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Motivation

# Stops and sbottoms are supersymmetric partners of the
top quark and the bottom quark — ¢;, b;
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Motivation

# Stops and sbottoms are supersymmetric partners of the
top quark and the bottom quark — ¢;, b;

# From theoretical arguments: stops and sbottoms are
lighter than the squarks of the 15t and 24 generations

® LHC: G — #;t, bb
ILC: ete™ — ;fvz%v], /I;Z/EJ
# Proposition of suitable CP sensitive observables

» Proofs that CP is violated in the stop (sbottom) system

o Determination of the model parameters
Minimal Supersymmteric Standard Model (MSSM)
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CP-even versus CP-odd observables

CP-even: masses, Cross sections,...

CP-odd: rate asymmetries, T-odd asymmetries,...
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CP sensitive observables

If kinematically accessible: two-body decays dominate

~

ti — Xot (k=1,...,4)

bi — Xt U=12)
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CP sensitive observables

If kinematically accessible: two-body decays dominate

~

ti — Xt (k=1,...,4)
b — Xt (j =1,2)
Which CP sensitive observables?

Amplitude squared (rest system):

A2 5 mg Sm(L*R) fi - (§ % &)+ (L2 +RP) @t p) + -

A =1u(pt, &) (L P+ R Pr) v(py,§y)]

Triple product: 7; - (£, x &)
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CP sensitive observables

Dt
Ny —N-— = x - = &
& &

Pi

N is number of events where 7; - (£, x &) >0
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CP sensitive observables

N.—N_ = *

N4 is number of events where p; -

T-odd asymmetry A7:

Ny — N
- Ny +N_

Ar

A x Sm(L"R)

S
. &
Pt
(fXXft)>O
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CP violation Iin stop decays

~

T-odd asymmetries in t; — Y5t

Polarizations of ¢+ and Y! are analyzed through the
angular distributions of their decay products
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CP violation Iin stop decays

T-odd asymmetries in t; — Y9t

Polarizations of ¢+ and Y! are analyzed through the
angular distributions of their decay products
We consider the decay chains

t — Wb — [vb, csb

X5 = (RET = (TGXY ((=ep)
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CP violation Iin stop decays

T-odd asymmetries in t; — Y9t

Polarizations of ¢+ and Y! are analyzed through the
angular distributions of their decay products

We consider the decay chains
t - Wb — [vb, csb

=0 F gt + p)F =0 __

Xo = (RlT — (143X, (€ =e p)

Polarization vectors ¢, ; expressed in momenta of the
decay products [s. kawasaki, T. Shirafuji, and S.Y. Tsai, Prog. Theor. Phys. 49,

1656 (1973)]

— eight different T-odd asymmetries can be constructed
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Numerical examples ¢, — Y3t

Phases in the game: ¢, = ¢, = 0 (determined in other
processes), ¢4, # 0
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Numerical examples ¢, — Y3t

Phases in the game: ¢, = ¢, = 0 (determined in other
processes), ¢4, # 0

Ap basedon - (p: x pr,), D1+ By X Doy )y De - (D2 X Pry)

m;, = 400 GeV

mgy = 174 GeV
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Necessary number of stops

Required number of stops to probe the T-odd asymmetries:

0.2

Nz > — — ~
(A7)2BR(W — f)BR(t1 — X3t)BR(X9 — {r()

t1
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Necessary number of stops

Required number of stops to probe the T-odd asymmetries:

N~

2

>

" (Ar)?2BR(W — f)BR

(t1 — X3t)BR(X3

— (Rl)

Example (o = 3): mj, = 400 GeV, myy = 153 GeV,

B(t; — X9t) = 22%

Ar | value [%] | Ny -107°
AF | 115 4.5
Af || 283 1.6
AL | 13.8 6.8

(P4, =

2)
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CP violation in sbottom decays

T-odd asymmetries in b; — Xt
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CP violation in sbottom decays

T-odd asymmetries in b; — Xt
We consider the decay chains

i OV = LTR
Xp— Lo — X

X; — WX} = 6GoX]
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CP violation in sbottom decays

T-odd asymmetries in b; — Xt
We consider the decay chains

i OV = LTR

)?1_—> E,ED — 52_55(/(1)

X; — WX} = 6GoX]

The polarization vector &, is different in the three different

decay chains, i.e. ¢; have different angular (energy)
distributions

— twelve different T-odd asymmetries that are based on

i - (€, x &) can be constructed
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Numerical examples
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phases: ¢, =0, ¢4, # 0

my = 320 GeV
M- = 108 GeV

Required number of sbottoms to probe A at 3o

N; =5.5x 10°
1
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Summary

#® We have proposed various T-odd asymmetries in the
decays of stops and sbottoms that are based on triple
products
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# Order 10° produced stops (sbottoms) are necessary to
probe the asymmetries at 30 = can be provided at LHC
and ILC. For example, at the ILC the production rates of

stops and sbottoms can be of the order 10*

Probing CP violation through stop and sbottom decays — p.12/12



Summary

#® We have proposed various T-odd asymmetries in the
decays of stops and sbottoms that are based on triple
products

# The influence of CP violation already arises at tree-level
— T-odd asymmetries can be in the tens of percent
range

# Order 10° produced stops (sbottoms) are necessary to
probe the asymmetries at 30 = can be provided at LHC
and ILC. For example, at the ILC the production rates of

stops and sbottoms can be of the order 10*

#® Their measurements may allow us to determine the CP
phases ¢4, and ¢4, = testing the underlying theory
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