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Results on CP Violation from KTeV

e CP Violation in the decay
K; — mtrn—ete~ A new observation in a

dynamic, T odd variable.

e Status of Measurement of €'/e
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Direct CP-Violation:
Measurement of € /¢ in E832

KL = 7t77)/T(Ks > 7tn™)

— ’
I(Kp — 7979 /T(Ks — n07%) 1+ 6Re (¢ /e)

Focus is on 20% of data:
o 7 weeks of 1996 77" data (20% of total)
e 3 weeks of 1997 77~ data (17% of total)

The 1996 nta~ data are not used for €' /e because a drift chamber pathology com-
bined with the Level 3 software trigger rejected 20% of the events. Level 3 was
modified in 1997 to recover this loss.

Statistics

¢' /e mode events bkg/signal
Vac (K =) 7%7% [1.0x10° 0.8%
Reg (Kg —) m'7° |16 x 10¢  1.5%

)

)

Vac (K =) n¥tn~ 1.9 x 10° 0.1%
Reg (Kg —) ntn™ 3.9 x 10®°  0.1%

= 6(€'/€)gtar ~ 3 x 1071

Other modes with large statistics (1996 data):
e 200 million K — wev events for Csl calibration.

¢ 20 million K — 37° for “neutral” systematic studies.
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Electrons from K—rev
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Figure 20: E/P for electrons from K; — n¥e¥y decay
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Figure 22: E/P vs. P for electrons from K, — x*e¥v decay



Electrons from K—xtev
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Re(€'/e) at KTeV:
Current Status

Analysis of 20% data subsample is at an advanced
stage

e K1 ¢ — n%7 from 1996

e K; s — ntn~ from 3 weeks of 1997 running
e Statistical error on Re(e’ /) is ~ 3 x 104

Currently studying systematic effects, including:

e Early “accidental” activity in detector
e Drift chamber / tracking inefficiencies
e Simulation of the hardware triggers

¢ Biases in neutral reconstruction

e Backgrounds to K, g — w070

Fitting program hides value of Re(e’ /€) until we
believe we have accounted for all possible biases

Expect to have a result from this data sample within a
few months
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CP Violation in K; — nTn—ete

Story starts with K; — nT#n~y and K¢ —
w+w_7

K¢ decays by CP conserving Inner Bremsstralung
amplitude. Kj; has both CP violating Inner
Bremsstralung and CP conserving Direct Emis-
sion amplitudes, whose interference results in
a polarization of the «.



[
»
+
.
',
W N

Ks" 1§

:'1:‘..“ + *,',
s Lay 'P’L |

o

40 80 120 160 200

E,’ (MeV)




Heavy Quark 98 M.Arenton, University of Virginia

It was soon recognized that in K; — 7+n—ete-
this interference shows up as an angular asym-
metry.

References:

e L.M.Sehgal and M.Wanninger, Phys Rev D46,1035 (1992),
D46,5209(E).

® P.Heiliger and L.M.Sehgal, Phys Rev D48, 4146 (1993)

e J.K.Elwood, M.B.Wise and M.J.Savage, Phys Rev D52, 5095
(1995), D53, 2855(E) (1996).

¢ J.K.Elwood, M.B.Wise, M.J.Savage and J.W.Walden, Phys
Rev D53 ,4078 (1996) '

Define ¢ as the angle between the planes de-
fined by the 77 x 7~ and et x e momentum
vectors in the K; rest frame.



The Physics of K->ntrtee
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Figure 1: Amplitudes which contribute to the K — rtx~ete™ decay
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KL-> nnee

0
KL Center of Mass

¢ = angle between the normals to the ee and =nt planes

This angle lies in the plane perpendicular to the Mee and Max vectors

» N .
Vo= direction of Mzn
m’ﬁee center of mass

» . .
v =direction of Mee ¥ gt
c in Mz center of mass

Mee Center of Mass Mnx Center of Mass

Figure 2: Critical Angles in the K — n*n~e*e~ Decay



Heavy Quark 98 M.Arenton, University of Virginia

In particular we can calculate:
singcosg = (N; x ng) - Z(n; - Ny)
where
Ny = P+ X Pe-)/|Pe+ X De-|

Ny = (pﬂ-—i- X pﬂ‘_)/lpﬂ"l' X Pp—|

are the unit vectors normal to the planes of
the ete~ and n+t#— pairs, respectively, and

Z = (p,,r+ + Pﬂ-—)/‘Pw+ + P»;r—|-

Under T reversal, sin ¢ Cos¢ changes sign.
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The two main components of the decay am-
plitude are: |

Bremsstrahlung Amplitude

1. P+, Py = y
e e L G CIS)

Mb’r X Gpr

M1 Amplitude

1
Mpry o gmagm[fuwmkupipi]['ﬁ(k—)’)’uv(k+)]
K
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Integrating the decay rate over all other vari-
ables the ¢ dependence is predicted to have
the form:

ar
Eg—rb_ = r1c032q5 -+ r2sin2¢ + I'38tngcose

The term in singcos¢ is CP violating. Sehgal
and Wanninger predict an asymmetry (¢ quad-
rants 1 4+3 -2 —-4) of % 14%. The branching
fraction is predicted to be about 3 x 107

S0 to clearly see a = 10% asymmetry we need
several 1000 events of a decay mode never pre-
viously observed!
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The KTeV (E-799) Experiment
e New, High Intensity, Ciean, Beams.

e High Acceptance, High Rate, Spectrome-
ter.

e Trigger for 4 Track Events Required:
— >3 hits is charged particle hodoscope.

— 211 GeV total energy deposit in CsI
Calorimeter.

— 2 or more clusters with energy > 1 GeV
in Csl.
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— 3 or 4 good hits in each drift chamber
set in y view.

— no hits in muon hodoscope.
— NnoO hits in outside veto counters.

e Resulting trigger rate was about 10% of
total taken.

e Total 1997 run sensitive to ~ 2.5 x 1011k
decays

e 1.3 x 108 4 track triggers written to tape
after Level 3 processing.
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KTEV Event Display

/duser7/usardata/arenten/sel
ect_summer_loose.dat

Run Number: 10477

Spill Number: 112
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Offline analysis requires 4 tracks forming a good
vertex.

Electrons are identified by E/p in the CsI calorime-
ter. (0.95 > E/p < 1.05)

Pions are identified by low E/p < 0.85.

Even at this stage a signal appears in the plot
of p? vs 7T~ ete™ mass.

Main background (and normalization) is K —
rtr—n where % denotes the Dalitz decay
70 — e+e_fy.

This background may be suppressed by cutting
on the variable:

[((MZ — M2 — M2)? - AMZM? — 4MZ(P7) ]
a{(P2). + M2]

Pﬂ.20=
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Figure 4: E/p for pions. Histogram is Monte Carlo events. Dots are DATA. Both distribu-
tions are normalized to the same number of entries in the histogram. Top plot is in linear
scale, middle plot is in log scale and bottom plot is the ratio Data/MC
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Other backgrounds include two overlapping K; —
rteFy (Ke3) decays and hyperon decays. These
backgrounds are suppressed by data quality cuts.

A background that is indistinguishable from
the signal is K; — 77—+ where the v converts
to an ete™ pair in the apparatus, mostly in the
window of the vacuum decay region. These
events have, however, very low ete— mass and
are removed with a mass cut of 0.002 GeV.
Signal events are lost by this cut as well.

A possible additional problem at low ete™ mass
is that with small ete™ opening angle, the
measured ¢ may have poor resolution, which
would lower the measured asymmetry. Monte
Carlo studies show only small effects above
0.002 GeV, should unfold this eventually, not
done yet.
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K; — mtx—ete™ Branching Fraction:
We have published (Phys Rev Lett 80,4123

(1998)) based on 2% of the total data sample
a branching fraction of:

(3.2 + 0.4(stat) £ 0.6(syst)) x 10~

Based on 60% of the data we quoted at the
Vancouver conference:

(3.32 + 0.14(stat) £+ 0.28(syst)) x 10~7
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K; — ntn—ete™ Monte Carlo

Based on matrix element from Sehgal and Wan-
ninger.

A function of 5 kinematic variables, Mee, Myx,
cosle, co,s(?qr and ¢.

There is a major drop in acceptance at high
Moar

Good agreement between data and Monte Carlo
in most variables, but myr data is shifted to
higher masses. To account for this we modify
matrix element with a form factor taken from
earlier result on K; — ntmr—~:

F = a1[(MF — ME) + 2Mk(E + + E,-)] ™ + a2

We take aj/ap = —-1.8 £ 0.2 from the E731
result, but will eventually fit this from the data.
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Acceptance effects on ¢ and asymmetry.
Acceptance is not flat in ¢.

If initial asymmetry is zero, accepted asymme-
try is also zero.

If initial asymmetry is non-zero, accepted asym-
metry is different (and larger) than initial asym-
metry. Due to correlations with other kine-
matic variables.

Must use a Monte Carlo whose accepted dis-
tributions agree with data to correct the asym-
metry.

Further check is K; — ntn~n} data, when
analysed like nt7—eTe™ should have zero asym-
metry.
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From either the ¢ or singcosd distributions, af-
ter background subtraction we get asymme-
try before acceptance correction of (23.3 +
2.3(stat))%. This is from a signal of 1811442
events over a background of 45 & 7 events.

Altough we subtract background, it is inter-
esting to look at asymmetry versus ntn—ete~
mass.

Systematic errors (Work still in progress)
¢ Resolution effects: +0.5%.
e Backgrounds and cut variations: +2.0%
¢ Variations in Monte Carlo parameters: £1.3%

Total systematics: +3%
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Heavy Quark 98 M.Arenton, University of Virginia

Conclusions:

We have observed a T violating asymmetry in
the decay K; — ntn—ete~. Our preliminary
value is:

(13.5 + 2.5(stat) + 3.0(syst)) %
Agreement with theoretical expectations is good.

Future: Further analysis should reduce system-
atics. A new run is scheduled for spring 1999
that should triple the data sample.

Finally what about Direct CP violation? Direct
CP violating effects are predicted as asymme-
tries in cosf. and cosé,. Standard expectations
are only for very small effects.



