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偏光板と透明なシート
• シートの中では縦と横で波長が異なる
• そのため出口で元の偏向面の成分が減る
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ニュートリノ振動
• 　　　　            で　　   の波長が異なる
• そのため出口で　 の成分が減る

νµ = aν2 + bν3 ν2, ν3
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偏光板とニュートリノ
• シートの厚さ　：　ν源と測定器の距離
• 屈折率の差　　：　質量差
• 光の色　　　　：　νのエネルギー
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B-Bbar mixing
• 　　　　　　　で 　　　 の質量が違う
• 飛ぶ距離によって　　の振幅が変化

BL, BHB0 ∝ BL + BH
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K-Kbar mixing
• 　　　　　　　で 　　　 の質量が違う
• 飛ぶ距離によって　　の振幅が変化

K0 ∝ KS −KL KS ,KL
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The fitting procedure is to minimize the !2 between
background-subtracted data yields and a prediction function,

and uses the MINUIT "32# program. The prediction function
(P) for each beam and decay mode is

Pp ,z!Np ,z
$$"Ap ,z , %12&

where Np ,z
$$ is the calculated number of K→$$ decays in

the specified p ,z range, and Ap ,z is the detector acceptance

determined by a Monte Carlo simulation "Eq. %11&#. Note that
Np ,z

$$ includes full propagation of the kaon state from the

target up to the decay point, as in the MC simulation %Sec.
II E 1&.
For all fits, the prediction function is computed in

1 GeV/c p-bins and 2 meter z-bins. To evaluate the !2 in the
Re('!/') fit, the event yields and prediction function are
integrated in 10 GeV/c-wide p-bins, and each p-bin is inte-

grated over the full z-range from 110 m to 158 m. For the

other kaon parameter fits, the event yields and prediction

function are integrated over 10 GeV/c"2 m p-z bins.

To simplify the discussion that follows, the target-KS

component is ignored. For a pure KL beam, the number of

K→$$ decays is

Np ,z
$$(F%p &!)!2e#t/*L, %13&

where t!mK(z#z reg)/p is the measured proper time relative

to decays at the regenerator edge, )!)$#()00) for charged
%neutral& decays, F(p) is the kaon flux, and *L is the KL

lifetime. The vacuum beam decay distribution is determined

by *L ; the total event yield is proportional to !)!2 and the
kaon flux.

For a pure KL beam incident on the KTeV regenerator, the

number of decays downstream of the regenerator is

Np ,z
$$(FR%p &Treg%p &†!+%p &!2e#t/*S$!)!2e#t/*L

$2!+!!)!cos%,mt$-+#-)&e#t/*avg‡, %14&

where -)!arg()), !+! and -+ are the magnitude and phase

of the coherent regeneration amplitude "41#, 1/*avg.(1/*S

$1/*L)/2, FR(p) is the kaon flux upstream of the regenera-

tor, and Treg(p) is the kaon flux transmission through the

regenerator. The prediction function accounts for decays in-

side the regenerator by using the effective regenerator edge

"Fig. 7%b&# as the start of the decay region. All three terms in
Eq. %14& are important, as illustrated in Fig. 24, which shows
interference effects in the regenerator-beam z-vertex distribu-

tion.

Next, we discuss how the various factors in Eqs. %13&,
%14& are treated in the fits. The average vacuum-to-

regenerator kaon flux ratio (F/FR) and the average regen-

erator transmission (Treg) cancel in the Re('!/') fit as ex-
plained in Appendix A. To account for the momentum

dependence of the regeneration amplitude in the fits %see be-
low&, we need to know the momentum-dependence of

F/(FRTreg); it is measured from the vacuum-to-regenerator

ratio of KL→$$$#$0 decays, and is found to vary linearly

by ($7.0%0.7)% between 40 and 160 GeV/c . This varia-

tion in F/(FRTreg) is mostly from the momentum depen-

dence of the regenerator transmission, and to a lesser extent

from the movable absorber transmission.

The KL lifetime is taken from "30#. The values of ,m and

*S are fixed to our measurements %Sec. VI A& for the

Re('!/') fit, and are floated in the fits for the other kaon
parameters. In the fits that assume CPT symmetry, -$# and

-00 are set equal to the superweak phase:

-)!-SW!tan#1%2,m/,/&. %15&

The final component of the prediction function is the re-

generation amplitude. We use a model that relates + to the
difference between the forward kaon-nucleon scattering am-

plitudes for K0 and K̄0:

+( f#.0
f %0 &# f̄ %0 &

p
, %16&

where f (0) and f̄ (0) are the forward scattering amplitudes

for K0 and K̄0, respectively, and p is the kaon momentum.

Additional factors that contribute to + are described in "33#.
For an isoscalar target and high kaon momentum, f# can

be approximated by a single Regge trajectory corresponding

TABLE V. Fit conditions used to analyze K→$$ data.

‘‘z-binning’’ refers to using 2 m z-bins in the regenerator beam.

‘‘Assume CPT’’ means that Eq. %15& is a fit constraint. Free param-
eters common to all fits, but not shown in the table, include the

regeneration parameters ! f#(70 GeV/c)! and 1 , and the kaon flux
in each 10 GeV/c momentum bin, F(p1)#F(p12).

Fit Conditions

Fit Assume Free

Type z binning CPT Parameters

Re('!/') No Yes Re('!/')

,m , *S Yes Yes ,m , *S

-$# Yes No ,m , *S , -$#

,- Yes No ,m , *S , -$#

Re('!/'), Im('!/')

FIG. 24. z decay distribution of K→$$$# decays in the regen-

erator beam, for the restricted momentum range 40–50 GeV/c . The

MC prediction %dashed& is without the interference term that is pro-
portional to ‘‘2!+!!)!’’ in Eq. %14&.
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KL,Ksの寿命差
• 　  の振幅を速く減らす
• ２枚の偏光板の間に、もう一枚偏光板

K0

KS

KL

KS



偏光板とCPの破れ
• 直交してない向きに固有の屈折率？？
• こういう物質はある？？

K0

KS

KLK̄0



偏光板と素粒子
• Mass matrix, Decay Matrix

<--> 偏光板、シート
• Mass matrix, Decay Matrixの複素位相

<--> 偏光板、シート
• お正月のお酒のつまみにでも、考えてみ
てください。


