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OVERVIEW
An overview of results recently published/announced.

SELEX
NUTEV
NUSEA
FOCUS
DONUT
E791
HYPERCP
KTEV



SELEX



SELEX Hadroproduction asymmetry

e Resent results on hadroproduction asymmetry of charmed
baryons/charmed antibaryons

e cc production at quark level is almost symmetric
e hadroproduction asymmetries are features of hadronization process

e leading charm: charmed baryon shares a quark in common with the
beam @on-leading charm:. do not have a shared quark)
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SELEX
D* and D** from ¥~ beam

Mesons with the same quark content atey different!

E781 D™ xy Distributions — £~ Beam E781 D* x; Distributions — X7 Beam
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SELEX

e Resent results from SELEX on hadroproduction®f, D=, D*¥,
D°, D° AT, A from 7, p and~~ beams.

e Significant non-perturbative effects ity andpf distributions. In
general agreement with hardonization models.

e Some effects do not fit simply into any present model.

e Resent results from E791 ox./A. asymmetry show similar effects.



SELEX Observation of High Mass States

e Flavor-Independent QCD: Double- and Triple-Charm Baryanst
exist

e Not observed yet

e Expected decays:

—ceu™T - K ntr

— ccdt — K_7r+A2L
— ceuTT — [(_7T+7T+AZr
cew T — cedTwT
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SELEX Strong Evidence for Doubly-Charmed baryons

s L Mean 3520 MeV/c?
signalV(back)
.| 15.8M(6.2) = 6.40
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Mean 3780 MeV/c? ALK T
10 [Sigma 24 MeV/c?
signal/v(back)
[271(35) = 4.50

4+ L Mean 3460 MeV/c?
35 £ Sigma3.5 MeV/c?
3 [ signal/V(back)
8/V(2) =5.60
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Candidates forcd ™ (3520) with lifetime in 30 fs range;cu ™ 1(3460) and
ccu*TT(3780) states.



NUTEV 9
Measurement of sin“Oy
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NUTEV NC/CC event separation

Purer andr beams
vinv: 3 x 1074
vino: 4 x 1073

» Event Length
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NUTEV

Result
.2 (on—shell)
sin” 0y, = 0.2277 £ 0.0013(stat) & 0.0009(syst)
M2 — (175 GeV)?
— 0.00022 . | P ( )
(50 GeV)2

M .
4 0.00032 - In (M)
150 GeV

Previousv N result: 0.227A 0.0031
Standard Model fit (LEPEWWG): 0.222% 0.0004
A discrepancy of &



NUTEV Interpretations

e Fluctuation (unlikely but possible)
e Asymmetric strange sea

e Isospin violations

e Extraz’

e Missing physics

...A puzzle...



Quark Sea: d and @

w

e 360,000 Drell-Yan muon pairs

e Ratio ofd andw quarks in proton
sea

e Wide range ofr
e Most precise measurement

— CTEQSM --- CTEQ4M

@ EB866

e Important for PDFs, tests of
o nonperturbative models, other
experiments.

Published in Phys. Rev. D64,052002
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FOCUS Search for CP violation

Mode Yield(+) Yield(-)

DF — Kemr™ 4487496 AT70H96
Dt — KgK* 495+38 454442
D — KFx®r® | 84750+512 | 91520+508

CP asymmetry:

_n(d") —n(D")
n(D*) + n(D~)

wheren(D¥) is the relative BR.

CP

Acp(Ksm) wrt Krr (-1.6£1.5+0.9)%
Acp(KsK) wrt Krm (+6.946.0+£1.5)%
Acp(KsK) wrt Ksm  (+7.1£6.1+1.2)%

Published in PRL 88,041602(2002)



FOCUS

Lifetime measurements are fundamental for understanding of the heavy

quark decays

Lifetime Mesurements

Part. Events Lifetime

A" 8034+122 204.6:3.4+2.5fs
=r 532430 4392249 fs

= 137419 109+16-9fs

Q. 64+14 791248 fs

D° 210K  409.6+1.14+1.5fs
Dt 110K 1039.4:4.3+7.0fs



DONUT Direct Observation of v,

e [irst observation of tau neutrino interactionss4events with an
estimated background 0.34 events. Phys. Lett. B504,218-224(2001)

e A new upper limit forv, magnetic moment,. < 3.9 x 10~"
Phys. Lett. B513,23-29(2001)

e Improved Analysis (Preliminary results): 3 new candidates (7 total).
Better understanding efficiencies, backgrounds and systematics



E791
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e 15090 events

e Best fit when include additional
scalar resonance
M, = 797 £ 19 & 43MeV /c?
. = 410 & 43 4+ 87MeV /c?

e Good fit quality.

e Strong evidence fok



E791 More Dalitz plots

° Dgr — T

e 848144 events
e New measurements fay(930):
_ 2
Irpo_— 975ij; iiz iAM\fV/QC scalar resonance
0 = 44 eV/c M, = 47812} + 17MeV /2

e New measurements for [, = 324742 4 21MeV/?

fo(1370): : :

rgg ~ 13‘34 L 184 9 MeV /e e Good fit quality.

Mo = 172 £ 32 & 6 MeV /c° e Strong evidence fos

e DM — ™

e 1170+65 events
e Best fit when include additional



E791 Search for rare decays of D meson

e DT D;C and DY mesons

e Dilepton flavor-changing neutral current, lepton-number violating, lepton
familyviolating decays

e Obtained upper limits on 51 decays
e 18 limits are significant iimprovements of previously published results
e 26 of the remaining modes had no previously repored limits.



HYPERCP Search for CP violation
CP transformation inA rest frame:

p 4 T 4 T[+
e ’I,’lll ,’I,’ll
I3/\ I3/\ ﬁﬂ
A P> A “ A CP@) = w-60
1Ll V/ p / p

Experimentally compare

= AT A S prt =t AT A S prt

dope=o0=z0, sope = o=0x
dcosb dcosd
| |
1 0 +1 -1 0 +1
cosB

coso



HYPERCP
Measure the the difference in slopeafsf distributions forp andp

Az N — EQR

Azp

=0\ + s}

Previous Measurement ¢f=,=0.012+0.014 (E756)

Fraction of the data set, randomly selected during reconstruction
3.0 x 10" =2 and1.5 x 10" =~

azapn = —0.2880 £ 0.0004(Stat.)

(PDG: -0.294+ 0.005)



HYPERCP CP violation asymmetry Result

A preliminary limit on CP violation asymmetry:

Azp = [—7 £ 12(stat.) &+ 6.2(sys.)] x 10"
an order of magnitude better than the current limit

Full data of= — A events reconstructed
0.46 x 10° =2t and2.0 x 10° =~

Expected statistical precision for asymmetry:

5145/\ ~ 2 X 10_4

Current systematic uncertainties are expected to scale down with increas
sample statistics



HYPERCP
Measurement of K= — 75pup~

(@) Positive 20
1031E 15
501 “m*

Z ] e Based on fraction of the data (1997
"0 +
ﬁ data only):
1 ol b e 65.3+8.2KT — 7t~ events
400 450 500 550
M (MEVIE? e 35.246.6K~ — m utu events
I ream—— (First observation)

m o BR(K, )=(9.741.2+0.4)x10"*
£ Ul WY e BR(K,,)=(10.0+1.9+0.7)x10"*
2o | M Published in PRL 88, 111801 (2001)
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HYPERCP

Summary of Experimental Results on 1999 data set has four times the statistics

BR(K* — nfptu”)
Combining K™ and K
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KTEV
Direct CP violation parameter Re(¢'/¢)

Preliminary result from 1996-1997 data

K =K. 7 K Re(’'/€) =[20.7 £ 1.5(stat)}: 2.4(syst)
Lo 1 + 0.5(MC stat) x 10~
“Direct” in | nd :ﬁcn;tfrrigm
decay process K?)S_y%o mixing Re (8’/8)
Tt
CP+1 E73193  —o— 7459
NA48 01 (prel) '—O—H iggi 22
AK| —mTr™
Ny— = AEK;—>:+:_; — €+ 6/ KTEV 01 (prel) -—o—- 207+ 2.8
0.0 6 fo 25 50 (x10)
_ AK —mrY) /
Moo = A(K;—HTOTFO) — € — 2¢ New World Ave. ae 172+ 1.8
2
i — ¢ . ..
)ULOO ~ 1+ 6Re($) The analysis of 1999 data is in progress

(equal statistics to 1996-1997)



KTEV

Kaon Sector Parameters

Preliminary:

Am = (5262 £ 7.7(exp) % 13(th)) x 10°hs™
7s = (8967.1 £ 3.5(exp) £ 4(th)) x 107 s
®,_ = 44.11 4+ 0.72(stat) £ 1.1(syst)

Ad = 0.41° £ 0.22°(stat) & 0.53°(syst)

T
S
HBC 72 —b— 8958+ 0.45
ASPK 74 —o——  89.37+ 0.48
% SPEC 75 —o—i 89.24 + 0.32
® spec 76 ——o— 88.10 + 0.90
2 SPEC 87 —o—h 8920 0.44
g E73193 o 89.29 + 0.16
S 77395 o 89.41+ 0.14 £ 0.09
T NA31 97 Ho— 89.71% 021
KTEV 01 (prel) b 80.65+ 0.03+0.04
L | | | J
87 88 89 90 91  (psec)
New World Ave. 89.59 + 0.04
PDG 2000 o 89.40 + 0.09




KTEV n

CP violation in K; — wmreTv

_ BR(KL — 7 e"v) —BR(KL — e v)
~ BR(K_ — m—etv) + BR(K, — wte—v)

L

Columbia 69 e — e Ke3

Related to indirect CP violation » oKp3 |

Columbia-Harvard
-Cern 70

298 million Ke3 decays analyzed. _ ...,
Result [PRL 88,181601(2002)]: Princeton 73

Cern-Heidelberg 74 —_—

o = 3322 + 58(stat) + 47(syst)ppm3ern-Heide|berg 74

KTeVv

2500 3000 3500 4000
10°®)



KTEV . L _ _
CP violation in K;, — w7 n eTe

CP-odd and T-odd anglg between P

7 tn~ ande'e™ planesin Kaon TS

rest frame

Asymmetry | o .

~ 185 background events
in the signal region defined as
0492 GeV/c < Myre < 0.504 GeV/c?

A L Nsin¢cos¢>0 - Nsin¢cos¢<0 R
(¢p) = N N Mo ks
singcosp >0 + singcosp <0 :

BR(KL. — mTn ete™)=[3.63%+ 0.11+ 0.14] x10 7 (Preliminary)
Total KTeV sample: 505671 events

A(¢p) = 13.3 & 1.4 4+ 1.0%(Preliminary)

Previously published measurememsi¢) = 13.6 4 2.5 + 1.2% (KTEV)
Theory:~ 14%



KTEV

aks form factor in K| — 11717~
The form factor fronK| — |1~ ~ needed to estimate “short-distance’ip — wtip™

(Via)-

Events/ 2 MeV/c?

| — K_-WWy+BgMC
1

0.3 04

KL — ppy
BR=[ 3.62+0.04+0.08 [x 10~ "
PRL 87,071801 (2001)

onversio

o b e b e e b e b e byl
0 0.1 Q.2 0.3 0.4 0.5 0.6 a.

Kj; — eevy
BR=[10.13+0.044-0.06
4-0.29(ext syst)k 10~° (Preliminary)
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K, — pu~y[ PRL 87,071801(2001)]:

B 10.026
aks = —0.160_ 558

KL — eevy: [ Preliminary ]

aky = —0.192 + 0.011 4 0.008
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-0.15 [ +KT6V K. TN
’% KTev
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Agreement between electron 6 I
and muon modes! oaE T

o Measurements to date



Rare decays

Mode Phys. Events BR  Published
K. — mleTe™ Direct CPV <5.1x 10"V 2001
K. — 7outp™ Direct CPV <3.8x 10710 2000
K. — mlui Direct CPV <59x10"" 2000
KL — ntn Indirect CPV 8,669 20.8 x 1073 2001
/BR(K, — ™)

K. — nTn eTe”  IndirectCPV 5,056 3.6 x 10~/ Prelim
KL — eTe ut Ky*~y* 133 2.61 x 107° Prelim.
K. — ete ete™ Ky *~y* 441 3.72 x 1078 2001
K. — ete Ky~y* 93K 10.13 x 107° Prelim.
K. — ptmu=~ Ky~ * 9,327 3.6 x 10~/ 2001
K. — 7O0uTeT LFV < 3.31 x 10710 Prelim.
K. — eTetpuTuT LRV < 4.12 x 1071 Prelim.
K. — 70yy +PT,VDM 884 1.66 x 107° 1999
K. — mlete PT,VDM 48 2.3 x 1078 2001
K, — m'n%Te xPT,VDM < 5.4 x107° Prelim



SUMMARY

e High statistics charm experiments (SELEX,E791,FOCUS)

— Presicion test of hadroproduction
— High sensitivity for rare and forbidden processes

e Constraining PDFs, quark sea (NUSEA, NUTEV ...)
e Standard Model (Electroweak parameter-NUTEV;DONUT)

e Precision measurement of direct and indirect CP violation in Kaon
system (KTEV). Search for CP violation i meson (E791) and
(HYPERCP) decays. High sensitivity for rare processes. Tests of SM.



