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WHY DO WE NEED TO MEASURE "K0h
Calculation of QCD contribution to charm decays is not a straightforward task. Long 
distance contribution (FSI) could mimic NP in charm. Pursuing the goal of the most precise 
measurements and searches for NP clear understanding of SM contribution is needed.

Глава 3

Обзор современного состояния
физики очарованных адронов

3.1 Нарушение CP -инвариантности в распадах оча-
рованных адронов

Механизм смешивания нейтральных мезонов предоставил уникальную возмож-
ность для проверки СМ. В то время как системы нейтральных K

0- и B
0-мезонов

изучаются уже в течение многих лет, наблюдение смешивания в системе D
0- øD0 на-

блюдалось сравнительно недавно [32, 33], и измерение параметров смешивания на
уровне значимости превышающем три стандартных отклонения произошло толь-
ко в 2019 году [34]. Принимае во внимание малость смешивания в системе D

0- øD0

в СМ, обусловленную CKM и GIM подавлениями, вклады НФ могут быть суще-
ственны [15].

Одним из самых значительных результатов для физики тяжелых ароматов
стало, представленное коллаборацией LHCb, доказательство нарушения CP сим-
метрии в распадах очарованных адронов [16]:

! ACP = ACP (K+
K

! ) ! ACP (! +! ! ) = ( ! 15.4 ± 2.9) " 10! 4
, (3.1)

где CP асимметрия определена выражением:

ACP (f ) =
" ( øD0 # f ) ! " ( øD0 # f )
" ( øD0 # f ) + " ( øD0 # f )

. (3.2)

В приведенном выражении CP -нарушение можно разбить на прямое (нарушение
CP -симметрии в амплитуде распада) и зависящую от времени часть. Тогда запи-
шем,

ACP (t) = a
d
f + ! Yf

t

"D 0
. (3.3)
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Рис. 3.2: Правила сумм для Кабиббо-разрешенных и дважды Кабиббо-

подавленных амплитуд распада очарованных мезонов. Через ! + " , ! 00, ! 0+ обо-

значены разности сильных фаз между ДКП и КР амплитудами.

и для ДКП амплитуд:

AD0! K+ ! ! = "
1

5
(3T " 2C + K)ei"1/2 "

2

5
(T + C + " #)

AD0! K0! 0 =
1

5
!

2
(3T " 2C + K)ei"1/2 "

3

5
!

2
(T + C + " #)

AD+ ! K0! + =
1

5
(2T " 3C + � " K

#)ei"1/2 "
2

5
(T + C + " #)

AD+
s ! K0K+ = " (T + C + " #). (3.12)

Дополнительно введенные параметры K, K
#, " , " # не описывают определенных

топологий, но введены для соответствия паттернов SU(3)f -нарушения наблюдае-

мым в эксперименте данным. В работе [39] в результате подгонки наблюдаемых
CP -асимметрий и относительных вероятностей некоторых распадов были полу-

чены численные значения для вкладов различных топологий, а также сильных
фаз, отвечающих амплитудам с различным изменением изоспина. На основании
полученных результатов можно сделать предсказание для сильных фаз в распадах
D

0 # K̄
0#0, D

+ # K̄
0#+ и D

+
s # K̄

0
K

+ [13]:

! 00 = (" 3 ± 6)$; (3.13)

! 0+ = (" 76 ± 4)$; (3.14)

! 0+
s = (108 ± 4)$

. (3.15)

3.3 Экспериментальный обзор измерения разности
сильных фаз

Проблема измерения разности сильных фаз в распадах очарованных адронов вста-

ла особенно остро в связи с измерением параметров смешивания и поиском нару-
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FRAMEWORK
without D 0 ! D

0
transitions are forbidden by statistics [6]. However, this method requires

an unprecedented statics, which hardly can be achieved even at future Superc-! factory.
In this work we propose another approach to measure"K ! for a future experiments that

will operate at high luminosity frontier such as Belle-II [7], LHCb [8] and Superc-! factory [9,
10].

Since direct CPV in charm sector is small" O(10! 4), it is fair to assume that

#K 0#0|H| D 0$/ #K
0
#0|H| D 0$= #K + #! |H| D 0$/ #K ! #+ |H| D 0$ (6)

up to the corrections due to color suppression of the DCS decayD 0 % K 0#0. Also due to
small SU(2) isospin symmetry breaking it could be expected that"K + ! ! & "K 0! 0 = "K ! .

III. K 0 EVOLUTION

The time evolution of the K 0ÐK
0

system is described by the Schr¬odinger equation

i
$
$t

!
K 0(t)

K
0
(t)

"
=

!
M !

i
2

!
" !

K 0(t)

K
0
(t)

"
, (7)

where theM and! matrices are Hermitian, andCPT invariance requiresM11 = M22 ' M
and ! 11 = ! 22 ' ! . The Hamiltonian eigenvalues could be written as following

m ! i
!
2

=
#
M11 ! i

2! 11
$

+ p
q

#
M12 ! i

2! 12
$

m" ! i
! "

2
=

#
M11 ! i

2! 11
$

! p
q

#
M12 ! i

2! 12
$

, (8)

wherem, m" are masses and! , ! " are widths of Hamiltonian eigenstates and parametersp,
q which correspond to ßavour states admixtures deÞned by

!
p
q

" 2

=
M12 ! i

2! 12

M #
12 ! i

2! #
12

(9)

following boundary conditions: !
K 0(t)

K
0
(t)

" %
%
%
%
t=0

=
!

a
b

"
(10)

From the equation (7) one can obtain the evolution ofK 0-mesons produced as a linear
combination (a|K 0$+ b|K

0
$)

|K 0(t)$=
1
2

e! imt e! 1
2 ! tAl+

&
a

'
1 + e! i " mt e

1
2 "! t

(
+ b

p
q

'
1 ! e! i " mt e

1
2 "! t

( )
(11)

|K
0
(t)$=

1
2

e! imt e! 1
2 ! tAl !

&
b

'
1 + e! i " mt e

1
2 "! t

(
+ a

q
p

'
1 ! e! i " mt e

1
2 "! t

( )
(12)

wherem, ! Ð mass and width of e" ective Hamiltonian eigenvalue. We deÞne# m = m"! m >
0 and #! = ! " ! ! . In this manuscript we consider only semileptonic Þnal states and we
denote corresponding decay amplitudes as

Al+ = ##! l+ %|H| K 0$, Al! = ##+ l ! %|H| K
0
$ (13)

4

! K0(t)%= g+(t) ! K0%+
(

q

p)
g$(t) ! K 0%

! K 0(t)%= g+(t) ! K 0%$
(

p

q)
g$(t) ! K0%

! K0(t)%=
1 $ %

2
e$i&St ! KS%+

1 $ %

2
e$i&Lt ! KL%

! K0(t)%=
1 + %

2
e$i&St ! KS%$

1 + %

2
e$i&Lt ! KL%

Initial state Ñ : 

 

 

a! K0%+ b! K0%

D+ /D$, D+ ! K0$+,

D0/D0, D0 ! K0$0,

D+
s /D$

s , D+
s ! K0K+,

 evolution:K0 $ K0
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52 The CPLEAR Collaboration: Analysis of the decay of neutral kaons to ! + ! ! in the CPLEAR experiment
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Fig. 16. The measured decay rates for K0 (! ) and K 0 (¥) after
acceptance correction and background subtraction

rameters are the background absolute level, the KS mean
lifetime and the intercept at τ = 0. The result of the fit
is shown by the continuous curve. The value obtained for
the KS mean lifetime agrees with the world-average value
to within 1%, the precision expected from the accuracy to
which the absolute acceptance of the detector is known.
This uncertainty on the absolute acceptance does not af-
fect the fit to the experimental asymmetry with (12), since
the π+π− acceptance cancels between numerator and de-
nominator. Only the ratio of the semileptonic to π+π−

acceptances enters, through the decay-time dependence
of the background.

In the third method, the decay-time dependence of the
background is once again fixed as above but its absolute
level is left as a free parameter in the fit to the experimen-
tal asymmetry with (12). The three methods yield values
in good agreement with each other. The absolute level of
the background is then fixed to the mean value obtained
from the three methods.

7 Results

The two rates R(τ) and R(τ), (6), are the decay rates of
CP conjugate states. Hence any difference between them is
direct evidence of CP violation. The measured decay rates,
as defined in Sect. 3, are displayed separately, for initial
K0 and K0, in Fig. 16, after acceptance correction and
background subtraction, and clearly show the expected
CP-violation effect.

The measured decay-rate asymmetry, (11), is shown
in Fig. 17 and is fitted by (12) with φ+−, |η+−|, and k as
free parameters. The decay-time dependence of the back-
ground, B(τ), is fixed to the parametrisation described in
Sect. 6.3 and its absolute level to the mean value obtained

2

0.5

0.4

0.3

0.2

0.1

Ð 0.1

Ð 0.2

Ð 0.3

Ð 0.4

Ð 0.5

1

4 6 8 10 12 14 16 18 20

Neutral-kaon decay time [! s]

A
sy

m
m

e
tr

y 
A

e
xp

 
+

Ð

Fig. 17. The measured decay-rate asymmetry, Aexp
+ ! (" ). The

solid circles are the data points, including residual background,
while the continuous curve is the result of our Þt

Table 1. Correlation coe! cients for the Þtted values in the
case of Þxed# m

$+ ! |%+ ! | k

$+ ! 1 0.17 0.37
|%+ ! | - 1 0.65
k - 1

from the three methods above. The values of ΓL and ΓS
are fixed to the world-average values [3], as also, normally,
is the value of ∆m. Fits have also been performed with
∆m as an additional free parameter.

The value obtained for φ+− depends on the value of
∆m, varying as

φ! m
+− = φ〈! m 〉

+− + 0.300(∆m ! " ∆m#),

with φ+− in degrees and ∆m in units of 107! s−1, but
has negligible dependence on the value of τS. The value of
|η+−| depends on the value of τS as

|η+−|" S = |η+−|〈" S〉 + 0.091(τS ! " τS#) $ 10−3,

where τS is in ps, and has negligible dependence on the
value of ∆m. Neither |η+−| nor φ+− have any significant
dependence on the value of ΓL used in the fit.

Using for "∆m#and "τS#the world averages [3], "∆m#=
(530.1 ± 1.4) $ 107! s−1 and "τS#= (89.34 ± 0.08) ps, the
results of the fit are:

|η+−| = (2.264 ± 0.023) $ 10−3 ,

φ+− = 43.19◦ ± 0.53◦ ,

k = 0.9997 ± 0.0004 ,

where the errors are purely statistical and χ2/d.o.f. = 1.2.
The result of the fit is shown as a solid line in Fig. 17.
Table 1 shows the correlation coefficients between φ+−,
|η+−| and k, given by the fit.

An alternative way of presenting the data is given by
the ‘reduced asymmetry’, Ared(τ) = Aexp

+−(τ)$

II. DATA SAMPLES14

R(R) ⌘ 1± 2Re(")

2
|AfS |2

h
e
��St+|⌘+�|2e��Lt �

⌥ 2|⌘+�|e�
1
2 (�L+�S)t cos (�mt� '+�)

i
(12)

III. STUDY D
+
s ! K

0
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+
15

A. Selection criteria16

B. Background17

[1] A. Apostolakis et al. [CPLEAR], Eur. Phys. J. C 18, 41-55 (2000)18
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Amplitudes: Time-dependent decay rates:

! )+$ ! = (2.232± 0.011) ( 10$3

* +$ = 43.51± 0.05World average:
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Abstract
We report . These results are obtained from a 980 fb! 1 data sample that containsXXX ⇥ 106

B øB pairs
and was collected near the! (4S) resonance, with the Belle detector at the KEKB asymmetric energye+

e
!

collider.

I. INTRODUCTION9

Neglecting possible CPTV terms [1]10

hf |Hwk |K0i =
1� !p

2
[AfS e

! i ! S t + AfL e
! i ! L t ] (1)

hf |Hwk |K0i =
1 + !p

2
[AfS e

! i ! S t �AfL e
! i ! L t ] (2)

Here we consider the decay chainD" + ! (K0" 0)D 0 " +
slow11

hf |Hwk |D0i = hf |Hwk |K0i +
p
rD e

i " hf |Hwk |K0i (3)

(4)

hf |Hwk |D0i =
p
rD e

i " hf |Hwk |K0i + hf |Hwk |K0i (5)

M D 0 = hf |Hwk |K0i +
p
rD e

i " hf |Hwk |K0i (6)

|hf |Hwk |K0i|2 =
1 + 2Re(! )

2

!
|AfS |2e! ! S t + |AfL |2e! ! L t �

� e
! 1

2 (! L + ! S )t "
AfS A

"
fL e

! i " mt + A
"
fS AfL e

i " mt #$
(7)

#+ ! ⌘ |#+ ! |ei # + ! =
AfL

AfS
=

h" + " ! |Hwk |K0
L i

h" + " ! |Hwk |K0
Si

; (8)

Now eq. 7 could be rewritten as12

R ⌘ |hf |Hwk |K0i|2 =
1 + 2Re(! )

2
|AfS |2

!
e

! ! S t + |#+ ! |2e! ! L t �

� 2|#+ ! |e! 1
2 (! L + ! S )t cos (" mt� $+ ! )

$
(9)

R ⌘ |hf |Hwk |K0i|2 =
1� 2Re(! )

2
|AfS |2

!
e

! ! S t + |#+ ! |2e! ! L t +

+ 2 |#+ ! |e! 1
2 (! L + ! S )t cos (" mt� $+ ! )

$
(10)

For interference term one can obtain13

I± =
p
rD e

# i " 1 ± 2iIm(! )
2

|AfS |2
!
e

! ! S t�|#+ ! |2e! ! L t ±

± 2i|#+ ! |e! 1
2 (! L + ! S )t sin (" mt� $+ ! )

$
(11)

2

Amplitudes for the process :D ! KSX

35

где �, rf – разность сильных фаз и отношение модулей амплитуд DCS и CF рас-
падов. Отношение амплитуд имеет вид

rf ⌘

�����
hK0

h|H|Di
hK0

h|H|Di

�����

2

'
����
VcdV⇤

us

VcsV⇤
ud

����
2

. (4.10)

Используя известные значения для элементов матрицы CKM, можно оценить от-
ношение амплитуд rf ⇠ 1/�4 ⇠ O(10�3). В общем случае p

rf 6=
p

rf , и такое
неравенство является проявлением прямого CP -нарушения в распадах очарован-
ных адронов.

Подставляя уравнения эволюции (2.27,2.28) в (4.8,4.9), получим для зависящей
от времени вероятности распада

R+(t) ⌘ | +(t)|2 = R(t) + rfR(t)

+
p

rf (cos � + 2|⌘+�| sin � sin �+�) ⇥
⇣
e
��St � |⌘+�|2e��Lt

⌘
(4.11)

+ 2
p

rf |⌘+�|
⇣

sin � + 2|⌘+�| cos � sin �+�

⌘
e
� 1

2 (�L+�S)t sin (�mt � �+�),

R�(t) ⌘ | �(t)|2 = R(t) + rfR(t)

+
p

rf (cos � � 2|⌘+�| sin � sin �+�) ⇥
⇣
e
��St � |⌘+�|2e��Lt

⌘
(4.12)

� 2
p

rf |⌘+�|
⇣

sin � � 2|⌘+�| cos � sin �+�

⌘
e
� 1

2 (�L+�S)t sin (�mt � �+�).

где R, R определены согласно (2.32, 2.33). Как видно из полученных выражений,
наличие комплексной фазы в смешивании нейтральных каонов приводит к вкла-
ду как cos �, так и sin �, что устраняет тригонометрическую неопределенность. На
рисунке 4.4 продемонстрированы, полученные с помощью моделирования, распре-
деления по времени жизни нейтральных каонов, рожденных в распадах очарован-
ных мезонов.
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Strong phase enters both equations. No 
trigonometrical uncertainty in the measurement.
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SUPER -  FACTORYc !

Requirement SCTF

Good spatial resolution!

Large tracking detector/slow kaons

Good momentum resolution!

Hadron identiÞcation

# 100+m

, p /p < 0 . 01

)

)

)

)
Luminosity per 1 year

SCTF

Workshop on SCT (16.11.2021)

Proposed methods are universal however there are 
some requirements to achieve the best precision:
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Obtained with Monte-Carlo 
simulation samples Þtted (ML) and 
no bias observed in proposed 
measurement.

DCS/CF amplitude ratio was never measured in 
decay modes with , so scan in  performed.K0

S " / rf
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For correlated  pair time dependent decay rate for Þnal states :D0 f1, f2

Than for combination of Þnal states:

where ,
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Strong phase measurement could 
signiÞcantly improve our estimations for 
long distance QCD contribution in charm;!

The adequacy of ßavour symmetry 
approach could be checked;!

SCTF is an ideal candidate for such 
measurements;!

Both methods give similar accuracy at the 
level of ;!

Secondary vertex reconstruction is crucial 
for such analysis.
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Searches for NP in SCS decays. In the SM only one ßavour is 

produced in SCS decays;
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Semileptonic -decays could be used to improve 

accuracy in  and search for NP.
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Таблица 4.3: Статистическая неопределенность измерения разности сильных фаз
и отношения DCS/CF амплитуд с использованием распада K 0 ! !"# .

Мода распада
Неопределенность в $, !

(Belle II/СЧТФ)
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Потенциальным источником неопределенности для метода, использующего зави-
сящую от времени вероятность распада K 0

S ! ! + ! " , является регенерация каонов
на веществе детектора1. Для описания взаимодействия нейтральных каонов с ве-
ществом детектора необходимо модифицировать гамильтонинан в уравнении (2.3)
следующим образом [80]:
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где вторая матрица описывает рассеяние на ядрах вещества, а коэффициенты
определены, как
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где f (f ) – амплитуды рассеяния на нулевой угол для K 0( øK 0), m – масса K 0-
мезона, N = ( ' NA )/M – объемная плотность материала, NA – число Авогадро, '

– плотность материала, M – молярная масса. Сохранение странности в сильном
взаимодействии приводит к неравенству амплитуд рассеяния " f % f $ f &= 0 .
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!"# p Ð-3&*,81 /#95'2,8/%!% )2%/2 - L Ð5%,>-/2 '2"-25%'2 . A3&,-5*"0 (4.15)

3%7/% &#'#&-1258 + +-"#:

#S(t) = e
1
2 (" + " )te! i ! S t (#0

S + $#0
L e! i ! ! t ),

#L (t) = e
1
2 (" + " )te! i ! L t (#0

L + $#0
S). (4.18)

B,( )%''#)5/%9 %6#/)- +),2"2 +#>#15+2 + 21-33#5'-= '21&2"%+ /#%@4%"-3% &'- -

3#/-58 &%,*.#//0# *'2+/#/-( (4.18) '#)*'1-+/% ",( )27"%!% 1,%( +#>#15+2 "# -

5#)5%'2.

C.#+-"/% , .5% -11,#"%+2/-# /#%&'#"#,#//%15- , +/%1-3%9 + -;3#'#/-# '2;/% -

15- 1-,8/04 D2; <DD#)523- +#>#15+2 , "%,7/% @058 +0&%,/#/% ",( )%/)'#5/%9

)%/D-!*'26-- <)1&#'-3#/52 . E "2//%9 '2@%5# 1"#,2/2 %6#/)2 52)%!% +),2"2 &% &%-

'(")* +#,-.-/0 ",( )%/D-!*'26-- <)1&#'-3#/52 Belle II. F%7"#//%3* + '21&2"#

5(7#,%!% 2"'%/2 + '29%/# 5%.)- +;2-3%"#915+-( &*.)%+ /#95'2,8/%3* )2%/* /#%@ -

4%"-3% &'%,#5#58 1)+%;8 @#'-,,-#+*= 5'*@*(" 1mm) - )'#3/-#+09 +#':-//09

"#5#)5%', 1%15%(>-9 -; 6 1,%#+. $#'+0# "+2 1,%( &'#"152+,(=5 1%@%9 &-)1#,8-

/09 "#5#)5%' Ð PXD (L1,2 # 50 3)3 ) - .#50'# 1,%( 3-)'%15'-&%+%!% +#':-//%!%

"#5#)5%'2 Ð SVD (L3! 6 # 3003)3 ).

B,( "2//%9 &'%+#')- 30 -1&%,8;*#3 5%,8)% ,-"-'*=>-9 +),2" R(t)(R(t))

-; (4.12, 4.13),&%1)%,8)* +),2" -/5#'D#'#/6-- DCS/CF '21&2"%+ &%"2+,#/ )2)

O(10! 2), .-1509 DCS +),2" &%"2+,#/ )2) O(10! 3), - <5-3- +),2"23- (1 *.#5%3

32,%15- &2'23#5'2 '#!#/#'26-- ) 3%7/% &'#/#@'#.8. G#.#/-( - ;/2.#/-( ",( +# -

>#15+#//%9 - 3/-3%9 .215#9 '2;/%15- 23&,-5*" '211#(/-( /2 /*,#+%9 *!%, &% -

,*.#/0 -; [82]. H11,#"%+2/-# '#!#/#'26-- + <)1&#'-3#/5# CPLEAR [83] &%)2;2,%

4%'%:## 1%!,21-# &'#"1)2;2/-9 %&5-.#1)%9 3%"#,- c <)1&#'-3#/5%3.

, where 

, #$% - (- ) =
2$N

m
f( f )

Introducing regeneration parameter Ñ r:

With expansion for r:

r =
1

2

' -

' &
, #$%

Strangeness conservation in strong interactions lead to inequality of rescattering 
amplitudes for  and  on matter Ñ . Regeneration of neutral kaons can imitate 
CPV and introduce a bias in strong phase measurement.

K0 K0 ' f 0 0

Equations for evolution should be modiÞed as:
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Estimations for Belle II experiment.!
Be Ñ 1 , Si Ñ , mm L1,2 = 50 +m L3$6 = 300 +m

500 ps.ex. Matter

Reference

!"#$%&"' ! tot , (mb) Re! f , fm Im! f , fm
Si 553.0 -7.5 -12.9
Be 219.1 -3.9 -6.2

8

  REGENERATIONK0

Lab. Heavy Quarks and Leptons, LPI 
Lab. particle physics, HSE 

Workshop on SCT (16.11.2021)



UNCERTAINTY DUE TO -MIXINGD
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No mixing

t0/øD < 10

x = (0.43+0.10
$0.11) %

y = (0.60± 0.06) %World average:
1 = (0.08± 0.31)/

Smallness of mixing parameters and 
experimental factor (obtaining proper 

 decay time resolution) brought us 
to consider integration over  decay 
time. We found the bias from mixing to 
be negligible (compare to stat. 
uncertainty).!

D0

D0

In the decay channel  there is potential bias due to charm mixing. Parameters  

become dependent on  decay time. Both evolution of  and  should be taken into 
consideration.

D0 ! K0
S$0 a,b

D0 K0
S D0

46

!"#$!%#&&'( #)$!&!% &*!+(!),-! $#..-!/$*/0 !)&!%$*-*&&! 1%!234,3 K 0 , D 0-

-*5!&!% . 6-72,/8)' -!9&! 7$*)./#%,/0 % %,)* :

Af (t, t !) = a+ (t!)! !! |H | øK 0" + b+ (t!)! !! |H |K 0", (4.19)

Af (t, t !) = a" (t !)! !! |H |K 0" + b" (t !)! !! |H | øK 0", (4.20)

:)* 5#%,.;<,* !/ %$*-*&, =!1>>,4,*&/' )#3/.; >!$-82#-, :

a+ (t!) # ! øK 0! 0|H |D 0
phys(t !)" = AD 0

!
f + (t !) $

%
r f ei (! + " ) f " (t !)

"
,

b+ (t!) # ! K 0! 0|H |D 0
phys(t !)" = AD 0

!%
r f ei (! " " ) f + (t !) $ f " (t !)

"
, (4.21)

=!1>>,4,*&/' a" , b" -!9&! 7!28",/0 ,5 a+ , b+ 7!)./#&!%=!? " & $ " , # CP-

&#$8@#3<#; >#5# !7$*)*2*&# =#= " = Arg( q/p). A!)$!+&'? !+5!$ .-*@,%#&,;

, CP-&#$8@*&,; )2; .,./*-' &*?/$#20&'( !"#$!%#&&'( #)$!&!% -!9&! &#?/,

% $#+!/* [84]. B,9* 7$*)./#%2*&' $*5820/#/' ,5-*$*&,? 7#$#-*/$!% .-*@,%#&,;

(!7$*)*2*&&'( % 3.19), &#$8@*&,; CP-,&%#$,#&/&!./, )2; .,./*-' !"#$!%#&&'(

#)$!&!% [44]:

x = (0 .43+0 .10
" 0.11)%, (4.22)

y = (0 .60± 0.06)%,
#
#
#
#
q
p

#
#
#
# = 0.998± 0.008,

" = (0 .08± 0.31)#. (4.23)

C",/'%#; -#2!./0 7#$#-*/$!% .-*@,%#&,; % .,./*-* !"#$!%#&&'( #)$!&!% , #

/#=9* 1=.7*$,-*&/#20&'* .2!9&!./, , .%;5#&&'* . $#5$*@*&,*- 7! %$*-*&, 9,5 -

&, D 0--*5!&!% % =!&*"&!- .!./!;&,, K 0
S! 0, %#9&! 7!&;/0 , -!9&! 2, 7$*&*+$*"0

.-*@,%#&,*- % .,./*-* D 0- øD 0. D5-*$*&&'* 5&#"*&,; 7#$#-*/$!% &#$8@*&,; CP-

,&%#$,#&/&!./, % .-*@,%#&,, !"#$!%#&&'( #)$!&!% .!:2#.83/.; . !/.8/./%,*-

CP-&#$8@*&,;, 7!1/!-8 CP-&#$8@*&,*- )2; !"#$!%#&&'( #)$!&!% -' 7$*&*+$* -

9*- .

E2; !4*&=, 5&#",-!./, %=2#)# .-*@,%#&,; %'7!2&*&! -!)*2,$!%#&,* -*/! -

)!- F!&/* -G#$2! 500!+$#54!% )#&&'( 5#%,.,-!? !/ %$*-*&, %*$!;/&!./, $#.7# -

)!% =#!&!% . 8"*/!- D 0- øD 0-.-*@,%#&,; . H#5-*$ =#9)!:! !+$#54# .!!/%*/./%!%#2

!+I*-8 )#&&'( 1=.7*$,-*&/# Belle II, ' 30 ( 106 .!+'/,? . A$!4*)8$# 7!):!&=,

7!2&!./03 #&#2!:,"&# , !7,.#&&!? % $#5)*2* 4.3.1. H*5820/#/' 7$*)./#%2*&' &#

$,.8&=* 4.9.

A!28"*&&'* $#.7$*)*2*&,; ($,.8&!= 4.9) .%,)*/*20./%83/ ! /!- , "/! .-*@,%# -

&,* % .,./*-* D 0- øD 0 %&!.,/ &*!7$*)*2*&&!./0 , &* 7$*%'@#3<83 2#. J#=!? -#2'?

1>>*=/ .%;5#& % /!- ",.2* . $#..-!/$*&,*- /!20=! K 0
S--*5!&!% . %$*-*&#-, 9,5 -

&, : t/ #K 0
S

> 1. B# !.&!%#&,, 7!28"*&&'( $*5820/#/!% -!9&! .)*2#/0 %'%!) , "/!
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MEASUREMENTS IN LHCb

17

!"#$%&' 3 ( )*+,-."/+#'&+ "0&12-3+%"+ 4+.+'.&2- LHCb

#%"3+%"5 6&.&'- 4-%%7* 62" #&*2-%+%"" %-"1&8++ "%.+2+#%7* 485 9"0"/+#'&:

;& -%-8"0- #&17."<. =2";;+2%-5 #"#.+,- #&#.&". "0 &4%&;& -66-2-.%&;&(L0) "

4>$* 62&;2-,,"2$+,7* $2&>%+< (HLT1 " HLT2). ?&4#"#.+,7 4+.+'.&2- LHCb

6&42&1%& &6"#-%7 > #8+4$@A"* 2-04+8-*.

1.3 !"#$%&'( )*)+#,'

B7#&'-5 .&/%&#.C > &62+4+8+%"" 6&8&3+%"5 >+2D"% 2-#6-4&> " >7:

#&'&+ 2-02+D+%"+ 6& ",6$8C#$ /-#."E 5>85@.#5 &.8"/".+8C%7," /+2.-,"

4+.+'.&2- LHCb. =2+'&>-5 #"#.+,- 62+4%-0%-/+%- 485 >&##.-%&>8+%"5 .2-:

+'.&2"< 0-253+%%7* /-#."E 6& "%9&2,-E"" & #2-1-.7>-%"5* > 2-08"/%7*

6&4#"#.+,-* . F62+4+8+%"+ ",6$8C#- 0-253+%%7* /-#."E >+4+.#5 6& >+8"/"%+

"#'2">8+%"5 .2-+'.&2"" 62" 4>"3+%"" > 6&8+ 4"6&8C%&;& ,-;%".- . G& ,-;%".-

.2-+'.&2"5 0-253+%%7* /-#."E &62+4+85+.#5 >+2D"%%7, 4+.+'.&2&, VELO "

.2+'+2&, TT, 6&#8+ ,-;%".- "%9&2,-E"5 & .2-+'.&2"" 6&#.$6-+. &. .2+'&>7*

#.-%E"<T1-T3. =2-+'.&2"5 /-#."E7 >&##.-%->8">-+.#5 > 2+0$8C.-.+ &1H+4"%+:

%"5 #+;,+%.&> .2+'&> 4& " 6&#8+ ,-;%".-, '-' 6&'-0-%& %- 2"#$%'+ 4.

LHCb experiment meet many requirements for the experiment to perform proposed 
measurement. However for typical momenta of kaons  LHCb tracker is very 
ÒshortÓ, only few lifetimes could be analysed.
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