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Large forward-backward asymmetry in B — Ku™ u~ from new physics tensor operators
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We study the constraints on possible new physics contributions to the forward-backward asymmetry of
muons, Apg(g?), in B— Ku™ ™. New physics in the form of vector/axial-vector operators does not
contribute to Apg(g®), whereas new physics in the form of scalar/pseudoscalar operators can enhance
Apg(g?) only by a few percent. However, new physics in the form of tensor operators can take the peak
value of Apg(g?) to as high as 40% near the high-¢> end point. In addition, if both scalar/pseudoscalar and
tensor operators are present, then Apg(g?) can be more than 15% for the entire high-¢> region ¢> >
15 GeV?. The observation of significant A would imply the presence of new physics tensor operators,
whereas its g> dependence could further indicate the presence of new scalar/pseudoscalar physics.
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I. INTRODUCTION

Flavor changing neutral interactions (FCNI) are forbid-
den at tree level in the standard model (SM). Therefore
they have the potential to test higher order corrections to
the SM and also constrain many of its possible extensions.
Among all FCNI, rare B decays play an important role in
searching new physics beyond the SM. The quark level
FCNI b — su™ u~ is responsible for (i) the inclusive
semileptonic decay B — X, u " u ", (ii) the exclusive semi-
leptonic decay B — (K, K*)u " u~, and (iii) the purely
leptonic decay B, — u*u~. These decays have been
studied within the SM in Refs. [1-5]. The SM predictions
for their branching ratios are

B(B— X,putpu™) = (415=0.71) X 1075, (1)
BB— Kutu™)=1(035+0.12) X 1075, (2)
BB—K'utpn ) =(1.19£0.39) X 10°°  (3)

BB, — u"u~) = (3.35+0.32) X 107°. 4

The correlations between these branching ratios in the SM
as well as some new physics models have been studied in
[6-8].

Both the inclusive and exclusive semileptonic decays
have been observed experimentally [9—14] with branching
ratios close to their SM predictions. These data severely
constrain new physics in the form of vector/axial-vector
operators, so an order of magnitude enhancement in the
branching ratio of B; — u* 1~ due to such new physics is
ruled out [15]. On the other hand, if new physics is in the
form of scalar/pseudoscalar operators, then the branching
ratio of B— K*'u*u~, B(B— K*u*u™), does not put
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any useful constraints on the new physics couplings and
allows an order of magnitude enhancement in the B(B; —
ut ") decay. Thus B(B, — utu™) is sensitive to an
extended Higgs sector. However, such an extended Higgs
sector cannot lead to large deviations of semileptonic
branching ratios from their SM predictions [6,16].

In [17], the forward-backward (FB) asymmetry of lep-
tons in semileptonic decays of mesons was introduced as
an observable sensitive to the physics beyond the SM. In
particular, the FB asymmetry of muons, Agg, in B —
Ku™" ™ is important because its value is negligibly small
in the SM [18]. This is due to the fact that the hadronic
current for the B — K transition does not have any axial-
vector contribution; it can have a nonzero value only if it
receives contributions from new physics. The sensitivity of
Agpg for testing the nonstandard Higgs sector has been
studied in the literature in detail [6,19-22]. However, in
[23], it was shown that the present upper bound on the
branching ratio of B, — u™ u~ [24] restricts the average
(or integrated) FB asymmetry, (Agg), to about 1% as long
as the only new physics is in the form of scalar/pseudosca-
lar operators. Such a small FB asymmetry is very difficult
to measure in experiments, and hence searching for new
scalar/pseudoscalar physics through (Agg) will be a futile
exercise.

The forward-backward asymmetry can also get contri-
butions from tensor operators. In the SM, the tensor op-
erators in b— sutu~ arise at higher order in the
electroweak operator product expansion from finite exter-
nal momenta in the matching calculations; however, their
contribution is negligibly small and we shall not consider
them in this paper. However, in models beyond the SM,
tensor operators may contribute significantly to the decay
and to the asymmetry Agg. For example, in the minimal
supersymmetric standard model (MSSM), the tensor op-
erators arise from photino and Z-ino box diagrams at the
leading order operator product expansion [25]. Tensor
operators can also be induced by scalar operators under
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renormalization group running [8,26]. In leptoquark mod-
els, tensor operators are induced by the interactions of
leptoquarks with the SM Higgs field [27].

Tensor operators have been studied in the literature in
the context of the decay B— Ku™*u~ [25,28,29]. In
Refs. [28,29], the polarization of the final state leptons in
B— Ku"u~ was studied. In [25], the effect of these
operators on (Apg) was studied in detail for the low-g>
region (1 GeV? < ¢®> <7 GeV?). It was also shown that
the integrated asymmetry (Agg) can be as high as 3% at
90% C.L. if new physics is only in the form of tensor
operators, whereas it can rise to 15% if both scalar/pseu-
doscalar and tensor new physics operators are present. This
asymmetry (Arg) has been measured by BABAR [12] and
Belle [30,31] to be

(Apg) = (0.15%931 = 0.08)  (BABAR), (5

(Apg) = (0.10 £ 0.14 = 0.01)  (Belle).  (6)

These measurements are consistent with zero. However,
they can be as high as ~40% within 2o error bars. Future
experiments like a super-B factory or the LHC will in-
crease the statistics by more than 2 orders of magnitude.
For example, at ATLAS the number of expected B —
Ku™ u~ events even after analysis cuts is expected to be
~4000 with 30 fb~! data [32], which will be collected
within the first three years. Thus, (Agg) can soon be probed
to values as low as 5%.

With higher statistics, one will even be able to determine
the distribution of Agg as a function of the invariant dilep-
ton mass squared g2, which can provide a stronger handle
on this quantity than just its average value (Apg).
Moreover, since the theoretical predictions for the rate of
B — Ku't ™ are rather uncertain in the intermediate g?
region (7 GeV? < g% < 12 GeV?) owing to the vicinity of
charmed resonances, it is important to look at the quantity
Apg(g?) in the complete ¢ range so that its robust features
may be identified. Indeed, it turns out that with the new
physics considered in this paper, Apg(g?) is high near the
high-¢> end point.

In this paper we study Apg(g?) in the complete g region
and explore the possibility of large FB asymmetry in some
specific regions of the dilepton invariant mass spectrum.
This paper is organized as follows. In Sec. II we present the
theoretical expressions for the FB asymmetry of B —
Kut ™ considering new physics in the form of scalar/
pseudoscalar and tensor operators. In Sec. III we study
Apg(g?) due to new physics only in the form of scalar/
pseudoscalar operators, whereas in Sec. IV we consider
Apgp(g?) due to new physics only in the form of tensor
operators. In Sec. V we calculate Apg(g?) when both the
scalar/pseudoscalar and tensor operators are present.
Finally, in Sec. VI we present the conclusions.
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II. FORWARD-BACKWARD ASYMMETRY OF
MUONS IN B — Ku'tp~

We consider new physics in the form of scalar/pseudo-
scalar and tensor operators. The effective Lagrangian for
the quark level transition b — su™ u~ can be written as

L(b—>SM+M_) = LSM +LSP +LT, (7)
where
aGF e —
Lo =2~ VoVl G5, Pub) Ay
+ Cio(Sy PLD) iy, ysu
Cgff
-2 " mh(EiO'M,,q”PRb)ﬁy,“u}, 3
aG _ _ _ _
Lsp = —=—V,, Vi{RsSPrbip + RpSPrbysu},  (9)

2

aG _ _
Ly = ==V Vi{Crio, bot p

2w

+iCrp5o,,bac s net P}, (10)

Here P, = (1 + s5)/2 and g, is the sum of 4-momenta
of u* and w~. Ry and Rp are new physics scalar/pseudo-
scalar couplings, whereas Cy and Crp are new physics
tensor couplings.

Within the SM, the Wilson coefficients in Eq. (8) have
the following values:

C5T=-0310, C§"=+4.138+Y(q>), Cjo=—4.221,

(1)

where the function Y(g?) is given by [33,34]

Y(q2) = g(mc, qz)(3C1 + C2 + 3C3 + C4 + 3C5 + CG)
— 3800, ¢*)(C3 + 3Cy) — 38(my, ¢*)(AC5 + 4C,

Here we take the values of the relevant Wilson coefficients
to be

o
Cy

—0.249,
—0.025,

C, = 1.107,
Cs = 0.007,

Cy = 0.011,
Cs = —0.031,
(13)

all of which are computed at the scale u = m;, = 5 GeV.
The function g is given by
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emy, %) = 8 ln (m,/m pole) n E n 4yl ( 24 y) The normalized FB asymmetry is defined as

279 r 0 LT
Jidcosd 2L o — [0 dcosd 4L
1+ r‘“‘_‘l A (Z) zd cos dzdzcosa’ (15)
X \Hl - y,~|{@(1 Vi )[ln( T i) " fidcos 9dzdc0§0 + [°, dcosedzjczbg

1 14 with z = ¢?/m3. In order to calculate the FB asymmetry,
fy; — 1)1 (14) we first need to calculate the differential decay width. The
decay amplitude for B(p;) — K(p)u™ (pi)u=(p-) is

with y; = 4m?/q>. given by

- iw] + O(y; — 1)2tan_1<

MB— Kutu™) = ;/GEF VzbV?E[<K(pz)lsmblB(p1)>{Ceffu(p )Yuv(py) + Croit(p- )y, ysv(py)}

s C%ff
q2

my(K(p>)|5ic,,,q"b|B(p,))a(p-)y,v(p)

+ (K(p)I5b|B(p)ARsit(p-)v(p) + Rpit(p-)ysv(p+);
+2CK{K(po)l5a,,,bIB(p))i(p-)o* v(p)

+ 2iCTEeWﬁ<K(p2>Iso-wblB(pl)>u(p,)o-aﬁv<p+>], (16)

where g, = (p, — p2), = (p+ + p_),. The relevant ma- . my(1 2)
trix elengents are " g (K(p))|5b|B(py)) = B—

()57, bIB(p1) = (2py — @)uf 4 (2)
+(1‘ )qﬂwz) @) KI5 mblB(p)) = —il@py — @)y — @1 — 0),4,]

a7 XL, (20)
mpg + mg

fo(2), 19)

(K(p)I5io,,q"b|B(p))=[2p1 — q)nq* — (mj —mgx)q,] - o
where k = myg/mg and Ay, = m,/mp.

f1(2) (18) Using the above matrix elements, the double differential

mpg +my’ decay widths can be calculated as
|

X

4T G
dzd cosf Y=

WV P o2 Re(CE) + L UEP + BIDP} + f{1AP + 18P) + 20,y Rer )|
+(1 - kz){2m Re(BC*) + —& ity Re(BE*)} + mi{(z +2k% = 2)|BI* + z|CI%} + pzm3(1 — B2)|FI?

+ ¢,8i{szB(IF|2 +4lG) - Z(IAIZ + |B|2)}cos,2 — ¢ { £ Re(AD") + 4m,,(1 — k) Re(BG")

+ 4z, my Re(CG*) + 2z Re(GE?) + 2 Re(DF*)}cosa], Q1)

where

2
i, = m,/mg, b=1+k+22-20K+Kz+2), Bu=q1—-—5 22)

and 6 is the angle between the momenta of the K meson and x ™ in the dilepton center of mass frame. The parameters A, B,
C, D, E, F, G are combinations of the Wilson coefficients and the form factors, given by
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ff i S 7(2) TABLE 1. Form factors for the B — K transition [18].
A=2CTf, (z) —4CS ,
5 f+(2) Ry 0 . - »
B=2C1of+(2), fe 0.319+00%2 1.465 0.372 0.782
_ 1 fo 0.31975:932 0.633 —0.095 0.591
C=2Cw fole) = £+ ()} fr 0.355+0016 1.478 0373 0.700
m (1 —k?)
D= ZRSBTfo(Z),
b 5 (23) The FB asymmetry arises from the cosé term in the last
£ 2RPmB(1 —k )fo( ) two lines of Eq. (21). We get
2l B, ¢N(2)
A =k 26
F=—4Cp o f(Tl(i) ol ) = i a (20)
B
where
G=4Cp—11E)
mg(1+ k) Ga? .
FO |thVtS| mB, (27)

The kinematical variables in Eq. (21) are bounded as 21245
—1=cosf =1, 4l =z=(1-k?* (24) W
) , N(z) = —4m,(1 — k¥*) Re(BG*) — —* Re(AD")

The form factors f ;7 can be calculated in the light cone mp
QCD approach. Their z dependence is given by [18]

(@) = f(0)explciz + 22 + ¢32%), (25)

where the parameters f(0), ¢;, ¢,, and c¢3 for each form
factor are given in Table I.

— 4zin,mp Re(CG*) — Z Re(DF*)

— 2zRe(EG™), (28)

‘;_r = Ty¢!/? X [¢,(1 — %Bi)(lAP + |BI?) + 42 |BI*(2 + 2k* — 2) + 42, z|C|* + 8m2 (1 — k*) Re(BC™)
<

A

4m 4m
+ 811, mpp Re(AF*) + —(|E|2 + B2IDI?) + & Y1 = R)Re(BE") + - 2 Re(CE")

+ 3 BIFE + 283216 - IFIZ)}]. (29)

In our analysis we assume that there are no additional CP pq(z) = (1 — %Bi)(h‘”z +|BJ?)
phases apart from the single Cabibbo-Kobayashi-Maskawa PO ) R 5
(CKM) phase. Under this assumption the new physics + 4 | BIM(2 + 2% — 2) + 42| C

couplings are all real. + 8m2, (1 — k) Re(BCY), (32)
III. Apg FROM NEW SCALAR/PSEUDOSCALAR
OPERATORS 1670
bsw s(z) = ——(1 = kK*)*Cyof5(2), (33)
If new physics is only in the form of scalar/pseudoscalar M
operators, then Agg(z) is obtained by putting Cy = Cyp =
0 in Eq. (16). We get 4
0 bs(z) = = (1 = KPf3(2). (34)
Bu.¢ Pagy s(2)Rs mj,

Arp (z) =

, (30)

2 2

bsu(@) + bsus(Rp + bs(2)(Rs + R) Therefore, in order to estimate Agg(z) we need to know the

where scalar/pseudoscalar couplings Rg and Rp.
A We constrain Rg and Rp through the decay B, —

m — . . _
asms(z) = —— (1 — k2)fo(z) Re(A), (31)  #"p . The branching ratio of By — ™ ™ due to Lgy +

ny, Lgp is given by [23]
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FIG. 1 (color online). Rg — Rp parameter space allowed by the
present upper bound on the branching ratio of B, — u™* u ™.

G3a*m3 1
JF” BB IV, Va2 13
6473 s

X [R} + (Rp + 20, Cip)*].  (35)

BB, — utu") =

The present upper bound on B(B, — u*t ™) is [24]

BB, — u pu)<058%1077  (95% C.L), (36)

which is still more than an order of magnitude away from
its SM prediction. Therefore, we will neglect the SM
contribution while obtaining constraints on the Ry — Rp
parameter space. The allowed values of Ry and Rp at 20
are shown in Fig. 1. The input values of the parameters,
used throughout this paper, are given in Table II.

The maximum value of Agg(z) is obtained for Rp = 0
and Ry = *+0.84. At these parameter values, Apg(z) is
shown in Fig. 2 for the central and *20 values of the
form factors. As can be observed, the errors in the form
factors have almost no impact on the value of Apg(z)
obtained. The peak value of Apg(z) is observed to be =
2%, whereas in most of the z range Apg(z) < 1%.
Measurements of Apg(z) in the presence of only scalar/
pseudoscalar operators will therefore be very challenging.

PHYSICAL REVIEW D 78, 114025 (2008)
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FIG. 2 (color online). The forward-backward asymmetry
Apg(z = ¢*/m3) for the new physics only in the form of sca-
lar/pseudoscalar operators. The plot corresponds to Rp = 0 and
Rs = —0.84. The red (solid) curve corresponds to the central
values of the form factors given in Table I, whereas the green
(dashed) and blue (dotted) curves correspond to their values at
+20 and —20, respectively. In this scenario, all the curves
overlap, indicating that the dependence on form factors is
negligibly small.

IV. Ayg FROM NEW TENSOR OPERATORS

If new physics is only in the form of tensor operators,
then Apg(z) is obtained by putting Rg = Rp =0 in
Eq. (16). We get

,3M¢1/205M,T(Z)CTE
bsm(z) + bsy r(2)Cr + br(2)(Cr + 4C5,)’
(37)

App (z) =

where

asmr(z) = =64, (1 = k)Ciofr(2)fo(2),  (38)

32, ¢ Re(A)fr(2)
1+k ’

bsmr(z) = (39)

TABLE II. Numerical inputs used in our analysis. Unless explicitly specified, they are taken

from the Review of Particle Physics [35].

Gr =1.166 X 107> GeV 2
a =1.0/129.0

a,(my) = 0.220 [36]

T, = 1.45 X 10712 s

m, = 0.105 GeV

mg = 0.497 GeV

my;, = 4.80 GeV [1]

mp, = 5.366 GeV
my = 5.279 GeV

Vy =10

[V, | = (40.6 £2.7) X 1073

[V, Vi / Vel = 0.967 = 0.009 [37]

m,/my, = 0.29 [1]

B(B — X {v) = 0.1061 + 0.0016 * 0.0006 [38]
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64¢7f2(2)

br@) =S

(40)

and bgy(z) is given already in Eq. (32).

In order to estimate Apg(z), we need to know the
tensor couplings Cy and Crg. In [39], it was shown that
the most stringent bound on tensor couplings comes
from the data on the branching ratio of the inclusive
decay B— X,utu~. The branching ratio of B —

X, (p)pw" (pu+ )™ (p,-) is given by [40]
B(B— X,I"17) = By[lsy + (C} + 4C3)I7],  (41)
where

= [0 L

- 2u(Z){z2 + %u(zy — 1}(Cgff2 +C2)

— 16u(z)(z - 1)Cgffc$ff], 42)

I; = 16fdzu(z)[%2 u(z)?> — 2z + 2], (43)

u(z) = (1 - z2). (44)

Here z = ¢*/mj = (p,+ + p,-)*/mi = (p, — py)*/m3.
The limits of integration for z are now

2
o (1 - —’"S) . @3)
m

b

Zmin — 4m/2.L/m12;’
as opposed to the ones given in Eq. (24) for the exclusive
decay. The normalization factor B is given by
3a? ViVl 1
16772 |vcb|2 f(’/hc)K(rhc)’
where the phase space factor f(if, = ::—;) and the O(«ay)
QCD correction factor (i) of b — cev are given by [41]

flmy) =1 — 82 + 8, — w8 — 24w, * i, (47)

By = B(B— X_.ev)

(46)

k(i) =1 — W[(wz _ %)(1 — )+ %] 8)

Equation (41) can be written as
B(B— X,u" ™) = Bsu(B— X;utu”)
+ Br(B— X,u"pn”),  (49)
where

Bsm(B — X,pu" ™) = Bolsw, (50

Br(B— X,utu™) = Byl (C3 + 4C%,). (51)

The present world average for B(B — X, u™ u ™) is [14]

PHYSICAL REVIEW D 78, 114025 (2008)
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FIG. 3 (color online). (Crp, Cyg) parameter space at 2o al-
lowed by the measurement of the branching ratio of B —

Xopt .

Bexp(B - XSM+M_)q2>O.O4GeV~ = (43i%%) X 107°.
(52)

We keep the same invariant mass cut, g*> > 0.04 GeV?, in

order to enable comparison with the experimental data.

With this range of ¢, the SM branching ratio for B —

X, u” in next-to-next-to-leading order is [1]

Bsm(B — X, 7)) =000 Gev: = (415 £ 0.71) X 1076,
(33)

whereas Byl = (1.47 + 0.22) X 107°. Using Egs. (49),

0.45
0.4r 1
0.35f 1
0.3r 1
0.25F 1

Arg(2)

0.2r

0.15¢
0.1r
0.051

0o 01 02 03 04 05 06 07 08 09

FIG. 4 (color online). The forward-backward asymmetry
Apg(z = ¢*/m3) for the new physics only in the form of tensor
operators. The plot corresponds to Cz = 0 and Crg = +0.69.
The red (solid) curve corresponds to the central values of the
form factors given in Table I, whereas the green (dashed) and
blue (dotted) curves correspond to their values at +20 and —20,
respectively. The dependence on the form factors is clearly
extremely small.
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(52), and (53), we get
C% + 4C%, = 0.10 = 1.01. (54)

The allowed parameter space for Cy, Cyg at 20 is shown in
Fig. 3.

The maximum value of Agg(z) is obtained for C; = 0
and Crz = *=0.69. For these parameter values, Apg(z) is
shown in Fig. 4 for the central and =2¢ values of the form
factors. In most of the z range, Agg(z) < 3%; however, its
peak value at the high-¢? end point is ~40%. Thus there
can be a large deviation from the SM prediction in the
high-¢? region.

V. Ayg FROM THE COMBINATION OF SCALAR/
PSEUDOSCALAR AND TENSOR OPERATORS

We now consider the scenario where new physics in the
form of both scalar/pseudoscalar and tensor operators is
present. In this case the expression for Apg(z) is given by
Eq. (16). Maximum values of Ap(z) are obtained for Ry =
Cr =0 and Rp = —0.84, Crr = 0.69. For these values,
we have plotted Apg(z) vs z in Fig. 5. The peak value of
Apg(z) is ~40% at 20 and is obtained at the high-¢> end
point. Thus, there can be large FB asymmetry in the
high-¢> region. In this region, the light cone QCD sum
rules are inapplicable directly, and extrapolations need to
be used. However, the errors induced by these extrapola-
tions are expected to be less than the intrinsic sum rule
uncertainty [42], which has already been taken care of
through the uncertainties in f 1 7 [18].

Let R be the high-¢° region, with ¢y < ¢ < @Zax
where g2, is the endpoint. The restriction to high g?
would decrease the number of events selected; however,

0.45

0.4
0.35}
0.3

= 025

)

< o02f

0.15}

0 01 02 03 04 05 06 07 08 09
z

FIG. 5 (color online). The forward-backward asymmetry
Apg(z = ¢*/m3%) for new physics when both scalar/pseudoscalar
and tensor operators are present. The plot corresponds to Ry =
Cr=0and Rp = —0.84, Cyp = +0.69. The red (solid) curve
corresponds to the central values of the form factors given in
Table I, whereas the green (dashed) and blue (dotted) curves
correspond to their values at +20 and —20, respectively.
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since the average Agg in this region, (A%%), is larger, it can
still be observed. The number of events of B— Ku* u~
required to determine this asymmetry to no is

n2

(AR R

where fR is the fraction of the total number of B —
Kut ™ events that lie in the region R. When R corre-
sponds to the whole g range available, then the expression
reduces to Np_x,+,~ = n*/(Agp)?, as expected.

Taking R to be the region g> > 15 GeV?, and for the
values of parameters which maximize Apg(z) (listed in the
caption of Fig. 5), we find that about 600 total B —
Ku" u™ events are required to observe FB asymmetry at
20. For ¢>>19 GeV?, the corresponding number of
events increases to 1600. These numbers are easily obtain-
able at a super-B factory as well as at the LHC, so the
structure of the Apg(g?) peak can be studied at these
experiments.

(55)

- =
Np_kpru =

VI. CONCLUSIONS

In the standard model, the forward-backward asymme-
try Apg of muons in B— Ku" u~ is negligible. New
physics in the form of vector/axial-vector operators cannot
contribute to Agp either. However, new physics in the form
of scalar/pseudoscalar or tensor operators can enhance Arg
to the percent level or more, thus bringing it within the
reach of the LHC or a super-B factory. In this paper, we
concentrate on the magnitude as well as g> dependence of
Agg with these kinds of new physics.

We find that if new physics is in the form of scalar/
pseudoscalar operators only, then the peak value of Apg(g?)
can only be = 2%, and hence rather challenging to detect.
However, if new physics is only in the form of tensor
operators, then the peak value of Apg(g?) can be as high
as 40%. Such a high enhancement is obtained only near the
high-¢*> end point, i.e. for g > 19 GeV?, below which
App(g?) =< 5%. In the presence of both scalar/pseudoscalar
and tensor operators, the interference terms between them
can boost Agg(g?) to more than 15% for the whole region
q*> > 15 GeV>.

The measurement of the distribution of Agg as a function
of g% can not only reveal new physics, but also indicate its
possible Lorentz structure. A large enhancement in Agg by
itself would confirm the presence of new physics tensor
operators. If the enhancement is only at large ¢ values, the
scalar/pseudoscalar new physics operators probably play
no major role. On the other hand, if the enhancement as a
function of g2 is significant at low ¢> and increases gradu-
ally with increasing g2, the presence of scalar/pseudoscalar
new physics operators would be indicated.

The high-g> region in the Apg(g?) distribution is rela-
tively cleaner compared to the intermediate g> region
(7 GeV? < g*> <12 GeV?) which is influenced by the
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charm resonances. This region also happens to be highly
sensitive to new physics, especially in the form of tensor
operators, as we have shown here. Exploration of this
region in the upcoming experiments is therefore of crucial
importance.
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