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CP VIOLATION: STATUS AND PROSPECTS*
By J. W. CroNIN
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Our current knowledge of CP violation and of the limits of CPT violation is reviewed:
The only positive evidence for CP violation comes from studying the neutral K meson system.
Also the new initiatives to study CP violation are discussed, in particular the electric dipole
moment of the neutron.

PACS numbers: 11.30.Er, 13.20.Eb

1. Status

In this lecture I would like to review our current knowledge of CP violation and also our
knowledge of the limits of CPT violation. The only positive evidence for CP violation comes
from our study of the neutral K meson system.

I will begin with a phenomenological analysis of the neutral K meson system which
includes the possibility of CP violation with CPT conservation, and CPT violation with
the retention of T invariance. Here C, P, and T refer to the symmetries of charge conjuga-
tion, parity, and time reversal, respectively.

The time evolution of the sfate of a neutra] K meson system can be described to a very
high degree of accuracy by the Wigner-Weisskopf approximation [1]. It is given by:

50 (e 50

where a and a are the time dependent amplitudes for the states |[K°) and]| K°) respectively.
Conservation of probability (unitarity) requires that the matrices M and I are each sepa-
rately Hermitian. We can write the two matrices M and I' explicitly as

M M r r
M = 1t 12) and r = ( 11 ‘12) .
(MrZ M22 F?Z 122
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The [ matrix has elements of the form
Iy =2n ; CiH > {fIH ey,

where H,, is the interaction Hamiltonian for the decay and f denotes a particular final
state with density of states ¢,. The M;; have a similar structure involving integrals over
“off shell” matrix elements. 1t is this structure which demands that each matrix be sepa-
rately Hermitian, if the interaction Hamiltonian is itself Hermitian {2].

CPT symmetry requires that M, = M,,, I'(; = I';;, a well known statement that
the mass and lifetime of K, and K, must be equal. The off diagonal elements are present
only because of a decay interaction which leads K and K to the same final state. CP sym-
metry requires that I'y, and M, be real. This requirement can be traced to the well kncwn
requirement of T invariance that all decay amplitudes in the absence of final state interac-
tions be relatively real.

We define two quantities (assumed to be small) ¢ and 4 given by,

Im M, +ilm 7,2 iAM =M+ —T55))2
€= — o= and A= o T e T
Ps— YL PYs—7PL
Here y and y, are the two eigenvalues of the matrix M+ il'/2. The quantity ¢ is non-zero
if CP and T symmetries are violated with CPT symmetry preserved. The quantity 4 is non-
-zero if CPT symmetry is not preserved. In all the analysis that follows we remind the reader
again that probability conservation (unitarity) is assumed.
With these definitions the eigenvectors of the matrix are

Ksy = [2(1+ie+ 4]’ [(1+e+ Ky +(1—e— HK)],
Kp)> = [2(1 +1e— 4] 2[(1 +e= A)K> +(1 =&+ K]
with the corresponding eigenvalues
vs = iMg+Tg/2,
y = IM+T /2.
The time evolution of an arbitrary state at time f = O given by

IK(0)) = as/Ksd> +a|Ky )
becomes
~TIst Iyt

K()) = age ™s'e 2 |Ksd+ae ™M'e 2 1K ).

The physical constants which control the evolution of the system are the Kg—Kp
mass difference, AM = M;— M, and the Kg and K lifetimes I's and I'y. The Particle
Data Group [3] give the following values:

AM = —(0.5349+0.0022) x 10'%/sec
g = (1.1206+0.0027) x 10'%/sec
Iy = (1.929+0.015)x 107/sec.
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The condition of unitarity can be carried further by equating the time rate of change
of the norm of an arbitrary neutral K meson state with the rate of accumulation of the
final states. The essential consequences of this relation were pointed cut by Wu and Yang
{4]. The explicit relation has been given by Bell and Steinberger [5]. In our notation it be-
comes

d
= 7; SKOIK® =0 = Z lus amp (Ks — f)+ag amp (K, > /)%,
T

Explicit evaluation of the expression yields the result,
[—iMs—M)+(Is+11)2] KsiK) = 3 [amp (Ks = f)]*[amp (K, = /)].
If £ and/or A are non-zero, the states |Ks> and |K, > are not orthogonal. One finds,
{KsiK> = (2 Ree—2i Im 4).

We can combine this relation with the more well known relations between experimentally
measured quantities and suitable phenomenological parameters. This procedure may
appear to the reader to be unnecessarily complicated, but it is necessary (1) to find explicit
values for ¢ and 4 which are measures of the symmetry violations of CP and CPT, and (2)
to provide insight into new experiments within the neutral K meson system.

We will review the definitions and give the results without derivation. There are two
complex amplitude ratios and a charge asymmetry which have been measured, and are
indicative of CP violation. These are:

amp (Ky » n*xn7)
amp,(Kg » n*n7)

Ny - =

amp (K, - n%z%
amp (Kg - n°z%) °

Noo =

and
_ Ky > na I'v)-TKy - I7v)

o, = -+ -8
IKy = rn I'v)—I(Ky > a7 17w

Experimental values for these quantities are [6]
Ne- = (2.2740.02) exp [i(44.7°+1.2%] x 1073,
oo = (2.314£0.09) exp [i(55°+6°)] x 1073,
d = (3.3040.12)x 107>,
With these data, derived quantities are introduced given by [7],
€0 = 2{3n4 -+ /3190
£ = \/5/3(’1+~ —Tgo)-
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Also a host of other definitions and parameters must be introduced. These are:
Ay = amp (K® - nn, I = 0),
Ay =amp(K° > nn, [ =0),

b
N
]

= amp (K® - nn, I =2),
A, =amp (K’ > nn, I =2),
ro = (Ao—Ap)[(Ao+ 4p).

The amplitudes are defined as transitions to standing wave states. The amplitude for
a transition to an outgoing state of two pions is given by A" where J, is the s wave
nm scattering phase shift in the isotopic spin state 7. CPT symmetry provides a relation
between A; and A;, namely 4, = A}.

We choose a phase convention where r, is a real quantity. We also define quantities,

«(f) = (1/I's) [amp (Ks - f)]*[amp (K, = /)], & = ;a(f),

where the sum excludes the I = 0, nr state. In terms of experimentally measured quantities,
the «(f) are given by,

wnm, I =2) = /2 w*,
'K, - n°z°z% .

o 0_0_0 =
(nnw) . Nooo
'K, -»>n*n n%
antn % = (Ky )'11-0
I
I'(Ky — mev
a(nev) = —2i LTV s
Is
I'(Ky = mpv
a{mpv) = —2i »~~(~1‘—[¢——u——) Im X,.

s

Remaining undefined quantities in the above expressions are,

(AZ + 12) £i32=80)

]

Ao+ 4,
amp (Kg = n°7°7°%)

amp (K, - n°n°n% ’

Nooo =
_amp (K5 » n"n"n’, CP odd)
B amp (K, —» n*n " 1%

_ [amp (K = nlv), 40 = — 48]
" [amp (K = =lv), 4Q = +4S]°

b
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With these definitions we can write three equations which relate the CP and CPT violating
parameters ¢ and 4 to experimentally measurable quantities [7]

(—idM|Tg+1/2) 2 Ree—2i Im 4) = g, +a, ¢))
gg = e—A+ry, 48))
ro = Regy—35/2. (1

These equations are solved for ¢ and 4 most conveniently if we write € and 4 as compo-
nents with respect to a “natural direction” given by

¢, = arctan (—24M|Ig) = 43.7°40.2°,
Then, one finds,

gy = & +cos ¢, Re q,

g, = —cos ¢, Im @,

]

é
A" COS¢,,[RC&+RC€0— i],

1)
4, = —gy,—cos ¢, Im G—sin ¢, [Reso—— 5].

If one refers to the definitions of € and 4, one observes that each quantity has a simple
physical interpretation. &, is non-zero if a source of CP violation comes from the mass
matrix M. e, is non-zero if there is & contribution to CP violation from the decay matrix.
4, is non-zero if there is a CPT violation corresponding to a difference in mass of K and K.
4 is non-zero if there is a difference in “lifetime” of the K and K.

Below we list the values of the experimental inputs to the evaluation of ¢ and 4.
Comments concerning these data are given where appropriate.

w = 0.045+0.001.

This result comes from a comparison of K+ —» nn and K° — nw decay rates. We
assume A7 £ 3/2 for K+ decay to obtain this result. We will not assume A7J < 3/2 holds
for possible CP violating interactions which are at most a small fraction of the CP conserv-
ing modes. Since we do not know the nature of CP violation, it is unwise to assume anything
about its nature.

5,—80 = —45°+10°.

This result is an averdge of values determined from three sources (1) the ratio
I'Kg - n°n%)/IrXs — ntn-), (2) K., decay [8], and (3) Chew-Low extrapolation from
pion production by pions [9].

N4 —o = 0.05+0.07+i(0.26 +0.13) [10],
Moo = —0.08+0.18—i(0.05+0.27) [11].
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This result is a new measurement carried out at ITEP with a large liquid xenon bubble
chamber. The experiment contains 632 events and replaces an old experiment which
contained only 23 events.

X, = 0.04+0.12+i(0.1240.16) [12],
X, = 0.023+0.020—(0.0015+0.025) [13].

With the above input and the values for ¢, and ¢, derived from 7n._ and #4, we find,
& = [—0.01+0.07—i(0.1440.18)] x 10-3.

For Re & the error is dominated by #7400, While for Im & the error comes equally from
Nooo and X,. While it might be reasonable to assume X, = X., we do not make such an
assumption.

We then find

ey = (2.24+0.06) x 1072,
e, = (0.14£0.12)x 1073,
4, = (0.03+£0.19)x 1073,
4y = (—0.094+0.10)x 107>,

One can conclude that there is no evidence for a CPT violation, and any CPT violation
is less than ~109% of the CP violation (with CPT conserved). Further, the CP violation
is dominated by the mass matrix, while the contribution from the decay matrix is consistent
with zero.

We can also use these results to obtain CPT limits that can be compared with other
measurements on mass and decay rate differences between particle and anti-particle. We
find,

M —M 4
722 o L = (0.04+0.27)x 1073,

4M sin ¢,

ry,-r

=Tz 4y = (—-0.13£0.14)x 107>
I cos ¢,

Mass differences are generally normalized to the mass of the particle itself. We can compare
our result with others in the tables below.

Particle pair OM|M Ref.
e —et 0.0+£1.3)x10"7 [14]
wt—T (0.2+0.5)x 103 [15]
K-K 02+2.3)x10-18 this analysis
K+—K- (—0.3+£09)x102 [16]
p—p (0.7+0.4) x 10-* [17]
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Particle pair ar;r Ref.
e | - ‘
et 1 0+1)x10™ [18]
LAk (=5£T)yx10+ 3]
K-K (—1.3£1.4)x10* this analysis
K+—K- (—9+8)x10-* [19]

The neutral K meson analysis gives extraordinary sensitivity for the mass difference,
and is comparable in sensitivity to other measurements of decay rate differences. Since
we do not have any idea about how CPT might be violated we cannot assess the relative
importance of the measurements, in rejecting a CPT violation.

We will now assume that CPT is not violated and examine the consequence of the
unitarity constraint on the observed CP violation. If CPT is valid, then one can choose
a phase convention for which r, = (4o~ A4,)/(4o+ A,) = 0 since CPT requires 4, = A,
and one is free to choose 4, real. As a consequence, Re & is also required to be zero. The
unitarity conditions become & = ¢4, ¢, = —Im & cos ¢,.

The perpendicular component of ¢, which is the part coming from the decay matrix
is constrained to be quite small, and hence the direction of ¢ is expected to lie quite close
to the natural angle ¢,. Since the CP violation effect is largely given by |ey|, we find that

. Lo Im & cos
the angle that ¢ makes with the natural axis is given by ¢,—¢, = — — P

o
establish Im & the various experiments have been evaluated with the constraint that
Re @ = 0. We now compute ¢, for a series of assumptions concerning the physics that
governs CP violation. For example, if the CP violation is a part of the weak interaction
of quarks there are only interactions with 4Q = AS and 47 < 3/2. These results are given
in the table below.

. - — —
Assumption Ima BBy

No additional assumptions (—0.10+0.17)x 103 1.8°+3.1°

Violation of AQ = 4S5. Rule same for e

and p : (0.02+0.09) x 10-3 0.3°+1.7°

A4Q = AS rule valid. 47 < 32 (0.1+0.06) x 103 0.2+1.1°

oo S 0.01; 74+ o < 0.01 | (<10.006)x 10~2 <10.35°]

The conclusion is that the direction of the CP violating parameter ¢, which represents
the “CP impurity” in the state representing the K, is a complex quantity whose phase
must be very close to the natural direction ¢, = 43.7°. Furthermore, if the CP violation
in the 3n modes is less than five times larger than the CP violation in the 2r mode we
would expect ¢, to deviate from ¢, by less than 0.35°. These same general conclusions were
anticipated by Wu and Yang [4].

The quantities actually measured are the amplitude ratios .- and 775,. An observation
of a difference between these two ratios depends on a second parameter. The second
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parameter is related to the fact that the K can decay to nn in final states of 7= 0or 7 = 2,
If the two amplitudes 4, and A4, are not relatively real, then a CP violation is implied.
States of 7 = 0 and I = 2 when decomposed into observable pions, give different ratios
of neutral to charged pions. Hence this second source of CP violation is observable in the
comparison of 74, and 7..—. The explicit relations between the two CP violating parameters
are,

Ny~ =e+e/(1+w), noo = £—2¢'[(1-2w),
with
’ f_ Im4, ei(az—ao)’ w = L_ RC_AZ £62-80).
N2 A \/2 A,
With CPT conservation ¢’ is identical within a factor \/5 with the quantity &, defined
before.

The phase ot ¢’ is also constrained. Its phase is (n+ 8, — §o). Since 6, — 3, = —45°+10°,
the direction of &' is very closely constrained to be along the direction of &. Since 5o, and
n+- are very close in magnitude, one expects the phases of 7. and 7y, to differ very little
from one another and from the natural direction ¢,.

In figure 1 we plot on the complex plane the measured and derived quantities. The
derived quantities are given by,

gy = (2.27£0.03)x 107,

e, = (0.184+0.08)x 107>,
b=ty = (46229,

&) = (0.0£0.035)x 1073,

g\ = (—0.13+0.08)x 1072,

o) Measured Quantities b) Derived Quantities
-3 -3
— /—h —
2.0x10 T ‘Qﬁ% 2,0x10
/_‘
> B 1’*' ;
- <
z =
7 (L]
§ 1.0x10 28 Y $1.0x10
%
7
X | . . ]
0 1.0x107 10x107> 2.0x[073
REAL REAL

Fig. 1. Summary of CP-violating parameters in the neutral K system. (a) Measured quantities. (b) Derived
quantities, boxes show one and two standard deviation limits
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rors for ¢’ are too large to quote an angle ¢,.. However, one does not expect
. perpendicular component, since ¢’ should point along ¢, within + 10°. Also the
ie of ¢, deviates from ¢, more than would be expected by the unitarity analysis.
ulties are immediately traced to the large deviaticn of the phase cof ny, from
unt 11.3+6°. If on further measurement this discrepancy remained, a violation
uld be indicated. This can be scen in the generalized expression for £, which is,

A,— A4,
Ao+ Ao

e 0230,

e CPT constraint, 4,+ A, can no longer be chosen real and 4, and A, bear
to one another. Hence the phase of €, is no longer determined by the nix scatter-
shifts alone. [t has been poinfed cut ihat the magnitude of the effect, if the
glected, can be related to a K+—K- lifetime difference, assuming 4/ = 3/2,
nsiderably larger than the present upper limit cn the lifetime diffcrence [20].
11 assumc for the fellowing discussion that the large phase of 74, 15 a fiuctuation,
measured more precisely, will be in better agreement with expeciaticns. If the
= confirmed, it would be a sensaticnal discovery!

2. Prospects

s lccture we will review the riew initiatives to stuay CP wiclation and discuss
r investigations, particularly the electric dipcle mement cof the neutron.
nitarity analysis carried cut in the first lecture, gives sonie insight into the proper
or further research cn the neutral K meson sysiem. One can conclude that
rate measurements on the phase of x4, ¢+, are not worthwhile. This phase
ction defined by the vector sum of ¢ and €. The unitaiity analysis shows that
reasonably deviate from ¢, by more than 1°. The magnitude of ¢ 1s small
to € and further its direction is constrained to lie within 10° ¢f ¢,. Thus & can
a transverse component of #._ of at most 0.2¢', so that {¢._—¢,| < 0.2|e'/e].
ta indicate that |¢'/e] 15 of the crdcr of 0.01. If {e'/e] were as large as 0.05 cne
sect |py——¢,| < 0.6°. Therefore, further measurements ¢f ¢ cannot give
nformation. On the other hand our informaticn cn the magpitude of &' is the
in of the measured parameters in the neutral K meson system. There are three
ts where the ratio [tq]%/|n+-|> was measured. The results are given below.

(Mo0/n+-| Ref.
1.03+0.07 [21]
1.00+0.06 [22]
1.00+0.09 23]

average 1.01+0.04

t ¢ and & have nearly the same phase, the ratio Jiyo/n.+—| measures directly the
by the relation &'/e = 1/3 (1—|n¢0/n+-1) = 0.003+0.013.
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Measurements involving the decay K, — n°r°® are much more difficult to perform
than the companion charged mode because of intrinsic difficulties in the measurement
of y-ray eneigies, directions, and positions. Recently there has been renewed interest in
the measurement of ¢'. This interest rests on the general ground that 7., is so much more
poorly known than 5. New developments in detectors now permit much better measure-
ment of y-rays.

In addition there is renewed interest in the measurement of ¢'/e because limits on its
value can be predicted from estimates based on the six quark model. Kobayashi and
Maskawa [24] pointed out (even before a fifth quark was discovered), that the unitary
matrix that rotates the strong interaction quark states into the weak interaction states,
allows the possibility of a single CP violating phase, in addition to three Cabbibo-like
angles. Numerous authors [25] have made calculations of the possible range of &'/¢ within
the framework of the K-M model. These calculations involve the passage from weak
interactions of quarks to the weak interactions of hadrons, a regime where the calculational
techniques of Quantum Chromodynamics are poor. The authors make conservative
estimates which now suggest that the value of &'/e should have a lower limit of ~0.01.
Such a value will produce a 6% deviation of |502/7+—?| (the quantity measured) from
unity.

As a consequence of these developments there is a strong experimental effort in
Europe and the United States to improve the measurement of |#4,/1+|. The table below
gives a summary of the experiments which are underway or planned during the next
few years.

[7a0/ I+~ experiments

i Error expected for I
i 0.0
Laboratory - Exp. no. [26] & % Number of Ky - r°x Result expected
: —i (std dev) i events expected
| i} <
! ;
FERMILAB 617 4x10°3 i 3000* | 1983
BNL 749 1072 ~ 2000 1984
CERN NA3} 0.5%x10°3 100,000 1986
FERMILAB 731 I x103 100,000 1986

* Data already taken.

All of these experiments plan to measure |nqo/n+-{2 directly and have schemes to
eliminate systematic errois.

The Fermilab experiments use two beams produced from the same target to simulta-
neously measute K, — n°n® and K5 — n°n°, or K, — n*n~ and Kg — n*n. The Kg are
produced by a carbon regenerator. A schematic view of the experiment is shown in figure 2.
The mean energy of the K| beam is 70 GeV/c. The charged decays are detected in a magnetic
spectrometer, while the n°n°-decays are detected with a 800-block-Pb glass array. A single
photon converted in a thin Pb sheet is used to trigger the neutral decay modes. The
regenerator oscilldtes between the two beams to average out small fluctuations and small
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Fig. 2. Schematic arrangement at Fermilab for the measurement of (1o0!%/(n4-I?

differences in the energy and intensity of the two beams. Also important is the fact that
the losses due to beam and regenerator induced backgrounds are the same for regenerated
events and free decay events, and the fact that no independent monitor is required.

Figure 3 shows a mass plot for a small sample of K; — n°n° events. The separation
from the K; — n°n°n® background is greatly improved with respect to former experiments.
The desired ratio is given by,

':'700;2 _ (YLOO/8'60) .(Ys+—/985+-—)

a2 (Y%050) (Y /b))

where Y is the measured yield for the designated mode, ¢ is the efficiency for the designated
mode and g is the regeneration amplitude. There are only small differences between £go and
€go. The events are collected for ~3 Kg-mean decay lengths downstream from the regenera-
tor, and the relative efficiencies differ by only a few percent. These corrections can be made
by Monte Carlo or by appropriate weighting of the data itself.

The BNL and CERN experiments use a somewhat different arrangement. For these
experiments the charged and neutral modes are measured simultaneously first for K and
then for K. A single beam is used. The BNL derives the Ky from a regenerator while the
CERN experiment uses a Kg beam. A very important consideration for this technique
is to assure that the relative efficiency of neutral and charged decays remains unchanged
between the Ky and K runs.

The new experiments at CERN and Fermilab which will yield results in a few years
will give results sensitive to |¢'/e] = 10-3. Even with the uncertainties in the K-M model,
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Fig. 3. Mass plot of a small sample of Kp — =°r® events from the Fermilab experiment

one expects a larger value for |¢’/e|. More generally one can conclude that a positive result
will double our knowledge about CP violation, since at present all data can be understood
in terms of a single parameter, namely that in the mass matrix,

ImM,, = —1.16x10-8¢V.

We regard the precise measurement of {54o/f7+-| as the most promising one to extend
our knowledge concerning the nature of CP violation. Let us now describe some other
efforts which are planned to investigate the nature of CP violation.

A more accurate measurement of 4, is planned by Experiment 621 at Fermilab.
Running for this experiment will begin in 1984. In early runs it is expected that an error
of +0.003 will be obtained for 5,4, and ultimately an error of ~ +0.0005 may be obtained.
If there is no direct CP violation in the mode w*n—n°, one expects #..—, = &. This experiment
will represent a factor 100 improvement over the present knowledge, but it will not signifi-
cantly tighten the limits on a CPT violation because that is limited by 1400, as well as by
the difference (6/2— Re ¢,). It will, however, be a very important experiment if it can in fact
demonstrate that 5., # . The sensitivity goal is essential if the experiment is to add
significantly to our knowledge of CP violation.

We have shown by the unitarity argument that time reversal violation must also be
present in nature and it is natural to search for such violation in various physical systemis.
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Many experiments have been carried out in nuclear physics and particle physics searching
for observables that are odd under time 1eversal. So far no positive results have been
found [27]. We will mention some progress in sensitivity that has been made since the
review of reference [27].

The polarization of the muon transverse to the decay plane in K; — n-piv and
K+ — nPutv is an observable which is odd under time reversal. Measurements of the
observable E” X (ﬁp - p) have been carried out for both decay modes [28]. A combination
of both experiments leads to the conclusion that Im ¢ = ~0.01 £0.02. This result comes
from the measurement of a transverse muon polarization P = (—1.84+3.6)x 103, It is
difficult to assess the significance of a null result. The detection of a positive effect would
most likely be interpreted as a CP violation residing in a Higgs sector more complex than
the simple single Higgs required in the standard model {29]. The level of sensitivity of the
experiment is in the range of what might be expected, but the Higgs sector as a source
of CP violation cannot be ruled out by these experiments.

Further search for a time reversal violation in X+ — n®utv is still worthwhile. Since
there is only one charged particle in the final state, there is no correction for Coulomb
interaction in the final state. In contrast for the K; — n~p*v decay one expects Im { = 0.008
even with no time reversal violation.

The existence of an electric dipole moment for a fundamental particle with spin
is a violation of both parity and time reversal. One looks for an energy shift in an electric
field of the form,

de = d - E,

where d is the electric dipole moment and E is the electric field. The only direction associated
with the particle is its spin, so d = k. The observable ¢ - E is odd under both parity
and time reversal. The search for an electric dipole moment of the neutron began more
than thirty years ago [30]. From the earliest time the authors were testing the assumptions
on which an electric dipole moment was expected to be zero. While no positive effect
has been seen, the upper limit on the electric dipole moment has been reduced by six
orders of magnitude. ‘

Evidence for an electric dipole moment is a shift in the magnetic resorance frequency
of the neutron when an electric field is added parallel to the magnetic field. It is of interest
to consider the parameters of a typical modern experiment. The shift in resonant frequency
between electric and magnetic field parallel and antiparallel is given by,

4dE
Ay = —.

h

For d~ 10-2* ¢ - cm, E = 10% volts/cm, this shift is 10~% Hz, which is a shift in energy
of 10-?% ev. For such a shift to be observable, a narrow line width must be achieved for
the magnetic resonance. This line width will be affected by magnetic inhomogensities,
and by the uncertainty principle. The first effect is reduced by a low fixed magnetic field
with a corresponding low resonant frequency. The second effect is reduced by observing
the neutrons for a long time.

Ultra cold neutrons, which can be stored from 5-100 sec, have been used. With 100 sec
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of storage a line width of ~10-2 Hz can be obtained. Typical fixed magnetic fields of
10-2 gauss give a resonant frequency of 30 Hz. Figure 4 shows a magnetic resonance curve
for neutrons stored for 40 sec [31]. To detect an electric dipole moment, the RF frequency
is set on a steep part of the curve. One observes a change in rate correlated with the reversal
of the electric field, if an electric dipole moment is observed.

At present one experiment has been completed of this type at Leningrad [32] giving
a result,

d=(24423)x10%%e-cm, or |d| < 6x10-25(90% conf).

This experiment has evolved over a number of years; the authors continue to improve it.
However, systematic errors with the particular apparatus will make it difficult to progress
much below 10-2% ¢ - cm.

A second experiment is being cariied out at Grenoble [33] which was the source of
the data shown in figure 4. This experiment expects to reach a sensitivity comparable to the
Leningrad experiment. The data are taken and the result will be available in the very near
future. In a few years one can expect sensitivities which will give upper limits less than
10-2% ¢ - cm. Progress beyond this level will be difficult. One can expect sensitivities down
to 10-2% only by the end of the decade.

The value of a negative result requires its comparison with some predictions. The
model which places the CP violation in the Higgs sector [29] also predicts that the electric
dipole moment of the neutron is in the range of 10-2* ¢ - cm [34]. This limit is nearly reached
by the experiments. The prediction for the electric dipole moment of the neutron using the
K-M model is ~10-%% ¢ - cm which is far beyond any sensitivity that can be imagined.

Throughout these talks I have not mentioned that there are a whole new set of particles
whirh ara cimilartntha WO _T0 coctam Thaca ara tha aharm and heantv narticlec Y0 RO RC
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d have similar properties and hence CP violating phenomena. There are
ns to believe that in the next several years the hope for experiments sensitive
ion is not too great. The principal reason being that the production of charm
particles is not very large because of small cross sections and low luminosities
olliders. There is an ample literature on this subject, and there is an excellent
hich the reader is referred [35}.

3. Conclusions

s a renewed experimental effort to learn more about CP violation. Within
years there is hope that CP violation can be characterized by more than a single
'he most promising experiment is the measurement of [ngol/|n+-]. A positive
give heavy weight to the fact that a phase in the K-M matrix is responsible
violation. An important question then will be to understand the origin and
f this phase. Experimentalists have experienced many changes in theoretical
I doubt that a negative result for |5o0/n--| (i.€., |noo/n+-| consistent with unity
n of 0.001) will lead to any clarification of our understanding of CP violation.
k is more information of a positive nature. Such information will automati-
te the superweak hypotheses [36]. A new positive result will represent a break-
 doubling of our knowledge. Then experimentalists will attempt more difficult
ts because there will be a better prospect for positive results,

we must realize that at present we know very little about CP violation, we
ne number. It is not beyond possibility that the effect may be energy dependent
=ndent, although there is not even a hint of such dependence at present. At
sity machine which can run continuously, such as the Brookhaven A.G.S,,
ine measuring [17.-|? to a precision of 0.25 %;/day and 0.1 %, per week. Reputable
ve considercd such a possibility.

~ This article was proofread by the editors only, not by the author.
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