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Why Search for CP Violation in Hyperon
Decays”?

* After 40 years of intense effort, we still know little about CP
violation

— Its origin remains a mystery

— There is little hard evidence that it is explained by the standard
model

* The importance of CP violation to our understanding of particle
physics, and indeed the universe, cannot be overstated

* Many scenarios for new physics produce large CP asymmetries in
hyperon decays: up to O(10-?)
* Hyperons are experimentally accessible
- No new accelerators needed
- Experimental apparatus is relatively modest in scope and cost
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Non-leptonic Hyperon Decay Dynamics

* Primarily two-body modes Eg A— pT
* Daughter particle decay

distributions are anisotropic

* Proceed into parity conserving
(P-wave) and parity violating (S-
wave) final states with
amplitudes P and S respectively

* Slope of the baryon cos@
distribution given by o,P,

* Magnitude of the parity violation

(o) can be large slope = a, P,

Anisotropic proton decay

distribution dN
N N dcosB
=— 1+, P, cosO
dcos@ 2 ( ATA )

cos@
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CP Violation in Hyperon Decays

Ee A— pm
The daughter baryon preferentially decays in the direction of the parent
particle’s spin.

If CP is conserved: |0, =—Q

A

dN(p) _N

P+ o, P, cosO dN
> dcosf 2( ATA ) dcos
dN(p) _ N

2 (14 o= P- cosO
dcosB ( ATA )

cos@ cos@

Polarization of A samples must be known

27 June 2008 Chad J Materniak 4



Hyperon Polarization
= —>An, A—>prn

Daughter A baryon is polarized:
= If parent = hyperon is polarized

P = (a5+f)5 'ﬁA)ﬁA-l_ﬁE(ﬁEXﬁA)_i_YE(ﬁAX(}_SE Xﬁ/\))
A T = A
I+o-F.-p,

2Re(S°P)
o= 2 2
ST +1P |

B 2Im(S"P) _ISP—1PP
“istriPE TTISELIPE

= If parent E hyperon is unpolarized

—

P, =a.p,
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CP Signatures in Hyperon Decays

_HJ’FC’CCL?

A—pr A— prt’

— slope = o, P

o+ 0o P ATA
A= — dN
o— dcos6

* Need parent hyperons with known

slope = a P

polarization. 1
ﬁ + B Most precisely known:
B B-8 B. = -0.037 £ 0.015

* Expected to be larger than A
* Difficult experimentally to measure:

* Need to measure polarization of
daughter from polarized parent

* Pis very small
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CP Signatures in Hyperon Decays

Decay rate asymmetry:

a+ o —
A= — I'-T
oO—a A= —
I'+1I
* Need parent hyperons with known
polarization. * Expected to be very small

e Difficult to measure absolute
number of events

B+

B-B

* Expected to be larger than A

A = Only parameter currently

e Difficult I tally t : . :
HHicUlt experimentally to measure accessible by experiment

* Need to measure polarization of
daughter from polarized parent

* Pis very small
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HyperCP method for Producing As of Known j,
Polarization AL |

We produce As of known polarlzatlon through unpolarized = decays. Targetmg at
zero degrees insures that our Zs are produced unpolarized

= > AT = — A’
If the = is produced unpolarized then the A is produced in a helicity state

— —

P, :\OCEPAJ P :\OCEPI\J
dN N dN(p) N
(p) =—2(1+a,P, cosb) NS 0(1+061—\P/—\C089)
dcos@ 2 dcos 2
If CP is good the slopes of the =T S AT o pr T =" > AT > prrt
proton and antiproton cosé slope = o, ot slope = o 0x.
A = =

distributions are identical

o0, = 0=0; Q

cos6
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Sensitivity to CP in both Z and A decays

From the cos@ distributions we seek to extract the asymmetry A-,

o-0, —O0=0- = = B
. EYA =N — (-
A: — = A A + AE Where, J a.: aE
OO0, + O0=z00« 0. + 0l
A, =2 A
N
L aA o aK
<’
The slope is measured in the A A Helicity Frame

rest frame where the orientation
of the polar axis is defined by

the A momentum in the = rest .
frame

= Rest Frame

P
=
O

X
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Theoretical Predictions for A

e SM Predictions are small

— SM model predictions have fallen
steadily since 1991.

- Recently: |A-+A,|<0.5X10*
(Tandean & Valencia 2003)

|A(A)susyl

* BSM theories allow for larger
asymmetries

- Tandean (2004) shows that the
upper bound on A=+ A, from €' /¢
and € measurements is O(10?)

— Some SUSY models which do not (e7e)susyl
generate €’ /€ can lead to A of He, Pakvasa, Valencia 2000
O(10?)

Any CP-violation signal will almost certainly be evidence of new physics
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Previous Measurements

Experiment Method A,

R608 at ISR pp— AX, pp = AX -0.02+0.14
DM2atOrsay | o' — J /W — AA 0.01 +0.10
PS185 at LEAR pp — AA -0.013 + 0.022
Experiment Method Az,

E756 E>An—>prrw 0.012 + 0.014
HyperCP E— AT — pr | 0.00000+ 0.00067

27 June 2008
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The HyperCP Experiment

Designed for CP Violation Searches

Left-side
hodoscope

Left-side muon

hodoscopes

proportional
Calorimeter tubes

Target

...... A —
Proto
beam

Vert.

Collimator Blowup

Hor.

=
Hyperon = Vacuum é
magnet decay - 5% 3 §.
region IONS] ‘% 8
Analyzing Right-side & 2
‘E magnet hodoscope
o ‘ |
Sm Z
Charged Hyperon Beam
* 800 GeV/c protons on 2 mm x 2 mm
target

* Secondary beam: 167 GeV/c
* Alternate -/+ beam polarity
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The HyperCP Experiment

Designed for CP Violation Searches

Left-side
hodoscope
=]
2
=8
32
i 4
M
Target pr:)]ggmonal
N Calorimeter tubes
Proton_
beam g
Hyperon Vacuum OO Q0 g
magnet  decay u 3 §-
region ¢ "7 8
£ 3
X T Analyzing T Right-side EE
‘E magnet hodoscope
= ‘ |
S Z
Charged Hyperon Beam Spectrometer Specifications
e 800GeV/cprotonson2mmx2mm e 8§narrow pitch MWPCs

target
* Secondary beam: 167 GeV/c

* Alternate -/+ beam polarity
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The HyperCP Experiment

Designed for CP Violation Searches

Left-side 4 fy
hodoscope Nl

o= =

.

Left-side muon
hodoscopes

Yy
Muon
proportional

Calorimeter tubes

— AR
P 5
(\j/acuurn [ g
t eca v —_ | 3
e regio);l 83 8 %;; §'
' 3
A 6 <=
X Analyzing Right-side o 2
E magnet hodoscope
o
L z
Sm Muop sustorm |
Charged Hyperon Beam Spectrometer Specifications

* 800GeV/cprotonson2mmx2mm e 8 narrow pitch MWPCs
target

* Secondary beam: 167 GeV/c
* Alternate -/+ beam polarity

* Simple E trigger
— Two hodoscopes
— Fast calorimeter

* 100k events/s to tape
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Extracting the CP Asymmetry

 The cos@ distributions B
for the proton and = > An > prnn E' > An" > prn'n’
antiproton are slope =a, ot slope = o0

dN

N
—=A —(I+a,0. cosb.
dcos@ 2 ( A : dN aN
dcos0 dcosf
_dN, =A, Al (1+ o0 cosB,)
dcos0 2 B
1 0 1

e We fit the ratio to
R(cos6.5) = N_ (+a.o, cos0O)

N, 1+ (az0, —0)cosH
O=0-0, — 00

e Then we extract the

1]|

cos@

Ratio

asymmetry gOOd CP

dN
) )
A, = = dcosO
o0, +o-0; 200,
=—1.705 | —

cosf
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Extracting the CP Asymmetry

Eﬁypwfgz,?

 The cos@ distributions -
for the proton and = > An > prnn E' > An" —>prn'n’
antiproton are

dN N
—=A —(1+o,0-cosb.
dcos® 2 ( ATE ) dN

dcos@
_aN, _ A, N, (1+ a0= cos6,)
dcos0 2 =

slope = o0z

e We fit the ratio to
R(cos6.5) = N_ (+a.o, cos0O)
N, 1+ (az0, —0)cosH

O=0-0, — 00

e Then we extract the
asymmetry

0 0
AEA — = dcosO \
o0, +o-0; 200,

=—1.700 '
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Accounting for Acceptance Differences

Problem: Acceptance for = and =*

decays not equal due to different x10%
production dynamics 4000 — —
Solution: Weight the reconstructed = 000 1 [ ’
and =" position and momentum % 3000 | L
distributions and force them to be O H5e00 |
identical o Jj R

= 2000 | |

- -

Proton ]

beam

——]l!l

A
Taree 1500 |
drK{I:I J .A-- #I*I L% 1000 | HH HHL

—

Hyperon \ Vacuum U 5 o B 8
magnet  \decay 120 140 160 180 200 220
r101 -
8 = momentum (GeV/c)

\

= & E* distributions weighted at
the exit of the Hyperon Magnet

50 Bins for Z momentum

50 bins for = y position and slope

20 bins for E x position and slope
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Accounting for Acceptance Differences

Problem: Acceptance for & and =

decays not equal due to different A = A

production dynamics

Solution: Weight the reconstructed E- :>

and Z* position and momentum

distributions and force them to be

identical

>
Target . P P
\ f_z—-——'_‘_A_ ::*ILI::[ Weighted parameters:

Froton = . N“m L] Variable # Cells  Cell Size
Hyperon \ Vacuum QU OU = momentum 50 2.1 GeV/c
magnet | decay y position at collimator 50 0.026 cm

g1on y slope at collimator 50 0.16 mrad
x position at collimator 20 0.105 cm
\ x slope at collimator 20 0.20 mrad

p—

E- & E* distributions weighted at
the exit of the Hyperon Magnet

27 June 2008
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Accounting for Acceptance Differences

Problem: Acceptance for Z-and =*

decays not equal due to different
production dynamics

Solution: Weight the reconstructed E-

and Z* position and momentum

distributions and force them to be

identical
Tari
N E ] A #I
Proton I—
beam
Hyperon \ Vacuum 000D
magnet dcc'ay

gion

\

E- & E* distributions weighted at
the exit of the Hyperon Magnet

27 June 2008

[1]

[1]

A A
> >
P P
S calculate =
> weights and
Pass 1 Bin data fill histograms
data in 50° bins
~
-
_ HEEDT Bin data
* data in 506 bins calculate =*
) weights and
Pass 2 fill histograms
19
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Monte Carlo Verification

Monte Carlo used only to

1)  Check that the weighting technique does not Taf<
“wash out” the asymmetry RN A= :tl‘ﬂ:{
: : Proton
2)  Some systematic error studies beam
Hyperon \ Vacuum SO0
Problem: How to generate 10 billion decays? magnet | decay
gion
Solution: Use a “hybrid” MC \
o = R =+ g .
Use - & =Z* data to seed the simulation Real = & =+ distributions from
«  Start simulation at the collimator exit the collimator exit used to seed
the simulation

= Momentum Pass 2 ~
. — calculate =-
= y slope ) Generate N weights and
Pass 1 i 11 hi
E y position > HReal MC =- > ._.MC .Bm Sa’fa fill histograms
N =-data decays - data in 50° bins
= x position ., J _
= x slope o —
4 Generate — _
Real MC =+ MC Bin data N
E* data o + data in 506 bins calculate Z*
__ decays v weights and

fill histograms
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Monte Carlo Verification

Monte Carlo used only to

1)  Check that the weighting technique does nof
“wash out” the asymmetry 4 A A A AL AR AL A A
2)  Some systematic error studies 3 F -
Problem: How to generate 10 billion decays? = 2 F :
Solution: Use a “hybrid” MC \_;] I F ; .
i l
«  Use Z- & =* data to seed the simulation <),: 0 :
«  Start simulation at the collimator exit E- 1 F { :
;é]’ o E
1 _? - ]
< 5
3 F .
. —4 4 PR TETIT TRTRT FRTUT FRURT HUUE FETUT FROOT TR PO
AA;, =(-0.74£0.2)x 10 -60 -50 -40 -30 -20 -10 0 10 20 30 40
A (10
ZA(input)
The technique successfully recovers
input asymmetries (with a slight bias
compared to the statistical error)
27 June 2008 Chad J Materniak 21




Full Dataset Raw Result (Preliminary)

860 million =- decays
230 million =* decays
Ave. Z- bin occupancy: 795 Events/bin

Ave. Z* bin occupancy: 274 Events/bin

Fitting function:

N_ (+a.o, cosO)

R(c0s0,0) =
N, 1+ (oz0x, —0)cosO

0= 00, — 00

A, =(=527%£2.14)x107"

* Hodoscope etficiency correction
* No acceptance corrections

* No background subtraction

* Events)
> o o
o o (@]
A (o)} @

—
—
b
—
o
o
N

0.998

Ratio (£ Events/

0.992

0.99

x/ndf=1.3
= (3.10 £+ 1.26) X 10+

[+ S

I - N
A =
I A N A

—

Unweighted
Weighted

| TS BFEFETE BPETErE SrEErE AU | | | 1

-1 -08-06-04-02 0 02 04 06 08 1

cos(0)

27 June 2008

Prior to the fit, the Z- and Z* cos6
distributions were normalized

Chad ] Materniak
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Biases Controlled to the 104 Level

How is this done?
1) Same spectrometer was used for Z-and =" cosf measurements.
- Detector efficiency differences must have no temporal or momentum

dependencies
0.06 L e
Calorimeter inefficiency §00 |
i =" i 5002 |
during Z- running E Bececceesces eete %0t
0 i l L I A l 1 I n l 1 4 " I L I A l I I A
80 100 120 140 160 180
Proton momentum (GeV/c)
006 —————————————————
004 |

Calorimeter inefficiency
during Z* running

Inefficiency

0.02 ?....“MWMMQ’O‘“O.Q”+¢++

0 b )
80 100 120 140 160 180

Antiproton momentum (GeV/c)

)
o
o
G

Calorimeter inefficiency
difference

80 100 120 140 160 180

Proton momentum (GeV/c)
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Biases Controlled to the 104 Level

How is this done?
1) Same spectrometer was used for Z-and =" cosf measurements.
- Detector efficiency differences must have no temporal or momentum

dependencies
- Need to make sure that the Magnetic fields were exactly reversed
. . . . 6000 F L
. When. flipping polar1jcy fleld <0 b Entries: 58871
magnitude kept to within 2x10+* 4000 E RMS: 000065
) 3000
* This corresponds to a 0.3 mm 2000 B
deflection at 10 m for the lowest 1000 f
. . nnn A/ 77 IR | I
momentum (10 GeV/c) pions Qa1 a7 2481 2483 2485 2487
Analyzing Magnet Hall Probe Sum [T] (+)
2250 ¢ : Entries: 23185
2000 F x n Mean: ~ 2.4817
1750 E T/ RMS: 0.00066
1500 F 2
1250 F 17
1000 F M
500 F %
3 .
258 .’//: //////% ......... | I
2.477 2.479 2.481 2.483 2.485 2.487
Analyzing Magnet Hall Probe Sum [T] (-)

27 June 2008
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How is this done?

1)

cosf measurements.

“and =1

p—
[
D

Same spectrometer was used for

Detector efficiency differences must have no temporal or momentum

dependencies

Need to make sure that the Magnetic fields were exactly reversed

“and =%

2250

p—
[
D

Targets changed to match rates for

+ polarity

- polarity

e
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« Targets changed to equalize
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+ polarity: 2 mm Cu

— polarity: 6 mm Cu
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Biases Controlled to the 104 Level

How is this done?
1) Same spectrometer was used for Z-and =" cosf measurements.

- Detector efficiency differences must have no temporal or momentum
dependencies

- Need to make sure that the Magnetic fields were exactly reversed
- Targets changed to match rates for - and E*

2) Measurement done in the A helicity frame: Localized acceptance differences
do not map to any part of the cosé plot

dcosO

¢ Z Rest Frame % Z Rest Frame MWPC —1 0 +1

Cos0,
27 June 2008 Chad J Materniak 26



Systematic Uncertainties

Systematic Method 0A-, (10%)

Calorimeter inefficiency uncertainty Data 0.9
Earth’s magnetic field HMC 0.9 N e bt
Particle/antiparticle interaction differences MC 0.9 «— Upper limit
Analyzing Magnets field uncertainties Data 0.7
Validation of analysis technique HMC 0.7
Hodoscope inefficiency correction Data TBD (<0.7) <€— Upper limit
MWPC inefficiency uncertainty HMC 0.4
Momentum bin size 0.4 0.4
Error on o-0, Data 0.007
Background subtraction uncertainty Data 0.003

Total. Preliminary 21

All estimates are preliminary. Some are upper limits and are likely to be
reduced while others may increase as additional studies are performed
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Background Subtracted Asymmetry
(Preliminary)

Corrections to the base result

1) Hodoscope efficiency correction
. 10°}
2) Background subtraction
)
=: 0.16% . 25 10°
= = 0.330 shift 2
=" 0.16% ~
A
g 104
_ 8 | Lowm High M
AEA — Cey OCEOC/_\ g s R(;‘gionass R:aggionass
oo, + o0 q10°
=[-6.0 = 2.1(stat) = 2.1(syst)] x 10~

129 13 131 132 133 1.34 13

New high statistics result prn invariant mass (GeV/c®)

probes even further into the
realm of new physics

Triple Gaussian + polynomial fit
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Conclusions

* Using the largest sample of hyperon decays PS185 E756 HyperCP
' 1 ' 0.03
ever amassed by a partlFle phymcg experiment, A Ao AL Au
the HyperCP collaboration is making precision :
searches for CP violation from exotic sources 002 |-

* We measured the CP observable A-, and
present a new preliminary result with greater
precision

- A_-,=[0.0 £5.1(stat) £ 4.2(syst)] X104
(with a 15% of data) ol

- A_,=[-6.0 £ 2.1(stat) £ 2.1(syst)] X 10 bt
(Preliminary with all data)

0.01 _

Asymmetry
o

0.02 -
* HyperCP measurements are over 40X more !

precise than results from other experiments e B PO T E R B
1995 1998 2001 2004 2007 2010

Year
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Non-leptonic Hyperon Decay Dynamics

* Primarily two-body modes
* Daughter particle decay O 7 b e
distributions are anisotropic _ T
: : : Q ->ET Hre—
* Proceed into parity conserving _ _
(P-wave) and parity violating (S- Q —AK T I
wave) final states with E -An | .
amplitudes P and S respectively =’ SAT F .
* Slope of the baryon cos@ Y _snm b
distril?ution given by .OLPPP. | >t spr° b
* Magnitude of the parity violation 5+ + [
(o) can be large —nn
A—nT” - o
Anisotropic proton decay A—pT | .
distribution N T T T T A Y B A
S e S v S
dN N, - o oS o =
=—{+a, P, cos0) ! '
dcosf 2 o
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Phenomenology of CP Violation in Hyperon
Decays

. CP violation is manifestly direct with AS =1

S Three ingredients are necessary to get a non zero asymmetry
1)  Atleast two channels in the final state: S- and P-wave amplitudes
2)  The CP violating weak phases must be different for the two channels
3) There must be unequal final state strong phase shifts

AE = (aa +&5)/(as _53)5 _tan(5p _SS)Sin((pp _‘Ps)
AA - (051\ +&A)/(QA _gA) = _tan(6p _SS)Sin(‘pp _(Ps)
strong phases weak phases

. Asymmetry greatly reduced by small strong phase shifts
- pn phase shift measured to ~1°

5 = -1.1%£1.0°
A P
{53 = 6.0t 1.00}
- AT phase shift measured by HyperCP HyperCP Measurement
o) = -2.77° — _1¢©°
ORI 1965 recent yPT 5 :
{63 - _18-70} = Oo } % 5]? 65 (46 i 1 .8)
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Comparison of Az, A, with €'/¢

’
Az, A, £'/¢€
* Thought to be due to Penguin * Thought to be due to Penguin
diagram in Standard Model diagram in Standard Model
W

N

=%

[1]

~d * Expressed through a different CP-
* Expressed through a different CP- violating phase in [=0 and I=2
violating phase in S- and P-wave amplitudes
amplitudes * Probes parity-violating amplitudes

* Probes parity-violating and parity-
conserving amplitudes

27 June 2008 Chad J Materniak 33



CP Signatures in Hyperon Decays

A o+ o Q_—>E_’}'Co — not measured

o — & O —5%5°t | not measured
Q_——)AK_ — not measured

* Need parent hyperons with known

p—

. . — - B = H CP
polarization. 5 —AT | B:=-0.037+0015 ¢ < Hyper
E° AT | —e—
Y —-nm |

_ B+ ::> > —pn® |
B = 'B_B Y onm' b

A—%n’fco — not measured

e Expected to be larger than A A—pn o
* Difficult experimentally to measure: =
* Need to measure polarization of “.‘ CP S - —
daughter from polarized parent E)

* Pis very small
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Previous Measurements

=’

None of the pre-HyperCP I pr——r
experiments had the ER60 9 ﬁ A :
sensitivity to test theory ol “DM2 !
HyperCP probes well into PS185
regions where BSM 2 af E
theories predict nonzero 210 ¢
asymmetries 2 ; New Physics
a0
0 10 F =
4
10 F N
: Standard Model
10-5111111111]1111'1111]1111
1984 1989 1994 1999 2004 2009
Year
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The HyperCP Experiment

Designed for CP Violation Searches

Left-side
hodoscope 1.0
= o‘
I ()
§ % 0.8 - ° i
53 i v
= Q
Muon B i
A— proportional 9 | °
—H Calorimeter tubes o 04L ° o 1
= Ak < .
— e P g _
Hyperon = Vacuum VULV E - o ° -
magnet  decay nwo LY 3 5 024 o i
region YO 0D 7 3 i ° I
X %né 0.0l : ° .
Anal)'Lirlg Right_bide E-g . 1 I.l | NN N Y Y Y R Y Y ) [ | IL.I 1
E ‘ magnet hodoscope 100 120 1;1/[0 160 (1G80V/ 2)00 220 240
o omentum (GeV/c
sm 2 D
Charged Hyperon Beam
* 800 GeV/c protons on 2 mm x 2 mm
target

* Secondary beam: 167 GeV/c
* Alternate -/+ beam polarity
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HyperCP Yields

x 10°
* In 12 months of data taking HyperCP oo 1 = 207 bilion
recorded one of the largest event sample oo} S oeuien
ever % 1000 |
* 231 billion events § s00
* 29,401 tapes g oot
* 120 TB B
* Entire WWW as of end of data taking ~5 TB o
?.310 1.3;1l 1'.2:22)I '1..?3'215 1.3J3O 1.33
Reconstructed Events men s of e CeVE)
Channeled beam polarity o000 ¢
Type + — Total - ] 2°50 11;1];1111;213
= — Am 458 x 10° 2032 x 10° 2490 x 10° | |% ] o7
K —arm 391 x 10° 164 x 10° 555 x 10° Z om0
QO —AK  49x10° 141 x10° 190 x 10° | |G}
] 2000
V60 1665 1670 1673 1680
Invariant mass of Kprt (GeV/c?)
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Accounting for Acceptance Differences

Problem: Acceptance for = and =*
decays not equal due to different 4
. : X I
production dynamics . o
‘_r T — =T
2500 T,
Solution: Weight the reconstructed = — o
and =" position and momentum S 2000 | HFILH
distributions and force them to be N .
identical o 1500 Rl
2
-
Target © 1000
N - T
N E ] A #I o |
Proton
beam —t 3 o i
Hyperon \ Vacuum 000D 0 A R S SR SR B
magnet decay -06 -04 02 0 02 04 06
sion = y position

\

= & E* distributions weighted at
the exit of the Hyperon Magnet

50 Bins for Z momentum

50 bins for = y position and slope

20 bins for E x position and slope
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Accounting for Acceptance Differences

Problem: Acceptance for = and =*
decays not equal due to different
production dynamics

x10*%

I

4000

3500
Solution: Weight the reconstructed =

-8 3000 |
and =" position and momentum ‘g
distributions and force them to be o 2% r
identical o 2000 |
g
2]
cC 1500 |
Tara 4 :
- L 1000 F
N s A — H |
Proton 1 500 |
beam i
Hyperon \ Vacuum 000D 0 AT ST ST A S S T
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Accounting for Acceptance Differences
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Accounting for Acceptance Differences

Problem: Acceptance for = and =*
decays not equal due to different
production dynamics

Solution: Weight the reconstructed =
and = position and momentum
distributions and force them to be
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Accounting for Acceptance Differences
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Monte Carlo Verification
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The technique successfully recovers
input asymmetries (with a slight bias Each pt. is a weighted average from 12
compared to the statistical error) separate simulations
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* Data broken up into 18 _ Lois . _
Analysis Sets of roughly i% 1-010$ A otorweigning
equal size, each with+and - |2 -
polarity data gboiggs Tﬁ + % B f‘+.+.
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* No acceptance corrections

15% Sample Result
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Raw (non-background
subtracted) CP asymmetry A_,
from all 18 Analysis Sets

° Background Subtracted Result
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Full Dataset Raw Result (Preliminary)

860 million =- decays 1.01 [ x/ndf=1.2
230 million =* decays . 1008 f* 8, = (2.69%1.26) X 10
@ -+ !
Ave. Z- bin occupancy: 795 Events/bin S 1006 *
>
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+ .
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* No acceptance corrections
cos(0)
* No efficiency corrections

Prior to the fit, the Z- and Z* cos6

* No background subtraction distributions were normalized
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How is this done?

1)

Biases Controlled to the 104 Level

Same spectrometer was used for = and Z* cos@ measurements.

Detector efficiency differences must have no temporal or momentum
dependencies
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Biases Controlled to the 104 Level

How is this done?

1) Same spectrometer was used for Z-and =" cosf measurements.

- Detector efficiency differences must have no temporal or momentum

dependencies
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Background Subtracted Asymmetry
(Preliminary)

Corrections to the base result

1) Hodoscope efficiency correction
6
2) Background subtraction 10
= 0.16% <
=: 0.16% : >10°
= =0.330 shift 2™
=2 0.16% =
AN
g! 10*
A = o0, — Ol=00« %
o0, + 005 S10°
=[-6.0 = 2.1(stat) = 2.1(syst)] x 10~

PRI

New high statistics result
probes even further into the
realm of new physics

1.29

1.3 131 132 133 1.34 1
prr invariant mass (GeV/cz)

.35

27 June 2008

Chad ] Materniak

Triple Gaussian + polynomial fit

48




Corrected Asymmetry (Preliminary)

Oy

x/ndf=1.3

= (3.10 £ 1.26) X 10*
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Corrections to the base result 101
1) Hodoscope efficiency correction | __ 1.008
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New high statistics result
probes even further into the
realm of new physics
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Corrected Asymmetry (Preliminary)

Corrections to the base result

1) Hodoscope efficiency correction

2)  Background subtraction
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Events/(0.512 MeV/c?)

. M

New high statistics result
probes even further into the
realm of new physics

. . . ) .y 2
pru invariant mass after cuts (GeV/c”)
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Corrected Asymmetry (Preliminary)

Corrections to the base result

1) Hodoscope efficiency correction L = ines
2)  Background subtraction Ll S SlICiEs
2 g
o [ X X
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New high statistics result
probes even further into the
realm of new physics
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Background Subtracted Asymmetry
(Preliminary)

Corrections to the base result

1) Hodoscope efficiency correction | T
i s A
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New high statistics result 1984 1989 1994 1999 2004 2009
probes even further into the Year
realm of new physics
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