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Status 1n May 2007

O Outstanding Issues

= Neutral Mode:
o 3pi0 bg issue
o  Large chi-square in some fits

m  Charged Mode

o L3 systematic
O  Regenerator edge systematic

O To Do:
m 1996 analysis

m Finalize systematics
m Crosschecks




3p10 bg problem
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Large y? for z-binned fits

0 Bug in sitmulation of decays 1n regenerator

® Momentum spectrum of decays in regenerator
chosen from wrong distribution

m Introduced in v6.01
m Fixed in v7.00 only

o Fit y? improves in z-binned fits

®= Neutral mode Am and tq
O Added 1996 data
o 252/199 — 227/199
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Charged mode L3 bias

O 5 runs from 1999 with large L3 bias excluded from data
sample

O L3 trigger bias measured using BO1 and crosschecked using
BO03

0| Correct Re(e'/ €) for bias and take error on correction as
systematic

= Correction: +0.3 x 104

m  Systematic: +£0.12 x 104

Trigpar Bise in felefe] [ x10-4)
147 15 Combined

Bl 032 £020 028 £0.14 | 030 £0.12
B3 058 059 -0.24 £0i60 | 012 £ 0.42




Charged mode regenerator edge

O Problems with 1999 reg veto
m 1999 trigger threshold higher than offline cut of 0.7 MIPs

m Large uncertainty in charged mode reg edge
O £1.7mm — £0.7 X 104 systematic on Re(g'/ €)
m  Run dependence of junk fraction

O Change offline cut to 0.25 MIPs for 1999

m  Junk fraction constant vs run

m  Junk background reduced
m Effective regenerator edge determined more precisely
o +0.4 mm — £0.2 X 104 systematic on Re(g'/ €)

O http://hep.uchicago.edu/~glazov/may22 2007/junk.pdf
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Tight oftline reg veto cut for 1999

May 2007: Current:
0.7 MIPs 0.25 MIPs

e b

10 109 Y, T Firg.
10 Tk
10 10
10 10
10

10
0
10
10

10 10

s i0
107

4 3 .
10 F 5' 10 ¥
||I

10 10

10

; W AN
RO D = %

4 048 0.6 (LK D48 048 0LE III.E m

10

1 1 F 1
0.4 0.48 0.8 0.B20.54
W, G

Reduced junk background



Systematics: charged mode z-slope
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O Systematic on Re(g'/ €): £0.41 x 104
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Systematics: 3p10 z-slope
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Systematic on Re(g'/ €): £0.48 x 104
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Systematics: 2p10 z-slope
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Systematics: 2p10 Cut Variations
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Systematics: Energy Scale

anr Raganarstor Junk | Wacuum Window Junk | Poror on felefe]
Tgata - Zarc Lom) Tgata - Zare fom) [ 1':'_4:'

106G 0.24 £ 0.¥5 -0.81 &£ 0.32 045

10T -1.24 =046 147 019 &2

15 -0.35 =042 100 £0.17 .55

Amrags -0.5% £ 045 087 £ 0.20 0.e5

O Regenerator junk consistent with 2p10
O Vacuum window junk has significant mismatch in all years

0 Combine vacuum window junk by evaluating systematic

separately for 96, 97, and 99 and taking a weighted average
of the errors



Systematics: Energy Scale
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Summary of Systematic Errors

Sourca Frror on R-E'I:E':.-"E:I |::;.c; 1|j|—4:| Shonr s Frror an R-E'IIE':.-"E:I II:{IEI"*:I
PRD | 1097 1009 | Total PRD | 1096 | 1697 | 1099 | Total
11 and L2 Togger 020 (020 o.m | 0.0 E %IEEEI 3}3 ggé SE g-ﬁ gg@ff
Erﬁ"g‘gﬂ . . dod pnan B 1.3 Trigger 0.08% | 0.20 | 004 | 0.05 | 0.07F
gnmeant and Calibration | 098 020 0. 20 :
Bl ciantin scale 0.16 0.10 0.10 E”_‘Ej I:““;baf g-i; gﬂ E'D i
miring ¥ : : :
= _ | 0.25 0.10 0.10 S s iy e
gg fﬁiﬁ;‘;ﬂé gig gig gig Frargy Monlinean by 066 | 0.10 ‘ 0.10 ‘ 0.2 (0,15
: : : Enarpy Seals 127 | 045 | 082 |05 (068
Background 0.20 0.20 0.20 Peitinn Raccrstruskon; | 035 0.35 05
Wirs Spacing 0.24 0.24 0.24 Background 107 | 114 | 106 1.07
Feg Bdus 0.20 |00 030 ) 0:zd CT Inner: Aparkuce 042 042 0.4
Accapbance O.ye (087 0.25 | 0.41 bih Aperturs 018 0.18 0. 18
Upstraam =z s 033 0.45 Feg Bdgs 004 004 0.4
Monts Carlo Shabisbics 041 028 0% Ce1 Size 015 015 0.15
Total 196 | 112 081 | 0.81 Accaptanca 039 045 0.48
MO Stabstics 040 | 0.75 | 037 |04 L 0. %
[ Total 201 | 169 | 163 | 1.5 | 155




Summary of Systematic Errors

oL Lo Brror on feleffe) (#1074
K axte | K = x'n”
Triggar 0,23 .20
(2=l clustar reconstruckion e 0.¥5
Trad: reconstruckion 0.22 —
Salection afficiancy 023 0.34
A partures 0.30 0.48
Acrapkancs 057 045
Backpgrounds 0,20 1.07
b skabskics 0,20 0.25
Tokal 051 1.55
Hitking 0. 25
okl 1.77
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Results: Re(g'/ €)

0 Re(g'/e)=[19.2 £ 1.1 (stat) £ 1.8 (syst)] x 104

= (19.2 £2.1) x 10
= Chisq=22.9/21

Yaur | KN —a'n® | B —tw- fele'e)
sanpla sanpla w10~
14 15 167 A8 £ 318 £ 20
=08 £34
197 14 7 1947 159 £ 1.7 £ 20
=184 £ 26
1L 1T 16 Wwo+14 £ 18
=140 £ 2.3




Results: Am and tq

O Charged fit
®  Am=[5269.0 + 3.8 (stat) = 10.5 (syst)] x 106 hs-!
= (5269.0 + 11.2) x 106hs"!
= 1,=[89.620 + 0.019 (stat) + 0.047 (syst)] x 1012 s
= (89.620 £ 0.051) x 1012 5
m  Chisq=198.8/199

O Neutral fit
®  Am=[5257.6 £ 7.9 (stat) = 10.7 (syst)] x 106hs"!
= (5257.6 £ 13.3) x 106hs’!
= 1,=[89.667 + 0.037 (stat) + 0.094 (syst)] x 10-'2 s
= (89.667 £ 0.101) x 1012 5
= Chisq=226.5/199

0 Combined Results
= Am=(5265+11) x 106hs"!
B 1 =(89.62 +0.05) x 102 s
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Results: CPT Tests

O @, =[44.09 +0.43 (stat) = 0.90 (syst)]°
= (44.09 £ 1.00)°
m Chisq=196.8/198
O @, - Dgy =10.59 £ 0.38 (stat) + 0.78 (syst)]°
= (0.59 £ 0.87)°
= Chisq=196.8/198
O AD=[0.29£0.15 (stat) = 0.27 (syst)]°
=(0.29+£0.31)°
m  Chisq=425.6/399




Crosschecks: Run Ranges
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Crosschecks: Half Samples
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Crosschecks: Momentum Bins
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Comparison to Other Measurements

Re(e'/¢)

E73193 —0— f4+ 59

NA31 93 = o—— 230+ 6.5
NA48 02 —o— 147+ 2.2
KTEV 07 0 19.2 + 2.1
0 10 20 a0 (x107™
New World Ave. O 16.8+ 1.4

Probability = 13%



Comparison to Other Measurements

Am Tg

SPEC 74 ———t 5334 + 43 E73193 —0— 8929+ 0.16

SPEC 74 —0— 5340+ 29
E773 95 —o0— 89.41 + 0.17

E73193 —— 5257 £ 53
NA31 97 —o— 89.71+ 0.21

E77395 —0— 5297 £+ 44
NA48 02 O 89.60 + 0.07

CPLR 99 —_ 5240 £ 55
KTEV 07 ol 89.62 + 0.05

KTEV 07 o 5265+ 11

6 89 a0 (psec)

5200 5300 5400 (10°hs7) New World Ave. o 89.59 + 0.04

New World Ave. roH 5277+ 9
PDG 2006 g 8953+ 0.05

PDG 2006 =0 5290 + 16



Comparison to Other Measurements

.- AD

SPEC 74 —— 433+ 1.1
NA31 90 444+ 17 E731, E773 95 —0— -0.30 +£ 0.88
E731 93——o— 414+ 10

KTEV 07 +OH 029 + 0.31
E77395 —C— 430+ 08

4 -3 -2 -1 01 2 3 4 (degrees)

CPLR 99 —o— 429+ 06 New World Ave. HOH 022+ 0.29

PDG 2006 o 020+ 0.40
KTEV 07 —0— 441+ 1.0

41 42 43 44 45 48 47 (degrees)
PDG 2006 —o— 434+ 0.7



Conclusion

Re(e'/ €)=(19.2+2.1) x 104

Am = (5265t 11) x 10%hs!

1o =(89.62 £ 0.05) x 1012 s

Phase measurements consistent with CPT symmetry
Documentation

m  http://hep.uchicago.edu/~seturner/thesis.ps
m http://hep.uchicago.edu/~glazov/chsyst.pdf

0O Plans

m  Thesis defended July 2007, submitted to university November 2007
m  Sasha visiting Chicago December-January to work on paper
m Release paper and result simultaneously Winter 2008

O O 0O 0O 0O




