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CP asymmetry in tau slepton decay in the minimal supersymmetric standard model

Wei Min Yang* and Dong Sheng Du
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We investigateCP violation asymmetry in the decay of a tau slepton into a tau neutrino and a chargino in
the minimal supersymmetric standard model. The new source ofCP violation is the complex mixing in the tau
slepton sector. The rate asymmetry between the decays of the tau slepton and itsCP conjugate process can be
of the order of 1023 in some region of the parameter space of the minimal supergravity scenario, which will
possibly be detectable in near-future collider experiments.
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I. INTRODUCTION

The supersymmetric~SUSY! model is now widely re-
garded to be the most plausible extension of the stand
model ~SM! @1,2#. It stabilizes the gauge hierarchy and a
lows for the grand unification of all known gauge intera
tions @3#. In the minimal supersymmetric standard mod
~MSSM! there are additional complex couplings which m
give rise toCP violation compared to the SM@4#. These new
sources ofCP violation contribute toCP violation in vari-
ous processes@5#, the neutron and electron electric dipo
moments, rare kaon decays, andB decays, etc. Although the
CP-violating phases associated with sfermions of the fi
and second generation are severely constrained by bound
the electric dipole moments of the electron, neutron a
muon, theCP violation phases in the mass matrices of t
third generation sfermions might be large and can ind
sizableCP violation in the MSSM Higgs sector through loo
corrections@6,7#; furthermore, these phases also directly
fect the couplings of Higgs bosons to third generation s
mions @8#. In the MSSM with the simple universal soft su
persymmetry breaking@9#, the tau slepton sector contain
two new sources ofCP violation in its couplings to Higgs
particles. It can be defined as the complex phases of thm
term in the Higgs superpotential and soft-SUSY-breakingA
terms. These new sources ofCP violation are generic to al
SUSY theories and provide non-SM sources ofCP violation
required for the baryon asymmetry of the universe@10#. On
the other hand, the effects of these newCP violations are
expected to be probed in near-future colliders@11#, such as
the CERN Large Hadron Collider~LHC! and Next Linear
Collider ~NLC!, which could provide an opportunity for de
tecting newCP violating phenomena. Therefore it should b
important and interesting to investigate the mechanism
consequence of thisCP violating source in collider phenom
enology.

In this paper we work in the framework of the MSS
with CP violation, and we focus on theCP asymmetry in
tau slepton decays. If a tau slepton is sufficiently heavy,
dominant decay modes are tree-level two-body decayst̃2
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→ntx̃
2 and t̃2→t2x̃0, wherex̃2 andx̃0 denote a chargino

and a neutralino, respectively. These final states are also
duced at one-loop level by the final state interactions. If
interactions of the tau slepton violateCP invariance, these
decays are expected to have different rates from theirCP
conjugate process, which are measured by the asymmet

ACP
nt 5

G~t̃2→ntx̃
2!2G~t̃1→ n̄tx̃

1!

G~ t̃2→ntx̃
2!1G~t̃1→ n̄tx̃

1!
,

~1!

ACP
t 5

G~t̃2→t2x̃0!2G~t̃1→t1x̃0!

G~ t̃2→t2x̃0!1G~t̃1→t1x̃0!
.

AssumingCPT invariance, the decay widths satisfy the rel
tion

G~t̃2→ntx̃
2!2G~t̃1→ n̄tx̃

1!

52@G~ t̃2→t2x̃0!2G~t̃1→t1x̃0!# ~2!

making the total width of the tau slepton the same as tha
the anti-tau slepton. We will calculate and discuss the as
metries.

The remainder of this paper is organized as follows. S
tion II is devoted to a brief review of the mass spectra a
mixing patters of the tau sleptons, charginos, and neutralin
In Sec. III we present a Lagrangian of the relevant coupl
and analytical expressions of the rate asymmetry. A deta
numerical analysis of the asymmetries for a representa
SUSY parameter set is given in Sec. IV. The final section
for summary and conclusions.

II. SUSY PARTICLES MASSES AND MIXING

To fix our notation, we simply summarize in this sectio
the masses and mixings of the tau slepton and chargino,
tralino sectors of the MSSM@12#, which will be needed later
when evaluating the decay widths.

A. Tau slepton mass and mixing

The mass-squared matrix for the tau slepton in the l
right basis is given as
©2002 The American Physical Society05-1
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M t̃
2
5S ML

2 mt~At1m tanb!

mt~At* 1m* tanb! MR
2 D ~3!

with

ML
25mt̃L

2
1mt

21~ 1
2 MZ

22MW
2 !cos 2b,

~4!

MR
25mt̃R

2
1mt

21~MZ
22MW

2 !cos 2b,

where mt̃L,R
are the left- and right-handed soft SUS

breaking tau slepton masses, respectively. The tau sle
soft breaking trilinear couplingAt and Higgs mass mixing
parameterm are complex,

At5uAtueiw, m5umueih. ~5!

The complex phasew andh are the source ofCP violation,
which can vary in the range 0<w,h<2p. In the later con-
text, we will takem as real, i.e., only the phasew is left so as
to reduce the number of parameters and simplify the disc
sion. The tau slepton mass eigenstates can be realized
unitary transformationU which diagonalizes the mass
squared matrixM t̃

2 ,

UM t̃
2
U†5diag~mt̃1

2 ,mt̃2

2
!, ~6!

where the diagonalization matrix can be parametrized as

U5S cosut sinute
i d

2sinute
2 i d cosut

D ~7!

with

d5arg~At1m tanb!. ~8!

The tau slepton mixing angles and mass eigenvalues are
given as

tan 2u5
2mtuAt1m tanbu

ML
22MR

2
,

~9!

mt̃1,2

2
5 1

2 @ML
21MR

2

7A~ML
22MR

2 !214mt
2uAt1m tanbu2#
11500
on
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with convention 0<u< p/2 ,mt̃1

2
<mt̃2

2 . For large values of

tanb andm, the mixing in the tau slepton sector can be ve
strong.

B. The chargino and neutralino systems

The general chargino mass matrix is given by@13#

MC5S M2 A2MWsb

A2MWcb m
D , ~10!

where M2 is the w-ino mass parameter and we usesb
5sinb,cb5cosb, etc. It can be diagonalized by two re
rotation matricesCL andCR ,

CLMCCR
215diag~mx̃

1
6,mx̃

2
6! ~11!

with two rotation angles given by

tan 2uL5
2A2MW~M2cb1msb!

M2
22m222MW

2 cb

,

~12!

tan 2uR5
2A2MW~M2sb1mcb!

M2
22m212MW

2 cb

.

The two mass eigenvalues of the charginos, in the limitumu
@M2 ,MW , are reduced to

mx̃
1
6.M22

MW
2

m2
~M21ms2b!,

~13!

mx̃
2
6.umu1

MW
2

m2
em~M2s2b1m!,

where em is for the sign of m. For umu→`, the lighter
chargino corresponds to a purew-ino state with massmx̃

1
6

.M2, while the heavier chargino corresponds to a pu
higgsino state with massmx̃

2
6.umu.

The neutralino mass matrix is
MN5S M1 0 2MZsWcb MZsWsb

0 M2 MZcWcb 2MZcWsb

2MZsWcb MZcWcb 0 2m

MZsWsb 2MZcWsb 2m 0

D , ~14!
5-2
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where M1 is the B-ino mass parameter andsW5sinuW,cW
5cosuW, etc. are used. It can be diagonalized by a sin
real orthogonal matrixN,

NMNN215diag~mx̃
1
0,mx̃

2
0,mx̃

3
0,mx̃

4
0!. ~15!

In the limit of largeumu values, the mass eigenvalues of t
neutralinosmx̃

i
0 ( i 51,2,3,4) are simplified to

mx̃
1
0.M12

MZ
2

m2
~M11ms2b!sW

2 ,

mx̃
2
0.M22

MZ
2

m2
~M21ms2b!cW

2 ,

~16!

mx̃
3
0.umu1

MZ
2

2m2
em~12s2b!~m1M2sW

2 1M1cW
2 !,

mx̃
4
0.umu1

MZ
2

2m2
em~11s2b!~m2M2sW

2 2M1cW
2 !.

Again, for umu→`, two neutralinos are pure gaugino stat
with massesmx̃

1
0.M1 ,mx̃

2
0.M2, while the two others are

pure Higgsino states with massesmx̃
3
0.mx̃

4
0.umu. The ma-

trix elements of the diagonalizing matrix,Ni j with i , j
51, . . . ,4, aregiven by

Ni15~11ai
21bi

21ci
2!21/2,

Ni25Ni1ai ,
~17!

Ni35Ni1bi ,

Ni45Ni1ci

with

ai52
1

tanuW

M12e imx̃
i
0

M22e imx̃
i
0
,

bi5$m~M12e imx̃
i
0!~M22e imx̃

i
0!

2MZ
2sbcb@~M12M2!cW

2 1M22e imx̃
i
0#%/

@MZsW~M22e imx̃
i
0!~m cb1e imx̃

i
0sb!#,

~18!
ci5$2e imx̃

i
0~M12e imx̃

i
0!~M22e imx̃

i
0!2MZ

2cb
2

3@~M12M2!cW
2 1M22e imx̃

i
0#%/

@MZsW~M22e imx̃
i
0!~mcb1e imx̃

i
0sb!#,

wheree15e251,2e35e45em .
11500
e

C. Mass spectra in the MSUGRA scenario

To reduce the number of the parameters, we will adopt
minimal supergravity~MSUGRA! scenario with universality
hypothesis to discuss the SUSY particle spectra, where
scalar fermion masses and the gaugino masses are, re
tively, unified asm0 and m1/2 at the grand unified theory
~GUT! scaleMGUT. The relation between the SUSY partic
masses at the scaleMGUT and at the weak scaleO(MZ) are
obtained by running renormalization group equations~RGE!
as @14#

M1.0.4m1/2, M2.0.8m1/2,

mt̃R

2 .m0
210.15m1/2

2 20.23MZ
2 cos 2b,

~19!
mt̃L

2 .m0
210.52m1/2

2 20.27MZ
2 cos 2b,

mñt

2 .m0
210.52m1/2

2 10.5MZ
2 cos 2b,

where mñt
is the left-handed soft-SUSY-breaking ta

sneutrino mass. All of the free parameters now includeuAu,
w, m, tanb, m0, andm1/2. We will take them as input and
use the above-mentioned equations, and all the mass sp
of the involved SUSY particles can then be worked out.

III. RELEVANT COUPLINGS AND DECAY RATE
ASYMMETRY

A nonvanishing value for the asymmetryACP
nt in Eq. ~1! is

generated, if the decayt̃2→ntx̃
2, in addition to the decay

t̃2→t2x̃0, is allowed kinematically. The produced tau le
ton and neutralino can become a tau neutrino and a char
by exchanging charged Higgs bosonsH6, W6 bosons,
and tau sneutrinoñt , as shown in Fig. 1. The interference
of these one-loop diagrams with the tree diagram make
rate of the decayt̃2→ntx̃

2 different from that of the decay
t̃1→ n̄tx̃

1. The relevant interaction Lagrangian fort̃ andñt
as well asH6 andW6 is given by@1,12#

FIG. 1. The one-loop diagrams for the decay of a tau slep
into a tau neutrino and a chargino.
5-3
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L5
g

A2
ñtt̄S ALl

12g5

2
1ARl

11g5

2 D x̃ l
21

g

A2
t̃kn̄tS Bkl

11g5

2 D x̃ l
11

g

A2
t̃kt̄S FL jk

12g5

2
1FR jk

11g5

2 D x̃ j
0

1
g

A2
ñtn̄tS Gj

11g5

2 D x̃ j
02

g

A2
H2x̃ j

0gmS I L j l

12g5

2
1I R jl

11g5

2 D x̃ l
12

g

A2
H2t̄S K

12g5

2 D nt

2
g

A2
Wm

2x̃ j
0gmS HL jl

12g5

2
1HR jl

11g5

2 D x̃ l
12

g

A2
Wm

2t̄gm
12g5

2
nt1H.c. ~20!
th
.
d

with

ALl5
mt

MWcb
CLl2 , ARl52A2CRl1 ,

Bkl5
mt

MWcb
CLl2Uk2* 2A2CLl1Uk1* ,

FL jk52
mt

MWcb
Nj 3Uk1* 22 tanuWNj 1Uk2* ,

FR jk5
mt

MWcb
Nj 3Uk2* 2~Nj 21tanuWNj 1!Uk1* ,

Gj5Nj 22tanuWNj 1 , ~21!

HL jl 52A2Nj 2CRl11Nj 4CRl2 ,

HR jl52A2Nj 2CLl12Nj 3CLl2 ,

I L j l 5cosb@A2Nj 4CRl11~Nj 21tanuWNj 1!CRl2#,

I R jl5sinb@A2Nj 3CLl12~Nj 21tanuWNj 1!CLl2#,

K52tanb
mt

MW
,

where k,l 5(1,2) and j 5(1, . . . ,4). We nowconsider the
decay of the heavier tau slepton into the tau neutrino and
lighter charginot̃2

2→ntx̃1
2 and its CP conjugate process

The decay rate asymmetry for the processes are obtaine

ACP
nt 5

a2

2

Ta1Tb1Tc

~mt̃2

2
2mx̃

1
2

2
!2uB21u2

, ~22!

wherea25g2/(4p). The contributions of the diagrams~a!,
~b!, and ~c! in Fig. 1 are represented byTa, Tb, and Tc,
respectively. These terms are written as
11500
e

as

Ta5(
j

(
n51

4

Im~Xj
n!Jn

a~mt̃2
,mx̃

j
0,mx̃

1
2!,

Tb5(
j

(
n51

4

Im~Yj
n!Jn

b~mt̃2
,mx̃

j
0,mx̃

1
2!, ~23!

Tc5(
j

(
n51

4

Im~Zj
n!Jn

c~mt̃2
,mx̃

j
0,mx̃

1
2!

with

Xj
15KB21FR j2* I L j 1 , Xj

25KB21FL j 2* I L j 1 ,

Xj
35KB21FL j 2* I R j1 , Xj

45KB21FR j2* I R j1 ;

Yj
15B21FR j2* HL j 1 , Yj

25B21FR j2* HR j1 ,
~24!

Yj
35B21FL j 2* HL j 1 , Yj

45B21FL j 2* HR j1 ;

Zj
15AR1B21FR j2* Gj , Zj

25AR1B21FL j 2* Gj ,

Zj
35AL1B21FL j 2* Gj , Zj

45AL1B21FR j2* Gj

and

J1
a5

1

2
mtmx̃

1
2FT1~mt

21mx̃
1
2

2
2mt̃2

2
2mH6

2
!lnUS1T

S2TUG ,
J2

a5
1

2
mx̃

j
0mx̃

1
2FT1~mt

22mH6
2

!lnUS1T

S2TUG ,
J3

a5
1

2 Fmt̃2

2
T1~mt

2mx̃
1
2

2
2mt̃2

2
mH6

2
!lnUS1T

S2TUG ,
J4

a5
1

2
mtmx̃

j
0~mx̃

1
2

2
2mt̃2

2
!lnUS1T

S2TU,
J1

b5
1

2
mx̃

j
0mx̃

1
2F2MW

2 1mt
2

MW
2

T

1S mt
222MW

2 1
mt

4

MW
2 D lnUS81T

S82T
UG ,
5-4
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J2
b52

mt
2mx̃

1
2

2

2MW
2

T1F 1

2
mt

2mx̃
1
2

2
1(mx̃

1
2

2
2mt̃2

2 )

3(mt̃2

2
2mt

22mx̃
j
0

2
)1

mt
2mx̃

1
2

2

2MW
2

(mx̃
j
0

2
2mx̃

1
2

2
2mt

2)

~25!

1
mt

2mt̃2

2

2MW
2 ~mx̃

1
2

2
2mx̃

j
0

2
!G lnUS81T

S82T
U ,

J3
b5

1

2
mtmx̃

1
2H 2MW

2 2mt̃2

2
1mx̃

j
0

2

MW
2

T1F 2~mt
21mx̃

1
2

2

2MW
2 !2mt̃2

2
2mx̃

j
0

2
2

mt
2~mx̃

1
2

2
2mx̃

j
0

2
!

MW
2 G lnUS81T

S82T
UJ ,

J4
b5

mtmx̃
j
0~mt̃2

2
2mx̃

1
2

2
!

2MW
2 S T13MW

2 lnUS81T

S82T
U D ,

where

T5

~mt̃2

2
2mx̃

1
2

2
!

mt̃2

2

3Amt̃2

4
1mt

41mx̃
j
0

4
22mt̃2

2
mt

222mt̃2

2
mx̃

j
0

2
22mt

2mx̃
j
0

2
,

~26!

S5
1

mt̃2

2 ~mt̃2

2
1mx̃

1
2

2
!~mt̃2

2
2mt

21mx̃
j
0

2
!

22~mx̃
j
0

2
1mx̃

1
2

2
2mH6

2
!,

S8 is derived fromS by changingmH6 to MW . In addition,
Jn

c are also obtained fromJn
a by mñt

replacingmH6. The sum
for the intermediate neutralinos in the formula~23! should be
done for those which satisfy the kinematical conditionmt̃2

.mt1mx̃
j
0 .

IV. NUMERICAL RESULTS

In this section we will illustrate our numerical results
the CP asymmetry in the tau slepton decay for the relev
SUSY parameters based on the MSUGRA scenario. Since
have assumed a universal massm0 for the scalar fermions
and a massm1/2 for the gauginos at the GUT scale, therefo
the parameters appearing in our analyses areuAu, w, m,
tanb, m0 , m1/2, and mH6. For simplicity, although these
parameters are not all independent of each other, we ass
phenomenologically they are independent and assume
rough constraints coming from theoretical and experime
considerations. The simple expressions~19! will be used for
the soft SUSY-breakingB-ino and W-ino mass, as well as
11500
t
e

,

me
ly

al

left- and right-handed slepton masses when performing
RGE evolution to weak scale at one-loop order if the Yuka
couplings in the RGEs are neglected. We will choose t
representative values for tanb: a low value (tanb52.5) and
a large value (tanb540), as well as two values for phas
w: p/2 and p/4, respectively. The other parameters a
typically taken, for example, as the following:

h50, umu52 TeV, uAtu51.5 TeV,
~27!

mH651 TeV, m05m1/25400 GeV.

As a result, the masses of the relevant SUSY particles
immediately led to

mx̃
1
6.mx̃

2
0.M2.320 GeV,

~28!
mx̃

1
0.M1.160 GeV, mñt

.490 GeV,

which do not depend on the value ofw and there is only a
very small variation with the value of tanb. The masses of
the tau sleptons, however, are more sensitive to tanb, and

FIG. 2. The decay rate asymmetry as a function of the gaug
massm1/2 for tanb52.5, and the other parameter values in E
~27!. The curve I⇒w5p/2, II ⇒w5p/4.

FIG. 3. The decay rate asymmetry as a function of the gaug
massm1/2 for tanb540, and the other parameter values in Eq.~27!.
The curve I⇒w5p/2, II ⇒w5p/4.
5-5
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there is a very small change with the value ofw. For w
5p/4, the numerical results are given by

mt̃1
.430 GeV, mt̃2

.498 GeV ~ tanb52.5!,

~29!
mt̃1

.266 GeV, mt̃2
.604 GeV ~ tanb540!.

For tau slepton, large enough off-diagonal elements of
mass matrices are obtained only for largem and tanb; the
trilinear couplingsAt play only a marginal role. We will fix
the latter in the entire analysis. The soft SUSY-break
masses for the Higgs bosons are, however, disconne
from the sfermions, moreover, our results are not sensitiv
the charged Higgs bosons massmH6, so it will also be fixed.

In Figs. 2 and 3, the absolute values ofACP
nt are shown as

a function of the unified gaugino massm1/2 for the low value
(tanb52.5) and the large value (tanb540), respectively.
The other involved parameters are fixed the same as Eq.~27!.
Two curves of each figure correspond, respectively, to
values of the phasew5p/4 andw5p/2. The plots show tha
the rate asymmetriesuACP

nt u are very sensitive to the value o
tanb. They have approximately a magnitude of order

FIG. 4. The decay rate asymmetry as a function of the param
umu for tanb52.5, and the other parameter values in Eq.~27!. The
curve I⇒w 5p /2, II ⇒w5p/4.

FIG. 5. The decay rate asymmetry as a function of the param
umu for tanb540, and the other parameter values in Eq.~27!. The
curve I⇒w5p/2, II ⇒w5p/4.
11500
e

g
ed
to

o

f

1024 for tanb52.5 and of order of 1026 for tanb540,
respectively. The asymmetries are enhanced with increa
value of m1/2. In the case of tanb52.5 andw5p/2, for
large values ofm1/2 (m1/2'500 GeV), the asymmetryAcp

nt

can significantly reach the order of 1023. In addition, the
parametersw, uAtu, andm0 do not change the whole trend
of the plots, nevertheless, they can slightly shift the values
ACP

nt in the same order of magnitude. The mass of
charged Higgs boson does not, however, affect the asym
tries obviously.

In Figs. 4 and 5, the rate asymmetriesuACP
nt u are shown as

a function of the Higgs mass parameterumu for tanb52.5
and tanb540, respectively. The unified gaugino mass a
the other parameters are still given by Eq.~27!. The plots
show that the magnitude of order of the asymmetries
similar to those of Figs. 2 and 3, respectively. For a larg
value of umu, the asymmetries are smaller. In the case
tanb52.5 andw5p/2, the values ofuACP

nt u also become of
the order of 1023 for small values ofumu (umu'1 TeV). In

er

er

FIG. 6. The branching ratios as a function of the gaugino m
m1/2 for tanb52.5, w5p/4, and the other parameter value

in Eq. ~27!. The curve I⇒( t̃2→ntx̃1
2), II ⇒( t̃2→tx̃1

0),

III ⇒( t̃2→tx̃2
0).

FIG. 7. The branching ratios as a function of the gaugino m
m1/2 for tanb540, w5p/4, and the other parameter value

in Eq. ~27!. The curve I⇒( t̃2→ntx̃1
2), II ⇒( t̃2→tx̃1

0),

III ⇒( t̃2→tx̃2
0).
5-6



n

lu

b

e
n

te
rd

d
0

an

g
ll as
l-

was
vier
nal
ion
lus-
eter
own

his
op

ider

n-

CP ASYMMETRY IN TAU SLEPTON DECAY IN THE . . . PHYSICAL REVIEW D 65 115005
most regions of parameter space in Figs. 2–5,t̃2 dominantly
decays intontx̃1

2 , tx̃1
0, and tx̃2

0. In Figs. 6 and 7, the
branching ratios of these decays are shown as a functio
the gaugino massm1/2 for tanb52.5 and tanb540, respec-
tively, where the phasew is fixed to w5p/4 and values of
the other parameters are the same as Eq.~27!. The graphs
show that the trends of plots obviously change with the va
of tanb. For a smaller value ofm1/2, Br(t̃2→ntx̃1

2) is
larger. The interactions which induce the rate asymmetry
tween the decayst̃2→ntx̃

2 andt̃1→ n̄tx̃
1 also yield a rate

asymmetry between the decayst̃2→t2x̃0 and t̃1→t1x̃0,
satisfying the relation in Eq.~3!. As seen in Figs. 6 and 7, th
width of t̃2→ntx̃1

2 is generally several times smaller tha

that of t̃2→tx̃1
0, and accordingly the former decay ra

asymmetry becomes larger than the latter by the same o
of magnitude. For the detection of an asymmetryACP

nt

;1023, a necessary number of pairs oft̃1t̃2 should be in
the order of 106. This luminosity is expected to be produce
at a futurem1m2 linear collider with a c.m. energy of 50
GeV, where it will be possible to examine theCP violation
through the decayt̃→ntx̃

6.

V. CONCLUSIONS

In summary, we have studied in detail the signal forCP
violation in the tau slepton sector in the MSSM. The relev
,

.

11500
of

e

e-

er

t

sources ofCP violation come from the soft SUSY-breakin
terms associated with the third generation slepton, as we
the Higgs mass parameterm. We presented a general forma
ism of the effect of theCP-violating mixing in the tau slep-
ton sector on their decays. A detailed analysis about that
focused on the rate asymmetry of the decay of the hea
tau slepton into the lighter chargino and tau neutrino fi
states. In the MSUGRA scenarios where the scalar ferm
and gaugino masses are unified at the GUT scale, we il
trated this asymmetry and branching ratios in the param
space which are constrained by experiments. It was sh
that a rate asymmetry between the decayst̃2

2→ntx̃1
2 and

t̃2
1→ n̄tx̃1

1 can be induced at a magnitude of order of 1023

in a region of the parameter space whereCP violation be-
comes maximal at the Lagrangian level. Even though t
CP-violating tau slepton mixing only proceeds through lo
diagrams, it can give rise to order of 1023 CP-violating
asymmetry even in the absence of otherCP phases. As a
result, the intrinsic property ofCP violation in the MSSM
can be expected to be detectable in the near-future coll
experiments.
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