;P =—(14.6£7.5) x 107>

#+ For the right-hand sides

Msl2 _ MSIZ,SM 4 M;Z’X,

1—-5]2 _ Iﬂle,SM _|_F512,X

# Need to include an additional constraint from b —sX.

J Tandean

NCTS, 19 Apr 2011
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Choices of T(b — sX)

* An extra constraint on g,, and g, comes from the inclusive decay
b—sX, as its rate ['(b—sX) contributes to the total width of B..

+ Also relevant are the measured values of the total widths of B,
and B, because they get contributions from the same (b — sX).

» Theoretically the predictions for total widths [z, 5, 5, involve large
errors due to [goc m,° leading to errors of at least 20%.

» We can then require '(b—>sX) <0.157;,=0.1ps™1, but will also
consider the somewhat larger bound '(b—sX) < 0.15 ps-1

# Since the SM predicts g/l gc ~ 54/, ~ 1, the ['(b—sX) contributions
to g, s 5, FESPECt the experimental ratios

I'p,/T'p, =1.05+0.06 and ', /T, = 1.071 + 0.009
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Allowed values of g, if g,=0
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FIG. 2: Regions of Re gy, and Im gy~ allowed by a:ieXp constraint (green), AMg PALYY constraint (blue),
I'(b— sX) < 0.1ps™ (yellow), and all of them (dark red) for m, = 0.5 GeV (upper left plot), 2 GeV (up-
per middle plot), and 4 GeV (upper right plot), under the assumption g, = 0. The lower plots are the

same as the upper ones, except that I'(b — sX) < 0.15 ps— L.
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Allowed values of g, if g,=0

2_

_____ _ ol _

=

E o0

= -1 o
o N

05 00 05 -2 -1 0 1 2
10°Re g, 10°Re g, 10°Re g,

FIG. 4: Regions Reg, and Im g, allowed by P constraint (green), AMIPATTY constraint (blue),

I'(b— sX) < 0.1ps™! (vellow), and all of them (dark red) for my = 0.5GeV (left plot), 2 GeV (middle
plot), and 4 GeV (right plot), under the assumption gy, = 0.

* Thus for my values in the 1-to-4 GeV range, g, , are of order
107 to 10-® with comparable real & imaginary parts.
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Effects of X in more de fa//

106 Im dy
10°Im g,

1.0 1.2 14 16 1.8 1.0 1.2 14 16 1.8
10°Re gy, 10°Re gy,
FIG. 3: Values of |I'}?| (left plot) and siné, (right plot) for m, = 4GeV and the (Reg,,Img,)
overlap region in the fourth quadrant of the lower-right plot in Fig. 2 allowed by all the constraints, with
(b — sX) < 0.15ps~!. In the left plot, from darkest to lightest, the differently shaded (red colored)

12,SM
8

areas correspond to > 3.1, 2.9, 2.7, ..., 1.5, respectively, with each region including the

arca of the next darker region and }F;Q‘SM} being its central value. Similarly, in the right plot, from
darkest to lightest sin¢, < —0.99, —0.98, —0.96, —0.93, —0.89, —0.85.

the magnitude of sin ¢, can be increased to almost 1, which is roughly a few
hundred times larger than its SM value

Combining them leads to —0.016 < af < —0.007

i

a>P = _(14.6+7.5) x 10~°
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Effects of X on rare b — s decays

» It is of interest to see if X can contribute to some other b-meson
processes, perhaps with detectable effects.

+ One way this can happen is if it has additional couplings to other
fermions.

# Thus we assume that X has flavor-conserving couplings to the
electron and muon, besides its flavor-changing ones to b & s.

# Accordingly, it can contribute to a number of rare b — s decays
involving the leptons via b—sftf-, where [ =g, L.

» We consider the effects of X on
o inclusive B,— X ('

o exclusive By, —»> KM~ & B, — ¢
® ES—)f+f_
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Interactions of X

+ Effective Lagrangians

Liox = =857 (9vs — 94s75)0 X, + Hec

Lox = —E’)/V(QVE—QAQ%)EXu

gy, and g,, are real parameters because of the hermiticity of L,x

J Tandean NCTS, 19 Apr 2011
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Inclusive B,— X ¢

* X-induced amplitude

57" (gx's B 9445“/5)5 by, (Qw — 9141,"“/5)[1/
> — m% + il ymy
20 40 My §[('mb = 'mb.)g‘;,. =F (mb == 'rn,b.),qA_p/S] byl
B m% (g2 —m% + il ymy)

=

b—s sll

¢ = D+ +p,— Is the combined momentum of the dilepton and I'y the total width of X

* The g2 dependence in the denominators distinguishes this
scenario from those involving heavy new particles.
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SM contribution to By— X £*f

/s

_ v
v, Z ¢ %
u,c,t
S b S

+ SM amplitude

J Tandean

—a GV Vy

= o Cef 5y PLbly, b + C3F 5y PLbly, st
2%CeR
Zq qVSO'Bl/(mbPR‘}‘m PL)bE'}/Bg

Ce o are Wilson coefficients

NCTS, 19 Apr 2011
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B,—> K¢+t
+ Sum of SM & X-induced amplitudes

_aeGF )‘t
2V2T
q = Pg+ T Dp- =DPB — Pk>
A = (Cgﬁ' 4 Edvs gw’)Fl 4 2m,, CF" Fr . O = (C%I‘ _ Yy gAF>F1 !‘

M(B — Kt {A s +px)’ Bt + [C (ps +px)” + D107

Ay mpg + My Ay
2 2 2 2 . . o
D = cef mp — My (F B F) mp — My K9vsGar [Fl my +F0(q —mX)]
q mx q X
22 ‘ ( _
Ae = Vf:‘/;bv k = ) Ay = qz—’rnir—l—zFXmX
| &e GF )‘t

Fy . p are B — K form factors of b — s quark operators

+ It's independent of g,
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B, — K®) g+¢-
*» Sum of SM & X-induced amplitudes

= —a,GpA . . -
M(B — K**(7) = %{ [.A €guor € PBPR~ — Cep +1De*-q(pp +pK*)/3] Pl
- | ‘

At [5 €sv0r € DPBPKs — I F €g+1G € -q(pp + Pge)g +1HE -q qg] 0y st }

K Q. 2V A O T
_ <C§ﬁ?+ 9%91/4) I b7 1’

A
, - NP
¢ = { s GV Ai(mg +mg.) +2m, @ o ] dbo:; QmK :
Ax q
: v (A v/ A T T
D — (Cgff 4 K gas 9y ﬁ) 2 4+ 277?»1) CTeff (__S i > 3 > ) :
Ax mp + My ¢¢ My — M.
e R9vs9ae 2V off RYas gAé)
& — | — : F = |Cg — ——= |A;(mg+mMmpg) ,
( 10 Ay )mBijK* : < 10 Ay 1( B K),
e K 94s9ac A,
— e = .
g ( 10 AX ) m/B _'_ mK* /
1y — (et _ K 94s Gae (A1 - AQ)mB + (Al — 24, + AQ)mK* 2K Gas Gar Agm
0 Ax q> A

V, Ag 1o, and Ty 5, 3 are B — K™ form factors of b — s operators

J Tandean NCTS, 19 Apr 2011
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Observables in B, — K®) £+¢-

+ Branching ratios of B,— K¢t

+ K* longitudinal polarization fraction F, and lepton forward-
backward asymmetry Az in B, — K*{*f

! PT(B— K*+H7) 3, 3, |
df’(B — Rr*éJrf'_)/dq? dq? d(cos 0) T4 (1 — (ECE 9) Fp + 3 (1 + oS 9) (1 — FL)
+ App cosf |

*+ They have been measured by BaBar, Belle, and CDF
¢ Will be measured at LHCb and future B factories
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Allowed parameter space subject to constraints
# Constraints used are from data on
o B(B - X IF)
o B(B—K® )
o B(B—y,)KO, Qly,y))—>1t)
¢ anomalous magnetic moments of electron and muon.

+ We find that there is available parameter space of X that is
consistent with the data

¢ regardless of whether or not the anomalous result from DO will be
corroborated by future measurements.

#+ The allowed ranges of the couplings (9., 9as) & (gyy Ga,) Vary
widely and depend on m, & I',.
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Constraints from B(8— X, ')

BB 3 By = (1605107, BB X000 = (4AL10) K0T

exp exp
low- and high-¢* ranges 1 GeV? < ¢* < 6 GeV? and ¢ > 14.4 GeV?, respectively

B&i(B — Xeete™) = (1.64 £0.11) x 107°
BaR(B — Xyete ) =209 x 1077 (13)52)

BB — Xputp™) = (1.5940.11) x 107° Huber et al.
Bar{ B —s Xty ) =240 x 1677 (170 2)
—5x 1077 < B (B— X LH07) <4x1077, 0<BY¥(B - XLt7) <35%x1077
By (B — XJH07) = 1050 4
Tp = 5(Tp+ + Tpo) = 1.582ps
B = 3\Tp+ T Tpo e L
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J Tandean

Constraints from 8(8—- K1)

TABLE I: Experimental branching-ratios of B — K®)/¢*¢~ from Belle [12] and B+t — K+00),+,~
from CDF [13], in units of 1077, used to constrain the X contributions, for different ¢ ranges. The
statistical and systematic errors have been combined in quadrature.

l 7* (GeV?) I B(B -+ Ktte) B(B*—Ktutu) B(B— K*t¢tt) B(B" = K*uty)

[1.6] 136102 1.01 +£0.27 140105 1.60 = 0.56
[14.18,16] - - 10 1.51 £ 0.38
> 16 - - S04t 8L 1.35 4 0.39

TABLE 1II: Standard-model predictions for branching-ratios of B — K®¢t¢=, in units of 1077, for

different ¢? ranges, from Refs. [26].

¢ (GeV2) | B(B — K(t¢~) B(B — K*tt¢™) \
[1.6] (D 2607153
[14.18,16] - 1.3243:3
> 16 - 15408

SOTECI0E =B (B K L e o= LSO
—3x 107" < Bx(B = K*"™7) »ey gaeye < 05 %1077,
-7 B 7% )+ p— -7
—05x 10~ < Bx(B = K" ) anysigaeve < 07 %1077,

—0.1x 107" < By(B— K*(*(7) i P [

q2>16 GeV?2

By (B — RWe+e-) = 3Ty (B » KWete)

NCTS, 19 Apr 2011
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Constraints from B(8— (J/y,w)K®, (J/v,v)—EF)

» SM predictions for 8(B — (J/ v,/ )K*)) have large errors

Chen & Li

B(J/Y — (T07) ~ 5.9%

By — 0+6) ~ 0.77%

—3x107 < By (B — K(T(7) < 5x107°,

q2€[8.6,10.2] GeV2 —

—1x107" < By(B— K*("() < 7Tx 1077,

q2€[8.6,10.2] GeV?2

—1x107% < By (B — KWte) < 4x107°

q2€[12.8,14.2] GeV2
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Examples of allowed (9, 94)9,s ranges

A} 2t 4t
éf 2t é“: 1t é 21
< 0 ~ 0 < 0f
) m&f >
= -2 S -1 S -2f
_4- _2_ _4_
4 -2 0 2 4 2 -1 0 1 2 4 2 0 2 4
10" gy, Re gy, 10°gy, Re gy, 109y, Re gy,
41 2 4f
= g 3 1 S 2l
& 3 &
< of = 0 < of
o = S
o -2 > -1 S -2f
_4— _2 _4_
-4 =2 0 2 4 -2 -1 0 1 2 -4 -2 0 2 4

lollgw Re g4 loggw Re g4 lomgw Re g4

-1 0 1
10109w Re gy,

=1l 0 l

10
107 gy, Re g4

FIG. 1: Regions of (gw,gAg) Regy, for Imgy,, = g4, = 0 (top plots) and of (gvgngg) Reg,, for

Img,, =

= gy, = 0 (bottom plots) satisfying constraints from B — X_(T(~ (orange, lightly shaded),

B — K¢~ (green, medium shaded), B — K*¢T¢~ (blue, heavily shaded), and all of them (dark red).
From left to right, the plots correspond to my =2, 3, 3.7, and 4 GeV, all obtained with I'y = 0.1 MeV.
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Examples of allowed (9, 94)9,s ranges

-5 0 5
10 10
107 gy, Re gy, 10" gy, Re gy,
2F
S 1
s i
% ol
S
= i
% -1
—2¢ ]
-2 -1 0 1 2 -5 0 5 -2 -1 0 1 2 -5 0 5
10 Q 9 10
107 gy, Re g4, 107gy, Re g4 10°gy, Re g4, 107" gy, Re g4

FIG. 2: The same as Fig. 1, but with I'y = 3 MeV.
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Anomalous magnetic moments of leptons

» X contribution

2
X my 2 2
a; (my) = 55 (9v0 Fr (1) + g FalT))
4mems
P = s,
1 3 3 1 2 3
T°—x —4x + 52 — (1 + 2r)x
= dx : = d
fy(r) /0 1Tzt fa(r) /0 . 1 —x+ra?

31 ) x 107 | @y (2GeV) = (22847, — 11793,) x 107°

| 2497, —122¢3,) x 107 0 a} (3GeV) = (103 g7, —52.293,) x 1077,

a, (3.7GeV) = (1.6 g%,e —8.1 gfle) x 107 a)(3.7GeV) = (6.8, —34.393,) x 107°,
(1. e) X (4GeV) = (5897, —29.493,) X 107°.

2 -~ 2
Ve 27.6 JAe
2

X
T
X
i

o o

x 10710 i

m

J Tandean NCTS, 19 Apr 2011



Constraints from lepton g -2

a®P = (115965218073 £ 28) x 10~

@

a®P — ¢SM = (=206 + 770) x 10714

e

as® = (11659209 £ 6) x 10717

a®P — M = (29 4+ 9) x 10717

M a4

—9x 1072 < o < 5x107"2, 1x10™ < a; < 3x107°

0.4 : : : 0.04 ———————————

+ For my= 3 GeV “-2¥m_ P 0"’2\/
N o.o/ < N 0.00> <

0.2 L Ty, ~0.02 /\
e s o . ~000.04 —002 000 002 004

Ive vy

J Tandean NCTS, 19 Apr 2011



Couplings compatible with DO dimuon anomaly
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FIG. 4: Allowed ranges of gy, and g,, for g,, = 0 and gy, values given in the text, subject to constraints
from B — X T/~ (orange, lightly shaded), B — K{(T/~ (green, medium shaded), B — K*(T¢~ (blue,
heavily shaded), a,, (vellow, very lightly shaded), and all of them (dark red). The plots from left to right
correspond to my =2, 3, 3.7, and 4 GeV, and all the top (bottom) ones to I'y, = 0.1 MeV (3 MeV).
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Predictions

* Since X couplings to other particles are not specified,

total width Iy, is unknown.

# Illustrative choices of couplings

for I'y = 0.1 MeV

(

(1, — ) x 1071
(—1,0.2) x 107

(QL’E: gAf)ng = < (1 ) % 10-10
(—

10
| (=0.9, 0.3) x 10~

and for ['y = 3MeV

(
(Qv’f: 9145-’)91:’3 — ¢ E .' ;
( __
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for

my = 2 GeV
my =3 GeV
my = 3.7 GeV
my =4 GeV

my = 2 GeV
my = 3 GeV
my = 3.7 GeV
my =4 GeV
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FIG. 5: Differential branching ratios of B — K¢T¢~ (left plots) and B — K*¢*¢~ (right plots) as
functions of the squared dilepton-mass in the SM (yellow curved bands) and its combination with the
X contribution for my = 2GeV (green solid curves), 3GeV (blue dashed curves), 3.7 GeV (red dot-
dashed curves), and 4 GeV (black dotted curves), with the gy, 4, g;-, numbers in Eq. (29) (Eq. (30)) and
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Effects of X on F, and Agg in B— K 'L

7> (GeV?) 7 (GeV?)

FIG. 6: Plots of K* longitudinal polarization fraction (left) and lepton forward-backward asymmetry
(right) for B — K*(*¢~ in the SM (solid curves) and its combination with the X contribution for
my = 2GeV (green solid curves), 3 GeV (blue dashed curves), 3.7 GeV (red dot-dashed curves), and 4 GeV

(black dotted curves), with the gy, 4, gy, numbers in Eq. (29) (Eq. (30)) and I'y = 0.1 MeV (3MeV) used
in the top (bottom) plots.

43



B,— £+t-
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B, — /¢
Experimental limits

B (B, —efe”) < 28x1077, B (B, —pp7) < 32x107°

exp ( exp (

SM expectations

Bom(B, = efe”) ~ 7.5x 1071 Bom(B, = ptp™) ~ 3.2 x 1077

Examples of effect of X 48 x 107 < g4 04 S 35 x 1077

3.4 x 10~
1.5 x 107°

B(B, —wete”) T 11x107"
B(B, = putp™) < 49x 107"

AN A

The X contributions are easily accommodated by present
experimental limits and can produce significant modifications to
the SM predictions.
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Conclusions

* We have explored the possibility that the DO dimuon anomaly
arises from the contribution of a new light spin-1 boson, X, to
B.,— B, mixing.

* The X contribution can lead to a prediction consistent with the

DO measurement within its 1-sigma range and possibly even
reaches its central value.

* We have subsequently explored the possibility that X also has
flavor-conserving couplings to charged leptons, besides its
flavor-changing ones to b & s.

# Then it can contribute to some of the rare b —»s decays to be
measured at LHCb and future B factories.

» With greater precision, they will probe the existence of X, or its
couplings, stringently.
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