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CPLEAR Fast Trigger

Ea[‘ly Decision LOgic 60 ns, Rate reduction: 4.1
N(K)>0,Ntrack->1 _
B0, Fast Kaon Candidate
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Measurement of time dependent decay
rate asymmetries:

RR0—>T(7") — RK”—))‘(T)
Rygo_7(7) + Ryo_,5(7)

acceptances cancel

Ag(T) =

Production and Tagging: BR
pp (at rest) — Kom K 21077
+. —T0 -3 : :
K7n"K" 2-10- Strong interaction
The Strangeness of the neutral kaon K" (K°) at time
7 = 0 is defined by the charged kaon K~ (K™).

Tagging at decay time: : :
— — Weak interaction
K - etvm™ K 5 e ot = &

The Strangeness of the neutral kaon K° (K°) at the
decay time is defined by the charge of the lepton

(AS = AQ).




Measurement of time dependent decay
rate asymmetries:

RR0—>T(T) — RK”—))‘(T)
Ryo_,7(7) + Ryo, s(7)

acceptances cancel

Ag(T) =

Production and Tagging: BR

K-7n"KY 2.1073

Kt K" 2.1073

The Strangeness of the neutral kaon K° (K°) at time
7 = 0 is defined by the charged kaon K~ (K™).

pp (at rest) —

Tagging after production:

Through charge exchange with absorber material.
K°(p,n) - AX
LA-pr”
K°/K°(p,n) » K~ /KX

Strong interaction



acceptance and background corrected

f neutral kaon decay rates
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21 time dependent dccajr rate asymmery
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14 |-q+_|2 glifrg=1fn)r

with Am = (530.1 £ 1.4) X lﬂﬁs' PDG 08

published in Phys. Lett. B 458 (1999) 545

R(K® = 77)(7) — a x R(K® = 7n7)(7)
R(K® = 7m)(7) + a x R(K® — 77)(7)
l(FS‘*FL)‘T

Aso(r)=—

With Am free in the fit, not assuming CPT,
Am = (524.0 + 4.4+ 3.3) x 107 as™!

—2|Npr| cOS(AMT — Prr)

T4 er P07
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» Different charged kaon reconstruction efficiencies
due to strong interaction with matter, usage .. _ . ° °
of threshold Cherenkov counter for kaon ID

s c s

E— )
T T

K* (us)

&

extracted from high statistics 2m channel,
as function of charged kaon momentum.

¢+ K; charge asymmetry, external to CPLEAR:

fo_rbidden amplitudes

Thomas Ruf CERN TICPT Violation with CPLEAR



¢ K; — Kg Mass Difference

NK°<—K°,K°<—K° - NK“{—K”,K“«(—KO

AAm = N N
KO+ K0 K0+ K0 + K0+—KU,K0+KD0

s Amr + 28 (;’E:_':)e'r'f sin Amr

kinematical constraints

electron identification
based on:

dE/dx in the scintillators,

number of photo-electrons
in the Cerenkov,

number of hits in the
calorimeter

15 20
Neutral kaon decay time [tg]

Am - (529-5 :t 2-Ostat_ i 0-3Syst_) X 107h5_1

Am = (348.5 + 1.3) x 109 eV/’

AS = AQ violating decays or wrong tagging:
Rex, = (—1.8 & 4. 15, + 4.56y5.) X 1073

Best single measurements: Phys.Lett. B444 (1998) 38

Am and J(x_) are strongly correlated, >0.99.
With Am = (530.1 + 1.4) x 10’ as~! obtain
J(x_)=(-0.8+3.5)x 1073




R(K°— K" — R(K° - K°)
R (K° — K% + R (K° = K°)

= 4Re et

Ar = (6.6 + 1.3s¢at. + 1-03yst.) x 1073

________ +- 2 NN UL (I U S

‘First direct” measurement of
time reversal non-invariance
Phys.Lett. B444 (1998) 43

4 6 8 10 12 14 16 18
Neutral kaon decay time [T¢]

CPT conservation in semileptonic decay amplitudes is assumed.
AN ANOR (o] ge] o [e[=TaNe[Ie\ARC IO 4Re(e) = (6.2 4+ 1.4) X 1073

Im(x,)=(124+£19)x107°



) sinh[*%5h] — Sy ) sin[Amt] _ t o
mp] Valid for - » R(x_), I(x4)

cos|[Amt] — coah[ 5

o from pure electron/pion samples
é ACTP o 14;1!1..ys+141{+/fi_ +14€:+7r_/e_7r+

ec:\’{\c’ from 2w asymmetry:
0 o :
@P@ Rewrltllng using 8; =2R(er+6+y —x_):
oV Ags = ==[6;+ 2 R(y) — R(x_) ]
£ / ;‘—:ﬂ;ﬁ‘p _ 14]&"*/1{* o 14e+1r*/£—1*7r+ _ET.) + —HR(U) o 23%(':1:7') - Qm( T "’lnh[tAF] I-l—) Hll][A Tnf]

cosh[*31] — cos[Amt]

AR (eqp) +4R(y) — 4R(x_) for t — oo

4Re(€) = (624 1.4) x 1073

From a global fit: R(y —x_) = (=0.2 + 0.3) x 1073 n(x.) = (12£1.9) x 10~




Acpr =

cos[Amt] 4 cosh[2]

r_)—2R(y) fort— oo

AP AGE 2 AR g et /e

ARG+
(0) + cos[2Amt]| — cosh[tAT

[R(0) — F(d) sin[2Amt]

tAl : . tAl

+2 cos[Amt] sinh] I(R(z_) —R(5)) + 2sin[Amt] cosh]

¢

2
—8R(4) fort— oo

i

Phys.Leti. Bada (1998) 52
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PRECES BRSSP ST SR ST -

4 6 8 10 12 14 16 18 2
Neutral kaon decay time [T]

R(K°— K’ — R(K’ - K")
R(K° = K% + R(K° — K9)

(1.5 & 2.34tat. = 0.345yst.) X 1072
(0.2 & 1.34ta. = 0.34y5t.) X 1072
(1.2 & 2.2,540¢. & 0.34y51.) X 1072

Re(8) = (2.9+ 2.6, +0.6,,) X 107,

stat —

Im(8)=(-09+29,,+10,,)x10°*,

stat — syst



1Ty

£ — sin(¢y — or)

J &r becomes zero for AT' =0
¢ So what ? No T violation in mixing, no measurement H.J. Gerber, Eur. Phys. J. C 35, 195 (2004)

» A; is independent of decay time

¢ 7? Don't understand why this is a problem

» My personal opinions:

¢ Only criticism could be about the assumption of CPT conservation in the decay
amplitudes. (Which by the way is also assumed in the recent Babar measurement.)
However, with a global fit of all measurements, in can be shown that the

contribution of direct CPT violation, , Is negligible.

| find it more interesting to put limits on CPT violation, rather than performing
"direct" observations of T violation. After all, the real sensation would be to

Thomas Ruf CERN TICPT Violation with CPLEAR



’ CP-violation in K — 37 Decays

70070 I=1CP=—-11=1'=0
a7t a% I=1CP=-11=0=0
I=0CP=+11=10=
Bose statistic, AI=1/2 and phase
space

A(Kg — wn7")
Kg— %70 is 6P : mggp = ———————
° fooo A(Ky — m079%70)

+ e 0 —7/7L T(Kg—mt+m—n)  —7/r
R(K—rntrn% ~ e + TR Srme

+2|n_ole 21/ H/TT cos(AmT + 4 o)

JdQA(Ks = ntn ") x A*(Ky = oo~ n?)
T _ ==———_m-m-m - - 4 m /!
=0 [dQA(Ky — nta—70)[2

Only the 1=1 amplitude contributes

to CP_ vio_Iation. By neg!ecting CPT N = £ — 6 + i (@F — arg [ / Aéwﬂzswcﬁftﬂ”)
violation in decay amplitudes: 2




|Search for CP violation in Kg — w7~ x0 I Search for CP violation in Kg - 770

0.0 0(1") Ryco_, 0.0 <0(7)

R_o
ADDO(‘T) — K —n'n

W—WO(T) - RKD—}'N""JT_WO(T) Ko

D 0 G(T) + RKD—)WDNONO(T)

"'71"71'0(T) + Ryo_ypi g0 (7) =C - 2e_%(%_%) [Re (000)cos(AmT) — Sm (nooo) sin(AmT)]

25T [Re (n4—0)cos(AmT) —Sm (14—0) sin(AmT)]

+

bt HJ[ Final result with 17 x 103 selected signal events:
E621

L
] 0 12 14 18 18

Neutral kacn decay time [t - - Re (nooo) = 0-18 :l: 0‘148tﬂ- :l: 0-063y3_

-30 -20 E 10 20 30

R, g0 Sm (17000) = 0.15 £ 0.2044,. £ 0.03,ys.

0.5 - 10° selected events

Fixing Re (1gg) to oL /2:

Re (n1—0) = (=2 % Tota. 71 sys.) X 1073

Im (n4—o —2 4 950, 7] 4ys) X 107° Hopltend = L U,
(‘l’)+ ) ( sta. _1 sys) BKS 000 < 1.9 X 107° (90%CL)

Published in Phys.Lett. B407 (1897) 193. Published in Phys.Lett. B425 (1998) 391.
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CP allowed decays of Kg —n 77

AX > 0) = Rﬁo—mwx(p’f+ >pp-)— Byo_y o (pos > pp-)
,.,(prr“' > Pr-) + B pan (Pt > Pr-)
(Ppt <Pp-) — Bpo, o pn (Pt <pp-)
(Prt < Pr-) + By (Pt < P-)

—o0
K —nnw

R_,
A(X <0) = RK e 1w 14
K —nrr

=C —2¢7 3% Re (1, _p + A\)cos(Amr) — Sm (15 _o + A)sin(Amr)]

ATPX =0y

12 14 16 18
Neutral kaon decay time [zg|

14 16 18
Neutral Kaon decay Hme [t|
Re(Lx10™

Re (A) = (28 £ Tota. &+ 35y5.) X 1073
Im (A) = (—10 £ 8440, & 24y5) X 1072

1.3 0.5 -7
130 sta. Toig sys) X 10

Published in Phys.Lett. B407 (1997) 193.




- |—1|)| 7
ET+¢5+s’+—_|)+§(¢

N 1 —
er+d0L+& + < (ipr — -a.rgASAD)

7

ET + (SL — 25’ + 5 (kf)r — arg —1” 4(])

CP violation
through mterference of

mixing and decay.

Major source of CP violation
in the BY system

measurements of Im (13x), Sm (), ..

Ag (—5.8 £ 8.1) x 10~
+0.15°

r— argfléﬁo) !
= 0+

5 —

[Aol* = |Aof?
AP + Aol?

FQQ - FH
2AT

AL — 2Am

® Yoo — P+-—
CPT in1 = 2 amplitude
Yoo — P4+— = 0.62° £ 1.03°
contribution of CP conserving part

< 0.3°
®PL— — Psw
CPT in mixing or
in I = 0 amplitude
@pi_ — psw = 0.1° £ 0.6°

(May —

Am
Myy) +TF(F

—I'n)

Yoo — P+-—

R . (PSW = atan(

2Am

1“)
Re




H — —_— —_— —_— 22 bg Ag 9 flg
Fl?ewr‘ = :'13;-10 + ‘4;‘—1‘2 + /H'.Qﬁl:"_'_f"qwﬂ'}. + [{19[‘4;+n-7r°‘47r+ﬂ'7r° _l - (I) - lTu‘“% (I)
. N
F A pors Aropone] + X [dQ[AT AL + ATA] 4 I

n (L)
L]

[BR(KL — 3m)R (b—l) + 2BR(Ky — wlv)R(y)
ay

r |
©(8BR(K, = ' )S (a4)
FS '

Major source of CP violation in the B system

AS = AQ



3(6) = (—2.4%5.054 *+0.15,) x 107>
R(E) = (—2.4+ 2. 754 +0.64,,) x 10~*

B Physics Letters B
‘Volume 456, Issues 24, 10 June 1999, Pages 297-303
ELSEVIER

Determination of the T- and CPT-violation parameters in the
neutral-kaon system using the Bell-Steinberger relation and data
from CPLEAR

CPLEAR Collaboration

F

¢ Translating CPTV in mixing to mass (1.5 & 2.0) x 10- GeV
and lifetime differences of neutral kaons: (—3.9 & 4.2) X 108 GeV

= Mgo — Mgo = (0.7 +2.8) x 107 GeV



http://www.sciencedirect.com/science/article/pii/S0370269399004839

é Quantum Gra vitation’ é Open Quantum Mechanics'

Space-Time fluctuations cause loss of quantum coherence

Macroscopic:| Loss of information at the horizon
of a black hole (Hawking) p=1tlp, H|+4sHp

pure states = mixed States With unitarity and AS = AQ =
Entropy Arrow of Time y @ Py

2
increases C'PT -violation Best guess: CP7T -violation ~ O(I\l\g—K)
Pl

(Page, Wald) otherwise effect too small to be off any importance

Some examples:

A ?lA'ia Bz)

Asp(T) = {2|s| cos ¢ + 4§sin¢cos ¢ — Baxsin ¢ cos (|| sin ¢p — 2,§cosz ®)

|A, B)

—2/|e|2 + 4732 cos? ¢ 3 (V/Ts=1/Te)T {co(Amr —¢—dp)+ 2 - Xa] }
tang

J {14/ TUTIT G 4 o2 — 452 cos® ¢ — 45|<| sin ¢]}

’ Microscopic: I Could fluctuations of the space-time
(virtual black holes)
be responsible for the Arrow of Time ?

2e—3(1/Ts+1/TL)T [cos AmT + %(sin AmT — AmT cos Am‘r)}

e=/T(1+ 29) + e~7/7s (1 — 27)

AAm (T) =

Consequence: Loss of quantum coherence o
with &, 3, 7y scaled variables o« / AT, 3/ AT, /AT

Is the observed C’P-violation in the kaon system
entirely explained by CPT -violation ?

‘ Mp; = /he/Gy = 1.22 x 10'? GeV/c? | =22 pug

Could be tested in the neutral kaon
system using Quantum Mechanics @

of open systems P = i[p! H]—I—ﬁHp

Ellis, Mavromatos, Nanopoulos, ...

Precise measurements of K° and K° decay rates
as function of the decay time yield information
about the loss of quantum coherence

Thomas Ruf CERN T/CPT Violation with CPLEAR



7)+— measured at long lifetimes

additional constraints:
5; measured at long lifetimes

perform global fit:

(—0.5+2.8 < 4.0) x107'" GeV/c?
(25+23 < 2.3)x107Y GeV/c?
(1.1£25 < 3.7) x10721 GeV/e?

(2.32 £ 0.06) x1073

Phys.Lett.B 364 (1995) p239.

Ellis/Mavromatos, private
communication:

With these limits, our model
IS not anymore interesting.



{‘ EPR Paradox'

A. Einstein, B. Podolsky and N. Rosen, Phys. Rev. 47 (1935) 777.

2-particle wave function: 1) = |K%;)|K°_5) F|K°_;)|K%)
45) /TBGB

f_t = JPC — 1—— 4V ++ o++

Tt = gpc — é++’ 9++ (01_%) = T.4% phys.Let. Ba03 (1597) 353.

Strangeness correlations for J PC —1-: CP
like = KO°K° or K°KY at times t; and t-
unlike = K%K? or K°K? at times t; and t»
3 s The two kaons oscillate

— Like 100% synchronized !
Unlike j

g
W

._.
— a1

=
=
=
=
=
[
=
=
B 25
=
&
=
=
Z
=
a2
=
g

e
S

ti-ty [ts] L

unlike — like
p— - 0.8

 unlike + like =
2cos{Am(t; —t,)} £°
T e AT(t2-t1)/2 | ear(trtl)/zé, 04

0.2
without long distance

correlations: A = 0

4 Another Strangeness Tagging Method '

Position of the absorbers allows C(O) tl ~ t2
to measure two constellations: c(5) |t1 — tZl ~ ]..ZTS

AA(KK") event:
with |t1 — t2| ~ 1.27g




{‘ Test of Quantum Mechanics ' H, target and PCO
A, K~ tag K°
AK" and AK~ . K" tags K°

20
18
16
14
12

10
8

| | |
30 35 40
[ 15

0.5 10 15 o 0.5 1.0 1.5
2 2y2 M2 [(GeVic2)?
M GVl LEr Ve

Fig. 41. (a) Display of an event (transverse view): the K™~ pair produced in a pp annihilation together with a K" is
shown. The K", interacting in the carbon absorber, produces a A subsequently decaying to pz~ (also shown). (b) Af;:(r]:
C(5) the data points (squares) of the (K~ + A) sample are fitted with the simulated asymmetries (triangles), see text.

Am = (534.3 £ 635t £ 2.55y50) ¥ 107 #i/s

'c
MeVict |

C(0)

Me V4

o
=

Invarant mass (pn—)
[nvariant mass (pm—)

Strangeness tagging through
R T R strong interactions. Does not
! _ require any assumptions about CPT
| = violation in decay amplitudes.

1 1 1 1 I 1
1100 1125 1150 1175 1200 1100 1125 1180 1175 1200

Asymmetry

final result:
Phys.Lett. B422 (1998) 339

Separable wave function

0 2 4 6 8 10 12 14
|AL | [em]




Conclusions

» CPLEAR had been the pionneer experiment for precise
T & CPT measurements using flavour tagging at production

Thomas Ruf CERN TICPT Violation with CPLEAR



Formalism
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Mainly based on

The Physics of Time Reversal by Robert G. Sachs

Review on CP Violation by T. Nakada
CP and CPT in the neutral Kaon System, TR

Y (T)) IL) KO) + b |I\ )

not adopted by CPLEAR in general

J[l ge  1PM

= 'TTIO(SZ“j + <i|Hu!e.ak |J> + ZP

|Hweak| f f|Hweak|.}>
m, —
o

)TZ |Hweak| f) ( f|Hweak|J> My — Ef)



http://books.google.ch/books?id=Ph4yNkXSsHUC&pg=PA1&lpg=PA112&dq=sachs+t+violation&source=bl&ots=xN8YlVtVpi&sig=3B-L1uquDq40UyLHuwB2aHjEh3o&hl=de&sa=X&ei=Ko9IUZaIG4eM7QaZh4CADw&ved=0CC4Q6AEwAw
http://arxiv.org/pdf/hep-ph/9312290
https://cds.cern.ch/record/317234/files/ppe-96-190.pdf

» Mj; =My, and Iy =T, [CPT(CPT)=1 = 2¢¢ = ¢1 — d1]
.

¢ From T invariance of H,, ., follows:

» |Az] = [Ayq] and ¢c= —¢r+n-m
identical to sin(@y — @r) =0
T violation caused by phase difference between I';; and M,

Which means, if T or CPT is violated, then also CP is violated.

T To look for a symmetry violation makes only sense if there exists a part of the Hamilton
operator which is invariant under this symmetry. This allows to define the symmetry operator.

Thomas Ruf CERN TICPT Violation with CPLEAR



A ey MORAT

—28uy (1) )
(t

T(ty)-T(ty) =T(tz) - T(ty) =T(t1 + 12)

1/_\F —2Am

4Amz + N An) =

ei ¥Yr

(14 2

1T

Ep = _ETH sin(¢p — or)

my, — g

= I's-T,

mp > mg but I's > I'g

2iAm? + AmAT

TIATI AT sin(enm — ¢r)
IAT — 2Am

A2 5 (Nag — Aqy)
Apa* = |Ag P

Al'Am
;\2 9 —

cos (psw)

sin (sw) ipsw

A pllsw 7 /2)




"N WYYE | he p/g used by the B-factories
NS cxtcnded to account for CPT

An—Au+Ax 2hn  [VileIE\ilels

No assumptions about
small CP violation yet

Some 2"d gorder terms become
important for long decay times

. Rer(t _ ~x(t) . cos(Amt — ¢rz)
CPLEAR | e L e st

nT[T[



VV O/ \J A AV CA A \J 4 O

eigenstate of strong and electroweak interaction, i.e. one decay
amplitude:

A =ncpe?d4* CP|f > =ncp|f >
¢ f=2n1=0,CP=+1, A—e'?94* is CPT violating
b AP - AP

A = (a+b)e” A=(a"=b")e” y=— | =z = 2R

A]* — |A] AR(ab®) CPT violation o« AP+ AP

Thomas Ruf CERN TICPT Violation with CPLEAR



D1, 5), V() | Huear| KY) AS = AQ forbidden

51 —3), 7(5,) | Huwear KO AS = AQ forbidden
DPiy =), V(D) | Huear |K®) AS = AQ allowed

A.> A and A_ > A_
F-0)+ £1(0) A -2

£+ fult |fc1QZ|4+| —m( (1) f_(t) fdQZe ier 4% 4+)
B+/(IQZ:|A+|2 B - fdQZ|4|

 [dQY e A A, [dQ Y zemivr A* A
B e e — r ="

J A AL ‘ JAQY A

= B. {[1 — AR (0) + 2R (7)] e ST + [1+ 4R (§) — 2R (7)] e 117 no phase convention !

+2¢7T7 cos Amt + 83 (5) — 45 (7)) e Tsin Amt} CPLEAR x & X
X_ o —x_




R (t): KV at t+ = 0 and decay to [T7~v at time t:

R.(t) = By{[1—4R(0)+ 2R (7)™ + [1+ 4R (8) — 2R ()] "7
+2e T cos Amt + [8F(8) — 43 (7)] e I sin Amt}

R_(t): K" at t = 0 and decay to ["7 "7 at time t:
R_(t) = B_ {[1 +AR(6) + 2R ()] e 4+ [1 — AR (6) — 2R («)] e 127
+2¢7 7 cos Amt — [8F(8) — 45 ()] e I sin Amt}
R_(1): KY at t = 0 and decay to [~7Tw at time /:
R_(t) = B_ {[1 — AR (ep) + 2R (z)] e I8T + [1 — AR (e7) — 2R ()] e TL7
—2[1 — AR (7)) e 7 cos Amt — A4S (2)e 7 sin Amt}
Ro(t): KV at t = 0 and decay to [T7 v at time ¢:

P+(t) = DBy {[1 + 4R (e7) + 2R (T)] el | [1+ 4R (e1) — 2R (7)] oL
—2[1+ 4R (27p)] eI cos Amt + 45 (E)e_ff sin Amt}




) sinh[*%5h] — Sy ) sin[Amt] _ t o
mp] Valid for - » R(x_), I(x4)

cos|[Amt] — coah[ 5

o from pure electron/pion samples
é ACTP o 14;1!1..ys+141{+/fi_ +14€:+7r_/e_7r+

ec:\’{\c’ from 2w asymmetry:
0 o :
@P@ Rewrltllng using 8; =2R(er+6+y —x_):
oV Ags = ==[6;+ 2 R(y) — R(x_) ]
£ / ;‘—:ﬂ;ﬁ‘p _ 14]&"*/1{* o 14e+1r*/£—1*7r+ _ET.) + —HR(U) o 23%(':1:7') - Qm( T "’lnh[tAF] I-l—) Hll][A Tnf]

cosh[*31] — cos[Amt]

AR (eqp) +4R(y) — 4R(x_) for t — oo

4Re(€) = (624 1.4) x 1073

From a global fit: R(y —x_) = (=0.2 + 0.3) x 1073 n(x.) = (12£1.9) x 10~




cos[Amt] 4 cosh[2]

r_)—2R(y) fort— oo

AP AGE 2 AR g et /e

ARG+
(0) + cos[2Amt]| — cosh[tAT

[R(0) — F(d) sin[2Amt]

tAl : . tAl

+2 cos[Amt] sinh] I(R(z_) —R(5)) + 2sin[Amt] cosh]

¢

2
—8R(4) fort— oo

i

P Phys.Leti. Bada (1998) 52
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Table 1
Summary of systematic errors

Source

background level
background asymmetry

&

n
decay-time resolution
regeneration

Total syst.

Known precision

+10%

+1%

+43 X107
+2.0x1073
10%

Ref [8]

(A7) [107]

+0.03
+0.02
+0.2
+1.0
negligible
+0.1

+1.0

Tm(x,)[10-7]

+0.2
+0.5
+0.1
+0.4
+0.6
+0.1

+0.9




Tests of CPT symmatry an data from CPLEAR - CPLEAR Ci
5 hep-ex9511001 CEFN-FP‘-QS—HQ

R of al ) P Lett. B364 (1595) 2359245

Ciled by. 121 reconds
Teat. ol quntam, gy fum ubaervations ol ganma, . bursks - vk ot o e 393 (1353) TE3-765 mbtioph@T12103 ACT-1-57, CTP-TAMUAS.97, QUTP.3T-T3P, HEP-57.013
! Koot al) 2 Phys. CT6 (1957) 401415 hep-aw/ST0T009 CERN-PPE.OT-006.

& e asRmant and W in 2 Lol
Bs-la!c'Pb\MUZI‘)GU.ﬂPKvB!-P

m sbwmnmem Carip. Steven Rept Prog Pys. B4 1 oo
thme and gamma.ray burss - Ameino-Camela Giovann of ol i) MPM«; AT [2000) 43014128 hap eS0T 110 CERN-TH-83:213. DAMTP 5380

Aumabna-Cameta G of ol int.d Mod Phys. AL [1957) 617624 hapthr9505211 ACT.O7.05, CERMN.TH.

= Desermination of the CF viclation patameter sta=. hom the decay o -CPLEAR 5 A ot o) Phys L BASE (1999) S45-552 CERNEP-
055 CERNER.99.55

Tatn.of i equbvakense prinsinle with nestinl kaom - CPLEAR Collsbotstion (Acostolain, A of &) Phys Latt BAS? (1399) 475433 heg-/3303005 CERNEP.53-27
- I‘hwn L CPLEAS - CPLEAR Colaboration (Argelopontsn. A e ol | Phys gt 374 (2003) 165-270

iom and CPTinverionce messstements in the CPLEAR expadment A detailed description of the analysis ol oeutnal kaon decays oo ploy - CPUEAR Collsborstion (Angelopoubos. A ot el ]
EmHmJ C (2001) 55-T3 CERN-EP-2001-050

P s praliem - CPLEAR hopts. P ot al ) Mucl Phys. ABSS (1999) 127-336 CERNPPE-5-139
Co-ciled with: 3640 records
+7. Snarch for Viotations of Guanium Mechanics - £, Sohn Lt al Hucl Phys B201 (1584] 381 SLAC-PUB.31SS, CERTLTH. 3619

oo Erecision tess of CFT symenetry < EBs Jobn B et al Phys Rev D53 (1995) 3545- 3970 hap ph'3505340 CERN-TH-95-59, CERN-TH-95-0%9. CTP-TAMU.
1605, ACT-06-95, ENSLAPPAL21-96

o L A pchanics n the KO - antl-K syssem - Hust, Patnck of o Hocl Fys. B434 {1596) 3.33 hepgh 400267 SLAC-PUBSLSL
= = . Commun Math Phys. 87 (1582) 395015 Print-23.0017
e L John B o ol Phys Lett B233 (1992) 142348 , ACTAS.82, CTP.

First direct cbasrvation of time
N CERN.EP.98.153

system . CPLEAR Ci A el 6l) Phys Let B444 (1098) 43.51

Cited by, 177 records

v B phyysics a1 the Tevation: Bun I and beyoad - Aniee: K of al mmm‘ﬂf‘ Mmfml 066, FERMILAB.PUB-01.157
s Phusicaat va IqummJ'mm and supes beam logiiy - =55 ellaboration (Elandyspadhysy, A of ol ) Regt Prog Phys. T2 (2005) $06701 a0iv 0740 4547 [heg-ph] FERMILAB-
PUB-AT-TBH-APC. RAL-
v Mugn o nimummm thary - Wil Jarras P #f ol Ragt Prog Phys. 70 (2007) 795 bap-ph0T03043 PREPRHT CFTR07-2007

 Ofrarention, o CP violation in KLY > pis pi. e o decaps - KTo Colsberstion (Alni-Harsts A of 8! ) Phys RieLan. B4 (2003) 406411 hg-ax9503020 FERMILA-PUB.59-395 €

Determinstion of the T and CPT vighation ermlwllnMNWl| haon systum using. the Bedl. Steinbeoge relation and deta from CPLEAR - slsiis, & ot o) Phys Lan.
BlSSIW‘HI?N' 303 CERN-EP-93-051, CERN-EP-39-51

more

- of which sef-clations. 4 records
=« [uinnminetion of the 1.and CP1 viclation paramete CPLEAR Cobaborabon {4
D55 (199 297303 CERN-ER.99.061, CEANEP.39-41

WMMMMM_LBLMEMMJMLE_I '\I'a.l,u P IZH‘{ MSIS-Q!-&J CERNTHESIS 9947, IISSETHAIME

-vigiation snd CF Tiny of noutral kon decays 1o e B oy - CFLEAR

UKP'MJ C22 (2001) 5579 QHIEP‘MHIHI
= Physics ot CRLEAH - C9LEAR Collaboratien jangsioposios, i ef af | Phrys Rept. 374 (2003} 165:210
Co-cited wish: 5081 records
w Exidunce forthe. 2 pi Decay of the b0 Mesen - Chatericn JH el o Phiys Revlen 13 [1964) 138-40

L Viglaticn.in the Renoimalizable Theory of Wieak Iotetaction - Kobayash Makotc of ol Preg Theot Phys. 49 (1973) 652657 KUINS-242

Unitary Symmetry and Leptonic ecays - Cabita, ticoia Phys ReLe 10 {1963) 53163

umlmimummmmumuwmu WU, C5 efal Phys Rev 105 (1967) 1413.1414

F slolation in K54} > pi Harat, A of alj Phiys ReuLatt B3 (139%) 2227 hapex/3005060 EFLOB20 PERMLABFUBS8160L

A Determination of the CPT vislation parameter Re{delta) from the semileptonic decay of strangeness t neutrsl kaons - CPLEAR Collaboration
M (Angeiopouos, A ef al ) Phys Lett B444 (1998) 52-60 CERN-EP-98-154

omw 54 records.
ol the T and CPT viplation paramalers in the néulral kaon system using the Bell Stelaberged telation asd dats from CPLEAR - CPLEAR Collaboration {Apsstolaias. A af al'} Phys. Lest
BISG r‘&'ﬁl 3? 303 CERN-EP-99-051. CERN-EP-95-51
#3 Stuty ol the branching ratio and chargs ssymmetry for the decay Kisl .» pi o na with the KLOE detector - KLOE Colaberstion (Ambeoaing. F ot ol ) Poys Lot 8536 (2006) 173-182 hap-ax 0601026
e Physics ot CPLEAR - CPLEAR Colaboratan [Angslopoulos. A et al) Phys Rept. 374 (2007) 165270
s Tasts of CPT iovariance at neutring facrores - Bdenky, Samod M of ol Phys Rev DES (2002) 073024 hep-ph/0112226 TUMMEP450-01
31 Precislon Keon and Hadron Phosics with KLOE - KLOE Collaborsbon (Bossi. £ ef of ) Rvhuevo Cem 31 (2008) 531623 adr 0811 1529 [hep-ex]
more

.. of which sef-citations: 4 recofds
» Deinrmination of ihe Tand CP'T violation parametes in it neutral kaon sysem using ihe Befl Sieinberges telation and daia from CPLEAR - CFLEAR Collaboration {Apcstolaion. A ef al | Phys Leti
[B456 (1999) 297.303 CERN-EP.09-081, CERN-EP-99.51

A muasurment of KO anti K0 > 3 i0 aed an improved tost of CFT - Bargasss. P CERN-THESES-99-067. CERN-THESIS-29-67. DE3S-ETH-13246

< Taolatien and CPT.invatance mussurements in the CPLEAR sxperiment & detaited devription of the anabyis of meutalkaon desay e g o A5t Collsboration (Angelopesion. A of ol |
EurPhys.J, G22 (2001) 55-T9 CERN-EP.2001:060

e Physics at CPLEAR - CPLEAR Collaboration (Angelopoulos. A of al) Phys Rept. 374 (2003) 165270

Co-cited with: 1123 records

% Elost et of tim revorsal anvar in Bhe meutral b « CPLEAR Collaby dos. A et al) Phys Len BALd {1958) 43.561 CERN-EP.98.153
= Evidencs for the 7 oi Decay of the k¥ Meson - C JH ot al Phys RicLent. 13 (1964] 133-140

s [winrmination of the Tand CF‘T wiglation purnmlur it nutral kamn. sypsten uning the Bell Sinintrrges relation amd data bom CPLEAR - CPUEAR Collaboration {4 sn A of ol ) Phys Len
B456 (193%) 257-303 CERN-EP-99-081, GERN-EP-93.51

2% Heview of particle physics, Panicle Data Group - Pancle Data Gioup Collaboraton (Cass, C of al ) Ew Phys J. C3 {1558) 1.758
7 Megsgtement of the KiL) - KiS) mass difference using semiloptonis decays of Waged nesiral kaons - CFLEAR Collabaration (Angelspoulos, A ef of ) Phys Len BALE (1998) 3347 CERNEP.53-162
moe

Determination of the Tand CPT viclation parameters in the neutral kaon system using the Bell-Steinberger relation and data from CPLEAR - CPLEAR
Colaboration {Apostolakis, A af al ) Phys Lett B456 (1999) 297-303 CERN-EP-29.051, CERN-EP.99-51

Cited by: B6 recodds

e Swaich bor T CP and CFT violation in B0 anti B0 mMixing with inchasbes dilepien poents - BARAR Collaborstion [Aubst Bemand of of | Phys RecLett. 96 hy ACPUBNTE
BABARPUBGE-T!

Sty of the beanching tatic and chatge syymmedry kot the decay Hisl - ol ¢ au with the HLOE dotector - HLOE Collsborstion [Ambxasna, F af al] Phya Lett. BG35 (2006) 173-182 ep-ax/0601025
a

24 k?nmmmﬂ' B _mixing with inclusive dilepton aventy - BABAR Collaboration (Autert. Semard of ol | Py ReviLent. 88 (2002) 231301 hep-ax 202041 SLACFUB-I43. BABAR.
PUB.

i Limits on the decay rate diffetence of netial— B mesons and on CP, T, and CPY vielation in 5 ascillations - BABAR Colabsration {fisben Bermard af a!) Py Rev D70 (2004 912007
Boap-e 03007 SLACPUB- 10352, BABAR PUB-04-D21

a1 Limits.on she Kiletime difference of neutl & mesons and on GE, 1, aod CFT viedation in B9 antl-80 mixing - BARAR Colaboration (Autert. Semar of al ) bipex/ 0303043 SLAC-FUB-96%9, BABAR,
CONF03-08

fucis

 of which sefcitations: 3 records
& measremant of KO antl K0 —> 3 i) ped an improved test of CPT - Bargassa, P CERN-THESES 80087, CERN-THESIS-55.67, DISS-ETH. 13246
Lyicigtion and CPTinvariance medsurerents in e CPLEAR experinvnt: A dutailed duscription of the anabyais of newtial kaon desays t ¢ of oy - CPLEAR Colabsration Aegelipodion, A ol al}
laumr,»- A €32 (2001) 619 CERMAER-2001-060
s Physics ai CELEAR - CPLEAR Collaboraban {Angelopouisa, A ef al ) Phys Rept. 174 (2003 165270
Co-cited wilh. 1361 reconds
w Eiil divect obsedvation of time reversal nonsnvariance in he neulral kion system - CPLEAR Collaboration |Angelopouios. A of af ) Phys Letl. BALL (1998) 43.51 CERN-EP.58-153
v Exidunce for the 2 pi Oecay of the ki3 Meson - Corstenson, JH of ol Phys RevLon 13 (1964) 138-140
séma uwmmgp!n#mmm CP1 viciation poramete: Beddeia) fom e semileptonic decay of suangeness tngged newral knoms - CFLEAR Colaboration (Angeiopodion. 4. of al) Piys Lea, B444 (1398)

Chervation of direct CP violation in K{S.L1 = pi i desags - K76V Colaborstion (Alni-Harati 4 of o) Phrys RiecLatt. £3 [1955) 2227 hapax 505060 EFL39-25 FERMLAS-FPUB-59-150.6
1 CP Vicdatien in the Rasormalizable Theory of Waak internction - Kobsyass: Makets of 8¢ Prog Thaor Prys. 49 (1573) 652657 KUNS-242
more

Citation history:




|ﬂ+—| = |A(Kg - wta7) / A(KS — W+""_)I VALUE (1010 1, s= 1) DOCUMENT ID TECN  COMMENT

VALUE (units 10~3) EVTS DOCUMENT 1D TECN  COMMENT 0.5293 +0.0009 OUR FIT Error includes scale factor of 1.3. Assuming CPT
2.2324+0.011 OUR FIT  Error includes scale factor of 1.8. 0.5289 +0.0010 OUR FIT Not assuming CPT

2.226:+0.007 BRFIT 12 0.52797+0.00195 L2 ABOUZAID 11 KTEV Not assuming CPT
e o ¢ YWe do not use the following data for averages, fits, limits, etc. » o ® 0.52699+0.00123 13 ABOQUZAID 11 KTEV Assuming CPT
2.223+0.012 LAl 07 NA48 0.5240 +0.0044 +0.0033 APOSTOLA... 99c CPLR KO.KO to 7t r—
2.219+0.013 2 AMBROSINO 06F KLOE 0.5297 £0.0030 +0.0022 4 SCHWINGEN...95 E773  20-160 GeV K beams
2.228+0.010 3 ALEXOPOU... 04 KTEV 0.5286 +0.0028 5 GIBBONS 93 E731 Assuming CPT
2.286+0.023+0.026  70M 4APOSTOLA... 99c CPLR KO%-K? asymmetry 0.5257 +0.0049 +0.0021 4 GIBBONS 93¢ E731 Not assuming CPT
2.3104+0.043+0.031 5 ADLER 958 CPLR KO-KO asymmetry 0.5340 £0.00255-£0.0015 6 GEWENIGER 74c SPEC Gap method

2,32 £0.14 +0.03 10° ADLER 928 CPLR KO9-K? asymmetry 0.5334 +0.0040 +0.0015 6.7 GJESDAL 74 SPEC Assuming CPT
2.30 +£0.035 GEWENIGER 748 ASPK e o o We do not use the following data for averages, fits, limits, etc. ® o ®

0.5261 +0.0015 3.»QL;I'-‘«\:"I-H;’-\F'Ll'-\TI(]l'} KTEV Assuming CPT
- 0.5288 +0.0043 9 ALAVI-HARATI03  KTEV Not assuming CPT
VALUE"-’ - EVTS DOCUMENT ID TECN  COMMENT 0.5343 +0.0063 +£0.0025% 10 ANGELOPO... 01 CPLR
43.51+0.05 OUR FIT Error includes scale factor of 1.2. Assuming CPT 0.5205 +0.0020 +0.0003 11 ANGELOPO... 980 CPLR Assuming CPT
43.4 +0.5 OUR FIT Error includes scale factor of 1.2, Not assuming CPT 0.5307 +0.0013 12 ADLER 96c RVUE
42,9 £0.6 403 70M 1 APOSTOLA... 99c CPLR KY-K? asymmetry
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433 £1.0 +0.5 6 GEWENIGER 748 ASPK Vacuum regen.

x=A(K® - 7= +p)/A(K® — 7= €+v) = A(AS=—AQ)/A(AS=AQ)
REAL PART OF x
VALUE EVTS DOCUMENT ID TECN COMMENT
—0.0018-0.0041 +0.0045 ANGELOPO... 98D CPLR K3 from K0

e o ¢ We do not use the following data for averages, fits, limits, etc. » o o

IMAGINARY PART OF x

Assumes mKE - ng positive. See Listings above.
VALUE EVTS DOCUMENT 1D
0.0012+0.0019+0.0009 640k ANGELOPO... 018 CPLR K_g from KO
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. Results of the Regeneration Measurement
Measurement of Regeneration through Interference' |g—l
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Al = 0:

T RI(BY%—o — K4)(1) + R1(

R1(B" =g — K4)(t) — R1(B"—p — K)(F)
BY—y — Ky )(1)
sin[Amt|sin{?
cosh[2H] + cosQsinh |21 ]
+2(gp — R(0p)) (cos[Amt] — 1) — 2Acos[Amt] — 25(6p)sin[Amt]
+2R(0p) (1 — cos|Amt]) (1 — cos2) + 2Asin 2sin[Amt]
R1(BY—g — K_)(t) — R1(B%—o — K_)(1)
R1(B%_g — K_)(t) + R1(B%—_y — K_)(t)
sin[Amt|sin{)
cosh[2H] — cosQsinh[21]
+2(gp + R(p)) (cos[Amt] — 1) — 2Acos[Amt]| — 2F(9,)sin[Amt]
—2R(5;,) (1 — cos|Amt])(1 — cos2) — 2Asin 2sin[Amt]

AP (T Kg) — AP (T K —2(1 — 2A)sinQsin[Amt] — 4R(5,)cosQ(1 — cos[Amt])
AP (T Ks) + AT (T Ky) d(gp — A)cos[Amt] — 4(gp, + F(dp)sin[Amt])




R2(K_—o); B, — B")(t)

R2AK_(—0); B+ = BO)(1)

R2(K (i—0y; B- — B)(t)

R2(K | (4—0); B_ — B’) (t)

a4
| Ao (14 2e) £ () — 26,5 (1) + [1(0)]

s

Pe 7 { oy — A+ R(6p)cos2 + F(d)sinfd) cos[Amt]
— (2%(d) + (1 + 25 — 2A)s1nQ?) sin[Amt]

+ (1 + 225 — 2A + 2R(dy ) cos) + 25(d;,)s1n2) cosh[‘ﬁg‘]
+ (2R(8,) + (1 + 25, — 2A)cos() sinh[A1]}

Pe T (1 — sin{2sin[Amt])

A A, L P
e (220 f-(8) + f ()] — (1= 2e) f- ()
PeTr 2 (g5 — A+ R(0p)cost) — 3(dp)sn€2) cos[Amt]
+(23(dp) + (1 — 25, — 2A)8inQY) sin[Amt]

+ (1 — 2g, — 2A — 2R(4,)cos) + 2F(4,)sin?) cosh[%]
+ (=2R(3) + (1 — 22, — 2A)cos(2) sinh[2]*] }

Pe T (1 + sinQsin[Amt])

A, T
1 jel'w (1+2e)f-(t) — 206 f () + f+(2)]

Pe 7 {—2(e, — A — R(dy)cosQ) — F(dy)sinQ?) cos[Amt]
—(25(d) — (1 4 22 — 2A)sinQ?) sin[Amt]

+ (1 + 225 — 2A — 2R(d)cos) — 23(d)sinf?) cosh[%]
+(2R(3y) — (14 22, — 2A)cos(2) sinh[4]]}

Pe T (1 + sin€dsin[Amt])

it

A - )
EE e (22600 (0) + £1(0)] = (1= 22)1- (1

Pe 17 {2(sp — A — R(dp)cos() + I(dp)sini2) cos[Amt]
+(28(d) — (1 — 254 + 2A)sinQ?) sin[Amt]

+ (1 — 255 — 2A + 2R(6p)cos — 23(dp)sind2) cosh[%]
— (2R(8) + (1 — 22 — 2A)cosQ) sinh[AL]}
PeT7(1— sinQ2sin[Amt])

2




1
sinQsin[Amt] + Etﬂf sin 2Qsin[Amt|
+2e;, (1 — cos[Amt]) — Acos[Amt]
—2sinQ2(1 — cos[Amt]) (R(dp)cosQsin[Amt] + 5sin) + (J(p) + £psin€?)cos[Amt])
—sinQsin[Amt] + itﬂf sin 2Qsin[Amt]
+2e;, (1 — cos[Amt]) — Acos[Amt]
—2sinQ2(1 — cos[Amt]) (R(dp)cosQsin[Amt] + 581 + (—(dp) + £psin€2)cos[Amt])
1 )
—sinQsin[Amt] + Et&F sin 2Qsin[Amt]
+2¢;, (1 — cos[Amt]) — Acos[Amt]
—2sinQ2(1 — cos[Amt]) (—R(dp)cosQsin[Amt] + gpsinfd + (3(p) + cpsinf?)cos[Amt])

sinQsin[Amt] + itﬂf sin 2Qsin[Amt]

+2¢e; (1 — cos[Amt]) — Acos[Amt]
+2sinQ2(1 — cos[Amt]) (R(dp)cosQsin[Amt] — 5811 + (I(F,) — £psinf2)cos[Amt])




R(B" - B_)—- R(B_ = BY)

R(B" — B_)+ R(B_ — BY)

(R(9p)(1 — cos2) + (5(dp)cos[Amt] + (4, )sin[Amt]) sin€2)
1 + sin[Amt]sin{2

= 2(R(d) (1 — cos[Amt]) + F(dp)sin[Amt])

—2(1 — cos[Amt])

R(B, —-B) —RB"— B.)

R(B. -+ B+ R(B"—= B,)

(R(6p)(1 — cos2) + (F(dp)cos[Amt] — R(4;)sin[Amt]) sinf2)
1 — sin[Amt]sin{)

R(dp) (1 — cos[Amt]) — I(dp)sin[Amt])

—2(1 — cos[Amt])

RB"— B_)— R(B_ —BY)

R(B" - B_) + R(B_ — B")

(—R()(1 — cosQ) + (F(dp)cos[Amt] + R(dp)sin[Amt]) sin )
1 — sin[Amt]sin{2

= —2(R(d) (1 — cos[Amt]) + 3(d)sin[Amt])

—2(1 — cos[Amt])

R(B, - B") - R(B" = B.)

R(B, =B+ R(B"—> B,)

(R(0)(1 — cosQ?) — (F(p)cos|[Amt] — R(dp)sin[Amt]) sin€?)
1 + qm[Amt]bmﬂ

—2(R(d) (1 — cos[Amt]) — F(dp)sin[Amt])

+2 (1 — cos[Amt])




Ar(t)

4]?{55) sinh( JFt} _ %{.ﬁb)sin[.ﬁnlt]
= cos[Amt] + cosh(2})

Acpr(t)

The untagged semileptonic asymmetry:
Ao(t) R(B". B - B") — R(B".B” = BY)
s R(B°,B° — B%) — R(B°,B" — B

—2gy, (Lob[&mt] + cosh( AEH )) 23(6p)sin[Amt] 4+ 2R(6,) sinh( ﬁ{t]
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