Measurement of CP Violation in the K_L Charge Asymmetry by KTeV

The KTeV Collaboration

Arizona, UCLA, UCSD, Chicago, Colorado, Elmhurst, Fermilab, Osaka, Rice, Rutgers, Virginia, Wisconsin

Hogan Nguyen Fermilab March 8, 2001 Les Rencontres de Physique de la Vallee d´Aoste

K_L → πEν Charge Asymmetry

¯ Relation to K^0− K^0 mixing:

K_L ~ (1 + ε_L) K^0 − (1-ε_L) K^0

e^+π^− ν e^− π^+ν

Assuming CPT conservation in K^0 → πEν decays and the ΔS = ΔQ rule, these two decays tag K^0 and K^0 separately.

δ_L= 2 Re ε_L ) N(e ) N(e ) N(e ) N(e L_− + − + + − = δ

Relationship between η_{+−} , η_{00} , and ε_L

2/3 η^{+−} +1 /3η^0 0

) A(K ) A(K S L − + − + −+ → → = ππ ππ η ) A(K ) A(K_{00} S

0 0 L 00 ππ ππ η → → =

2π amplitudes are sensitive to effects in both

mixing and decay. The charge asymmetry

can be used to untangle these effects.

δ^L Contribution from New Physics

K^L ~ (1 + ε^L) K^0 − (1-ε^L) K^0 e_+π_− ν e_− π_+ν

If there are CPT violating effects in Ke3 decays or the ΔS = ΔQ rule is violated, then:

δ^L= 2 Re ( ε^L ˘ Y ˘ X^− )

Y = CPT Violation in ΔS = ΔQ amplitude

X^− = CPT Violation in ΔS = − ΔQ amplitude

Comparisons with the 2π system would be ambiguous. However, if we see any deviations, it would be quite exciting !

Measurements of K^L → πLν Charge Asymmetry

PDG 2000 Average: 3270 ± 120 ppm

Current Best Measurement: 3408 ± 174 ppm

CERN-Heidelberg 74 based on 34 Million Ke3s

(10_{-6})

Cern-Heidelberg 74 (Ke3)

Cern-Heidelberg 74 (Kμ3)

Princeton 73 (Ke3)

SLAC 72 (Kμ3)

Columbia-Harvard-Cern 70 (Ke3)

Columbia 69 (Ke3)

2000 2500 3000 3500 4000 4500 5000

20 cm

120 140 160 180

Distance from Target (m)

Trigger

Hodoscopes

K^L beams

Vacuum Decay Region

Vacuum Window

Analysis Magnet

Regenerator

Drift

Chambers

Muon

Veto

Muon

Filter

Hadron Veto with Lead Wall

CsI Photon Veto Detectors

O ve rv ie w o fS tr at eg y

Si nc e ea ch o ft he tw o be am s ar e no t ce nt er ed w ith re sp ec tt o th e de te ct or , th e de te ct or h as a s ig ni fi ca nt le ft - ri gh ta sy m m et ry .

¯ R el y on c om bi ni ng d at a co le ct ed w ith o p os ite m ag ne tp ol ar iti es in or de rt o ca nc el th e le ft -r ig ht as ym m et ry o ft he d et ec to r.

¯ So m e bi as es a re n ot re la te d to ac ce pt an ce ,a nd s o m us tb e st ud ie d us in g ot he rt ec hn iq ue s. 8 Configurations of Ke3 decays (cont)

A single ratio is formed to cancel the acceptances, the beam fluxes, and beam optics.

1 1

)411

()411 () ( )411

()411 () ( )411

()411 () ( )411 ()411 () ( )411

()411 () ( )411

()411 () ( )411

()411 () ( )411

()411 () (

R_4

+ − =

+ + − − • − − + + • + + − − • − − + +

=

+ − + − − + − +

+ − + − − + − +

+ − + − − + − +

+ − + − − + − +

R R

west eA west KN eBr west eA west KN eBr west eA west KN eBr west eA west KN eBr east eA east KN eBr east eA east KN eBr east eA east KN eBr east eA east KN eBr

L

L L

L L

L L

L L

δ

π π π π π π π π π π π π π π π π

Must Check if the

Acceptances

Really Cancel !

Fluxes

Cancel

Acceptance Checks of Configuration Pairs

X-view illum. of e_+ (+411,W) and e_− (− 411,W) tracks at CsI

e_+ +411 MeV versus e_- -411 MeV 0 1000

2000

3000

4000

5000

6000

7000

8000

9000

x 10_2

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

χ_2/dof = 163.6 / 119

0.9 0.925

0.95

0.975 1 1.025

1.05

1.075 1.1

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

106.6 / 99

P1 1.001 0.3102E-03

P2 0.4768E-02 0.7851E-03

e_+ +411 MeV versus e_- -411 MeV

Slope due to Earth´s Magnetic Field

Sy st em at ic E f ec ts

Pa rt ic le s an d an ti- pa rt ic le s be ha ve di f er en tly in m at te r

C on fi gu ra tio n ac ce pt an ce s do n ot ca nc el R eg en er at iv e sc at te ri ng b y th e be am B ac kg ro un ds

Pa rt ic le /a nt ip ar tic le d if fe re nc es in m at te r e_+ an ni hi la tio n δ- ra y pr od uc tio n di f er en ce s be tw e n

M ol le r (e_−

e_− ) a nd B ha bh a (e_+

e_− ) sc at te ri ng π_+ π_− in te ra ct io n di f er en ce s in m at er ia l

(i so sp in ) T he se e f ec ts b ia s th e re co ns tru ct io n of tr ac k ki ne m at ic s an d pa rt ic le id en tif ic at io n.

f _+ ≡ in ef fi ci en cy (b ac kg ro un d) t o e_+ π_− co nf ig ur at io n f _− ≡ in ef fi ci en cy (b ac kg ro un d) t o e_− π_+ co nf ig ur at io n

C or re ct io n to δ = ( f _+ − f _− )/ 2

e_+and e_− Response in the CsI

¯Analysis requires e_± E/P > 0.925. Though no bias is expected, we use the data to limit any possible effect.

e_+(dots) and e_-(hist) E/P and π(hashed) Background

10_{-1}

1

10

10_2

10_3

10_4

10_5

10_6

10_7

0 0.2 0.4 0.6 0.8 1 1.2 1.4

Correction = − 19 ± 18 ppm

Consistent with no bias

Raw Asymmetry (10_{-6})

δ^L NEG

δ^L POS

δ^L EAST

δ^L WEST

δ^L

2000 2500 3000 3500 4000 4500 5000

Detector Geometrical Asymmetry

Raw Asymmetry (10_{-6})

MC δ^L NEG

MC δ^L POS

MC δ^L EAST

MC δ^L WEST

MC δ^L

2000 2500 3000 3500 4000 4500 5000

MC Simulation of Detector Geometrical Asymmetry

Target/Absorber Interference Correction

Analysis removes events with propertime τ < 10.5 τ ^S since they have large K^S-K^Linterference effects.

Correction of − 12 ± 1 ppm assigned to account for residual interference and propertime misreconstructions.

0

250

500

750

1000

1250

1500

1750

2000

x 10_4

0 20 40 60 80 100 120 140 160 180 200

τ for low P^K solution (10_{-10} sec)

30.22 / 37

P1 3.417 0.5796E-01 δ^L (10_{-3}) versus τ for low P^K solution (10_{-10} sec) -50

-40

-30

-20

-10

0

10

20

30

0 20 40 60 80 100 120 140 160 180 200

Summary of Corrections

Effect Correction (ppm) π_+π_− difference in CsI − 156 ± 10 π_+π_− lost in trigger scintillator 54 ± 10 π_+π_− lost in spectrometer 3 ± 3 π_+π_− punch through 34 ± 40 e_+e_− difference in CsI − 19 ± 18 δ− ray production − 8.5 ± 4.3 e_+ annihilation in spectrometer 11 ± 1 π_+π_− π_0, Κμ3, Λ background 0.5 ± 0.7

Target/absorber interference − 12 ± 1

K^L scattering in final collimator − 1.2 ± 2.3

K^L scattering in regenerator 0 ± 0

B-field reversal mismatch − 3.1 ± 1.6

Sum − 97 ± 46 (ppm)