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CP Violation in Kaons
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CP Violation in Kaons
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Measurements of Re(g’/¢)

35

Re(c/¢) x 10™

10

40 ¢

30 |
25 |
20 |
15

NA48 Final
14.7 = 2.2

KTeV Final g -
19.2 + 2.1

91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11

ETW BNL Seminar

Year

August 25, 2011

/




Measurements of Re(g’/¢€)

40 ¢

35
30; ---------------- ! KTeV{ ______________________________________________________________
25 |

20 F7 57
15 |
10

Re(c/¢) x 10™

NA48 Final
14.7 + 2.2

KTeV Final g -
19.2 + 2.1

91

92 93 94 95 96 97 98 99 00

ETW BNL Seminar

02 03 04 05 06 07 08 09 10 11

Year

August 25, 2011

/




N

Calculating Re(e'/¢)

Standard model predicts CP violation
through complex phase in CKM matrix

Amplitudes calculated using operator
product expansion

10 operators
W exchange Q7
QCD penguins
EW penguins
Wilson coefficients (short distance physics)
well understood at NLO

Large uncertainties in long distance physics
Current predictions 1-30X10*

Precise lattice QCD calculations expected in
the future (R. Mawhinney, Lattice 2011)
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CPT Symmetry in Kaons
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CPT Symmetry in Kaons
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Measuring Kaon Parameters
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The KTeV Experiment
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The KTeV Experiment

MUQN COUNTERS

e Collect K; and Kg decays to HUON FLTERS
Charged and neutral ﬁnal Csl CRYSTALLEC.:IIJ_OVR‘&LIIZ-T[R

states simultaneously

DRIFT CHAMBER 4 e \ BACK—ANTI

e Movable active regenerator B L HoRon- A
to provide a coherent e T
mixture of K; and Kg and to
veto scattered kaons ORIFT CHAMBER

e Charged spectrometer to
reconstruct K — n*n” decays

e Csl calorimeter to
reconstruct K — n0x°
decays

e Detailed MC simulation to
correct acceptance

e Collected data in 1996,
1997, and 1999

MAGNET TRD’S (E799)

DRIFT CHAMBER 1

SPECTROMETER ANTI

HEUUM BAG

5

RING VETOS 0 m

REGENERATOR (E832) KTeV
MASK—ANTI {E832)
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Regenerator

® (Coherent regeneration: forward direction
e Diffractive regeneration: kaon scatters at
finite angle

® [nelastic regeneration: target nucleus
destroyed, secondary particles may be

produced
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Charged Spectrometer

® 4 drift chambers

Hexagonal cell geometry

2 planes each in x and y

© Dipole magnet
~412 MeV/ckick in x

e (Calibrated using data and the
known kaon mass

Position resolution ~80 wm

Momentum resolution
~0.3%
Absolute momentum scale

~0.01%

ETW BNL Seminar August 25, 2011

/




Csl Calorimeter

e 3100 Csl crystals viewed by PMTs
Small crystals 2.5X2.5X50 cm?
Large Crystals 5.0X5.0X50 cm?

* Calibrated by in-situ laser system M 1 EEES

and momentum analyzed electrons & e
from Ke3 decays }
-
Position resolution @

~1.2 mm (small crystals)

~2.4 mm (large crystals)
Energy resolution ~0.6%
Absolute energy scale ~0.04%
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K — wtrm~ Analysis: Reconstruction
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K — mtrm Analysis:
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K — mttmt Analysis: P72
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K — i’z Analysis
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K — nt'zt! Analysis: Photon Pairing

Must determine which photons are ®)
from the same pion decay

Pair photons and calculate d for each
pair using pion mass as constraint

d VEIEZ
12

P~

=~ ho
m
JU

Only correct pairing will yield
consistent d for both pairs
Consistency of measured d quantified

by pairing chi-squared variable

(c)

Choose incorrect pairing for 0.007% e
of 270 events




Csl Clustering

® Build clusters around local
energy maxima

7X7 clusters (small crystals)

3X3 clusters (large crystals)

® Determine positions by
comparing the fraction of
energy in neighboring rows and
columns

® Determine energies by summing

crystal energies and applying

corrections

Energy outside cluster

Energy shared between clusters

Variations of Csl response

Photon-electron differences

ETW BNL Seminar
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Longitudinal Uniformity Correction

Longitudinal response of Csl
crystals uniform to ~5%

Response of individual
crystals measured in 10 bins
using cosmic ray muons

passing vertically through Csl

Longitudinal shower profiles
generated using GEANT

Longitudinal response of Csl

convolved with predicted
shower profile for each crystal

Individual crystal energies
corrected
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Energy Linearity Correction

Removes residual energy

non—linearity

Measured separately for each
crystal using E/p of electrons

from calibration sample

Applied multiplicatively to
each cluster
Based on seed crystal

Applied as a function of

cluster energy

Correction generally < 1%
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Spill-by-Spill Correction

a 1.01 g
w4.008
1.006
1.004

= g

0.996
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0.992
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10000 20000 30000 40000 50000 e
pi

e Corrects for global fluctuations in Csl response over time

Eg: small temperature changes aftect Csl scintillation properties
® Measured using E/p of electrons from calibration sample

® (Correction < ~0.5%
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Events per 0.001

Csl Performance

(a) 212 [ ()
10 c g
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® Calibration based on 1.5 billion electrons from K; — nte™v

decays

® Final E/p resolution after all corrections ~0.6%
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Final Energy Scale
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K — ai’n" Analysis

Mass resolution

~1.5 MeV/c?
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Thousand events per m

Thousand evenis per m

Monte Carlo Simulation
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® Monte Carlo used to make
acceptance correction and
to simulate background to
signal modes
Simulates kaon generation,
propagation, and decay
Simulates detector
geometry and response
Much of tracing and
detector response based on
GEANT libraries
Includes beam intensity
effects by overlaying data

events selected by an
(44 . b)) .
accidental trigger
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Improvements to MC

® More complete treatment of particle interactions with
matter
lonization energy loss
Improved Bremsstrahlung
Improved delta rays

Hadronic interactions in drift chambers

o Improved electromagnetic shower simulation
Shower library binned in incident particle angle

Effects of dead material (wrapping and shims) in Csl

calorimeter

ETW BNL Seminar August 25, 2011
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EM Shower Simulation

® GEANT shower library
6 energy bins: (2, 4, 8, 16, 32, 64) GeV
Smear energy to match data resolution
Select bin using logarithmic interpolation

Scale energy in each crystal to desired energy

325 position bins distributed over one octant of central crystal

Rotate showers using octant symmetry to cover other 7 octants

32.5¢cm :

Central Block

< 32.5cm

ETW BNL Seminar
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EM Shower Simulation (cont.)

e GEANT shower library

Angle bins
Photons: 9 bins (0, £5, +15, +25  +35) mrad
Electrons: 15 bins (0, =5, £15, £25, 35, +45, 65, +85) mrad
Select bin using linear interpolation

Correct for difference between desired angle and library angle by shifting
transverse position

Library Storage
Shower libraries read into memory during MC generation
Packing scheme saves shower info with no more precision than necessary
One photon library: 150,000+ showers, 33 Mb
One electron library: 400,000+ showers, 93 Mb

16 different libraries generated for use in distributed computing
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EM Shower Simulation (cont.)

® GEANT shower library
Angle bins
Photons: 9 bins (0, £5, +15, +25  +35) mrad
Electrons: 15 bins (0, =5, £15, £25, 35, +45, 65, +85) mrad

Select bin using linear interpolation

New since

2003

Correct for difference between desired angle and library angle by shifting
transverse position

Library Storage
Shower libraries read into memory during MC generation

Packing scheme saves shower info with no more precision than necessary
One photon library: 150,000+ showers, 33 Mb
One electron library: 400,000+ showers, 93 Mb

16 different libraries generated for use in distributed computing
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Thousands per 0.025

Thousands per 0.025

o

Improvements:
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2003: Includes transverse energy correction to match data and MC

Current: No correction required
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Improvements: Reconstructed Energy

Erec/Egen vs Local X

-1 -0.75 -0.5 -0.25 0 025 05 075
Small Blocks

ETW BNL Seminar

.Large Blocks-

August 25, 2011

/




o

Improvements: Reconstructed Energy

Erec/Egen vs Local X

-0.5
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Small Blocks
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Improvements: Energy Linearity
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Improvements: Energy Scale
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Background

® Scattering background
Scattering in defining collimator

Diffractive and inelastic scattering in
regenerator

Common to Charged and neutral modes

Characterized using T I events with large pT2

Level higher in neutral mode: no cut on p,’
Use RING variable instead (C.O.E. to beam center)

e Non 7T background

Semileptonic kaon decays in charged mode

K — 3m° decays and hadronic production in
neutral mode

® Background simulated by MC, normalized to
data sidebands, and subtracted

e Total background levels
Charged mode: ~0.1%

Neutral mode: ~1%

ETW BNL Seminar
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Extracting physics parameters

Fitter used to apply MC acceptance correction and treat K, -Kg interference

® Acceptance correction binned in p,z
Large correction

85% from geometry
® Prediction function calculates decay distributions — nearly identical to MC treatment

® Acceptance corrected prediction function compared to background subtracted data

using a e
® Minimize % using MINUIT
® Re(g'/¢)
12 p bins

CPT symmetry assumed: ¢, = @, = Pqyy
® Kaon parameters and phases
12 p bins, 12 z bins (reg. beam)
T, Am, ¢, Re(€'/€), Im(€'/€) are fit simultaneously
CPT assumption applied a posteriori
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Systematic Uncertainties

Source Error on Re(€'/¢) (x10™7)
K—-7atnm K — 7%"°

Trigger 0.23 0.2(

Csl cluster reconstruction a— m

Track reconstruction 0.22 —

Selection efficiency 0.23 0.34

Apertures
Acceptance
Backgrounds
MC statistics

Total

Fitting

Total

ETW BNL Seminar
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Uncertainty from Background

Background Source Systematic Uncertainty in Re(€"/€)
(x10°)
Regenerator Scattering:
High p,? Acceptance 0.40
K=" Background 0.20
K=" Analysis 0.75
py Fit Procedure 0.30
p+ Fit Quality 0.40
Charged-Neutral Veto Differences 0.30
Collimator Scattering 0.10
K, = n’n'm® 0.06
Other 0.11
Total 1.06
ETW BNL Seminar August 25, 2011
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Uncertainty from Acceptance

® Quality of MC simulation
evaluated by comparing
vacuum beam z vertex
distributions between data

and MC
* Bias in Re(€'/¢€) given by
sAz/6
s: slope of data-MC ratio

Az: difference between

mean z value for vacuum
and regenerator beams

o Use 't and mOmtOm°
slopes to determine
systematic uncertainty
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Uncertainty from Energy Non-linearity

® Use My vs. E; plot to
determine distortion that
provides best data-MC
match
® Non-linearities:
1996: 0.3%/100 GeV
1997:0.1%/100 GeV
1999:0.1%/100 GeV
 Change in Re(g'/€)
1996:-0.1 X 10*
1997:-0.1 X 10*
1999: +0.2 X 10*
® Systematic uncertainty:

+0.15 X 10

ETW BNL Seminar

0.4978

0.49775

0.4977

0.49765

0.4976

0.49755

0.4975

0.49745

0.4974

0.49735

0.4973

o LLITITTITrrPPRPRPE P

Distorted

B T

40 60 80 100 120 140 160

MK vs EK
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Uncertainty from Energy Non-linearity

® Use My vs. E; plot to
determine distortion that
provides best data-MC
match
® Non-linearities:
1996: 0.3%/100 GeV
1997:0.1%/100 GeV
1999:0.1%/100 GeV
 Change in Re(g'/€)
1996:-0.1 X 10*
1997:-0.1 X 10*

] Systematic uncertainty:
+0.15 X 10+

0.4978

0.49775

0.4977

0.49765

0.4976

0.49755

0.4975

0.49745

0.4974

0.49735

0.4973

Distorted
data
——
Nominal /
data”
40 60 80 100 120 140 160
MK vs EK

[ Reduced from +0.66 X 10*in 2003 ]
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Events per 8 cm

4000

3500

3000 [

2500

2000 |

1500 |

1000 |

500

4000

3500

3000

2500 |

2000 |

1000 |

S00

0

Uncertainty from Energy Scale

llllllllLlllllJlllllllllJ

® Data
— Default MC

| ST T T [ o W I Y P T

® Data

- MC shifted
1.06 cm
downstream

[TV Ty T P Y T [T Y T [ OO G [ P Y T BT R |

-0.6 -04 02 0

ETW BNL Seminar

0.2 04 06 08 1 12 14
z(nono) — z(vacwin) (m)

® Check energy scale by
studying hadronic
Interaction events in
regenerator and vacuum
window

® Data and MC match within
errors at regenerator

® Shifts required to match

data and MC at vacuum
window

1996: -0.81 = 0.32 cm
1997:1.47 £ 0.19 cm
1999:1.06 £ 0.17 cm

August 25, 2011
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Uncertainty from Energy Scale

| TS SN ST S ST ST ST S SN NN SN SN SR S ST ST ST N SN SN SN TN S SN SN SN SN SN S S T S N
125 130 135 140 145 150 155 160
z vertex (m)

ETW BNL Seminar August 25, 2011

E
o 2 _
T ) 1 . . 0_0
g | |Total uncertainty: 97 vacuum-window Tt Tt -
N +0.65 X 10°*
O
N
0-
I : 0.0
. 0.0 um-window 7w -
-1 4 | Regenerator t'
-2
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Uncertainty from Energy Scale

2 ] .
; Total uncertainty: 97 vacuum-window '’
+0.65 X 10*

j 0 ) um-window 1’
-1 4 | Regenerator t'
5 | Reduced from %1.27 X 10 in 2003
- | S S S S SN S N S AN ST SN SO S AN S ST SN W SN SN ST SN W SN SN SN S SN SN S S
125 130 135 140 145 150 155 160
z vertex (m)
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KTeV Results
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Re(e'/¢) Result

E73193
NA31 93
NA48 02

KTeV 11

Re(e/e)

—0— 74+ 59
—-—o0—— 230+ 6.5

—o— 147+ 22

—o— 19.2+ 2.1

New World Ave.

10 20 30 (x10%) [Probability: 13%]

o 168+ 1.4

ETW BNL Seminar
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Re(e'/¢) Result: Crosschecks

30 -

25 -

+
2 +7LJFJF+ ------------------------------ ++

Re(e/e) x 107

3 yZdof = 12.4/11

J L R | ]
5 f x“/dof = 12.3/10 ++ """""""""""""""""""""""" ”
0 | | | | | | | | | | ®oE ~|»

97a 97b 97c¢ 97d 97e 99%a 99b 99c¢ 99d 99e 99f

15 -

Re(e7e) x 107"

Run Range 5 F
0 A A 1 I I I I l A ' A l A I 1 I I A A l A
40 60 80 100 120 140 160
Momentum (GeV/ic)
T'o_ 24 -
~ 22
L 20
g ++ ...... e Lo o
18
16
14 -
12 Intensity Reg Position Polarity Bend
10 | 1 | |
99-lo 99-hi RegL RegR Mag+ Mag - In Out

k E BNL Seminar Data Sample August 25, 2011 /




Kaon Parameter Results
O e e W
89.7:—

_ 44 44
89.6 - :
89.5

: 43f 43

5200. l.r 15350 5200. T 15350 89.41
Am Am

ETW BNL Seminar
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Kaon Parameter Results: Am and tq

SPEC 74

SPEC 74

E73193

E773 95

CPLR 99

New World Ave.

PDG 2010

Am

5200 5300 5400
o1

Fo

5334 + 43

5340 = 29

5257 + 53

5297 = 44

5240 = 55

(10%hs™)
5282+ 9

5292+ 9

KTeV 2003: Am = (5261 £ 13) X 10° hs'!

ETW BNL Seminar

E731 93

E773 95

NA31 97

NA48 02

KTEV 11

New World Ave.

PDG 2010

89

Ts
—o—i 89.29 = 0.16
'—o—' 89.41 = 017
.——o—. 89.71 = 0.21
m 89.60 = 0.07

: 90 (psec)
o 89.59 = 0.04
o1 89.53 = 0.05

KTeV 2003: T, = (89.65 + 0.07) X 1025

August 25, 2011
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Kaon Parameter Results: CPT Tests

60
: KTeV +
NA48 NA48

Im(e'/e)x10™
N
o
I

f.s. phase+CPT

of
200
B0 s "25""2%""36""§5
Re(e'/e)x10
ETW BNL Seminar August 25, 2011
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KO-K° Mass Difference

o (se Bell—Steinberger and

15

KTeV measurements to ?

place limit on K%-K® mass 2,

difference (AM) ©
e Non-zero AM — CPT 5

violation

95% C.L.

® Largest contribution

comes from K; ( — oA
and K, ¢ V70

¢ AM<4.8 X 10"° GeV/c? pfov

xxxxxxxxxxx

-10

(95% C.L., AT = 0)

ETW BNL Seminar
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KTeV Results: Summary

———

® Re(e'/ €)=(19.2 £ 2.1) X 10*
o Am = (5269.9 + 12.3) X 106 hs’!
T, = (89.623 + 0.047) X 1012 s
o = (43.86 £ 0.63)° |
o, - Oo = (0.40 £ 0.56)° ——

__

— + o) Consistent
e A¢ = (0.30  0.35) ey onsisten
® ‘MKO — MEO <48 x107° GeV/c” at symmetry y
95% C.L.

ETW BNL Seminar August 25, 2011 /




The Future of KTeV
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Dalitz Branching Ratio Measurement

s 157
§1 45 :_Theory Previous Experiments This Result
o I. i
0_0_0 o
K, »nnn s
%
a

Z_ Budagov
1.35 : 1960 Schardt
" _ : T 1981

EMikaeIian Samios Pr:\()igus
1.25 -_Sanr:iilh 1961 Avg
i 1972 Beddall New
. . . L 2008 e or|
*E. Abouzaid thesis (U.Chicago) 120 9 T e [[Tev) e
*~60k Dalitz decays 115 | I .
*PRD to be submitted this year 11 L
1.05
1
ETW BNL Seminar August 25, 2011
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Continuing access to KTeV data

® Aging computers difficult/impossible to
maintain

® Analysis software/computing
infrastructure designed for older
machines
® Data still valuable
Stored in dCache/Enstore at FNAL

® Use VirtualBox to create ‘kopy’ —a g
virtual Linux machine capable of

running KTeV software
M. Ronquest (LANL)

It works!

ETW BNL Seminar August 25, 2011
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\_

Dark Photons

A’: same interactions as SM
photon with reduced coupling

APEX: JLab experiment to
search for A’

KTeV search:
0 — yA'— ye'e
Signal would appear as
resonance above continuum in e
T invariant mass distribution
Expected sensitivity based on
K, = 3n°, decays used in
measurement of 7T’— e*e
branching ratio
¢ R. Niclasen thesis (U. Colorado)

ETW BNL Seminar

A'/A

0.01 0.1 1

1074
10>
107°

1077

010¢ qe1[ ‘Stssq "y

1078

1077

10710 he
0.01 0.1

ma (GCV)
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Conclusion

® Re(€'/ €) measured to 10%
Re(€'/ €) = (19.2 + 2.1) X 10*

® Precise measurements of kaon parameters Am and T
Am = (5269.9 + 12.3) X 106 hs"!
T, = (89.623 £ 0.047) X 10" s

® Phase measurements consistent with CPT symmetry

® Precise 7t° Dalitz branching ratio
B’ — eTey)/B(m® — yy) = (1.1559 £ 0.0116)%

e Dark photons to come?

ETW BNL Seminar August 25, 2011
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Extra Slides
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o

Charged Mode Background

Vacuum Beam

Regenerator Beam

Source 1997 1999 1997 1999

Regenerator Scattering — — 0.073%  0.075%
Collimator Scattering | 0.009% 0.008% | 0.009%  0.008%
K — n¥efv 0.032% 0.032% | 0.001%  0.001%
K; — n5ufv 0.034% 0.030% | 0.001%  0.001%
Total Background 0.074% 0.070% | 0.083%  0.085%

Table 5.1: Summary of K — w7~ background levels

ETW BNL Seminar
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Charged Mode Background

o

ETW BNL Seminar

% 108 =
2 Vacuum Beam ejm
> T ® Coherent + Background
2 10 * Coherent
(=}
=] s O Ke3
e A0 A Ku3
g s ¢ Collimator Scattering
a 10 r
g
2 10* b
10 (a2 R 8 O 0O
oooog 326¢Ataoggaaaaagggg
2 kX ok ox o
10 3 * x ok
xllllllllllllxljjllllllIlLLA,\llllllllllll,\l‘lllll
0 250 500 750 1000 1250 1500 1750 2000 2250 2500
P21 (MeV?/c?)
% 10° — Data
s 107 F Regenerator Beam
050 ® Coherent + Background
= 107 * Coherent
8 O Ke3
T 10° A Ku3
-4 ¢ Collimator Scattering
-E 10° % Diffractive Scatiering
Y % Inelastic Scattering
w10 |
2o e g
*
R S R R R R
* kX ok ox ok & *
10° HAaBRRRYOO9O900000000000000O0
e i .819.4.4I4,4.¢.4.AIA.A.A.A.AI+.4-,4-.4-‘.;
0 250 500 750 1000 1250 1500 1750 2000 2250 2500
P?T (MeV?/c?)

Events per MeV/c?)

Events per MeVic?)

8
10 Da
7 Vacuum Beam - - ml
10 ® Coherent + Backgrou
6 * Coherent
10° ¢ O Ke3
10 5 A Ku3
1 ¢ Collimator Scattering
4
10
10° -
102 } A
10
1 T * *l* » t 3
0.46 0.48 0.5 0.52 0.54
Invariant Mass (GeV/cz)
108 = aw
Regenerator Beam
10 7 @ Coherent + Background
* Coherent
108 O Ke3
5 A Ku3
10 ¢ Collimator Scattering
4 < Diffractive Scattering
10 %* Inelastic Scattering
10 3 O Hadronic Production
102
o B ;-;
1 mo?° LoaXaald t*

0.48 0.5 0.52 0.54

Invariant Mass (GeV/cz)
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Neutral Mode Background

Vacuum Beam Regenerator Beam

Source 1996 1997 1999 1996 1997 1999

Inelastic Scattering 0.153% 0.132% 0.128% | 0.214% 0.186% 0.175%
Diffractive Scattering | 0.135% 0.128% 0.130% | 0.893% 0.906% 0.906%
Collimator Scattering | 0.102% 0.122% 0.120% | 0.081% 0.093% 0.091%
K; — 707070 0.444% 0.220% 0.301% | 0.015% 0.006% 0.012%
Photon Mispairing 0.007% 0.007% 0.008% | 0.007% 0.008% 0.007%
Hadronic Production | 0.002% 0.001% — 0.007% 0.007% 0.007%
Total Background 0.835% 0.603% 0.678% | 1.209% 1.197% 1.190%

Table 5.3: Summary of K — 7%7° background levels. Note that photon mispairing
is not subtracted from the data and is not included in the total background sum.

ETW BNL Seminar August 25, 2011
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Neutral Mode Background

- DATA

® TOTAL MC Background
4 inelastic reg-scatter
3

* Coll-scatter
u hadron reg-interaction

glasléc.reg:snangr

0.48 0.5

ETW BNL Seminar

0.52 0.54

21° mass, VAC DATA, reg-LEFT

- DATA

3

elasti}: reg-scatter

sorsrvveadiorassngrersrrcrsedionlirectsrecrscsnvecrssrnvesofrranecoscranerfrorsrecsscrsns}erorsneconsesnecracrsvecrane

B T T LT T (T T TT T T TSI SNERNS SRS (IR SAN S o

............. ¢ TOTAL MC-Background. ...
A inelastic reg-scatter

u hadron reg-interaction

21° mass, REG DATA, reg-LEFT

August 25, 2011
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Neutral Mode Background

T

LR AL |

UL AR LLL

10

10

i : : : - §DATA : :
’ """"""""" " """"""" OTOTALMCBackgmund
: 4 iinelastic:reg-scatter
ar° 5

B N PN (T TSN 10t Ao 1 ) RSO SRNN

 ‘hadron reg-interaction
ielastic rég-scatteft

L LT P LTy LT T T LT T T T T T T T T T T TP T T T T T P T T T S T PP T T T T T ST TP I

Fe. : E - - 3 -
; *"*"’*h“_*lr**-Mw*&t,,Nmﬁpﬂa*“nﬁ*tﬂnﬁm'ﬂ*uraﬁn SRV

................................................................................................................................................

llllllllllllll]llllllll‘lllllljllllllll

0

100 200 300 400 500 600 700 800
RING 40-160 GeV,125-160 m (VAC DATA L)
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10

- DATA :
® TOTAL MC Background

................................................................................. l"inelasﬁc:rg.xatter'

a
: : : * iColl-scatter :
............... et M. 2l rON. r@g-interaction. ...

ielastic ro?g-sca‘ttefr

NPTRERRRANANRE SRR NN (T TR SRR S A TR 3 s &L 0 T T By A P YT TP O

NI SPNa . o 8 ' o By L Tyt TR YT apTeervreen

PR VT VAT VN NPT O 1 PP P I N N P I P ) S | PRI O Y AP I I S

0

100 200 300 400 500 600 700 800
RING 40-160 GeV, 125-160 m (REG DATAL)
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Screening Corrections

® Regeneration
described by power

law in fit
® Nuclear screening
corrections required
Use elastic and
inelastic models
® Check corrections by
fitting regeneration
amplitude in p bins
® Good agreement at

low momentum

ETW BNL Seminar

If.1/fp 1]

0.998

0.996 -

0.994

0.992

0.99

0.988 1

e Fitin P bins

— Inelastic Screening

' | 1 ' Il

| 1 1

40

60

80

PR R
100
|f | for CH, ,

PR I
120

PR S
140 160
P, GeV/c
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Screening Corrections

* For p binned fit,

), deg

evaluation regeneration - | e Phase from fit
phase using Derivative S-124F Shase from DAR T
Analyticity Relation _ |
(DAR) o5l Single power law for C
) B -
® Perform fit which floats -
the regeneration phase in :
p bins, DAR agrees well 1267
with data
® Evaluate systematic 127
uncertainty by comparing
inelastic screening PP

correction (nominal) to
direct fit to data using

| 1 1 | 1 1

DAR for the phase P r—

ETW BNL Seminar

PO TR N TN SR SN N S 1 L
80 100 120 140 G V)GO
arg(f) for CH, | p, aevic
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Regeneration
p = inNLf _g(L)

f Ehf(())—f(())
P
= 70 GeV /
f(p)|=|f.(70 Ge c>( YR
[ Analyticity J ¢f = —g(2+ OC)

/




Regenerator Scattering Background

2

regscat _ M(pK) % T(pK) v S(pK) X A eOtjPT

de dtdp,
[ Malensek energy spec
Kaon transmission

Absorber scatter correctlon

~ A A
p e +met!

] dependence not exphc1t in this equatlon

[ m and Ol . For lead scattering, have momentum
¥
J
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