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The The HyperCP HyperCP ExperimentExperiment

Primary Goal:

Search for CP violation

in hyperon decays,

especially Ξ→Λπ→pππ.

Spectrometer featured:

• High-rate detectors & DAQ 
(100k evts/s);

• Alternating “+” & “–” running 
(with reversed B fields) to 
minimize systematics;

• Simple, low-bias triggers based 
on hodoscope coincidences.
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The The HyperCPHyperCP ExperimentExperiment

In 12 months of data taking in 1997–99, HyperCP recorded one of the largest data 
samples ever by a particle-physics experiment:

231 billion events, 29,401 tapes, and 119.5 TB of data

K p KπΩ→Λ →

Largest hyperon samples ever taken!
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The The HyperCPHyperCP ExperimentExperiment

In 12 months of data taking in 1997–99, HyperCP recorded one of the largest data 
samples ever by a particle-physics experiment:

231 billion events, 29,401 tapes, and 119.5 TB of data

Large  sample  precise  and 
measurements, searches for P and CP violations
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The The HyperCPHyperCP ExperimentExperiment

In 12 months of data taking in 1997–99, HyperCP recorded one of the largest data 
samples ever by a particle-physics experiment:

231 billion events, 29,401 tapes, and 119.5 TB of data
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The The HyperCPHyperCP ExperimentExperiment

In 12 months of data taking in 1997–99, HyperCP recorded one of the largest data 
samples ever by a particle-physics experiment:

231 billion events, 29,401 tapes, and 119.5 TB of data

Large  sample  Searches for
                     rare hyperon decays
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Search for Search for ΔΔS=2 S=2 Nonleptonic Nonleptonic DecaysDecays

C.G. White et al. (HyperCP collaboration)

Phys. Rev. Lett. 94, 101804 (2005)
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ΩΩ-- →→ ΞΞ*0*0(1530)(1530)ππ-- MotivationsMotivations

*0 4
1530

*0 4
1530

 Finjord and Gaillard, PRD 22, 778 (1980): 

 Duplancic et al., PRD 70, 077506 (2004):

3BR( ) 28 10107

Theoretical Pre

0
BR( ) 8.58 (Skyrme)

 Both models assu

d

m

iction

e a c
1  

s:

0

π

π

− − −

− − −

Ω → Ξ = ×

Ω

•

×• → Ξ

•

*0
1530

*0
1530

  3.4 4
  1.3

*0
1530

ascade decay 

   and hence 

 The current PDG branching ra

2BR( ) BR( )3

   BR( ) (4.3 ) 10
tios 

Experi

   B

are:
mental Results:

R( ) (6.

π π π

π π π

π π
π

− − − + −

− − + − − −

− − + − + −
−

− −

Ω → Ξ →Ξ

Ω →Ξ = ⋅ Ω → Ξ

Ω →Ξ = ×

Ω →Ξ =

•

  5.1 4
  2.0

   Both measurements were done by M. Bourquin  ., Nucl. Phys. B 241, 1 (1984)
 based on the same four observed ev  and are .
 N. Solomey (HyperCP, 137 events)

4 ) 10

BR
ents

: ( ) 

et al

π π

+ −
−

− − + −

×

Ω → Ξ• = -4

   Without numerical estimation of the resonance decay channel contributi
(3.56 0.33( )) 10

on.
stat± ×

*

*0
1530

*0
1530

*0
1530

"The (1530)  decays are expected to
dominate the  decay modes.
Assuming that the 4 events are  
events, we deduce using a branching ratio of
2/3 for :

( ) / (

π

π π

π

π

π

− −

− + −

− −

− +

− −

Ω → Ξ

Ξ

Ω → Ξ

Ξ → Ξ

Γ Ω → Ξ Γ  5.1 4
  2.0) (6.4 ) 10 "all− + −
−Ω → = ×



10/30/2006 Oleg Kamaev

Decays of InterestDecays of Interest

*0 *0
1530 1530

Signal Modes:
  5 tracks, includes subsequent decays

 5 tracks, includes subsequent decays
Normalizing Mode:
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Monte Carlo SimulationMonte Carlo Simulation

*0
1530p.d.f. of MC generated  s masΞ

*0 *0
1530 1530
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Reconstruction and Event SelectionReconstruction and Event Selection
:

 Track with the highest momentum is assigned to be proton;
 Other tracks' tagging based on the track combination that gives reconstructed invariant mass

   cl
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e.
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 3 negative and 2 positive tracks;
 Reconstructed invariant masses of particles are within 3  of corresponding PDG values;
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 All decay vertices inside the decay volume and vertex topology consistent with the decay;
 Tracks form good vertices;
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•
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 Reconstructed  track originates from the target;
 No muon hodoscope hits.
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Normalizing Mode Data and MCNormalizing Mode Data and MC
MC was tuned to get a reasonable match with the data.

Selected variables for Ω. Dots with error bars – data, solid line – MC.

HyperCP 
preliminary

HyperCP 
preliminary

HyperCP 
preliminary

HyperCP 
preliminary

,
includes

,

K

K
p
π π π

π

− −

− + − −

−

Ω →Λ

→

Λ→



10/30/2006 Oleg Kamaev

Signal Mode Data and MCSignal Mode Data and MC
MC was tuned to get a reasonable match with the data.

Selected variables for Ω. Dots with error bars – data, solid line – MC.
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How to calculate Branching Ratios?How to calculate Branching Ratios?
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How to calculate Branching Ratios?How to calculate Branching Ratios?

Proportionality coefficients (pres and p3b) can be found by fitting data to the 
combination of resonance and 3-body MCs in:

• Dalitz plot (2D histogram)

or using the best variable to distinguish between resonance and 3-body mode

• Xi(1530) invariant mass distribution (1D histogram).
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Which fitting method to use?Which fitting method to use?
Want to perform precise measurements, which includes parameter determination from 
fitting, but we have low statistics in both, normalizing and signal, modes. Moreover, we 
want to do Dalitz plot analysis (two-dimensional) with only 58 signal events!

Use Unbinned Generalized LogLikelihood Fitting Method:

2
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Suppose that: ( ; ) - fit function, where  - vector of fit parameters.
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(see A.G. Frodesen et al., “Probability and Statistics in Particle Physics.”)
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Unbinned Unbinned Likelihood FittingLikelihood Fitting

Normalizing Mode Data, 311 events.

Gaussian plus constant fit (blue) to reconstructed invariant Omega mass. 
Histogram is for visualization only.

MINUIT:

FCN=  -816.5196     FROM MINOS     STATUS=SUCCESSFUL   226 CALLS      
601 TOTAL

EDM=  0.60E-13    STRATEGY= 2      ERROR MATRIX ACCURATE

EXT PARAMETER                  PARABOLIC         MINOS ERRORS

NO.   NAME        VALUE          ERROR      NEGATIVE      POSITIVE

1      # signal          303.48          17.472          -17.141            17.808

2      mean (MeV)  1672.4          0.10000        -0.10012          0.10007

3      sigma (MeV) 1.7141          0.76748E-01 -0.74278E-01 0.79470E-01

4      # bkg              7.5161         3.0028           -2.6708           3.4609

5      5                     1620.0         constant

6      6                     1720.0         constant

ERR DEF= 0.500

HyperCP 
preliminary
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Unbinned Unbinned Likelihood FittingLikelihood Fitting

Signal Mode Data, 81 events.

Gaussian plus constant fit (blue) to reconstructed invariant Omega mass. 
Histogram is for visualization only.

MINUIT:

FCN=  -12.84356     FROM MINOS     STATUS=SUCCESSFUL   234 CALLS     
1103 TOTAL

EDM=  0.22E-13    STRATEGY= 2      ERROR MATRIX ACCURATE

EXT PARAMETER                  PARABOLIC         MINOS ERRORS

NO.   NAME        VALUE          ERROR      NEGATIVE      POSITIVE

1      # signal           55.170         7.6352        -7.3077        7.9714

2      mean (MeV)   1672.2         0.24538      -0.24632       0.24642

3      sigma (MeV)   1.7421        0.17316      -0.16120       0.18765

4      # bkg               25.830         5.3096       -5.0148         5.7620

5      5                     1650.0          constant

6      6                     1730.0          constant

ERR DEF= 0.500

HyperCP 
preliminary
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XiXi(1530):(1530): UnbinnedUnbinned Likelihood FittingLikelihood Fitting
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Fitting data to the combination of resonance and 3-body MCs to find proportionality 
coefficients (pres and p3b).
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Histogram SmoothingHistogram Smoothing
Blue – analytical function that was found by smoothing 

corresponding histograms.

( )resf m
π− +Ξ ( )3bf m

π− +Ξ
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XiXi(1530): (1530): UnbinnedUnbinned Likelihood FittingLikelihood Fitting
Signal Mode Data (dots with error bars), 58 events.

Red – resonance mode MC; Pink – 3-body uniform mode MC;
Histograms are for visualization purposes only.

Blue – MINUIT fit with central value of proportionality coefficients 
(solid) and with value±error (dashed).

MINUIT:

FCN=   78.01224     FROM MINOS     STATUS=SUCCESSFUL    56 CALLS
225 TOTAL

EDM=  0.88E-17    STRATEGY= 2      ERROR MATRIX ACCURATE

EXT PARAMETER                  PARABOLIC         MINOS ERRORS

NO.   NAME        VALUE          ERROR      NEGATIVE      POSITIVE

1  3-body             1.11074          0.18408      -0.17618             0.19210

2  resonance       -0.11074          0.11326      -0.10693      0.11996

ERR DEF= 0.500   

HyperCP 
preliminary
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Dalitz plotDalitz plot

Big blue dots – data, 58 events;   Small black dots – Monte Carlo.

*0
1530                     Monte Carlo for Monte Carlo for    π π π− − − − + −Ω → Ξ Ω →Ξ

HyperCP 
preliminary

HyperCP 
preliminary
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Dalitz plot: Dalitz plot: UnbinnedUnbinned Likelihood FittingLikelihood Fitting
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Apply Unbinned Generalized LogLikelihood Fit.
Fit function: 
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( )3d  can be found by smoothing histograms from MCs, .bf m m
π π π− + − +Ξ

Fitting data to the combination of resonance and 3-body MCs to find proportionality 
coefficients (pres and p3b).
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Dalitz plot: Histogram SmoothingDalitz plot: Histogram Smoothing

( ),resf m m
π π π− + − +Ξhistogram, 70 X 76 bins

Resonance mode:

( )3 ,bf m m
π π π− + − +Ξhistogram, 70 X 76 bins

3-body mode:
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Dalitz plot:Dalitz plot: UnbinnedUnbinned Likelihood FittingLikelihood Fitting
MINUIT:

FCN=   269.3999     FROM MINOS     STATUS=SUCCESSFUL    56 CALLS 248 TOTAL

EDM=  0.35E-14    STRATEGY= 2      ERROR MATRIX ACCURATE

EXT PARAMETER                  PARABOLIC         MINOS ERRORS

NO.   NAME        VALUE          ERROR      NEGATIVE      POSITIVE

1  3-body             1.07879             0.18052      -0.17278           0.18877

2  resonance       -0.07879             0.11255      -0.10658           0.11925

ERR DEF= 0.500

PARAMETER  CORRELATION COEFFICIENTS

NO.    GLOBAL       1               2

1         0.68952      1.000       -0.690

2         0.68952     -0.690        1.000

Xi(1530) fitting       Dalitz plot fitting

p3b 1.11±0.18                 1.08±0.18

pres -0.11±0.11 -0.08±0.11

Both methods give statistically 
consistent results!
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Branching Ratio and Upper Limit CalculationBranching Ratio and Upper Limit Calculation

( )*0
1530

5( ) 1.91 2.74( ) 10   (consistent with zero)
 Statistical errors are from # of events and fitting parameters uncertainties;
 Systematic errors are under study and expected to be 10

BR statπ− −− = − ± ×
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•

Ω

−

→Ξ

∼ ( )

*0
1530

5

20 %;
 Statistical uncertainty by far dominates over systematics.

Neglecting systematics, with only statistical error, we estimate:
( ) 3.5 10  at 90% C.L.,

which is 2 orders of magnitude <
BR π− − −

•

Ω < ×→Ξ
∼

2 21 1
2 2

0 0

 than prediction.

We numerically solve

0.9

where  - unknown upper limit
(  line on the right plot).blue

x xb

e dx e dx

b

μ μ
σ σ
− −⎛ ⎞ ⎛ ⎞∞− −⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠= ⋅∫ ∫

5

5

1.91 10
2.74 10
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from  Dalitz
fitting)

μ

σ

−

−

= − ⋅

= ⋅

(see L. Lyons “Statistics for nuclear and particle physicists”)
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SummarySummary

 HyperCP recorded largest hyperon samples ever taken;
 Parity violation in  observed;
 No evidence of CP violation in  decays;
 S=2 results are consistent wit

( )
(

h theoretical 
)
predicti

K
K

Ω →Λ Λ

Ω →Λ Λ

•

•

•
• Δ

∓ ∓

∓ ∓
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ons
   at current levels of sensitivity;
 First actual measurement of ( ) performed:

           1999 data of HyperCP analyzed;
           With 14 times the number of previously observed 

BR π− −→ Ξ

Ω

• Ω

∼

*0
1530

1

events,  we measured the contribution from the resonance
               decay c

No resonance mode de
hann

cays
el ;

           ;
           Preliminary: 

               

 observed
(BR

π π

π

− − + −

− −

−

→ Ξ

Ω →Ξ

Ω →Ξ 5*0
530 ) 3.5 10  at 90% C.L.π −− < ×



10/30/2006 Oleg Kamaev

Backup SlidesBackup Slides

Backup SlidesBackup Slides
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FeynmanFeynman DiagramsDiagrams

s
u
u

d

-W

g, , Zγ

u,c,ts u
d
u

-W

s

u

d
d

-W

u
u,c,t d

g, , Zγ

*0
1530

s          u    d
s          s     u
s          s

π− −Ω →Ξ

*0
1530

u           d  u
s            s  d
s            s

π− +Ξ →Ξ

s         d  u  d
s         s   d  u
s         s

π π− − + −Ω →Ξ

u(s)

d

u(s)
g, , Zγ d

u

s u
d-W

d
dg, , Zγ

u

u

d

d
u+W



10/30/2006 Oleg Kamaev

Unbinned Unbinned Likelihood FittingLikelihood Fitting

Number of normalizing and signal events:

additional crosscheck

bkg. from+/-
25si. till +/-5si.

# of events error # of events error # of events # of events error
normalizing 303.5 17.5 294.6 19.4 303.4
signal 55.2 7.6 58.0 7.6 54.7 56.1 7.6

fit g+p0 (large scale)
fit g+p0 (+/-3sigma 

window) fit g+p1 (large scale)

We also performed fitting in +/- 3 sigma range of the Omega mass and 
used “background per sigma” method to get number of normalizing 
and signal events. Our choice is highlighted by green.
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XiXi(1530): (1530): UnbinnedUnbinned Likelihood FittingLikelihood Fitting

Contour of –lnL.

Conclusion:

1. We have a well-defined 
minimum;

2. Parameters are negatively 
correlated with each other. 

PARAMETER  CORRELATION COEFFICIENTS

NO.   GLOBAL       1              2

1        0.70666      1.000      -0.707

2        0.70666     -0.707       1.000
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XiXi(1530): (1530): UnbinnedUnbinned Likelihood FittingLikelihood Fitting

Plot of –lnL as a 
function of pres with 
p3b fixed at 
minimum.

-lnL

pres

Conclusion:

We have a well-defined

local minimum.

But it’s a stable solution!
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Dalitz plot:Dalitz plot: UnbinnedUnbinned Likelihood FittingLikelihood Fitting

Contour of –lnL. Conclusion:

1. We have a well-defined 
minimum;

2. Parameters are negatively 
correlated with each other. 
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Dalitz plot:Dalitz plot: UnbinnedUnbinned Likelihood FittingLikelihood Fitting

Plot of –lnL as a 
function of pres with 
p3b fixed at 
minimum.

-lnL

pres

Conclusion:

We have a well-defined

local minimum.

But it’s a stable solution!
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Pi(+)Pi(Pi(+)Pi(--): ): UnbinnedUnbinned Likelihood FittingLikelihood Fitting

MINUIT:

FCN=   94.93940     FROM MINOS     STATUS=SUCCESSFUL    59 CALLS
187 TOTAL

EDM=  0.17E-13    STRATEGY= 2      ERROR MATRIX ACCURATE

EXT PARAMETER                  PARABOLIC         MINOS ERRORS

NO.   NAME        VALUE          ERROR      NEGATIVE      POSITIVE

1  3-body            0.47209            0.22328      -0.20803            0.23880

2  resonance       0.52791            0.22542      -0.22496            0.22700

ERR DEF= 0.500

Signal Mode Data (dots with error bars), 58 events.
Red – resonance mode MC; Green – 3-body uniform mode MC;

Histograms are for visualization purposes only.
Blue – MINUIT fit with negative and positive boundaries (dashed)

This is just for completeness. Obviously this 
variable is not a bright “signature” of the 
resonance mode. 

HyperCP 
preliminary
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XiXi(1530): different region fitting(1530): different region fitting
Xi(1530) mass range original 1.48-1.535 1.49-1.535 1.495-1.54 1.485-1.53
# signal events 58 58 58 57 55
color code blue light blue red green purple
fit. par., 3-body 1.11074 1.11837 1.20055 1.29634 1.11464
fit. par., 3-body error 0.18408 0.18572 0.19638 0.21123 0.20572
fit. par., res. -0.11074 -0.10811 -0.14275 -0.18110 0.04466
fit. par., res. error 0.11326 0.11516 0.11475 0.11525 0.19980

Dots with error bars – signal data, 58 events;

Solid line – resonance mode MC;

Dashed line – 3-body MC;

Histograms are for visualization only.

Color lines are explained in the table above.

Conclusion: Our fitting parameters are stable 
even if we change fitting region, but do not 
throw away events.

HyperCP 
preliminary
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